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TEST SUMMARY
Test Item FCC IC Result
. RSS 247 Issue 2,
Maximum conducted (Peak) output power 15.247 (b)(2) Section 5.4 (b) Pass
. . . . RSS 247 Issue 2,
Occupied bandwidth and 20dB Bandwidth 15.247 (a) (i) Section 5.1 (b) Pass
. . RSS 247 Issue 2,
Number of Hopping channels 15.247 (a) (i) Section 5.1 (d) Pass
. . RSS 247 Issue 2,
Carrier Frequency Separation 15.247 (a) (1) Section 5.1 (b) Pass
. . . RSS 247 Issue 2,
Time of Occupancy (Dwell Time) 15.247 (a) (i) Section 5.1 (d) Pass
Emissions in non-restricted frequency RSS 247 Issue 2,
bands 15.247 (d) Section 5.5 Pass
Spurious Radiated Emissions and FCC 15.209 / FCC RSS-Gen Issue 5, Pass
Restricted Bands of Operation 15.205 Section 8.9 /8.10
Antenna requirement 15.203 Pass
Conducted Emlssm_)n test on AC Power FCC 15.207 RSS—Ge_n Issue 5, Pass
Line Section 8.8

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

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 - 25.02.2022 Yearly
Antenna
9124
Pel;i%%i_cal Schwarzbeck | VUSLP | 9111B- . 24.02.2022 | 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
EMI Receiver Rohde & ESW44 | 101773 | 1.72SP1 | 27.01.2022 | Yearly
Schwarz
Spectrum . US41192
Analyzer Agilent E4407B 779 A.14.06 15.12.2022 Yearly
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
1 Radiated spurious eg&scflon measurement in BAT EMC 3.20.0.17
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3 GENERAL PRODUCT INFORMATION

3.1 Product Function and Intended Use

RTLS Tag is a personnel wearable Industrial wireless Tag operating at 2.4 GHz ISM band. It is a compact, light,
and simple battery-operated device that will be wearable handily using a clip accessory. The RTLS Tag communicates
with FDAP32 Anchors to enable Real-time location tracking. It is an intrinsically safe class1/divl certified device with
a battery life lasting up to 3 years. The RTLS Tag has an IP65 rating and the ability to operate in harsh environments.
The RTLS Tag can also be mounted and used for asset tracking.

3.2 Ratings and System Details of EQuipment under Test

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

Protocol Proprietary

Operating Frequency Range | 2405MHz to 2477.5MHz

No. of Channels 120
Channel Spacing 500KHz
Tx Transmitting Power 8 dBm

Maximum Measured Power 8.63dBm at 2405MHz Frequency

Modulation CW-FHSS

Number of antennas 3

1. Chip Antenna 2.4GHz - Chip RF Antenna 2.4GHz ~ 2.5GHz
0.5dBi Solder Surface Mount  2450AT18A100E 0.5dbi (Peak
Gain)

. 2. Chip Antenna 2.4GHz - Chip RF Antenna 2.4GHz ~ 2.5GHz

Antenna Gain & Antenna 0.5dBi Solder Surface Mount  2450AT18A100E 0.5dbi (Peak

Type Gain)

3. Chip Antenna 2.4GHz - Bluetooth Chip RF Antenna 2.4GHz ~
2.483GHz 1.7dBi Solder Surface Mount W30081.1dBi(Peak
Gain)

Supply Voltage to Product 3.6VDC Battery Supply

Environmental conditions Operating temperature is -20 deg to +60 deg

EUT Dimension 88 mm height x 62.5 mm length x 20.6 mm width

*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 16 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

4.2

4.3

4.4

4.5

Principle of Configuration Selection

Transmission was enabled with highest possible duty cycle transmission on low, mid and high channel.

Test Operation and Test Software
Hardware Version: OW-RTLTG2

Software Version: R100.1-15.0
Hardware version of identification Number (HVIN): OW-RTLTG2

Firmware version of identification Number (FVIN): R100.1-15.0

Special Accessories and Auxiliary Equipment

None

Simultaneous Transmission

IEEE 802.15.4 (DTS) and Proprietary (FHSS) will not be able to transmit simultaneously and also Antenna 1
and Antenna 2 will not be able to transmit simultaneously.

Countermeasures to achieve EMC Compliance

None
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4.6 List of frequencies

Frequency Band Channel No. Channel Frequency

(MHz) (MHz)

01 2405

02 2405.5

2400 — 2483.5 59 2442
60 24425

61 2443

119 2477
120 2477.5

Channel used for EUT testing

Channel low : 2405MHz
Channel mid : 2442.5MHz
Channel High : 2477.5MHz

Note:

Table 5: List of EUT Center frequencies

1. TUV Sample Identification number : A003238199-001 — Radiated & Conducted test Sample
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6 Block Diagram

5 Operational Description

The RTLS Tag (Real time location Sensing) is an RF radio module which detects and calculates the position of
the asset/person carrying the module within an installation. The RTLS Tag works in tandem with the Anchor (module)
to calculate the position information. The RTLS Tag is an intrinsically safe module expected to be worn as a badge
on a person or fixed to an asset within an installation. The RTLS Tag is a battery-operated compact module. Block
diagram of the Tag is shown below. All the frequency generating components are marked.
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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

I

EUT

3m test distance
H:‘ > > EMI-Receiver

Hp

\

Figure 1: Frequency Range 9 kHz- 30 MHz

Semi-anechoic

3m

Pre-Amplifier Measuring Receiver/

F 3
Y -

EUT

Spectrum Analyzer

= o —=

Turntable \-/

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

3m

Y

A

EUT

| Pre-Amplifier

y Turntable

Ground Plane

Measuring Receiver /
Spectrum Analyzer

Figure 3: Frequency Range 200 MHz - 1GHz

Figure 4: Frequency Range above 1 GHz
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8 TEST RESULTS

8.1 Maximum Peak Conducted Output Power

Result

Test Specification

Test Method

Measurement Bandwidth

Detector

Port of testing

Requirement

EUT

Pass

FCC part 15 Subpart C 15.247 (b) (1) / RSS 247 Issue 2

5.1(b)
Subclause 7.8.5 of ANSI C63.10

30kHz
Peak
Antenna port

Power < 1 W (30 dBm)

Test Condition

Normal Test Condition:

Temperature (Norm) = + 23.0 °C

KDB Guidelines applied:

10 dB attenuator

Voltage = 3.6V DC throgh DC Power supply

Spectrum Analyzer

Relative humidity: 64%

Measurements were made as per section 9(b) in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

Antenna l

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 (1.6dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence

Directional gain of the single antenna is 0.5 dBi

Channel Measured Maximum FCC IC
Frequency (MHz) Peak Power e.i.r.p Limit limit
quency (dBm) (dBm) (dBm) | (dBm)
2405 8.63 9.13 30 20.97
2442.5 8.42 8.92 30 20.97
2477.5 8.02 8.52 30 20.97

Channel Frequency: 2405MHz
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Channel Frequency: 2442.5MHz

Channel Frequency: 2477.5MHz
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Antenna 2

Channel Measured Maximum Fcc IC limit
Peak Power ; Limit

Frequency (MHz) (dBm) e.i.r.p (dBm) (dBm) (dBm)

2405 8.57 9.07 30 20.97

2442.5 8.33 8.83 30 20.97

2477.5 8.14 8.64 30 20.97

Channel Frequency: 2405MHz
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Channel Frequency: 2442.5MHz

Channel Frequency: 2477.5MHz
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8.2 Occupied bandwidth

Result Pass

FCC part 15 Subpart C 15.247 (a) (i) / RSS 247 Issue 2,

Test Specification i
Section 5.1 (b)

Test Method Subclause 7.8.7 of ANSI C63.10
Measurement Bandwidth 10 kHz

Detector Peak

Port of testing Antenna port

The bandwidth of frequency hopping channel is the 20 dB
emission bandwidth, measured with the hopping stopped.
The system RF bandwidth is equal to the channel
bandwidth multiplied by the number of channels in the
hopset. The hopset shall be such that the near-term
distribution of frequencies appears random, with sequential
hops randomly distributed in both direction and magnitude
of change in the hopset while the long-term distribution
appears evenly distributed.

Requirement

Test Method:

Spectrum Analyzer

EUT 10 dB attenuator

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.0 °C Voltage = 3.6V DC through DC Supply Relative humidity: 64%

KDB Guidelines applied:

Measurements were made as per section 9(b) 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 (1.6dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence

Directional gain of the single antenna is 0.5 dBi.

Antenna 1
Channel 20 dB Bandwidth | 99% OBW
Frequency (MHz) (KHz) (KHz)
2405 24.90 21.10
24425 24.80 21.00
2477.5 24.90 21.10

Channel Frequency: 2405MHz 99% Bandwidth
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Channel Frequency: 2405MHz

20 dB Bandwidth

Channel Frequency: 2442.5MHz

99% Bandwidth
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Channel Frequency: 2442 .5MHz

20 dB Bandwidth

Channel Frequency: 2477.5MHz

99% Bandwidth
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Antenna 2:

Channel Frequency: 2477.5MHz

Channel 20dB 99%
Frequency Bandwidth oBwW
(MHz) (KHz) (KH2)
2405 24.80 21.10
24425 24.90 21.10
2477.5 24.80 21.20

20 dB Bandwidth



http://www.tuv.com/

Produkte
Products

www.tuv.com

A TUVRheinland®

Prafbericht - Nr.:
Test Report No.:

ULR-TC568822300000017F

Seite 24 von 83
Page 24 of 83

Channel Frequency: 2405MHz

99% Bandwidth

Channel Frequency: 2405MHz

20 dB Bandwidth
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Channel Frequency: 2442 .5MHz

99% Bandwidth

Channel Frequency: 2442.5MHz

20 dB Bandwidth
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Channel Frequency: 2405MHz

99% Bandwidth

Channel Frequency: 2405MHz

20 dB Bandwidth
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8.3 Number of Hopping Channels
Result Pass

FCC Part 15 Subpart C Section 15.247 (a) (i) / RSS

Test Specification 247 Issue 2,Section 5.1 (d)

Test Method Subclause 7.8.3 of ANSI C63.10
Measurement Bandwidth 100 kHz

Detector Peak

Port of testing Antenna port

Frequency hopping systems operating in the band 2400-

Requirement 2483.5 MHz shall use at least 15 hopping channels.

Test Method:

Spectrum Analyzer

EUT . 10 dB attenuator

*Note: RBW setting of 30 kHz is used because setting of 40.9 kHz to 41.5kHz (30% of 20 dB bandwidth) bandwidth
in the reciever is not supported

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.0 °C Voltage = 3.6V DC through DC Supply Relative humidity: 64%

KDB Guidelines applied:

Measurements were made as per section 9(b) in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

Cable loss (1.6dB).

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) +

Antenna 1
Mkr3 2.42450 GHz
Ref 18.6 dBm Atten 20 dB 8.345 dBm
Peak =
O
o9 Hil ﬂﬂﬂ% HIMTEARR .nwhnnn 1l
a5/ UL R RTRER AT bl
Ir Iu ||'|I11'|'| L Bl I I
(Offst \
116 ,{JI |
dB
L o S . | s T
Start 2.38 GHz Stop 2.43 GHz
#Res BUW 100 kHz #UVBW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1 Freq 238000 GHz -48.13 dBm
2 4] Freq 240500 GHz 7523 dBm
3 1 Freq 242450 GHz £345 dBm
Number of Hopping Frequencies 2405MHz-2425MHz
Mkr3 2.45453 GHz
Ref 18.6 dBm Atten 20 dB 8.005 dBm
Poak 3 5 3
e AL RALRLAR L) ML
dBy LT L
LR R AR I R RN AR IR RS LN R
Ofiw P ! |
11.6 | !
dB J'lT ‘|-'
IV "I

Start 2.43 GH=z
#Res BW 100 kHz

#F/BW 300 kHz

Stop 2.46 GHz
Sweep 9.99 ms (1000 pts)

harker Trace Type X Aois Amplitude
1 {1} Freq 2 43500 GH=z 8.514 dBm
2 {1} Freq 2 44250 GH=z 8. 844 dBm
3 {1} Freq 2 45453 GH=z 8.005 dBm

Number of Hopping Frequencies 2435MHz-2455MHz
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Mkrd 2.48350 GHz

Ref 18.6 dBm Atten 20 dB -48.02 dBm
Peak :)
o9 MARRLERRRERRARANAL L ERRAR AR R P
dBY AL AN N TR
st I’ AR (LR NN LI AR R R RN | R N
iy a’ ﬁ

WM‘ q‘mnl-\l'hr vl :) -~ L -I./u.‘L.a..“ﬁ
Start 2.45 GHz Stop 2.49 GHz
#Res BUWW 100 kHz WﬁWZH]GkHz . Sweep 9.99 ms (1000 pts)

Number of Hopping Frequencies 2458MHz-2478MHz

Start hopping Frequency Observed 2405 MHz
Stop hopping Frequency Observed 2477.5 MHz

Total Number of Hopping Channels Observed = 120
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Antenna 2
Mkr3 2.42450 GHz
Ref 18.6 dBm Atten 20 dB 8.345 dBm
Peak :")
Log (A
8/ ORI, KRR R el
[ ’1 ||-||11-|1 LA | IR I
Offst |
11.6 / |
dB I{
Start 2.38 GHz Stop 2.43 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type ¥ Axis Amplitude
1 1 Freg 2.39000 GHz -42.13 dBm
2 1 Freg 2.40500 GHz 7.523 dBm
3 0] Freg 2.42450 GHz £.345 dBm
Number of Hopping Frequencies 2405MHz-2425MHz
Mkr3 2.45453 GHz
Ref 18.6 dBm Atten 20 dB 8.005 dBm
Posk 5 5 3
e AL i
> T
Offst ALAARR AR (A RARL UARRALAIARAIN
11.6 | |
dB Jﬂ “
MW TWH e
Start 2.43 GHz Stop 2.46 GHz
#Hes BYW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1 Freq 2.43500 GHz £.514 dBm
2 {1} Freq 2.44250 GHz £.844 dBm
2 {1 Freq 2.45453 GHz £.005 dBm

Number of Hopping Frequencies 2435MHz-2455MHz
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Ref 18.6 dBm

Atten 20 dB

Mkrd 2.48350 GHz

Peak

Log

10

dB/
Offst

11.6

dB

o

-

Start 2.45 GHz
#Res BW 100 kHz

#/BW 300 kHz

Stop 2.49 GHz
Sweep 9.99 ms (1000 pts)

Marker Trace
1 U]
2 (U]
3 (U]
4 (U]

X Axis
2.45800 GHz
247750 GHz
247800 GHz
248350 GHz

Start hopping Frequency Observed 2405 MHz
Stop hopping Frequency Observed 2477.5 MHz

Number of Hopping Frequencies 2458MHz-2478MHz

Total Number of Hopping Channels Observed = 120
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8.4 Carrier Frequency Separation

Result

Test Specification

Test Method
Measurement Bandwidth
Detector

Port of testing

Requirement

Test Method:

EUT

Pass

FCC Part 15 Subpart C Section 15.247 (a) (1) / RSS 247

Issue 2, Section 5.1 (b)

Clause 7.8.2 of ANSI C63.10
300 kHz
Peak

Antenna port

Frequency hopping systems shall have hopping channel
carrier frequency separated by a minimum of 25kHz or the
20dB bandwidth of the hopping channel, whichever is

greater.

10 dB attenuator

Spectrum Analyzer

*Note: RBW setting of 100 kHz is used because setting of 40.9 kHz to 41.5kHz (30% of 20 dB bandwidth)
bandwidth in the reciever is not supported

Test Condition
Normal Test Condition:

Temperature (Norm) =+ 23.0 °C

KDB Guidelines applied:

Voltage = 3.6V DC through DC Supply

Relative humidity: 64%

Measurements were made as per section 9(b) in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

Antenna 1l

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 (1.6dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence

Directional gain of the single antenna is 0.5 dBi.

Mkr2 2.4425000 GHz

Ref 19.6 dBm Atten 20 dB 8.777 dBm
Peak " T =
L o = o
dB/
Offst
11.6
dB
Center 2.442 GHz Span 2 MHz
#Res BW 300 kHz #VBW 1 MHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 (4] Freq 2.4420000 GHz 8.855 dBm
2 i Freq 2.4425000 GHz 8.777 dBm
3 i Freq 2.4430000 GHz 8.558 dBm
Channel spacing
Frequency (MHz) Observed (KHz)
2442 500
24425 500
2443 500
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8.5 Time of Occupancy (Dwell Time)
Result Pass

FCC Part 15 Subpart C Section 15.247 (a) (i) / RSS 247

Test Specification Issue 2,Section 5.1 (d)

Test Method Clause 7.8.4 of ANSI C63.10
Measurement Bandwidth 300 kHz

Detector Peak

Port of testing Antenna port

The average time of occupancy on any channel shall not
be greater than 0.4 seconds within a period of 0.4 seconds
multiplied by the number of hopping channels employed.
Transmissions on particular hopping frequencies may be
avoided or suppressed provided that a minimum of 15
hopping channels are used.

Requirement

Test Method:

EUT - 10 dB attenuator Spectrum Analyzer

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.0 °C Voltage = 3.6V DC through DC Supply Relative humidity: 64%

KDB Guidelines applied:

Measurements were made as per section 9(b) 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 (1.6dB)

Antenna 1
Channel frequency:2405MHz

Mkr3 A 80 pus

Ref 19.6 dBm Atten 20 dB 1.084 dB

Peak 18

Log TS R

10 -

dB/ . T)i

Offst

11.6 pR

dB ([ !
VYT VAR AP SNUVRTI ST P sy | 111 1y F

Center 2.405 GHz Span 0 Hz
Res BWW 300 kHz #/BW 1 MHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude

1R m Time 9.07 ms 6.843 dBm

1A ¥ Time 20 us 0.013 dB

2R M Time 9.29 ms -12.4%8 dBm

2A n Time BO us -0.327 dB

3R (A} Time 9.5 ms -32.93 dBm

34 M Time 80 us 1.084 dB

Dwell Time

Mkr1 & 8.809 ms
Ref 17.6 dBm Atten 20 dB 0.049 dB
Peak o R
Log 1= 8
10
dBf
Offst
11.6
dB
L ot b o, " i il TN TP T | A ") o,
Center 2.405 GHz Span 0 Hz
Res BW 300 kHz #A/BW 1 MHz Sweep 800 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1R 1} Time 511.7 m= 9.703 dBm
1A ) Time £ 808 ms 0.043 dB

0.8s Reference plot
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Ref 17.6 dBm Atten 20 dB
Peak
Log
10
dB/f
Offst
11.6
dB

W1 52
53 FS

Center 2.405 GHz Span 0 Hz
Res BW 300 kHz #ABW 1 MHz Sweep 16 s (1000 pts)

Number of Bins

Dwell Time = 250us or 0.25ms
Total bins in 16 Sec =26
Max. Allowed time = 0.4s

Total time occupancy in 16s = 250 * 26 = 6500pus or 6.50ms or 0.00650sec (which is less than 400ms)
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Channel frequency:2442.5MHz

Mkr3 A 70 ps

Ref 26.6 dBm Atten 25 dB -0.208 dB
Peak -
Log <
10
dB‘; e ==
@&
Offst 0 @
11.6
dB 1, MR
Hﬂkm duch . ’“ !! !"'I..‘f l:tr by bl B WLMMU HL:_‘_L“_LQM

Ref 20.6 dBm

Center 2.442 GHz Span 0 Hz
Res BW 300 kHz #/BW 1 MH=z Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axxis Amplitude

1R 1} Time £.58 ms 9.888 dBm

14 1} Time 80 us 0.055 dB

2R 1} Time 8.38 ms -7.915 dBm

2A 13 Time 7O us -0.361 dB

3R 13 Time 881 ms -8.281 dBm

3A 1} Time 7O us -0.208 dB

Dwell Time

Atten 20 dB

—_—

Peak
Log

10
dB/

Offst
11.6

dB

W1 52 Lol
53 F5

Center 2.442 GHz
Res BW 300 kHz

ABW 1 MHz

Span 0 Hz
Sweep 16 s (1000 pts)

Number of Bins



http://www.tuv.com/

Produkte
Products

www.tuv.com

A TUVRheinland®

Prifbericht - Nr.:
Test Report No.:

ULR-TC568822300000017F

Seite 38 von 83
Page 38 of 83

Dwell Time = 220us or 0.22ms
Total bins in 16 Sec =27
Max. Allowed time = 0.4s

Total time occupancy in 16s = 220 * 27 = 5940us or 5.94ms or 0.00594sec (which is less than 400ms)

Channel frequency:2477.5MHz

Mkr3 A 80 ps
Ref 31.6 dBm Atten 30 dB -0.004 dB
Peak
LO'Q == *
10 - &
dByf 5
Offst
11.6 = =
dB ®
Center 2.478 GHz Span 0 Hz
Res BW 300 kHz #A/BW 1 MH=z Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1R 1} Time 844 ms -25.48 dBm
1A 1} Time 80 us 0.207 dB
2R 13 Time £.85 ms -8.081 dBm
2A 13 Time 80 us -2.504 dB
2R (1} Time £.88 ms 2.5 dBm
3A 1} Time 80 us -0.004 dB
Dwell Time
Ref 19.6 dBm Atten 20 dB
Peak
Log *
10
dB/
Offst
11.6
dB
w1 52 2wl S ik s o ! .
53 F5
AA
Center 2.478 GHz Span 0 Hz
Res BW 300 kHz #A/BW 1 MHz Sweep 16 s (1000 pts)

Number of Bins
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Dwell Time = 240us or 0.24ms
Total bins in 16 Sec =26
Max. Allowed time = 0.4s

Total time occupancy in 16s = 240 * 26 = 6240us or 6.24ms or 0.00624 (which is less than 400ms)

Antenna 2

Channel frequency: 2405MHz

Mkr3d A 80 ps

Ref 19.6 dBm Atten 20 dB 1.084 dB

Peak 18

Log TS R

10 -

dB/

Offst

11.6 pR

dB . !
VSR, AR APy SNUVRTI ST s e ———w| 1111y

Center 2.405 GHz Span 0 Hz
Res BWW 300 kHz #FBW 1 MHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1R m Time 8.07 ms 6.843 dBm
1A (A} Time 20 us 0.013 dB
2R M Time 9.29 ms -12.48 dBm
2A m Time 8O us -0.327 dB
3R ™ Time 2.5 ms -32.93 dBm
34 m Time 80 us 1.084 dB
Dwell Time
—
Ref 20.6 dBm Atten 20 dB
Peak
Log
10
dB/
Offst
11.6
dB
w1 52-0“, L [RLITOPeT| 9P YA o, P | TR ) S gl ol
53 FS
AA
Center 2.442 GHz Span 0 Hz
Res BW 300 kHz #/BW 1 MH=z Sweep 16 s (1000 pis)

Number of Bins
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Dwell Time = 250us or 0.25ms
Total bins in 16 Sec =26
Max. Allowed time = 0.4s

Total time occupancy in 16s = 250 * 26 = 6500pus or 6.50ms or 0.00650sec (which is less than 400ms)

Channel frequency:2442.5MHz

Mkr3 A 70 ps

Ref 26.6 dBm Atten 25 dB -0.208 dB
Peak i
Log L)
10
dB/ ZB b
-2
Offst |I hif
11.6
dB 1, L.
_H."llllq! AR RINLE SRS T ENCWOTIES o WWMU N_am

Center 2.442 GHz Span 0 Hz
Res BW 300 kHz #FVBW 1 MHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1R {13 Time £.59 ms 9.888 dBm
1A 13 Time 80 us 0.055 dB
2R 1 Time £.38 ms -7.815 dBm
2A 13 Time 7O us -0.381 dB
3R 1} Time &.81 ms -9.261 dBm
3A 13 Time 70 us -0.208 dB
Dwell Time
—
Ref 20.6 dBm Atten 20 dB
Peak
Log
10
dB/
Offst
11.6
dB
VW1 S22 Ly L L PR TR B YA ) o, " P | TR ) S gl ol
53 Fs
AA
Center 2.442 GHz Span 0 Hz
Res BW 300 kHz #/BW 1 MH=z Sweep 16 s (1000 pis)

Number of Bins
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Dwell Time = 220us or 0.22ms
Total bins in 16 Sec =27
Max. Allowed time = 0.4s

Total time occupancy in 16s = 220 * 27 = 5940us or 5.94ms or 0.00594sec (which is less than 400ms)

Channel frequency:2477.5MHz

Mkr3 A 80 ps
Ref 31.6 dBm Atten 30 dB -0.004 dB
Peak
LO'Q == *
10 - &
dByf 5
Offst
11.6 = =
dB ®
Center 2.478 GHz Span 0 Hz
Res BW 300 kHz #A/BW 1 MH=z Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1R 1} Time 844 ms -25.48 dBm
1A 1} Time 80 us 0.207 dB
2R 13 Time £.85 ms -8.081 dBm
2A 13 Time 80 us -2.504 dB
2R (1} Time £.88 ms 2.5 dBm
3A 1} Time 80 us -0.004 dB
Dwell Time
Ref 19.6 dBm Atten 20 dB
Peak
Log *
10
dB/
Offst
11.6
dB
w1 52 2wl S ik s o ! .
53 F5
AA
Center 2.478 GHz Span 0 Hz
Res BW 300 kHz #A/BW 1 MHz Sweep 16 s (1000 pts)

Number of Bins
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Dwell Time = 240us or 0.24ms
Total bins in 16 Sec =26
Max. Allowed time = 0.4s

Total time occupancy in 16s = 240 * 26 = 6240us or 6.24ms or 0.00624 (which is less than 400ms)
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8.6 Emissions in non-restricted frequency bands and Conducted Spurious
Emission
Result Pass

Test Specification FCC part 15 Subpart C 15.247 (d) / RSS 247 Issue 2,

Section 5.5
Test Method Subclause 7.8.8 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 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
peak conducted power limits

Test Method:

Spectrum Analyzer
EUT 10 dB attenuator P Y

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.0 °C Voltage = 3.6V DC through DC Supply Relative humidity: 64%

KDB Guidelines applied:

Measurements were made as per section 9(b) 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. Final Value (dBm) = Measured Value (dBm) + Attenuator factor (10dB) + Cable loss (1.6dB)

3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence
Directional gain of the single antenna is 0.5 dBi

4. Only worst case results are reported

8.6.1 Band edge and reference plots

Antenna 1:
Channel Reference Band edge Vgl:sdat A-B Minimum
Frequency Value (B) Frequency edge (A) (dBc) Limit
(MHz) (dBm) (MHz) (dBm) (dBc)
2405 7.77 2400.00 -45.87 -53.64 -20
2477.5 7.53 2483.50 -51.84 -59.37 -20

Mkr1 2.4049938387 GHz
Ref 18.6 dBm Atten 20 dB T.772 dBm
Peak
Log
10
dBf
Offst
11.6
dB

o

M1 52
53 FC

Center 2.405 GHz Span 50 kHz
#Res BW 100 kHz #ABW 300 kHz Sweep 9.99 ms (1000 pts)

Reference plot for 2405MHz
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Ref 18.6 dBm

Mkr1 247749842 GHz

Atten 20 dB

7.53 dBm

Peak
Log

K

10
dBf

Offst
11.6

dB

M1 52
53 FC

Center 2.478 GHz
#Res BYW 100 kHz

#A/BW 300 kHz Sweep 9.99 m

Span 30 kHz
s (1000 pts)

Reference plot for 2477.5MHz

- Wk> 240502Ghz |
Ref 18.6 dBm Atten 20 dB 9.026 dBm
Peak <
Log
10
dBf
Offst ]

11.6 |
dB = JI ',"
FREMTIRLEE] N Aél.d MM Mw“ T PP [ I ]y
Center 2.405 GHz Span 40 MHz
#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type HOAxis Amplitude
1 {1} Freq 2.28000 GHz -49.89 dBm
2 {1} Fragq 2.40000 GHz -45.87 dBm
a {1} Freq 2 40502 GHz 9.028 dBm

Band edge Channel Frequency 2405MHz
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Band edge Channel Frequency 2477.5MHz

Antenna 2:
Value at
Channel Reference Band edge Band A-B Minimum
Frequency Value (B) Frequency S
edge (A dBc Limit (dBc
(MH2) (dBm) (MH2) (ngng)) (dBe) (dBe)
2405 8.45 2400.00 -46.43 -54.88 -20
2477.5 7.82 2483.50 -52.02 -59.84 -20
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Mkr1 2.40499787 GHz
Ref 18.6 dBm Atten 20 dB 8.453 dBm
Peak
Log
10
dB/
Offst
11.6
dB

+ 3

M1 52
53 FC

Center 2.405 GHz Span 50 kHz
#Res BW 100 kHz #/BW 300 kH=z Sweep 9.99 ms (1000 pts)

Reference plot for 2405MHz

Mkr1 2.47750013 GHz

Ref 18.6 dBm Atten 20 dB 7.826 dBm
Peak
Log &
10
dBr
Offst
11.6
dB

H

M1 52
53 FC

Center 2.478 GHz Span 50 kHz
#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)

Reference plot for 2477.5MHz
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Mkr3 2.40502 GHz
Ref 18.6 dBm Atten 20 dB 8.99 dBm
Peak ¢
Log
10
dBf
Offst
11.6 !
a8 : 2 J
WOYOUIN. * YN WMM N P T TN PUSPUREY
Center 2.405 GHz Span 40 MHz
#Res BW 100 kHz FABWW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Aais Amplitude
1 {1} Fraq 2.29000 GHz -49.1 dBm
2 1} Freq 2.40000 GHz -48.43 dBm
2 1} Freq 2.40502 GHz £.99 dBm

Band edge Channel Frequency 2405MHz

Band edge Channel Frequency 2477.5MHz
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8.6.2 Out-Of-Band Emissions

Antennal:

Channel Frequency 2405MHz

Frequency Range 9KHz — 150KHz

Channel Frequency 2405MHz

Frequency Range 150KHz — 30MHz
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Channel Frequency 2405MHz

Frequency Range 30MHz — 1GHz

Mkr3 18.442 GHz
Ref 13.6 dBm Atten 15 dB -53.55 dBm
Peak o
Log E
10
dB/
Offst
11.6
dB |
WWMMMMMHMWM'MJ
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #BW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1} Freq 2401 GHz 4348 dBm
2 {1} Freq 11586 GHz -53.33 dBm
3 {1} Freq 18 442 GHz -53. 55 dBm

Channel Frequency 2405MHz

Frequency Range 1GHz — 26GHz
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Channel Frequency 2442.5MHz

Frequency Range 9KHz — 150KHz

Channel Frequency 2442 .5MHz

Frequency Range 150KHz — 30MHz



http://www.tuv.com/

Produkte
Products

www.tuv.com

A TUVRheinland®

Prifbericht - Nr.:
Test Report No.:

ULR-TC568822300000017F

Seite 52 von 83
Page 52 of 83

Channel Frequency 2442.5MHz

Frequency Range 30MHz — 1GHz

Channel Frequency 2442.5MHz

Mkr2 12.186 GHz
Ref 13.6 dBm Atten 15 dB -51.34 dBm
Peak o
Log T
10
dB/
Offst
11.6
dB = )
.lm.r-'lJ'H"L"'"l-bu T P u.g.-wh-idmw s m_ﬂww
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #ABW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1} Freq 2451 GHz 9.183 dBm
2 {1} Freq 12,186 GH= -51.34 dBm
3 {1} Freq 18,589 GHz -53.687 dBm

Frequency Range 1GHz — 26GHz
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Channel Frequency 2477.5MHz

Frequency Range 9KHz — 150KHz

Channel Frequency 2477.5MHz

Frequency Range 150KHz — 30MHz
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Channel Frequency 2477.5MHz

Frequency Range 30MHz — 1GHz

Mkr1 2.476 GHz
Ref 18.6 dBm Atten 20 dB 8.551 dBm
Peak =
Log
10
dBf
Offst
11.6
dB ) I
s P N P P N pr—— #WM
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Freq 2. 478 GHz &.551 dBm
2 {1} Freq 12.837 GHz -48 47 dBm
3 {1} Freq 21.145 GHz -48 25 dBm

Channel Frequency 2477.5MHz

Frequency Range 1GHz — 26GHz
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Antenna 2:

Channel Frequency 2405MHz

Frequency Range 9KHz — 150KHz

Channel Frequency 2405MHz

Frequency Range 150KHz — 30MHz
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Channel Frequency 2405MHz

Frequency Range 30MHz — 1GHz

Mkr1 2.401 GHz
Ref 18.6 dBm Atten 20 dB 9.159 dBm
Peak o
Log i
10
dB/
Offst
11.6
dB .
. *WMWMWMW
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Fraq 2.401 GHz 9.159 dBm
2 {1} Freq 12.211 GHz -49.45 dBm
3 1) Fraq 23.022 GHz -48.08 dBm

Channel Frequency 2405MHz

Frequency Range 1GHz — 26GHz
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Channel Frequency 2442.5MHz

Frequency Range 9KHz — 150KHz

Channel Frequency 2442 .5MHz

Frequency Range 150KHz — 30MHz
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Channel Frequency 2442.

Ref 18.6 dBm

5MHz Frequency Range 30MHz — 1GHz

Atten 20 dB

Mkr2 11.010 GHz
-49.06 dBm

Peak o
Lﬂ-g 1

10
dB/f

Offst
11.6

dB

Start 1 GHz Stop 26 GHz
#Res BV 100 kHz #BW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Frag 2.451 GHz 9.105 dBm
2 i1 Fraq 11.010 GHz -49.08 dBm
3 1) Frag 21.721 GHz -48.73 dBm
Channel Frequency 2442.5MHz Frequency Range 1GHz — 26GHz
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Channel Frequency 2477.5MHz

Frequency Range 9KHz — 150KHz

Channel Frequency 2477.5MHz

Frequency Range 150KHz — 30MHz
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Channel Frequency 2477.

5MHz Frequency Range 30MHz — 1GHz

Ref 18.6 dBm

Atten 20 dB

Mkr3 20.520 GHz
48.42 dBm

Peak "

Log

10
dB/

Offst

11.6

dbB

Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #/BWY 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 %) Freq 2 476 GHz £.59 dBm
2 %) Fraq 12.081 GHz -48 88 dBm
3 %) Freq 20.520 GHz -48.42 dBm
Channel Frequency 2477.5MHz Frequency Range 1GHz — 26GHz
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8.7 Spurious Radiated Emissions & Restricted Bands of Operation

Result

Test Specification

Test Method

Measurement Location

Measurement Bandwidth
Detector

Measuring Distance
Requirement

Test setup

Pass

FCC part 15 Subpart C 15.247 (d) / (15.209 & 15.205) /
IC RSS-GEN, Section 8.9 and 8.10

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 7 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) = + 23.5 °C

Voltage =

3.3V 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,
hence not reported

Antenna 1l

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

Ant_en na 'L\fggﬁlé:‘ecc; Peak Limit Margin (dB)
Polarization (MH2) (dBpV/m) (dBpV/m)
66.65(Pk) 4.21 40.00 -35.79
162.12(Pk) 13.10 43.50 -30.40
Vertical 165.18(Pk) 23.83 43.50 -19.67
174.58(Pk) 23.64 43.50 -19.86
186.53(Pk) 15.72 43.50 -27.78
128.27(Pk) 18.21 43.50 -25.29
136.53(Pk) 18.84 43.50 -24.66
Horizontal 167.07(Pk) 22.64 43.50 -20.86
171.79(Pk) 25.43 43.50 -18.07
175.36(Pk) 14.69 43.50 -28.81

#1-30MHz-200Wizrtical)

174.585 MHz: 23.642 dBuV/{

30

66.652 MHz: 4.211 dBuV/m|
1o 186.536 MHz: 15.72 dB, \/E
162.124 MHz: 13.109 dBuV/m)

Level [dBpV/m]

30 MHz 40 MHz 50 MHz 60MHz ~ 70MHz 80 MHz 90 MHz 100 MHz 120MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Vertical)

Channel Frequency 30MHz — 200MHz Polarization Vertical
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#2-30MHz-200\iarizontal)

175.367 MHz: 25.435 dBuV, ;l

Level [dBpV/m]
w 5

171.797 MHz: 14.692 dBuV/s

30 MHz 40 MHz

60 MHz 70 MHz 80 MHz 90 MHz 100 MHz 120 MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]

= Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 30MHz — 200MHz

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

Polarization Horizontal

Antenna Frequency Peak Limit Margin
Polarization (MHz) (dBpV/im) (dBpV/im) (dB)
235.76 20.59 46 -25.41
. 324.4 28.94 46 -17.06
Vertical
364.88 34.74 46 -11.26
423.84 30.32 46 -15.68
334.88 36.43 46 -9.57
Horizontal 345.04 39.03 46 -6.97
375.52 37.01 46 -8.99
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#1-200MHz-1QMertical)

100

90

80

70

60
E ikl
£
3 s 364.88 MHz: 34.74 dBuV/m|
[ —
g
3 ‘3244 MHz: 28.944 dBuV/m‘ ‘423 84 MHz: 30.323 dBuV/m)

30 ~ -

235.76 MHz 20591 dByV/m

20

10

0

200 MHz 250 MHz 300MHz  350MHz  400MHz 450 MHz 500 MHz 550 MHz 650MHz  750MHz  850MHz  1GHz

Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Vertical)

Channel Frequency 200MHz - 1GHz Polarization Vertical

#2-200MHz-1@Hprizontal)

%0
80
70
60
£ i
2 50 345.04 MHz: 39.033 dByV/m|
@
2 = 1
3 4
F [334.88 Mz 36.436 dBuv/m] [375.52 Mz 37.016 dBuv/m
3
30
20
10
0
10
200 MHz 250 MHz 300MHz  350MHz  400MHz 450 MHz 500 MHz 550 MHz 650MHz  750MHz 850MHz  1GHz

Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 200MHz — 1GHz Polarization Horizontal
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Table 9: Test results for frequency range 30MHz — 200MHz

Antgn na Ii\fsgﬁlé;ecc; Peak Limit Margin (dB)
Polarization (MHz) (dBpV/im) (dBpV/im)
66.65(Pk) 4.21 40.00 -35.79
162.12(Pk) 13.10 43.50 -30.40
Vertical 165.18(Pk) 23.83 43.50 -19.67
174.58(Pk) 23.64 43.50 -19.86
186.53(Pk) 15.72 43.50 -27.78
128.27(Pk) 18.21 43.50 -25.29
136.53(Pk) 18.84 43.50 -24.66
Horizontal 167.07(Pk) 22.64 43.50 -20.86
171.79(Pk) 25.43 43.50 -18.07
175.36(Pk) 14.69 43.50 -28.81

#1-30MHz-200MMartical)

4 16,
174.585 MHz: 23.642 dB, V/]
30
66.652 MHz: 4.211 dBuV/m|
186.536 MHz: 15.72 dBuV,
162.124 MHz: 13.109 dBuV/m|

Level [dBuV/m]
3

3

ER|

30 MHz 40 MHz 50 MHz 60MHz ~ 70MHz 80 MHz 90 MHz 100 MHz 120MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Vertical)

Channel Frequency 30MHz — 200MHz Polarization Vertical
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#2-30MHz-200\iarizontal)

175.367 MHz: 25.435 dBuV, ;l

Level [dBpV/m]
w 5

171.797 MHz: 14.692 dBuV/s

30 MHz 40 MHz

60 MHz 70 MHz 80 MHz 90 MHz 100 MHz 120 MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]

= Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 30MHz — 200MHz

Table 10: Test results for frequency range 200MHz — 1GHz

Polarization Horizontal

Antenna Frequency Peak Limit Margin
Polarization (MHz) (dBpV/im) (dBpV/m) (dB)
235.76 20.59 46 -25.41
. 324.4 28.94 46 -17.06
Vertical
364.88 34.74 46 -11.26
423.84 30.32 46 -15.68
334.88 36.43 46 -9.57
Horizontal 345.04 39.03 46 -6.97
375.52 37.01 46 -8.99
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#1-200MHz-1QMertical)

50 364.88 MHz: 34.74 dBuV/m|

Level [dBpV/m]

‘3244 MHz: 28.944 dBuV/m‘ J ‘423 84 MHz: 30.323 dBuV/m
~. rs

235.76 MHz: 20.591 dByV/m|
20

0
200 MHz 250 MHz 300 MHz 350 MHz 400 MHz 450 MHz 500 MHz 550 MHz 650 MHz 750 MHz 850 MHz 1GHz
Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m Peak (Vertical)
Channel Frequency 200MHz - 1GHz Polarization Vertical
#2-200MHz-1GHbrizontal)
100
90
80
70
60
£ a2
S
2
20— I
3 4
H |§4.88 MHz: 36.436 dBuV/m| [375.52 MHz: 37.016 dBuV/m|
- 30
20
10
0
0
200 MHz 250 MHz 300 MHz 350 MHz 400 MHz 450 MHz 500 MHz 550 MHz 650 MHz 750 MHz 850 MHz 1GHz

Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 200MHz — 1GHz

Polarization Horizontal
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Table 11: Test results for the frequencies above 1GHz:

Antenna 1:
F?ehaunennecl Frequency Polarization Emission Limit Margin
quency (MHz) (dBpVv/m) (dBm) (dB)
(MHz)
2405(Pk) 100.42 * -
2405(Av) 100.40 * -
2390(Pk) 39.75 74 -34.25
2390(Av) Vertical 27.02 54 -26.98
4810(Pk) 46.13 74 -27.87
4810(Av) 41.69 54 -12.31
7215(Pk) 46.95 74 -27.05
7215(Av) 35.81 54 -18.19
2405 2405(Pk) 98.59 * -
2405(Av) 98.58 * -
2390(Pk) 38.96 74 -35.04
2390(Av) Horizontal 25.70 54 -28.30
4810(Pk) 41.19 74 -32.81
4810(Av) 30.37 54 -23.63
7215(Pk) 47.69 74 -26.31
7215(Av) 37.19 54 -16.81
2442 .5(Pk) 99.64 * -
2442.5(Av) 99.61 * -
4885(Pk) Vertical 45.76 74 -28.24
4885(Av) 40.72 54 -13.28
7327.5(Pk) 46.78 74 -27.22
7327.5(Av) 35.92 54 -18.08
2442.5 2442 5(Pk) 98.79 * -
2442.5(Av) 98.74 * -
4885(Pk) Horizontal 42.42 74 -31.58
4885(Av) 31.49 54 -22.51
7327.5(Pk) 47.14 74 -26.86
7327.5(Av) 37.19 54 -16.81
2483.5(Pk) 46.49 74 -27.51
2483.5(Av) 35.40 54 -18.60
2477.5(Pk) 100.79 * -
2477.5(Av) Vertical 100.77 * -
4955(Pk) 43.98 74 -30.02
4955(Av) 31.68 54 -22.32
7432.5(Pk) 50.15 74 -23.85
7432.5(Av) 41.48 54 -12.52
24775 2483.5(Pk) 45.36 74 -28.64
2483.5(Av) 33.98 54 -20.02
2477.5(Pk) 98.99 * -
2477.5(Av) Horizontal 98.97 * -
4955(Pk) 43.62 74 -30.38
4955(Av) 36.04 54 -17.96
7432.5(Pk) 47.41 74 -26.59
7432.5(Av) 37.46 54 -16.54
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Pk: Peak Detector;
Av: Average Detect

130
120
10 2405000000 GHz
100425 dBpuv/m
100
2405000000 GHz
90 100.405 dBuV/m
2390000000 GHz
80 39.751dBpuv/m
£ FCCPart15C Peak
Z 7
2 2.390000000 GHz
c 27.020dBpv/m
T 60
[ S\ FCC Part 15C AVG
- Y
50 ‘WW IS
| \
VAN
0T b g N 8 WWWW““N‘”WM'W\MWVWWMW“MWMNNJWM,«W««WNM
» v
20
10
0
2300 2350 2400 2450 2500 2550 2600
Frequency in MHz
Channel Frequency: 2405GHz Polarization: Vertical
120
110} 2405000000 GHz
77.909 dBRV/m
100
2405000000 GHz
77.871dBUV/m
90
4810000000 GHz 7215000000 GHz
80 \V4 46139 dBUV/m 46,950 dBpV/m
FCCPart15C Peak
70
£ 4810000000 GHz 7.;;5;3050320\%?
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S 60
< >~ il AL
T Lo AR “ (PN G
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= 50
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40 : Y
30
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0
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Frequency in GHz

Channel Frequency: 1GHz -18GHz

Polarization: Vertical
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Level in dBuv/m
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2405000000 GHz
98.599 dBlV/m
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Level in dBuV/m
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99.642 dBpV/m

2442500000 GHz
99.613dBuv/m

FCCPart15C Peak

70

60

FCCPart15C AVG

50

40

30

20

10

2300

2350 2400 2450 2500
Frequency in MHz

2550 2600

Channel Frequency: 2442.5GHz

Polarization: vertical
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Antenna 2:

F?Zaﬂzgsl Frequency Polarization Emission Limit Margin
quency (MHz) (dBpVv/m) (dBm) (dB)
(MHz)

2405(Pk) 101.28 * -
2405(Av) 101.26 * -
2390(Pk) 40.28 74 -33.72
2390(Av) Vertical 27.55 54 -26.45
4810(Pk) 46.91 74 -27.09
4810(Av) 42.85 54 -11.15
7215(Pk) 47.67 74 -26.33
7215(Av) 36.16 54 -17.84
2405 2405(Pk) 92.54 * -
2405(Av) 92.49 * -
2390(Pk) 36.68 74 -37.32
2390(Av) Horizontal 23.06 54 -30.94
4810(Pk) 41.37 74 -32.63
4810(Av) 31.48 54 -22.52
7215(Pk) 48.49 74 -25.51
7215(Av) 38.85 54 -15.15
2442 5(Pk) 101.34 * -
2442 .5(Av) 101.30 * -
4885(Pk) Vertical 41.77 74 -32.23
4885(Av) 31.12 54 -22.88
7327.5(Pk) 50.03 74 -23.97
7327.5(Av) 40.85 54 -13.15
2442.5 2442 5(Pk) 94.57 * -
2442 .5(Av) 94.49 * -
4885(Pk) Horizontal 41.38 74 -32.62
4885(Av) 31.49 54 -22.51
7327.5(Pk) 47.46 74 -26.54
7327.5(Av) 39.03 54 -14.97
2483.5(Pk) 47.65 74 -26.35
2483.5(Av) 35.98 54 -18.02
2477.5(Pk) 101.19 * -
2477.5(Av) Vertical 101.17 * -
4955(Pk) 45.08 74 -28.92
4955(Av) 39.49 54 -14.51
7432.5(Pk) 47.25 74 -26.75
7432.5(Av) 35.63 54 -18.37
2477.

4775 2483.5(Pk) 41.77 74 -32.23
2483.5(Av) 26.77 54 -27.23
2477.5(Pk) 90.32 * -
2477.5(Av) Horizontal 90.25 * -

4955(Pk) 40.73 74 -33.27
4955(Av) 29.50 54 -24.50
7432.5(Pk) 47.65 74 -26.35
7432.5(Av) 39.17 54 -14.83



http://www.tuv.com/

Produkte
Products

A TUVRheinland®

www.tuv.com

Prifbericht - Nr.:

Test Report No.:

ULR-TC568822300000017F

Seite 76 von 83
Page 76 of 83

130
120
110 2405000000 GHz
101280 dBPV/m
100
2405000000 GHz
90 101.265 dBUV/m
2390000000 GHz
80 40282 dBV/m
£ FCCPart15C Peak
2 70
g 2:390000000 GHz
c 27,555 dBV/m
o 60
E) / CCPart15C AVG
W
50 /M'
7
Y/ A\
4 i s oAisay
0 At e Mt NANAAA IS WWWWMLMW»«M% AN g S b i o it
w v
20
10
0
2300 2350 2400 2450 2500 2550 2600
Frequency in MHz
Channel Frequency: 2405GHz Polarization: Vertical
120
110
2405000000 GHz
100 78478 dBWV/m
2 2405000000 GHz
78436 dBV/m S
4810000000 GHz 47673 dBVIm
80 V 46918dBV/m 1
FCCPart15C Peak
0 7215000000 GHz
4810000000 GHz Pt g
42859 dByV/m 165 dByv/m

Level in dBuV/m

10

8 9 10 11 12 13 14 15 16 17 18

Frequency in GHz

Channel Frequency: 1GHz -18GHz

Polarization: Vertical



http://www.tuv.com/

Produkte
Products

A TUVRheinland®

www.tuv.com

Prifbericht - Nr.:

Test Report No.:

ULR-TC568822300000017F

Seite 77 von 83
Page 77 of 83

Level in dBuV/m

130

120

110

90

80

2.390000000 GHz
36.680 dBuv/m

2405000000 GHz
92,540 dBuV/m

2405000000 GHz

92.496 dBUV/m
FCCPart15C Peak

70

60

2.390000000 GHz
23.066 dBpV/m

2art 15C

50

40

30

20

10

R VLI V2,

|

1\
ARA
PN

A A Y i AN AN ANt A B A b perr it

v

2300

2350

2400 2450 2500 2550 2600

Frequency in MHz

Channel Frequency: 2405GHz

Polarization: Horizontal

Level in dBpv/m

120

110

100

80

2405000000 GHz
71.153dBpv/m

2405000000 GHz
71072 dBUV/m
4.810000000 GHz
41.370dBUV/m

7.215000000 GHz
48.498 dBuv/m

FCCPart15C Peak

70

4810000000 GHz
31.483 dBUV/m

7.215000000 GHz
38.858 dBUV/m

10

6 7 8 9 10 11 13 14 16

Frequency in GHz

Channel Frequency: 1GHz -18GHz

Polarization: Horizontal



http://www.tuv.com/

Produkte
Products

www.tuv.com

A TUVRheinland®

Prafbericht - Nr.:
Test Report No.:

ULR-TC568822300000017F

Seite 78 von 83
Page 78 of 83

130
120
110
2442500000 GHz
Y 101.342 dBpV/m
100 I
f
% ‘ 2442500000 GHz
‘ 101.308 dBuV/m
80
g | FCCPart15C Peak
2 7 } \
[<)
2
2
T 60 I
H A .
- L
50 A N
“
a0 e rest ity \"AM“‘”'“MM"W'“%’\’"W"-w/ atearaar WS SN L ISTY I NI N WO, WA
30
20
10
0
2300 2320 2340 2360 2380 2400 2420 2440 2460 2480 2500 2520 2540 2560 2580 2600
Frequency in MHz
Channel Frequency: 2442.5GHz Polarization: vertical
120
HOT 2442500000 GHz
76.981dBuv/m
100
2442500000 GHz
90 76.932dBpv/m
80 v 4885000000 GHz 7.327500000 GHz
41.772dBpv/m 50.031dBuv/m FCC Part 15C Peak
70 4885000000 GHz 7327500000 GHz
31.128dBuv/m 40.858 dBuv/m

Level in dBuV/m

10

10 12 14

Frequency in GHz

16 18

Channel Frequency: 1GHz -18GHz

Polarization: vertical



http://www.tuv.com/

Produkte
Products

A TUVRheinland®

www.tuv.com

Prifbericht - Nr.:

Test Report No.:

ULR-TC568822300000017F

Seite 79 von 83
Page 79 of 83

130

120

110

90

80

2442500000 GHz
94.576 dBpv/m

2442500000 GHz
94.491 dBpV/m

FCCPart 15C Peak

70

60

Level in dBuV/m

L) FCC Part 15(

50

40

o %,

A -
LAY SO SO

30
20
10
0
2300 2350 2400 2450 2500 2550 2600
Frequency in MHz
Channel Frequency: 2442.5GHz Polarization: Horizontal
120
110
100 2.442500000 GHz
71.491dBpv/m
90
2.442500000 GHz
71.360 dBpV/m 4885000000 GHz 7328000000 GHz
80 41.380 dBpV/m 47.460 dBpv/m
FCCPart15C Peak
70
4885000000 GHz 7.327500000 GHz
31.494 dBpvV/m 39.034 dBuV/m

Level in dBuv/m

10

10 12 14 16 18

Frequency in GHz

Channel Frequency: 1GHz -18GHz

Polarization: Horizontal



http://www.tuv.com/

Produkte
Products

A TUVRheinland®

www.tuv.com

Prafbericht - Nr.:
Test Report No.:

ULR-TC568822300000017F

130

120

110

100

90

80

2477500000 GHz
101.195dBuVv/m

2477500000 GHz
101.174 dBuv/m

2483500000 GHz

47.651 dBuv/m
FCCPart 15C Peak

70

60

I 2483500000 GHz
35.980 dBuv/m

FCCPart15C

Level in dBuV/m

50
porer st
30
20

10

/ )
, W\
A,mewww\mmmw'mwmm”w f v L/\M\/\,-nww./,w

AV AP A A bt e ot

2300 2350

2400

2450 2500 2550 2600

Frequency in MHz

Channel Frequency: 2477.5GHz

Polarization: vertical

120

1107 2477500000 GHz

82.493 dBuv/m
100

2477500000 GHz
90 82.468 dBuV/m

A\ 4955000000 GHz
80 45,089 dByiV/m

7432000000 GHz

47.251dBpv/m
FCCPart15C Peak

70

4955000000 GHz
39.496 dBpV/m

7.432500000 GHz
35.637 dBuv/m

Level in dBuVv/m

10

7 8 9 10 11 12 13 14 15 16 17 18

Frequency in GHz

Channel Frequency: 1GHz -18GHz

Polarization: vertical

Seite 80 von 83
Page 80 of 83



http://www.tuv.com/

Produkte
Products

A TUVRheinland®

www.tuv.com

Prifbericht - Nr.:

Test Report No.:

ULR-TC568822300000017F

Seite 81 von 83
Page 81 of 83

Level in dBuV/m

130

120

110

100

90

80

70

60

50

40

30

20

10

2477500000 GHz
90.320 dBUV/m
2477500000 GHz
90.250 dBYV/m
2483500000 GHz
41774 dBWVIm FCCPart 15C Peak
] 2483500000 GHz
| 26.773dBWV/m
|
r | FCCP
il
[VHN
ﬁ\\\u‘ g f
AR An
ALY
i Wi,
V

L g e P, p Do s ATy st Ner I Wana (T U LY VU [ GO SR Go!

v

2300

2450 2500 2550 2600

Frequency in MHz

Channel Frequency: 2477.5GHz

Polarization: Horizontal

Level in dBuV/m

120

110

100

90

80

2477500000 GHz
72,600 dBpV/m

2477500000 GHz
72,520 dBLV/m

4.955000000 GHz

7432000000 GHz
40.733 dBpv/m

47.654 dBuv/m FCC Part15C Peak

70

60

4.955000000 GHz
29.508 dBuV/m

7432500000 GHz
39.179 dBuV/m

50

40

30

20

10

13 14 15 16 17 18

Frequency in GHz

Channel Frequency: 1GHz -18GHz

Polarization: Horizontal



http://www.tuv.com/

Produkte
Products

www.tuv.com

A TUVRheinland®

Prifbericht - Nr.:

Test Report No.:

ULR-TC568822300000017F

Seite 82 von 83
Page 82 of 83

Level in dBuV/m

120

110

100

80

70

10

2477500000 GHz
82493 dBuv/m

2477500000 GHz
82.468 dBYV/m
Y 4985000000 GHz 7.432000000 GHz
45089 dBpv/im 47.251dBV/m
FCCPart 15C Peak
4955000000 GHz 7.432500000 GHz
39.496 dBpV/m 35.637 dBuv/m

7 8 9 10 11 12 13

Frequency in GHz

Channel Frequency: 18GHz -26.5GHz

Polarization: vertical



http://www.tuv.com/

Produkte
Products

www.tuv.com

A TUVRheinland®

Prafbericht - Nr.:
Test Report No.:

ULR-TC568822300000017F

Seite 83 von 83
Page 83 of 83

9 LIST OF TABLES

Table 1: List of test and MeasuremMeNnt INSIIUMENTS ..........uiiiiiie i e e e r e e e e e s et e e e e e e e s sanbereeeeeaaeeas 6
Table 2: Instrument application SOFtWEAIE VEISIONS .........coiiuiiiiiiiiiie ittt e et e e e st e e e sbe e e e s sbneeeeaaes 6
Table 3: Ratings and System Details as declared by ClENt ............oueiiiii i 7
Table 4: MeasSUremMENt UNCEITAINTY .......ccieiiiiiiieiireee e e se sttt e e e e e s ss et eeeaeessasterae et eaessssastateeereeesssaansnsaeeeeeeessansnrrnereeenes 8
Table 5: List Of EUT CeNLEI fIEQUENCIES ........uuiiiiie e et ittt e e e s s ettt e e e e e e s e st ereee e e s s as et aeeeeeessaasntaeeeeaeessaannsnaneeeaaaeas 10
Table 6: Transmitter limits for Radiated EMISSION..........ciiiiuiiiiiiiiiie ettt e e s e e s nabreeesnnneeees 61
Table 7: Test results for frequency range 30MHZ — 200MHZ ..........oooiiiiiiiiiiiieee e e e e 62
Table 8: Test results for frequency range 200MHZ — LGHZ ...........viiiiiii e e e 63
Table 9: Test results for frequency range 30MHZ — 200MHZ ........coooiiiiiiiiiiie et 65
Table 10: Test results for frequency range 200MHZ — LGHZ ........oooiiiiiiiiiiiiii e 66
Table 11: Test results for the frequeNCIes abOVE LGHZ: .........oociiiiiiiiiii e 68

***End of test report***



http://www.tuv.com/

		2022-04-26T07:50:23+0000




