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TEST SUMMARY
Applicable Standard
Test Item Result
FCC
Maximum Peak Conducted Output Power FCC 15.247(b)(3) Pass
Maximum Power Spectral Density FCC 15.247(e) Pass
DTS Bandwidth FCC 15.247(a)(2) Pass
Emissions in non-restricted frequency bands FCC 15.247(d) Pass
Spurious Radiated Emissions and Restricted Bands FCC 15.209 / ECC 15.205 Pass

of Operation

Product Category: Electronics Testing
Test Discipline: EMC Test Facility
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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 g & W NP

USER MANUAL

o
o

Maximum Permissible Exposure Information
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2.1 Testing Facilities
1. TUV Rheinland (India) Pvt.Ltd.,
27/B, 2nd Cross,
ElectronicCityPhasel
Bangalore — 560 100,
India
2. TUV Rheinland (India) Private Limited
108, Beside ISBR Business School,
Electronic city Phase |
Bangalore - 560 100.
India
2.2 List of Test and Measurement Instruments
Table 1: List of test and measurement instruments
Equipment Manufacturer Model Serial Firmware | Calibration Periodicit Test
quip Name Number | Versions Due Date y Facility
EMI Receiver Rohde & | eqw a4 | 101732 - 10.12.2020 |  Yearly
Schwarz
Active loop FMzZB 1519B-
antenna Schwarzbeck 1519 B 00111 - 31.01.2021 Yearly
Biconical VHBB91 9124-
Antenna Schwarzbeck | 24+BBA | 1208+910 - 16.01.2021 Yearly
9106 6-0525
Baloon and Schwarzbeck \QT;B/
Biconical mess- 01028 - 16.01.2021 Yearly
: BBA- .
Antenna elektronik Radiated
9106 Spurious
Log - Periodical VUSLP | VULP911 L
Antenna Schwarzbeck 9118 A 8A-0733 - 17.01.2021 Yearly Emission
BBHA
Horn Antenna Schwarzbeck %Iil;lg\ 9170- ) 29.01.2021 Yearly
0904
BBHA 9120D-
Horn Antenna Schwarzbeck 9120 D 1944 - 30.01.2021 Yearly
Semi Anechoic Erankonia ) i i i i
Chamber
Fully Anechoic
Chamber Albatross - - - - -
Spectrum Rohde & FSV7 | 101644 | FW3.40 | 27.122020 | Yearly | Antenna-
Analyser Schwarz Port
Spectrum Agilent US41192 Conducted
Analyser Technologies E4407B 779 A.14.06 10.08.2021 Yearly test
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Table 2: Instrument application Software versions
SL. No. Test Type Application Version
software
1 Radiated spurious egw:glon measurement in EMC 32 10.60.00
) Radiated spurious egwpl\sglon measurement in EMC 32 10.60.00
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3 GENERAL PRODUCT INFORMATION

3.1 Product Function and Intended Use
The Parking Sensor Devices are used for identifying the cars parked in the parking space. It also helps the
user parked on the spot to connect with the sensor using the smartphone with Bluetooth and verify the parking.
The devices will be used to

e Guide the user to the parking spaces, helping them save time and reduce traffic congestion

e Provide intelligence to cities and parking operators on occupancy and parking spaces, helping them maximize

the revenue.

3.2 Ratings and System Details of EQuipment under Test

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

Protocol BLE

Operating Frequency Range | 2402MHz to 2480MHz

No. of Channels 40 (Refer Table 5)

Channel Spacing 2MHz

Maximum Measured Power 6.82 dBM(2402MHz)

(e.i.r.p)

Modulation 2 Msym/s GFSK

Number of antennas 1

Antenna Gain 3.35 dBi

Antenna Type Monopole PCB Antenna Dual Band Option

Supply Voltage to Product 6 V DC Supply

Environmental conditions -40°C to +85°C

EUT Dimension 120 x 120 x 25 mm (LXxXWxH)

*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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Note: Product Parkquility Parking Sensor has multiple protocols. All the supported wireless protocols and their
respective test results are issued in separate test reports, refer clause 4.6 Report references

3.3 Measurement Uncertainty:

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

Table 4: Measurement Uncertainty

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 +3TC

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: PQR02

Software Version: Version 1

4.3 Special Accessories and Auxiliary Equipment
- Test laptop and USB cable

4.4 Countermeasures to achieve EMC Compliance

- None
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4.5 List of frequencies

Frequency Band Channel Frequency
(GHz) No. (MHz)
0 2402
1 2404
2 2406
3 2408
18 2438
BLE
19 2440
(2.4-2.4835) >0 5437
36 2474
37 2476
38 2478
39 2480

Table 5: List of BLE Center frequencies

Channel used for BLE testing

Channel low : 2402MHz

Channel mid : 2440MHz
Channel High : 2480MHz

Note:

TUV Sample Identification number : A002905436-001 — Radiated test Sample
A002905436-004 — Conducted test Sample

4.6 Report references

Note: Product Parkquility Parking Sensor has multiple protocols. All the supported wireless protocols and their
respective test results are issued in saparate test reports, following table lists the report numbers.

Radio Protocol

Report Number

RF test report for BLE (2.4GHz) — (This report)

ULR-TC568820300000045F

Sub GHz(902.2MHz — 927MHZz)

ULR-TC568820300000046F
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5 Operational Description

The device can operate at various frequency bands. The device is designed with a PCB antenna, which can operate

can also be configured in Dual Band Mode then the operation can also be at 915 MHz and 2.4 GHz.

6 Block Diagram
Power Supply
Batiery Pack F;ﬁ";"f;::iﬁ » Buck Conwerler |——» 33V
48M Hz 32.768 KHz
Sensors v 32 bit Microcontroller r RF
Filter

PCB Antenna

in two different modes. When configured as Single Band Mode, this is ideal for 915 MHz band operation. The antenna
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/ TEST METHODOLOGY

7.1 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

7.1.1 Test Setup Configuration

EUT

3m test distance
4

I

EMI-Receiver

Hp

\

Figure 1: Frequency Range 9 kHz- 30 MHz

Semi-anechoic

3m

F 3
Y -

e

EUT

Turntable \-/ .

Pre-Amplifier

Measuring Receiver/
Spectrum Analyzer

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

3m

Y

F 3

EUT

y Turntable

Ground Plane

Pre-Amplifier

Measuring Receiver /
Spectrum Analyzer

Figure 3: Frequency Range 200 MHz - 1GHz

Fully anechgic Chamber

Pre-Amplifier

Measuring Receiver /
Spectrum Analyzer

Figure 4: Frequency Range above 1 GHz
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8 TEST RESULTS FOR BLUETOOTH LOW ENERGY

8.1 Maximum Peak Conducted Output Power

Result

Test Specification

Test Method
Measurement Bandwidth
Detector

Port of testing

Requirement

Pass

FCC part 15 Subpart C 15.247 (b)(3)
Subclause 11.9.1.1 of ANSI C63.10

1MHz
Peak
Antenna port

Power < 1 W (30 dBm)

EUT

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.5 °C

KDB Guidelines applied:

10 dB attenuator

Spectrum Analyzer

Voltage = 6V DC Supply Relative humidity: 63%

Measurements were made as per section 8.3.1 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 (10dB) +
Cable loss (0.5dB)
3. This product do not support additional beamforming gain / directional gain, it uses signal antenna and hence
directional gain of the single antenna is 3.35 dBi

Data Rate Channel Frequency Maximum Peak Conducted Power Limit
(Mbps) (MHz) Output Power (dBm) (dBm)
2402 3.47 30.00
1 2440 3.35 30.00
2480 2.89 30.00

Mkr1 2.402281 GHz

Ref 13.5 dBm Atten 15 dB 3.471 dBm
Peak A
Log ¢
dB/ ] e
Offst |~
10.5
dB
M1 52
53 FC

Al
Center 2.402 GHz Span 3 MHz
#Res BW 1 MHz #VBW 3 MHz Sweep 9.99 ms (1000 pts)

Channel Frequency: 2402MHz
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Ref 13.5 dBm

Mkr1 2.440317 GHz

Atten 15 dB 3.354 dBm

Peak
Log

L H

10
dB/

-‘_‘1‘"“"—-—.‘_

Offst
10.5

dB

M1 52
53 FC

Center 2.44 GHz
#Res BW 1 MHz

Span 3 MHz
#VBW 3 MHz Sweep 9.99 ms (1000 pts)

Channel Frequency: 2440MHz

Ref 13.5 dBm

Mkr1 2.479791 GHz

Atten 15 dB 2.895 dBm

Peak
Log

oK

10
dB/

e

Offst
10.5

dB

M1 52
53 FC

Center 2.48 GHz
#Res BW 1 MHz

Span 3 MHz
#/BW 3 MHz Sweep 9.99 ms (1000 pts)

Channel Frequency: 2480MHz
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8.2 Maximum Power Spectral Density
Result Pass

Test Specification FCC part 15 Subpart C 15.247 (e)

Test Method Subclause 11.10.2 of ANSI C63.10
Measurement Bandwidth 3 kHz

Detector Peak detector

Port of testing Antenna port

For digitally modulated systems, the power spectral
Requirement density conducted from the intentional radiator to the
antenna shall not be greater than 8 dBm

Test Method:

Spectrum Analyzer

EUT 10 dB attenuator

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.5 °C Voltage = 6V DC Supply Relative humidity: 63 %

KDB Guidelines applied:

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 PSD (dBm) = Measured Peak PSD (dBm) + Attenuator factor (10dB) +
Cable loss (0.5dB)
3. This product do not support additional beamforming gain / directional gain, it uses signal antenna and hence
directional gain of the single antenna is 3.35 dBi

Data Rate F(r:ehatjnenne! Maximum Peak Limit
(Mbps) quency PSD (dBm/3kHz) (dBm/3kHz)
(MHz)
2402 -8.32 8.00
1 2440 -8.45 8.00
2480 -9.34 8.00

Cntr1 2.4020566 GHz I

Ref 2.5 dBm Atten 5 dB -8.325 dBm
Peak
Log 5 |
10 rl
ABI | o apiat ot s A LT DY S
ofist [ |
10.5
dB
M1 52
S3 FC

AL
Center 2.402 GHz Span 1.1 MHz
#Res BW 3 kHz #VBW 10 kHz Sweep 125.8 ms (1000 pts)

Channel Frequency: 2402MHz
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Ref 0.5 dBm

Cntrl 2.4400587 GHz
Atten 5 dB -8.454 dBm

Peak
Log

0 H

:1?3; MWMWWNWWWWWW |

Offst
10.5

dB

M1 52
53 FC

Center 2.44 GHz
#Res BW 3 kHz

Span 1.1 MHz
#/BW 10 kHz Sweep 125.8 ms (1000 pts)

Ref 0.5 dBm

Channel Frequency: 2440MHz

Cntr1 2.4800590 GHz
Atten 5 dB 9.347 dBm

Peak
Log

L H

10

dBI | ety

WWMWWMMWW

Offst
10.5

dB

M1 52
53 FC

Center 2.48 GHz
#Res BW 3 kHz

Span 1.1 MHz
#UBW 10 kHz Sweep 125.8 ms (1000 pts)

Channel Frequency: 2480MHz
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8.3 DTS Bandwidth
Result Pass

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

Test Method Subclause 11.8 of ANSI C63.10

Measurement Bandwidth 100 kHz

Detector Peak

Port of testing Antenna port

Requirement The minimum 6 dB bandwidth shall be at least 500 kHz

Test Method:

Spectrum Analyzer

EUT 10 dB attenuator

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.5 °C Voltage = 6V DC Supply Relative humidity: 63 %

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.

Data Rate F?ehqi”e”nec'y 6 dB Bandwidth 99% OBW Minimum Limit
(Mbps) MHD) (kHz) (MHz) (MHz)
2402 743.27 1.087 0.5
1 2440 728.75 1.072 0.5
2480 721.37 1.082 0.5

Transmit Freq Error
x dB Bandwidth

Ch Freq 2402 GHz Trig  Free
Occupied Bandwidth
Ref 12.5 dBm Atten 15 dB
#Peak ]
Log — - "‘“‘-‘—HQ\
dBl
Offst
10.5
dB
Center 2.402 GHz Span 2 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.99 ms (1000 pts

Occupied Bandwidth
1

.0869 MHz

57187 kHz
743.271 kHz

99.00 %
-6.00 dB

Occ BW % Pwr
x dB

Channel Frequency: 2402MHz
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¥ dB Bandwidth

Occupied Bandwidth
1.0716 MHz

Transmit Freq Error

Ch Freg 244 GHz Trig Free
Occupied Bandwidth
Ref 12.5 dBm Atten 15 dB
#Peak —
L ke &5
139 .ﬂ’ﬁ’f R

e

dB/
Offst
10.5
dB
Center 2.44 GHz Span 2 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.99 ms (1000 pts|

Occ BW % Pwr
x dB

59.710 kHz
728.749 kHz

Channel Frequency: 2440MHz

99.00 %
-6.00 dB

Ch Freq

Occupied Bandwidih

Ref 12.5 dBm

Atten 15 dB

Trig Free

#Peak

- el

Log

o] &\\

10

dB/

Offst

10.5

dB

Center 2.48 GHz
#Res BW 100 kHz

Occupied Bandwidth

Transmit Freq Error

¥ dB Bandwidth

#A/BW 300 kHz

Occ BW % Pwr
x dB

1.0825 MHz

59.717 khz
721375 kHz

Sweep 9.99 ms (1000 pts

Span 2 MHz

99.00 %
-6.00 dB

Channel Frequency: 2480MHz
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8.4 Emissions in non-restricted frequency bands and Conducted
Spurious Emission

Result

Test Specification

Test Method
Measurement Bandwidth
Detector

Port of testing

Requirement

Test Method:

Pass

FCC part 15 Subpart C 15.247 (d)

Subclause 11.11 of ANSI C63.10

100 kHz
Peak

Antenna port

In any 100kHz bandwidth outside the frequency band in
or digitally modulated
intentional radiator is operating, the radio frequency power
that is produced by the intentional radiator shall be at least
20dB 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

which the spread spectrum

peak conducted power limits

Spectrum Analyzer

EUT

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.5 °C

KDB Guidelines applied:

10 dB attenuator

Voltage = 6V DC Supply

Relative humidity: 63 %

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

Note:

8.4.1 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 (0.5dB)

3. This product do not support additional beamforming gain / directional gain, it uses signal antenna and hence
directional gain of the single antenna is 3.35 dBi

Channel Reference Band edge Value at Minimum
Data Rate Band I
(Mbps) Frequency Value (B) Frequency edge (A) A-B Limit
P (MHz) (dBm) (MH2) 9 (dBc) (dBc)
(dBm)
2402 -43.17 2400 3.24 -46.41 -20.00
1
2480 -25.98 2480.9 2.74 -28.72 -20.00
Mkr1 2.4018188 GHz
Ref 13.5 dBm Atten 15 dB 3.242 dBm
Peak
Log o
10 ‘"ﬂ\-.-.-#-"‘-“'“""“"‘--u..../w\\
dB/ S
Offst T
10.5 N
dB /f \\
‘JFI‘I ¥ b WL I'r-l
M1 S2
53 FC
AA
Center 2.402 GHz Span 2 MHz
#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)

Reference Plot for Channel Frequency 2402MHz
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Ref 13.5 dBm

Mkr1 2.4798028 GHz
Atten 15 dB 2.736 dBm

Peak
Log

i}

10
dB/

T

Offst
10.5

/7 RN

dB

M1 52

53 FC

Center 2.48 GHz
#Res BW 100 kH

Span 2 MHz
z #/BW 300 kHz Sweep 9.99 ms (1000 pts)

Reference Plot for Channel Frequency 2480MHz

Mkr3 2.400111 GHz
Ref 12.5 dBm Atten 15 dB 4317 dBm
Peak 1
Log :
10 Jrf \(
diB/
Offst JIL
10.5 NEE
dB g;' Uh
o robidatad i A u.lr'w"'"w"‘I I*W - -
Center 2.402 GHz Span 25 MHz
#Res BW 100 kHz #F/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type ¥ Axis Amplitude
1 5] Freq 2402388 GHz -1.093 dBm
2 5] Freq 2.390000 GHz -54.87 dBm
3 ) Freq 2.400111 GHz -43.17 dBm

Channel Frequency: 2402MHz
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Mkr3 2.480988 GHz
Ref 12.5 dBm Atten 15 dB -25.98 dBm
Peak é
Log Jlr'
10 |[ Il(
dB/ 3
offst I
10.5 )
dB . JJ L\ .
T e s M"‘f H"""Q“*—-‘: Tttt M P i, i
Center 2.48 GHz Span 25 MHz
#Res BUW 100 kHz #UBW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 WM Freq 2.479812 GHz 2,518 dBm
2 1 Freq 2.483500 GHz -52.07 dBm
3 WM Freq 2480988 GHz -25.98 dBm

Channel Frequency: 2480MHz

8.4.2 Out-Of-Band Emissions

Ref Level 6.40 dBm Offset 10.50 dB & RBW 100 kHz

Att 15 dB @ SWT 50ms @ VBW 300 kHz Mode auto Sweep
DC
® 1Pk Max
0 dBm M1[1] -64.73 dBm
150.000 kHz

D1 -16.500 dBm

M“”‘“M
-60 dBm e e
-80 dBm
Start 9.0 kHz 1000 pts Stop 150.0 kHz
Marker Peak List
NO | *-value | Y-wvalue | NO | *-value Y-wvalue
1] 149,930000 kHz | -64.726 dBm | 2 -

-

Channel Frequency 2402MHz Frequency Range 9KHz — 150kHz
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Ref Level 6 .40 dBm Offset 10.50 dB & RBW 100 kHz
Att 15 dB & SWT 50 ms & VBW 300 kHz Mode Auto Sweep
ol
@ 1Pk Max
0 dBm M1[1] -65.09 dBm
150.00 kHz
S0dem D1 -16.500 dBm
-40 dBm
160 dBm
-80 dBm
Start 150.0 kHz 1000 pts Stop 10.0 MHz
Marker Peak List
No | ¥-value Y-value | No | X-value Y-value |12
1] 9.591200 MHz | -65.820 dBm 2] --- ---

-

Channel Frequency 2402MHz

Frequency Range 150KHz — 10MHz

Ref Level 6.40 dBm
Att

Offset 10.50 dB & RBW 100 kHz
15 dB & SWT 50 ms & VBW 300 kHz

Mode Auto Sweep

@ 1Pk Max

0 dBm
-10 dBm

M1[1] -69.64 dBm

10.0000 MHz

D1 -16.500 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dem

-60 dBm

Fus W o P UL D sty rin it el

|

1,
[ei=1]]}

I -

-80 dBm

-90 dBm

Start 10.0 MHz 1000 pts

Stop 30.0 MHz

Marker Peak List

No | ¥-value | ¥-value | No |

¥-value ¥-value

1 20,730000 MHz -64.468 dBm 2

—I[]

ki

Channel Frequency 2402MHz

Frequency Range 10MHz — 30MHz
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Channel Frequency 2402MHz

Mkr3 232.9 MHz
Ref 10.5 dBm Atten 10 dB -55.95 dBm
Peak
Log
10
dB/
Offst
10.5
dB
3 = 1
[:Iﬁﬂ SO AR . ST PV S N
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 1) Freq 8684.1 MHz -55.21 dBm
2 1) Freq 4349 MHz -55.73 dBm
3 IR)] Freq 2328 MHz -55.95 dBm

Frequency Range 30MHz — 1GHz

Channel Frequency 2402MHz

Mkr3 21.727 GHz
Ref 10.5 dBm Atten 10 dB -44.5 dBm
Peak o
Log -
10
dB/
Offst
10.5 - 3
dB P e 1 VU PR, - .Mwwﬁ-&mmm
]|
16.5
dBm
Start 1 GHz Stop 26.5 GHz
#Res BW 1 MHz #U/BW 3 MHz Sweep 255 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1 Fraq 2.404 GHz 2938 dBm
2 {1} Freq £.351 GHz -47.3 dBm
3 {1 Fraq 21.727 GHz -44 5 dBm

Frequency Range 1GHz — 26.5GHz
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ULR-TC568820300000045F

Ref Level 6.40 dBm

Offset 10.50 dé & RBW 100 kHz

Att 15 dB @ SWT S50 ms @ VBW 300 kHz Mode Auto Sweep
M1[1]
D1 -16.500 dBrmv
=0dem [Pt b b T b e ——
WM

-60 dem =

-70 dém

-80 dBm

-90 dBm

Start 9.0 kHz 1000 pts
Marker Peak List

No | X-value | y-value | no | X-value
1 149.930000 kHz -66.417 dBm 2

Channel Frequency 2480MHz Frequency Range 9KHz — 150kHz

Ref Level 6.40 l:iBm Offset 10.50 dB & RBW 100 kHz ]

Att 15 dB & SWT S0ms & YBW 300 kHz Mode auto Sweep
DC
M1[1]
tD1 -16.500 dBm
LT T BT S ) TR SR Y YRTERS R e CORPAT RS
Start 150.0 kHz 1000 pts Stop 10.0 MHz
Marker Peak List
No | X-value | Y-value | nNo | ¥-value Y-value | I;
1 9.591200 MHz -65.820 dBm 2 —— ——

b

Channel Frequency 2480MHz

Frequency Range 150KHz — 10MHz
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Ref Level 6.40 dBm Offset 10.50 dB & RBW 100 kHz

Att 15 dB @ SWT

50 ms & VBW 300 kHz

Mode Auto Sweep

@ 1Pk Max

0 dBm

M1[1] -69.64 dBm

10.0000 MHz

-10 dBm

D1 -16.500 dBm:

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

Laaderd s bty i P gy D, p I b e g p A

LJWM

1L apte
[#]=111]

-80 dBm

-90 dBm

Start 10.0 MHz

1000 pts

Stop 30.0 MHz

Marker Peak List
No | X-value

| y-value | wo |

1] 20,730000 MHz |

64,468 dém | 2|

|
X-value v-value | I;

-

Channel Frequency 2480MHz

Frequency Range 10MHz — 30MHz

Mkr3 500.9 MHz
Ref 10.5 dBm Atten 10 dB 54.63 dBm
Peak
Log
10
dB/
Offst
10.5
dB . - )
o PR N P
16.5 ittt S e S
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 el Freq T51.4 MHz -58 23 dBm

2 (5l Freq 391.2 MHz -55.01 dBm

3 1) Freq 500.9 MHz -54 83 dBm

Channel Frequency 2480MHz

Frequency Range 30MHz — 1GHz
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Mkr3 21.012 GHz
Ref 10.5 dBm Atten 10 dB -46.79 dBm
Peak o
Log T
10
dB/
Offst
10.5 = .
dB .ML‘M"H-’&._' s e ok i namiticien | SRR ATIRF, LY _gwm‘e—"‘“‘-’
1]
-16.5
dBm
Start 1 GHz Stop 26.5 GHz
#Res BW 1 MHz #/BW 3 MHz Sweep 255 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Freq 2 480 GHz 295 dBm
2 IRH] Freq 4958 GHz -45.58 dBm
3 IRH] Freq 21.012 GHz -£8.79 dBm

Channel Frequency 2480MHz Frequency Range 1GHz — 26.5GHz
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8.5 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)

ANSI C63.10

Semi Anechoic Chamber 30MHz - 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) (uVv/m) (dBuVv/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 43.5 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) = + 23.5 °C

Voltage = 6V DC Supply

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,

henve not reported

Test results for frequency range 30MHz — 200MHz

Antenna Frequency Peak Limit Margin (dB)
Polarization (MHz) (dBuV/m) (dBuV/m) 9
30.485 11.95 40.00 -28.05
) 46.878 34.93 40.00 -5.07
Vertical
63.150 29.94 40.00 -10.06
68.492 14.50 40.00 -25.50
33.339 11.81 40.00 -28.19
47.242 27.34 40.00 -12.66
Horizontal
72.803 14.79 40.00 -25.21
79.117 15.37 40.00 -24.63
80
70
60
63.150000 MHz
46.878571 MHz
50
>
40
; \
c ¥ V' a7 168.185714 MHz
e
[ ' V v
10
0
-10
30M 50 60 70 80 90 100M 200M
Frequency in Hz

Channel Frequency 30MHz — 200MHz

Polarization Vertical
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807
701
607

507

47.242857 MHz

27.343 dBpV/m |

40

301
L 33.339286 MHz

201 11814 dByVim

Level in dBpV/m

72.803571 MHz  79.117857 MHz
14.790 dByV/m 15378 dByV/m

180.025000 MHz
18.661 dBuV/m

30M

50 60 70 8 90 100M

Frequency in Hz

200M

Channel Frequency 30MHz — 200MHz

Test results for frequency range 200MHz — 1GHz

Polarization Horizontal

Antenna Frequency Peak Limit Margin
Polarization (MHz) (dBuV/m) (dBuV/m) (dB)
294.400 15.01 46.00 -30.99
) 391.314 23.45 46.00 -22.55
Vertical

532.457 22.87 46.00 -23.13

867.200 28.71 46.00 -17.29

299.942 17.66 46.00 -28.34

) 443.714 21.97 46.00 -24.03
Horizontal

548.857 27.21 46.00 -18.79

804.800 27.71 46.00 -18.29
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807
707
607
B
£ —
% 401 867.200000 MHz
S 1 391314286 MHz 532457143 MHz 28.718 dBuV/m
g 30t 213.657143 MHz 23.456 dBuV/m 22.871 dBuV/im V
= | 17.847dBuVim  294.400000 MHz \V/ \V/
g 2t v 15,013 dByV/m
3 \
10
0,
-107
200M 300 400 500 600 700 800 900 1G
Frequency in Hz

Channel Frequency 200MHz — 1GHz Polarization Vertical

80T
70T
60T

s0] r

—
40

| 214.971429 MHz 548.857143 MHz 804.800000 MHz
24.500 dByV/m 443714286 MHz ~ 27.213 dBuV/m 27.713 dBpvim
299.942857 MHz 21.978 dBuV/m
17.665 dBV/m

30T

Level in dBpuV/m

207

200M 300 400 500 600 700 800 900 1G

Frequency in Hz

Channel Frequency 200MHz — 1GHz Polarization Horizontal
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Test results for the frequencies above 1GHz

Channel Antenna Measured Field Limit Margin
Frequency o Frequency | Strength
(MH2) Polarization (MHz2) (dBuV/m) (dBuv/m) (dB)
2390(Pk) 38.89 74* -35.11
2390(Av) 25.94 54* -28.06
2402(Pk) 92.84 - -
v 2402(Av) 90.22 - -
4804(Pk) 48.69 74 -25.31
4804(Av) 39.66 54 -14.34
7206(Pk
(Pk) No Harmonics Found
2402 7206(Av)
2390(Pk) 41.62 74* -32.38
2390(Av) 29.34 54* -24.66
2402(Pk) 99.54 - -
H 2402(Av) 96.93 - -
4804(Pk) 45.23 74 -28.77
4804(Av) 35.35 54 -18.65
7206(Pk) .
7206(Av) No Harmonics Found
2440(Pk) 91.59 - -
2440(Av) 88.98 - -
v 4880(Pk) 45.35 74 -28.65
4880(Av) 35.11 54 -18.89
7320(Pk) No Harmonics Found
2440 7320(Av)
2440(Pk) 98.81 - -
2440(Av) 96.22 - -
H 4880(Pk) 43.79 74 -30.21
4880(Av) 32.42 54 -21.58
7320(Pk
73205Av; No Harmonics Found
2480(Pk) 92.59 - -
2480(Av) 89.71 - -
2483.5(Pk) 45.41 74%* -28.59
y 2483.5(Av) 35.09 54%* -18.91
4960(Pk) 44.46 74 -29.54
4960(Av) 32.09 54 -21.91
7440(Pk
(Pk) No Harmonics Found
2480 7440(Av)
2480(Pk) 92.59 - -
2480(Av) 89.71 - -
2483.5(Pk) 45.41 74%* -28.59
H 2483.5(Av) 35.09 54%* -18.91
4960(Pk) 43.62 74 -30.38
4960(Av) 30.42 54 -23.58
7440(Pk) .
7440(Av) No Harmonics Found

*: Indicate restricted band of operation §15.205
Pk: Peak Detector; Av: Average Detector
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Worst case Plots
Channel Frequency 2402MHz

120

110

100

90

80

2.401500000 GHz
92.849 dBuVv/m

2.402000000 GHz
90.221 dBuV/m

FCC Part 15C Peak

70

60

2.390000000 GHz
38.893 dBuVv/m

2.390250000 GHz
25.943 dBuV/m

FCC.Part 15C.AVG

Level in dBuV/m

50

40

30

20

10

0
2352 2360

2370 2380 2390

2400

Frequency in MHz

2410

2420

2430

2440 2452

Channel Frequency: 2402MHz

Polarization: Vertical

120

110

100

90

80

2401500000 GHz
99.547 dBpV/m

2.402000000 GHz
96.934 dBuV/m

FCC Part 15C Peak

70

60

2.390000000 GHz
41.622 dBpuV/m

2.390000000 GHz
29.340 dBuV/m

FCC.Part.15C. AVG

Level in dBpuV/m

50

40

30

20

s

o—+ |
2352 2360

2370 2380 2390

2400

Frequency in MHz

2410

2420

2430

2440 2452

Channel Frequency: 2402MHz

Polarization: Horizontal
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90
85

80
75 FCC Part 15C Peak

70 2.401500000 GHz 4.803000000 GHz ~ 7.207750000 GHz
46.146 dBuV/m 45,205 dBuV/m 51.926 dBuV/m
65
4.803250000 GHz 7 205000000 GHz
2.402000000 GHz -
41.180 dBuVim 35.013 dBuv/im 41.824 dBuV/m

L FEC Part 150 AlfG
” AN g g RSO R

50

V \V/
* \V v

40

35 v

30

Level in dBuV/m

25

20

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

Frequency in GHz

Channel Frequency: 1-18GHz Polarization: Vertical

90
85

80
75 FCC Part 15C Peak

70 4.803000000 GHz 7.204750000 GHz
43.113 dBpv/im 49,653 dBuV/m

65

eol 2402500000 GHz iz 7.205000000 GHz
52.844 dByV/m : HV/m 36.867 dBV/m

55 YT IR Y il LT

N
50 V
45 v
s Y
\

30

FEC Partiac alfG
T T R

Level in dBuV/m

25

20

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

Frequency in GHz

Channel Frequency: 1-18GHz Polarization: Horizontal
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90
85

80
75 FCC Part 15C Peak

70 4.803250000 GHz
48.698 dBuv/m
65

60 4.803250000 GHz
39.663 dBuV/m
55 FCC-Part-15C-AVG

50

45

40

Level in dBpuV/m

35
30
25

20

4754 4760 4770 4780 4790 4800 4810 4820 4830 4840 4850 4854

Frequency in MHz

Channel Frequency: 2nd Harmonics Polarization: Vertical

90
85

80
75 FCC Part 15C. Peak

70 4.803250000 GHz
45.233 dBuV/m

65 4.803250000 GHz

35.357 dBuVim
60

55 FGG Part 156 AVG

50

D e e S W B R

40

Level in dBpV/m

35

30

25

20

4754 4760 4770 4780 4790 4800 4810 4820 4830 4840 4850 4854

Frequency in MHz

Channel Frequency: 2nd Harmonics Polarization: Horizontal
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80

75

FCC Part 15C Peak

70
65
60
S5 - MCTE LT
50
45
40

35

Level in dBuV/m

30

25

20

FCC-Part 15CAVG

20.5 21 215 22 225 23 235

Frequency in GHz

24

245 25 25.5 26

Channel Frequency: 18 - 40 GHz

Polarization: Vertical

80

75

FCC Part 15C Peak

70

65

60

557

I

50
45
40

35

Level in dBuV/m

30

25

20

FCC Part-156C-AVG

20.5 21 215 22 225 23 235

Frequency in GHz

24

24.5 25 25.5 26

Channel Frequency: 18 - 40 GHz

Polarization: Horizontal



http://www.tuv.com/

A TUVRheinland®

Produkte www.tuv.com

Products

Prifbericht - Nr.: Seite 42 von 43
Test Report No.: ULR-TC568820300000045F Page 42 of 43

9 Radio Frequency Human Exposure Evaluation:

9.1 SAR Test Exclusion
Based on the conducted power measurement, reported under section " Maximum conducted power “ of respective
test report and derivation of Low-Power exclusion level defined in FCC KDB 447498 D01 General RF Exposure

Guidance v06 (See 4.3 a), SAR test exclusion was identified for the followong frequency band

Exclusion
Maximum Max power threshold
measured RF P ** for SAR Test

Tune-up Including tune-

Protocol Frequency band output power at separation required
(MHz) . tolerance up tolerance * .
antenna terminal (MW) distance of | (Yes/No)
(dBm) 50mm
(W)
BLE 2402 3.47 *1 2.7990 0.0867 No

*Max power is rounded to two decimal place for reporting
**separation distance of 50mm is used for the calculation

Note: Manufacturer declared TuneUp tollarance of +1dB is considered in the calculation

Hence RF exposure evaluation or SAR testing is not required for BLE 2.4 GHz frequency range

- Per KDB 447498 D01v06, the 1-g and 10-g SAR Test Exclusion threshold for 100MHz to 6GHz at separation
distance <50mm are determined by

[(max. power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)] - [Vf(GHz)] < 3.0
for 1-g SAR, and < 7.5 for 10-g extremity SAR

Where
f (GHz) is the RF channel transmit frequency in GHz
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