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Conducted Spuri

ous Emission

11. FSK 250Kbps FHSS, Conducted Spurious Emission and Band edge, 902.5MHz~927.5MHz
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4.1.8 Carrier Separation Measurement

Result: Pass
Test Specification
Test standard : FCC Part 15.247(a)(1)
RSS-247 Issue 2 February 2017 Clause 5.1(b)
Basic standard : ANSIC63.10: 2013
Limits . Atleast 20 dB bandwidth or 25kHz, whichever is
greater.
Kind of test site :  Shielded Room
Test Setup
Date of testing : 13.12.2019~18.12.2019
Input voltage . DC3.7V
Operational mode : Test mode of LoRa FHSS, FSK FHSS
Temperature :20-22°C
Relative humidity i 54-57T%
Atmospheric pressure : 101 kPa

Figure 6: Carrier Separation

1. LoRa250KHz FHSS, Carrier Separation, 902.3MHz~926.7MHz

Carrier Separation: 400.8KHz > 20 dB bandwidth
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2. LoRa 125KHz FHSS, Carrier Separation, 902.3MHz~914.9MHz

Carrier Separation: 199.71KHz > 20 dB bandwidth
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3. LoRa 125KHz FHSS, Carrier Separation, 902.2MHz~927.8MHz
Carrier Separation: 199.27KHz > 20 dB bandwidth
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4. FSK 150Kbps FHSS, Carrier Separation, 902.4MHz~927.6MHz

Carrier Separation: 399.4KHz > 20 dB bandwidth
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5. FSK 50Kbps FHSS, Carrier Separation, 902.2MHz~927.8MHz

Carrier Separation: 200.290KHz > 20 dB bandwidth
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6. FSK 5Kbps FHSS, Carrier Separation, 902.2MHz~927.8MHz

Carrier Separation: 200.29KHz > 20 dB bandwidth
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7. FSK 250Kbps FHSS, Carrier Separation, 902.5MHz~927.5MHz

Carrier Separation: 500.7KHz > 20 dB bandwidth
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4.1.9 The number of hopping channels

Result: Pass
Test Specification
Test standard : FCC Part 15.247(g)
RSS-247 Issue 2 February 2017 Clause 5.1(c)
Basic standard : ANSIC63.10: 2013
Limits : Atleast 25 (for LoRa 250KHz)
At least 50 (for LoRa 125KHz, FSK FHSS)
Kind of test site :  Shielded Room
Test Setup
Date of testing : 13.12.2019~18.12.2019
Input voltage . DC3.7V
Operational mode . Test mode of LoRa FHSS, FSK FHSS
Temperature ;o 20-22C
Relative humidity i 54-57T%
Atmospheric pressure ;101 kPa

Table 7: Test result of hopping channel number for LoRa FHSS and FSK FHSS

Modulation Type and 20dB Bandwidth(KHz) Channel Limit Result
Operation band Number
LoRa 250KHz FHSS 250 < 20dB Bandwidth<< 500 62 25 Pass
902.3MHz~926.7MHz
LoRa 125KHz FHSS 20dB Bandwidth<< 250 64 50 Pass
902.3MHz~914.9MHz
LoRa 125KHz FHSS 20dB Bandwidth<< 250 129 50 Pass
902.2MHz~927.8MHz
FSK 150Kbps FHSS 20dB Bandwidth<s 250 64 50 Pass
902.4MHz~927.6MHz
FSK 50Kbps FHSS 20dB Bandwidth<s 250 129 50 Pass
902.2MHz~927.8MHz
FSK 5Kbps FHSS 20dB Bandwidth<s 250 129 50 Pass
902.2MHz~927.8MHz
FSK 250Kbps FHSS 250 < 20dB Bandwidth<< 500 51 25 Pass
902.5MHz~927.5MHz
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Figure 7: The number of hopping channels
1. LoRa250KHz FHSS, 902.3MHz~926.7MHz

Channel number: 62
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2. LoRa 125KHz FHSS, 902.3MHz~914.9MHz
Channel Number: 64
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3. LoRa 125KHz FHSS, 902.2MHz~927.8MHz
Channel Number: 129
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4. FSK 150Kbps FHSS, 902.4MHz~927.6MHz
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5. FSK 50Kbps FHSS, 902.2MHz~927.8MHz
Channel Number: 129

Spectrum | :37::]
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6. FSK 5Kbps FHSS, 902.2MHz~927.8MHz
Channel Number: 129
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7. FSK 250Kbps FHSS, 902.5MHz~927.5MHz
Channel Number: 51

Spectrum | .
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4.1.10 Dwell Time

Result:

Test Specification
Test standard

Basic standard
Limits

Kind of test site

Test Setup

Date of testing
Input voltage
Operational mode

FCC Part 15.247(f)
RSS-247 Issue 2 February 2017 Clause 5.1(c)
ANSI C63.10: 2013
Not more than 0.4s

Shielded Room

13.12.2019~18.12.2019

DC 3.7V

Test mode of LoRa FHSS, FSK FHSS

Temperature 20-22°C
Relative humidity 54-57%
Atmospheric pressure 101 kPa

Table 8: Test result of Dwell time for LoRa FHSS and FSK FHSS

Pass

Modulation Type and 20dB Bandwidth(KHz) Period Dwell Limit | Result
Operation band (s) time(s) (s)
LoRa 250KHz FHSS 250 < 20dB Bandwidth<s 500 10 0.300 0.4 Pass
902.3MHz~926.7MHz
LoRa 125KHz FHSS 20dB Bandwidth<< 250 20 0.34203 0.4 Pass
902.3MHz~914.9MHz
LoRa 125KHz FHSS 20dB Bandwidth<< 250 20 0.34348 0.4 Pass
902.2MHz~927.8MHz
FSK 150Kbps FHSS 20dB Bandwidth<s 250 20 0.30580 0.4 Pass
902.4MHz~927.6MHz
FSK 50Kbps FHSS 20dB Bandwidth<s 250 20 0.27971 0.4 Pass
902.2MHz~927.8MHz
FSK 5Kbps FHSS 20dB Bandwidth<s 250 20 0.21303 0.4 Pass
902.2MHz~927.8MHz
FSK 250Kbps FHSS 250 < 20dB Bandwidth<s 500 10 0.31159 0.4 Pass
902.5MHz~927.5MHz
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Figure 8: Dwell time
1. LoRa250KHz FHSS, 902.3MHz~926.7MHz
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2. LoRa 125KHz FHSS, 902.3MHz~914.9MHz
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il ) Ready (TTTTTTTTE ..!1!3..6'!5451'“! y

i i

Date: 13.DEC.2019 13:46:41

Spectrum | n%: |

Ref Level 30.00 dBm @ RBW 10 kHz
Att E0dE @ SWT 1s @ VBW 30 kHz
SGL

@ 1Pk Max

D2[1] ~0.08 dB
M1 342.03 ms
20 dBm T mifitt v I £0.15 dBm
562.32 ms

10 dBm

0 dBm

-10 dBm

-20 dBm

-30 dBm

M-MMM’\M&I i
-50 dBm waﬁﬁwwwﬁh ‘jmmm

-60 dBm

CF 902.3 MHz 691 pts 100.0 ms/
il T

Date: 22_.NOV.2019 16:34:25

Ready 04:34125 PM %
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3. LoRa 125KHz FHSS, 902.2MHz~927.8MHz

Spectrum |

=)

Ref Level 30.00 dBm @ RBW 100 kHz
Att 50 dB & SWT 100 s & VBW 300 kHz
SGL

@ 1Pk Max

20.52 dBm
28.986 s
0.01 dB

M1[1]

D2[1] 4

20 dBm

44.638 s

10 dBm

0 dBm

-10 d&m

-20 dBm

-30 dBm

Jﬂ‘ﬂw«w -MWMWWM1M N »J\.y\J‘ta

hute o WML“W»”AWMM»

byt

-50 dBm

-60 dBm

CF 902.2 MHz 691 pts
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10.0 s/

LTI ] 09:30556 P 7

Date: 18.DEC.2019 21:30:56
Spectrum | n%?]
Ref Level 30.00 dBm @ RBW 100 kHz
Att E0dE & SWT 1s @ YBW 300 kHz
SGL
@ 1Pk Max

D2[1] -0.05 dB
M1 D2 343.48 ms
20T M1[1] 20.47 dBm
23.19 ms
10 dBm
0 dem
-10 dBm
-20 dBm
=30 dem
i | | ; . . |
| 0 dem 4 AT I A o T F S T T AT P
-50 dBm
-60 dBm
CF 902.2 MHz 691 pts 100.0 ms/

I

-DEC.2019 21:33:15

Date: 18
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4. FSK 150Kbps FHSS, 902.4MHz~927.6MHz

Spectrum ¥# | '%"I
Ref Level 30.00 dBm @& RBW 100 kHz
Att 50 dB & SWT 100 s & VBW 300 kHz
SGL
@ 1Pk Max
M1 oy D5[1 i 0.00 dB
L o s o 79.565 s
M1[1] 20.98 dBm
4.058 s
N L WY «NAJ S LN L) Wﬂﬂw‘r uchlM et My IL- J._r\“dm«ﬂbm-wrv\m\u_
-50 dem
-60 dBm
CF 902.4 MHz 691 pts 10.0 s/
Marker
Type | Ref | Trc | X-value | ¥-value | Function Function Result |
M1 1 4,058 5 | 20.08 dBm |
p2| M1 1 19.865 5 -0.00 de |
D3 M1 1 39.71s -0.00 d& |
p4| M1 1] 59.715 | -0.00 de |
DS M1 1 79.565 s 0.00 de
)i J Lol SHRUNNEED O 11:0754PM 7
Date: 13.DEC.2019 23:07:54
Spectrum | ':%:l
Ref Level 30.00 dBm @ RBW 100 kHz
Att E0dE & SWT 1s @ YBW 300 kHz
SGL
@ 1Pk Max
D2[1] -0.28 dB
M1 o4 305.80 ms
20 dBm mM1[1] 20.98 dBm
85.51 ms
10 dBm
0 dBm
-10 dBém
-20 dem
-30 dBm
(SRR R ITET T | N E Y Py AL SETITPTY T
-50 dém
-60 dBm
CF 902.4 MHz 691 pts 100.0 ms/

I

23:09:20

110920 PM 7
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5. FSK 50Kbps FHSS, 902.2MHz~927.8MHz

Spectrum | n%: ]

Ref Level 30.00 dBm @ RBW 100 kHz
Att S0 dE & SWT 100s & YBW 300 kHz
SGL
@ 1Pk Max
D2[1] 0.00 dB
M1 oo 36.522 s
20 dBm x M1[1]4 20.55 dBm
27.826 s
10 dBm
0 dBm
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-20 dem
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| 12 1
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Date: 18.DEC.2019 22:47:24

Spectrum | n@:l
Ref Level 30.00 dBm @ RBW 100 kHz
Att S0dE @ SWT 1s & YBW 300 kHz
SGL
@ 1Pk Max
D2[1] -0.03 dB
M1 bo 279.71 ms
20fdBm M1[1] 20.45 dBm
28.99 ms
10|dBm
0 dBm
-10 dBém
RS SR F P -
-20 dem
-30 dem
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6. FSK 5Kbps FHSS, 902.2MHz~927.8MHz

Spectrum | n%: ]

Ref Level 30.00 dBm @ RBW 100 kHz
Att 50 dB & SWT 100 s & VBW 300 kHz
SGL
@ 1Pk Max
M1 b = . _ De[1] -0.01 dB
20 dBm] s e any i i 48.116 s
Mi[1] 20.77 dBm
10 dBm H.812 s
0 dBm
-10 dBm
-20 dBn]—4
-30 dBn]
ety bbb i Lol Lol Dl Ll Ll sl b il L,

-50 deém
-60 dBm
CF 902.2 MHz 691 pts 10.0s/
Marker
Type | Ref | Trc | X-value | Y-value |  Function | Function Result |
M1 1] 6.812 5 | 20,77 dBm |
p2| M1 1 9.71s | 0.00 dé |
pal mi 1 19.275 5 0.00 d& |
D4/ M1 1 28.841 s 0.00 d8 |
ps, mi| 1] 38,551 5 | -0.00 d8 |
D6 M1 1 48.116 s -0.01 dB
)i J Lol SHRUNNEED O 112057 PM 7

Date: 13.DEC.2019 23:20:57

Spectrum | ':%1 ]
Ref Level 30.00 dBm @ RBW 100 kHz
Att E0dE & SWT 1s @ YBW 300 kHz
SGL
@ 1Pk Max
M1[1] 20.73 dBm
r-,‘u Do 544.93 ms
20 dBm Dz ] -0.04 dB
71.01 ms
10 dBm
0 dBm
-10 dBm
-20 dem
-30 dBm
L N il i i i I I 4
TosEMe AT R R I SR T P ST o T e v e T
-50 dém
-60 dBm
CF 902.2 MHz 691 pts 100.0 ms/

g 1122:18PM 7
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Spectrum |

7. FSK 250Kbps FHSS, 902.5MHz~927.5MHz

=)

Ref Level 30.00 dBm

@& RBW 100 kHz

Att S0 dE & SWT 100s & YBW 300 kHz
SGL
@ 1Pk Max
M1 ‘ 5 D6[1] - -0.01 dB
20 dBm k4 % o 8k B [ﬁh.ms s
Mr1] 2083 dBm
10 dBm 2.319s
0 dBm
-10 dBém
-20 deém
-30 dBm
’—Lﬂ‘ﬂﬂﬁ\‘" A L.MFLNPLJW s M PL AN TS L.J\\h B Fomthon MJL«.” A dghed hJaJL\NA ZRTITR A .kJInJI«
-50 deém
-60 dBm
CF 902.5 MHz 691 pts 10.0s/
Marker
Type | Ref | Trc | X-value Y-value |  Function | Function Result |
M1 1] 12,319 5 | 20,83 dBm |
p2| M1 1 16.087 5 | 0.00 dé |
pal mi 1 32,174 s 0.00 d& |
D4 M1 1 48,116 5 0.00 de |
DS, M1 1 £4.203 5 | -0.00 d8 |
D6 M1 1 80.145 = -0.01 dB

J1072018
J Ready SHRUEERED 120656 AH y

Date: 19.DEC.2019 00:06:57

Spectrum |

=

Ref Level 30.00 dBm
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M1
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-20 dBm

-30 dBm
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4.1.11 Conducted Emission
Result: Pass

Test Specification

Test standard . FCC Part 15.207
RSS-Gen Issue 5 March 2019
FCC Part 15, Subpart B:2018
ICES-003:2016 Class B

Basic standard . ANSI C63.10: 2013, ANSI C63.4:2014 and CISPR
16-1 series standards
Limits . Refer to 15.207(a); RSS Gen Issue 5 March 2019

Clause 7.2 and clause 8.8; FCC Part 15, Subpart
B:2018; ICES-003:2016 Class B

Kind of test site : 3m Semi-anechoic Chamber
Test Setup
Date of testing : 13.12.2019
Input voltage . AC 120V 60Hz
Operational mode : Normal Working(Light ON + Wirless Module
Operating + Charging)
Temperature :20-22°C
Relative humidity o 52-54%
Atmospheric pressure : 101 kPa

The measurement result is calculated based on the following formula by the test software:
Emission Level = Reading level + Correction (LISN factor + cable loss).
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Figure 9: Spectral Diagrams, Conducted Emission, 150kHz - 30MHz, L, Charging mode

Full Spec
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= ) e arti 15
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E 401 S &
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150k 300 400 500 800 1M M M 4M =M B g 10M 20M 30M
Freguencyin Hz
Final Result
Frequency (QuasiPeak | CAverage | Limit | Margin | Meas. | Bandwidth | Line | Filter | Corr.
(MHz) (dBpV) (dBpV) | (dBpV) | (dB) | Time (kHz) (dB)
{ms})
0.162000 45.01 —| 6336 20.35| 1000.0 9.000 L1 ON 9.8
0.378000 = 36.85| 48.32 11.47 | 1000.0 9.000 (L1 ON 9.9
0.378000 42.86 —| 5832 15.46| 1000.0 9.000 | L1 ON 9.9
0.618000 — 28.90| 46.00 17.10 | 1000.0 9.000 [ L1 ON 9.9
0.730000 35.96 —| 56.00 20.04| 1000.0 9.000 | L1 ON 9.9
0.790000 36.55 —| 56.00 19.45| 1000.0 9.000 | L1 ON 9.9
0.514000 = 3032 | 46.00 15.68 | 1000.0 9.000 | L1 ON 9.9
1.482000 35.95 —|  56.00 20.05] 1000.0 9.000 | L1 ON 10.0
1.686000 - 2744| 46.00 18.56| 1000.0 9.000 L1 ON 10.0
2.766000 — 23.74| 46.00 22.26| 1000.0 9.000 [ L1 ON 10.0
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Figure 10: Spectral Diagrams, Conducted Emission, 150kHz - 30MHz, N, Charging mode

Full Spectrum

120 1
100 1~
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U__
150k 300 400 500 800 1M 2M M 4M SM 6 & 10Mm 20 30M
Fregquency in Hz
Final Result
Frequency QuasiPeak | CAverage | Limit | Margin | Meas. | Bandwidth | Line | Filter | Com.
(MHz) (dBpV) (dBpV) | {dBpV) | (dB) Ilmf: (kHz) {dB)
ms
0.158000 41.81 —| B5.57 23.76 | 1000.0 9.000 | N ON 9.8
0.382000 41.49 —| 58.24 16.75| 1000.0 9.000 | N ON 9.9
0.386000 — 32.45| 48.15 15.70 | 1000.0 9.000 | N ON 9.9
0.634000 == 26.93| 46.00 19.07 | 1000.0 9.000 | N ON 10.0
0.638000 35.41 —| 56.00 20.59 | 1000.0 9.000 [N ON 10.0
0.770000 36.76 —| 56.00 19.24 | 1000.0 9.000 | N ON 10.0
0.514000 = 2797 46.00 18.03 | 1000.0 9.000 | N ON 10.0
1.474000 36.71 —| 56.00 19.29 | 1000.0 9.000 [N ON 10.0
1.678000 = 2593 | 46.00 20.07 | 1000.0 9.000 | N ON 10.1
2.730000 == 22.01] 46.00 23.99| 1000.0 9.000 | N ON 10.1




