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4.1.5 Equivalent Isotropically Radiated Power

Result: Pass

Test Specification
Test standard
Limits

RSS-247 Issue 2 February 2017 Clause 5.4(a)&(d)
For systems using digital modulation in the 902-
928 MHz, 2400-2483.5 MHz: 4 Watt (36dBm)

Kind of test site 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 21.1°C
Relative humidity 57%
Atmospheric pressure 101 kPa

Table 5: Test result of E.I.R.P. for BLE, LoRa DTS, LoRa FHSS and FSK FHSS

Modulation Type and Channel Channel Peak Antenna | E.LR.P. | Limit
Operation band Frequenc | Output Gain (dBm) | (dBm
y (MHz) | Power (dBi) )
(dBm)

BLE Low Channel 2402 2.56 2.44 5.00 36
2402MHz~2480MHz Mid Channel 2440 2.43 2.44 4.87 36
High Channel 2480 1.3 2.44 3.74 36
. LoRa 500KHz DTS Low Channel | 902.5 19.99 -1.69 18.30 36
902.5MHz~926.5 Mid Channel 914.5 20.03 -1.69 18.34 36
High Channel | 926.5 20.02 -1.69 18.33 36
. LoRa 500KHz DTS Low Channel 903 20.28 -1.69 18.59 36
903MHz~914.2MHz Mid Channel 907.8 20.64 -1.69 18.95 36
High Channel | 914.2 20.35 -1.69 18.66 36
. LoRa 500KHz DTS Low Channel | 923.3 20.25 -1.69 18.56 36
923.3MHz~926.9MHz Mid Channel 925.1 20.27 -1.69 18.58 36
High Channel | 926.9 20.22 -1.69 18.53 36
. LoRa 250KHz FHSS Low Channel | 902.3 20.60 -1.69 18.91 36
902.3MHz~926.7MHz Mid Channel 914.3 20.27 -1.69 18.58 36
High Channel | 926.7 20.33 -1.69 18.64 36
. LoRa 125KHz FHSS Low Channel | 902.3 20.90 -1.69 19.21 36
902.3MHz~914.9MHz Mid Channel 908.5 20.82 -1.69 19.13 36
High Channel | 914.9 20.64 -1.69 18.95 36
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7. LoRa 125KHz FHSS Low Channel 902.2 21.23 -1.69 19.54 36
902.2MHz~927.8MHz Mid Channel 915 20.91 -1.69 19.22 36
High Channel 927.8 20.49 -1.69 18.80 36
8. FSK 150Kbps FHSS Low Channel 902.4 20.08 -1.69 18.38 36
902.4MHz~927.6MHz Mid Channel 914.8 20.32 -1.69 18.63 36
High Channel 927.6 19.07 -1.69 17.38 36
9. FSK 50Kbps FHSS Low Channel 902.2 20.86 -1.69 19.17 36
902.2MHz~927.8MHz Mid Channel 915 20.39 -1.69 18.7 36
High Channel 927.8 20.06 -1.69 18.91 36
10. FSK 5Kbps FHSS Low Channel 902.2 20.53 -1.69 18.84 36
902.2MHz~927.8MHz Mid Channel 915 20.39 -1.69 18.70 36
High Channel 927.8 20.23 -1.69 18.54 36
11. FSK 250Kbps FHSS Low Channel 902.5 21.01 -1.69 19.32 36
902.5MHz~927.5MHz Mid Channel 915 20.63 -1.69 18.94 36
High Channel 927.5 20.31 -1.69 18.62 36
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4.1.6 Power Spectral Density

Result: Pass

Test Specification

Test standard : FCC Part 15.247(e)

RSS-247 Issue 2 February 2017 Clause 5.2(b)
Basic standard : ANSIC63.10: 2013
Limits : Not more than 8 dBm in any 3 kHz band
Kind of test site Shielded Room

Test Setup

Date of testing 27.11.2019~28.11.2019

Input voltage

Operational mode

AC 120V, 60Hz
On, BLE, LoRa DTS

Test channel Lo, Mi, Hi
Temperature :21°C
Relative humidity 0 57%
Atmospheric pressure . 101 kPa

Table 6: Test result of Power Spectral Density for BLE, LoRa DTS

Modulation Type and Channel Channel Measured Limit Result
Operation band Frequency Power (dBm)
(MHz) Density
(dBm)
1. BLE Low Channel 2402 -14.54 8.0 Pass
2402MHz~2480MHz Mid Channel 2440 -14.56 8.0 Pass
High Channel 2480 -15.52 8.0 Pass
2. LoRa 500KHz DTS Low Channel 902.5 7.69 8.0 Pass
902.5MHz~926.5 Mid Channel 914.5 7.11 8.0 Pass
High Channel 926.5 7.05 8.0 Pass
3. LoRa 500KHz DTS Low Channel 903 7.64 8.0 Pass
903MHz~914.2MHz Mid Channel 907.8 7.58 8.0 Pass
High Channel 914.2 7.60 8.0 Pass
4. LoRa 500KHz DTS Low Channel 923.3 7.57 8.0 Pass
923.3MHz~926.9MHz | Mid Channel 925.1 7.56 8.0 Pass
High Channel 926.9 7.31 8.0 Pass
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Figure 4: Power Spectral Density

1.

BLE, Maximum Conducted Output Power, 2402MHz~2480MHz
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2. LoRa 500KHz DTS, Maximum Conducted Output Power, 902.5MHz~926.5
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Spectrum [@}
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3. LoRa 500KHz DTS, Maximum Conducted Output Power, 903MHz~914.2MHz
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4. LoRa 500KHz DTS, Maximum Conducted Output Power, 923.3MHz~926.9MHz
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4.1.7 Conducted Spurious Emissions Measured in 100 kHz Bandwidth

Result: Pass
Test Specification
Test standard . FCC Part 15.247(d)
RSS-247 Issue 2 February 2017 Clause 5.5
Basic standard :  ANSIC63.10: 2013
Limits : 20dB (below that in the 100kHz bandwidth within

the band that contains the highest level of the
desired power);

Kind of test site : Shielded Room
Test Setup
Date of testing : 27.11.2019~25.12.2019
Input voltage : AC 120V, 60Hz
Operational mode . Test mode of BLE, LoRa DTS, LoRa FHSS, FSK
FHSS
Test channel . Lo, Mi, Hi
Temperature o 21.1°C
Relative humidity 0 57T%
Atmospheric pressure . 101 kPa

All emissions are more than 20dB below fundamental, compliance is achieved as well.
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Figure 5: Conducted Spurious Emission

1. BLE, Conducted Spurious Emission and Band edge, 2402MHz~2480MHz
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2. LoRa 500KHz DTS, Conducted Spurious Emission and Band edge, 902.5MHz~926.5

Conducted Spurious Emission
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3. LoRa 500KHz DTS, Conducted Spurious Emission and Band edge, 903MHz~914.2MHz

Conducted Spurious Emission
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4. LoRa 500KHz DTS, Conducted Spurious Emission and Band edge, 923.3MHz~926.9MHz

Conducted Spurious Emission
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5. LoRa 250KHz FHSS, Conducted Spurious Emission and Band edge, 902.3MHz~926.7MHz

Conducted Spurious Emission

Spectrum ““? Spectrum u%:'
Ref Level 25.00 dim ® RBW 100 kHz Ref Level 30,00 dbm ® RBW 100 kHz
Att 45d8  SWT 99.7 ms @ VBW 300 khz _Made Auto Swesp Att S0dB  SWT 29.7 ms @ VBW 300 kiz _Made Auto Sweep
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Band edge
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Att S0cdB  SWT 19 ys @ VBW 300kHz Mode Auto FFT Att 50cdB  SWT 19 s @ VBW 300 kHz Mode auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 20.76 dBm)| D2[1] 33.48 dB
1ME02.30170 MHZ, M1 0 Hz,
20 d D2[1] I_L\ 7.13 dB|ff 20 di ¥ M1[1] 20.06 dBm)|
f \ 0 Hz| 59830 MHz|
10 dBm " | 10 B
| \ “
e FXO 0.760 dB | : B-dBm—-FXD O By
op H
-10 dBm /- | +10 dmf
\
/ \ / \
-20 dém — = J. || 20 e \,\
/ \ \ T/ it
/ | / \Y o i \ /
-30 dem 1 - 4p dem A iy
R i P ¥ i TV i i ~—r L
-40 dém 40 dBm i It i W SO MGV PLNG G A
50 dem 50 dém
-60 dém -50 dBm
FiD F
|
Start 898.0 MHz 691 pts Stop 903.0 MHz || Start 926.0 MHz 691 pts Stop 931.0 MHz
e e

'
| Measuring... WRARARALN s | | Measuring...  URREANED W8 12azi2abN




A TUVRheinland®
Produkte
Products

Prifbericht - Nr.: 50321015 001 Seite 50 von 118
Test Report No.: Page 50 of 118

Spectrum I = spectrum f"f'
Ref Level 30.00 dém ® RBW 100 kkz Ref Level 30.00 dém & RBW 100 kMz
Att 5008 SWT 19 ys @ VBW 300 kHz  Mode Auto FFT Att S0 dB  SWT 19 ys @ VBW 300 kkz  Mode Auto FFT
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6. LoRa 125KHz FHSS, Conducted Spurious Emission, 902.3MHz~914.9MHz

Conducted Spurious Emission

Spectrum u‘? Spectrum u;?
Ref Level 25.00 dBm ® RBW 100 kHz Ref Level 25.00 dBm @ RBW 100 kHz
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20d o 6.8760 GHelj| 20d t 6.8910 GHz
Mi[1] 20.96 dBm) M1{1] 20.72 dBbm)
104 903.0 MHz|fl | o 4 902.0 MHz,
dee ¥D 0,860 dam e KO
-10 dém -10 dém
-20 dBm -20 dem
-0 d -30 dém
o - il i
-40 dem ; i et -40 dBm- = e
T W e e Itttk nfnnlns 24 g et~ e B e T T [ e 7 SRR
50 dem 50 dem
-50 dém -60 dém
J-Fi0 Bm FRD Bm
CF 5.015 GHz 691 pts Span 9.97 GHz ||| Start 30.0 MHz 691 pts Stop 10.0 GHz
I
L | Measuring... ™ AL | Measuring... G

Spectrum n‘l‘]

Ref Level 25.00 dBm @ RBW 100 kHz
Att 45dB  SWT 99.7 ms @ VBW 300 kHz  Mode Auto Sweep
@1Pk Max

D2(1] 36.92 dB)
20d r 6.8760 GHz|
m1[1] 20,48 dBm
- 917.0 MHz

i

-10 dBém

=20 dBm:

-30d

-40 dem Y =
[ rrtlinga A el gt sifine s Snahors el A il b g Pt st A sied
-50 dem

60 dem:

e-Fa0Bm

Start 30.0 MHz 691 pts Stop 10.0 GHz

| Messuring... E“u = L




A TUVRheinland®

Produkte
Products

Prifbericht - Nr.: 50321015 001 Seite 51 von 118
Test Report No.: Page 51 of 118

Band edge

Spectrum ‘%’ Spectrum “3,’
Ref Level 30.00 dbm ® RBW 100 kHz Ref Level 30.00 dBm ® RBW 100 kHz
Att SO B SWT 19 ys @ VBW 300 kHz  Mode auto FFT Att SO B SWT 35 s @ VBW 300 kHz _ Mode &uto FFT
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7. LoRa 125KHz FHSS, Conducted Spurious Emission, 902.2MHz~927.8MHz
Conducted Spurious Emission

Spectrum nz\: Spectrum nz\:

Ref Level 30.00 dBm = RBW 100 k= Ref Level 30.00 dBm = RBW 100 k=
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Spectrum “3;
Ref Level 30.00 dbm @ RBW 100 kHz
Att SOdE  SWT 99.7 ms @ VBW 300 kHz  Mode Auto Sweep
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8. FSK 150Kbps FHSS, Conducted Spurious Emission and Band edge, 902.4MHz~927.6MHz

Conducted Spurious Emission

Spectrum
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Spectrum
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Spectrum I

Spectrum |
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9. FSK 50Kbps FHSS, Conducted Spurious Emission and Band edge, 902.2MHz~927.8MHz

Measuring. ..

Conducted Spurious Emission
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Band edge

Spectrum n%? Spectrum "‘%’
Ref Level 30.00 dBm ® RBW 100 kHz Ref Level 30.00 dBm ® RBW 100 kHz
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10. FSK 5Kbps FHSS, Conducted Spurious Emission and Band edge, 902.2MHz~927.8MHz

Conducted Spurious Emission

Spectrum n%? Spectrum "‘%’
Ref Level 25.00 dBm @ RBW 100 kHz Ref Level 25.00 cém @ RBW 100 khz
Att 4508 SWT 99.7 ms @ VBW 300 kHz  Mode Auto Sweep Att 4508 SWT 99.7ms @ VBW 300 kHz  Mode Auto Sweep
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Spectrum
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Conducted Spurious Emission

11. FSK 250Kbps FHSS, Conducted Spurious Emission and Band edge, 902.5MHz~927.5MHz
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L JL
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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 . 27.11.2019~25.12.2019
Input voltage . AC 120V, 60Hz
Operational mode : Test mode of LoRa FHSS, FSK FHSS
Temperature : o 20.1°C
Relative humidity 0 57T%
Atmospheric pressure : 101 kPa

Figure 6: Carrier Separation

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

Carrier Separation: 398.5KHz > 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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Carrier Separation: 199.71KHz > 20 dB bandwidth

Spectrum
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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: 199.130KHz > 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 : 27.11.2019~25.12.2019
Input voltage :  AC 120V, 60Hz
Operational mode . Test mode of LoRa FHSS, FSK FHSS
Temperature o 20.1°C
Relative humidity 0 57%
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<s 500 62 25 Pass
902.3MHz~926.7MHz
LoRa 125KHz FHSS 20dB Bandwidth<s 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<< 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

Spectrum I :E‘
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4. FSK 150Kbps FHSS, 902.4MHz~927.6MHz
Channel Number: 64
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