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TEST SUMMARY
Test Item FCC RSS Result
Maximum conducted (Average) output 15.247 (b)(3) RSS-247 issue 2 Pass
power 5.4 (d)
. . RSS 247 Issue 2,
Maximum Power Spectral Density FCC 15.247(e) Section 5.2 (b) Pass
. RSS 247 Issue 2,
DTS Bandwidth FCC 15.247(a)(2) Section 5.2 (a) Pass
Emissions in non-restricted frequency 15.247 (d) RSS-247 issue 2 Pass
bands 55
Spurious Radiated Emissions and FCC 15.209 / FCC RSS-GEN issue 5 Pass
Restricted Bands of Operation 15.205 Clause 8.9, 8.10
Conducted Spurlous_ Emission on AC FCC 15.207 RSS—ng Issue Pass
Power lines 5,Section 8.8

Product Category: Electronics Testing
Test Discipline: EMC Test Facility
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REVISION HISTORY OF THIS REPORT

Report Number Version Description Issue date

ULR-TC568822300000026F 01 Initial issue of report 13.05.2022
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1 GENERAL REMARKS

1.1 Attachments

All attachments are part of this test report and are issued in separate document

Test Setup photos

EUT External Photos

EUT Internal Photos

FCC Label and Label Location
Block Diagram

Specification of EUT
Schematic Diagrams

Bill of Material

© © N o o &> w N BB

User Manual

10. Maximum Permissible Exposure Information
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2.1 Testing Facilities
1. TUV Rheinland (India) Pvt.Ltd., 2. TUV Rheinland (India) Pvt.Ltd.,
27/B, 2nd Cross, 108 , Beside ISBR Business School,
ElectronicCityPhasel Electronic city Phase |
Bangalore — 560 100, Bangalore - 560 100,
India India
2.2 List of Test and Measurement Instruments
Table 1: List of test and measurement instruments
Equibment Manufacturer Model Serial Firmware | Calibration Periodicit Test
quip Name Number | Versions Due Date y Facility
Active loop FMZB 1519B-
antenna Schwarzbeck 1519 B 00111 - 27.04.2022 Yearly
BBA
Balun &
L Schwarzbeck 9106+V 9124-
Biconical Mess-Elektronik HBB 1117 - 03.02.2023 Yearly
Antenna
9124
Pel;i%%i_cal Schwarzbeck | VUSLP | 9111B- . 04.02.2023 |  Yearly
Antenna Mess-Elektronik 9111B 324 Radiated
BBHA 9120D- Spurious
Horn Antenna Schwarzbeck 9120 D 1944 - 11.05.2022 Yearly Emission
Semi Anechoic Frankonia ) i i i i
Chamber
Fully Anechoic
Chamber Albatross - - - - -
EMI Receiver Rohde & ESW 44 | 101732 | 4.73.SP5 | 19.05.2022 | Yearly
Schwarz
. Rohde & ESW44 101773 1.72SP1 12.02.2023 Yearly
EMI Receiver
Schwarz
Signal Rohde & FSv7 101644 FW 3.40 | 25.01.2023 Yearly
Analyser Schwarz
Spectrum Agilent E4407B | US41192 A.14.06 15.12.2022 Yearly
Analyzer 772
Table 2: Instrument application Software versions
SL. No. Test Type Application Version
software
1 Radiated spurious emission measurement in EMC 32 10.60.00
FAC
Radiated spurious emission measurement in
2 10mtr SAC BAT EMC 3.20.0.17
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3 GENERAL PRODUCT INFORMATION

3.1 Product Function and Intended Use
The ClodPi’'s LoRaWAN® Concentrator miniPCle - USB / SPI - SX1302/3 CPLWCC-915 card based on Semtech
SX1302/3 Core Cell Design in Mini PCle Form Factor enables OEMs and system integrators to build high-

performance, certified LORaWAN gateway solutions.

3.2 Ratings and System Details of EQuipment under Test

Table 3: Ratings and System Details as declared by Client*

Protocol

LoRa

Operating Frequency Range

902.3MHz to 914.9MHz(DSS)

903.0MHz to 927.5MHz(DTS)

No. of Channels 64+8+8

. 200kHz(DSS)
Channel Spacing 1.6MHz(DTS)
Tx Transmitting Power 25dBm

Maximum Measured Power

27.20@927.50MHz

Modulation CSSs
Data Rate DRO
Number of antennas 1

Antenna Gain & Antenna
Type

3.5dBi & Omni directional Antenna

Antenna Model

CW-868-915MHz195B-SMAMM

Supply Voltage to Product

3.3VDC through USB Port

Environmental conditions

-40 to +85°C Operating Conditions
10% ~ 90% RH Non-condensing

EUT Dimension(WxHxD)

51x30x4 mm

*Disclaimer: The information/data is supplied by the client and the same is considered to arrive at the final value.
Any changes made apart from the specified specification, can directly impact on the tests results. Refer the products

user manual for more details.
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3.3 Measurement

Uncertainty:

Table 4: Measurement Uncertainty

Reported uncertainties represent expanded uncertainties expressed at approximately the 95% confidence level
using a coverage factor of k = 2

Parameter Uncertainty

Occupied Channel Bandwidth 5 %
RF output power, conducted +1.5dB
Power Spectral Density, conducted +3 dB
Unwanted Emissions, conducted +3dB
All emissions, radiated +6 dB
Temperature 3 C

Supply Voltages +3 %

Time 5 %

Note: The Listed Measurement Uncertainties are the worst-case uncertainty, for the respective test cases. Above
Table is for reporting purpose only and not used in determining Final Pass/Fail verdict.
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4 TEST SET-UP AND OPERATION MODE

4.1 Principle of Configuration Selection
Transmission was enabled with highest possible duty cycle transmission on low, mid and high channel.

4.2 Test Operation and Test Software

Hardware Version: V3
Hardware Version Identification Number HVIN: CPLWCC915Z3
Software Version: V2.1.0

Firmware Version identification Number FVIN: NA

4.3 Special Accessories and Auxiliary Equipment
Raspberry Pi: Raspberry Pi 3 Model B+

4.4 Countermeasures to achieve EMC Compliance

None

4.5 List of frequencies

Frequency Band Channel Frequency
(GHz) No. (MHz)
Low 903.0
Sub-GHz d :
(903 MHz — 927.5 MHz) |—Mid 923.5
High 927.5

Table 5: List of SubGHz Center frequencies

Channel used for SubGHz testing
Channel Low : 903.0MHz
Channel Mid :  923.5MHz
Channel High : 927.5MHz

4.6 TUV Sample Identification

1. TUV Sample Identification number : A003238254-001- Radiated & Conducted test Sample

4.7 Report Reference

Radio Protocol Report Number
RF Test Report for LoRa DSS(902.3MHz to 914.9MHz) ULR-TC568822300000027F
RF Test Report for LoRa DTS(903MHz to 927.5MHz) This report
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5 Operational Description

The ClodPi’s LoRaWAN® Concentrator miniPCle - USB / SPI - SX1302/3 CPLWCC-915 card is a radio modules
that serve as communication devices within a LoRa network between end-devices and a LoRaWAN network

server,This can receive data on 8 and 6 spreading factors simultaneously.
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6 TEST METHODOLOGY

6.1 Radiated Emission Test

The radiated emission measurement was performed according to the procedures in ANSI C63.10-2013.

The equipment under test (EUT) was placed at the middle of the 80 cm high turntable for below 1 GHz

& 1.5 m height for above 1 GHz measurement, and the EUT is 3 meters far from the measuring antenna.

The turntable was rotated 360° for obtaining the maximum emission. The height of the measuring

antennas was scanned between 1 m and 4 m, and the antenna rotated to repeat the measurements for

both the horizontal and vertical antenna polarizations. Repeat the measurement steps until the

maximum emissions were obtained. The measurement above 1000 MHz was performed by horn

antenna, The measurement below 30 MHz was performed by loop antenna, Measurement from 30 MHz

to 200 MHz was performed by Baloon and Biconical Antenna, and mesurement from 200 MHz to 1 GHz

was performed by Log-Periodic Antenna.

The EUT was rotated around the X-, Y-, and Z-Axis and the results from worst case axis are recorded

6.1.1 Test Setup Configuration

I

EUT

3m test distance
H:‘ > > EMI-Receiver

Hp

\

Figure 1: Frequency Range 9 kHz- 30 MHz

Semi-anechoic

3m

Pre-Amplifier Measuring Receiver/

A\ J

EUT

Spectrum Analyzer

e

Turntable \-/

Figure 2: Frequency Range 30 MHz — 200 MHz
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Semi-anechoic Chamber

3m

F 3
Y

Measuring Receiver /
Spectrum Analyzer

| Pre-Amplifier

EUT

y Turntable

Ground Plane

Figure 3: Frequency Range 200 MHz - 1GHz

Fully anecheoic Chamber

. i - Measuring Receiver /
Pre-Amplifier

EUT re-Ampit Spectrum Analyzer

0 1Tumtable 5

30 CMI

1

Figure 4: Frequency Range above 1 GHz
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7 TEST RESULTS

7.1 Maximum Average Conducted Output Power

Result Pass
e FCC part 15 Subpart C 15.247 (b)(3)
Test Specification RSS-247 issue 2 5.4 (d)
Test Method Subclause 11.9.2.2.6 of ANSI C63.10
Measurement Bandwidth 30kHz
Detector Average
Port of testing Antenna port
Requirement Power < 1 W (30 dBm) & e.i.r.p <4 W (36dBm)
EUT 30 dB attenuator Spectrum Analyser

Test Condition
Normal Test Condition:

Temperature (Norm) = + 22.1 °C Voltage = 3.3V DC through AC/DC Adapter Relative humidity: 65%

KDB Guidelines applied:

Measurements were made as per section 8.3.2.2 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

1. All the losses are included during measurement and final values are mentioned in the test report

2. Total Peak Output power (dBm) = Measured Peak power (dBm) + Attenuator factor (30dB) +
Cable loss (0.3dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence
Directional gain of the single antenna is 3.5 dBi

Note: Calculation formula

Duty cycle correction factor: 10*log(1/D)

Where: D is Duty cycle

Dut Measured Final
Data Channel Duty C y Average Average Antenna | Measured | Power e.i.r.p
Rate Frequency | Cycle orrection Output Output Gain e.i.r.p Limit Limit
factor .
(kbps) (MHz) (%) (dB) Power Power (dBi) (dBm) (dBm) (dBm)
(dBm) (dBm)
903 47 3.27 23.28 26.55 3.50 30.05 30.00 36.00
125 923.3 47 3.27 23.77 27.04 3.50 30.54 30.00 36.00
927.5 50 3.01 24.19 27.20 3.50 30.70 30.00 36.00

MKR ~ py 903.000 000 00 MHz

1

Reference Level

Center 903.000 OMHz

Channel Power
Channel Center
Channel Width

903.000000 MHz
749700 kHz

22.30dBm[30.30dB]

Absolute Power

30kHz | @ ATT 10dB
@ SWT 13s

1093 agm oV

RMS 10001 points

Rgfgegce Level =
22.30 dBm

Span 1.125 000MHz

3547 dBmiHz
23.28 dBmi749.7kHz

Channel Frequency: 903MHz
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92330000000 MHz  11.58aam = T Do e

Reference Level 22.30dBm[30.30dB] RMS 10001 points

Span =_
1125 000 Hz

Center 923.300 OMHz Span 1.125 000MHz

Channel Power
Channel Center ©23.300 000 MHz Absolute Power 3487 dBmiHz
Channel Width 730.800 kHz 23.77 dBm{7308kHz

Channel Frequency: 923.3MHz

@ RBW 30kHz | @ ATT 10dB
927.500 000 00 MHz  11.93 dgm Dowr 1o

Reference Level 22.30dBm[30.30dB] RMS 10001 points

Channel Width =
752 100 Hz

Span 1.130 000MHz

Center 927.500 OMHz

Channel Power
Channel Center 927.500 000 MHz Absolute Power 3457 dBmlHz
Channel Width 762.100 kHz 2419 dBmi752.1kHz

Channel Frequency: 927.5MHz
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7.2 Occupied bandwidth

Result Pass

FCC part 15 Subpart C 15.247 (a) (2)

Test Specification 4
RSS 247 Issue 2, Section 5.2 (a)

Test Method Subclause 11.8.2 of ANSI C63.10
Measurement Bandwidth 100 kHz

Detector Peak

Port of testing Antenna port

Systems using digital modulation techniques may operate
in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850

Requirement MHz bands. The minimum 6 dB bandwidth shall be at least

500 kHz..
Test Method:
EUT 30 dB attenuator Spectrum Analyzer
Test Condition
Normal Test Condition:
Temperature (Norm) = + 22.1 °C Voltage = 3.3V DC through AC/DC Adapter Relative humidity: 65%

KDB Guidelines applied:

Measurements were made as per section 8.2 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:
1. All the losses are included during measurement and final values are mentioned in the test report.

2. Total Peak Output power (dBm) = Measured Peak power (dBm) + Attenuator factor (30dB) +

Cable loss (0.3dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence

Directional gain of the single antenna is 3.5 dBi.

Data Rate Ffehqau”e”ni'y 6 dB Bandwidth 99% OBW Min"l‘_“i‘;m 6dB
(kbps) MH2) (kHz) (kHz) ()
903.00 632.00 498.00
125 923.30 668.00 504.00 >500
927.50 638.00 504.00

99% Bandwidth:

@ RBW 10kHz ATT 10dB
@ vBW 30kHz SWT 12ms

Reference Level 27.30dBm([30.30dB] Pos &Neg 1001 points

Center 903.000MHz Span 2.000 000MHz

OBW (99.00% of Power)
OBW 498,000 kHz OBW Center 902.995 000 MHz

OBW Lower 902.746 000 MHz OBW Upper 903.244 000 MHz

Channel frequency: 903MHz
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@ RBW 10kHz ATT 10dB
@ vBW 30kHz SWT  12ms

Reference Level 27.30dBm[30.30dB] Pos & Neg 1001 points

pooohod

Center 923.300MHz Span 2.000 000MHz

OBW (99.00% of Power)
OBW 504.000 kHz OBW Center 923.302000 MHz

OBW Lower $23.060 000 MHz OBW Upper 923.664 000 MHz

Channel Frequency: 923.3MHz

@ RBW 10kHz ATT 10dB
@ vBW 30kHz SWT  12ms

Reference Level 28.30dBm[30.30dB] Pos & Neg 1001 points

Center 927 500MHz Span 2.000 000MHz

OBW (99.00% of Power)
oBwW 504.000 kHz OBW Center 927.494 000 MHz

OBW Lower 927242 000 MHz OBW Upper 927.746 000 MHz

Channel Frequency: 927.5MHz



http://www.tuv.com/

Produkte

A TUVRheinland®

www.tuv.com

Products

Prifbericht - Nr.:

Seite 19 von 47
Page 19 of 47

ULR-TC568822300000026F

Test Report No.:
DTS Bandwidth(6dB):

14dB
1ms

ATT
SWT

100kHz
300kHz

@ RBW
@ vBW

Pos & Neg 1001 points

33.30dBm[30.30dB]

Reference Level

Center 903.000MHz Span 2.000 000MHz

OBW (6.00dB Down)
oBwW
OBW Lower

902.988 000 MHz
903.304 000 MHz

OBW Center
OBW Upper

632.000 kHz
902672000 MHz

Channel frequency: 903.00MHz

ATT 14dB
SWT 1ms

100kHz
300kHz

@ RBW
@ vBW

Pos &Neg 1001 points

33.30dBm[30.30dB]

Reference Level

Span 2.000 000MHz

Center 923.300MHz
OBW (6.00dB Down)
OBW
OBW Lower

923280 000 MHz
923.614 000 MHz

OBW Center
OBW Upper

668.000 kHz
922,946 000 MHz

Channel Frequency: 923.3MHz
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Reference Level

Center 927 500MHz
OBW (6.00dB Down)
oBwW
OBW Lower

@ RBW  100kHz ATT 14dB
@ VBW  300kHz SWT 1ms

33.30dBm([30.30dB] Pos &Neg 1001 points

T TN

Span 2.000 000MHz

638.000 kHz OBW Center 927483 000 MHz
927.164 000 MHz OBW Upper 927.802 000 MHz

Channel Frequency: 927.5MHz
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7.3 Power Spectral Density

Result

Test Specification

Test Method

Measurement Bandwidth

Detector

Port of testing

Requirement

Test Method:

EUT

Test Condition

Normal Test Condition:

Temperature (Norm) = + 22.1 °C

KDB Guidelines applied:

Pass

FCC Part 15 Subpart C Section 15.247 (e)

RSS 247 Issue 2, Section 5.2 (b)

Subclause 11.10.7 of ANSI C63.10

3 kHz
Average

Antenna port

For digitally modulated systems, the power spectral density
conducted from the intentional radiator to the antenna shall
not be greater than 8 dBm in any 3 kHz band during any
time interval of continuous transmission.

30 dB attenuator

Spectrum Analyzer

Voltage = 3.3V DC through AC/DC Adapter

Relative humidity: 65%

Measurements were made as per section 8.4 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

1. All the losses are included during measurement and final values are mentioned in the test report.

2. Total Peak Output power (dBm) = Measured Peak power (dBm) + Attenuator factor (30dB) +

Cable loss (0.5dB).

Data Channel Dut Duty Measured Final Measured

Y Correction | Power spectral Power spectral Limit Margin

Rate Frequency Cycle f d . q : d d
(Kbps) (MHz2) %) actor ensity ensity (dBm) (dB)

(dB) (dBm/3kHz) (dBm/3kHz)

903.00 47 3.27 4.33 7.60 8.00 -0.40
125 923.30 47 3.27 4.57 7.84 8.00 -0.16
927.50 50 3.01 4.71 7.72 8.00 -0.28

Note: Calculated Formula

duty correction factor(dB)= 10*log(1/D)

Where D: Duty Cycle

902.999 775 00 MHz 4.33 aBm

Reference Level 14.50dBm[30.50dB]

@ RBW

3kHz ATT 10dB
@ sSWT 13s

RMS 10001 points

Zone Center 1 =
902 999 775.00 Hz

Center 903.000 OMHz

Channel Frequency: 903MHz

Span 1.125 000MHz
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MKR~ gy 923.299 890 00 MH; 457 gam | PTEVE

Reference Level 14.50dBm[30.50dB] 10001 points

Zone Center1 =
923 299 890.00 Hz

Center 923.300 OMHz Span 1.100 000MHz

Channel Frequency: 923.3MHz

MKR ~ @ RBW 3kHz ATT  10dB
1 927.498 644 00 MHz 4.71 dBm @ SWT 138

Reference Level 14.50dBm[30.50dB] RMS 10001 points

Zone Center 1 =
927 498 644.00 Hz
Iy

Center 927 500 OMHz Span 1.130 000MHz

Channel Frequency: 927.5MHz
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7.4 Emissions in non-restricted frequency bands and Conducted Spurious
Emission
Result Pass

FCC part 15 Subpart C 15.247 (d)

Test Specification RSS-247 issue 2 5.5

Test Method Subclause 11.11.3 of ANSI C63.10
Measurement Bandwidth 100 kHz

Detector Peak

Port of testing Antenna port

In any 100kHz bandwidth outside the frequency band in
which the spread spectrum or digitally modulated
intentional radiator is operating, the radio frequency power
that is produced by the intentional radiator shall be at least

Requirement 30dB below that in the 100kHz bandwidth within the band
that contains the highest level of the desired power, based
on either an RF conducted or a radiated measurement,
provided the transmitter demonstrates compliance with the
peak conducted power limits

Test Method:

Spectrum Analyzer
EUT 30 dB attenuator pectru yz

Test Condition
Normal Test Condition:

Temperature (Norm) = + 22.1 °C Voltage = 3.3V DC Battery Supply Relative humidity: 65%

KDB Guidelines applied:

Measurements were made as per section 8.5 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

7.4.1 Band edge and reference plots

1. All the losses are included during measurement and final values are mentioned in the test report
2. Final Value (dBm) = Measured Value (dBm) + Attenuator factor (10dB) + Cable loss (0.3dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence

Directional gain of the single antenna is 3.5 dBi
4. Only worst case results are reported

Channel Reference Band edge Value at Minimum
Data Rate Band S
(kbps) Frequency Value (B) Frequency edge (A) A-B Limit
(MHz) (dBm) (MHz) (dBc) (dBc)
(dBm)
903 23.17 902 -31.08 -54.25 -30
125
927.5 24.46 928 -6.53 -30.99 -30
Mkr2 902.7303 MHz
Ref 36.3 dBm Atten 20 dB 23.17 dBm
Peak
LOg =z 1
10 - L+ <
dey ad ~
Offst .
303 | \
@ |7 ‘\\
=
M1 52
$3 FC
AA
Center 903 MHz Span 1 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.99 ms (1000 pts)

Reference plot for 903MHz
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Ref 24.3 dBm

Mkr1 923.5267 MHz
Atten 15 dB 23.76 dBm

Peak
Log

K

10
dB/

Offst

30.3 A

e "ww

dB /

M1 52
53 FC

Center 923.3 MHz
#Res BW 100 kHz

Span
#/BW 300 kHz Sweep 9.99 ms (1000

1 MHz
pts)

Reference plot for 923.3MHz

Ref 36.3 dBm

Mkr1 927.3373 MHz
Atten 20 dB 24.46 dBm

Peak
Log

1

10

dB/ / M,

Offst
30.3 /

N

dB |

N

M1 52
33 FC

Center 927.5 MHz
#Res BW 100 kHz

Span 1 MHz

#/BW 300 kHz Sweep 9.99 ms (1000

pts)

Reference plot for 927.5MHz
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Mkr1 902.79 MHz
Ref 33.3 dBm Atten 15 dB 23.17 dBm
Peak ]
Lo
e /]
10 J ]
dB/f
Offst il
30.3 [
dB zj' \
DI r® | el A N . .
6.8
dBm
Start 900 MHz Stop 930 MHz
#Res BW 100 kHz #V/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type ¥ Axis Amplitude
1 oy Freg 902.78 MHz 23.17 dBm
2 i Freq 902.00 MHz -31.08 dBm
Band edge Channel Frequency 903MHz
Mkr2 928.00 MHz
Ref 33.3 dBm Atten 15 dB 6.537 dBm
Peak R
o
Log r‘]‘
10 l
dB/f
Offst 5
303 i
dB J L‘
DI
55 - Wy " " Ak, M k‘tu«
dBm
Start 900 MHz Stop 930 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.99 ms (1000 pts)
Markar Trace Type X Axis Amplitude
1 ) Freq 927.30 MHz 22.33 dBm
2 ) Freq 928.00 MHz -6.537 dBm

Band edge Channel Frequency 927.5MHz
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7.4.2 Out-Of-Band Emissions

Spectrum

(7]

Ref Level 20.30 dBm
Att 10 dB
DC

Offset 30.30 dB @ RBW 100 kHz

SWT 19 ps @ VBW 300 kHz Mode Auto FFT

@ 1Pk Max

10 dB

M3[1]

0 dém

m1[1]

42.21 dBm
124.550 kHz
-27.15 dBm
31.490 kHz

D1 -6.800 d

Briv

-10 dBm

-20 dem

-30 dem

-40 dem

-50 dB!

-60 dBm

-70 dBm

Start 9.0 kHz

1000 pts

Stop 150.0 kHz

Marker
Type | Ref | Tre |

X-value |

Y-value I Function |

Function Result |

M1 1
M2 1
M3 k4

31.49 kHz
79.85 kHz
124,55 kHz

-27.15 dBm
-33.37 dBm
-42,21 dBm

Channel Frequency 903MHz Frequency Range 9KHz — 150KHz

=
Spectrum ] [%]
Ref Level 20.30 dEm  Offset 30.30 dB @ RBW 100 kHz
Att 10de SWT  37.9ps @ VBW 300kHz Mode Auto FFT
DC
(@ 1Pk Max
mM3[1] -49.70 dBm
n 26.4930 MHz
10 dm M1[1] -42.71 dBm
583.0 kHz
0 dBm:
D1 -6.800 dBm
-10 dBm
-20 dBm
-30 dBm
%40 dem
| M2 M3
o ds % e W
VAVRNY FUSUPI I NERUPRYRYY PRV VTSR g
-60 dB
-70 dBm
Start 150.0 kHz 1000 pts Stop 30.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | _Function | Function Result |
M1 1 583.0 kHz -42.71 deém
M2 | 1 17.567 MHz | -49.13 dém
M3 1 26.403 MHz -49.70 dBém

Channel Frequency 903MHz Frequency Range 150KHz — 30MHz
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Mkrd 902.9 MHz
Ref 33.3 dBm Atten 15 dB 23.15 dBm
Peak
Log
10
dB/
Offst
30.3
dB
DI & N PO P Lt il Smitinn
6.8
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz #V/BW 300 kHz  Sweep 100.5 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 ) Freq 116.9 MHz -34 84 dBm
2 ) Freg 214.2 MHz -34.55 dBm
3 ) Freq 311.5 MHz -34.07 dBm
4 ) Freg 902.9 MHz 23,15 dBm

Channel Frequency 903MHz  Frequency Range 30MHz — 1GHz

Mkr3 3.612 GHz
Ref 33.3 dBm Atten 15 dB -32.05 dBm
Peak
Log
10
dB/
Offst
303
dB . z 5
%I 8 w‘gm&wmwwm o
dBm
Start 1 GHz Stop 10 GHz
#Res BW 100 kHz #/BW 300 kHz  Sweep 932.4 ms (1000 pts)
Markar Trace Type X Axis Amplitude

1 [ Freq 1808 GHz -32 25 dBm

2 (1 Freg 2709 GHz -29.87 dBm

3 [ Freq 3612 GHz -32.05 dBm

Channel Frequency 903MHz Frequency Range 1GHz — 10GHz
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Channel Frequency 923.3MHz Frequency Range 150KHz — 30MHz

=
Spectrum

(=]

Ref Level 34.00 dem
jo Att 30dB
DC

Offset 30.30 dB @ RBW 100 kHz
19.1 ys & VYBW 300 kHz

SWT

Mode Auto FFT

@ 1Pk Max

30 dem

mM2[1]

20 dBm

-12.77 dBm
64.400 kHz

M1[1] -9.12 dBm

10 dBm

33.180 kHz

0 dém

D1

6. dBm

-10 dB

-20 dB

-30 dem

-40 dBm

-50 dB!

-60 dBm

Start 9.0 kHz

691 pts Stop 150.0 kHz

Marker
Type | Ref | Trc |

X-value |

Y-value |__Function | Function Result |

ML 1|
M2 1

33.18 kHz |
64.4 kHz

-9.12 dBm
-12.77 dBm

Channel Frequency 923.3MHz

Frequency Range 9KHz — 150KHz

Spectrum

(=]

Ref Level 34.00 dBm
j» Att 30 dB
DC

Offset 30.30 dB @ RBW 100 kHz
37.9 ys @ VBW 300 kHz

SWT

Mode Auto FFT

@ 1Pk Max

30 dBm

mM3[1]

20 dem

-30.46 dBm)
26.6520 MHz
M1[1]

10 dem

-34.82 dBm
10.0210 MHz|

0 dem

D1 -6.300 dBmr

-10 dem

-20 de

-30 de

-40 dBm

|
;

-50 dB

-60 dBm

Start 150.0 kHz

691 pts Stop 30.0 MHz

Marker
Type | Ref | Trc |

X-value |

Y-value | _Function | Function Result |

M1 I
M2 1
M3 1

10.021 MHz
21.944 MHz |
26.652 MHz

-34.92 dBm
-32.10 dém
-30.46 dém
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Mkrd 637.8 MHz
Ref 34.3 dBm Atten 15 dB -30.31 dBm
Peak N
Log
10
dB/
Offst
303
dB . 5 "
DI . o - < 2. . o
6.3
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz #/BW 300 kHz  Sweep 100.5 ms (1000 pts)
Marker Trace Type ¥ Axis Amplitude

1 [} Freq 923.3 MHz 23,98 dBm

2 [ Freq 1931 MHz -32 26 dBm

3 ) Freq 488 3 MHz -30 48 dBm

4 [} Freq 8378 MHz -30.31 dBm

Channel Frequency 923.3MHz  Frequency Range 30MHz — 1GHz

Mkrd 4.617 GHz
Ref 34.3 dBm Atten 15 dB -31.33 dBm
Peak
Log
10
dB/f
Offst
302
dB 3
1
DI [ . - J S
6.3
dBm
Start 1 GHz Stop 10 GHz
#Res BW 100 kHz #/BW 300 kHz  Sweep 932.4 ms (1000 pts)
Marker Trace Type X Axis Amplitude

1 &N Freq 1,847 GHz -31.31 dBm

2 [&h Freg 2.770 GHz -29.57 dBm

3 & Fraq 3.693 GHz -30.51 dBm

4 &N Freq 4617 GHz -31.33 dBm

Channel Frequency 923.3MHz Frequency Range 1GHz — 10GHz
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Channel Frequency 927.5MHz

Spectrum

(=]

Ref Level 20.30 dém
Att 10 dB
DC

Offset 30.30 dB @ RBW 100 kHz

SWT 19 ps @ VBW 300 kHz Mode Auto FFT

@ 1Pk Max

10 dem

m3[1]

0 dem

M1[1]

-41.50 dBm
118.350 kHz
-26.20 dBm
25.570 kHz

D1 -5.500d

B

-10 dBm:

-20 dem

-30 dBm

-40 dBm

-50 de

-60 dBm

-70 dBl

Start 9.0 kHz

1000 pts

Stop 150.0 kHz

Marker

Type | Ref | Trc|
M1 1

X-value | Y-value | Function |

Function Result

M2 | | 1]
M3 1

25.57 kHz
74.07 kHz
118.35 kHz

-26.20 dBm
-31.87 dBm
-41.50 dBm

Frequency Range 9KHz — 150KHz

=
Spectrum

(7]

Ref Level 20.30 dBm
Att 10 de
DC

Offset 30.30 dB & RBW 100 kHz

SWT 37.9 ys @ VBW 300 kHz Mode Auto FFT

@ 1Pk Max

10 de;

Ma[1]

0 dem

M1[1]

D1 -5.500d
-10 dém

-49.39 dBm
29.2090 MHz
-42.53 dBm
583.0 kHz

B

-20 dBm

-30 dem

(0 dem
Y30 dp
R

-60 dBm

=70 dBm

Start 150.0 kHz

1000 pts

Stop 30.0 MHz

Marker
Typel Ref | Trc|
M1

X-value ] Y-value [ Function |

Function Result

M2 [ %
M3 1

M4 | 1

583.0 kHz
12,194 MHz
20.105 MHz
29.209 MHz

-42.53 dBm
-51.53 dBm
-49.09 dBm
-49.39 dbém

Channel Frequency 927.5MHz Frequency Range 150KHz — 30MHz



http://www.tuv.com/

A TUVRheinland®

Produkte www.tuv.com

Products

Prifbericht - Nr.:
Test Report No.:

ULR-TC568822300000026F

Seite 33 von 47
Page 33 of 47

Mkr3 193.1 MHz
Ref 33.3 dBm Atten 15 dB -33.51 dBm
Peak L
Log
10
dB/f
Offst
30.3
dB .
DI — ) e} N PP B P e
5.5
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz #/BW 300 kHz  Sweep 100.5 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 ) Freq 927.2 MHz 22.83 dBm
2 4} Freq 373.7 MHz -33.53 dBm
3 [§)] Freq 183.1 MHz -33.51 dBm

Channel Frequency 927.5MHz

Frequency Range 30MHz — 1GHz

Mkr3 3.710 GHz
Ref 33.3 dBm Atten 15 dB -33.35 dBm
Peak
Log
10
dB/f
Offst
303
dB N 3
DI B - . s i
5.5
dBm
Start 1 GHz Stop 10 GHz
#Res BW 100 kHz #/BW 300 kHz  Sweep 932.4 ms (1000 pts)
Markar Trace Type X Axis Amplitude

1 &N Freq 1,855 GHz -32.21 dBm

2 &h Freq 2.783 GHz -30.22 dBm

3 &N Freq 3.710 GHz -33.35 dBm

Channel Frequency 927.5MHz

Frequency Range 1GHz — 10GHz
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7.5 Spurious Radiated Emissions & Restricted Bands of Operation
Pass

Result

Test Specification

Test Method

Measurement Location

Measurement Bandwidth
Detector

Measuring Distance
Requirement

Test setup

FCC part 15 Subpart C 15.247 (d) / (15.209 & 15.205)

RSS-GEN issue 5 clause 8.9, 8.10

ANSI C63.10

Semi Anechoic Chamber 9kHz -

1 GHz

Fully Anechoic Chamber 1 GHz - 40GHz

100 kHz for frequency range < 1GHz
1 MHz for Frequency range >1GHz

Refer remarks below

3m

As per the limits mentioned in the below table

Refer TEST METHODOLOGY

Table 6: Transmitter limits for Radiated emission

Frequency Field strength Field strength Distance of
(MHz) (uv/m) (dBuV/m) Measurement (m)
0.009 — 0.490 2400/F(kHz) 48.50 — 13.80 300*
0.490 - 1.705 24000/F(kHz) 33.80 - 23.00 30*
1.705 -30 30 29.54 30*
30-88 100 40.0 3
88-216 150 435 3
216-960 200 46.0 3
Above 960 500 54.0 3

Remark: * The limit shows in the table above of frequency range 0.009 — 0.490, 0.490 — 1.705 MHz and
1.705-30MHz is at 300 meter, 30 meter and 30 meter range respectively, which corresponds to 128.51 —
93.80, 73.80 — 62.96 and 69.54 dBuV/m at 3m range by extrapolation calculation and the measurement of

loop antenna.

The emission limits shown in the above table are based on measurements employing a CISPR quasi-peak
detector except for the frequency bands 9-90 kHz, 110-490 kHz and above 1000 MHz Radiated emission
limits in these three bands are based on measurements employing an average detector.

Test Conditions:

Temperature (Norm) =+ 19.5 °C

Voltage = 3.3V through AC/DC Adapter

Relative humidity: 63%
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Test results:

Note: All the losses are included during measurement and final values are mentioned in the test report. Refer TEST
METHODOLOGY for more details

Test results for frequency range 9kHz — 30MHz

No emissions found in frequency range 9 kHz to 30 MHz, and measured levels are below 20dB from the limit line,
hence not reported

Table 7: Test results for frequency range 30MHz — 200MHz

Antenna F“fsgﬁléﬁidy '\élreﬁ;rgg Limit Margin (dB)
Polarization (MH2) (dBuV/m) (dBpV/im)
44.48(Qp) 27.05 40.00 -12.95
48.49(Qp) 30.80 40.00 -9.20
Vertical
104.57(Qp) 26.91 43.50 -16.59
186.40(Qp) 23.00 43.50 -20.50
48.48(Pk) 18.00 40.00 -22.00
94.41(Pk) 23.90 43.50 -19.60
Horizontal
156.24(Pk) 30.10 43.50 -13.40
186.36(Pk) 33.40 43.50 -10.10
Peak (Vertical)
4 Level (Quasipeak) (Vertical)
70
dBuvim
60
50
40 ‘
h
TR .
0 e S W I W
| LA | ‘H I in H’
Aty Wl i Y
» M WW M iM "N *‘W !
"L N\ ‘L"l"“‘\w
| \‘
10
0
v 30MHz 106M 200MHz
Frequency Polarization: Vertical

Channel Frequency 30MHz — 200MHz Polarization Vertical
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Peak (Horizontal)

70
dBuvim

60

50

40

30

20

10

48.48M /18

94.41M/23.9
106.08M/ 21

186.36M /33.4
156.24M/30.1

-10

30MHz

I
100M

Frequency

200MHz
Polarization: Horizontal

Channel Frequency 30MHz — 200MHz

Table 8: Test results for frequency range 200MHz — 1GHz

Polarization Horizontal

Antenna Frequency l\érenail:giroer? Limit Margin
Polarization (MHz) (dBuV/m) (dBpV/im) (dB)
350.00(Pk) 40.40 46.00 -5.60
400.00(Pk) 42.40 46.00 -3.60
. 832.58(QP) 41.30 46.00 -4.70
Vertical 908.48(PK) 121.00 - *
305.06(Pk) 35.40 46.00 -10.6
350.00(Pk) 39.30 46.00 -6.7
Horizontal 400.01(Pk) 37.70 46.00 -8.3
500.00(Pk) 33.00 46.00 -13
908.45(Pk) 120.00 - *

Note: -* indicates the Nominal Frequency of a device
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130

dByvim 120

110

100

90

80

0

60

50

40

w
8

908.48M /121

832.58M /51 N r
A
[

— 50M /40,4 AOO0IMTAZA

‘]“MwwLW‘ \,,"’MW'WU.N : J
T Wl

|
e

. P
PP b ke
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[

200MHz
Frequency

1GHz
Polarization: Vertical

Channel Frequency 200MHz - 1GHz

Polarization Vertical

130

dBuV/m 120

110

100

90

80

70

60

50

40

30

20

908.45M /120
350M/39.3
305.06M/35.4 400011371
- - 500M/33
200MHz 1GHz

Frequency

Polarization: Horizontal

Channel Frequency 200MHz — 1GHz

Polarization Horizontal
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Table 9: Test results for the frequencies above 1GHz:

Channel Frequency: 903MHz

Channel E A Measured Limi M .
Frequency re&'“:_lency p Int.enn.a Emission dBm\1/|/t 3ré]m
(MH2) (MHz) olarization (dBpV/m) (dBpv/im) (dB)
1806(Pk) 57.96 74.00 -16.04
1806(Av) 53.36 54.00 -0.64
2709(Pk) 48.59 74.00 -25.41
2709(Av) 40.19 54.00 -13.81
3612(PK) 42.36 74.00 -31.64
3612(Av) 29.93 54.00 -24.07
4515(PK) Vertical 54.11 74.00 -19.89
4515(Av) 43.32 54.00 -10.68
5418(Pk) 55.23 74.00 -18.77
5418(Av) 42.96 54.00 -11.04
6321(Pk) 46.43 74.00 -27.57
6321(Av) 33.15 54.00 -20.85
7224(Pk) 53.44 74.00 -20.56
903 7224(Av) 37.99 54.00 -16.01
1806(Pk) 50.01 74.00 -23.99
1806(Av) 42.73 54.00 -11.27
2709(Pk) 46.05 74.00 -27.95
2709(Av) 37.42 54.00 -16.58
3612(PK) 40.31 74.00 -33.69
3612(Av) 27.49 54.00 -26.51
4515(PK) . 47.49 74.00 -26.51
Horizontal

4515(Av) 35.80 54.00 -18.20
5418(Pk) 46.31 74.00 -27.69
5418(Av) 32.73 54.00 -21.27

6321(Pk)

6321(Av

(Av) No Harmonics
7224(Pk)
7224(Av)

Pk: Peak Detector;
Av: Average Detect
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Channel Frequency: 923.3MHz

Channel Measured Measured -
Frequency Frequency Ant'enn.a Emission Limit Margin (dB)

(MH2) (MH2) Polarization (dBpV/m) (dBuVv/m)
1846.6(Pk) 53.12 74.00 -20.88
1846.6(Av) 46.32 54.00 -7.68
2769.9(Pk) 48.64 74.00 -25.36
2769.9(Av) 41.58 54.00 -12.42
3693.2(Pk) 44.64 74.00 -29.36
3693.2(Av) 35.09 54.00 -18.91
4616.5(Pk) Vertical 45.56 74.00 -28.44
4616.5(Av) 31.36 54.00 -22.64
5539.8(Pk) 49.98 74.00 -24.02
5539.8(Av) 37.13 54.00 -16.87
6463.1(Pk) 46.47 74.00 -27.53
6463.1(Av) 33.26 54.00 -20.74
7386.4(Pk) 54.21 74.00 -19.79

923.3 7386.4(Av) 39.59 54.00 -14.41
1846.6(Pk) 44.88 74.00 -29.12
1846.6(Av) 39.51 54.00 -14.49
2769.9(Pk) 50.41 74.00 -23.59
2769.9(Av) 40.94 54.00 -13.06
3693.2(Pk) 41.00 74.00 -33.00
3693.2(Av) 29.09 54.00 -24.91
4616.5(Pk) Horizontal 42.16 74.00 -31.84
4616.5(Av) 28.73 54.00 -25.27
5539.8(Pk) 45.68 74.00 -28.32
5539.8(Av) 32.58 54.00 -21.42
6463.1(Pk)
6463 1(Av) No Harmonics
7386.4(Pk)
7386.4(Av)

Pk: Peak Detector;
Av: Average Detector
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Channel Frequency: 927.5MHz

Channel Il\fgazlé:]e(:d Antenna hé';?iglroeg Limit Margin
Frequency (MHz) (E/IHZ) y Polarization (dBpV/m) (dBpVv/m) (dB)
1855(Pk) 59.02 74.00 -14.98
1855(Av) 51.02 54.00 -2.98
2782.5(Pk) 48.15 74.00 -25.85
2782.5(Av) 39.50 54.00 -14.50
3710(PK) Vertical 43.27 74.00 -30.73
3710(Av) 30.88 54.00 -23.12
4637.5(PK) 54.02 74.00 -19.98
4637.5(Av) 40.25 54.00 -13.75
5565(Pk) 56.14 74.00 -17.86
9275 5565(Av) 44.67 54.00 -9.33
1855(Pk) 50.72 74.00 -23.28
1855(Av) 45.38 54.00 -8.62
2782.5(Pk) 47.12 74.00 -26.88
2782.5(Av) 36.17 54.00 -17.83
3710(Pk) i 43.10 74.00 -30.90
Horizontal
3710(Av) 31.04 54.00 -22.96
4637.5(PK) 45.60 74.00 -28.40
4637.5(Av) 31.34 54.00 -22.66
5565(Pk) 47.96 74.00 -26.04
5565(Av) 34.85 54.00 -19.15

Pk: Peak Detector;
Av: Average Detector
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Channel Frequency 903MHz

120
110
100
1506000000 GHE 3611250000 GHz 5418500000 GHz 7-:;‘2320220\%”1
907 57962 dByvim 42,367 dByVIm AZ96E B o
g0/, 1806000000 GHz 3611500000 GHz 5419000000 GHz 7.225000000 GHz
53.362 dBLV/m 29,936 dByV/m 55,232 dBV/m 37.992 dBUV/m HCCPari5C.Peak
o 2709000000 GHz 4514000000 GHz 6319500000 GHz 8.126000000 GHz
§ 40.190 dBpV/m 54118 dBpv/m 46.439 dBpV/m 50.449 dBpV/m
=1
3 2708750000 GHa 4514750000 GHz 6519750000 GHz 8127000000 GHz
z 60 Y “ig507 dpyvim 43329 dByiv/m 33151 dByV/m 37.291dBpV/m
£ FCCPart15C AVG
3
g
8 s0 ,MtImg... " M%W““wmm "
4 Y, o iumis ‘ .YW““"
a0 LW o " ) . V v
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4 \V4
30
20
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0
1 2 3 4 5 6 7 8 9 10
Frequency in GHz

Channel Frequency

:1GHz - 10GHz

Polarization: Vertical

120
110
100
1806500000 GHz 3612250000 GHz 5419250000 GHz
50013 dByV/m 40311 dBV/m 46312 dBV/m
%
1806000000 GHz 3611750000 GHz 5418750000 GHz
80T " 42733 dByV/m 27.495 dBUV/m 32.736 dBUV/m
FCCPart15C Peak
2708750000 GHz 4514500000 GHz
g 70 46.057 dBV/m 47.490 dByV/m
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Channel Frequency 923.3MHz
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110
100
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3
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H
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Channel Frequency 927.5MHz
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7.6 Conducted spurious emission Test on AC Power lines

Result

Test Specification
Test Method

Testing Location

Pass

FCC Part 15 Section 15.207 / RSS Gen Issue 5 Section 8.8

ANSI C 63.10-2013

Screened room

Measurement Bandwidth :  9kHz

Frequency Range
Supply Voltage
Test Method

150kHz — 30MHz
110VAC,60Hz
Refer TEST METHODOLOGY

Table 10: Limits for Conducted poweline emission

Frequency of QP Limit AV Limit
emission
(MHz) (dBuv) (dBuV/m)
0.15-0.5 66 — 56* 56 — 46*
0.5-5 56 46
5-30 60 50

* Decreases with the logarithm of the frequency

Test Conditions:

Temperature (Norm) = +24 °C Voltage = 110V AC (Through AC to DC Adapter)

Relative humidity: 64%
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Test results:

110VAC-60Hz-Line

Scan ©1Pk Clrw@24v Clrw

1 L 1MHz

M1[1]
0.000 s

52.35 dBpV
466.000 kHz

70 dBpv
B O

= ;Hih
60 dBpv =

CLASS_B_AVG ME

50 dBpv —

30 de;w b .h el
AR A TTATA
\ . ||,I W

20'dBpy "l i

I. ’L\h I

10 dBpv

0 depy : :

i

TF '

Start 150.0 kHz

Stop 30.0 MHz

.000000000
.000000000
.000000000
.000000000
.000000000
2.630000000
2.710000000
1.586000000
.546000000
.000000000
.000000000
.000000000
6.986000000
.000000000
.962000000
.926000000

kHz
kHz
kHz
kH=z
kHz
MHZ
MHzZ
MH=Z
MH=z
kHz
kH=z
kHz
MH=Z
kHz
MHzZ
MH=Z

[ R R i R SR SRR e R S R S R
=

96
91
41
94
45
23
21
82
30
55
07
10
84
66
46
92

Average
Averade
Quasi Peak
Quasi Peak
Average
Quasi Peak
Average
Quasi Peak
Average
Average
Quasi Pezak
Quasi Peak
Quasi Peak
Average
Average
Quasi Peak

39.
3s8.
49.
45.
34.
43,
32.
41.
30.
30.
40.
36.
34,
27.
20.
28.

-6

-7

-7
-10
-11
-1z
-13
-14
-15
-16
-17
-25
-25
-28
-29
-31

.70
.12
.17
.16
.55
77
.79
.18
.70
.86
.34
.02
.16
.12
.54
.08
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110VAC-60Hz-Neutral:

Scan O1Pk Clrw@2av Clrw

| 1MHz ; M1[1] 49.25 dBpY

70 dBpy

L&y £
60 dBpY

0.000 s 470.000 kHz

S0 dBpy

40 dBpv

CLASS_B_

&NV

=

30 dBpv

10 dBpv

i
20 gpasl

i,

Jhﬁ%w

0 dBpv

] ] 1 ] TF

Start 150.0 kHz

Stop 30.0 MHz

H NP NMNNMNREPERPRPNDNNDMNMEPEEDNDRERPDN

kHz 36.01 Average
kHz 44 .25 Quasi Peak
kHz 43 .51 Quasi Peak
kHz 33.29 Average
kHz 37.25 Quasi Peak
MHz 37.02 Quasi Peak
MHz 24 .74 Average
MHz 24 .24 Average
kHz 23.56 Average
MHz 33.06 Quasi Peak
MHz 32.20 Quasi Peak
kHz 21.85 Average
MHz 21.49 Average
MHz 31.53 Quasi Peak
MHz 17.85 Average

MHz 26.68 Quasi Peak

-10.
.26
.49
.71

-12
-12
-12

-18.
-18.
-21.
-21.
.44

-22

-22.
-23.
-24.
.51

-24

-28.
-32.
.32

-33

.000000000
.000000000
.000000000
.000000000
.000000000
.330000000
.294000000
.630000000
.000000000
.018000000
.582000000
.000000000
.710000000
.050000000
.118000000
.030000000

57

75
98
26
76

94
80
15

47
15
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