MRT Technology (Suzhou) Co., Ltd Report No.: 2303RSU022-U2
A Phone: +86-512-66308358 Report Version: V02
Web: www.mrt-cert.com Issue Date: 2023-07-23

RF MEASUREMENT REPORT

FCC ID: 2APPT-2821
Applicant: Airthings ASA
Product: Hub Cellular
Model No.: 2820

Brand Name: Airthings

FCC Classification: FCC Part 15 Spread Spectrum Transmitter (DSS)
FCC Rule Part(s): Partl5 Subpart C (Section 15.247)

Result: Complies
Received Date: 2023-03-09
Test Date: 2023-03-11 ~ 2023-06-08

Reviewed By:

2 iy Y G P,
S

Sunny Sun

Approved By: ,DQAV\ Wi (ACCREDITED)

. 7 \" TESTING LABORATORY
Robin Wu 2 CERTIFICATE #3628.01

The test results relate only to the samples tested.

The test results shown in the test report are traceable to the national/international standards through the
calibration of the equipment and evaluated measurement uncertainty herein.

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 52



Report No.: 2303RSU022-U2

Revision History

Report No. Version Description Issue Date Note
2303RSU022-U2 Vo1l Initial Report 2023-06-15 Invalid
2303RSU022-U2 V02 Revise the Calibration Date of Equipment 2023-07-23 Valid

2 of 52




|
'\j‘.‘\/v\h—f
m I‘ Report No.: 2303RSU022-U2

CONTENTS
Description Page
1. General INTOMMALION ....oooiiiiii ittt e s bt e e s bb e e s bn e e e s nb e e e e s bbreeesnnneees 6
1.1. F Y o] o] [ ToF= o | PP PP PPP 6
1.2. = T U =T (0 =] PP PP PP PR 6
1.3. TESHNG FACIHILY .ttt ettt e st e e s bbb e e s nb e e e e s nnnaeee s 6
1.4. ProducCt INFOMMALION. .....coiiiii ettt e s b e e e st e e et e e e eneeas 7
1.5. Radio SPeCification UNAET TEST ......iviiii ittt 7
1.6. WOTKING FIrEOUENCIES .....eeeiiiieieite ettt ettt s e e s et e e s et e e e e bbee e e e ebeas 8
N 1 =Y~ A 0] o [ U1 =L'oY o SRR 9
2.1. TESEIMOE ...ttt e st e e sttt e sk b et e e ek et e e e b et e s n et e e s nb e e e s annre e s 9
2.2. Test System ConNECHON DIBGIAIM .........eiiiiiiiiie ettt e s nbn e e e s aanreee s 9
2.3. TEST SOTIWAIE ...ttt ettt ettt e e sttt e e bt e e sk b et e e aabb e et e s bt et e e s nbne e e s annneeens 9
2.4. APPIEA STANAAITUS.....coiiieiie et e e e e e sabe e e e 10
2.5. Test ENVIrONMENT CONAIION ......oiuuiiiiiiiiii ettt e s e e e e 10
3. ANTENNEA REQUITEMENT ..ottt e sttt e e e sttt e e s st b et e e ek b e e e e s bt e e e e e anbee e e e aabeeeeenres 11
4, MEASUIING INSTIUMENT ...t e e e e e e s st e e e e e e e e s st e e e e eeeesssaastaaaeeeeeessaanssnneneeaeeseannns 12
5. Decision Rules and Measurement UNCErtaiNTY ..........ccoiiiiiiiiiiiiieeiieiee et ee e 14
5.1. DECISION RUIBS ...ttt e e e e e e e e e e e e e e e e aab s e e e s e s eeabaa e eeeeseeerees 14
5.2. MeEaSUIEMENT UNCEITAINTY ........ueiiiiiiiiee ettt ettt e st e e et e e e snbb e e e e snbeeeeesnbeeeeeanes 14
B. ST RESUIL....eieiiiie ettt h et sh e e bt bR s E e 15
6.1. SUIMIMIAIY ..ttt e ettt e e e s et e et e e e 1 e e et e e e e e e s n ettt e e e e e s e b n b e e et e e e e e saernrneeeeeeee s 15
6.2. DULY CYCIB. ettt e ettt e e e a bt e e sa bt e e e sa b et e e e et e e e e e aabee e e e anbaeeeeaae 16
S S 1= A X1 OO PP PP T PPPPRTRPPPPPPTN 16
B.2.2.  TESE SBUUD 1.eetiiii ittt ettt ettt e e et e e e e e e et e e e e et e e e e e a e n et e e e e e aannn 16
B.2.3.  TESE PIOCEAUIE ...ttt ettt e e st bt e e e sab et e e s sabb e e e e sabeeeeeanbneeeeanes 16
B.2.4.  TESERESUIL ...ttt et e e e st e e e e st e e e e et e e e e s br e e e e abreee e e 16
6.3. 20dB Bandwidth MEASUIEIMENL...........uiiiiiiiiie ettt ettt e e ainneee s 17
ST 20t B 1= A I 1 O O T PP OPP PR PPPPPPTN 17
6.3.2.  TESE PIOCEAUIE ...ttt ettt e e ettt e e e st bt e e e sab et e e e st b e e e e aabb e e e e aabneeeeanes 17
TR e T 1= 1 AR 1] oo [P OO PP PPP PP PPPPPPTN 17
B.3.4.  TESE SBUUD ..eeteieiiieitte ettt ettt e e et e e e e et e e e e e e e e e e e a et e e e e e n e 17
B.3.5.  TESE RESUIL ...ttt et e e et e e e e st et e e e et a e e e e st e e e e abr e e e e aae 17
6.4. OUtPUL POWET MEASUIEIMENT........eiiiiiiiie e ittt e e e s e e e e e s s s e e e e e e e s 18
B.4. 1. TESE LIMt...eeiiiiteiie ittt e ettt e e e st e e e sa b et e e e sa b bt e e e st et e e e e bee e e e anbne e e e anbreeeeaae 18
B.4.2.  TESE PIOCEAUIE ...ttt ettt e e st e e e st bt e e e sab et e e s aabe e e e e snbbeeeesnbneeeeanes 18
S F [T BT 1] oo [P OO PP PPPPRPPPPPPTN 18
B.4.4.  TESE SBUUD ..eeeiieeiieiitte ettt ettt e e e s e e et e e e e e e et e e e o e e et e e e n et e e e e e aannn 18




A\
I"y
m I‘ Report No.: 2303RSU022-U2

6.4.5.
6.5.
6.5.1.
6.5.2.
6.5.3.
6.5.4.
6.5.5.
6.6.
6.6.1.
6.6.2.
6.6.3.
6.6.4.
6.6.5.
6.7.
6.7.1.
6.7.2.
6.7.3.
6.7.4.
6.7.5.
6.8.
6.8.1.
6.8.2.
6.8.3.
6.8.4.
6.8.5.
6.9.
6.9.1.
6.9.2.
6.9.3.
6.9.4.
6.9.5.
6.10.
6.10.1.
6.10.2.
6.10.3.
6.10.4.
6.10.5.
6.11.
6.11.1.

TESERESUIL ...ttt ettt e st e e s st e e e e b b e e e e n et e e e abe e e e nreas 18
Carrier Frequency Separation MEasSUrEMENT ..........ccuiiiiiiiiiieiiiiee e 19
LS S o T PO P PP OUPPPP 19
TESE PIOCEAUIE ......eeiie ettt et s et e ettt e e e et bt e e e e et e e e e enbe e e e enbeas 19
LSS R ST= 1] o PP OUPPPO 19
LS ST =] U o PP PP PP PP 19
TESERESUIL ...ttt a bt e e s e a bt e e s s bt e e e ettt e e e e n e e e e e abe e e e abeas 19
Number of Hopping Channels MeasuremMeNt ..........c..cooiiuiiiiiiiiiee e 20
LS S o ] PR OTPPPP 20
TESE PIOCEAUIE ......eeiie ettt et s et e ettt e e e et bt e e e e et e e e e enbe e e e enbeas 20
LSS R ST= 11T P PP PR 20
LS ST =] (| o PP P PP PR PPPTP 20
TESERESUIL ...ttt sttt et e e st e e e e b bt e e e e a e e e e abe e e e areas 20
Time of OCCUPANCY MEASUIEIMENT ........uiiiiiitiiie ittt ettt st e e s st e e e s nbe e e e e abeas 21
LS S o T P PP PP OTPPPO 21
TESE PIOCEAUIE ...ttt ettt e ettt e e ettt e e e eab e e e snbe e e e enbeas 21
LSS R ST= 11T PP PR OTPRP 21
LS ST =] (0 o PP P PP PRPP PR PPPTP 21
TESERESUIL ...ttt sttt e e s e et e e e ab bt e e e bt e e e e nb e e e e e nbe e e e e nreas 21
Band-edge Compliance MEASUIEMENT .......c.oiuuiie it e iiiee et ee ettt e st e e st ee e e sbree e e sbaeeeeanes 22
LS 0 o T PR 22
LSS A (0Tt [N PP 22
LSS ST= 1] o PP 22
LS ST =] (0 o PP PP PRPPPP PP 22
TESERESUIL ...ttt sttt e e s e et e e e ab bt e e e bt e e e e nb e e e e e nbe e e e e nreas 22
Conducted Spurious EmMISSIONS MEASUIEIMENT.........cuuuiiiiiiiiiieiiiiie ettt e sieeeeesnneeeee s 23
LS 0 o T PR 23
LSS A (0Tt [N PP 23
LSS ST= 1] o PP 23
LS RS-l (o PP PO PRPP PP PPPTP 23
TESERESUIL ...ttt e et e e s et e e e ab e e e e b bt e e e e nb e e e e e nbe e e e e nreas 24
Radiated Spurious EmiSSion MEASUIEMENT .......ccciuuiiiiiiiieeeiiieee e stiee e steee et e e sbee e e sbaeeeeanes 25
LS 0 o T PR 25
LSS A (0Tt [N PRSP 25
QLSS 08 1= 1] o S 25
LS ST (0 o PRSPt 27
TESERESUIL ...t 28
Radiated Restricted Band EAge MEASUIEMENT ..........cuviieiiiiiiiiiieiee e eeccieeeeee e e e s s sanrneee e e e e e snnnnnes 29
LS T 0T PSP P PR 29




m
"\j‘.‘\/v\h—f
m I‘ Report No.: 2303RSU022-U2

B.11.2. TSt PIOCEAUIE ...ttt ettt e e e s bt e e e sab et e e e sab et e e e sabb e e e e snbeeeeesnbbeeeeanes 30
S G T [T AR 11 o [P OO U PR PPPPPTRPPPPRPTN 30
L I [T AT ¥ | o PO PPTTPURPPPR 31
B.11.5. TESE RESUIL ..ttt e et e e e e sa b et e e e sab bt e e e e ba e e e e abbe e e e abeeeeeaae 31
6.12. AC Conducted EmISSIONS MEASUIEIMENT .........uuiiiiiiiieeiiiiiee e iieee ettt e e st e e sbae e e e sbeeeeeanes 32
S 2t S 1= X1 PP PRPPPPRPN 32
L R [ AR Y= B | o IO PPPTPPRPPPPRN 32
B.12.3. TESE RESUIL ...ttt ettt e e st e e e sa b et e e e sab bt e e e s bae e e e abae e e e anbeeeeeaae 32
APPENAIX A - TEST RESUIL... .t e e e e e s e e e e e e e e sa b e teeeeeeesssasntaaeeeeeeeseansntanneeeans 33
Al DUty CYCIE TESE RESUIL......eiiiiiiie et e e e e e e e e sbeeeeeaaes 33
A2 20dB Bandwidth TESt RESUIT.........ueiiiiiiiii e 34
A3 OUtPUL POWET TESE RESUIT ..o e 35
A4 Carrier Frequency Separation TESt RESUIL.............uiiiiiiiieiie e 36
A5 Number of Hopping Channels TeSt RESUIL.............ocuiiiiiiiiie e 37
A.6 Time of OccuUPANCY TESE RESUIL .......ccoiiiiiieiie e 38
A7 Band-edge ComplianCe TeSt RESUIL...........cooiiiiiiiiiiiie e 39
A.8 Conducted Spurious EmIssions TeSt RESUIT...........cooiiiiiiii e 40
A9 Radiated Spurious EmiSSioN TESt RESUIL............coiiiiiiiiiiiiiie e 41
A.10 Radiated Restricted Band Edge TeSt RESUIL...........ooouiiiiiiiiiiii e 45
A1l  AC Conducted EmISSIONS TESt RESUIL ........eiiiiiiiiiieiie e 49
Appendix B - Test Setup Photograph ...t sbeee e 51
APpPeNdiX C - EUT PhoOtOGraph ...ttt ettt et e e s sabe e e e snba e e e e snbneeaens 52

5 of 52



|
T

IVR I A Report No.: 2303RSU022-U2

1.

1.1.

General Information

Applicant

Airthings ASA
Wergelandsveien 7, 0167 Oslo, Norway

1.2.

Manufacturer

Crow Electronic Engineering Ltd.
12 Kineret St. Airport City, Zip: 70100, Israel

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, No.200 Xingpu Rd., Shengpu Town, Suzhou Industrial Park, China
Laboratory Accreditations
A2LA: 3628.01 CNAS: L10551
FCC: CN1166 ISED: CNOOO1
_ [ IR-20025 [ 1G-20034 [ 1C-20020 [ 1T-20020
vee [ 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 Hub Cellular

Model No. 2820

CERT_HUB_21, CERT_HUB_23 for Conducted measurement
CERT_HUB_23, CERT_ HUB_30 for Radiated measurement

EUT Identification No.

SmartLink Specification 905.6 ~ 926 MHz

GSM GSM 850, GSM 1900

LTE Cat M1 Band 2, 4, 5, 12, 13, 26

Antenna Information Refer to 1.5.

Operating Temp. 0 ~45°C

Integrated Modular

FCC ID XMR201707BG96

IC 10224A-201709BG96

Model BG96

Company Name Quectel Wireless Solution Co., Ltd

Accessories

Adapter Model No.: MP12-050160-AX
Input: 100V-240V~50/60Hz, 0.4A Max
Output: 5.0V=1.6A

Note:

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 905.6 ~ 926 MHz
Channel Number 52

Type of modulation FHSS

Antenna Type PCB Antenna
Antenna Gain 2.77 dBi

7 of 52



|
T

VT4

Report No.: 2303RSU022-U2

1.6. Working Frequencies

Channel Frequency Channel Frequency Channel Frequency
1 905.6MHz 2 906.0MHz 3 906.4MHz
4 906.8MHz 5 907.2MHz 6 907.6MHz
7 908.0MHz 8 908.4MHz 9 908.8MHz
10 909.2MHz 11 909.6MHz 12 910.0MHz
13 910.4MHz 14 910.8MHz 15 911.2MHz
16 911.6MHz 17 912.0MHz 18 912.4MHz
19 912.8MHz 20 913.2MHz 21 913.6MHz
22 914.0MHz 23 914.4MHz 24 914.8MHz
25 915.2MHz 26 915.6MHz 27 916.0MHz
28 916.4MHz 29 916.8MHz 30 917.2MHz
31 917.6MHz 32 918.0MHz 33 918.4MHz
34 918.8MHz 35 919.2MHz 36 919.6MHz
37 920.0MHz 38 920.4MHz 39 920.8MHz
40 921.2MHz 41 921.6MHz 42 922.0MHz
43 922.4MHz 44 922.8MHz 45 923.2MHz
46 923.6MHz 47 924.0MHz 48 924.4MHz
49 924.8MHz 50 925.2MHz 51 925.6MHz
52 926.0MHz - - - -
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2. Test Configuration

2.1. Test Mode

Mode 1: Transmit by SmartLink

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

B
| A |
Adapter EUT 1

Cable Type Cable Spec. Length

A USB Cable Shielding im

B Power Cable Non-shielding 15m
Product Manufacturer Model No.

1 Notebook DELL DELL Inspiron 5359

2.3. Test Software

The test utility software used during testing was “IPOP”, and the version was 4.1.
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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 D0O1v05r02

® 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 Requirement

Excerpt from 815.203 of the FCC Rules/Reqgulations:

“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.

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
EMI Test Receiver R&S ESR7 MRTSUEO6001 |1 year 2023-12-28 WZ-AC1
Horn Antenna Schwarzbeck BBHA 9120D MRTSUEO06023 |1 year 2023-08-22 WZ-AC1
Preamplifier Agilent 83017A MRTSUEO6076 |1 year 2023-05-08 WZ-AC1
Preamplifier Agilent 83017A MRTSUEO6076 |1 year 2024-05-07 WZ-AC1
TRILOG Antenna Schwarzbeck VULB 9168 MRTSUEO06172 |1 year 2023-06-21 WZ-AC1
Anechoic Chamber TDK WZz-AC1 MRTSUE06212 |1 year 2023-04-21 WZ-AC1
Anechoic Chamber TDK Wz-AC1 MRTSUE06212 |1 year 2024-04-20 WZ-AC1
Thermohygrometer testo 608-H1 MRTSUEO06403 |1 year 2023-06-01 WZ-AC1
Thermohygrometer testo 608-H1 MRTSUEO06403 |1 year 2024-05-31 WZ-AC1
Signal Analyzer Keysight N9010B MRTSUEO06607 |1 year 2023-12-28 WZ-AC1
Thermohygrometer testo 608-H1 MRTSUE11039 |1 year 2023-11-01 WZ-AC1
Loop Antenna Schwarzbeck FMZB 1519 MRTSUEO06025 |1 year 2023-09-29 WZ-AC1/AC2
TRILOG Antenna Schwarzbeck VULB 9162 MRTSUE06022 |1 year 2023-05-16 WZ-AC2
TRILOG Antenna Schwarzbeck VULB 9162 MRTSUE06022 |1 year 2024-05-15 WZ-AC2
EMI Test Receiver Agilent N9038A MRTSUEO06125 |1 year 2023-05-24 WZ-AC2
EMI Test Receiver Agilent N9038A MRTSUEO06125 |1 year 2024-05-23 WZ-AC2
Thermohygrometer Mingle ETH529 MRTSUE06170 |1 year 2023-11-27 WZ-AC2
Horn Antenna Schwarzbeck BBHA 9120D MRTSUEO06171 |1 year 2023-10-13 WZ-AC2
Preamplifier Schwarzbeck BBV 9718 MRTSUEO06176 |1 year 2023-05-08 WZ-AC2
Preamplifier Schwarzbeck BBV 9718 MRTSUEO06176 |1 year 2024-05-07 WZ-AC2
Anechoic Chamber RIKEN WZ-AC2 MRTSUE06213 |1 year 2023-04-21 WZ-AC2
Anechoic Chamber RIKEN WZ-AC2 MRTSUE06213 |1 year 2024-04-20 WZ-AC2
Thermohygrometer testo 608-H1 MRTSUE11038 |1 year 2023-11-01 WZ-AC2
Signal Analyzer Keysight N9010B MRTSUEO06457 |1 year 2023-05-24 WZ-SR5
Signal Analyzer Keysight N9010B MRTSUEO06457 |1 year 2024-05-23 WZ-SR5
Thermohygrometer testo 608-H1 MRTSUEO06402 |1 year 2023-06-01 WZ-SR5
Thermohygrometer testo 608-H1 MRTSUEO06402 |1 year 2024-05-31 WZ-SR5
Shielding Room HUAMING WZ-SR5 MRTSUEO06442 |N/A N/A WZ-SR5
Attenuator MVE MVE2213 MRTSUE11093 |1 year 2023-06-09 WZ-SR5
Signal Analyzer Agilent N9020A MRTSUEO06106 |1 year 2024-02-29 WZ-SR5
Oscilloscope Agilent DSO-X 6002A MRTSUEO06107 |1 year 2024-02-29 WZ-SR5
Two-Line V-Network R&S ENV216 MRTSUEO06002 |1 year 2023-05-24 WZz-SR2
Two-Line V-Network R&S ENV216 MRTSUEO06002 |1 year 2024-05-23 WZz-SR2
Symmetrical Attenuator  |Schwarzbeck SYMAT 40 MRTSUEO06117 |1 year 2023-04-10 WZz-SR2
Symmetrical Attenuator  |Schwarzbeck SYMAT 40 MRTSUEO06117 |1 year 2024-04-09 WZ-SR2

12 of 52




i
IVR I y Report No.: 2303RSU022-U2

Instrument Manufacturer Model No. Asset No. Cali. Interval Cali. Due Date  |Test Site
Shielding Room MIX-BEP WZ-SR2 MRTSUEO06215 |5 years 2026-12-20 WZz-SR2
Thermohygrometer testo 608-H1 MRTSUE06404 |1 year 2023-06-01 WZ-SR2
Thermohygrometer testo 608-H1 MRTSUE06404 |1 year 2024-05-31 WZ-SR2
EMI Test Receiver R&S ESR3 MRTSUEO06909 |1 year 2023-10-27 WZ-SR2
Software Version Function

EMI Software Vv3.0.0 EMI Test Software

Controller_MF 7802 2.03C RE Antenna & Turntable
Controller_MF 7802 1.02 RE Antenna & Turntable
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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

The maximum measurement uncertainty is evaluated as:
9kHz~150kHz: 3.58dB
150kHz~30MHz: 3.20dB

Radiated Disturbance

The maximum measurement uncertainty is evaluated as:
Coaxial: 9kHz~30MHz: 2.59dB
Coplanar:  9kHz~30MHz: 2.60dB
Horizontal: 30MHz~200MHz: 3.85dB
200MHz~1GHz: 4.36dB
1GHz~10GHz: 4.98dB
Vertical: 30MHz~200MHz: 4.06dB
200MHz~1GHz: 5.28dB
1GHz~10GHz: 4.91dB

Spurious Emissions, Conducted

Measuring Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
2.30dB

Output Power

Measuring Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
2.30dB

Occupied Bandwidth

Measuring Uncertainty for a Level of Confidence of 95% (U=2Uc(y)):
3.20%
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6. Test Result

6.1. Summary

FCC Section(s) Test Description Test Condition Verdict

15.247(a)(1)(i) 20dB Bandwidth Pass

15.247(b)(2) Output Power Pass

15.247(a)(1)(i) Carrier Frequency Separation Pass

: Conducted

15.247(a)(1)(i) Number of Channels Pass

15.247(a)(1)(i) Time of Occupancy Pass

15.247(d) Band Edge / Out- of-Band Emissions Pass
General Field Strength _

15.205, 15.209 _ ) o Radiated Pass
(Restricted Bands and Radiated Emission)

15.207 AC Conducted Emissions 150kHz - 30MHz Line Conducted Pass

Notes:

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. For radiated emission test, every axis (X, Y, Z) was also verified. The test results shown in the following

sections represent the worst-case emissions.
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6.2. Duty Cycle

6.2.1. Test Limit
N/A

6.2.2. Test Setup

COmpamOnDeViCeF---------------- EUT
\/Ant

Oscilloscope Detector

6.2.3. Test Procedure

In normal use, the EUT connects to companion device via SRD. The hub cellular will send signal only when it
detects the signal sent by the companion device.

Due to the signal is hopping signal, so we use oscilloscope to test the signal.

1. Connect the EUT to the companion device, companion device is set to transmit signal once a minute (the

minimum transmit time)

2. Use oscilloscope to test signal via crystal detector. The crystal detector can convert RF power levels
applied to the 50-Q input connector into proportional values of DC voltage. The output voltage polarity is
negative.

6.2.4. Test Result

Refer to Appendix A.1.
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6.3. 20dB Bandwidth Measurement

6.3.1. Test Limit

The maximum allowed 20 dB bandwidth of the hopping channel is 500 kHz.
6.3.2. Test Procedure

ANSI C63.10-2013 - Section 6.9.2 (20dB Bandwidth)

6.3.3. Test Setting

1. Set RBW = 1% to 5% of the 20dB bandwidth

2. VBW = approximately three times RBW

3. Span = approximately 2 to 5 times the 20dB bandwidth, centered on a hopping channel

4. Detector = Peak

5. Trace mode = max hold

6. Sweep = auto couple

7. Allow the trace to stabilize

8. Measure the maximum width of the emission that is constrained by the frequencies associated with the
two outermost amplitude points (upper and lower frequencies) that are attenuated by 20 dB relative to the

maximum level measured in the fundamental emission.

6.3.4. Test Setup

Spectrum Analyzer

|

6.3.5. Test Result

DC Block
&
Attenuator

-.o]

l‘
b 3
> @ th ( =

EUT

Refer to Appendix A.2.
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6.4. Output Power Measurement
6.4.1. Test Limit
For frequency hopping systems operating in the 902-928 MHz band: 1 watt for systems employing at least 50

hopping channels; and, 0.25 watts for systems employing less than 50 hopping channels, but at least 25

hopping channels

6.4.2. Test Procedure

ANSI C63.10-2013 - Section 7.8.5
6.4.3. Test Setting

1. Set RBW = the 20 dB bandwidth of the emission being measured.

2. VBW = RBW

3. Span = approximately five times the 20dB bandwidth, centered on a hopping channel

4. Detector = Peak

5. Trace mode = max hold

6. Sweep = auto couple

7. Allow the trace to stabilize, Use the marker-to-peak function to set the marker to the peak of the emission.

The indicated level is the peak output power (don’t forget added the external attenuation and cable loss)

6.4.4. Test Setup

Spectrum Analyzer

|

6.4.5. Test Result

DC Block
&
Attenuator

-.o]

l‘
b 3
> @ th ( =

EUT

Refer to Appendix A.3.
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6.5. Carrier Frequency Separation Measurement

6.5.1. Test Limit

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25
kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.

6.5.2. Test Procedure

ANSI C63.10-2013 - Section 7.8.2.

6.5.3.Test Setting

1. Span = wide enough to capture the peaks of two adjacent channels.

2. Start with the RBW set to approximately 30% of the channel spacing; adjust as necessary to best identify
the center of each individual channel.

3. VBW = RBW

4. Sweep time = Auto couple

5. Detector = Peak

6. Trace mode = Max hold

7. Allowed the trace to stabilize

8. Use the marker-delta function to determine the separation between the peaks of the adjacent channels.

6.5.4. Test Setup

Spectrum Analyzer

|

6.5.5. Test Result

DC Block
&
Attenuator

-.o]

l‘
b 3
> @ th ( =

EUT

Refer to Appendix A.4.
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6.

6.

6. Number of Hopping Channels Measurement

6.1. Test Limit

For frequency hopping systems operating in the 902-928 MHz band: if the 20 dB bandwidth of the hopping

channel is less than 250 kHz, the system shall use at least 50 hopping frequencies; if the 20 dB bandwidth of

the hopping channel is 250 kHz or greater, the system shall use at least 25 hopping frequencies.

6.

6.2. Test Procedure

ANSI C63.10-2013 - Section 7.8.3.

6.

1.

6.

6.3. Test Settitng

Span = the frequency band of operation. Depending on the number of channels the device supports, it
may be necessary to divide the frequency range of operation across multiple spans, to allow the individual
channels to be clearly seen.

To identify clearly the individual channels, set the RBW to less than 30% of the channel

spacing or the 20 dB bandwidth, whichever is smaller.

VBW = RBW

Sweep time = Auto couple

Detector = Peak

Trace mode = Max hold

Allow the trace to stabilize

6.4. Test Setup

Spectrum Analyzer

“ DC Block

Lﬂ .m;V 1,' L (=

6.

Attenuator

i -
) EUT

\
g

6.5. Test Result

Refer to Appendix A.5.
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6.7.

Time of Occupancy Measurement

6.7.1. Test Limit

For frequency hopping systems operating in the 902-928 MHz band: if the 20 dB bandwidth of the hopping

channel is less than 250 kHz, the average time of occupancy on any frequency shall not be greater than 0.4

seconds within a 20 second period; if the 20 dB bandwidth of the hopping channel is 250 kHz or greater, the

average time of occupancy on any frequency shall not be greater than 0.4 seconds within a 10 second period.

6.7.2. Test Procedure

ANSI C63.10-2013 - Section 7.8.4.

6.7.3. Test Settitng

1.

2.

Span = zero span, centered on a hopping channel.

RBW shall be < channel spacing and where possible RBW should be set >> 1/ T, where T is the
expected dwell time per channel.

VBW = RBW

Sweep time = as necessary to capture the entire dwell time per hopping channel

Detector = Peak

Trace mode = max hold

Use the marker-delta function to determine the transmit time per hop. If this value varies with different
modes of operation (data rate, modulation format, number of hopping channels, etc.), then repeat this test
for each variation in transmit time. An oscilloscope may be used instead of a spectrum analyzer. The EUT
shall show compliance with the appropriate regulatory limit for the number of hopping channels. A plot of

the data shall be included in the test report.

6.7.4. Test Setup

Spectrum Analyzer

~_ DC Block
H A —
. m 1 ,’ C J enuator Ut
J m:‘lu‘»’ ._..J T

6.7.5. Test Result

Refer to Appendix A.6.
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6.8. Band-edge Compliance Measurement

6.8.1. Test Limit

The maximum permissible emission level is 20dBc. Any emissions were lying outside of the emission
bandwidth and in authorized band edges to a field strength limit specified in Section 15.209 of the Title 47

CFR.

6.8.2. Test Procedure

ANSI C63.10-2013 - Section 6.10.4.
6.8.3. Test Setting

1. Span = wide enough to capture the peak level of the emission operating on the channel closest to the
band edge, as well as any modulation products which fall outside of the authorized band of operation.

2. RBW =100kHz

3. VBW = 300kHz

4. Detector = peak

5. Sweep time = auto couple

6. Trace mode = max hold

7. Trace was allowed to stabilize

8. Allow the trace to stabilize. Set the marker on the emission at the band edge, or on the highest modulation
product outside of the band, if this level is greater than that at the band edge. Enable the marker-delta

function, then use the marker-to-peak function to move the marker to the peak of the in-band emission.

6.8.4. Test Setup

Spectrum Analyzer

DC Block

[

.o.]

L

EUT

30
| ® ( }

6.8.5. Test Result

Refer to Appendix A.7.

22 of 52



|
'\j‘.‘\/v\h—f
m I‘ Report No.: 2303RSU022-U2

6.9.

Conducted Spurious Emissions Measurement

6.9.1. Test 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 conducted or a radiated measurement, provided the transmitter

demonstrates compliance with the peak 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, the attenuation required

under this paragraph shall be 30 dB instead of 20 dB.

6.9.2. Test Procedure

ANSI| C63.10-2013 - Section 7.8.8.

6.9.3. Test Setting

1.

Span = wide enough to capture the peak level of the in-band emission and all spurious emissions (e.g.,
harmonics) from the lowest frequency generated in the EUT up through the 10th harmonic. Typically,
several plots are required to cover this entire span.

RBW = 100kHz

VBW = 300kHz

Detector = peak

Sweep time = auto couple

Trace mode = max hold

Trace was allowed to stabilize

Set the marker on the peak of any spurious emission recorded. The level displayed must comply with the

limit specified in this section.

6.9.4. Test Setup

Spectrum Analyzer

- DC Block
H \ H —
| 1 MH, O J enuator EUT
J MH«H ._b (@
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6.9.5. Test Result

Refer to Appendix A.8.
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6.10. Radiated Spurious Emission Measurement

6.10.1. 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
[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

6.10.2. Test Procedure

ANSI C63.10 Section 6.3 (General Requirements)
ANSI C63.10 Section 6.4 (Standard test method below 30MHZz)
ANSI C63.10 Section 6.5 (Standard test method above 30MHz to 1GHz)

ANSI C63.10 Section 6.6 (Standard test method above 1GHz)

6.10.3. 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

> 1000 MHz 1 MHz
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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

4. 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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6.10.4. Test Setup

Below 30MHz Test Setup:

Turntable

Test Receiver

o| |l

M

0000|

Below 1GHz Test Setup:

1~4 m Antenna Antenna Tower

Reference Point of
Antenna Calibration

h

Polystyrene

3m

Turntable Centre

Test Receiver

UDUII]
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Above 1GHz Test Setup:

1~4 m Antenna Antenna Tower
\
EUT IR -
l i
Reference Point of ‘

Antenna Calibration

1.5m | polystyrene

Turntable Centre

u

Spectrum Analyzer U et [
LG

L@
[

6.10.5. Test Result

Refer to Appendix A.9.
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6.11. Radiated Restricted Band Edge Measurement

6.11.1. 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 25.5- 25.67 1300 - 1427 8.025 - 85
4.17725 - 4.17775 375 - 38.25 1435 - 1626.5 9.0 - 9.2
4.20725 - 4.20775 73 - 74.6 1645.5 - 1646.5 9.3 -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 - 156.525 2483.5 - 2500 17.7 - 21.4
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 - 240
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

6.11.2. Test Procedure

ANSI C63.10 Section 6.3 (General Requirements)

ANSI C63.10 Section 6.6 (Standard test method above 1GHz)

6.11.3. Test Setting

Peak Field Strength Measurements

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

3. VBW =3MHz

4. Detector = peak

5. Sweep time = auto couple

6. Trace mode = max hold

7. Trace was allowed to stabilize
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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

6.11.4. Test Setup

[=

1~4 m Antenna Antenna Tower
\
EUT 3 -
f N st Ll
Reference Point of ‘
Antenna Calibration
1.5m | polystyrene

Turntable Centre

Spectrum Analyzer

1.

L @)
[

6.11.5. Test Result

Refer to Appendix A.10.
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6.12. AC Conducted Emissions Measurement

6.12.1. Test Limit

FCC Part 15 Subpart C Paragraph 15.207 Limits

Frequency QP Average

(MHz) (dBpV) (dBuV)

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.

6.12.2. Test Setup

Test Receiver
o I
- —
Non-conductive table n ] =
[ \ [ ]
: 0.8 m :
Vertical ground Bonded to horizontal
reference plane ground plane
0.8 m ‘ 1
04 m AMN
/ @ o

6.12.3. Test Result

Refer to Appendix A.11.
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Appendix A - Test Result

A.1 Duty Cycle Test Result

Test Site WZ-SR5 Test Engineer Lynn Yang

Test Date 2023-03-28

Duty Cycle (T = Transmission Duration)

905.6MHz 6.17%

905.6MHz (T = 6.17 ms)

DS0-} B002A, MY54390003: Tue Mar 28 20:37:50 2023

MEEO: BahkEE

Note: As the minimum transmit time interval is one minute declared by manufacturer, so 100ms was used as
the observation period, maximum Duty Cycle = T / observation period * 100%=6.17ms / 100ms * 100% =
6.17%.

33 of 52



i IA Report No.: 2303RSU022-U2

A.2 20dB Bandwidth Test Result

Test Site WZ-SR5 Test Engineer Lynn Yang

Test Date 2023-03-17

Channel No. Frequency (MHz) 20dB Bandwidth (kHz) Limit (kHz)

01 905.6 93.99 <500

26 915.6 97.68 < 500

52 926.0 95.60 <500

20dB Bandwidth

Channel 01 (905.6MHz) Channel 26 (915.6MHz)

T Feght Speciram Aty Gecupied B9 — T sl | W Keug Specinm hmshee - Oeoumed B0 s |

i 02:40:13 PMar 17, 202 A ALIGN & 024 1:54 P Miar 17, 203
Center Freq 905.600000 MHz Center Freq: 805600000 MHz Radio Sta: None

Center Freq 915.600000 MHz Center Freq: $15.600000 MHz Radio Std: None
AvglHold:>10/10

C Run Trig: Free Run AvglHold:>10110
MFGainLow #Atten: 10 dB Radio Device: BTS AFGain-Low #Atten: 10 dB Radio Device: BTS

Ref Offset 216 dB
Ref 25.00 dBm

Ref Offset 216 dB
Ref 25.00 dBm

Center 905.6 MHz Span 200 kHz
HiRes BW 1 kHz #VBW 3 kHz Sweep 191.2 ms]

ICenter 915.6 MHz Span 200 kHz|
E #VBW 3 kHz Sweep 191.2 ms

Occupied Bandwidth Total Power 21.3 dBm
94.545 kHz

Transmit Freq Error -4.506 kHz OBW Power 99.00 %

x dB Bandwidth 93.99 kHz x dB -20.00 dB

Occupied Bandwidth Total Power 20.8 dBm
93.836 kHz

Transmit Freq Error -5.040 kHz OBW Power 99.00 %

x dB Bandwidth 97.68 kHz x dB -20.00 dB

MG Cgsrans

Channel 52 (926.0MHz)

B Fepsght Soectrum Ansiyzer - Occupied B = rm |

02:42:46 PHMar 17,202
Center Freq 926.000000 MHz

Radio Std: None
Ref Offset 216 dB
Ref 25.00 dBm

0 MHz
Avg|Hold:>10/10

Span 200 kHz;
#VBW 3 kHz Sweep 191.2 ms|

Occupied Bandwidth Total Power

93.947 kHz
Transmit Freq Error -5.333 kHz OBW Power 99.00 %
x dB Bandwidth 95.60 kHz x dB -20.00 dB
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A.3 Output Power Test Result

Test Site WZ-SR5 Test Engineer Lynn Yang
Test Date 2023-03-17
Channel No. Frequency (MHz) Output Power (dBm) Power Limit (dBm)

01

905.6

14.839

< 30.00

26

915.6

14.895

<30.00

52

926.0

14.775

< 30.00

Output Power

Channel 01 (905.6MHz)

Channel 26 (915.6MHz)

T Repught Spectium Anyzes - Swest 5
21000000 MHz
PNO: = Trig: Free Run
IFGai #Anen: 10 0B

Ref Offset 216 dB
Ref 21.60 dBm

Center 905.6000 MHz

[#Res BW 100 kHz #VBW 100 kHz

Avg Type: Log-Pwr
Avg|Hold:>100100

]

NextPeak

Next Pk Right

Next Pk Left

Span 500.0 kHz
1.067 ms (2001 pts))

B eyt Soecrum At -Smep 54

8500000 MHz .
. S Trig: Free Run
#Atten: 10 dB

Ref Offset 216 dB
Ref 21.60 dBm

Center 915.6000 MHz

#Res BW 100 kHz #VBW 100 kHz

g2:1:
Avg Type: Log-Pwr
AvglHold:>100/100

Span 500.0 kHz

Sweep 1.067 ms (2001 pts)

Channel 52 (926.0MHz)

T Kepight Specim Ay~ Swept 54

Marker 1 925.969000000 MHz
PHO:

Wide (g1 Trig: Free Run
\FGainilow ©__#Atten: 10 6B
Ref Offset21.6 dB.

Ref 21.60 dBm

Center 926.0000 MHz

[#Res BW 100 kHz #VBW 100 kHz

Mkr—RefLvi

More
10of2

Span 500.0 kHz
7 ms (2001 pts)
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A.4 Carrier Frequency Separation Test Result

Test Site WZ-SR5 Test Engineer Lynn Yang

Test Date 2023-03-16

Channel No. Frequency Carrier Frequency Limit Result
(MHz) Separation (kHz) (kHz)

01 905.6 400 =2 93.99 Pass

26 915.6 400 = 97.68 Pass

52 926.0 400 2 95.60 Pass

Note: The Limit is the value of the 20dB BW.

Carrier Frequency Separation

Channel 01 (905.6MHz) Channel 26 (915.6MHz)

T Kepght Specirum Anaiyoer~Swept S8 T T Reight Specinm Amabeer - Swept S5

o 5,203 & TH
Marker 1 A 400.000000 kHz ) Avg Type: Log-Pwr u Marker 1 A 400.000000 kHz Avg Type: Lag-Pwr
P

NO: Wide Ly TriQ: Free Run AvglHold:>100/100 : IO wite Lo Trig: Fres Run AvglHold:>100/100
(FGain:Low Atten: 10 dB IFGain:low Atten: 10 dB

Ref Offset 21,6 dB AMKr1 400.0 kHz Ref Offset 216 B
/ Ref 21.60 dBm 0.063 dB odiiaiv  Ref 21.60 dBm

AMkr1 400.0 kHz

Center 905.600 MHz Span 3.000 MHz ° Center 915.600 MHz Span 3.000 MHz
#Res BW 120 kHz #VBW 120 kHz Sweep 1.067 ms (2001 pts), #Res BW 120 kHz #VBW 120 kHz Sweep 1.067 ms (2001 pts),

Channel 52 (926.0MHz)
Kepsight Spectrum Anshyzer - Swept SA
Avg Type LogPwr
PNO: I

= Trig: Free Run AvglHold:>100/100
1FGain:Low Atten: 10 dB

Ref Offset 216 dB.
Ref 21.60 dBm

Center 926.000 MHz Span 3.000 MHz
#Res BW 120 kHz #VBW 120 kHz Sweep 1.067 ms (2001 pts),
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A.5 Number of Hopping Channels Test Result

Test Site WZ-SR5 Test Engineer Lynn Yang
Test Date 2023-03-16
Channel Numbers Frequency Limit Result
(MHz) (Hopping Channels)
52 905.6~926.0 =50 Pass

Number of Hopping Channels

902.0~928.0MHz

[y
Ref Offset 216 di
Ref 21.60 dBm

|f f i
Ui h”

Start 902,00 MHz
#Res BW 91 kHz
wso

Start Freq 902.000000 MHz )
N Trig: Fros Run
FSoin n

r”l |\|‘rp \| ” |\| \|

‘ “H‘\‘ i\

M I Mt

#VBW 91 kHz

Avg Type: Log-Pwr
AvglHold:>100/100

| 'h \[‘\H i \”

“_/ mmm

Stop 928.00 MHz
Sweep 1.067 ms (2001 pts),
B STATUS:
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A.6 Time of Occupancy Test Result

Test Site WZ-SR5 Test Engineer Lynn Yang
Test Date 2023-03-16
Channel | Frequency | Transmit | Observation [Number of Hops|  Time of Limit Result
No. (MHz) Time Per Period in Observation | Occupancy | (Ms)
Hop (s) Period (ms)
(ms)
01~52 905.6~926.0 10.12 20 2 20.24 <400 Pass

Note: Time of Occupancy (ms) = Transmit Time Per Hop (ms) * Number of Hops in Observation Period

Transmit Time Per Hop

Number of Hops in Observation Period

it Specn =
Marker 1 A 10.1250 ms

PRO: Wide —r- Trig: FreeRun
Aten: 10 dB

Avg Type: Log-Pwr
AvglHold: 11
IFGain:Low

Ref Offset 216 dB.
Ref 21.60 dBm

Center 915.600000 MHz
Res BW 100 kHz

Span 0 Hz

#VBW 100 kHz Sweep 750.0 ms (2001 pts),
sTaTS

B Ve i -Gt A

Center Freq 915.600000 MHz
PRO:

Wite e Trig: Free Run
Atten: 10 dB

Avg Type: Log-Pwr Frequency
Avg|Hold: 11

F GainLow
Ref Offset 21,8 dB
Ref 21.60 dBm

Center Freq
515.600000 MHz|

i

Center 915.600000 MHz

Res BW 100 kHz #VBW 100 kHz Sweep 20.00 s (2001 pts)
- STATLS
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A.7 Band-edge Compliance Test Result
Test Site WZ-SR5 Test Engineer Lynn Yang
Test Date 2023-03-17
Channel No. Frequency (MHz) Limit Result
01 905.6 20dBc Pass
52 926.0 20dBc Pass

Band-edge Compliance

Channel 01 (905.6MHz)

Channel 52 (926.0MHz)

T Kepught Specrum Anaiyoer~Swept S5

Marker 4 901.600000000 MHz
PHO: Wi

ide
1FGain:Low

Trig: Fres Run
Atten:

1448

o1
Avg Type: Log-Pwr
AvglHold:>1/1

T eight Specinum Amabeer - Smept S5

Marker 4 929.977500000 MHz
PRO: Wit

ide Ly
IFGain:Low

Avg Type: Log-Pwr
Trig: Fres Run Avg|Hold:>1/1

Atten: 14 dB

Ref Offset 21.6 dB
Ref 24.00 dBm

Center 902.000 MHz
#Res BW 100 kHz

Mkr4 901.600 MHZ
-48.456 dBm)

Span 8.000 MHz|
Sweep 1.067 ms (2001 pts)|

Ref Offset 216 dB
ef 24.00 dBm

Span 5.000 MHz|
Sweep 1.067 ms (2001 pts)

Operation Frequency Range of 20dB Bandwidth within Hopping Mode

Channel 01 (905.6MHz)

Channel 52 (926.0MHz)

T Kepught Specrum Anayoer~Swept S5

Marker 4 901.260000000 MHz
PHO:

Wide Ly
1FGain:Low

Trig: Fres Run

Atten:

1448

Avg Type: Log-Pwr
AvglHold:>1/1

T eight Specinum Anabeer - Swept S5

Marker 4 928.044000000 MHz
PNO:

Wide Ly
IFGain:Low

Avg Type: Log-Pwr
Trig: Fres Run Avg|Hold:>1/1

Atten: 14 dB

Ref Offset 21.6 dB
Ref 24.00 dBm

Start 898.000 MHz
#Res BW 100 kHz

9068356 MHz
906,450 MHz.

Stop 908.000 MHz|
Sweep 1.067 ms (2001 pts)|

Ref Offset21.6 dB.
Ref 24.00 dBm

Start 923.000 MHz
#Res BW 100 kHz

4 9.
-41.388 dBm|

Stop 931.000 MHz|
Sweep 1.067 ms (2001 pts)
I I ® -
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Report No.: 2303RSU022-U2

A.8 Conducted Spurious Emissions Test Result

Test Site WZ-SR5 Test Engineer Lynn Yang
Test Date 2023-06-06
Channel No. Frequency (MHz) Limit (MHz) Result
01 905.6 20dBc Pass
26 915.6 20dBc Pass
52 926.0 20dBc Pass

Conducted Spurious Emissions

Channel 01 (905.6MHz)

Channel 26 (915.6MHz)

Ret Lvi Offset 21,60 0B
Div 10 8. Ref Level 21.60 dBm

#Video BW 300 kHz

& e

Select Marker

Normal

Delta (1)

Stop
Sweep 2.39 5 (10000

Atten: 1098

o]

Select Marker

Ref Lvi Offset 21.60 dB

Ref Level 21.60 dBm

#Video BW 300 kHz

Defta ()
Fixed

on
W C < Marker Setings
Dic

ark

#Video BW 300 kHz

& e

‘Select Marker

rker
ings

All Markers Off

Marker Tat
¢ Mar
gram
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Report No.: 2303RSU022-U2

A.9 Radiated Spurious Emission Test Result

Test Site WZ-AC1/WZ-AC2 Test Engineer Charles Zhang/ Bob Zhang
Test Date 2023-05-03~2023-06-08
Remark: 1. Average measurement was not performed if peak level lower than average limit.
2. Other frequency was 20dB below limit line within 1-10GHz, there is not show in the
report.
Test Frequency | Reading | Factor | Measure | Duty Limit Margin | Detector | Polarization
Channel (MHz) Level | (dB/m) Level Cycle | (dBuV/m) | (dB)
(dBpV) (dBpV/m) | Factor
(dB)
27145 66.2 -2.6 63.6 N/A 74.0 -10.4 Peak Horizontal
2714.5 66.2 -2.6 39.4 -24.2 54.0 -14.6 | Average | Horizontal
3623.5 58.3 -0.3 58.0 N/A 74.0 -16.0 Peak Horizontal
3623.5 58.3 -0.3 33.8 -24.2 54.0 -20.2 | Average | Horizontal
4528.0 45.6 2.0 47.6 N/A 74.0 -26.4 Peak Horizontal
o1 2719.0 67.7 -2.6 65.1 N/A 74.0 -8.9 Peak Vertical
2719.0 67.7 -2.6 40.9 -24.2 54.0 -13.1 | Average Vertical
3623.5 57.0 -0.3 56.7 N/A 74.0 -17.3 Peak Vertical
3623.5 57.0 -0.3 325 -24.2 54.0 -21.5 | Average Vertical
4528.0 43.5 2.0 455 N/A 74.0 -28.5 Peak Vertical
2746.0 67.4 -2.5 64.9 N/A 74.0 -9.1 Peak Horizontal
2746.0 67.4 -2.5 40.7 -24.2 54.0 -13.3 | Average | Horizontal
3664.0 61.1 -0.3 60.8 N/A 74.0 -13.2 Peak Horizontal
3664.0 61.1 -0.3 36.6 -24.2 54.0 -17.4 | Average | Horizontal
4577.5 44.9 2.0 46.9 N/A 74.0 -27.1 Peak Horizontal
26 2746.0 64.2 -2.5 61.7 N/A 74.0 -12.3 Peak Vertical
2746.0 64.2 -2.5 375 -24.2 54.0 -16.5 | Average Vertical
3664.0 58.3 -0.3 58.0 N/A 74.0 -16.0 Peak Vertical
3664.0 58.3 -0.3 33.8 -24.2 54.0 -20.2 | Average Vertical
4577.5 41.9 2.0 43.9 N/A 74.0 -30.1 Peak Vertical
Note:
Peak Measure Level (dBpV/m) = Reading Level (dBuV) + Factor (dB/m)
Average Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m) + Duty Cycle Factor(dB)
Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m) — Pre_Amplifier Gain (dB)
Duty Cycle Factor(dB) = 20 * Logio(Duty Cycle) = -24.2 (dB)
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Report No.: 2303RSU022-U2

Peak Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m)
Average Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m) + Duty Cycle Factor(dB)
Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m) - Pre_Amplifier Gain (dB)
Duty Cycle Factor(dB) = 20 * Logio(Duty Cycle) = -24.2 (dB)

Test Frequency | Reading | Factor | Measure | Duty Limit Margin | Detector | Polarization
Channel (MHz) Level | (dB/m) Level Cycle | (dBuV/m) | (dB)
(dBuV) (dBuV/m) | Factor
(dB)
2777.5 68.5 -2.4 66.1 N/A 74.0 -7.9 Peak Horizontal
2777.5 68.5 -2.4 41.9 -24.2 54.0 -12.1 | Average | Horizontal
3704.5 60.2 -0.1 60.1 N/A 74.0 -13.9 Peak Horizontal
3704.5 60.2 -0.1 35.9 -24.2 54.0 -18.1 | Average | Horizontal
4631.5 44.4 2.6 47.0 N/A 74.0 -27.0 Peak Horizontal
> 2777.5 65.5 -2.4 63.1 N/A 74.0 -10.9 Peak Vertical
2777.5 65.5 -2.4 38.9 -24.2 54.0 -15.1 | Average Vertical
3704.5 59.0 -0.1 58.9 N/A 74.0 -15.1 Peak Vertical
3704.5 59.0 -0.1 34.7 -24.2 54.0 -19.3 | Average Vertical
4631.5 42.2 2.6 44.8 N/A 74.0 -29.2 Peak Vertical
Note:
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Report No.: 2303RSU022-U2

The Result of Radiated Emission below 1GHz:

Site: WZ-AC2

Test Date: 2023-06-08

Limit: FCC_Part15.209 RSE(3m)

Engineer: Bob Zhang

Probe: VULB9162_30-7000MHz

Polarity: Horizontal

EUT: Hub Cellular

Power: AC 120V/60Hz

Test Mode: Transmit at 926MHz

90
80
70 7
60 T
§ 50
I tg M
8 320 ] o s
20 (!
10
0
'1030 100 1000
Frequency(MHz)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBuV/m) | (dB/m)
(dBuV/m) (dBuV)
1 48.915 22.788 2.386 -17.212 40.000 20.402 PK
2 150.280 25.796 10.445 -17.704 43.500 15.351 PK
3 175.015 25.817 9.539 -17.683 43.500 16.278 PK
4 300.145 32.659 11.726 -13.341 46.000 20.933 PK
5 374.835 31.668 8.851 -14.332 46.000 22.817 PK
6 * 530.035 33.767 8.290 -12.233 46.000 25.477 PK
7 925.795 64.194 33.100 N/A N/A 31.094 PK

Note 1: " * ", means this data is the worst emission level.
Note 2: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m).

Note 3: Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m).

Note 4: Quasi-Peak measurement was not performed when peak measure level was lower than the quasi-peak

limit.

Note 5: The point (7) is SmartLink fundamental frequency, which was evaluated during Radiated Restricted

Band Edge Test.

Note 6: The amplitude of radiated emissions (frequency range from 9kHz to 30MHz) is that proximity to

ambient noise, which also are attenuated more than 20 dB below the permissible value. Therefore, the data is

not presented in the report
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Site: WZ-AC2

Test Date: 2023-06-08

Limit: FCC_Part15.209 RSE(3m)

Engineer: Bob Zhang

Probe: VULB9162_30-7000MHz

Polarity: Vertical

EUT: Hub Cellular

Power: AC 120V/60Hz

Test Mode: Transmit at 926MHz

90

80

70

60

50

40

Level(dBuV/m)

10

0

-10

LS A

2

itk

3

30 100
renuseyibie)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBpV/m) | (dB/m)
(dBuV/m) (dBuV)
1 * 55.220 31.867 11.586 -8.133 40.000 20.281 PK
2 75.105 27.887 12.777 -12.113 40.000 15.110 PK
3 167.740 29.094 13.092 -14.406 43.500 16.002 PK
4 324.880 30.408 8.797 -15.592 46.000 21.611 PK
5 450.010 29.329 5.145 -16.671 46.000 24.184 PK
6 539.735 34.742 8.866 -11.258 46.000 25.876 PK
7 925.795 61.646 30.552 N/A N/A 31.094 PK

Note 1: " * ", means this data is the worst emission level.
Note 2: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m).

Note 3: Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m).

Note 4: Quasi-Peak measurement was not performed when peak measure level was lower than the quasi-peak

limit.

Note 5: The point (7) is SmartLink fundamental frequency, which was evaluated during Radiated Restricted
Band Edge Test.

Note 6: The amplitude of radiated emissions (frequency range from 9kHz to 30MHz) is that proximity to

ambient noise, which also are attenuated more than 20 dB below the permissible value. Therefore, the data is

not presented in the report.

44 of 52




Report No.: 2303RSU022-U2

A.10 Radiated Restricted Band Edge Test Result

Site: WZ-AC1

Test Date: 2023-03-11

Limit: FCC_Part15.209 RSE(3m)

Engineer: Charles Zhang

Probe: VULB 9168 25-200

OMHz

Polarity: Horizontal

EUT: Hub Cellular

Power: AC 120V/60Hz

Test Mode: Transmit at 905.6MHz

120
T 80
2
g 70
g e
0 i >
. s A PPN PRI P 1) ..:'4_1'_1‘1"“ =
A0 i MOttt gisab b i et e
30
20
590 970
ErequencyiMii)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBpV/m) (dB/m)
(dBuV/m) (dBuV)
1 606.150 41.443 15.800 -4.557 46.000 25.643 PK
2 614.000 39.845 14.113 -6.155 46.000 25.732 PK
3 905.590 114.953 85.423 N/A N/A 29.529 PK
4 |* 960.000 42.667 12.888 -3.333 46.000 29.779 PK
5 964.680 45.054 15.183 -8.946 54.000 290.871 PK

Note 1: " * ", means this data is the worst emission level.
Note 2: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m).

Note 3: Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m).
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Site: WZ-AC1

Test Date: 2023-03-11

Limit: FCC_Part15.209 RSE(3m)

Engineer: Charles Zhang

Probe: VULB 9168 25-2000MHz

Polarity: Vertical

EUT: Hub Cellular

Power: AC 120V/60Hz

Test Mode: Transmit at 905.6MHz

120
T 80
2
g 70
g e
50 1 F_
< b b A B s R 4
40 _-'.ll -lul‘lln-l‘x.l.h‘n. Ak AR o — b -
30
20
590 970
ErequencyiMii)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBpV/m) (dB/m)
(dBuV/m) (dBuV)
1 604.440 41.465 15.859 -4.535 46.000 25.605 PK
2 614.000 39.563 13.831 -6.437 46.000 25.732 PK
3 905.590 107.566 78.036 N/A N/A 29.529 PK
4 |* 960.000 43.898 14.119 -2.102 46.000 29.779 PK
5 961.450 45.151 15.337 -8.849 54.000 290.814 PK

Note 1: " * ", means this data is the worst emission level.
Note 2: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m).

Note 3: Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m).
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Site: WZ-AC1

Test Date: 2023-03-11

Limit: FCC_Part15.209 RSE(3m)

Engineer: Charles Zhang

Probe: VULB 9168 25-2000MHz

Polarity: Horizontal

EUT: Hub Cellular

Power: AC 120V/60Hz

Test Mode: Transmit at 926MHz

120 3
T 80
2
g 70
g e
= -
Fe TP T T T N PR T i
40 Aoy i AP O SRR e Aty s o s
30
20
590 970
ErequencyiMii)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBpV/m) (dB/m)
(dBuV/m) (dBuV)
1 605.390 41.095 15.461 -4.905 46.000 25.634 PK
2 614.000 40.235 14.503 -5.765 46.000 25.732 PK
3 925.920 113.150 83.204 N/A N/A 29.946 PK
4 |* 960.000 42.998 13.219 -3.002 46.000 29.779 PK
5 966.960 44.596 14.692 -9.404 54.000 29.904 PK

Note 1: " * ", means this data is the worst emission level.
Note 2: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m).
Note 3: Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m).
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Site: WZ-AC1

Test Date: 2023-03-11

Limit: FCC_Part15.209 RSE(3m)

Engineer: Charles Zhang

Probe: VULB 9168 25-2000MHz

Polarity: Vertical

EUT: Hub Cellular

Power: AC 120V/60Hz

Test Mode: Transmit at 926MHz

Level(dBuV/m)

120

80

70

60

50

40 it -'11.2"‘.1,:m T ST B B oase it

30 *w[

2290 970

ErequencyiMii)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBpV/m) | (dB/m)
(dBuV/m) (dBuV)

1 607.100 41.003 15.349 -4.997 46.000 25.654 PK
2 614.000 38.961 13.229 -7.039 46.000 25.732 PK
3 925.920 106.196 76.250 N/A N/A 29.946 PK
4 |* 960.000 43.362 13.583 -2.638 46.000 29.779 PK
5 965.250 44.289 14.408 -9.711 54.000 29.880 PK

Note 1: " *", means this data is the worst emission level.

Note 2: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB/m).

Note 3: Factor (dB/m) = Cable Loss (dB) + Antenna Factor (dB/m).
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A.11 AC Conducted Emissions Test Result

Site: WZ-SR2 Test Date: 2023-03-31

Temperature: 22.3°C Humidity: 49.5%

Limit: FCC_Part15.207_CE_AC Power Engineer: Alin Zhou

Probe: ENV216_ 101683 Filter Off E Polarity: Line

EUT: Hub Cellular Power: AC 120V/60Hz

Test Mode: Transmit at 926MHz

80

70

60

50

< 40
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2 30
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= 20
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-10
-20
0.15 1 10 30
(raquencyiMER)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBuV) (dB)
(dBpV) (dBpV)
1 0.166 42.849 33.141 -22.309 65.158 9.708 QP
2 0.166 25.876 16.169 -29.282 55.158 9.708 AV
3 0.206 41.115 31.396 -22.250 63.365 9.720 QP
4 0.206 26.710 16.991 -26.655 53.365 9.720 AV
5 0.542 46.759 36.860 -9.241 56.000 9.899 QP
6 |* 0.542 41.603 31.704 -4.397 46.000 9.899 AV
7 0.726 31.901 21.924 -24.099 56.000 9.977 QP
8 0.726 26.285 16.309 -19.715 46.000 9.977 AV
9 7.914 24.949 14.415 -35.051 60.000 10.534 QP
10 7.914 18.877 8.343 -31.123 50.000 10.534 AV
11 20.502 18.200 6.687 -41.800 60.000 11.512 QP
12 20.502 12.465 0.953 -37.535 50.000 11.512 AV

Note 1: " *", means this data is the worst emission level.

Note 2: Measure Level (dBpV) = Reading Level (dBpV) + Factor (dB).

Note 3: Factor (dB) = Cable Loss (dB) + LISN Factor (dB).
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Site: WZ-SR2 Test Date: 2023-03-31

Temperature: 22.3°C Humidity: 49.5%

Limit: FCC_Part15.207_CE_AC Power Engineer: Alin Zhou

Probe: ENV216_ 101683 Filter Off E Polarity: Neutral

EUT: Hub Cellular Power: AC 120V/60Hz

Test Mode: Transmit at 926MHz

80

70

60\

50| 1
_ 40w
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(raquencyiMER)
No | Mark | Frequency | Measure Reading Margin Limit Factor Type
(MHz) Level Level (dB) (dBuV) (dB)
(dBpV) (dBpV)
1 0.162 43.702 33.972 -21.659 65.361 9.730 QP
2 0.162 24.641 14.912 -30.720 55.361 9.730 AV
3 | * 0.534 41.991 32.082 -14.009 56.000 9.909 QP
4 0.534 31.162 21.253 -14.838 46.000 9.909 AV
5 0.946 31.991 21.877 -24.009 56.000 10.113 QP
6 0.946 15.861 5.748 -30.139 46.000 10.113 AV
7 1.266 31.316 21.168 -24.684 56.000 10.148 QP
8 1.266 17.249 7.101 -28.751 46.000 10.148 AV
9 5.690 23.746 13.345 -36.254 60.000 10.400 QP
10 5.690 11.485 1.084 -38.515 50.000 10.400 AV
11 25.002 24.282 12.511 -35.718 60.000 11.771 QP
12 25.002 16.950 5.179 -33.050 50.000 11.771 AV

Note 1: " *", means this data is the worst emission level.

Note 2: Measure Level (dBpV) = Reading Level (dBpV) + Factor (dB).

Note 3: Factor (dB) = Cable Loss (dB) + LISN Factor (dB).
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Appendix B - Test Setup Photograph

Refer to “2303RSU022-UT” file.
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Appendix C - EUT Photograph

Refer to “ 2303RSU022-UE” file.

The End
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