MRT Technology (Suzhou) Co., Ltd Report No.: 2208RSU044-U1
A Phone: +86-512-66308358 Report Version: V01
Web: www.mrt-cert.com Issue Date: 2022-11-08

RF MEASUREMENT REPORT

FCC ID: 2AAJGR5020

Applicant: Guangzhou Robustel Co., Ltd.

Product: High Speed Smart 5G Router

Model No.: R5020-5G-A09GL-A, R5020-5G-A09GL-B
Trademark: @ rGDUStel

FCC Classification: Digital Transmission System (DTS)
FCC Rule Part(s): Part 15 Subpart C (Section 15.247)
Result: Complies

Test Date: 2022-09-13 ~ 2022-09-27

\
o\,
Reviewed By: Ulkm {V\ \\\\‘\\\////o
\/

S s
~N

7
Vincent Yu ila\eg‘/m
_ e e )
Approved By: QQAV\ Wi Z /A S |ACCREDITED)

X XS
“huf, 1, W TESTING LABORATORY

Robin Wu CERTIFICATE #3628.01

The test results relate only to the samples tested.

This equipment has been shown to be capable of compliance with the applicable technical standards as
indicated in the measurement report and was tested in accordance with the measurement procedures specified
in ANSI C63.10-2013. Test results reported herein relate only to the item(s) tested.

The test report shall not be reproduced except in full without the written approval of MRT Technology (Suzhou)
Co., Ltd.

Template Version:0.0 1 of 139




Report No.: 2208RSU044-U1

Revision History

Report No.

Version

Description

Issue Date

Note

2208RSU044-U1

Rev. 01

Initial Report

2022-11-08

Valid

2 of 139




A

'\j‘.‘\/v\h—f
m I‘ Report No.: 2208RSU044-U1

CONTENTS
Description Page
N €1 Y= T = T o o] ¢ g =141 ] o USRS 5
1.1. Y o] o] o= 1 | SRR 5
1.2. [ =T 10 2= Lod (U = TSP PP PP PP PROPPTPPPPPN 5
1.3. B TS 1] T N = Lo 1 SRS 5
1.4. Lol 0o ) (o] .4 =1 1 o] o HU PSPPSR 6
1.5. Radio SpecCification UNAEI TEST .......uuiiiiie i e e e e e e e e e e e s s s nnrrrarreaaeeeas 6
1.6. RVAY o Lo T (=0 (U L= g o] [ O PERP 7
1.7. F N1 (= a1 g P W B T = T PP PP 7
A 1= TS A @0 T ) 0 LU = L1 o N 8
2.1. B TS 1Y, To L= T USSR 8
2.2. Test System CONNECHON DIAGIAIM.......couuutiaiiiiet ettt st e e s s abe e e e esbee e e e nneeas 8
2.3. QST RS T 1V 1= PRSP SR 9
2.4. F Y o] o1 1=To IS = g To F= T o L O OO PPP TP PR 9
2.5. Test ENVIroNMENt CONAILION .......oiiiiiiiiiiiiie e e e e e e e st e e e e e e e e senereeeeas 9
3. ANTENNA REQUITEIMENTS ..ottt e st e e e et e e e st et e e e aab e e e e e anbe e e e e aabe e e e e anbeeeeenees 10
4. MEASUTIING INSTIUMEBNT ..ottt e e s bt e s bbbt e e s bt et e e s bbbt e e s abbe e e e s bbb e e e snnneeas 11
5. Decision Rules and Measurement UNCErTAINTY .........cooiiiiiieiiiiie ettt 12
5.1. DECISION RUIBS ...ttt e e e e st e e e e e s e bbb e et e e e e e snnbnbneeeaeeeean 12
5.2. Measurement UNCEraINTY .........cccooe i 12
B.  TEST RESUIL. ..ottt e oo oo b ettt e e e e e e e e bbb ettt e e e e e e e bbb e e ee e e e e e e e e anbrereeaae s 13
6.1. SUIMIMIATY oottt e oottt e e e e oo b ettt e e e s e e s e e et et e e e e e s s et e e et et e e e s e aan b e e et et e e e naannrnnnees 13
6.2. 6dB Bandwidth MEaSUIEMENT...........uueiiiiiee et ie e e s s st e e e e e s s s e e e e e e s e enneneeeeeeeeseannneeneees 14
L2 R =) I o T SO PPRER 14
L 1= 1) o (0T =T o [ = USRS 14
L T [T BT 11 o [PPSR PPOPPP 14
B.2.4.  TESE SBUUP -.etteeiieeei ittt ettt ettt e e et e e e e e e e e e e e e et e e e n e e n e e e e e e e aaanne 14
B.2.5.  TESERESUIL ....oeiiiiii ettt e e e e et e e e e e e s et e e e e e e e e aa s aeaeeeaeeeaeannnratereeeeeaaannes 14
6.3. OULPUL POWET MEASUIEIMENT .....ci ittt ettt e e et e e e s e e e e e e s e annne e es 15
L0 0 R =) I o T R 15
LT 0 1= 1) o (0T =T o [ = SRR 15
L e T 1= T AR 11] o [ SR TUPPPPR 15
B.3.4.  TESE SBUUP -.etteeiieee ittt ettt et ettt e e e e e e e e e et e e e e e e e et e e e e e r e e e e e e aaanne 15
B.3.5.  TESERESUIL ...oeeiieeee it e e e st r e e e e e e et r e e e e e e e annrrarreteeeaaannrraeraeeeeaaannes 15
6.4. Power Spectral Density MEASUIEIMENT .........ccoiuiiiiiiiiiiie ittt aee e saaeee s 16
L R =) I o T R 16

3 of 139



A\
'y
m I‘ Report No.: 2208RSU044-U1

B.4.2.  TESE PIOCEAUIE .....coiiiitiie ittt ekt ekt e e s bbbt e e s bbbt e e s bbe e e e s bbn e e e snnnneee s 16
o F 11 BT 11 o [ TSP P TSP PTT PP OPPPIN 16
B.4.4.  TESE SBUUP ...treeiiiie ittt e e et e e e e e et e e e s et ete e e narne 16
B.4.5.  TESTRESUIL ...ceiiitiiiee ettt b et s bt et s b b e e e e e b s s 17
6.5. Conducted Band Edge and Out-of-Band Emissions Measurement ...........coocuveeeeeeeeeieniivinnenn. 18
L 70 S 1= A I o1 O TSP PP PPPPPT PRI 18
B.5.2.  TESE PIOCEAUIE .....coiiitiieee ittt ettt ekttt e skt e e s bbbt e e s bt e e e s bbee e e s annneee s 18
ORI T 1= 1 AR 1111 o [P PSPPSR PPUPPTOPPP 18
B.5.4.  TESE SBUUP ...tteeiieie ittt ettt e et e e s e e et e e e st er e e e nnn 18
B.5.5.  TESTRESUIL ...eeiieiii ittt ettt e bt e e s 19
6.6. Radiated Spurious EmiSSioN MEASUIEMENT..........uiiiiiiiieiiieiee ittt ettt e et e e e e neneee s 20
LT S 1= A X o1 PSPPSR PP PRSPPI 20
B.6.2.  TESE PIOCEAUIE .....coiiitiieii ittt ettt ettt e e s bbb e e e s bbbt e e s bbn e e e s bbneeesnneeee s 20
O TR T [T BT 1] o o [T P PP PPU PRSPPI 20
B.6.4.  TESE SBUUP ..evveiiieie ittt ettt e o e e e e e e e e e e e et e e e s e et e e e aaanne 22
B.6.5.  TESTRESUIL ...eeiiiiieei ettt ettt sttt et e sk bt e e b e nba e nn e e s 23
6.7. Radiated Restricted Band EAge MEASUIEMENT ........c.uviiiiiiiiiieiiiiie ettt 24
L S 1= A I o1 PP T PP PPP PRSPPI 24
B.7.2.  TESE PIOCEAUIE .....ceiiitiiee ettt ettt ettt e skttt e s bbb et e s bbbt e e s bbe e e e s nbneeesnnneee s 25
e T [T BT 11 o o [ PP OT PP PPUPPOPPPN 25
B.7.4.  TESE SBUUP ..etteeiiiee ittt ettt e e e st e e e e e e e e e e e e e e e et e e e s e e e e e e e aaanne 26
B.7.5.  TESERESUIL ...eeei ettt ettt bt e e bbbt e e skt e e b bt e e s ab et ann e e s 26
6.8. AC Conducted EMISSIONS MEASUIEIMENT .......iuuuiiiiiiiieeeiieiee et e ettt e et e et e e e sbbeeeesbaeeeeaaes 27
L 20 S 1= A I o1 O SRUTTPPOPPP 27
B.8.2.  TESE SBUUP -.etteeiieee ettt ettt e et e et e e e e e e e et e e e n e e e e e e e a e 27
B.8.3.  TESERESUIL ...eie ittt e bbbt h bt e h bt e e ab et ane e s 27
APPENAIX A = TEST RESUIL ...ttt bt e e bbbt e e s bbbt e e s bbbt e e s nba e e e s nnnneeas 28
A.l Duty Cycle TESt RESUIL......ccoeeeeeeeeee 28
A2 6dB Bandwidth TESE RESUIT .......coueiiiiiiii e 29
A.3 OULPUL POWET TESE RESUIL ......eeeiiiiiiiiieieiieeeee ettt e e eeeeeeeeeeesesesesasssssesasssesesssssssssnsasnnnnes 34
A4 Power Spectral Density TeSt RESUIL............coooiiiiii 36
A5 Conducted Band Edge and Out-of-Band Emissions Test Result...........cccccciiiiiiiiiiiiiiiniinnen. 45
A.6 Radiated Spurious EmIission TSt RESUIL..........oiiiiiiiiii e 62
A7 Radiated Restricted Band Edge TeSt RESUIL...........ooiiiiiiiiiiii e 72
A.8 AC Conducted EMISSIONS TESE RESUIL ........ooiiiiiiiiiiiiie et 136
Appendix B — Test Setup PROtOGraph .....eeeiiei e a e e 138
Appendix C = EUT PhotOgraph ...ttt e e e e 139

4 of 139



\
A\

m IA Report No.: 2208RSU044-U1

1.

1.1.

General Information

Applicant

Guangzhou Robustel Co., Ltd.

501, Building #2,63 Yongan Road, Huangpu District, Guangzhou

1.2.

Manufacturer

Guangzhou Robustel Co., Ltd.

501, Building #2,63 Yongan Road, Huangpu District, Guangzhou

1.3. Testing Facility
X Test Site — MRT Suzhou Laboratory
Laboratory Location (Suzhou - Wuzhong)
D8 Building, No.2 Tian’edang Rd., Wuzhong Economic Development Zone, Suzhou, China
Laboratory Location (Suzhou - SIP)
4b Building, Liando U Valley, No0.200 Xingpu Rd., Shengpu Town, Suzhou Industrial Park, China
Laboratory Accreditations
A2LA: 3628.01 CNAS: L10551
FCC: CN1166 ISED: CNOOO1
' [ IR-20025 [ 1G-20034 [ ]C-20020 [ ]T-20020
veet [JrR-20141 [1G-20134 []c-20103 []T-20104
] Test Site — MRT Shenzhen Laboratory
Laboratory Location (Shenzhen)
1G, Building A, Junxiangda Building, Zhongshanyuan Road West, Nanshan District, Shenzhen, China
Laboratory Accreditations
A2LA: 3628.02 CNAS: L10551
FCC: CN1284 ISED: CNO105
] Test Site — MRT Taiwan Laboratory
Laboratory Location (Taiwan)
No. 38, Fuxing 2nd Rd., Guishan Dist., Taoyuan City 333, Taiwan (R.O.C.)
Laboratory Accreditations
TAF: L3261-190725
FCC: 291082, TW3261 ISED: TW3261
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1.4. Product Information

Product Name

High Speed Smart 5G Router

Model No.

R5020-5G-A09GL-A, R5020-5G-A09GL-B

EUT ldentification No.

20220817Sample#13

Wi-Fi Specification

802.11a/b/g/n/ac

Antenna Information

Refer to Section 1.7

Power Type

AC Adapter Input or PoE Input

Operating Environment

Vehicle Use and Indoor Use

Operating Temperature

-251t0 +70 °C

Input Voltage

9 to 36V DC (without Ignition sensing)
10 to 30V DC (with Ignition sensing)

Accessories

Adapter Model: GQ24-120150-AX
Input: 100-240V ~ 50/60Hz, 1.0A Max
Output: 12.0V, 1.5A, 18W

Remark:

1. This device contains a certified WCDMA/LTE/5G NR module (FCC ID: XMR2020RM500QAE).

2. Model difference information refers to Applicant’s model difference declaration letter.

3. The information of EUT was provided by the manufacturer, and the accuracy of the information shall be

the responsibility of the manufacturer.

1.5. Radio Specification under Test

Frequency Range

802.11b/g/n-HT20: 2412 ~ 2462MHz
802.11n-HT40: 2422 ~ 2452MHz

Channel Number

802.11b/g/n-HT20: 11
802.11n-HT40: 7

Type of Modulation

802.11b: DSSS
802.11g/n: OFDM

Data Rate

802.11b: 1/2/5.5/11Mbps
802.11g: 6/9/12/18/24/36/48/54Mbps
802.11n: up to 300Mbps
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1.6. Working Frequencies

802.11b/g/n-HT20

Channel Frequency Channel Frequency Channel Frequency
01 2412 MHz 02 2417 MHz 03 2422 MHz
04 2427 MHz 05 2432 MHz 06 2437 MHz
07 2442 MHz 08 2447 MHz 09 2452 MHz
10 2457 MHz 11 2462 MHz - -
802.11n-HT40
Channel Frequency Channel Frequency Channel Frequency
03 2422 MHz 04 2427 MHz 05 2432 MHz
06 2437 MHz 07 2442 MHz 08 2447 MHz
09 2452 MHz - - - -
1.7. Antenna Details
Antenna | Frequency Band Nss Max. Peak Max. Peak Gain CDD Directional Gain
Type (MHz) Gain (at any elevation angle (dBi)
(dBi) above 30 degrees) For Power | For PSD
Wi-Fi Antenna (2*2 MIMO)
Dipole 2.400 ~ 2483.5 1 2.0 -- 2.0 5.01
Antenna 5150 ~ 5250 3.0 3.0 3.0 6.01
#1 5725 ~ 5850 ! 3.0 -- 3.0 6.01
Dipole 2.400 ~ 2483.5 1 3.1 -- 3.1 6.11
Antenna 5150 ~ 5250 2.4 24 2.4 541
#2 5725 ~ 5850 ! 24 -- 24 541

Note 1: The EUT supports Cyclic Delay Diversity (CDD) mode, and CDD signals are correlated.
For CDD transmissions, directional gain is calculated as follows, Nant = 2, Nss = 1.
If all antennas have the same gain, Ganr, Directional gain = Gant + Array Gain, where Array Gain is as follows.
* For power spectral density (PSD) measurements on all devices,
Array Gain = 10 log (Nant/ Nss) dB = 3.01;
* For power measurements on IEEE 802.11 devices,
Array Gain = 0 dB for Nant £ 4;
Note 2: This device has two sets of Wi-Fi antennas. The maximum antenna directional antenna gain of above
two antennas is used for the power/PSD limit calculation for 2.4GHz or 5GHz. For example, the directional

gain of antenna #2 is used for 2.4GHz power/PSD limit calculation.
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2. Test Configuration

2.1. Test Mode

Mode 1: Transmit by 802.11b (1Mbps) _CDD Mode (2T1S)

Mode 2: Transmit by 802.11g (6Mbps) _CDD Mode (2T1S)

Mode 3: Transmit by 802.11n-HT20 (MCS0) _CDD Mode (2T1S)

Mode 4: Transmit by 802.11n-HT40 (MCS0Q) _CDD Mode (2T1S)

2.2. Test System Connection Diagram

The device was tested per the guidance ANSI C63.10: 2013 was used to reference the appropriate EUT

setup for radiated emissions testing and AC line conducted testing.

Connection Diagram — Radiated Emission testing & AC Conducted Emissions

A 1
B
Cable Type Cable Description
A |Power Cable Non-Shielded, 1.2m
B |LAN Cable Non-Shielded, >10.0m
Product Manufacturer Model No.
1 |Notebook Lenovo E495
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2.3. Test Software

The test utility software used during testing was “QA Tool”, and the version was 0.0.0.70.

2.4. Applied Standards

According to the specifications of the manufacturer, the EUT must comply with the requirements of the

following standards:

® FCC Part 15.247

® KDB 558074 D01v05r02
® KDB 662911 D01v02r01

® ANSI C63.10-2013

2.5. Test Environment Condition

Ambient Temperature

15~ 35°C

Relative Humidity

20 ~ 75%RH
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3. Antenna Requirements

Excerpt from 815.203 of the FCC Rules/Requlations:

“An intentional radiator antenna shall be designed to ensure that no antenna other than that furnished by the
responsible party can 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 shall be considered sufficient to comply with the

provisions of this section.”

® The antenna of the device is permanently attached.

® There are no provisions for connection to an external antenna.

Conclusion:

The unit complies with the requirement of §15.203.
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4. Measuring Instrument

Instrument Manufacturer Model No. Asset No. Cali. Interval |Cali. Due Date |Test Site
TRILOG Antenna Schwarzbeck VULB 9162 MRTSUE06022 1 year 2023-05-20 WZ-AC2
EMI Test Receiver Agilent N9038A MRTSUE06125 1 year 2023-06-04 WZ-AC2
Thermohygrometer Mingle ETH529 MRTSUE06170 1 year 2022-12-01 WZ-AC2
Horn Antenna Schwarzbeck BBHA 9120D MRTSUE06171 1 year 2022-10-21 WZ-AC2
Preamplifier Schwarzbeck BBV 9718 MRTSUE06176 1 year 2022-11-12 WZ-AC2
Anechoic Chamber RIKEN WZ-AC2 MRTSUE06213 1 year 2023-04-21 WZ-AC2
Thermohygrometer testo 608-H1 MRTSUE11038 1 year 2022-11-11 WZ-AC2
Horn Antenna Schwarzbeck BBHA 9170 MRTSUE06597 1 year 2022-12-01 WZ-AC2
Preamplifier EMCI EMC184045SE |MRTSUE06640 1 year 2023-01-13 WZ-AC2
Loop Antenna Schwarzbeck FMZB 1519 MRTSUE06025 1 year 2022-10-28 WZ-AC2
Two-Line V-Network R&S ENV216 MRTSUE06002 1 year 2023-06-04 WZ-SR2
Shielding Room MIX-BEP WZ-SR2 MRTSUE06215 5 years 2026-12-20 WZ-SR2
Thermohygrometer testo 608-H1 MRTSUE06404 1 year 2023-06-06 WZ-SR2
Four-Line V-Network R&S ENV432 MRTSUE06615 1 year 2022-10-13 WZ-SR2
EMI Test Receiver R&S ESR3 MRTSUE06909 1 year 2022-11-01 WZ-SR2
Signal Analyzer Keysight N9010B MRTSUEO07027 1 year 2022-12-05 WZ-SR5
Signal Analyzer Agilent N9020A MRTSUE06106 1 year 2023-04-06 WZ-SR5
Attenuator MVE MVE2213 MRTSUE11089 1 year 2023-06-09 WZ-SR5
Thermohygrometer testo 608-H1 MRTSUE06402 1 year 2023-06-06 WZ-SR5
Shielding Room HUAMING WZ-SR5 MRTSUE06442 N/A N/A WZ-SR5
USB Power Sensor Keysight U2021XA MRTSUE06446 1 year 2023-06-04 WZ-SR5

Software Version Function

EMI Software Vv3.0.0 EMI Test Software

Controller_MF 7802 1.02 RE Antenna & Turntable

BenchVue Power Meter 2018.1 Power
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5. Decision Rules and Measurement Uncertainty
5.1. Decision Rules

The Decision Rule is based on Simple Acceptance in accordance with ISO Guide 98-4: 2012 Clause 8.2.

(Measurement uncertainty is not taken into account when stating conformity with a specified requirement.)

5.2. Measurement Uncertainty

Where relevant, the following test uncertainty levels have been estimated for tests performed on the EUT as
specified in CISPR 16-4-2. This uncertainty represents an expanded uncertainty expressed at approximately

the 95% confidence level using a coverage factor of k = 2.

AC Conducted Emission Measurement

Measurement Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
9kHz~150kHz: 3.74dB
150kHz~30MHz: 3.44dB

Radiated Disturbance

Measurement Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
Horizontal:

30MHz~300MHz: 5.04dB

300MHz~1GHz: 4.95dB

1GHz~40GHz: 6.40dB

Vertical:

30MHz~300MHz: 5.24dB

300MHz~1GHz: 6.03dB

1GHz~40GHz: 6.40dB

Spurious Emissions, Conducted

Measuring Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
0.78dB

Output Power

Measuring Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
1.13dB

Power Spectrum Density

Measuring Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
1.15dB

Occupied Bandwidth

Measuring Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
0.28%
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6. Test Result

6.1. Summary

FCC Section(s) Test Description Test Condition Verdict
15.247(a)(2) 6dB Bandwidth Pass
15.247(b)(3) Output Power Pass
- Conducted

15.247(e) Power Spectral Density Pass
15.247(d) Band Edge / Out-of-Band Emissions Pass
15.205 General Field Strength (Restricted Bands

. o Radiated Pass
15.209 and Radiated Emission)
15.207 AC Conducted Emission 150kHz - 30MHz | Line Conducted Pass
Remark:

1. The analyzer plots shown in this section were all taken with a correction table loaded into the analyzer.
The correction table was used to account for the losses of the cables and attenuators used as part of the
system to connect the EUT to the analyzer at all frequencies of interest.

2. Output power test was verified over all data rates of each mode, and then choose the maximum power
output (low data rate) for the final test of each channel.

3. Test Items 6dB Bandwidth was only performed on Wi-Fi 1 Port.
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6.2. 6dB Bandwidth Measurement

6.2.1. Test Limit

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

ANSI C63.10 - 2013 - Section 11.8

6.2.3. Test Setting

1. The Spectrum’s automatic bandwidth measurement capability was used to perform the 6dB bandwidth
measurement. The “X” dB bandwidth parameter was set to X = 6. The bandwidth measurement was not
influenced by any intermediate power nulls in the fundamental emission.

2. Set RBW =100 kHz

3. VBW =3 x RBW

4. Detector = Peak

5. Trace mode = Max hold

6. Sweep = Auto couple

7. Allow the trace to stabilize

6.2.4. Test Setup

Spectrum Analyzer

@ W g

6.2.5. Test Result

DC Block
&
Attenuator

EUT

()

Refer to Appendix A.2.
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6.3. Output Power Measurement

6.3.1. Test Limit

The maximum output power shall be less 1 Watt (30dBm).

The conducted output power limit specified in paragraph FCC Part 15.247(b) of this section is 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 below
the stated values in paragraphs FCC Part 15.247(b)(3) of this section, as appropriate, by the amount in dB

that the directional gain of the antenna exceeds 6 dBi.
6.3.2. Test Procedure

ANSI C63.10 - 2013 - Section 11.9.2.3.2

6.3.3. Test Setting

Average Power Measurement

Average power measurements were performed only when the EUT was transmitting at its maximum power
control level using a broadband power meter with a pulse sensor. The power meter implemented triggering
and gating capabilities which were set up such that power measurements were recorded only during the ON

time of the transmitter.

6.3.4. Test Setup

DC Block
&
Attenuator Power Sensor

(& b

EUT

6.3.5. Test Result

Refer to Appendix A.3.
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6.4. Power Spectral Density Measurement

6.4.1. Test Limit

The maximum permissible power spectral density is 8dBm in any 3 kHz band.
The same method of determining the conducted output power shall be used to determine the power spectral

density.

6.4.2. Test Procedure

ANSI C63.10 - 2013 - Section 11.10.5
6.4.3. Test Setting

1. Measure the duty cycle (x) of the transmitter output signal.

2. Set instrument center frequency to DTS channel center frequency.

3. Setspanto at least 1.5 times the OBW.

4. RBW =10 kHz.

5. VBW =30 kHz.

6. Detector = RMS.

7. Ensure that the number of measurement points in the sweep = 2 x span/RBW.

8. Sweep time = auto couple.

9. Don’t use sweep triggering. Allow sweep to “free run”.

10. Employ trace averaging (RMS) mode over a minimum of 100 traces.

11. Use the peak marker function to determine the maximum amplitude level.

12. Add 10 log (1/x), where x is the duty cycle measured in step (a, to the measured PSD to compute the
average PSD during the actual transmission time. If measured value exceeds requirement specified by
regulatory agency, then reduce RBW (but no less than 3 kHz) and repeat (note that this may require
zooming in on the emission of interest and reducing the span to meet the minimum measurement point

requirement as the RBW is reduced).

6.4.4. Test Setup

Spectrum Analyzer

DC Block

— : 7‘ tterfl(Jator
@ LS J A@@ i _

O
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6.4.5. Test Result

Refer to Appendix A.4.
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6.5. Conducted Band Edge and Out-of-Band Emissions Measurement

6.5.1. Test Limit

The limit for out-of-band spurious emissions at the band edge is 20dB below the fundamental emission level,
as determined from the in-band power measurement of the DTS channel performed in a 100 kHz bandwidth

per the PSD procedure.

6.5.2. Test Procedure

ANSI C63.10-2013 - Section 11.11
6.5.3. Test Settitng

Reference level measurement

1. Setinstrument center frequency to DTS channel center frequency
2. Setthe span to = 1.5 times the DTS bandwidth

3. Setthe RBW =100 kHz

4. Setthe VBW = 3 x RBW

5. Detector = peak

6. Sweep time = auto couple

7. Trace mode = max hold

8. Allow trace to fully stabilize

Emission level measurement

1. Set the center frequency and span to encompass frequency range to be measured
2. RBW = 100kHz

3. VBW = 300kHz

4. Detector = Peak

5. Trace mode = max hold

6. Sweep time = auto couple

7. The trace was allowed to stabilize

6.5.4. Test Setup

Spectrum Analyzer

[

DC Block
&
Attenuator

<Q—@;

EUT
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6.5.5. Test Result

Refer to Appendix A.5.
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6.6. Radiated Spurious Emission Measurement

6.6.1. Test Limit

All out of band emissions appearing in a restricted band as specified in Section 15.205 of the Title 47 CFR

must not exceed the limits shown in Table per Section 15.209.

FCC Part 15 Subpart C Paragraph 15.209
Frequency Field Strength Measured Distance
[MHZ] [uv/m] [Meters]
0.009 - 0.490 2400/F (kHz) 300
0.490 - 1.705 24000/F (kHz) 30
1.705- 30 30 30
30-88 100 3
88 - 216 150 3
216 - 960 200 3
Above 960 500 3
6.6.2. Test Procedure
ANSI C63.10 - 2013 - Section 11.11 & 11.12
ANSI C63.10 - 2013 - Section 6.3 (General Requirements)
ANSI C63.10 - 2013 - Section 6.4 (Standard test method below 30MHz)
ANSI C63.10 - 2013 - Section 6.5 (Standard test method above 30MHz to 1GHz)
ANSI C63.10 - 2013 - Section 6.6 (Standard test method above 1GHz)
6.6.3. Test Setting
Table 1 - RBW as a function of frequency
Frequency RBW
9 ~ 150 kHz 200 ~ 300 Hz
0.15 ~ 30 MHz 9~ 10 kHz
30 ~ 1000 MHz 100 ~ 120 kHz
> 1000MHz 1MHz
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Quasi-Peak Measurements below 1GHz

1. Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
2. Span was set greater than 1MHz

3. RBW = as specified in Table 1

4. Detector = CISPR quasi-peak

5. Sweep time = auto couple

6. Trace was allowed to stabilize

Peak Measurements above 1GHz

1. Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
2. RBW = 1MHz

3. VBW = 3MHz

N

. Detector = peak

5. Sweep time = auto couple

6. Trace mode = max hold

7. Trace was allowed to stabilize

Average Measurements above 1GHz (Method VB)

1. Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
2. RBW = 1MHz

3. VBW; If the EUT is configured to transmit with duty cycle = 98%, set VBW = 10 Hz.

If the EUT duty cycle is < 98%, set VBW = 1/T. T is the minimum transmission duration.

4. Detector = Peak

5. Sweep time = auto

6. Trace mode = max hold

7. Trace was allowed to stabilize
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6.6.4. Test Setup

Below 1GHz Test Setup:

EUT

Polystyrene

Turntable Centre

Above 1GHz Test Setup:

EUT

Polystyrene

1~4 m Antenna Antenna Tower
............ i ® 1 =
/
Reference Point of

Antenna Calibration

3m

Test Receiver

i-

iﬂﬂ

1~4 m Antenna Antenna Tower

Reference Point of
Antenna Calibration

Turntable Centre

Spectrum Analyzer U M0 [ 5 [
T . D
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6.6.5. Test Result

Refer to Appendix A.6.
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6.7. Radiated Restricted Band Edge Measurement

6.7.1. Test Limit

For 15.205 requirement:

Radiated emissions which fall in the restricted bands, as defined in Section 15.205(a) of FCC part 15, must

also comply with the radiated emission limits specified in Section 15.209(a).

Frequency Frequency Frequency Frequency
(MHz) (MHz) (MHz) (GHz)
0.090 - 0.110 16.42 - 16.423 399.9 - 410 45 - 515
10.495 - 0.505 16.69475 - 16.69525 608 - 614 5.35 - 5.46
2.1735 - 2.1905 16.80425 - 16.80475 960 - 1240 7.25 - 7.75
4.125-4.128 255 - 25.67 1300 - 1427 8.025 - 8.5
417725 - 4.17775 37.5 - 38.25 1435 - 1626.5 9.0 - 9.2
4.20725 - 4.20775 73 - 74.6 1645.5 - 1646.5 93 -95
6.215 - 6.218 74.8 - 75.2 1660 - 1710 10.6 - 12.7
6.26775 - 6.26825 108 - 121.94 1718.8 - 1722.2 13.25 - 134
6.31175 - 6.31225 123 - 138 2200 - 2300 14.47 - 14.5
8.291-8.294 149.9 - 150.05 2310 - 2390 15.35 - 16.2
8.362 - 8.366 156.52475 - 156.52525 2483.5 - 2500 177 - 214
8.37625 - 8.38675 156.7 - 156.9 2690 - 2900 22.01 - 23.12
8.41425 - 8.41475 162.0125 - 167.17 3260 - 3267 23.6 - 24.0
12.29 - 12.293 167.72 - 173.2 3332 - 3339 31.2 - 31.8
12.51975 - 12.52025 240 - 285 3345.8 - 3358 36.43 - 36.5
12.57675 - 12.57725 322 - 3354 3600 - 4400 ®

13.36 - 13.41
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All out of band emissions appearing in a restricted band as specified in Section 15.205 of the Title 47CFR

must not exceed the limits shown in Table per Section 15.209.

FCC Part 15 Subpart C Paragraph 15.209

Frequency Field Strength Measured Distance
[MHZz] [uv/m] [Meters]
0.009 - 0.490 2400/F (kHz) 300
0.490 - 1.705 24000/F (kHz) 30
1.705 - 30 30 30
30-88 100 3
88 - 216 150 3
216 - 960 200 3
Above 960 500 3

6.7.2. Test Procedure

ANSI C63.10-2013 Section 6.3 & 6.6 & 11.13

6.7.3. Test Setting

Peak Field Strength Measurements

1.

2.

Analyzer center frequency was set to the frequency of the radiated spurious emission of interest

RBW = 1MHz

VBW = 3MHz

Detector = peak

Sweep time = auto couple
Trace mode = max hold

Trace was allowed to stabilize
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Average Field Strength Measurements

1.

2.

6

Analyzer center frequency was set to the frequency of the radiated spurious emission of interest

RBW = 1MHz

VBW = 1/T

As an alternative, the instrument may be set to linear detector mode. Ensure that video filtering is applied
in linear voltage domain (rather than in a log or dB domain). Some instruments require linear display
mode in order to accomplish this. Others have a setting for Average-VBW Type, which can be set to
“Voltage” regardless of the display mode

Detector = Peak

Sweep time = auto

Trace mode = max hold

Allow max hold to run for at least 50 times (1/duty cycle) traces

.7.4. Test Setup

1~4 m Antenna Antenna Tower
P
EUT N R g -
‘ / L
Reference Point of
Antenna Calibration
1.5m I polystyrene

Turntable Centre

Spectrum Analyzer

6.7.5. Test Result

Refer to Appendix A.7.
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6.8.

6.8.1. Test Limit

AC Conducted Emissions Measurement

FCC Part 15 Subpart C Paragraph 15.207 Limits

Frequency QP AV
(MHz) (dBuv) (dBuVv)
0.15-0.50 66 - 56 56 - 46
0.50-5.0 56 46
5.0-30 60 50
Note 1: The lower limit shall apply at the transition frequencies.

Note 2: The limit decreases linearly with the logarithm of the frequency in the range 0.15MHz to 0.5MHz.

6.8.2. Test Setup

Non-conductive table

0.8 m

Vertical ground
reference plane

6.8.3. Test Result

Refer to Appendix A.8.

o——

0000

Bonded to horizontal
ground plane

l

AMN
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Appendix A — Test Result

A.1 Duty Cycle Test Result

Test Site

WZ-SR5

Test Engineer

Liz Yuan

Test Date

2022-09-14

Test Mode

Duty Cycle

802.11b

98.77%

802.11g

92.20%

802.11n-HT20

90.21%

802.11n-HT40

81.94%

Duty Cycle (T = Transmission Duration)

= g Auto

802.11b (T = 8.415ms)

re
puIZ500 A 16d0
Cor GO0 R
Fronq Ref in (5}
€ on

Ref Lvi Offset 20.60 dB
Ref Level 26.00 dBm

#Video BW 50 MHz

Function

g Type:
Tiig: Fioe R

Froq Ref- Int (S}

HFE Of

Ref Lvi Offset 20.60 dB
Ref Level 26.00 dBm

#Video BW 50 MHz

Function  Function Width

802.11g (T = 1.394ms)

+

Anten 16 48 NG A Type: Voltage.
1 G g Free Run

Froq Ref- Int (S}

NFE_Off

Ret Lvl Offsat 20.
Scale/Div 10 dB Ref Level 26.00 di

et Y s v

#Video BW 50 MHz

[Spectrum Anatyzer 1

[Swept SA

KEYSIGHT Jnput RF put Amten: 16 a8
5= Algn: Auto

A Type: Voltage.
o g Free Run
Froq Ref- Int (S}
NFE_Off

Ref Lvl Offsat 20.80 dB
Ref Level 26.00 dBm

Wby b

#Video BW 50 MHz Span 0 He|
Sweep 3.07 ms (2001 pts)|

Function

Mar

er Table

o

arki
Diagr

&

28 of 139




Report No.: 2208RSU044-U1

A.2 6dB Bandwidth Test Result

Test Site WZ-SR5 Test Engineer Liz Yuan
Test Date 2022-09-14

Test Mode Data Rate / MCS| Channel No. Frequency 6dB Bandwidth Limit
(MHz) (MHz) (MHz)
11b 1Mbps 01 2412 9.606 =20.5
11b 1Mbps 06 2437 9.083 =20.5
11b 1Mbps 11 2462 9.117 =20.5
119 6Mbps 01 2412 15.11 205
11g 6Mbps 06 2437 15.12 205
11g 6Mbps 1 2462 15.12 >0.5
11n-HT20 MCSO 01 2412 15.11 =0.5
11n-HT20 MCSO 06 2437 15.12 =0.5
11n-HT20 MCSO 11 2462 15.12 =0.5
11n-HT40 MCSO0 03 2422 35.11 205
11n-HT40 MCSO0 06 2437 35.11 205
11n-HT40 MCSO0 09 2452 35.11 205
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802.11b 6dB Bandwidth

Spectrum Analy
Swept SA

KEYSIGHT foput B

ScaleiDlv 10.0 48

Center 2.41200 GHz
[aRes BIW 100.00 kHz

Spectrum Ana!
Swept S

KEYSIGHT
=N

iDiv 10.0 4B

Channel 01 (2412MHz)

GO ign: Ao

Alien 10 dB Trg: Free Rur
Gale OF
#FGan Low  Radio Skt Nona

Senter Freq 2 41
okd = 10110

Ref Lvi Offset 20.80 dB
Ret Value 21.00 dBm

#Video BW 300.00 kHz Span 40 MHz

Sweep 3.87 ms (3001 pts)

1010
Rad Ski: Nona

Ref Lvi Offset 20.80 dB
Ret Value 21.00 dBm

#Video BW 300.00 kHz

Sweep 3.87 ms

Scale/Div 10.0 dB

Center 2.43700 GHz
BW 100.00 kHz

pled Bandwidth
14,14

Transirit Freq Emot
X B Bandwidth

= [ 2]

Channel 06 (2437MHz)

Atten 1008 o Fres
Gale: OF
#F Gain: Low

Ref Lvl Offsat 20.80 dB
Ref Value 21.00 dBm

Span 40 MHz
Sweep 3.87 ms (2001 pts)|

30 of 139



|
A
|\

I
"y

Report No.: 2208RSU044-U1
802.11g 6dB Bandwidth
Channel 01 (2412MHz) Channel 06 (2437MHz)
EEE’TSJ-E:‘:MM EER ke 004D e o e 2] - s ) E0 (Mo 1085
GO aign Ao MEGuncLow i Sk None (ra]

o Free Ry
Gale. OF
#F

B Ref Lui Offset 20.80 dB
Scale/Div 10.0 08 Ret Value 17.00 d8m

Center 2.41200 GHz #Video BW 300.00 kHz
[aRes BIW 100.00 kHz

Span 40 MHz
Sweep 3.87 ms (3001 pts)

Center 2.43700 GHz
BW 100.00 kHz

Span 40 MHz
Sweep 3.87 ms (2001 pts)|
11 MHz

Freq Rof.Int

Ref Lvl Offset 20,80 d
Ref Value 17.00 dBm

Center 246200 GHz
3Res BW 100.00 kHz

MVideo BW 300.00 kHz

ecupled Bandwidth
16

Power
Transmit Freq Error 2 of OBW Power
x B Banawiath xdB

el ?
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802.11n-HT20 6dB Bandwidth

Channel 01 (2412MHz)

Channel 06 (2437MHz)

Spectrum Analyzes 1
Swept SA

)
Fi

Center 2.41200 GHz
W 100.00 kHz

Transmit Freq Emor
%GB Bandwidth

®#o~M?

KEYSIGHT it & npe

iy Corr Coorr
o0 Rot. It
IFE Off

Gate: o
HIF Gain Low

Ref Lvl Offset 20,80 9B
Ref Value 17.00 dBm

MVideo BW 300.00 kHz

Total Power

Canter Freq: 2.412000000
A 10

o
# None

Spectrum Analyzer 1
Swept SA

KEYSIGHT Jnput RF
— Coup
50 mign o
ph
Scale/Div 10.0 dB

Center 2.43700 GHz
2Res BW 100.00 kHz

2 Mekic

Transit Freq Error
X B Bandwiath

NFE Off

1048
Gate: o1
#IF Gain Low

Ref Ll Offset 20.50 B
Re

#Video BW 300.00 kHz

Total Power

of OB
xdB

Fi

Center 246200 GHz
3Res BW 100.00 kHz

ccupled Bandwidth
1

Transmit Freq Emor
%GB Bandwidth

o c e

n
Com CCon =
0 Rof.Int
IFE Of

Inpu

Gate: O
HIF Gain Low

Ref Lvl Offset 20,80 9B
Ref Value 17.00 dBm

MVideo BW 300.00 kHz

Sep 14, 202

1:22:24 PM

nter Fraq: 2462000000 ¢
JHoKE>10110

GF Step
4.000000 MHz
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802.11n-HT40 6dB Bandwidth

Channel 03 (2422MHz) Channel 06 (2437MHz)

Spectrum Analyzer 1 Spectrum Analyzer 1
Swept SA Swept SA

)
Fi

Center 242200 GHz
W 100.00 kHz

Transmit Freq Emor
%GB Bandwidth

®#o~M?

KEYSIGHT ipit & =

Com CCon
0 Rof.Int
IFE Of

Rof Value 13,00 dBm

N

MVideo BW 300.00 kHz

Total Power

Caner Freq: 2422000000
A 10

o
# None

KEYSIGHT Jnput Rf
I oup

S gm0
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Center 2.43700 GHz
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2 Mekic

Transit Freq Error
X B Bandwiath

1048
Gate: o1

i #IF Gain Low

NFE Off

Ref Ll Offset 20.50 B
Ref Value 13.00 dBm

#Video BW 300.00 kHz

Total Power

of OB
xdB
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3Res BW 100.00 kHz
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Transmit Freq Emor
%GB Bandwidth

o c e

n
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[
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JHolE>10110

GF Step
8000000 MHz
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A.3 Output Power Test Result

Power output test was verified over all data rates of each mode shown as below, and then choose the

maximum power output (gray marker) for final test of each channel.

Test Mode Bandwidth Channel No. Frequency Data Rate Average Power
(MHz) (MHz) / MCS (dBm)
1Mbps 13.44
802.11b 20 1 2412 5.5Mbps 13.38
11Mbps 13.43
6Mbps 11.26
802.11g 20 1 2412 24Mbps 11.17
54Mbps 8.76
MCSO0 11.10
802.11n 20 1 2412 MCS4 10.84
MCS7 8.80
MCSO 10.17
802.11n 40 3 2422 MCS4 9.62
MCS7 7.00
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Test Site WZ-SR5 Test Engineer Liz Yuan
Test Date 2022-09-14
Test Mode Data Rate/ | Channel Freq. AV Power (dBm) Total AV Limit
MCS No. (MHz) Wi-Fi 1 Wi-Fi 2 | Power (dBm) (dBm)
11b 1Mbps 01 2412 13.44 12.53 16.02 < 30.00
11b 1Mbps 06 2437 12.71 11.06 14.97 < 30.00
11b 1Mbps 11 2462 12.00 10.50 14.32 < 30.00
11g 6Mbps 01 2412 11.16 10.86 14.02 <30.00
119 6Mbps 06 2437 10.59 9.39 13.04 <30.00
11g 6Mbps 11 2462 9.86 8.97 12.45 <30.00
11n-HT20 MCSO0 01 2412 10.92 10.85 13.90 < 30.00
11n-HT20 MCSO0 06 2437 10.39 9.50 12.98 <30.00
11n-HT20 MCSO0 11 2462 9.61 9.02 12.34 <30.00
11n-HT40 MCSO0 03 2422 10.21 9.28 12.78 <30.00
11n-HT40 MCSO0 06 2437 9.77 8.67 12.27 <30.00
11n-HT40 MCSO0 09 2452 9.28 8.46 11.90 <30.00

Note: Total Average Power (dBm) = 10*|0g {10(Ant0Average Power /10) 41 Q(Ant 1 Average Power /10)} (dBm).
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A.4  Power Spectral Density Test Result

Test Site WZ-SR5 Test Engineer Liz Yuan
Test Date 2022-09-14
Test Mode | Data Rate/ | Channel Freq. AVPSD (dBm/3kHz) | Total AV PSD Limit Result
MCS No. (MHz) Wi-Fil | Wi-Fi 2 [(dBm/10kHz) |(dBm/3kHz)
11b 1Mbps 01 2412 -12.287 | -12.969 -9.604 <7.89 Pass
11b 1Mbps 06 2437 -11.938 | -14.477 -10.014 <7.89 Pass
11b 1Mbps 11 2462 -14.469 | -15.046 -11.738 <7.89 Pass
119 6Mbps 01 2412 -16.473 | -16.729 -13.236 <7.89 Pass
119 6Mbps 06 2437 -16.775 | -18.223 -14.076 <7.89 Pass
119 6Mbps 11 2462 -17.710 | -17.964 -14.472 <7.89 Pass
11n-HT20 MCSO 01 2412 -15.973 | -16.048 -12.553 <7.89 Pass
11n-HT20 MCSO0 06 2437 -16.719 | -17.371 -13.575 <7.89 Pass
11n-HT20 MCSO0 11 2462 -17.657 | -17.827 -14.283 <7.89 Pass
11n-HT40 MCSO0 03 2422 -20.385 | -21.007 -16.810 <7.89 Pass
11n-HT40 MCSO0 06 2437 -20.756 | -22.106 -17.503 <7.89 Pass
11n-HT40 MCSO0 09 2452 -20.542 | -21.674 -17.196 <7.89 Pass
Note:

When EUT duty cycle > 98%, Total AVGPSD = 10*log {10(nt 0 AVGPSD/10) 4 ] ((Ant 1 AVGPSD/10)}
When EUT duty cycle < 98%, Total AVGPSD = 10*log {10(Ant0AVGPSD/10) 4 1 (At 1 AVGPSDI10)} + 10*log (1/Duty
Cycle).
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802.11b - AVPSD - Wi-Fi 1 RF Port
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802.11g - AVPSD - Wi-Fi 1 RF Port
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802.11n-HT20 - AVPSD - Wi-Fi 1 RF Port

Channel 01 (2412MHz) Channel 06 (2437MHz)
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802.11n-HT40 - AVPSD - Wi-Fi 1 RF Port

Channel 03 (2422MHz) Channel 06 (2437MHz)

NFE Off

Ref Lyl Offset 20,50 d K Z Ref Lvi Offset 20.80 4B
Rel Level 0.00 dBm - dBm e Ref Lovel 0.00 dBm

Se:
PER)

Propet

Next Pk Left L=
mmnmvm Y
i (=)
i
i ==

Marker Delta

arc
ight
£

#Video BW 30 kHz* Span 54, Search Center 2.43700 GHz #Video BW 30 kHz*
|2Res BW 10 kHz

a el ?

Marker

Ref Lvl Offset 2080 9B
Ref Lovel 0.00 dBm

Marker Defta

#Video BW 30 kHz* Span 54.00 MHz| |Search
7 ms (10800 pts)

¥ .
LAY

40 of 139



!
i\‘l““l“w\ .

|

Report No.: 2208RSU044-U1

802.11b - AVPSD - Wi-Fi 2 RF Port
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802.11g - AVPSD - Wi-Fi 2 RF Port
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802.11n-HT20 - AVPSD - Wi-Fi 2 RF Port
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‘ Report No.: 2208RSU044-U1

802.11n-HT40 - AVPSD - Wi-Fi 2 RF Port
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IA Report No.: 2208RSU044-U1

A.5 Conducted Band Edge and Out-of-Band Emissions Test Result

Test Site WZ-SR5 Test Engineer Liz Yuan
Test Date 2022-09-14
Test Mode Data Rate Channel No. Frequency Limit
/ MCS (MHz)
11b 1Mbps 01 2412 30dBc
11b 1Mbps 06 2437 30dBc
11b 1Mbps 11 2462 30dBc
11g 6Mbps 01 2412 30dBc
11g 6Mbps 06 2437 30dBc
11g 6Mbps 11 2462 30dBc
11n-HT20 MCSO 01 2412 30dBc
11n-HT20 MCSO 06 2437 30dBc
11n-HT20 MCSO 11 2462 30dBc
11n-HT40 MCSO0 03 2422 30dBc
11n-HT40 MCSO0 06 2437 30dBc
11n-HT40 MCSO0 09 2452 30dBc
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Report No.: 2208RSU044-U1

802.11b Out-of-Band Emissions - Wi-Fi 1 RF Port
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Report No.: 2208RSU044-U1

802.11b Out-of-Band Emissions - Wi-Fi 1 RF Port
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Report No.: 2208RSU044-U1

802.11g Out-of-Band Emissions - Wi-Fi 1 RF Port
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Report No.: 2208RSU044-U1

802.11g Out-of-Band Emissions - Wi-Fi 1 RF Port
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Report No.: 2208RSU044-U1

802.11n-HT20 Out-of-Band Emissions - Wi-Fi 1 RF Port
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Report No.: 2208RSU044-U1

802.11n-HT20 Out-of-Band Emissions - Wi-Fi 1 RF Port
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