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TEST SUMMARY

4.1.1 ANTENNA REQUIREMENT
Result:
Pass

4.1.2 6DB AND 20DB BANDWIDTH MEASUREMENT
Result:
Pass

4.1.3 99%EMISSION BANDWIDTH MEASUREMENT
Result:
Pass

4.1.4 MAXIMUM PEaK CONDUCTEDOUTPUT POWER
Result:
Pass

4.1.5 EQUIVALENT ISOTROPICALLY RADIATED POWER
Result:
Pass

4.1.6 PEAK POWERSPECTRALDENSITY
Result:
Pass

4.1.7 CONDUCTEDSPURIOUSEMISSIONSMEASURED IN100KHZ BANDWIDTH
Result:
Pass

4.1.8 CARRIER SEPARATION MEASUREMENT
Result:
Pass

4.1.9 THE NUMBER OF HOPPING CHANNELS
Result:
Pass

4.1.10 CHANNEL OCCUPANCYTIME
Result:
Pass

4.1.11 CONDUCTEDEMISSION (AC POWERLINE)
Result:
N.A

4.1.12 RADIATED EMISSION
Result:
Pass
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1 Test Sites

1.1 Test Facilities
Laboratory: TUV Rheinland /CCIC(Ningbo) Co., Ltd.

1% Floor, Building 11, Scholar Innovation Park, No0.1188 Zhongguan Road,
Zhenhai District, Ningbo 315200 P.R. China.

The used test equipment is in accordance with CISBR series standards for measurement of
radio interference.

1.2 List of Test and M easurement | nstruments
Tablel: List of Test and Measurement Equipment

No. Equipment M odel Inventory no. |Last cal. date|Cal. due datg

1. EMI test receiver ESR7 101929 2019.11.2€020.11.25

2. Spectrum analyzer FSV40 101412 2019.11.,28020.11.25

3. Pre-amplifier SCU-18F 180051 2019.11.26  2020.11.25
4. Horn antenna HF907 102653 2020.08.03 2021.08.(
5. Bilog Antenna CBL6112D 49033 2018.04.13 2021.04.1p

1.3 Measurement Uncertainty

Test Item Expanded Measurement Uncertainty
(k=2)
Conducted Emission (9-150kHz) 3.70dB

Conducted Emission (150k-30MHZz) 3.30dB
Radiated Emission (30-1000MHz) 4.52dB
Radiated Emission (1-18GHz) 4.37dB
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2 General Product I nformation

2.1 Product Function and Intended Use

The EUT(equipment under test) is a Mailbox Sensbickv support Bluetooth, LoRa DT$
LoRa FHSS and FSK HFSS function operated at 24@3-3MHz and 902-928MHz
respectively. For the further information, refetthe user’'s manual.

Mode list:
Model name | Function
S5D22E3 Block A: BLE operated at 2.4GHz

Block B: LoRa DTS, LoRa FHSS and FSK FHSS operaaed02-
928MHz. This block has two antennas, not operasmngultaneously
Therefor block B is only in SISO working mode.

2.2 Ratingsand System Details

Rated input . DC 4.5V 3AAA Cells
Protection Class : Class Il
FCC ID . 2AEUPRBMBO001
IC : 20271-RBMB001
HVIN . 5D22E3
FVIN : 1.7.16-56
PMN . Mailbox Sensor
Technical Specification of BLE
Technical Specification BLE
Operating Frequency band 2402 — 2480 MHz
Bluetooth Core Version Bluetooth Low Energy 4.2
Channel separation 2MHz
Extreme Temperature Range 220~ 50°C
Modulation GFSK
Antenna Type PCB Layout Antenna
Antenna Gain(dBi) 3.26
Channel 0-39
Technical Specification of LoRa DTS
Technical Specification LoRa DTS 500kHz 902.5-9R&&
Operating Frequency band 902 — 928 MHz
Extreme Temperature Range 220~ 50°C
Bandwidth(kHz) 500
Modulation LoRa DTS
Antenna Type PIFA Antenna for external antenna
LTCC Antenna for internal antenna
Antenna Gain(dBi) 1.0 dBi for external antenna
1.1 dBi for internal antenna
Channel Separation (kHz) 800
Channel Number 31
Channel (MHz) 902.5, 903.3, 904.1, 904.9, 905.7, 906.5, 907.8,190

908.9, 909.7, 910.5, 911.3, 912.1, 912.9, 913.4,91
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915.3, 916.1, 916.9, 917.7, 918.5, 919.3, 920.0,92
921.7, 922.5, 923.3, 924.1, 924.9, 925.7, 926.5

Technical Specification of Lo

Ra FHSS

Technical Specification

LoRa 125kHz FHSS 902.2-8RIHz

Operating Frequency band

902 — 928 MHz

Extreme Temperature Range <20~ 50°C

Modulation LoRa FHSS

Antenna Type PIFA Antenna for external antenna
LTCC Antenna for internal antenna

Antenna Gain(dBi) 1.0 dBi for external antenna

1.1 dBi for internal antenna

Channel Separation (kHz) 200
Channel Number 129
Bandwidth (kHz) 125
Hopping channel(MHZz) 902.2-927.8

Technical Specification of FSK FHSS

Technical Specification

FSK150Kbps FH$ESK 50Kbps FHSS

FSK 250Kbps FHS

Lo

Operating Frequency band

902 — 928 MHz

Extreme Temperature Rang

e °20-50C

Modulation

FSK FHSS

Antenna Type PIFA Antenna for external antenna
LTCC Antenna for internal antenna
Antenna Gain(dBi) 1.0 dBi for external antenna

1.1 dBi for internal antenna

Channel Separation (kHz) 400 200 500

Channel Number 64 129 51

Data Rate (Kbps) 150 50 250

Hopping Channel(MHZz) 902.4-927.6 902.2-927.8 9(B23-5
2.3 Independent Operation M odes

The basic operation modes are:
Mode A: Transmitting continuously in a channel BitE

Mode B: Hopping in a sequence of hopping channafisTaansmitting
Mode C: Transmitting continuously or Receiving éonbusly in a channel, the worst ca

recorded
Ant. 1#: RF path of BLE

module.

Ant. 2#: RF path using external antenna of LoRa&F&d&dule.
Ant. 3#: RF path using internal antenna of LoRa&H8&dule.

2.4

Noise Generating and Noise Suppressing Parts

Refer to the Circuit diagram for further informatio

Se
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2.5 Submitted Documents

3 Test Set-up and Operation M odes

31

3.2

3.3

3.4

Circuit diagram, PCB layout, Labels, user's manatd,

Principle of Configuration Selection

The equipment under test (EUT) was configured tasuee its maximum power level.
The Mode Cs were adapted accordingly in referemtld instructions for use.

Test Operation and Test Software

During testing, Channel & Power Controlling Softeaarovided by the customer was useq
control the operating channel as well as the oupmuter level. The RF output power w.
selected according to the instruction given byrtaenufacturer. The setting of the RF outj
power expected by the customer shall be fixed erfitmware of the final end product.

All testing were performed according to the proadedun ANSI C63.10: 2013.
Test Software EMC32 V10.30 was used in the radiatesion test.

Special Accessoriesand Auxiliary Equipment

Description Manufacturer Model No.
notebook Lenovo T420

Counter measur es to achieve EM C Compliance

The tested sample contained noise suppression ec@nisas specified in the circuit diagrd
No special measure is employed to achieve the rement.

to

put

LM,
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3.5 Test set-up

Diagram of Measurement Configuration for Radiafl@st (Below 1GHz)

Ant. Tower 1-4m

Variable

ELUT& " Im
Support Lnjts

Turn Table
H{icn.l.]l w

L

Groond Plane

Test Receiver

Diagram of Measurement Configuration for Radiafl@st (Above 1GHz)

Ant. Tower

1-4m

Variable
EUT& Im
Support Unjts

1.5m T
s

Turn Table

Ground Plane

Test Receiver

cooo
Mnnar

Diagram of Measurement Configuration for Condudieahsmitter Measurement

Spectrum

EUT 1

Analyzer
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4 Test Results

4.1 Transmitter Requirement & Test Suites

4.1.1 Antenna Requirement

Test Specification
Test standard :  FCC Part 15.203

The EUT has two internal antennas and one extamtahna, which permanently attached and n
consideration of replacement. The external ant&nanstandard one and cannot be replaced Qy
others. Therefore, the EUT is considered sufficierdomply with the provision. Refer to EUT
Photo for further details.

[®)
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4.1.2 6dB and 20dB Bandwidth M easur ement

Result: Pass
Test Specification
Test standard . FCC Part 15.247(a)(2)(i), (a)(2)
RSS-247 Issue 2 February 2017 Clause 5.1, Clauseb.2
Basic standard : ANSI C63.10: 2013, clause 6.9.2
KDB558074 D01v05r02, clause 8.3.1.1
Limits . Atleast 500kHz for 6dB bandwidth(DTS)
Not more than 500kHz for 20dB bandwidth(FHSS)
Kind of test site :  Shielded Room
Test Setup
Date of testing : 2020.09.18-2020.09.19
Input voltage . DC4.5Vv
Operational mode . Mode A
Test channel . Lo, Mi, Hi
Temperature . 19°C
Relative humidity . 55%
Atmospheric pressure . 101 kPa

Table 2: Test result of 6dB Bandwidth for BLE and LoRa DTS, 20dB Bandwidth for LoRa
FHSS and FSK FHSS

Modulation Type and | Ant. Channel Channel| Bandwidth | Limit | Result
Operation band No. Frequency (kHz) (kHz)
(MH2z)

1. BLE 1# | Low Channel 2402 534.00 500 Pas
2402MHz~2480MHz Mid Channel 2440 534.00 500 Pasq
6dB Bandwidth High Channe| 2480 516.60 500 Pas$

2. LoRa 500kHz DTS 2# | Low Channel 902.5 620.80 500 Pas
902.5MHz~926.5MHz Mid Channel 914.5 620.80 500 Pas4
6dB Bandwidth High Channe| 926.5 616.50 500 Pas$

3# | Low Channel 902.5 625.20 500 Pas
Mid Channel 914.5 629.50 500 Pas4
High Channel 926.5 616.50 500 Pass

3. LoRa 125kHz FHSS 2# | Low Channel 902.2 145.44 500 Pass
902.2-927.8MHz Mid Channel 915 148.34 500| Pass
20dB Bandwidth High Channe|l 927.8 146.16 500 | Pass

3# | Low Channel 902.2 149.06 500 Pass
Mid Channel 915 143.99 500| Pass
High Channe| 927.8 144.72 500 | Pass

[92)

L)
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4. FSK 150Kbps FHSS | 2# | Low Channel 902.4 172.94 500 Pass
902.4MHz~927.6MHz Mid Channel 914.8 171.49 500| Pass
20dB Bandwidth High Channel 927.6 175.83 500 | Pass

3# | Low Channel 902.4 174.38 500 Pass
Mid Channel 914.8 173.66 500 Pass
High Channel 927.6 174.38 500 | Pass

5. FSK 50Kbps FHSS 2# | Low Channel 902.2 107.81 500 Pass
902.2MHz~927.8MHz Mid Channel 915 108.54 500| Pass
20dB Bandwidth High Channe| 927.8 108.54 500 | Pass

3# | Low Channel 902.2 107.81 500 Pass
Mid Channel 915 110.71 500| Pass
High Channe| 927.8 109.99 500 | Pass

6. FSK 250Kbps FHSS | 2# | Low Channel 902.5 282.20 500 Pass
902.5MHz~927.5MHz Mid Channel 915 280.80 500| Pass
20dB Bandwidth High Channe|l 927.5 276.40 500 | Pass

3# | Low Channel 902.5 279.30 500 Pass
Mid Channel 915 282.20 500| Pass
High Channe|l 927.5 276.40 500 | Pass
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Figure 1: 6dB& 20dB Bandwidth M easurement

1. BLE, 6dB Bandwidth, 2402MHz~2480MHz
Low Channel, Ant. 1# Mid Channel, Ant. 1#

Spectrum :21 Spectrum “f
Ref Level 23.00 dém @ RBW 100 kHz Ref Level 23,00 dBm @ RBW 100 kHz
At 40dB_ SWT 19 s ® VBW 300 kHz _Mode Auto FFT Att 40dB  SWT 10 ys @ VBW 300 khz _Mode auta FFT
@ 1Pk Max @ 1Pk Max
204 M1[1] 1.60 dBm| 20 di M1[1] 1.65 dBm)|
2.40175250 GHe| 2.43975250 GHz|
10d 6.00 dB 104 ndB 6.00 dB|
M1 534.000000000 kHz M1 Bw 534.000000000 kHz|
od S 4497.6/ o d + X Q factor 4568.8|
b5
104 -10d
20 d 20d
0 7 — 04 N
-40 ] -40 df
-0 s0d
60 0d
70 04
CF 2.402 GHz 691 pts Span 3.0 MHz Ao 551 pis Span 5.0 Wiz
Marker e
Type | Ref | Trc | X-value | v-value | Function | Function Result | ar e"‘ [Tee] | I on | - ‘
o - S ablies o e e dou ETT Type | Ref | Trc X-value Y-value Function Function Result
T 1 aileta4 o 456 dorn b 00 db 1 1 2.4397525 GHz 1.65 dem nde down 534.0 knz
T2 1 2.4021954 GHz -4.53 dBm Q factor 4497.6 T 1 2439657 GHz -4.39 dém nd 6.00 d&
E— T2 1 2.440191 GHz -4.18 dBm Q factor 4568.8
H Measuring... e ——

% i ] o ™)

Date: 13.SEF.2020 23:47:

Date: 14.SEP.2020

High Channel, Ant. 1#

Spectrum by
Ref Level 23.00 dBm @ RBW 100 kHz
40 dB  SWT 19 us @ VBW 300 kHz  Mode &uto FFT
@ 1Pk Max
20 df M1[1] 1.73 dBm|
2.47975250 GHz|
10 di ndB 6.00 dB|
M1 Bw 516.600000000 kHz|
RS Q factor 47997
od -
w_\\,—
10 d
20 d
30 d ] L
a0 d
~/
-50 di
-60 d
=70 di
CF 2.48 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value |__Function__| Function Result
M1 1 2.4797525 GHz 1.73 dBm ndB down 516.6 kHz
T1 1 2.4796744 GHz -4.25 dBm ndg 6.00 dB
T2 1 2,480191 GHz -4.24 dBm Q factor 4799.7

)| e
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2. LoRa 500kHz DTS, 6dB Bandwidth, 902.5MHz~926.5MHz

Ant. 2#
Low Channel

Ant. 3#
Low Channel

Spectrum :21 Spectrum “g’
Ref Level 30.00 dBm © RBW 100 kHz Ref Level 30.00 dBm © RBW 100 kHz
Att 50dB_ SWT 19 s ® VBW 300 kHz _Mode Auto FFT S0dB  SWT 10 ps @ VBW 300 kHz _ Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
M1[1] 13.63 dBm| MI[1] 10.37 dBm|
; 902.63020 MHZ| 902.71270 MHZ]
20 Wi nde 6.00 dB a0d ndB 6.00 dB)|
04 L o) 620.800000000 kHz| ; Ml 625.200000000 kHz|
QYactor 1453.9 10 T Qactor 1443.9|
od od
-10 df -10d -
-20 df 20 d ,/
-
30 di d
Il p—— iy E— 30 —]
R B o]
-40 d @
40
50 50 d
60 60 d
CF 802.5 MHz 691 pts Span 3.0 MHz GF 5055 s 591 pts Span 3.0z
Marker e
Type | Ref | Trc | X-value | v-value | Function Function Result ar e"‘ [tre] | I on | -
o - NIRRT e e dou LT Type | Ref | Trc X-value Y-value Function Function Result
T 1 05 1874 MHe =535 dorn b 500 db M1 1 902.7127 MHz 10.37 dbm nde down 625.2 kHz
T2 1 902.8082 MHz 7.73 dém Q factor 1453.9 T 1 £02.1874 MHz .10 dBm nde 6.00 8
T T2 1 902.8126 MHz 4.40 dBm Q factor 1443.9
Measuring... I ot
J{ ez ] Measuring... NEND e

Mid Channel

Date:

Mid Channel

Spectrum nz: Spectrum nf
Ref Level 30.00 dBm © RBW 100 kHz Ref Level 30.00 dBm © RBW 100 kHz
50dB_ SWT 10 i @ VBW 300 kHz _Mode Auto FFT Att 5008 SWT 10 ps @ VBW 300 kHz__ Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1 13.21 dBm MI[1] 10.54 dBm)|
914.36540 MHZz| 914.31330 MHZz]|
20 ML nds 6.00 dB 20d ndB 6.00 dp|
o4 L 620.800000000 kHz| B B 629.500000000 kHz
1472.8 10 Ofeactor 1452.4)
0 di 0 di
10 d 104
/ /
-20 d = - \ 20d
-30d - = 30 di
] | 7
40d /\/\N\/_'J \M/_M7
- -40d
50 s0d
-60 o
CF 914.5 MHz 691 pts Span 3.0 MHz
CF 914.5 MHz 691 pts Span 3.0 MHz
Marker oy
Type | Ref [ Trc | X-value | Y-value | Function | Function Result arker - -
ML T 514 3654 WNT 13.21 dom ‘b down e20.5 K Type | Ref | Tre | X-value | Y-value | Function | Function Result |
T i G4 1874 e 14 darn i 500 db ML 1 914.3133 MHz 10.54 dBm nde down 529.5 kRz
T2 1 914.8082 MHz 7.48 dem Q factor 1472.8 T 1 914.1831 MHz .26 dem nds 6.00 d8
i = e T2 1 914.8126 MHz 4.50 dBm 0 factor 1452.4
Measuriny ("] i
12338/ - 8002020
4 N T Heesunna ™) -

High Channel

Date: 18. 107:52

High Channel

) —

8092020
[ 138402

Spectrum :21 Spectrum “g’
Ref Level 30.00 dBm © RBW 100 kHz Ref Level 30.00 dBm © RBW 100 kHz
Att 50dB_ SWT 19 s ® VBW 300 kHz _Mode Auto FFT S0dB  SWT 10 ps @ VBW 300 kHz _ Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
M1[1] 12.81 dBm M1[1] 10.57 dBm)|
w0 a 926.26990 MHZ| 926.26990 MHZ]
ML ndB 6.00 dB| 20 ndB 6.00 dB
o4 1 —r] 616.500000000 kHz ; m Bw 616.500000000 kHz]
QYactor 1502.5 10 Qactor 1502.5}
‘ &
od 0d
10 di 104
-20 d 20 d / \
N
-30 d — 30 d il
o ] s
a0 di 3 T A
50 50 d
60 60 d
CF 926.5 MHz 691 pts Span 3.0 MHz T 591 pts Span 3.0z
Marker e
Type | Ref | Trc | X-value | v-value | Function | Function Result ar e"‘ [tre] | I on | - ‘
o - o pee e NN b dawm BT Type | Ref | Trc X-value Y-value Function Function Result
T 1 956 1918 MHe & 52 dorn Y 500 db M1 1 926.2699 MHz 10.57 dbm nde down 616.5 kHz
T2 1 926.8082 MHz 7.03 dém Q factor 1502.5 T 1 £26.1961 MHz .50 dm ndg 6.00 d&
T2 1 926.8126 MHz 4.43 dBm Q factor 1502.5

] Measuring...

T5,00.2020
L 21:08:16 7
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3. LoRa 125kHz FHSS, 20dB Bandwidth, 902.2MHz-927.8MHz

Ant. 2#

Low Channel

Ant. 3#
Low Channel

Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 3 kHz Ref Level 30,00 dBm ® RBW 3 kHz
Att 50 dB SWT 631.6 us @ VBW 10kHz Mode Auto FFT 50 dB  SWT 631.6 ps @ VBW 10kHz Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
Mi[1] 10.92 dBm) M1[1] 7.70 dBm|
0 902.143560 MHZ| ; 902.156580 MHZ]
o ndB 20.00 dB 20 ndB 20.00 dB|
104 ¥ Bw 145.440000000 kHz| ; 1 Bw 149.060000000 kHz|
/ w Q“«a\ctnr 6202.8] 10 T o -G factor 6052.3|
od od A
i I / \
-10 df 7 V\\ 04 Ty o
-20 d 20 di \1\/\
-30 df )
30 d
P Ao .
40 T v -40 df e
", J\IJ\’\/\.
e B sy P
-60 df 60 di
CF 902.2 MHz 691 pts Span 500.0 kHz GF 5053 s 591 pts Span 500.0 Kz
Marker r——
Type | Ref | Trc | X-value | ¥-valie | Function | Function Result Type | Ref [ Trc | X-value | v-value | Function | Function Result
M1 1 902,14356 MHz 10,92 dém ndB down 145,94 kHz val : R T T d TEI
1 1 902.12692 MHz -8.89 dim nde. 20,00 dB : 2 A m nch gown : 2
T2 1 902.27236 MHz -9.25 dBm qQ factor 6202.8 7L 1 902.12547 MHz -12.14 dbm ndB 20.00 d8
T2 1 902.27453 MHz -12.49 dBm Q factor 6052.3
)i Measuring...  [UANERNED e J Measuring.
J
14:41:26
Date:
Spectrum nz: Spectrum nf
Ref Level 30,00 dBm © RBW 3 khz Ref Level 30.00 dBm © RBW 3 kHz
S0dB  SWT 6316 ys @ VBW 10kHz  Mode Auto FFT Att 50dB  SWT 631.6 us @ YBW 10kHz _Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 10.64 dBm| MI[1] 7.93 dBm
0 914.955140 MHz| ; 914.956580 MHZz]|
N ndB 20.00 dB 20 ndB 20.00 dB)|
oa o B 148.340000000 kHz] Bw 143.990000000 kHz
T tor 6168.1 0d factor 6354.1
/ Ly
o i od
Tif
10 d JW \/\ od
-20 df 20 d
-30 df = di
-30
T
B \/Lﬂ ~ \f\v
-40 e 40 d o —
o N
<54 Moo ] g //\M/
s
-60 s0d
CF 015.0 MHz 691 pts Span 500.0 kHz
CF 915.0 MHz 601 pts Span 500.0 kHz
Marker o
Type | Ref | Trc | X-value | v-value | Function | Function Result :r Er‘ Ref [ 1rc | Keval [ veval | Functi I Function Result ‘
M1 914.95514 MHz 10.64 dBm ndB down 148.34 kHz T e S e o e PERTLT
TL 1 914.92402 MHz -0.18 dBm nde 20.00 de - 2 - m N down 2
T2 1 915,07236 MHz -9.36 dém Q factor 6168.1 TL 1 914.52981 MHz -11.48 dem nds 20.00 dB
T T2 1 915.07381 MHz -12.58 dem Q factor 6354.1
Measurin 14:4
] e 144225 7 )i ] Measuring... v gt v
18.SEP.2020
Date: 18. 119
Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 3 kHz Ref Level 30,00 dBm ® RBW 3 kHz
Att 50 dB SWT 631.6 us @ VBW 10kHz Mode Auto FFT 50 dB  SWT 631.6 ps @ VBW 10kHz Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
Mi[1] 10.14 dBm) M1[1] 7.89 dBm)|
0 927.745730 MHz| ; 927.757310 MHZ]
ndB 20.00 dB 20 ndB 20.00 dB|
104 Bw 146.160000000 kHz| ; Bw 144720000000 kHz|
T Q’\La\ttnr 6347.3] 10 f"\/'LJ‘\? factor 6410.8|
s 0d Y
e \,\«
-10 df ‘V\ 104
-20 d - 20d K\
-30 di . [ 30d
i N \'
e 4 . VIS Ji A, (\\
. S
-
-50 df d !
50
60 60 d
CF 927.8 MHz 691 pts Span 500.0 kHz GF 53T I 591 pts Span 500.0 Kz
Marker r——
Type | Ref | Trc | X-valug | ¥-value | Function | Function Result Type | Ref [ Trc | X-value | v-value | Function | Function Result |
[ 1 927,74573 MHz 10.14 dém ndB down 146,16 kHz val : o TS e T d TR
1 1 927.72836 MHz -9.99 dem nde. 20,00 dB : 2 : m nch gown : 2
T2 1 927.87453 MHz -9.80 dBm qQ factor 6347.3 7L 1 927.72909 MHz -12.37 dbm ndB 20.00 d8
T2 1 927.87381 MHz -12.99 dBm Q factor 6410.8
)i P e o

I

] Measuring...

15.00.2020
21:22:40
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4. FSK 150Kbps FHSS, 20dB Bandwidth, 902.4MHz~927.6MHz

Ant. 2#
Low Channel

Ant. 3#
Low Channel

Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 6.25 kHz Ref Level 30,00 dBm ® RBW 6,25 kHz
At 50dB_ SWT 303.7 s ® VBW 20 kHz _Mode Auto FFT 50dB  SWT 303.7 s @ VBW 20 kHz _Mode Auto FFT
@ 1Pk Max @ 1Pk Max
mM1[1] 12.82 dBm| M1[1] 9.86 dBm|
902.398550 MHz 902.400000 MHz
20 d a d 20d
i ndB 20.00 dB| ndB 20.00 dB)|
104 Bw 172.940000000 kHz| ML Bw 174.380000000 kHz|
AA~NQ, factor 5218.1| 10 di - ~Q factor 5174.8]
e " s
od od
~
; 1
-10 -10d
-20 d di /
~+ 20
/ \ e \\
a0 . 30d
ap — 40 \“
|/ A,
-0 50d
-0 60d
CF 902.4 MHz 691 pts Span 500.0 kHz. GF 505 AN 591 pts Span 500.0 Kz
Marker e
Type | Ref | Trc | X-value | v-value | Function | Function Result ar e"‘ [tre] | I on | -
o - 205 S58e5 T N e dou T Type | Ref | Trc X-value Y-value Function Function Result
T 1 S0 311 M 7 dorn b 55,00 db ML 1 902.4 MHz .86 dBm nde down 174.38 kHz
T2 1 902.48394 MHz ~7.13 dem Q factor 5218.1 T 1 902.31245 MHz -10.50 dém nd 20.00 8
e T2 1 902.48683 MHz -10.10 dBm Q factor 5174.8
Measuring... ot
)i [ 154353 7 ] Measuring... Sitew

Mid Channel

Date:

Mid Channel

Spectrum nz: Spectrum nf
Ref Level 30.00 dBm © RBW 6.25 kHz Ref Level 30.00 dBm © RBW 6.25 kHz
50dE  SWT 303.7 ps @ VBW 20 kHz _Mode auto FFT Att 50dB  SWT 303.7 ps ® VBW 20 kHz Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 12.79 dBm) Mil1] 10.12 dBm)|
914.798550 MHz| 914.800000 MHZ|
20 i ndB 20.00 dB| 20d ndB 20.00 dB)|
2 Bw 171.490000000 kHz| ML Bw 173.660000000 kHz|
10 df R - . K
R factor 5334.4] 10 Q factor 5267.7]
N A A PN
AN
od od
T,
¥ T2
10 d 10d
-20 d = 204d
J a0 / S \
-30 df 30d
v \\,\ b
40 A
40 A 404
|~/ bl
-50 df 50 di al
50
-60 s0d
CF 914.8 MHz 691 pts Span 500.0 kHz
CF 914.8 MHz 691 pts Span 500.0 kHz
Marker T
Type | Ref [ Trc | X-value | Y-value | Function | Function Result arker - :
ML T 314 79855 TITs 12,75 dom b down Wy Type | Ref | Tre | X-value | Y-value | Function | Function Result |
e i S1471317 M 57 dBm B 20.00 dB ML 1 914.8 MHz 10.12 dBm ndb down 173.66 kHz
T2 1 914,88466 MHz -6.92 dém Q factor 5334.4 TL 1 914.71317 MHz ~10.06 dBm nds 20.00 dB
e T2 1 914.88683 MHz -9.81 dém Q factar 5267.7
Measuring 15:4
] e 15524 /) ][ ] Measuring... i oD y
18.8EP.2020
Date: 18.
Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 6.25 kHz Ref Level 30,00 dBm ® RBW 6,25 kHz
Att 50dB  SWT 303.7 ys @ VBW 20 kHz  Mode &uto FFT 50 dB  SWT 303.7 ys @ VBW 20 kHz  Mode aAuto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 12.36 dBm M1[1] 10.02 dBm)|
0 927.598550 MHz| 927.600000 MHZ]
ik ndB 20.00 dB 20 ndB 20.00 dB|
10 b Bw 75.830000000 kHz| ; M1 Bw 174.380000000 kHz|
[ “~mQ factor 5275.5] 10 o~ Q factor 5319.3]
- e
od =
T1, od r oy
df T J2
-10 10d 3
20 df 1 \ 20d \
=30 d a 30 di //
fn
B g 0 A
50 s0d
-60 0d
CF 927.6 MHz 691 pts Span 500.0 kHz GFosT e MAs 591 pis Span 500.0 kHz
Marker e
Type | Ref | Trc | X-value | v-value | Function | Function Result ar e"‘ [tre] | I on | - ‘
ey T 527 53855 Tz 22,36 dom ‘b down R EENTT Type | Ref | Trc X-value Y-value Function Function Result
T1 1 927.51027 MHz ~7.70 dBm ndB 20.00 dB ML 1 927.6 MHz nde down 174,38 kiz
T2 1 927.68611 MHz -7.63 dBm Q factor 5275.5 T 1 527.51245 MHz ndg 20.00 8
o T2 1 927.68683 MHz Q factar 5319.3
)i Measurin: L el

I

] Measuring...

15.00.2020
21:58:31
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5. FSK 50Kbps FHSS, 20dB Bandwidth, 902.2MHz~927.8MHz

Ant. 2#
Low Channel

Ant. 3#
Low Channel

Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 3 kHz Ref Level 30,00 dBm ® RBW 3 kHz
Att 50 dB SWT 631.6 us @ VBW 10kHz Mode Auto FFT 50 dB  SWT 631.6 ps @ VBW 10kHz Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
Mi[1] 12.52 dBm) M1[1] 9.56 dBm|
; 902.224600 MHZ| 902.227500 MHZ]
20 w1 ndB 20.00 dB 20 nde 20.00 dB|
o X Bw 107.810000000 kHz| M1 Bw 107.810000000 kHz|
10 J\»N/\JL Q factor 8368.3] 10 df F—qfactor 8368.3|
o ) y e -
di k‘\ T / 2
-10 104 {5
4 A 1 / \
20 f'\JL 20 d FL/ \f\
-30 d A/J 30 d \‘V
-40 i i |
ppd N oy -40 I ATA
e o W
50 df - L P,
PO
60 60 d
N‘:F :uz.z MHz 591 pts Span 500.0 kHz CF 902.2 MHz 691 pts Span 500.0 kHz
arker
Type | Ref | Tre | X-value | v-value | Function | Function Result Marker - -
T T 5022245 TNz 12.52 dom ‘ndB down 0781k Type | Ref | Trc | X-value | Y-value | Function | Function Result
T 1 50214575 MHs 2o dorn Y 25,00 db M1 1 902.2275 MHz 9.56 dbm nde down 107.81 kHz
T2 1 902.25355 MHz -7.37 dem qQ factor 8368.3 7L 1 902.1479 Mz -10.51 dbm ndB 20.00 d8
T T2 1 902.25572 MHz -10.01 dBm Q factor 8368.3
Measuring... [TTTTT) s
)i (| [ w2 T Messarino.. —_—
Date:
Spectrum nz: Spectrum nf
Ref Level 30,00 dBm © RBW 3 khz Ref Level 30.00 dBm © RBW 3 kHz
S0dB  SWT 6316 ys @ VBW 10kHz  Mode Auto FFT Att S0 0B SWT 631.6 s @ VBW 10kHz Mode uto FFT
(@ 1Pk Max (@ 1Pk Max
MI[1] 13.24 dBm| MI[1] 9.39 dBm)
915.024600 MHz| 915.026770 MHZz]|
20 M1 ndB 20.00 dB| 20d ndB 20.00 dB)|
. 1 Y Bw 108.540000000 kHz] M1 Bw 110.710000000 kHz
10 j\,w J\ﬁ\q factor 8430.4] 10d f\/ J o factor i
0 dl T %: Od -
d T /lL
-10 10 d
M/b Ukh 20 ﬁ‘r/ J\
-30 df A/ 304 Y: .
-0 d i i
I~ -40 d
T L, ) ﬂ/J«/ v N
gl
-60 s0d
CF 015.0 MHz 691 pts Span 500.0 kHz
— CF 915.0 MHz 601 pts Span 500.0 kHz
arker
Type | Ref [ Trc | X-value | Y-value | Function | Function Result Marker - :
ML T 515, 0048 HE 13.24 dom b down R Type | Ref | Tre | X-value | Y-value | Function | Function Result |
T i 514 64507 M e ea dam S 5500 do M1 1 915.02677 MHz 9.39 dbm ndB down 110.71 kHz
T2 1 915,05355 MHz -6.80 dBm Q factor 84304 TL 1 914.94645 MHz -10.89 dem nds 20.00 dB
e T2 1 915.05716 MHz -10.97 dém Q factor 8265.1
— 09;
)il easurini (] 11135/ N T Measuring.. ™ Tz y
18.SEP.2020
Date: 18.SEF.2020 22:33:16
Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 3 kHz Ref Level 30,00 dBm ® RBW 3 kHz
Att 50 dB SWT 631.6 us @ VBW 10kHz Mode Auto FFT 50 dB  SWT 631.6 ps @ VBW 10kHz Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
Mi[1] 11.92 dBm) M1[1] 9.50 dBm)|
w0 a 927.773950 MHZ| 927.776850 MHZ]
o ndB 20.00 dB 20 ndB 20.00 dB|
o X 1 Bw 108.540000000 kHz| M1 Bw 109.990000000 kHz|
10 )[u \L Q factor 8547.9] 10 df ﬁ Q factor 8435.4]
0d L L
T o od -
K T 2
-10 df 7 104 1
i /
20 d
f L
) C T 0
30 f\/ 30 d
f I i M
4 di
i N M/ w}f» ) t
wd WA Ml L\,f\"
50 d
60 60 d
CF 927.8 MHz 691 pts Span 500.0 kHz GF 53T I 591 pts Span 500.0 Kz
Marker e
Type | Ref | Trc | X-value | v-value | Function | Function Result arer - -
T T 527, 77395 Wiz 11,92 dom ‘ndB down NI Type | Ref | Trc | X-value | Y-value | Function | Function Result |
T 1 557 74501 MHs Z5iie dorn Y 25,00 db M1 1 927.77685 MHz 9.50 dBm nde down 109.95 kHz
T2 1 927.85355 MHz -7.80 dBm qQ factor 8547.9 7L 1 927.74718 MHz -10.10 dbm ndB 20.00 d8
T T2 1 927.85716 MHz -10.82 dBm Q factor 8435.4
S TTx

I J
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6. FSK 250Kbps FHSS, 20dB Bandwidth, 902.5MHz~927.5MHz

Ant. 2#
Low Channel

Ant. 3#
Low Channel

Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 10 kHz Ref Level 30,00 dBm ® RBW 10 kHz
Att 50 dB  SWT 189.6 us @ VBW 30kHz  Mode Auto FFT 50 dB  SWT 189.6 ps @ VBW 30 kHz Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 13.28 dBm M1[1] 10.27 dBm)|
y 902.50000 MHz 902.50140 MHz|
20 M1 ndB 20.00 dB 20 nds 20.00 dB)|
B 282.200000000 kHz| b3 Bw 279.300000000 kHz|
104d 10 di
~=Q factor 3198.1] //f N "~ @ factor 3231.2
od 1 ~ 0 di
T \\7
10 d \ -10d
-20 df /\ 20 d \
fon
=30 d 30 d (V Rj\l
-40 dl
T A\ 40
e e AT
=0
-60 d 0d
CF 902.5 MHz 691 pts Span 1.0 MHz GF o075 MAs 591 pis Span L0 Wz
Marker e
Type | Ref | Trc | X-value | v-value | Function Function Result ar e"‘ [tre] | I on | -
ey T G 528 o ‘b down T Type | Ref | Trc X-value Y-value Function Function Result
1 1 5023562 MHe e be dom b 20.00 dB ML 1 902,5014 MHz 10,27 dém ndb down 279.3 kHz
T2 1 9026404 MHz -7.03 dBm qQ factor 3198.1 7L 1 902.3596 Mz .63 dBm ndB 20.00 dB
o T2 1 902.6389 MHz -9.59 dBm Q factar 3231.2
Measuring... s
H 183231 J Measuring... [ ] it 4
Date:
Spectrum nz: Spectrum nf
Ref Level 30.00 dBm © RBW 10 kHz Ref Level 30.00 dBm © RBW 10 kHz
S0dB  SWT 189.6 ys @ VBW 30kHz _Mode Auto FFT Att 50dB  SWT 189.6 ys @ VBW 30 kHz _Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 13.28 dBm) Mil1] 10.51 dBm)|
914.99860 MHz| 915.00140 MHz|
20 L nds 20.00 dB 2od ndB 20.00 dB)|
b By 280.800000000 kHz v Bw 282.200000000 kHz]
10 df ) - B E
-Q factor 3259.1 10 /M o Q factor 3242.4
od 5T od
1, 2
-10 d 10d
/ \ N /
-20 d A 204d
T [ Y
-30 df il
-30d
4 P AN
-40 A a0d A
A Y
W e syymat Wf V\’\\_f‘/\
-60 s0d
CF 915.0 MHz 691 pts Span 1.0 MHz
CF 915.0 MHz 691 pts Span 1.0 MHz
Marker T
Type | Ref [ Trc | X-value | Y-value | Function | Function Result arker - -
ML T 514 9955 He 13.28 dom b down 2805 ke Type | Ref | Tre | X-value | Y-value | Function | Function Result |
e i 148565 MHs et dom B 20.00 db ML 1 915.0014 MHz 51 dBm ndb down 262.2 kHz
T2 1 9151389 MHz -6.51 dBm Q factor 3250.1 T 1 S14.8596 MHz 60 dém nds 20.00d8
TR T2 1 915.1418 MHz 65 dim Q factar 3242.4
Measuring 18:3
] e 193329 /) ][ ] Measuring... i g v
18.SEP.2020 18:33:29
Date: 18.
Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 10 kHz Ref Level 30,00 dBm ® RBW 10 kHz
Att 50 dB  SWT 189.6 us @ VBW 30kHz  Mode Auto FFT 50 dB  SWT 189.6 ps @ VBW 30 kHz Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 12.83 dBm M1[1] 10.52 dBm)|
0 927.50000 MHz 927.50140 MHz|
L ndB 20.00 dB| 20 ndB 20.00 dB)|
; Bw 276.400000000 kHz ML Bw 276.400000000 kHz|
10 T [ VAN Q factor 3355.5] 10d N Q factor 3355.5]
od od
vlf/. % T \\4‘7,
10 d -10d
, / /
20 di
J . -20
S A I e
-30 di - 30d / ~
/
-40d
L/ LSVNAY i
iy P A fh \
0
-60 -60d
CF 927.5 MHz 691 pts Span 1.0 MHz AT 591 pis Span L0 Wz
Marker e
Type | Ref | Trc | X-value | v-value | Function | Function Result ar e"‘ [tre] | I on | - ‘
ey T 7 S e 2B ‘b down T Type | Ref | Trc X-value Y-value Function Function Result
1 1 557 3611 MH= 207 dom b 20.00 db ML 1 927.5014 MHz 10,52 dém ndb down 276.4 kHz
T2 1 927.6375 MHz -7.05 dBm Q factor 3355.5 T 1 £27.3625 MHz ndg 20.00 8
T T2 1 927.6389 MHz Q factar 3355.5
)i Measurin (] tesasa 7

] Measuring...

15.00.2020
23:01:10
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4.1.3 99% Emission Bandwidth M easur ement

Result:

Test Specification
Test standard
Basic standard
Kind of test site

Test Setup

Date of testing

Input voltage
Operational mode
Test channel
Temperature

Relative humidity
Atmospheric pressure

Pass

RSS Gen Issue 5 March 2019, ctdse
ANSI C63.10: 2013, clause 6.9.3
Shielded Room

2020.09.18-2020.09.19
DC 4.5V
Mode A
Lo, Mi, Hi
19°C
55%
101 kPa

Table 3 Test result of 99% Emission Bandwidth for BLE, LoRa DTS, LoRa FHSS and FSK

FHSS
Modulation Type and Operation Ant. Channel Channel Bandwidth
band No. Frequency (kHz)
(MH2z)

1. BLE 1# Low Channel 2402 1037.63
2402MHz~2480MHz Mid Channel 2440 1037.63
99% Emisson Bandwidth High Channel 2480 1037.63

2. LoRa 500kHz DTS 2# Low Channel 902.5 500.72
902.5MHz~926.5MHz Mid Channel 914.5 515.20
99% Emisson Bandwidth High Channel 926.5 503.62

3# Low Channel 902.5 506.51
Mid Channel 914.5 518.09
High Channel 926.5 509.41

3. LoRa 125kHz FHSS 2# Low Channel 902.2 125.90
902.2MHz~927.8MHz Mid Channel 915 125.90
99% Emisson Bandwidth High Channel 927.8 125.90

3# Low Channel 902.2 126.63
Mid Channel 915 128.08
High Channel 927.8 125.90

4. FSK 150Kbps FHSS 2# Low Channel 902.4 159.19
902.4MHz~927.6MHz Mid Chalnnel 914.8 157.74
99% Emisson Bandwidth High Channel 927.6 159.19

3# Low Channel 902.4 157.74
Mid Chalnnel 914.8 157.02
High Channel 927.6 159.91
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5. FSK 50Kbps FHSS 2# Low Channel 902.2 103.47
902.2MHz~927.8MHz Mid Channel 915 103.47
99% Emisson Bandwidth High Channel 927.8 104.20

3# Low Channel 902.2 102.75
Mid Channel 915 104.20
High Channel 927.8 103.47

6. FSK 250Kbps FHSS 2# Low Channel 902.5 253.26
902.5MHz~927.5MHz Mid Channel 915 253.26
99% Emisson Bandwidth High Channel 927.5 251.81

3# Low Channel 902.5 253.26
Mid Channel 915 253.26
High Channel 927.5 251.81
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Figure 2: 99% Emission Bandwidth M easurement

1. BLE, 99% Emission Bandwidth, 2402MHz~2480MHz

Low Channel, Ant. 1# Mid Channel, Ant. 1#

Spectrum :21 Spectrum “g’
Ref Level 23.00 dBm © RBW 30 kHz Ref Level 23.00 dBm © RBW 30 kHz
Att 40dB_ SWT 63.2 s @ VBW 100KkHz Mode Auto FFT Att 40dB  SWT 63,2 us @ VBW 100 kHz  Mode Auto FFT
@ 1Pk Max @ 1Pk Max
20 M1[1] -0.56 dBm)| 20 di M1[1] -0.54 dBm)|
2.40201300 GHz 2.44001300 GHz|
Occ Bw 1.037626628 MHz occ Bw 1.037626628 MHZ|
10 df 10d
M1 M1
od o di
-10d \L' 10 d Y \M
TN N /T’i T?y-\lf v | T2
204 ] a0 5 A
. / \ - / \w
g oan |
.
_SQd di
B S0 dem-
-60 d P
60
70 df
70 d
CF 2.402 GHz 691 pts Span 3.0 MHz
Y CF 2,44 CHz 691 pts Span 3.0 MHz
Measuring...  CRERENAND W6 23ass? R TITET T
)il e v ]
Date: 10.SEP.2020 23:46:53

Date: 19.SEF.2020 23:43:40

High Channel, Ant. 1#

Spectrum by
Ref Level 23.00 dBm @ RBW 30 kHz
Att 40 dB SWT 63.2 ps @ VBW 100 kHz  Mode Auto FFT
@ 1Pk Max
20 di M1[1] -0.48 dBm)|
2.48001300 GHz|
Occ Bw 1.037626628 MHz|
10 di
M1
o
0d
y\/f LN \ 12
0 A
-30 \
ou NS /]
-50 df
-60 di
-70 di
CF 2.48 GHz 691 pts Span 3.0 MHz
TE0020%0
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2. LoRa 500kHz DTS, 99% Emission Bandwidth, 902.5MH26-8MHz

Ant. 2#
Low Channel

Ant. 3#
Low Channel

Date:

Mid Channel

16.SEP.2020 1€:26:01

" o
Spectrum :21 Spectrum A
Ref Level 30.00 dBm ® RBW 10 kHz Ref Level 30.00 dBm @ RBW 10 kHz
Att 45 dB  SWT 189.5 us @ VBW 30kHz  Mode Auto FFT 45 dB  SWT 189.5 ps @ VBW 30 kHz  Mode Auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 9.78 dBm)| Mi[1] 6.51 dBm|
902.32630 MHz 902.32630 MHz
20d Occ Bw 500.723589002 kHz 20 di Occ Bw 506.512301013 kHz|
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Measuring... iy a frr P— I

Date:

18.SEF.2020 21:

EER
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High Channel

o=
Spectrum nf Spectrum A
Ref Level 30.00 dBm © RBW 10 kHz Ref Level 30.00 dBm © RBW 10 kHz
45 dB_ SWT 180.5 ys @ VBW 30 kMz _ Mode Auto FFT att 458 SWT 169.5 s @ VBW 30 kHz  Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 9.79 dBm| M1[1] 6.53 dBm|
914.32630 MHZ2| 914.28870 MHz|
20 d OccBw 515.195369030 kHz| 20d Occ Bw 518.089725036 kHz
10d d
A 10
ST s
) H \.{\ B Aﬂ
-0 d /\/ \ -10d \
-20 df o0 d J\\
N
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5 v iy 40 Vo,
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T g... I 192903 /) i Measuring...  MRRRRNALD W o y
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Date: 18.SEP.2020 09:11
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Date: 14.SEP.2020

‘| o
Spectrum :21 Spectrum A
Ref Level 30.00 dBm ® RBW 10 kHz Ref Level 30,00 dBm @ RBW 10 kHz
Att 45 dB  SWT 189.5 us @ VBW 30kHz  Mode Auto FFT 45 dB  SWT 189.5 ps @ VBW 30 kHz  Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
M1[1] 9.32 dBm)| Mi[1] 6.84 dBm)|
926.32630 MHz 926.32630 MHz
20 df Occ Bw 503.617945007 kHz 20 di Occ Bw 509.406657019 kHz|
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od f 0 d wﬁ
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s \ T
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3. LoRa 125kHz FHSS, 99% Emission Bandwidth, 902.2\M$2~8MHz

Ant. 2#
Low Channel

Ant. 3#
Low Channel

Spectrum :21 Spectrum “f
Ref Level 30.00 dBm ® RBW 3 kHz Ref Level 30,00 dBm @ RBW 3 kHz
Att 45dB  SWT 631.6 us @ YBW 10kHz Mode Auto FFT Att 45 dB  SWT 631.6 ps @ VBW 10kHz Mode Auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 10.60 dBm) M1[1] 7.58 dBm|
902.155140 MHz| 902.147180 MHZ|
20 di Occ Bw 125.904486252 kHz| 20 di occ By 126.628075253 kHz]
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]‘[ Measuring...  {UARERAND Wk 1aass pre— i o, 18.00.2020 P
L 212353
Date: 13.SEF.2020 21:23:51
Spectrum nf Spectrum nf
Ref Level 30.00 dBm @ RBW 3 kHz Ref Level 30.00 dBm @ RBW 3 kHz
Att 4508 SWT 631.6 ys @ VBW 10kHz Mode Auto FFT Att 45 dB  SWT 631.6 ps @ YBW 10kHz Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
M1[1] 10.60 dBm) M1[1] 7.86 dBm|
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Spectrum :21 Spectrum “f
Ref Level 30.00 dBm ® RBW 3 kHz Ref Level 30,00 dBm @ RBW 3 kHz
Att 45dB  SWT 631.6 us @ YBW 10kHz Mode Auto FFT Att 45 dB  SWT 631.6 ps @ VBW 10kHz Mode Auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 10.07 dBm) M1[1] 7.82 dBm|
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4. FSK 150Kbps FHSS, 99% Emission Bandwidth, 902.4V327~6MHz

Ant. 2#
Low Channel

Ant. 3#

Low Channel

‘l o
Spectrum :21 Spectrum A
Ref Level 30.00 dBm ® RBW 6.25 kHz Ref Level 30,00 dBm ® RBW 6,25 kHz
Att 45dB  SWT 303.7 ys @ VBW 20 kHz  Mode &uto FFT 45 dB  SWT 303.7 ys @ VBW 20 kHz  Mode aAuto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 12.73 dBm) Mi[1] 9.78 dBm|
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Date: 13.SEP.2020 22:12:11
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Att 45 dB  SWT 303.7 ys @ VBW 20 kHz  Mode 4uto FFT
(@ 1Pk Max (@ 1Pk Max
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) 9 » v 1565z ) i - y
2020 15:46:53
Date: 18.SEP.2020 22:11:47

High Channel

Date: 18.SEP.2020 15:47:19

‘| o
Spectrum :21 Spectrum A
Ref Level 30.00 dBm ® RBW 6.25 kHz Ref Level 30,00 dBm ® RBW 6,25 kHz
Att 45dB  SWT 303.7 ys @ VBW 20 kHz  Mode &uto FFT 45 dB  SWT 303.7 ys @ VBW 20 kHz  Mode aAuto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 12.33 dBm) Mi[1] 9.94 dBm|
927.598550 MHz| 927.600000 MHZ|
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5. FSK 50Kbps FHSS, 99% Emission Bandwidth, 902.2MR2Z~8MHz

Ant. 2# Ant. 3#
Low Channel Low Channel

‘l o
Spectrum :21 Spectrum A
Ref Level 30.00 dBm ® RBW 3 kHz Ref Level 30.00 dBm @ RBW 3 kHz
Att 45dB  SWT 631.6 us @ YBW 10kHz Mode Auto FFT Att 45 dB  SWT 631.6 ps @ VBW 10kHz Mode Auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 12.41 dBm M1[1] 9.35 dBm|
902.223880 MHz| 902.176850 MHZ|
20 di Occ Bw 103.473227207 kHz| 20 di occ By 102.749638206 kHz
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104 jA X\ 0 (\
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Date: 13.SEF.2020 22

Mid Channel

Mid Channel
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Ref Level 30.00 dém ® RBW 3 kHz

Ref Level 30.00 dém ® RBW 3 kHz
Att 45 dB SWT 6316 ps ® VBW 10 kHz Mode Auto FFT Att 45 dB  SWT 631.6 s @ VBW 10 kHz  Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
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P
Date: 18.SEP.2020 22:32:37

High Channel
(reanm ) (F)

High Channel
(Srecram ) (=)

Ref Level 30.00 dém ® RBW 3 kHz

Ref Level 30,00 dBm ® RBW 3 kHz
Att 45dB  SWT 631.6 us @ YBW 10kHz Mode Auto FFT Att 45 dB  SWT 631.6 ys ® VBW 10kHz _Mode Auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 11.98 dBm| M1[1] 9.62 dBm|
927.824600 MHz| 927.776850 MHZ]
20 df Occ Bw 104.196816208 kHz| 20 d Occ Bw 103.473227207 kHz|
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6. FSK 250Kbps FHSS, 99% Emission Bandwidth, 902.5M32z~5MHz

Ant. 2# Ant. 3#
Low Channel Low Channel
Spectrum @ Spectrum @

Ref Level 30.00 dBm ® RBW 10 kHz Ref Level 30.00 dBm @ RBW 10 kHz
Att 45 dB  SWT 189.6 us @ VBW 30kHz Mode Auto FFT 45 dB  SWT 189.6 ys @ VBW 30 kHz  Mode Auto FFT
(@ 1Pk Max @ 1Pk Max
M1[1] 13.22 dBm) Mi[1] 10.20 dBm|
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Ref Level 30.00 dém ® RBW 10 kHz Ref Level 30.00 dém ® RBW 10 kHz

45dB _ SWT 189.6 us @ VBW 30kHz Mode Auto FFT Att 45dB  SWT 1896 s @ VBW 30kHz Mode Auto FFT
(@ 1Pk Max (@ 1Pk Max
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Ref Level 30.00 dBm ® RBW 10 kHz Ref Level 30.00 dBm @ RBW 10 kHz
Att 45 dB  SWT 189.6 us @ VBW 30kHz Mode Auto FFT 45 dB  SWT 189.6 ys @ VBW 30 kHz  Mode Auto FFT
(@ 1Pk Max @ 1Pk Max

M1[1] 12.79 dBm Mi[1] 10.47 dBm|
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4.1.4 Maximum Peak Conducted Output Power
Result:

Test Specification

Test standard FCC Part 15.247(b)(2), (3)

Pass

RSS-247 Issue 2 February 2017 Clause 5.4(a), (d)

Basic standard

ANSI C63.10: 2013, clause 11.9.1

KDB558074 D01v05r02, clause 8.3.1.3

Limits

902-928MHz and 2400-2483.5MHz;
Not more than 1Watt(30dBm) for FHSS with at least

50 hopping channels in the band 902-928MHz

Kind of test site Shielded Room

Test Setup
Date of testing 2020.09.18-2020.09.19
Input voltage DC 4.5V
Operational mode Mode A
Test channel Lo, Mi, Hi
Temperature 19°C
Relative humidity 55%
Atmospheric pressure 101 kPa

Not more than 1Watt(30dBm) for DTS in the band

Table 4: Test result of Maximum Peak Output Power for BLE, LoRa DTS, LoRa FHSS and

FSK FHSS

Modulation Type and Ant. Channel Channel Peak Output Limit

Operation band No. Frequency Power (dBm)
(MHz) (dBm)

1. BLE 1# Low Channel 2402 1.85 30
2402MHz~2480MHz Mid Channel 2440 1.87 30
High Channel 2480 1.91 30
2. LoRa 500kHz DTS 2# Low Channel 902.5 13.39 30
902.5MHz~926.5MHz Mid Channel 914.5 13.34 30
High Channel 926.5 13.13 30
3# Low Channel 902.5 10.40 30
Mid Channel 914.5 10.61 30
High Channel 926.5 10.61 30
3. LoRa 125kHz FHSS 2# Low Channel 902.2 13.25 30
902.2MHz~927.8MHz Mid Channel 915 13.22 30
High Channel 927.8 12.74 30
3# Low Channel 902.2 10.33 30
Mid Channel 915 10.86 30
High Channel 927.8 10.53 30
4. FSK 150Kbps FHSS 2# Low Channel 902.4 13.32 30
902.4MHz~927.6MHz Mid Channel 914.8 13.29 30
High Channel 927.6 12.80 30
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3# Low Channel 902.4 10.36 30

Mid Channel 914.8 10.56 30

High Channel 927.6 10.53 30

5. FSK 50Kbps FHSS 2# Low Channel 902.2 13.64 30
902.2MHz~927.8MHz Mid Channel 915 13.65 30
High Channel 927.8 13.16 30

3# Low Channel 902.2 10.67 30

Mid Channel 915 10.95 30

High Channel 927.8 10.94 30

6. FSK 250Kbps FHSS 2# Low Channel 902.5 13.59 30
902.5MHz~927.5MHz Mid Channel 915 13.57 30
20dB Bandwidth High Channel 927.5 13.11 30

3# Low Channel 902.5 10.60 30

Mid Channel 915 10.86 30

High Channel 927.5 10.83 30
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Figure 3: Maximum peak Conducted Output Power

1. BLE, Maximum Peak Conducted Output Power, 2402MHBaAHz
Low Channel, Ant. 1# Mid Channel, Ant. 1#

Spectrum :21 Spectrum “f
Ref Level 23.00 dBm ® RBW 2 MHz Ref Level 23,00 dBm © RBW 2 MHz
Att 40dB  SWT 1ms @ VBW §MHz Mode Auto Sweep Att 40dB  SWT 1ms @ VBW 5 MHz _Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
20 M1[1] 1.85 dBm| 20 di M1[1] 1.87 dBm)|
2.40174380 GHz 2.43979160 GHZ|
10 df 10d
1
a M1
0 dBm—— — od — —
|- —] | O dBm— —
10 df 10 d
-20 df -20 d
-30 df 30 d
-40 a0d
-50 S04
-60 d P
60
70 df
70 d
CF 2.402 GHz 691 pts Span 3.0 MHz
R U CF 2,44 CHz 691 pts Span 3.0 MHz
Measurin g WHARERAEN e s i T ™) To0.2020
Date: 10.SEP.2020 23:51:32

High Channel, Ant. 1#

Ref Level 23.00 dém ® RBW 2 MHz
Att

[© 1Pk Max
20 d

40dB  SWT 1ms @ VBW 5MHz Mode Auto Sweep

M1[1] 1.91 dBm)

2.48001010 GHz|

CF 2.48 GHz 691 pts Span 3.0 MHz

) mwa 00

Date: 18.SEP.2020 23:50:33
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2. LoRa 500kHz DTS, Maximum Peak Conducted Output Po9@2.5MHz~926.5MHz

Ant. 2# Ant. 3#
Low Channel Low Channel

Spectrum :21 Spectrum “g’
Ref Level 30.00 dém @ RBW 1 MHz Ref Level 30,00 dBm @ RBW 1 MHz
Att 50dB  SWT 1ms @ VBW 3MHz Mode Auto Sweep Att 50dB  SWT 1ms @ VBW 3 MHz Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
M1[1] 13.39 dBm) Mi[1] 10.40 dBm|
902.44360 MHz 902.43920 MHz
20d 20 di
M1
I — | M1
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T /// \‘\
0 dBm 0 dBm—
7
-10 di -10 df
20 df -20 d
30 di -30 di
40 40 d
-50 df
-50 di
-60 d
-60 d
CF 902.5 MHZ 691 pts Span 3.0 MHz
A ——— CF 902.5 MHz 691 pts Span 3.0 MHz
Measuring... ra P
9. iaz224 g J L J Measurin.

020
21:

7
Date: 10.SEP.2020 14:2

Date: 19.SEF.2020 21:10:18

Mid Channel Mid Channel

Spectrum nz: Spectrum nf
Ref Level 30.00 dBm © RBW 1 MHz Ref Level 30.00 dBm  RBW 1 MHz
50dB SWT 1ms @ VBW 3 MHz _Mode Auto Sweep At 50dE  SWT 1ms @ VBW 3 MHz Mode Auto Sweep
(@ 1Pk Max (@ 1Pk Max
M1[1] 13.34 dBm)| M1[1] 10.61 dBm)|
914.61290 MHZ2| 914.67800 MHz|
20 d 20d
M1
L > | M
10d ~ 10d —— =
I P I
0 dB- 0d o Bt
e = —
o h
-0 d 104
20 d 04
a0 30d
-40 40 d
-s0 o
-60 df
60d
CF 914.5 MHz 691 pts Span 3.0 MHz
T a8 0000020 SEQLA s Mz 691 pts Span 3.0 MHz
Measuring... [NRNNND 14:215
1 L[ [ el i Measuring... @UMRRNNED WG =
P.2020  14:21:40

Date: 18.5EP.2020 21:10:49

High Channel High Channel

Spectrum :21 Spectrum “g’
Ref Level 30.00 dém ® RBW 1 MHz Ref Level 30,00 dBm @ RBW 1 MHz
Att 50dB  SWT 1ms @ VBW 3MHz Mode Auto Sweep Att 50dB  SWT 1ms @ VBW 3 MHz Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
M1[1] 13.13 dBm) Mi[1] 10.61 dBm|
926.38710 MHz 926.27860 MHz
20d 20 di
M1
L 2 M1
0d 10d = X
L e — \-\.\\(
oo o0 —
-10 di -10 df
20 df -20 d
30 di -30 di
-40 40d
-50 df
-50 di
-60 d
-60 d
CF 926.5 MHZ 691 pts Span 3.0 MHz
m— A ——— CF 926.5 MHz 691 pts Span 3.0 MHz
i e 0.20. — e ——
]'[ gk 12107 JL J Measurin.
Date: 10.SFP.2020 14:21:08
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3. LoRa 125kHz FHSS, Maximum Peak Conducted OutputdP0®02.2MHz~927.8MHz

Ant. 2#
Low Channel

Ant. 3#

Low Channel

Date:

Mid Channel

16.SEP.2020 14:55:

Date: 13

LSEF.2020 21:

Mid Channel
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4. FSK 150Kbps FHSS, Maximum Peak Conducted OutputeP,c®02.4MHz~927.6MHz
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5. FSK 50Kbps FHSS, Maximum Peak Conducted Output Pd&02.2MHz~927.8MHz
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6. FSK 250Kbps FHSS, Maximum Peak Conducted Outputelbd®?2.5MHz~927.5MHz
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4.1.5 Equivalent | sotropically Radiated Power

Result:

Test Specification
Test standard
Basic standard
Limits

Kind of test site

Test Setup

Date of testing
Input voltage
Operational mode
Test channel

Temperature
Relative humidity
Atmospheric pressure

Pass

RSS-247 Issue 2 February 2017 €@d¢a), (d)
ANSI C63.10: 2013, clause 9.5

Not more than 4Watt(36dBm) for DTS in thand
902-928MHz and 2400-2483.5MHz;
Not more than 4Watt(36dBm) for FHSS system with

at least 50 hopping channels in the band 902-
928MHz
Shielded Room

2020.09.18-2020.09.19
DC 4.5V

Mode A

Lo, Mi, Hi

19°C
55%

101 kPa
Table5: Test result of E.I.R.P. for BLE, LoRaDTS, LoRaFHSS and FSK FHSS

Modulation Type and | Ant. Channel Channe| Peak | Ant. | E.LLR. | Limit
Operation band No. Frequenc Output | Gain P. | (dBm)
y (MHz) | Power | (dBi) | (dBm)
(dBm)
1. BLE 1# | Low Channel 2402 1.85 3.26 5.11 36
2402MHz~2480MHz Mid Channel 2440 1.87 3.26 5.18 34
High Channel 2480 1.91 3.26 5.17 36
2. LoRa 500kHz DTS 2# | Low Channel 902.5 13.3¢ 1.G 14.89 34
902.5MHz~926.5MHz Mid Channel 914.5 13.34 1.0 14.34 36
High Channel 926.5 13.13 1.0 14.13 36
3# | Low Channel 902.5 10.4d0 1.1 11.50 3f
Mid Channel 914.5 10.61 1.1 11.71 36
High Channel 926.5 10.61 1.1 11.71 36
3. LoRa 125kHz FHSS | 2# | Low Channel 902.2 13.25 1.0 14.25 3f
902.2MHz~927.8MHz Mid Channel 915 13.22 1.0 14.22 34
High Channel| 927.8 12.74 1.0 13.74 36
3# | Low Channel 902.2 10.33 1.1 11.43 34
Mid Channel 915 10.86 1.1 11.96 36
High Channel 927.8 10.53 1.1 11.638 36
. FSK 150Kbps FHSS | 2# | Low Channel 902.4 13.32 1.G 14.82 34
902.4MHz~927.6MHz Mid Channel 914.8 13.29 1.0 14.29 36
High Channel 927.6 12.80 1.0 13.80 36
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3# | Low Channel 902.4 10.36 1.1 11.46 3f
Mid Channel 914.8 10.56 1.1 11.66 36
High Channel| 927.6 10.53 1.1 11.68 36
5. FSK 50Kbps FHSS 2# | Low Channel 902.2 13.64 1.0 14.64 3f
902.2MHz~927.8MHz Mid Channel 915 13.65 1.0 14.65 36
High Channel| 927.8 13.16 1.0 14.16 36
3# | Low Channel 902.2 10.67 1.1 11.y7 34
Mid Channel 915 10.95 1.1 12.05 36
High Channel 927.8 10.94 1.1 12.04 36
6. FSK 250Kbps FHSS | 2# | Low Channel 902.5 13.5¢ 1.G 14.59 34
902.5MHz~927.5MHz Mid Channel 915 13.57 1.0 14.57 36
High Channel 927.5 13.11 1.0 14.11 36
3# | Low Channel 902.5 10.60 1.1 11.Y0 3f
Mid Channel 915 10.86 1.1 11.96 34
High Channel| 927.5 10.83 1.1 11.98 36
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4.1.6 Peak Power Spectral Density

Result:

Test Specification
Test standard

Basic standard

Limits
Kind of test site

Test Setup

Date of testing

Input voltage
Operational mode
Test channel
Temperature

Relative humidity
Atmospheric pressure

FCC Part 15.247(e)
RSS-247 Issue 2 February 2017 Clause 5.2(b)

ANSI C63.10: 2013, clause 11.10.2
KDB558074 D01v05r02, clause 8.4
Not more than 8 dBm in any 3 kHz band

Shielded Room

2020.09.18

DC 4.5V
Mode A

Lo, Mi, Hi

19°C
55%
101 kPa

Table6: Test result of Power Spectral Density for BLE, LoRaDTS

Pass

Modulation Type and Ant. Channel Channe|l Measured Limit | Resul
Operation band No. Frequenc| Power Densityl (dBm) t
y (MHZ2) (dBm)
1. BLE 1# Low Channel 2402 -15.12 8.0 Paks
2402MHz~2480MHz Mid Channel 2440 -15.08 8.0 Pags
High Channel 2480 -14.99 8.0 Pags
2. LoRa 500kHz DTS 2# Low Channel 902.5 0.70 8.0 Pags
902.5MHZz~926.5MHZ Mid Channel 914.5 0.95 8.0 Pags
High Channel 926.5 0.77 8.0 Pags
3# Low Channel 902.5 -1.96 8.0 Pags
Mid Channel 914.5 -2.47 8.0 Pags
High Channel 926.5 -2.06 8.0 Pags
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Figure 4: Power Spectral Density

1. BLE, PSD, 2402MHz~2480MHz
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2. LoRa 500KHz DTS, PSD, 902.5MHz~926.5MHz
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4.1.7 Conducted Spurious Emissions Measured in 100 kHz Bandwidth

Test Specification
Test standard . FCC Part 15.247(d)

RSS-247 Issue 2 February 2017 Clause 5.5
Basic standard - ANSI C63.10: 2013, 14.3.3(Spurjous

ANSI C63.10: 2013, 6.10(Band edge)
KDB 558074 DO1 v05r02, clause 8.5

Limits . 20dB (below that in the 100kHz bandwidtkthin
the band that contains the highest level of the
desired power);

Kind of test site . Shielded Room
Test Setup
Date of testing : 2020.09.18-2020.09.19
Input voltage . DC4.5V
Operational mode . Mode A, Mode B
Test channel : Lo, Mi, Hi
Temperature . 19°C
Relative humidity . 55%
Atmospheric pressure : 101 kPa

All emissions are more than 20dB below fundamewtatpliance is achieved as well.
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Figure5: Conducted Spurious Emission
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