Product Name:
FCC ID;

Trademark:

Model Number:
Prepared For:
Address:
Manufacturer:

Address:

Prepared By:

Address:

Sample Received Date:

Sample tested Date:
Issue Date:
Report No.:

Test Standards

Test Results

Remark:

Compiled by:

Zhou ky;

Zhou Kui

TEST REPORT

Lora Module
2BFD7-A39
e\

Ashining®

A39-T900A30D1a, A39-T900A21S1a

Zhejiang Sunseeker Industrial Co.,Ltd.

Jinde Road 988, Jiangdong Industrial Park Jinhua, Zhejiang Jinhua 321000 China
Chengdu Ashining Technology Co., Ltd.

Room 203-2 and 203-4, 2nd Floor, 5th Building, No. 3 Xixin Avenue, West
High-Tech Zone, Chengdu City, Sichuan Province, 611731, China

Shenzhen CTB Testing Technology Co., Ltd.

1&2/F., Building A, No.26, Xinhe Road, Xingiao, Xingiao Street, Bao'an District,
Shenzhen, Guangdong, China

Aug. 13, 2024

Aug. 13, 2024 to Sep. 06, 2024

Sep. 06, 2024

CTB240819097RFX

FCC CFR Title 47 Part 15 Subpart C Section 15.247

ANSI C63.10:2013

PASS

This is LoRa radio test report.

Reviewed by: Approved by:
Avyom it
Arron Liu Bin Mei / Director

Note: If there is any objection to the inspection results in this report, please submit a written report to the
company within 15 days from the date of receiving the report. The test report is effective only with both
signature and specialized stamp. This result(s) shown in this report refer only to the sample(s) tested. Without
written approval of Shenzhen CTB Testing Technology Co., Ltd. this report can’t be reproduced except in full.
The tested sample(s) and the sample information are provided by the client. “*” indicates the testing items were
fulfilled by subcontracted lab. “#” indicates the items are not in CNAS accreditation scope.



Shenzhen CTB Testing Technology Co., Ltd.  Report No.: CTB240819097RFX

TABLE OF CONTENT

Test Report Declaration Page
1. B S ] L ] St 4
2. [EST SUMMARY .....e. Y. e ¥ . . .oV .. .eX. . .. ¥ ¥ . &% . ¥ . . Y. ¥ 5
3. MEASUREMENT UNCERTAINTY Lottt ettt e e e sttt e e s e s e e e e ettt eeaesaaaaaeaeesaaaeaeesnanaaaes 6
4. PRODUCT INFORMATION AND TEST SETUP ...coutii ettt e e 7
o R = o To 18 ox 1 {0 4= L1 T o I PSP 7
4.2 Test SetUP CONFIGUIATTION. ....ccciiiiiiiiiiei ittt e s e sttt e e s e e b b e e e e e e e nnees 7
R B S0 o] oTo ] ¢l =To [U]] o]0 T=T o | TP PP POUPPRPP 7
O @ = o] = 1 PP 8
450 Test Mode ..&A.......08A .8 6L 8L 8
I =S =1 1Y/ T ] 4= PRSP 8
5. TEST FACILITY AND TEST INSTRUMENT USED .....oiiiiiiii i aaae 9
oI A =S = (ol 1 OO R PP PR PP 9
5.2 TeStINSIIUMENT USEO ....ooiiiiiiiiiiiiie ittt et e et e e e e e e e e e e e s e e e s e e e et aabb s bt eseeeeeeaeaaeaaaaaens 9
6. AC POWER LINE CONDUCTED EMISSION .....coiiiiiiiiiiiii et e et eeaaa s 12
6.1 BIOCK Diagram Of TESE SEIUD .....uetiiiiiiiiiiiie ettt s bbb e e e e et e e e e s snabb e e e e e e aeeees 12
692  Limit.... ... L L LS LS LS 12
LT T =S o] o Tod =T (U = PP SPPPPRPT P 12
S I =T A L= U | PRSP 13
7. RADIATED SPURIOUS EMISSION ...oouiiiiiiiiii sttt e e e e e e s e et e e e e et e e e enannnaeeeees 2
7.1 BIOCK Diagram Of TESE SEUD .....uetieiiiiiieiiieaiiiiiet it s ettt e et e e e s e ib e e e s e e bbb ee e e e e e anebbeeas 2
4% T 3 PR 2
7.3 &est procedures. Y....&.%.... LY. ... LY. . . . LY. . LY LY. L. . LY. . LY. . . LY 3
740, Test Result ..o onenen o o oo ot e e b g 4
8. BAND EDGE AND RF COUNDUCTED SPURIOUS EMISSIONS........ccovviiiiereien e 14
8.1 BIOCK Diagram Of TESE SEIUD ....uuetieiiiiitiiiie ittt s et e st e e e e eb b r e e e s s e iabr e e e e e e e ananees 14
8.2Limith....... 6 ... &t B SRS 14
ST B =S o] o Lo =T (U] = PP PP PP PURPPP 14
84 €estResult...&...... 8 . & Q. .S 86 S LS8N 6 15
9. COUDUCTED PEAK OQUTPUT POWER ......u ittt e e et e e e e et eeaees 18
9.1 BIOCK Diagram Of TESE SEIUD .....uetieiiiitiiiiie ittt ettt s st e s e e e e s st b ee e e s s aaabbee e e e s e eneeee 18
9.2 Nimit. . ... LY YN 18
1S R T I =T o] (0o =Y [ = PSSR 18
P4 Test Resllp....... %%...... 8. ... 80 .. . . 9 .. 9. .. . .. 9. .. 9. 9D...% 18
10. 20DB OCCUPIED BANDWIDTH....uuttitiiiiiiiiiitie ittt ettt e e e st e e e e s sabbeeeae e s snsneeeeeas 20
10.1 Block Diagram Of TESt SEUUD ......cciiiceceitritiieiiee e e et e e e e e e e e e e e s e s s s s s s s reeaerereeeraaeaaaaaaeeees 20
00.2 aBiMit.. 0. B, .02 o W W W Lm0 W W e o 20
00 T I T A o] o o7 =T [ - PSP 20
104 TESERESUIL...ceiiiei et e e ettt et e e s e s bbbt et e e s s bbb et e e e e s s nbb b e e e e e s ennaeeeeeas 20
11. CARRIERFREQUENCIES SEPARATION ...ccttiiiiiiiiiitie s iiiiittt e sttt et e e s sebneee e e e seaneeee s 22
11.1 Block Diagram Of TESt SEUUD ......ccceiieeiriiiiiiiieeee e et e e e e e e e e e e e s e et s s s s e e eeeeeeeeeaaaaaaaaaeeees 22
A1.2 Lt eeeo s nrerre s nreneesi@ucnnererog@unneneros@iucnreneres@iassronerssfuesrererssiucssrenessi@uassnonessa@uassrenessa@insrerers s 22
0 T I =T A o] o o= o [ ] - PSR 22
114, TestResUlti i titeneen it i it feden e e b, 22
12.  HOPPING CHANNEL NUMBER ......octtiiiiiiiiiiiie ittt sttt e s e e e s seaneeeaees 24
12.1 Block Diagram Of TESt SEUUD ......cceiiccieitiiiiiiiiie e e e e e e e e e e e e e e e s s s s s s e e e eeeeereeaeaeaaaaaeaaaaes 24
1224 Limite...... 0.8 8L 24
2 N =T A o] o o7 =T [ ] PSS 24
12,47 TeSt RESUI ... .ttt i s scne e b e e s senadesbeessennas e e bEessannnnsatiessannnebesiessansnateniessansnateniensensnasentios 24
13, DWELL TIME. i ittt ettt ettt e e ettt e e e s e a bbbttt e e e s an b bttt e e e e s ansbe e e e e e e s annbbbeeeeessnntneeeeas 25
13.1 Block Diagram Of TESt SEUUP .....ccciiiiiciiiiiiiiiiiieie e e e e e e e e e e e e e e s e e s e s s s s a e s e s e e rrreeeaaaaaaaaaaeeens 25
(ECHZAD (1) S AUEPR SRS SNNIFS). ANPSL. SN, SN, SRR SIS JISNPSL. SINRPS) ST, ) 25
R TR N I TS A o] o o7 Yo L1 ] - P EEEERERR 25
1:3.4 .TESt RESUN ... 82 o e a B B o e e B B 25
14. ANTENNA REQUIREMENT ..ottt ittt ettt ettt e sttt e e e e s sttt e e e e s annbbbeeeeessnsnbeeeeas 27



Shenzhen CTB Testing Technology Co., Ltd.  Report No.: CTB240819097RFX

15. EUT TEST SETUP PHOTOGRAPHS

(Note: N/A means not applicable)



Shenzhen CTB Testing Technology Co., Ltd.  Report No.: CTB240819097RFX

1. VERSION

Report No. Issue Date Description Approved

CTB240819097RFX Sep. 06, 2024 Original Valid




Shenzhen CTB Testing Technology Co., Ltd.

Report No.: CTB240819097RFX

2. TEST SUMMARY

The Product has been tested according to the following specifications:

15.203/15.247 (c)

Test Item Test Requirement Test method Result
AC Power Line Conducted 47 CFR Part 15 Subpart C Section
y ANSI C63.10-2013 PASS
Emission 15.207
Radiated Spurious 47 CFR Part 15 Subpart C Section
Emissitng 15.205/15.209/15.247(d) ANSIESS.105013 & PASR
Band edge and RF Conducted | 47 CFR Part 15 Subpart C Section
Spurious Emissions 15.247(d)/15.205(a) PNSI1L08.10261.3 PASR
Conducted Peak Output 47 CFR Part 15 Subpart C Section
ANSI C63.10-2013 PASS
Power 15.247 (b)(2)
_ ) 47 CFR Part 15 Subpart C Section
20dB Occupied Bandwidth ANSI C63.10-2013 PASS
15.247 (a)(1)
Carrier Frequencies 47 CFR Part 15 Subpart C Section
. ANSI C63.10-2013 PASS
Separation 15.247 (a)(1)
) 47 CFR Part 15 Subpart C Section
Hopping Channel Number ANSI C63.10-2013 PASS
15.247 (b)
. 47 CFR Part 15 Subpart C Section
Dwell Time 15.247 (a)(1) ANSI C63.10-2013 PASS
i 47 CFR Part 15 Subpart C Section
Antenna Requirement ANSI C63.10-2013 PASS

Remark:

Test according to ANSI C63.10-2013.
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3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated
for tests performed on the Product 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.

ltem Uncertainty
Occupancy bandwidth U=154.3Hz
Conducted output power —t

Above 1G = _LONE
Conducted output power U=+0.9dB
below 1G

Power Spectral Density , Conduction U=11.0dB
Conduction spurious emissions U=12.8dB
Out of band emission U=154Hz

3m camber Radiated spurious

=+
emission(30MHz-1GHz) Y=g
3m chamber Radiated spurious -
emission(1GHz-18GHz) N§+-5dR
humidity uncertainty U=15.3%
Temperature uncertainty U=%0.59C
Supply voltages U=1t3%

Time U=1t5%
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4. PRODUCT INFORMATION AND TEST SETUP

4.1 Product Information

Model(s): A39-T900A30D1a, A39-T900A21S1a

All the models are identical and have the same circuits and RF module, except

Modelesciifftion: that the model names are different. Test sample model: A39-T900A30D1a

Hardware Version: 0437

Software Version: V1.0

Operation Frequency: 902.25-927.75MHz
Max. RF output power: 29.651dBm

Type of Modulation: LoRa
Antenna installation: External antenna

- ANT1: 3.82dBi

ienna Bain; ANT2: 1.63dBi
Ratings: DC 5V

4.2 Test Setup Configuration
See test photographs attached in EUT TEST SETUP PHOTOGRAPHS for the actual connections between
Product and support equipment.

4.3 Support Equipment

Item Equipment Mfr/Brand Model/Type No. Series No. Note

1 Laptop DELL Vostro 5490 / AE

1. All the equipment/cables were placed in the worst-case configuration to maximize the emission during the
test.

2. Grounding was established in accordance with the manufacturer's requirements and conditions for the
intended use.
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4.4 Channel List

Channel List
Channel Fr%(\q/lllj_'ezr)\cy Channel F;e(ﬂ/luﬁzn)c Channel F;e(ﬂ/lu:;)c Channel F;e(f\]/lu:;)c
1 902.25 14 908.75 27 915.25 40 921.75
2 902.75 15 909.25 28 915.75 41 922.25
3 903.25 16 909.75 29 916.25 42 922.75
4 903.75 17 910.25 30 916.75 43 923.25
5 904.25 18 910.75 31 917.25 44 923.75
6 904.75 19 911.25 32 917.75 45 924.25
7 905.25 20 911.75 33 918.25 46 924.75
8 905.75 21 912.25 34 918.75 47 925.25
9 906.25 22 912.75 35 919.25 48 925.75
10 906.75 23 913.25 36 919.75 49 926.25
11 907.25 24 913.75 37 920.25 50 926.75
12 907.75 25 914.25 38 920.75 51 927.25
13 908.25 26 914.75 39 921.25 52 927.75

4.5 Test Mode

All test mode(s) and condition(s) mentioned were considered and evaluated respectively by
performing full tests, the worst data were recorded and reported.

Test mode Low channel Middle channel High channel
Transmitting
902.25MHz 914.75MHz 927.75MHz
(LoRa)
Receiving
902.25MHz 914.75MHz 927.75MHz
(LoRa)
4.6 Test Environment
Humidity(%): 54
Atmospheric Pressure(kPa): 101
Normal Voltage(DC): 5V
Normal Temperature('C) 23
Low Temperature(C) 0
High Temperature(C) 40
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5.

51

TEST FACILITY AND TEST INSTRUMENT USED

Test Facility

All measurement facilities used to collect the measurement data are located at 1&2F., Building A, No. 26, Xinhe
Road, Xingiao, Xingiao Street, Bao'an District, Shenzhen, Guangdong, China. The site and apparatus are
constructed in conformance with the requirements of ANSI C63.4 and CISPR 16-1-1 other equivalent

standards.

5.2 Test Instrument Used

No. Equipment Manufacturer Type No. Serial No. FlrmV\_/are Ca"b”?“ed
Version until
Spectrum Analyzer Agilent N9020A MY52090073 A.14.16 2025/6/28
2 Power Sensor Agilent U2021XA MY56120032 / 2025/6/28
Power Sensor Agilent U2021XA MY56120034 / 2025/6/28
4 Comm“'ggf‘“o” Et R&S CMW500 108058 V3.5.80 | 2025/6/28
5 | Spectrum Analyzer | KEYSIGHT N9020A MY51289897 A.14.16 2025/6/28
Signal Generator Agilent N5181A MY50140365| A.01.60 2025/6/28
Vector signal .
7 generator Agilent N5182A MY47420195 A.01.87 2025/6/28
Communication test . B.19.07
8 Agilent E5515C MY50102567 2025/6/28
et g (E1962B)
9 2.4 GHz Filter Shenxiang |MSF2400-2483.5MS-1154(20181015001 / 2025/6/30
10 5 GHz Filter Shenxiang | MSF5150-5850MS-1155 (20181015001 / 2025/6/30
11 Filter Xingbo XBLBQ-DZA120 190821-1-1 / 2025/6/30
12 | BT&WI-FI Automatic | - o ave MTS8310 Ver. 2.0.0.0 / /
test software
Rohde & Schwarz
13 | SFU Broadcast Test R&S SFU 101017 / 2025/6/28
System
14 |Temperature humidity| o, o, TH-80CH DG-15174 / 2025/6/28
chamber
234G Automatic test .
15 svare Micowave MTS8200 Ver. 2.0.0.0 / /
16 966 chamber C.R.T. 966 / / 2027/6/21
. RF_ATTEN_7
17 Receiver R&S ESPI 100362 (104489/003) 2025/6/28
18 Amplifier HP 8447E 2945A02747 / 2025/6/28
19 Amplifier Agilent 8449B 3008A01838 / 2025/6/28
20| TRILOG Broadband g o 7heck VULB 9168 00869 / 2025/6/28
Antenna
Double Ridged
21 Broadband Horn |Schwarzbeck BBHA9120D 01911 / 2025/6/28

Antenna
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22| EMI test software Fala EZ-EMC FA-03A2 RE / /
23 Loop Antenna Schwarzbeck FMZB 1519B 1519B-224 / 2025/6/28
24 loop antenna ZHINAN ZN30900A GTS534 / /
25| 40G Horn antenna | A/H/System SAS-574 588 / 2025/6/28
26 Amplifier AEROFLEX Aeroflex 097 / 2025/6/28
27 Power Metter KEYSIGHT N1912AP N/A A.05.00 2025/6/28
Continuous disturbance
No Equipment Manufacturer Model No. Serial No. Flrmvyare Callbrgted
version until
1 843 Shield Room C/RIT 843 / / 2027/6/21
2 AMN ROHDE&SCHWARZ| ESH3-Z5 831551852 / 2025/6/30
3 Pulse limiter ROHDE&SCHWARZ| ESH3z2 357881052 / 2025/6/28
4 | EMI TEST RECEIVER |ROHDE&SCHWARZ ESCI 100428 V4.42.SP3 2025/6/30
5 Coaxial cable ZDECL Z302S 18091904 / 2025/6/30
6 ISN Schwarzbeck NTFM8158 183 / 2025/6/30
7 Voltage sensor Schwarzbeck TK 9420 01189 / 2024/11/16
8 EZ-EMC Frad EMC-con3A1.1 / / /
9 Current Probe FCC F-52B 199453 / 2025/5/27
. B.19.07
10 [Communication test set R&S CMW500 108058 (E1962B) 2025/6/28
11 |Communication test set Agilent E5515C MY50102567| Vv3.5.80 2025/6/28
Radiated emission(No.1 Chamber)
No. Equipment Manufacturer Model No. Serial No. ATLETE Callbrc'_;\ted
version until
1 966 Chamber C/RIT 966 / / 2027/6/21
Double Ridged
2 | Broadband Horn Schwarzbeck BBHA 9120 D 01911 / 2025/7/06
Antenna
TRILOG
3 Broadband Schwarzbeck VULB 9168 00869 / 2025/6/29
Antenna
4 Amplifier Agilent 8449B 3008A01838 / 2025/6/30
5 Amplifier HP 8447E 2945A02747 / 2025/6/28
6 loop antenna Schwarzbeck FMZB 1519B 1519B-224 / 2025/6/29
EMI TEST RF_ATTEN_7
7 RECEIVER ROHDE&SCHWARZ ESPI 100362 (104489/003) 2025/6/28
8 [Spectrum Analyzer KEYSIGHT N9020A MY51289897| A.14.16 2025/6/28
9 Coaxial cable ETS RFC-SNS-100-NMS-80 / / 2025/6/28
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10| Coaxial cable ETS RFC-SN-100-NMS-20 / / 2025/6/28
11| Coaxial cable ETS RFC-SNS-100-SMS-20 / / 2025/6/28
12| Coaxial cable ETS RFC-NNS-100-NMS-300 / / 2025/6/28
13| EMI test software Frad EZ-EMC e o / /

14 Congslf‘sigf‘“on R&S CMW500 108058 (Eilg%%) 2025/6/28
15| Communication Agilent E5515C MY50102567| V3.5.80 |2025/6/28

test set
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6. AC POWER LINE CONDUCTED EMISSION
6.1 Block Diagram Of Test Setup

Shielding Room

Test Receiver

AC Mamsl \/
1 LISNT 1 Lisne
Ground Reference Plane
6.2 Limit
£ . Maximum RF Line Voltage (dBpV)
re{',;',f’,'z‘f - CLASS A CLASS B
Q.P. Ave. Q.P. Ave.
0.15-0.50 79 66 66-56* 56-46*
0.50-5.00 73 60 56 46
5.00-30.0 73 60 60 50

* Decreasing linearly with the logarithm of the frequency

6.3 Test procedure
1) The mains terminal disturbance voltage test was conducted in a shielded room.

2) The EUT was connected to AC power source through a LISN 1 (Line Impedance Stabilization
Network) which provides a 50Q/50uH + 5Q linear impedance. The power cables of all other units of the
EUT were connected to a second LISN 2, which was bonded to the ground reference plane in the same
way as the LISN 1 for the unit being measured. A multiple socket outlet strip was used to connect
multiple power cables to a single LISN provided the rating of the LISN was not exceeded.

3) The tabletop EUT was placed upon a non-metallic table 0.8m above the ground reference plane.
And for floor-standing arrangement, the EUT was placed on the horizontal ground reference plane,

4) The test was performed with a vertical ground reference plane. The rear of the EUT shall be 0,4 m
from the vertical ground reference plane. The vertical ground reference plane was bonded to the
horizontal ground reference plane. The LISN 1 was placed 0,8 m from the boundary of the unit under
test and bonded to a ground reference plane for LISNs mounted on top of the ground reference plane.
This distance was between the closest points of the LISN 1 and the EUT. All other units of the EUT
and associated equipment was at least 0,8 m from the LISN 2.

5) In order to find the maximum emission, the relative positions of equipment and all of the interface
cables must be changed according to ANSI C63.10 on conducted measurement.
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6.4 Test Result

ANT1:
L: Worst case-LoRa (low channel)

q0.0 dBuV
70
o= FCC Past15B classB Conduction(@P)
1 |
A [\ FCC Fam1be elasel Conduction|AVG)
50 1

|

40

< 5'{"“. 4 ] '\%m“!’ i MW .;*I fﬁw‘,ﬂ\h V’ﬁ}y\
A\ “ﬂ;\% by . “H‘WMM
20 f F, f ) MWNW ,.m«u. .\:'.vw .f""( ,
’ “‘f w"fﬂv e
n.;m MH2) 30.000

Reading Comect Measure-
Mk. Freq. Level Factor ment Limit  Over

MHz dBul/ dB dBu\/ dBuV dB Diatector

g

1 0.1620 45086 10.85 5591 6536 -045 ap
2 01620 3356 10.85 44 .41 5536 10895 AVG
3 04140 3404 10.56 4460 5757 1287 QP
4 = 04140 2977 10.58 4033 4757 724 AVG
5 08340 2452 10.82 3534 5600 -2086 QP
6 0.8340 1855 10.82 2937 4600 -1663 AVG
T 1.6100 2621 11.33 irs4 5600 1846 QP
8 1.6100 1744 11.33 2877 4600 1723  AVG
g 37980 2687 11.88 igss 5600 715 QP
10 37980 1356 11.98 2554 4600 -2046 AVG

11 15.0140  24.01 13.34 3735 6000 -2285 QP
150140 1519 13.34 2853 B0DO0 -2147  AVG

—
[ %]




CTB

N: Worst case-LoRa (low channel)

70

60

50

40

30

20

Remark:

1. Factor = Cable loss + LISN factor, Margin = Limit — Level

1] dBuV

FCC Paet15B classB Conduction(@P)

FCC FatibB clacel Conduction|AVE)

™

5l "M 4 (l,.l :\

‘L(q J“/‘,ll ;I\'\ ' ,wpf#’f"ﬂvr‘%a'
|,J

A qﬁ ﬂ ! h'h'fﬂ[\r Wy (N

0.150 MHz)
Reading Cormrect Measure-
No. Mk.  Freq.  Level Factor ment Limit Over
MHz dBuV dB dBuW dBuv dB  Detector
1* 01740 4738 10.80 5819 6477 -658 ap
2 01740 2975 10.80 4056 5477 -1421 AVG
3 04260 3027 1055 4082 5733 -1651 QP
4 04260 2122 10.55 MNTF 4733 1556 AVG
5 12460 2518 11.10 3628 BEO0 1972 QP
(5 1.2460 1817 11.10 2027 4600 -1673 AVG
T 1.8100 2717 11.45 3863 BBO0O 1737 QP
8 1.8100 1861 11.45 3007 4600 -1583 AVG
g 34300 2525 11.89 ir1s H60O0 -1885 QP
10 34300 1278 11.89 24865 4600 -2135 AVG
11 16.0980 2493 13.359 3832 6000 -21B8 QP
12 16.0980 1687 13.35 3026 5000 -19.74  AVG

peak

AVG

30.000

2. All modes were tested at AC 120V and 240V, only the worst result of AC 120V 60Hz was reported.

3. All the test modes completed for test. Only the worst result of LoRa Low Channel was reported.
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ANT2:

L: Worst case-LoRa (low channel)
40.0 dBuwV
70

FCC Part15B classB Conduction{@P)

60

x [
50 J\L L |;41. ol claeel LonductioniAVi|
0 Rid 11| ‘ \,;"MW;WM”'W! i, Wﬂwﬁmv«% , WV"'MT:\
, \ il ’l&'lw*l 10 “ M ¥y Y ol
20 W | ri l[[!lﬂ’i(\’:ﬁ"\‘( | i “f-“ ‘;'rﬁc:"“"f"-‘)\, \"w ‘ fm'r."'h “.\ Mneak
'b ", \ yiv "l' | w ."'“'.:'1,}”‘%“ ) ‘6.1 J\'H -

10

0.0
0150 (MHz) 30.000

Reading Caorrect Measure-

No. Mk.  Freq.  Level Factor ment Limit  Cver
MHz aBuV a8 dBav  dBuV  dB  Detector
1 01500 4654 10.89 5743 66.00 -B.57 arP
2 01500 3586 10.89 46.75 hG.00 925 AVG
3 04260 3501 10.55 45 56 AT33 1137 ar
4 * 04260 3088 10.55 4143 4733 500 AVG
] 0.8540 2517 10.84 36.01 R6.00 -1999 arP
G 08540 18.02 10.84 2886 4600 T4 AVG
7 19580 2842 11.55 30497 H6.00 -16.03 arP
8 19580 1770 11.55 2025 46.00 1675  AVG
g 39260 2655 12.00 3855 56.00 -17.45 Qap
10 398260 1289 12.00 2489 4600 2111 AVG

1 16,1660 2292 13.40 3632 6000 -2388 QP
16,1660 14.58 13.40 2798 s0OO 2202 AVG

—
%]
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N: Worst case-LoRa (low channel)

70

60

50

40

Jo

20

a

Remark:

1] dBuV

1]

FCC Pat15B classB Conduction{@P)

:\
T» ~—_ FCL :-E:uu; class ConductionAVE|
xwf' J;Jl % R |
W |,«l¥ < " g
. Nﬁ\ g T M e
'1‘ {Tl & 1;"”}?' - “«MU Mgyt |
L i ‘ e, Mi
ﬁ A ‘r ‘Jk it *ﬂ‘ ‘d oy g o TR B “k‘ ka*
\ AV
0.150 H?) 30.000
Reading Correct Measure-
No. Mk.  Freq.  Level Factor ment Limit Over
MHz aBuV ) dBuv  oBuV  dB  Detector
1= 0.1500 4825 10.89 5914 G66.00 -6.86 apP
2 01500 33483 10.89 44 82 56.00 -1118 AVG
3 02540 3628 10.67 46.95 6163 -1468 QP
4 02540 2217 10.67 3284 5163 1879 AVG
A 04220 2949 10.55 40.04 Ard41 737 QP
G 04220 2547 10,55 36.02 4741 1138 AVG
T 13340 2564 11.16 36.80 56.00 -1920 ap
8 1.3340 1932 11.16 30.48 46.00 -1552 AVG
9 35260 2538 11.92 37.30 56.00 -18.70 QP
10 35260 1166 11.92 2358 46.00 -2242 AVG
1 173219 2500 1346 3846 G000 -2154 apP
12 173219 1547 1346 28493 5000 -21.07 AVG

1. Factor = Cable loss + LISN factor, Margin = Limit — Level
2. All modes were tested at AC 120V and 240V, only the worst result of AC 120V 60Hz was reported.
3. All the test modes completed for test. Only the worst result of LoRa Low Channel was reported.
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7. RADIATED SPURIOUS EMISSION

7.1 Block Diagram Of Test Setup

30MHz to 1GHz

Controller

[": |

Figure 3. Above 1GHz

7.2 Limit

Spurious Emissions:

Frequency Field strength Limit Remark Mgasurement
(microvolt/meter) | (dBuVv/m) distance (m)

0.009MHz-0.490MHz 2400/F (kHz) - - 300

0.490MHz-1.705MHz 24000/F (kHz) - - 30

1.705MHz-30MHz 30 - - 30
30MHz-88MHz 100 40.0 Quasi-peak 3
88MHz-216MHz 150 435 Quasi-peak 3
216MHz-960MHz 200 46.0 Quasi-peak 3
960MHz-1GHz 500 54.0 Quasi-peak 3
Above 1GHz 500 54.0 Average 3

Note: a.15.35(b), Unless otherwise specified, the limit on peak radio frequency emissions is 20dB above the
maximum permitted average emission limit applicable to the equipment under test. This peak limit applies to the
total peak emission level radiated by the device.

b. The lower limit shall apply at the transition frequencies.

c. Emission level(dBuV/m)=20log Emission level(uV/m)
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7.3 Test procedure

Below 1GHz test procedure as below:

a.The EUT was placed on the top of a rotating table 0.8 meters above the ground at a 3 meter semi-anechoic
camber. The table was rotated 360 degrees to determine the position of the highest radiation.

b.The EUT was set 3 meters away from the interference-receiving antenna, which was mounted on the top of a
variable-height antenna tower.

c.The antenna height is varied from one meter to four meters above the ground to determine the maximum
value of the field strength. Both horizontal and vertical polarizations of the antenna are set to make the
measurement.

d.For each suspected emission, the EUT was arranged to its worst case and then the antenna was tuned to
heights from 1 meter to 4 meters (for the test frequency of below 30MHz, the antenna was tuned to heights 1
meter) and the rota table table was turned from 0 degrees to 360 degrees to find the maximum reading.

e.The test-receiver system was set to Peak Detect Function and Specified Bandwidth with Maximum Hold
Mode.

f.If the emission level of the EUT in peak mode was 10dB lower than the limit specified, then testing could be
stopped and the peak values of the EUT would be reported. Otherwise the emissions that did not have 10dB
margin would be re-tested one by one using peak, quasi-peak or average method as specified and then
reported in a data sheet.

Above 1GHz test procedure as below:

g.Different between above is the test site, change from Semi- Anechoic Chamber to fully Anechoic Chamber
and change form table 0.8 meter to 1.5 meter( Above 18GHz the distance is 1 meter and table is 1.5 meter).
h.Test the EUT in the lowest channel ,the middle channel ,the Highest channel

j-Repeat above procedures until all frequencies measured was complete.

Receiver set:

Frequency Detector RBW VBW Remark
0.009MHz-0.090MHz Peak 10kHz 30KHz Peak
0.009MHz-0.090MHz Average 10kHz 30KHz Average
0.090MHz-0.110MHz Quasi-peak 10kHz 30KHz Quasi-peak
0.110MHz-0.490MHz Peak 10kHz 30KHz Peak
0.110MHz-0.490MHz Average 10kHz 30KHz Average

0.490MHz -30MHz Quasi-peak 10kHz 30kHz Quasi-peak
30MHz-1GHz Quasi-peak 100 kHz 300KHz | Quasi-peak
Soved Sz Peak 1MHz 3MHz Peak
Peak 1MHz 10Hz Average
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7.4 Test Result

ANT1:

Low channel below 1GHz Test Results:

Antenna polarity: H

innn  d8u'm

m

FCT Part15 RE-Clasy B_30-10006Hz

W swragin il
I ' g
I I
% |
1]
0,000 [-{TH11] [MHz] 000 10, 0ma
No. | FoRn™ | NaBavy | (e |iaBavim|(aBuvim)| () | o=
1 | 319544 | 3490 | 1303 | 2187 | 4000 |-1813| QP
2 | 563947 | 3225 | 1463 | 1762 | 4000 |-2238| QP
3 | 14382394 | 3874 | -1388 | 2486 | 4350 |-1864| QP
4 | 2152678 | 4986 | 1686 | 3300 | 4350 |-1050] QP
5 | 3920951 | 4324 | 1253 | 3071 | 4600 |-1529| QP
6+ | 8845027 | 4113 | 068 | 4045 | 2600 | -555 | QP

Remark: Transd = Cableloss + Antenna factor - Pre-amplifier; Margin = Limit — Level.
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Tel: 4008-258-120

Web: http://www.ctb-lab.com Page 4 of 45



Shenzhen CTB Testing Technology Co., Ltd.  Report No.: CTB240819097RFX

Antenna polarity: V

100 duVim
a0
]
Fil
=]
FCC Partl 5 RE-Clasy B_30-10004Hz _
a0 BT AN H
» : : . %
3 a
m W
i WM
0.0
0000 £0.00 [MHz] 000 1000.000
Frequency | Reading | Factor Level Limit  |Margin o
No. (MHz) (dBuv) | (dBfm) |(dBu/m)|{dBuvim)}| (dB)
1 436584 3033 -13.33 17.00 40000 |(-2300( QP
2 1408350 3572 -14.25 2147 4350 (-2203 QP
3 233.3486 4355 -16.61 2598 4600 (-19.02( QP
4 5172480 4532 -5.80 37.52 4600 |-B4B | QP
3% | 752743 44 94 -4.00 40.94 45.00 |-5.06 | QP
& 916.0654 879 -0.37 3942 4500 |-658 | QP

Remark: Transd = Cableloss + Antenna factor - Pre-amplifier; Margin = Limit — Level
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ANT2:
Low channel below 1GHz Test Results:

Antenna polarity: H

ionn  dBdm

FCL Part1% RE-Class B_30-1000MHz
50 T

; . 1
| ; W

m

onn
Jo.ann BOL 00 [MHz] 000 1000000

Mo Frequency | Reading | Factor Lewvel Limit  |Margin
: (MHz) (dBuv) | (dBim) |{dBuim)|{dBu\vim)| {dB)

1 383462 37599 1279 | 2520 4000 |-1480( QP
2 676751 431 -17.08 | 2603 4000 |-1397( QP
3 143.8252 4524 -13.88 | 3236 4350 [-1114| apP
41| 2152675 54.86 -16.86 | 3500 4350 |-550( apP
=
6

Detector

457.2350 45.25 -10.31 35.94 46.00 |-1006( QP
* | 9487610 4247 -0.48 41.89 4500 |4 | QP

Remark: Transd = Cableloss + Antenna factor - Pre-amplifier; Margin = Limit — Level.
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Antenna polarity: V

ey diuvim
a1
B0
Fill
=i
FCL Pant15 RE-Clasg B_230-1000MHz

&0 Mavwgin—f-dil L]

I T .
» | . X ¥ 8

I a
30
= M
|
0
30000 &0.00 [MiHz] W00 1000.000
Frequency | Reading | Factor Lewel Limit |Margin o
M. {MHz) (dBuV) | (dBim) |(dBuVim)|{dBuVim)| (dB)

1 436554 3383 -13.33 2050 4000 |-1550( QP
2 140.8350 4022 -14.25 2597 4350 |-17.53( QP
3 233.3486 49.09 -16.61 3248 46.00 |-1352( QP
4 1| 3172430 3032 -5.80 4152 4500 | -448 | QP
3% | Ta2Tad 45.94 -4.00 4294 4500 |-306 | QP
61| 916.0683 40.79 -0.37 4042 4500 |-558 ( QP

Remark: Transd = Cableloss + Antenna factor - Pre-amplifier; Margin = Limit — Level
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Above 1 GHz Test Results:

ANT1:
CH Low
Horizontal:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MHZz) (dBuV) (dB) (dBuV/m) (dBpV/m) (dB) Type
18045 108.46 -5.84 52.69 74 -21.31 peak
Cpoa.5 95.60 -5.84 43.65 54 -10.35 AVG
2786¥5 56.27 -3.64 52.63 74 -21.37 peak
2706.75 47.17 -3.64 43.53 54 -10.47 AVG
3609 58.09 -0.95 57.14 74 -16.86 peak
3608 48.13 -0.95 47.18 54 -6.82 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MH2) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1804.5 108.36 -5.84 52.69 74 2131 peak
1804.5 95.54 -5.84 43.65 54 -10.35 AVG
2706.75 56.29 -3.64 52.65 74 2135 peak
2706.75 47.03 -3.64 43.39 54 -10.61 AVG
3609 58.20 -0.95 57.25 74 -16.75 peak
3609 48.17 -0.95 47.22 54 -6.78 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
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CH Middle
Horizontal:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1829.5 108.43 5.71 52.67 74 -21.33 peak
18235 95.21 5,71 45.61 54 -8.39 AVG
2744.25 56.03 351 52.52 74 21.48 peak
20425 46.84 -3.51 43.33 54 -10.67 AVG
3659 57.99 -0.82 57.17 74 -16.83 peak
9659 47.86 -0.82 47.04 54 -6.96 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MH2) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1829.5 108.29 571 52.67 74 -21.33 peak
18234 95.06 571 45.61 54 -8.39 AVG
2744.25 56.10 351 52.59 74 21.41 peak
27445 46.76 -3.51 43.25 54 -10.75 AVG
3659 58.03 .0.82 57.21 74 -16.79 peak
3639 47.86 -0.82 47.04 54 -6.96 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
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CH High
Horizontal:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MH2) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1853 56.32 -5.65 52.36 74 21.64 peak
1853 47.18 -5.65 46.89 54 7.11 AVG
2783.25 56.20 3.43 52.77 74 21.23 peak
2783.25 47.31 -3.43 43.88 54 -10.12 AVG
3711 57.25 -0.75 56.50 74 -17.50 peak
3711 47.57 -0.75 46.82 54 7.18 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MH2z) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1853 56.41 5.65 52.36 74 21.64 peak
1853 47.30 -5.65 46.89 54 7.11 AVG
2783.25 56.17 -3.43 52.74 74 -21.26 peak
2783.25 47.39 3.43 43.96 54 -10.04 AVG
3! 57.41 -0.75 56.66 74 -17.34 peak
S711 47.65 0.75 46.90 54 7.10 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.

Remark:

(2). Measuring frequencies from 1 GHz to the 25 GHz -
(2). All modes of operation were investigated and the worst-case emissions are reported.

(3). Radiated emission test from 9kHz to 10th harmonic of fundamental was verified, and no emission found

except system noise floor in 9kHz to 30MHz and not recorded in this report.
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ANT2:
CH Low
Horizontal:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MHZz) (dBuV) (dB) (dBuV/m) (dBpV/m) (dB) Type
1804.5 108.45 -5.84 52.69 74 2131 peak
18045 95.54 -5.84 43.65 54 -10.35 AVG
2706.75 56.35 -3.64 52.71 74 -21.29 peak
270675 47.21 -3.64 43.57 54 -10.43 AVG
3609 58.12 -0.95 57.17 74 -16.83 peak
3609 48.07 -0.95 47.12 54 -6.88 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MHZ) (dBpV) (dB) (dBpV/m) (dBpV/m) (dB) Type
1804.5 108.43 5.84 52.69 74 21.31 peak
1804.5 95.44 -5.84 43.65 54 -10.35 AVG
218p.75 56.35 -3.64 52.71 74 -21.29 peak
2706.75 47.14 -3.64 43.50 54 -10.50 AVG
5009 58.13 -0.95 57.18 74 -16.82 peak
3609 48.08 -0.95 47.13 54 -6.87 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
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CH Middle
Horizontal:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1829.5 108.40 5.71 52.67 74 -21.33 peak
1829.5 95.13 571 45.61 54 -8.39 AVG
2744.25 56.00 351 52.49 74 21,51 peak
20425 46.81 -3.51 43.30 54 -10.70 AVG
3659 58.08 -0.82 57.26 74 -16.74 peak
9659 48.01 -0.82 47.19 54 -6.81 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MH2) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1829.5 108.42 571 52.67 74 -21.33 peak
18234 95.08 571 45.61 54 -8.39 AVG
2744.25 55.99 351 52.48 74 21,52 peak
27445 46.79 -3.51 43.28 54 -10.72 AVG
3659 58.09 .0.82 57.27 74 -16.73 peak
3639 47.96 -0.82 47.14 54 -6.86 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
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CH High
Horizontal:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MHZ) (dBpV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1853 56.44 -5.65 52.36 74 21.64 peak
1853 47.36 -5.65 46.89 54 7.11 AVG
2783.25 56.28 3.43 52.85 74 21.15 peak
27838 47.33 -3.43 43.90 54 -10.10 AVG
/11 57.24 -0.75 56.49 74 -17.51 peak
3711 47.64 -0.75 46.89 54 7.11 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical:
Meter
Frequency Reading Factor Emission Level Limits Margin
Detector
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
1853 56.31 5.65 52.36 74 21.64 peak
1853 47.36 5.65 46.89 54 7.11 AVG
21838 56.21 -3.43 52.78 74 21.22 peak
2783.25 47.47 -3.43 44.04 54 -9.96 AVG
3711 57.26 -0.75 56.51 74 -17.49 peak
g /11 47.58 0.75 46.83 54 7.17 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.

Remark:

(1). Measuring frequencies from 1 GHz to the 25 GHz -
(2). All modes of operation were investigated and the worst-case emissions are reported.

(3). Radiated emission test from 9kHz to 10th harmonic of fundamental was verified, and no emission found

except system noise floor in 9kHz to 30MHz and not recorded in this report.
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8. BAND EDGE AND RF COUNDUCTED SPURIOUS EMISSIONS

8.1 Block Diagram Of Test Setup

Radio Test System EUT

8.2 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 power limits. If the transmitter complies with the conducted power limits
based on the use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of this section, the
attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation below the general limits
specified in §15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands, as
defined in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see
§15.205(c)).

8.3 Test procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the spectrum;
2. Set the spectrum analyzer:

Blow 30MHz:

RBW = 100kHz, VBW = 300kHz, Sweep = auto

Detector function = peak, Trace = max hold

Above 1000MHz:

RBW = 100kHz, VBW = 300kHz, Sweep = auto

Detector function = peak, Trace = max hold
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8.4 Test Result

BAND EDGE Graphs

Agilent Spectrum Analyzer -

- 3 ITo

= ‘
Marker 1 902.300000000 MHz g Type: Log-Pwr
P Avg|Hold: 1001100

IFGain:Low

Ref Offset 5 dB.
Ref 35.00 dBm

LCH/
No Hop

e L S T T T T S S e R S N e

Start 805.00 MHz Stop 905.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.600 ms (1001 pts)

FUNCTION | FUNCTION WIDTH

sa STATUS

[ 509 AC SENSE:INT| TGN AUTO
902.800000000 Avg Type: Log-Pwr
PNO: Fast ~»—  Trig:Free Run Avg|Hold: 100/100
IFGain:Low Atten: 40 4B

Ref Offset5 dB
Ref 35.00 dBm

LCH/
Hop

v

bttt Mttt etttk ptcrtmmeergeti it AL e st liathl

Start 805.00 MHz Stop 905.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.600 ms (1001 pts)

v FUNCTION | FUNCTION WIDTH FUNCTION VALUE

39.732 dBm

MHz 39,
8708 MHz 40486dBm[ [ ]
|

= STATUS
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HCH/
No Hop

e
Marker 1 927.900000000 MHz i
Trig: Free Run
Atten: 40 dB

PNO: Fast  —»—
IFGain:Low

Ref Offset 5 dB
Ref 35.00 dBm
1

I

f
P
qul RO

Start 920.00 MHz

#Res BW 100 kHz #VBW 300 kHz

PP A A e S e P U A o

o
g Type: Log-Pwr
AvglHold: 100/100

Mkr1 927.9 MHz]
28.700 dBm|

3

Stop 1.02000 GHz
Sweep 9.600 ms (1001 pts)

FUNCTION

FUNCTION WIDTH FUNCTION VALUE

HCH/
Hop

>

SENSEINT|

9 00000000

Trig: Free Run
Atten: 40 dB

PNO; Fast —»—
IFGain:Low

Ref Offset5 dB.
Ref 35.00 dBm

&3 A2

[Start 920.00 MHz

#Res BW 100 kHz #VBW 300 kHz

L ST 3% P 9 1 00 TP OO UV U VAN VUV OU VO U MUY

ALTGNAUTO
Avg Type: Log-Pwr
Avg|Hold: 100/100

Mkr1 925.3 MHz|
28.741 dBm

Stop 1.02000 GHz
Sweep 9.600 ms (1001 pts)

FUNCTION

FUNCTION WIDTH FUNCTION VALLE

STATUS
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RF Conducted Spurious Emissions Graphs

LCH

Agilent Spectrum Analyzer - Swept SA

R
Marker 1 907.680000000 MHz 7
PNO: Fast ~»-  Trig:Free Run

Atten: 40 dB

IFGain:Low

Ref Offset§ dB
sef 35.00 dBm

i) 0
g Type: Log-Pwr
Avg|Held: 701100

29,639 dBm)|

FUNCTION VALUE

<

STATUS

MCH

IFGain:Low

Ref Offset 5 dB.
Ref 35.00 dBm

PNO; Fast —»—
Atten: 40 dB

IGN 2LUTO
Avg Type: Log-Pwr
Avg|Hold: 100/100

Trig: Free Run
Mkr1 920 MHz|
29.294 dBm

Stop 12.750 GHz

FUNCTION | FUNCTION WIDTH FUNCTION VALUE

<

STATUS

HCH

PNO: F
IFGain:L

Ref Offset 5 dB
Ref 35.00 dBm

Avg Type: Log-Pwr
st~ Trig:Free Run AvglHold: 411100
ow Atten: 40 dB

A ot b

Stop 12.500 GHz
Sweep 1.192 s (1001 pts)|

FUNCTION VALUE

#/BW 300 kHz

>

<

E

STATUS

Page 17 of 45

Report

Tel: 4008-258-120 W

eb: http://www.ctb-lab.com




Shenzhen CTB Testing Technology Co., Ltd. = Report No.: CTB240819097RFX

9. COUDUCTED PEAK OUTPUT POWER

9.1 Block Diagram Of Test Setup

Radio Test System EUT

9.2 Limit

The maximum peak conducted output power of the intentional radiator shall not exceed the following:

(1) For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75
non-overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz band: 1 watt. For
all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

(2) 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, as permitted under paragraph (a)(1)(i) of this section.

(3) For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz bands: 1
Watt. As an alternative to a peak power measurement, compliance with the one Watt limit can be based on a
measurement of the maximum conducted output power. Maximum Conducted Output Power is defined as the
total transmit power delivered to all antennas and antenna elements averaged across all symbols in the
signaling alphabet when the transmitter is operating at its maximum power control level. Power must be
summed across all antennas and antenna elements. The average must not include any time intervals during
which the transmitter is off or is transmitting at a reduced power level. If multiple modes of operation are
possible (e.g., alternative modulation methods), the maximum conducted output power is the highest total
transmit power occurring in any mode.

(4) The conducted output power limit specified in paragraph (b) of this section is based on the use of antennas
with directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of this section, 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 (b)(1), (b)(2), and (b)(3) of this section, as
appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

Peak output Power; <1W=30dBm

9.3 Test procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the spectrum.
2. Set the spectrum analyzer: RBW = 2MHz. VBW = 6MHz. Sweep = auto; Detector Function = Peak.
3. Keep the EUT in transmitting at lowest, middle and highest channel individually. Record the max value.

9.4 Test Result

Antenna Gain: 3.82dBi Max

Channel. MaXIrgger]ef([aglén(])]utput Limit [dBm] Verdict
LCH 29.651 30 PASS
MCH 29.197 30 PASS
HCH 28.623 30 PASS
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Test Graph:

Graphs

LCH

Agilent Spectrum Analyzer - Swept SA
. =

SENSEINT|
PNO: Fast 50 Trig:Free Run
IFGain:Low Atten: 40 dB

Ref Offset 5 dB
Ref 35.00 dBm

‘Center 902.250 MHz

#Res BW 2.0 MHz #VBW 6.0 MHz

MCH

R [ ETITS
914.640000000

SENSE:INT]

Trig: Free Run

PNO; Fast )
Atten: 40 dB

IFGain:Low

Ref Offset5 dB
Ref 35.00 dBm

Center 914.750 MHz

#Res BW 2.0 MHz #VBW 6.0 MHz

HCH

R RF 500 AC
9 620000000

‘SENSE:INT]

Trig: Free Run
Atten: 40 dB

PNO: Fast
IFGain:Low

Ref Offset 5 dB
Ref 35.00 dBm

#Res BW 2.0 MHz

=

#VBW 6.0 MHz

IGNALITO

TG ALTO 0152237 5
Avg Type: Log-Pwr Al
Avg|Hold:>100100 ™ B

beT

0
Avg Type: Log-Pwr
Avgl|Hold:>100/100

Mkr1 902.13 MHz
29.651 dBm|

Span 10,00 MHz
Sweep 1.000 ms (1001 pts)

STATUS

Avg Type: Log-Par
Avg|Hold>100/100

Mkr1 914.64 MHz
29.197 dBm|

Span 10.00 MHz
Sweep 1.000 ms (1001 pts)

Mkr1 927.62 MHZ
28.623 dBm)

Span 10,00 MHz
Sweep 1.000 ms (1001 pts)

STATUS

Report

Tel:

4008-258-120

Web: http://www.ctb-lab.com

Page 19 of 45




Shenzhen CTB Testing Technology Co., Ltd. = Report No.: CTB240819097RFX

10. 20DB OCCUPIED BANDWIDTH

10.1 Block Diagram Of Test Setup

Radio Test System EUT

10.2 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

10.3 Test procedure

. Rem1. Set RBW = 3 kHz.
. Set the video bandwidth (VBW) > 3 x RBW.

. Detector = Peak.

. Trace mode = max hold.

. Sweep = auto couple.

. Allow the trace to stabilize.

. 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 6 dB relative to the maximum
level measured in the fundamental emission.

NOoO O~ WN PP

10.4 Test Result

Frequenc 20dB Bandwidth Result
quedcy (kHz)
Low channel 158.7 PASS
Mid channel 163.8 PASS
High channel 160.8 PASS

Note: All modes of operation were Pre-scan and the worst-case emissions are reported.
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Test Graph:
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11. CARRIERFREQUENCIES SEPARATION

11.1 Block Diagram Of Test Setup

Radio Test System EUT

11.2 Limit
At least 25kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.

11.3 Test procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port

to the spectrum.

2. Set the spectrum analyzer: RBW = 10kHz. VBW = 30kHz , Span = 1MHz. Sweep = auto; Detector Function =
Peak. Trace = Max hold.

3. Allow the trace to stabilize. Use the marker-delta function to determine the separation between the peaks of
the adjacent channels. The limit is specified in one of the subparagraphs of this Section Submit this plot.

11.4 Test Result

Channel. Carrier Frequency Separation [MHZz] Verdict
LCH 0.5 PASS
MCH 0.5 PASS
HCH 0.5 PASS
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12. HOPPING CHANNEL NUMBER

12.1 Block Diagram Of Test Setup

Radio Test System EUT

12.2  Limit
Frequency hopping systems in the 920-928 MHz band shall use at least 50 channels.

12.3 Test procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the spectrum.
2. Set the spectrum analyzer: RBW = 100kHz. VBW = 300kHz. Sweep = auto; Detector Function = Peak. Trace
= Max hold.

3. Allow the trace to stabilize. It may prove necessary to break the span up to sections. in order to clearly show
all of the hopping frequencies. The limit is specified in one of the subparagraphs of  this Section.

4. Set the spectrum analyzer: Start Frequency = 902MHz, Stop Frequency = 927Hz. Sweep=auto;

12.4 Test Result

Mode Channel. Number of Hopping Channel Verdict

LoRa Hop 52 PASS
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PNO: o Trig:Free Run Avg|Hold=>1001100
Atten: 40 4B

Mkr2 927.740 MHz|
28.883 dBm

l'\ '”,\/ I\"V J“/‘i”\'h!}/ Hlf'/(\\f'llp\"/\f' |/| { f\‘ “ l\ w,

Ref Offset5 dB
35

Stop 928.00 MHz
#VBW 300 kHz Sweep 2.533 ms (1001 pts)
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927.740 MHz

2
>
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13. DWELL TIME

13.1 Block Diagram Of Test Setup

Radio Test System EUT

13.2 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 and 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 system shall use at least 25 hopping frequencies
and the average time of occupancy on any frequency shall not be greater than 0.4 seconds within a 10 second
period. The maximum allowed 20 dB bandwidth of the hopping channel is 500 kHz.

13.3 Test procedure

1. Remove the antenna from the EUT and then connect a low RF cable from the antenna port to the spectrum.
2. Set spectrum analyzer span = 0. Centred on a hopping channel,

3. Set RBW = 1MHz and VBW = 3MHz.Sweep = as necessary to capture the entire dwell time per hopping
channel. Set the EUT for DH5, DH3 and DH1 packet transmitting.

4. Use the marker-delta function to determine the dwell time. If this value varies with different modes of
operation (e.g.. data rate. modulation format. etc.). repeat this test for each variation. The limit is specified in
one of the subparagraphs of this Section. Submit this plot(s).

13.4 Test Result

No. of . .
Channel transgﬂgsion Pu(lns]t:)}'l;r)ne TOtzlozvzr?]”S)TEge N Limit (ms) Verdict
in10s(a)
LCH 10 14.85 148.50 400 PASS
MCH 11 14.70 161.70 400 PASS
HCH 11 14.85 163.35 400 PASS

Remark: Total dwell time in 20s, c=(a)*(b)*1

Report

Tel: 4008-258-120

Web: http://www.ctb-lab.com

Page 25 of 45




Shenzhen CTB Testing Technology Co., Ltd.

Report No.: CTB240819097RFX

Test Graph
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14. ANTENNA REQUIREMENT

15.203 requirement:

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

15.247(b) (4) requirement:

The conducted output power limit specified in paragraph (b) of this section is based on the use of antennas with
directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of this section, 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 (b)(1), (b)(2), and (b)(3) of this section, as
appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

EUT Antenna:

The antenna is External antenna and no consideration of replacement. The best case gain of the ANT1 is
3.82dBi, ANT2 is 1.63dBi.
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15. EUT TEST SETUP PHOTOGRAPHS

ANT1:
Radiated Emission

Below 1G
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Conducted emissions

ANT2:
Radiated Emission

Below 1G

]
e
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Above 1G

Conducted emissions
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