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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
414  MAXIMUM PEAK CONDUCTED OUTPUT POWER
Result:
Pass
4.1.5  EQUIVALENT ISOTROPICALLY RADIATED POWER
Result:
Pass
4.1.6  POWER SPECTRAL DENSITY
Result:
Pass
4.1.7 CONDUCTED SPURIOUS EMISSIONS MEASURED IN 100 KHZ BANDWIDTH
Result:
Pass
4.1.8 CARRIER SEPARATION MEASUREMENT
Result:
Pass
4.1.9 THE NUMBER OF HOPPING CHANNELS
Result:
Pass
4.1.10 DWELL TIME
Result:
Pass
4.1.11 CONDUCTED EMISSION
Result:
Pass
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, No.1188 Zhongguan Road,

Zhenhai District, Ningbo 315200 P.R. China.

The used test equipment is in accordance with CISPR 16-1 series standards for measurement of

radio interference.

1.2 List of Test and Measurement Instruments

Table 1: List of Test and Measurement Equipment

No. Equipment Model Inventory no. | Last cal. date |[Cal. due date
1. EMI test receiver ESR7 101929 2019.11.26 | 2020.11.25
2. Spectrum analyzer FSV40 101412 2019.11.26 | 2020.11.25
3. Pre-amplifier SCU-18F 180051 2019.11.26 | 2020.11.25
4. Horn antenna HF907 102653 2017.08.03 | 2020.08.02
5. Bilog Antenna CBL6112D 49033 2018.04.13 | 2021.04.12
6. EMI receiver ESR3 102331 2019.11.26 | 2020.11.25
7. LISN ENV216 102250 2019.11.26 | 2020.11.25
1.3 Measurement Uncertainty

Test Item Expanded Measurement Uncertainty

(k=2)

Conducted Emission (9-150kHz) 3.70dB

Conducted Emission (150k-30MHz) 3.30dB

Radiated Emission (30-1000MHz) 4.52dB

Radiated Emission (1-18GHz) 4.37dB
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2 General Product Information

2.1 Product Function and Intended Use

The EUT(equipment under test) is a Smart Lightbulb which support Bluetooth, LoRa DTS,
LoRa FHSS and FSK HFSS function operated at 2400-2483.5MHz and 902-928MHz
respectively. For the further information, refer to the user’s manual.

Model list:
Model Color Function FCC ID/IC
name Temperature
SATIS3 | 3500K Block A: BLE operated at 2.4GHz | FCC ID: 2AEUPRB19001
Block B: LoRa DTS, LoRa FHSS | IC: 20271-RB19001
5AT3S4 | 2700K and FSK FHSS operated at 902-
928MHz

2.2 Ratings and System Details

Operating Voltage
Rated current

Rated power

Protection Class
In electrical characteristics, all models are the same except color temperature aspects.
Therefore the model SAT3S4 was selected to be tested in this report. Refer to the user’s
manual for further information.

120Vac, 60Hz For all models
75mA For all models
8.5W For all models
Class 11 For all models

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 -20°C ~ 40°C

Modulation GFSK

Antenna Type Monopole Antenna
Antenna Gain(dBi) 2.44

Channel 0~39

Technical Specification of LoRa DTS

Technical Specification

LoRa DTS 500KHz | LoRa DTS 500KHz
902.5-926.5MHz 903-914.2MHz

LoRa DTS 500KHz
923.3-926.9MHz

Operating Frequency band | 902 — 928 MHz

Extreme Temperature -20°C ~40°C
Range

Bandwidth(KHz) 500

Modulation LoRa DTS
Antenna Type Monopole Antenna
Antenna Gain(dBi1) -1.69

Channel Separation (KHz) | 800 [ 1600

[ 600
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Channel Number 31 8 7

Channel (MHz)

902.5, 903.3,904.1,
904.9, 905.7, 906.5,
907.3,908.1, 908.9,
909.7, 910.5,911.3,
912.1,912.9,913.7,
914.5, 915.3,916.1,
916.9,917.7,918.5,
919.3, 920.1, 920.9,
921.7,922.5,923.3,
924.1, 924.9, 925.7,
926.5

903, 904.6, 906.2,
907.8,909.4,911,
912.6,914.2

923.3, 923.9,924.5,
925.1, 925.7, 926.3,
926.9

Technical Specification of LoRa FHSS

Technical Specification LoRa 250KHz FHSS | LoRa 125KHz FHSS | LoRa 125KHz FHSS
902.3-926.7MHz 902.3-914.9MHz 902.2-927.8MHz
Operating Frequency band | 902 — 928 MHz
Extreme Temperature -20°C ~40°C
Range
Modulation LoRa FHSS
Antenna Type Monopole Antenna
Antenna Gain(dBi) -1.69
Channel Separation (KHz) | 400 200 200
Channel Number 62 64 129
Bandwidth (KHz) 250 125 125
Hopping channel(MHz) 902.3~926.7 902.3~914.9 902.2-927.8
Technical Specification of FSK FHSS
Technical Specification FSK150Kbps FSK 50Kbps FSK 5Kbps | FSK 250Kbps
FHSS FHSS FHSS FHSS
Operating Frequency band 902 — 928 MHz
Extreme Temperature Range | -20°C ~ 40°C
Modulation FSK FHSS
Antenna Type Monopole Antenna
Antenna Gain(dBi) -1.69
Channel Separation (KHz) 400 200 200 500
Channel Number 64 129 129 51
Data Rate (Kbps) 150 50 5 250
Hopping Channel(MHz) 902.4~927.6 902.2~927.8 902.2~927.8 | 902.5~927.5
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2.3 Independent Operation Modes

The basic operation modes are:
Light On, BLE, LoRa DTS, LoRa FHSS, and FSK FHSS.

2.4 Noise Generating and Noise Suppressing Parts

Refer to the Circuit diagram for further information.

2.5 Submitted Documents

Circuit diagram, PCB layout, Labels, user’s manual, etc.
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3 Test Set-up and Operation Modes

3.1

3.2

3.3

3.4

Principle of Configuration Selection

The equipment under test (EUT) was configured to measure its maximum power level.
The test modes were adapted accordingly in reference to the instructions for use.

Test Operation and Test Software

During testing, Channel & Power Controlling Software provided by the customer was used to
control the operating channel as well as the output power level. The RF output power was
selected according to the instruction given by the manufacturer. The setting of the RF output
power expected by the customer shall be fixed on the firmware of the final end product.

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

Special Accessories and Auxiliary Equipment

Description Manufacturer Model No.
notebook Lenovo T420

Countermeasures to achieve EMC Compliance

The tested sample contained noise suppression components as specified in the circuit diagram.
No special measure is employed to achieve the requirement.
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3.5 Test set-up

Diagram of Measurement Configuration for Radiation Test (Below 1GHz)

Ant. Tower Saden

Variable

ELT& Lai 3m i
Support Unjts s

Turn Table

Ground Plane

Test Recelver

Diagram of Measurement Configuration for Radiation Test (Above 1GHz)

Ant, Tower tida
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EUT& o 3m &y
Support Unjts ' .
Turn Table
om T
i
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Test Receiver
|
o9 pQ
m" 0 O 0 ewg

Diagram of Measurement Configuration for Conducted Transmitter Measurement

Spectrum

EUT 1

Analyzer
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4 Test Results

4.1 Transmitter Requirement & Test Suites

4.1.1 Antenna Requirement

Result: Pass
Test Specification
Test standard . FCC Part 15.247(b)(4) and Part 15.203
Limits :  the use of antennas with directional gains that

do not exceed 6dBi

According to the manufacturer declared, the EUT has two internal antennas, the maximum
directional gain of antennas is 2.44dBi, and the antennas connector are designed with permanent
attachment and no consideration of replacement. Therefore the EUT is considered sufficient to
comply with the provision. For more details, refer to EUT photo.
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4.1.2 6dB and 20dB Bandwidth Measurement

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

FCC Part 15.247(a)(1), (a)(2)

RSS-247 Issue 2 February 2017 Clause 5.1, Clause5.2
ANSI C63.10: 2013

At least 500kHz for BLE, LoRa 500DTS

Not more than 500KHz for LoRa FHSS, FSK FHSS
Shielded Room

27.11.2019~25.12.2019

120Vac, 60Hz

Test mode of BLE, LoRa DTS, LoRa FHSS, FSK
FHSS

Lo, Mi, Hi

21.1°C

57%

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 Channel Channel Bandwidth Limit Result
Operation band Frequency (kHz) (kHz)
(MHz)

. BLE Low Channel 2402 534.0 500 Pass
2402MHz~2480MHz Mid Channel 2440 516.6 500 Pass
6dB Bandwidth High Channel 2480 538.4 500 Pass

. LoRa 500KHz DTS Low Channel 902.5 620.8 500 Pass
902.5MHz~926.5 Mid Channel 914.5 620.8 500 Pass
6dB Bandwidth High Channel 926.5 620.8 500 Pass

. LoRa 500KHz DTS Low Channel 903 620.8 500 Pass
903MHz~914.2MHz Mid Channel 907.8 620.8 500 Pass
6dB Bandwidth High Channel 914.2 620.8 500 Pass

. LoRa 500KHz DTS Low Channel 923.3 620.8 500 Pass
923.3MHz~926.9MHz Mid Channel 925.1 629.5 500 Pass
6dB Bandwidth High Channel 926.9 620.8 500 Pass

. LoRa 250KHz FHSS Low Channel 902.3 324.2 500 Pass
902.3MHz~926.7MHz Mid Channel 914.3 321.3 500 Pass
20dB Bandwidth High Channel 926.7 312.6 500 Pass

. LoRa 125KHz FHSS Low Channel 902.3 149.78 500 Pass
902.3MHz~914.9MHz Mid Channel 908.5 148.34 500 Pass
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20dB Bandwidth High Channel 914.9 148.34 500 Pass
7. LoRa 125KHz FHSS Low Channel 902.2 147.61 500 Pass
902.2-927.8MHz Mid Channel 915 147.61 500 Pass
20dB Bandwidth High Channel 927.8 145.44 500 Pass
8. FSK 150Kbps FHSS Low Channel 902.4 176.56 500 Pass
902.4MHz~927.6MHz Mid Channel 914.8 176.56 500 Pass
20dB Bandwidth High Channel 927.6 175.83 500 Pass
9. FSK 50Kbps FHSS Low Channel 902.2 107.81 500 Pass
902.2MHz~927.8MHz Mid Channel 915 109.99 500 Pass
20dB Bandwidth High Channel 927.8 110.71 500 Pass
10. FSK 5Kbps FHSS Low Channel 902.2 10.539 500 Pass
902.2MHz~927.8MHz Mid Channel 915 10.463 500 Pass
20dB Bandwidth High Channel 927.8 10.507 500 Pass
11. FSK 250Kbps FHSS Low Channel 902.5 273.50 500 Pass
902.5MHz~927.5MHz Mid Channel 915 273.50 500 Pass
20dB Bandwidth High Channel 927.5 277.90 500 Pass
Figure 1: 6dB&20dB Bandwidth Measurement
1. BLE, 6dB Bandwidth, 2402MHz~2480MHz
SR:?I‘_::Z'I"ED 00 dBm & RBW 100 kHz |’;%: SR:?I‘_::Z'I"ED 00 dBm & RBW 100 kHz |’;%:]
-20 dBm— - i e -20 dBm— - / \5«
o S Y O P e
T T
ER::E:::'I“EU 00 dBm & RBW 100 kHz |E]
P R
 — T
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2. LoRa 500KHz DTS, 6dB Bandwidth, 902.5MHz~926.5
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Spectrul
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T2 1 914.5082 MHz 14.51 dm | q factor | 1472.2
D2 M1 1 -12.3 MHz -28.68 d8
L i  Measuring... WANNNNAD W@ SN

4. LoRa 500KHz DTS, 6dB Bandwidth, 923.3MHz~926.9MHz

Spectrum

=)

Ref Level 30.00 dém

® RBW 100 kHz

Att S0 CB  SWT 19 s @ VBW 300 kMz  Mode Auto FFT
@ 1Pk Max
[ETEY] 20.16 dBm|
7e 926.90000 MH2|
20d 7 6.00 dB
o 7 620.800000000 kHz
10 1493.0)
/
0 dern ;
/ \\
-10 dém it b
Pl ™
-20 dBm Do
30— =
-40 dam:
-50 dem
-60 dBm
CF 926.9 MHz 691 pts Span 3.0 MHz
Marker
| Type | Ref | Trc| X-value | ¥-value | Function | Function Result
M1 1 926.8 MHz 20,16 dém nd8 down 620.8 kHz
T1 1 926.5874 MHz 13.92 dem | nde | 6.00 dg
T2 1 927.2082 MHz 14.34 dBm Q factor 1493.0

| Measuring...

S ] a 04:42:23PM 7

Spectrum “%?' Spectrum “%?'
Ref Level 30.00 dBm @ RBW 100 kHz Ref Level 30.00 dBm @ RBW 100 kHz
Att S0CB  SWT 19 ys @ VBW 300 kHz  Mode auto FFT Att S0CB  SWT 19 ys @ VBW 300 kHz  Mode auto FFT
@1Pk Max @1Pk Max
= D2[1] 0.13dB M1[1] 20.23 dBm|
20 di y 0O 136.00 kHz| 20 b 925.10000 MHz|
600 delfl * 7 i) 6.00 dB
10 df By, 620.800000000 kHz| i ,? I.H'h‘ 629.500000000 kHz|
14p7.off 10 7 Q fagtor 1469.5
od 20.14 dBm)| » / %
7 923.16400 MHz|ff 0 9Bm 7 -
-10 dem -4 — / N
7 ‘N -10 dem =
-20 de /] .
" i -20 dém
S
| -a0.dem—ry = S e i i
-40 dem
-40 dem
<50 dem:
-50 dBm
-60 deém
-60 dém
CF 923.3 MHz 691 pts Span 3.0 MHz
Marker GF 925.1 MHz 691 pts Span 3.0 MHz
Type | Ref | Trc | X-value 1 Y-value |_Function | Function Result | |marker
M1 923,164 MHz | 20.14 dBm nde down | 620.8 kHz Type | Ref | Trc | X-value 1 Y-value |__Function | Function Result Il
T1 1 92296874 MHz | 13,89 dem nds | 6.00 dB M1 1 925.1 MHz | 20,23 dém ndé down | 629.5 kHz
T2 1 023.6082 MHz 14,41 dBm | q factor | 1487.0 T1 1 024.7831 MHz 13.98 dém | nds | 6.00 dB
D2 M1 1 1360 kHz 0.13 d8 | T2 1 9254126 MHz 14,32 dem Q factor | 1469 5
L i T L oszame M L Jjl 7 Mebsuria e
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5. LoRa 250KHz FHSS, 20dB Bandwidth, 902.3MHz~926.7MHz

Spectrum “é‘ Spectrum “é‘
Ref Level 30.00 dBm RBW 10 kHz Ref Level 30.00 dBm & RBW 10 kHz
Att S0 dE  SWT 189.6 ys ® VBW 30 kHz  Mode suto FFT Att S0 B SWT 189.6 ys @ YBW 30 kHz  Mode suto FFT
@ 1Pk Max @ 1Pk Max
mM1[1] 19.46 dBm| mM1[1] 19.23 dBm|
o M1 902.22190 MHz o ! 914.33910 MHz
7 Tty 20.00 dB l-" A e, 20.00 dB
- / B 324,200000000 kHz " ) Byt 321.300000000 kHz
L Q factyr 2703.2[ff 1° y Q fack 2846.0
" 72 ryf 5
o dey ¥ o dey
Fa N\ \
af i \
-10 dém: -10 dém: L
” M /]
20 dBm 5 - 20 dBm L
T WAy s
e \ ’ -
-30 dBm -30 dBm T
M, ~1
e A
a0 g ] 30 s Sas
-50 dem -50 dem
-60 dBm -60 dBm
CF 902.3 MHz 691 pts Span 1.0 MHz J|[ CF 914.3 MHz 691 pts Span 1.0 MHz
Marker Marker ]
| Type | Ref | Trc | X-value | ¥-value Function | Function Result | Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 1 902.2219 MHz 15,46 dBm nd8 down 324.2 kHz [ 1 914.3391 MHz 19,23 dBm nd8 down 321.3 kHz
T1 1 902.1365 MHz -0.06 dem | nde | 20.00 d8 T1 1 914.1379 MHz -0.85 dem | nde | 20.00 d8
T2 1 002.4606 MHz -0,70 dBm Q factor 2783.2 T2 1 014.4592 MHz -0.55 dBm Q factor 2846.0
| Heasuring... T 10000 AM | teasuring...  MRARANELN it
Spectrum ““?
Ref Level 30.00 dBm @ RBW 10 kHz
Att S0 B  SWT 189.6 ps @ VBW 30 kHz  Mode Auto FFT
@ 1Pk Max
[ETEY] 18.95 aBm)|
% M1 926.67400 MHz|
20d P o Y 20.00 dB
o | Bw \ 312.600000000 kHz
10 Q factor 2964.5
0 dern
b / N\
i il
-10 dém W
-20 deém 4 b
-30 dBm
g
15 —
-50 dBm:
-60 dBm
CF 926.7 MHz 691 pts Span 1.0 MHz
Marker
| Type | Ref | Trc| X-value | ¥-value | Function | Function Result
M1 1 926,674 MHz 18,95 dem nd8 down 312.6 kHz
T1 1 926.5408 MHz -0.98 dem | nde | 20.00 dB
T2 1 926.8534 MHz -1.13 dem Q factor 2064.5
L Jjl D R [ R e
6. LoRa 125KHz FHSS, 20dB Bandwidth, 902.3MHz~914.9MH
. LoRa z R andwidth, . Z . Z
Spectrum ur'? Spectrum ur'?
Ref Level 30,00 dBm = RBW 3 KHz Ref Level 30,00 dBm = RBW 3 KHz
50 di SWT 631.6 ps & VBW 10 kHz  Mode Auto FFT 50 di SWT 631.6 ps & VBW 10 kHz  Mode Auto FFT
@ 1Pk Max @ 1Pk Max
Mi[1] 18.03 dBm)| Mi[1] 17.89 dBm)|
M 902.246450 MHz| 908.455860 MHz|
204 . Jrre—r— —— 20.00 daff 2° vy 20.00 dB
" 4 149.780000000 kHz| " | By 148.340000000 kHz|
o4 s02a.7[f 10 7 Q faitor 6124.3
0 ode 4 -
/ \
I
-10 d&m / -10 d&m 3 -
J N ¥ W
-20 dBm - -20 dBm 7
-, A,
\~my W,
-30 dBm = -30 dBm G
= o Pl
Y s A
Ao o A8
-50 dem -50 dem
-60 dBm -60 dBm
CF 902.3 MHz 691 pts Span 500.0 kHz ||| CF 908.5 MHz 691 pts Span 500.0 kHz
Markor marker ]
| Type | Ref | Trc | X-value | Y-valua |__Function | Function Result | Type | Ref | Trc | X-value | Y-valua |__Function | Function Result |
M1 1 902.24645 MHz | 18.03 dém nd8 down | 149.78 kHz " 1 908, 45585 MHz | 17,89 dBm nd8 down | 148.34 kHz
T 1 902.22618 MHz -2.04 dém | nde. | 20.00 d8 T 1 908.42475 MHz -1.88 dem | nde. | 20.00 d8
T2 1 902,37598 MHz -2.22 dBm Q factor 6023.7 T2 1 208,57308 MHz -1.72 dBm Q factor 6124.3
L Jik | Measuring.. @RRRSNAND Wl azarEa M L Jik | Measuring.. @RRRSNAND Wl fLAa L)
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Spectrum

Spectrum “é‘
Ref Level 30.00 dbm @ RBW 3 kHz
Att S0dE  SWT 631.6ys ® VBW 10 kHz  Mode suto FFT
@ 1Pk Max
17.76 dBm|
(7 914.855860 MHz
20 20.00 dB
" 148.340000000 kHz|
10l 6167.5
0 de
-10 deém = A
F I
-20 dBm 3 s
n
-30 dém — L
P s Ao A
-40 dem
-50 dBm
-60 dBm
CF 914.9 MHz 691 pts Span 500.0 kHz
Marker ]
| Type | Ref | Trc | X-value | ¥-value | Function | Function Result
[Z 1 91485586 MHz 17,76 dém ndé down 148.34 kHz
T1 1 91482475 MHz -2.52 dm | nde | 20.00 d
T2 1 914.,97308 MHz -2.44 dBm Q factor 6167.5
L Jik | Measuring.. @RRRSNAND Wl n','?,”’!'m“ 4

o
A

Ref Level 30.00 dBm

« RBW

3 kHz

7. LoRa 125KHz FHSS, 20dB Bandwidth, 902.2-927.8MHz

(=)

Ref Level 30.00 dBm

& RBW 3 kHz

Att S0CB  SWT 6316 us @ VBW 10 kHz _ Mode auto FFT Att S0CB  SWT 6316 us @ VBW 10 kHz _ Mode auto FFT
@1Pk Max @1Pk Max
mM1[1] 18.59 aBm)| mM1[1] 18.25 aBm)|
20 M. 902.147180 MHz 20 914.957310 MHz
= T 20.00 doffl * ATy A ra 20.00 dB
i 147.610000000 kHz| i JF i Bt 147.610000000 kHz|
nd 7 61i1.af) 0 d ] Q rm.\:nr 6198.4
13 i '
0 dem 5 0 dem b
) p:
¥ \'|
-10 d&m - - -10 d&m
. X J ¥\
-20 dBm - -20 dBm
1 W 7 W
A p AN - A ] B .
JMNM% - o —==cll -30 dem o
P kil
-40 dem A0 o -
-50 dBm: -50 dBm:
-60 dBm -60 dBm
CF 902.2 MHz 691 pts Span 500.0 kHz J|[ CF 915.0 MHz 691 pts Span 500.0 kHz
Marker Marker
Type | Ref | Trc | X-value 1 Y-value |_Function | Function Result || _Type | ref | Tre | X-value 1 Y-value |_Function | Function Result Il
11 1 902, 14718 MHz | 18.59 dem nd8 down | 147.61 kHz 11 1 91495731 MHz | 18.25 dem nd8 down | 147.61 kHz
T1 1 902.12692 MHz | -1.26 dem | nde | 20.00 dB T1 1 914.92610 MHz | -1.61 dem | nde | 20.00 dB
T2 1 902.27453 MHz -1.64 dem Q factor | 6111.6 T2 1 91507381 MHz -0,96 dem Q factor | 6198.4
L N | messuring...  WRRRSNA ity | N | Hessuring... E." = lﬂ’m,“, mﬂ p
D 24. Date: 24 19 23:5
Spectrum u_;'\:'
Ref Level 30.00 dBm @ RBW 3 kHz
Att S0 B  SWT 631.6 ps @ VBW 10 kHz  Mode Auto FFT
@ 1Pk Max
[ETEY] 18.15 aBm)|
- M 927.746450 MHz|
204 I —— ——T11 20.00 dB
/ Ul—‘l“ 145440000000 kHz|
10 dBi + \ B
Q mn‘mr 6378.8
0 dem } -
7
/
-10 dém , &
V4
-20 dBm P
rmarin ATV et n
-30 dBm
-40 dam:
-50 dem
-60 dBm
CF 927.8 MHz 691 pts Span 500.0 kHz
Marker
| Type | Ref | Trc| X-value | ¥-value | Function | Function Result
M1 1 92774645 MHz 18.15 dem nd8 down 145.44 kHz
T1 1 927.72838 MHz -1.68 dem | nde | 20.00 dB
T2 1 92787381 MHz -1.93 dem Q factor 6378.8
| Measuring...  @RARSNAR ™) l',‘m’mm“m" 7
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8. FSK 150Kbps FHSS, 20dB Bandwidth, 902.4MHz~927.6MHz

Spectrum

Ref Level 30.00 dém

® RBW 6.25 kHz

Att S0 CB  SWT 303.7ps @ VBW 20kHz Mode Auto FFT
@ 1Pk Max
19.68 dBm)|

2= M 927.509280 MHz|
2od AN = 20.00 dB

. A 175.830000000 kHz|
10 5275.5
0 dem -
-10 dem

o e\
-20 dém -
! \
./ v\'r

-30 dBm—1=F =

de =

VAT
30 dem
-50 dBm
-60 dBm
CF 927.6 MHz 691 pts Span 500.0 kHz
Marker
Type | Ref | Trc | X-value 1 Y-value |_Function | Function Result

M1 1 92750928 MHz | 19,68 dem ndé down | 175.83 kHz

T1 1 927.51172 MHz | -0.44 dBm | nds | 20.00 d8

T2 1 927 6B755 MHZ -0,44 dem Q factor | 5275.5

| Measuring... i“lll.llz 00:12:22 BM

9. FSK 50Kbps FHSS, 20dB Bandwidth, 902.2MHz~927.8MHz

Spectrum “é‘ Spectrum “é‘
Ref Level 30.00 dbm @ RBW .25 kHz Ref Level 30.00 dbm @ RBW .25 kHz
Att S0 B SWT 303.7ps @ VBW 20 kHz  Mode Auto FFT Att SOdE  SWT 303.7ps ® VBW 20 kHz  Mode Auto FFT
@ 1Pk Max @ 1Pk Max
i m1f1] 20.45 dBm| 18.02 dBm|
20 d 902.400000 MHz 20 d 914.799280 MHz
[ Al 20.00 dB 20.00 dB
" B 176.560000000 kHz " 176.560000000 kHz
L - Q factes s111.aff 10 y 51014
) r1,/ N 1/ 2
0 de = 0 de .
-10 dBm: — — -10 dBm: y
: Fi S T Sy Vi N, \
J \
- -20 dém 7
M e N
-30 dém o 5
-~ i ,
» LY A v f
40 dam 40 dem \
-50 dBm -50 dBm
-60 dBm -60 dBm
GF 902.4 MHz 691 pts Span 500.0 kHz il GF 914.8 MHz 691 pts Span 500.0 kHz
Marker [|marker ]
| Type | Ref | Trc | X-value | ¥-value | Function | Function Result | Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
[Z 1 902.4 MHz 20,45 dBm ndé down 176.56 kHz [Z 1 914.,79928 MHz 18.02 dBm ndé down 176.56 kHz
T1 1 902,311 MHz 0.66 dém | nde | 20.00 dB T1 1 914.711 MHz -2.14 dém | nde | 20.00 dB
T2 1 90248755 MHz 0.43 dém Q factor 5111.1 T2 1 914.88755 MHz -1,95 dBm Q factor 5181.4
| Measuring.. WERRSIAED W6 wan N L Jik | Measuring... W v T

(=)

Spectrum ur'? Spectrum
Ref Level 30,00 dBm = RBW 3 KHz Ref Level 30,00 dBm = RBW 3 KHz
50 di SWT 631.6 ps & VBW 10 kHz  Mode Auto FFT 50 di SWT 631.6 ps & VBW 10 kHz  Mode Auto FFT
|@ 1Pk Max |@ 1Pk Max
Mi[1] 19.98 dBm)| Mi[1] 19.82 dBm)|
902.174670 MHz| 914.973950 MHz|
e fli ndg 20.00 daff 2° —ndn g
Bw 107.810000000 kHz| \a | Bw 109.990000000 kHz|
A i 8 ) | z o} A i e S z e
p, =.Q factor 8367.8 = Q factor 8319.0
T Wo T 2
i 3 i o o
0 dey 3 T 0 dey :
X
-10 d&m — 3 -10 d&m 5
[V sl ¥ "
-20 dem ! . -20 dem = =
al A
i \ A
-30 dBm A -30 dBm — fs o/
o p— S
» P Mo A P B .
-40 deme = ] || 40 dem
-50 dem -50 dem
-60 dBm -60 dBm
CF 902.2 MHz 691 pts Span 500.0 kHz || CF 915.0 MHz 691 pts Span 500.0 kHz
Markor marker ]
| Type | Ref | Trc | X-value | Y-valua |__Function | Function Result || _Type | rRef | Tre | X-value | Y-valua |__Function | Function Result |
M1 1 902,17467 MHz | 15,58 dBm nd8 down | 107.61 kHz " 1 914.97395 MHz | 15,82 dBm nd8 down | 109.99 kHz
T 1 902.14573 MHz -0.07 dém | nde. | 20.00 d8 T 1 914.94428 MHz -0.29 dem | nde. | 20.00 d8
T2 1 a02.25355 MHz -0.05 dBm Q factor B8367.8 T2 1 915.05427 MHz -0.20 dBm Q factor 8319.0
| Measuring... CREE ] ooz AN J’t | Measuring... El’ "“ILHMI‘
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Spectrul

&

Ref Level 30,00 dBm

& RBW 3 kHz

S0dE  SWT 631.6ys ® VBW 10 kHz  Mode suto FFT
|@ 1Pk Max
™Mi(1]) 19.21 dBm
“ 11 927.823880 MHZ|
20 §nan 20.00 dB
o \ \\ Bw 110.710000000 kHz|
And .Q factor 8380.7
ode ke
-10 d&m \\1
-20 dBm e
|
A
: o
-40 dem = e
-50 deém
-60 dBm
CF 927.8 MHz 691 pts Span 500.0 kHz
Marker
| Type | Ref | Trc | X-value | ¥-value | Function | Function Result
M1 1 927.82388 MHz 19.21 dBm nd8 down 110.71 kHz
T1 1 927.74356 MHz -0.81 dém | nde | 20.00 d8
T2 1 927.85427 MHz -0.60 dBm Q factor 8380.7
L Jik | teasuring...  MRARANELN saaM

10. FSK 5Kbps FHSS, 20dB Bandwidth, 902.2MHz~927.8MHz

Spectrum

&

Ref Level 29.00 dBm = RBW 300 Hz Spectrum ]
M‘p 4508 SWT 6.3ms @ VBW 1kHz Mode Auto FFT R — s
[@ 1Pk max Att 45dB  SWT 6.3ms @ VBW 1kHz Mode Auto FFT
- m1[1] I | O
20 der - Gn2:19ABZAN MH= B Wil 109.64 dBm
I N ndB 20.00 dB| §20 n L 915.0019890 MHzZ|
0 E A ncllf') B 10593000000 kHz ndB 20.00 db)|
. Qfactor 85166.3| §10 TBw 10.463000000 kHe|
odi /| T hagipr 87450.3
0 dem +-
\ = .
-10 o8y = 4 i
m B [ %,
P e IR 1 e
-30 dem
-40 dBm -40d
-50 dBm -0
_&0 dBm -60 der
<70 d
CF 902.2 MHz 691 pts Spon 30.0 kHz | [ —oreon s Boapes T
Marker T
| Type | Ref | Trc| K-value | Y"’“L““ |_Function | Function Result Type | Ref | Trc| X-valus | ¥-valus |__Function | Function Result
Ml i W1z 195525 Mz 1785 dBm hcB down 10,593 kHz M1 T 015.001338 Mz 13.64 dem ndB down 10,463 kHz
T1 1 902.192663 MHz -2.16 dem | nde | 20.00 dB 5 i 914 093618 MHz 041 dBm ndB 0.00 d8 ||
T2 1 902.203256 MHz -2.61 dem Q factor 85166 s T 915004081 MH> .43 dBm Q facter 87450 |
il m c#
Spectrul “%?]
Ref Level 30,00 dBm & RBW 300 Hz
Att SOdB  SWT 6.3ms ® VBW 1kHz Mode Auto FFT
@17k Max
Mi[1] 18.43 dBm)|
927.8012590 MHz
20d y 20.00 dB
. o) 10.507000000 kHz|
10 88307.3
1
o dey
-10 dém S
o
-40) dam
-50 dem
-60 dBm
CF 927.8 MHz 691 pts Span 50.0 kHz
Marker
| Type | Ref | Trc | X-value | ¥-value | Function | Function Result
M1 1 927.801259 MHz 18.43 dBm nd8 down 10,507 kHz
T1 1 927.793488 MHz -2.05 dem | nde | 20.00 d8
T2 1 027.803994 MHz -2.07 dém Q factor 88207
L Jik | Measuring.. WERRSIAED W6

weM 7
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11. FSK 250Kbps FHSS, 20dB Bandwidth, 902.5MHz~927.5MHz

(z]

Spectrum Spectrum
Ref Level 30.00 dBm & RBW 10 kHz Ref Level 30.00 dBm & RBW 10 kHz
Att S0 B SWT 189.6 ys @ YBW 30 kHz  Mode suto FFT Att S0 B SWT 189.6 ys @ YBW 30 kHz  Mode suto FFT
@ 1Pk Max @ 1Pk Max
i mM1[1] 20.83 dBm)| : M1[1] 20.51 dBm)|
& 902.50000 MHz| (7 ¥ 915.00000 MHz|
20 20.00 dolf| 2° P ndp 20.00 dB
. 273.500000000 kHz . o “ap 273.500000000 kHz
L 3299 6[ff 1° Q'Factor 3345.3
Ty \\
o dey — o dey X
/ '\ /
-10 dém - -10 dém -
A\ Vi v
-20 dem- o % -20 dBm: ¥
/ hS
e %
-30 dBm / -30 dBm
- ko h
J Ny A J .
— 40 dem- Jf\ ¥, AL
-50 dem
-60 dBm
CF 902.5 MHz 691 pts Span 1.0 MHz J|[ CF 915.0 MHz 691 pts Span 1.0 MHz
Marker | Marker
| Type | Ref | Trc | X-value | ¥-value | Function | Function Result || _Type | Ref | Trc| X-value | ¥-value | Function | Function Result |
M1 1 902.5 MHz 20,63 dBm nd8 down 273.5 kHz [ 1 915.0 MHz 20.51 dBm nd8 down 273.5 kHz
T1 1 902.3825 MHz 0.83 dém | nde | 20.00 d8 T1 1 914.864 MHz 0.43 dém | nde | 20.00 d8
T2 1 902.636 MHz 0.94 dBém Q factor 3209.6 T2 1 915.1375 MHz 0.62 dém Q factor 3345.3
L Jik | Heasuring.. WRRRERELN e a2 AN AL | Heasuring.. WRRRERELN e H G
Spectrum uf
Ref Level 30.00 dBm @ RBW 10 kHz
Att S0 B  SWT 189.6 ps @ VBW 30 kHz  Mode Auto FFT
@ 1Pk Max
20.05 dBm|
- 927.50000 MHz]
20d 20.00 dB
s Lo 277.900000000 kHz
10 3398.0
T
0 dem =
IFI
-10 dém
Y,
-20 dBm
A
-30 dBm -
i P W N ’l
b of ~J
0B At
-50 dBm:
-60 dBm
CF 927.5 MHz 691 pts Span 1.0 MHz
Marker
| Type | Ref | Trc| X-value | ¥-value | Function | Function Result I
M1 1 927.5 MHz 20,05 dém nd8 down 277.9 kHz
T1 1 927.3811 MHz 0.28 dem | nde | 20.00 dB
T2 1 927.6389 MHz 0.06 dBm Q factor 3338.0
Heasurma.. @LLULID Rﬂ?“mm“m" 7
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4.1.3 99% Emission Bandwidth Measurement

Result: Pass

Test Specification
Test standard
Kind of test site

RSS Gen Issue 5 March 2019, clause 6.7
Shielded Room

Test Setup

27.11.2019-25.12.2019
AC 120V, 60Hz
Test mode of BLE, LoRa DTS, LoRa FHSS, FSK

Date of testing
Input voltage
Operational mode

FHSS
Test channel . Lo, Mi, Hi
Temperature o 21.1°C
Relative humidity 0 57T%
Atmospheric pressure . 101 kPa

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

FHSS
Modulation Type and Channel Channel Frequency | Bandwidth (kHz)
Operation band (MHz)

1. BLE Low Channel 2402 1041.968
2402MHz~2480MHz Mid Channel 2440 1037.626
99% Emisson Bandwidth High Channel 2480 1041.968

2. LoRa 500KHz DTS Low Channel 902.5 506.512
902.5MHz~926.5 Mid Channel 914.5 512.300
99% Emisson Bandwidth High Channel 926.5 506.512

3. LoRa 500KHz DTS Low Channel 903 503.617
903MHz~914.2MHz Mid Channel 907.8 497.829
99% Emisson Bandwidth High Channel 914.2 509.406

. LoRa 500KHz DTS Low Channel 923.3 506.512
923.3MHz~926.9MHz Mid Channel 925.1 515.195
99% Emisson Bandwidth High Channel 926.9 512.301

. LoRa 250KHz FHSS Low Channel 902.3 274.963
902.3MHz~926.7MHz Mid Channel 914.3 270.622
99% Emisson Bandwidth High Channel 926.7 267.727

. LoRa 125KHz FHSS Low Channel 902.3 125.904
902.3MHz~914.9MHz Mid Channel 908.5 126.628
99% Emisson Bandwidth High Channel 914.9 125.180

. LoRa 125KHz FHSS Low Channel 902.2 125.904
902.2MHz~927.8MHz Mid Channel 915 126.628
99% Emisson Bandwidth High Channel 927.8 125.180

. FSK 150Kbps FHSS Low Channel 902.4 157.019
902.4MHz~927.6MHz Mid Chalnnel 914.8 156.295
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99% Emisson Bandwidth

High Channel

927.6

158.465

9. FSK 50Kbps FHSS

Low Channel

902.2

102.749

902.2MHz~927.8MHz

Mid Channel

915

104.196

99% Emisson Bandwidth

High Channel

927.8

104.196

10. FSK 5Kbps FHSS

Low Channel

902.2

10.116

902.2MHz~927.8MHz

Mid Channel

915

10.116

99% Emisson Bandwidth

High Channel

927.8

10.116

11. FSK 250Kbps FHSS

Low Channel

902.5

250.361

902.5MHz~927.5MHz

Mid Channel

915

248.914

99% Emisson Bandwidth

High Channel

927.5

256.150

Figure 2: 99% Emission Bandwidth Measurement

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

Spectrum | = [ spectrum |'{P}
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2. LoRa 500KHz DTS, 99% Emission Bandwidth, 902.5MHz~926.5MHz
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3. LoRa 500KHz DTS, 99% Emission Bandwidth, MHz~914.2MHz
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4. LoRa 500KHz DTS, 99% Emission Bandwidth, 923.3MHz~926.9MHz
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5. LoRa 250KHz FHSS, 99% Emission Bandwidth, 902.3MHz~926.7MHz
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6. LoRa 125KHz FHSS, 99% Emission Bandwidth, 902.3MHz~914.9MHz
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7. LoRa 125KHz FHSS, 99% Emission Bandwidth, 902.2MHz~927.8MHz
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8. FSK 150Kbps FHSS, 99% Emission Bandwidth, 902.4MHz~927.6MHz
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9. FSK 50Kbps FHSS, 99% Emission Bandwidth, 902.2MHz~927.8MHz
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10. FSK 5Kbps FHSS, 99% Emission Bandwidth, 902.2MHz~927.8MHz
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11. FSK 250Kbps FHSS, 99% Emission Bandwidth, 902.5MHz~927.5MHz
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4.1.4 Maximum Peak Conducted Output Power

Result: Pass

Test Specification
Test standard FCC Part 15.247(b)(2)&(3)

RSS-247 Issue 2 February 2017 Clause 5.4(a)&(d)
ANSI C63.10: 2013

Not more than 1 Watt for DTS;

Not more than 1Watt for 902~928 FHSS system with
more than 50 hopping channels;

Shielded Room

Basic standard
Limits

Kind of test site

Test Setup

27.11.2019~25.12.2019
AC 120V, 60Hz
Test mode of BLE, LoRa DTS, LoRa FHSS, FSK

Date of testing
Input voltage
Operational mode

FHSS
Test channel Lo, Mi, Hi
Temperature 20.1°C
Relative humidity 57%
Atmospheric pressure 101 kPa

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

Modulation Type and Channel Channel Frequency | Peak Output | Limit
Operation band (MHz) Power (dBm)
(dBm)
. BLE Low Channel 2402 2.56 30
2402MHz~2480MHz Mid Channel 2440 2.43 30
High Channel 2480 1.30 30
. LoRa 500KHz DTS Low Channel 902.5 19.99 30
902.5MHz~926.5 Mid Channel 914.5 20.30 30
High Channel 926.5 20.02 30
. LoRa 500KHz DTS Low Channel 903 20.28 30
903MHz~914.2MHz Mid Channel 907.8 20.64 30
High Channel 914.2 20.35 30
. LoRa 500KHz DTS Low Channel 923.3 20.25 30
923.3MHz~926.9MHz | Mid Channel 925.1 20.27 30
High Channel 926.9 20.22 30
. LoRa 250KHz FHSS Low Channel 902.3 20.60 30
902.3MHz~926.7MHz | Mid Channel 914.3 20.27 30
High Channel 926.7 20.33 30
. LoRa 125KHz FHSS Low Channel 902.3 20.90 30
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902.3MHz~914.9MHz | Mid Channel 908.5 20.82 30
High Channel 914.9 20.64 30

7. LoRa 125KHz FHSS Low Channel 902.2 21.23 30
902.2MHz~927.8MHz | Mid Channel 915 20.91 30
High Channel 927.8 20.49 30

8. FSK 150Kbps FHSS Low Channel 902.4 20.08 30
902.4MHz~927.6MHz | Mid Channel 914.8 20.32 30
High Channel 927.6 19.07 30

9. FSK 50Kbps FHSS Low Channel 902.2 20.86 30
902.2MHz~927.8MHz | Mid Channel 915 20.39 30
High Channel 927.8 20.06 30

10. FSK 5Kbps FHSS Low Channel 902.2 20.53 30
902.2MHz~927.8MHz | Mid Channel 915 20.39 30
High Channel 927.8 20.23 30

11. FSK 250Kbps FHSS Low Channel 902.5 21.01 30
902.5MHz~927.5MHz | Mid Channel 915 20.63 30
High Channel 927.5 20.31 30

Figure 3: Maximum peak Conducted Output Power

1. BLE, Maximum Peak Conducted Output Power, 2402MHz~2480MHz
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2. LoRa 500KHz DTS, Maximum Peak Conducted Output Power, 902.5MHz~926.5
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3. LoRa 500KHz DTS, Maximum Peak Conducted Output Power, 903MHz~914.2MHz

Spectrum u%? Spectrum u_a,:
Ref Level 30.00 dBm ® RBW 1 MHz Ref Level 30.00 dBm @ RBW 1 MHz
Att S0dE  SWT 1ms & VBW 3 MHz  Mode Auto Sweep Att SO0dE  SWT 1ms & VBW 3 MHz  Mode Auto Sweep
@17k Max @17k Max
™M1[1] 20.28 dBm mMi[1] 20.64 dBm|
M1 902.77860 MHz 907.80000 MHz
20 df —1 X - — 20 df — —
//7 T— L __/7 T e
Fer Tl = i
10 dBr = = 10 dBim—
o - o -
. o e | ~a,
0 dem 0 dem
-10 dBm -10 dBm
-20 dBm -20 dem
-30 dBm -30 dBm
-40 dém -40 dem
-50 dem 50 dém-
-60 dam: -60 dam:
GF 903.0 MHz 691 pts Span 3.0 MHz J|| CF 907.8 MHz 691 pts Span 3.0 MHz
L Jik | Measuring... T p Jil | Measuring... WRRALALED W 4

Dats: 20.0UL.2018 15:16:24




Produkte
Products

TUVRheinland®

Priifbericht - Nr.:
Test Report No.:

50321015 001

Seite 32 von 118
Page 32 of 118

Spectrum

&

Ref Level 30,00 dBm
Att 50 dB

& RBW 1 MHz
SWT 1 ms & VBW 3 MHz

Mode Auto Sweep

®1Pk Max

mi[1]

913.99780 MHz|

20.35 dBm)|

~10 dém:

=20 deém:

-30 dem:

=40 deém

<50 dém:

-60 dem

CF 914.2 MHz
—_—

691 pts

J

Measuring...

Span 3.0 MHz

wnearn

4. LoRa 500KHz DTS, Maximum Peak Conducted Output Power, 923.3MHz~926.9MHz
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5. LoRa 250KHz FHSS, Maximum Peak Conducted Output Power, 902.3MHz~926.7MHz
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| Measuring...

10:54:51 AM

A

Dats: 22.0UL.2!

=)

Ref Level 30.00 dém
Att 50 dB

& RBW 1 MHz
SWT 1ms @ VBW 3 MHz

Mode Auto Sweep

@ 1Pk Max

M1[1]

20.33 dBm)|
370 MHz

=30 deém:

=40 dBm:

<50 dem:

-60 dam-

CF 926.7 MHz

691 pts

Span 1.5 MHz

| Heasuring...

[ LTI ) : o10L30PM 7

| Measuring...

Spectrum “é] Spectrum u%;"
Ref Level 30.00 dém @ RBW 1 MHz Ref Level 30.00 dBm @ RBW 1 MHz
Att S0 cdB  SWT 1ms @ VBW 3 MHz  Mode auto Sweep Att 5008 SWT 1ms @ VBW 3 MHz  Mode suto Sweep
@ 1Pk Max @ 1Pk Max
Mi[1] 20.60 dbm)| Mi[1] 20.27 dBm)|
M1 902.18420 MHz 914.30000 MHz
204 — = — 20 d — —_——
10 dBm 10 dBr
0 dBm 0 dBm
-10 dBm -10 dBm
-20 dBm -20 dem
-30 dBm -30 dBm
-40 dém -40 dem
-50 dem 50 dém-
60 dBm 50 dBm
GF 902.3 MHz 691 pts Span 1.5 MHz J|| CF 914.3 MHz 691 pts Span 1.5 MHz
s - —

i ]

6. LoRa 125KHz FHSS, Maximum Peak Conducted Output Power, 902.3MHz~914.9MHz
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7. LoRa 125KHz FHSS, Maximum Peak Conducted Output Power, 902.2MHz~927.8MHz
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8. FSK 150Kbps FHSS, Maximum Peak Conducted Output Power, 902.4MHz~927.6MHz
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9. FSK 50Kbps FHSS, Maximum Peak Conducted Output Power, 902.2MHz~927.8MHz
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10. FSK 5Kbps FHSS, Maximum Peak Conducted Output Power, 902.2MHz~927.8MHz
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11. FSK 250Kbps FHSS, Maximum Peak Conducted Output Power, 902.5MHz~927.5MHz
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