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1. General Information

1.1. EUT Description

Product Name Tire Pressure Monitoring Sensor
Trade Name Continental

Model No. TIS-10DH

FCCID KR5TIS-10DH

Frequency Range 315 MHz

Number of Channels 1

Type of Modulation FSK, ASK

Antenna Type Internal

Frequency of Each Channel:

Channel
Channel 1:

Note:

Frequency
315 MHz

1. The EUT is a Tire Pressure Monitoring Sensor with a built-in 315 MHz transmitter.
2. The antenna of EUT is conform to FCC 15.203.

3. These tests are conducted on a sample for the purpose of demonstrating compliance of transmitter
with Part 15 Subpart C Paragraph 15.231.

4. The radiation measurements are performed in X, Y, Z axis positioning. Only the worst case is

shown in the report.

Test Mode

Mode 1: Transmitter - FSK
Mode 2: Transmitter - ASK
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Emission
Performed Item Test
Conducted Emission Not performed
(see note)
Radiated Emission Pass
Transmit time Pass
Occupied Bandwidth Pass

Note: Owing to the Battery operation of EUT, this Conducted Emission is not performed.
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1.3. Tested System Details

The types for all equipments, plus descriptions of all cables used in the tested system (including

inserted cards) are:

Product ‘Manufacturer ‘Model No. ‘Serial No. FCCID ‘Power Cord
N/A

Signal Cable Type ‘ Signal cable Description
N/A

1.4. Configuration of tested System

EUT

1.5. EUT Exercise Software

Setup the EUT as shown in section 1.4.

Install the battery.

Start transmits continually.
\Verify that the EUT works properly.

Al W] N =
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1.6.

Test Facility

Ambient conditions in the laboratory:

Items Required (IEC 68-1) Actual
Temperature (°C) 15-35 20-35
Humidity (%RH) 25-75 30-65
Barometric pressure (mbar) [860-1060 950-1000

The related certificate for our laboratories about the test site and management system can be downloaded

from DEKRA Testing and Certification Co., Ltd. Web Site:

http://www.dekra.com.tw/english/about/certificates.aspx?bval=5
The address and introduction of DEKRA Testing and Certification Co., Ltd. laboratories can be founded in
our Web site: http://www.dekra.com.tw/index en.aspx

Site Description:

Site Name:
Site Address:

Accredited by TAF
Accredited Number: 3023

DEKRA Testing and Certification Co., Ltd
No.5-22, Ruishukeng, Linkou Dist., New Taipei City 24451,

Taiwan, R.O.C.

TEL : 886-2-8601-3788 / FAX : 886-2-8601-3789

E-Mail : info.tw@dekra.com

FCC Accreditation Number: TW3023
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1.7. List of Test Equipment

For Conducted measurements /CB3/SR8

Equipment Manufacturer Model No. Serial No. Cali. Date [Due. Date
Temperature Chamber WIT GROUP TH-1S-B EQ-201-00146 2018/02/12 12019/02/11
X  |Spectrum Analyzer Agilent N9010A MY 48030495 2018/10/13 |2019/10/12
Peak Power Analyzer Keysight 8990B MY51000410 2018/08/01 [2019/07/31
Wideband Power Sensor |Keysight N1923A MY 56080003 2018/07/25 [2019/07/24
Wideband Power Sensor |Keysight N1923A MY56080004 2018/07/25 [2019/07/24
EMI Test Receiver R&S ESCS 30 100369 2018/11/07 {2019/11/06
LISN R&S ESH3-Z5 836679/017 2018/02/09 12019/02/08
LISN R&S ENV216 100097 2018/02/09 |12019/02/08
For Radiated measurements /Site3/CB8
Equipment Manufacturer Model No. Serial No. Cali. Date |Due. Date
X  |Spectrum Analyzer R&S FSP40 100170 2018/03/12 |2019/03/11
X |Loop Antenna Teseq HLA6121 37133 2018/10/13 |2019/10/12
X |Bilog Antenna Schaffner Chase CBL6112B 2707 2018/06/24 12019/06/23
X |Coaxial Cable DEKRA RG 214 LC003-RG 2018/06/14 |12019/06/13
X  |Pre-Amplifier Jet-Power JPA-10M1G33 [170101000330010 |2018/06/14 |2019/06/13
X |Horn Antenna ETS-Lindgren 3117 00135205 2018/05/03 |2019/05/02
X |Horn Antenna SCHWARZBECK |9120D 576 2018/11/30 |2019/11/29
X  |Pre-Amplifier EMCI EMCO012630SE (980210 2018/04/10 |12019/04/09
Horn Antenna Com-Power AH-840 101043 2018/01/09 |2019/01/08
Amplifier + Cable EMCI EMC184045SE (980370 2018/03/21 |12019/03/20
X  |Filter MICRO-TRONICS |BRM50702 G270 2018/08/06 |2019/08/05
Filter MICRO-TRONICS [BRM50716 G196 2018/08/06 |12019/08/05
Note:
1. All equipments are calibrated every one year.
2. The test instruments marked with “X” are used to measure the final test results.
3. Test Software version: QuieTek EMI 2.0 V2.1.113.
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2. Conducted Emission

2.1. Test Setup

Test Receiver
40cm

A
A 4

- o] et |
- Qoo L AN
N %

LISV 39 LisN

L7777
LISN

2.2, Limits

FCC Part 15 Subpart C Paragraph 15.207 Limits (dBuV)

Frequency

QP AV
MHz

0.15-0.50 66-56 56-46
0.50-5.0 56 46
5.0-30 60 50

Remarks : In the above table, the tighter limit applies at the band edges.
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2.3.

24.

Test Procedure

The EUT and simulators are connected to the main power through a line impedance stabilization
network (L.I.S.N.). This provides a 50 ohm /50uH coupling impedance for the measuring
equipment. The peripheral devices are also connected to the main power through a LISN that
provides a S0ohm/50uH coupling impedance with 50ohm termination. (Please refers to the block
diagram of the test setup and photographs.)

Both sides of A.C. line are checked for maximum conducted interference. In order to find the
maximum emission, the relative positions of equipment and all of the interface cables must be
changed according to ANSI C63.4: 2014 on conducted measurement.

Conducted emissions were invested over the frequency range from 0.15MHz to 30MHz using a

receiver bandwidth of 9kHz.

Uncertainty

+2.26 dB

Page: 11 of 47



Report No : 18B0104R-RFUSP14V00 > D E K RA

2.5. Test Result

Owing to the Battery operation of EUT, this test item is not performed.
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3. Radiated Emission

3.1. Test Setup

Radiated Emission Under 30MHz

< — ., 1 >
f 3m g

Antenna Mast

Broadband or Loop

QE:ZEEZ height isIm
EUT T

Non-Conducted 1m
TallA

RK0cm

Test | %I Fully soldered Metal Ground | -
Receiver

I

Radiated Emission Below 1GHz

[FRP Dome | ETE

\ : { [

|-

™~

The height of broad
band antenna was
scanned from 1m to 4m.
The distance between

antenna and turn table
3m..
EUT was
Non-Conducted Tabled v

| %l |Fully soldered Metal Ground || To (Tontmller;Ij

To Receiver

Test
Receiver

Radiated Emission Above 1GHz

I .. |
) L 3m | M

The height of board band or
Dipole Antenna was scanned
from 1M to 4M.

The distance between antenna
and turn table was 3M regards
to the standard adopted.

EUT RF absorber material

/_ on the ground plane.
—
| %l To Receiver| | Pre- —/

Amplifier

I I
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3.2. Limits
» Fundamental and Harmonics Emission Limits
FCC Part 15 Subpart C Paragraph 15.231(e) Limits
Fundamental Frequency Field Strength of Field Strength of
MHz Fundamental Spurious Emission
40.66-40.70 1000 100
70-130 500 50
130-174 500 to 1500 50 to 150
174-260 1500 150
260-470 1500 to 5000 150 to 500
above 470 5000 500

Remarks :

1. RF Voltage (dBuV) =20 log RF Voltage (uV)

2. Distance refers to the distance in meters between the measuring instrument antenna and
the closed point of any part of the device or system.
3. The emission limit in this paragraph is based on measurement instrumentation

employing an average detector.

» Spurious electric field strength limits

FCC Part 15 Subpart C Paragraph 15.209 Limits
Frequency Measurement
MHz uv/m dBuV/m distance (meter)
0.009-0.490 2400/F(kHz) See Remark' 300
0.490-1.705 24000/F(kHz) See Remark' 30
1.705-30 30 29.5 30
30-88 100 40 3
88-216 150 43.5 3
216-960 200 46 3
Above 960 500 54 3
Remarks : 1. RF Voltage (dBuV) = 20 log RF Voltage (uV)

2. In the Above Table, the tighter limit applies at the band edges.

3. Distance refers to the distance in meters between the measuring instrument

antenna and the closed point of any part of the device or system.
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3.3.

34.

3.5.

Test Procedure

Measuring the frequency range below 1GHz, the EUT is placed on a turn table which is 0.8 meter
above ground,when measuring the frequency range above 1GHz, the EUT is placed on a turn
table which is 1.5 meter above ground.

The EUT was positioned such that the distance from antenna to the EUT was 3 meters.

The turn table is rotated 360 degrees to determine the position of the maximum emission level.
The antenna can move up and down between 1 meter and 4 meters to find out the maximum
emission level.

Both horizontal and vertical polarization of the antenna are set on measurement. In order to find
the maximum emission, all of the interface cables must be manipulated according to ANSI
C63.10: 2013 on radiated measurement.

The resolution bandwidth below 30MHz setting on the field strength meter is 9kHz and
30MHz~1GHz is 120kHz and above 1GHz is IMHz.

Radiated emission measurements below 30MHz are made using Loop Antenna and 30MHz~1GHz are

made using broadband Bilog antenna and above 1GHz are made using Horn Antennas.
The measurement is divided into the Preliminary Measurement and the Final Measurement.

The suspected frequencies are searched for in Preliminary Measurement with the measurement
antenna kept pointed at the source of the emission both in azimuth and elevation, with the polarization
of the antenna oriented for maximum response. The antenna is pointed at an angle towards the source
of the emission, and the EUT is rotated in both height and polarization to maximize the measured

emission. The emission is kept within the illumination area of the 3 dB bandwidth of the antenna.

The measurement frequency range form 9kHz - 10th Harmonic of fundamental was investigated.

Test Specification

According to FCC Part 15 Subpart C Paragraph 15.231

Uncertainty

+ 4.08 dB above 1GHz
+ 4.22 dB below 1GHz
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3.6. Test Result

Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 1: Transmitter - FSK

Date of Test 2018/11/14

Fundamental Power (X-Line)

Peak Detector:
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal
315.000 -4.099 74.890 70.790 -16.875 87.665
Vertical
315.000 -5.301 81.170 75.869 -11.796 87.665
Horizontal
100.0 -
0.0 |
20.0
0.0
G0.0 |
% 500
E A40.0 |
0.0
20.0
1000
o.o-L : : : + + + + + J
210.000 Z11.000 312.000 21z.000 Z14.000 qu;l]jSEfD(Ede) Z1a.000 217.000 218.000 Z19.000 320.000
Vertical
100.0 -,
0.0
80.0 -]
TO.0 |
GO0 |
% 5000
% A40.0 |
200
200
100
o.o-L . . . T T T T T J
210.000 Z11.000 212.000 Z1z.000 Z14.000 Freq;lﬂi.}trltglde) Z1m.000 Z17.000 Z18.000 Z19.000 Z20.000
Note:

1.  Measurement Level = Reading Level + Correct Factor

2. Average Limit=20l0og(2416.68)=67.665dBuV ~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 1: Transmitter - FSK

Date of Test 2018/11/14

Fundamental Power (X-Line)
Average Detector:

Frequency Duty Cycle Reading Measurement Margin Limit
Correct Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal

315.000 -13.723 70.790 57.067 -10.598 67.665
Vertical

315.000 -13.723 75.869 62.146 -5.519 67.665

Note:

1.  Measurement Level = Reading Level + Duty Cycle Correct Factor
2. Average Limit=20log(2416.68)=67.665dBuV -~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 1: Transmitter - FSK

Date of Test 2018/11/14

Fundamental Power (Y-Line)

Peak Detector:
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal
315.000 -4.099 83.750 79.650 -8.015 87.665
Vertical
315.000 -5.301 73.420 68.119 -19.546 87.665
Horizontal
100.0 -
0.0 |
20.0
0.0
G0.0 |
% 500
E A40.0 |
0.0
20.0
1000
ook I I I | | | | | ]
210.000 Z11.000 312.000 21z.000 Z14.000 qu;l]jSEfD(Ede) Z1a.000 217.000 218.000 Z19.000 320.000
Vertical
100.0 -,
0.0
80.0 -]
TO.0 |
GO0 |
% 5000
% A40.0 |
200
200
100
oo-L I I I 1 1 1 1 1 ]
210.000 Z11.000 212.000 Z1z.000 Z14.000 Freq;lﬂi.}trltglde) Z1m.000 Z17.000 Z18.000 Z19.000 Z20.000
Note:

1.  Measurement Level = Reading Level + Correct Factor

2. Average Limit=20l0og(2416.68)=67.665dBuV ~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test [tem Fundamental Radiated Emission
Test Mode Mode 1: Transmitter - FSK

Date of Test 2018/11/14

Fundamental Power (Y-Line)

Average Detector:

Frequency Duty Cycle Reading Measurement Margin Limit
Correct Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal

315.000 -13.723 79.650 65.927 -1.738 67.665
Vertical

315.000 -13.723 68.119 54.396 -13.269 67.665

Note:

1.  Measurement Level = Reading Level + Duty Cycle Correct Factor
2. Average Limit=20log(2416.68)=67.665dBuV -~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 1: Transmitter - FSK
Date of Test 2018/11/14

Fundamental Power (Z-Line)

Peak Detector:
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal
315.000 -4.099 77.060 72.960 -14.705 87.665
Vertical
315.000 -5.301 81.360 76.059 -11.606 87.665
Horizontal
100.0 -,
0.0 |
80.0 -]
TO.0 |
G0.0 |
% 50.0]
E A40.0 |
0.0
200
1000
o.o-L : : : + + + + + J
210.000 Z11.000 312.000 21z.000 Z14.000 Freq;lﬂsﬂfD(Ede) Z1a.000 217.000 218.000 Z19.000 320.000
Vertical
100.0 -
Q0.0 |
80.0 |
FO.0—
N GO0
§ S0.0-]
E/ 40.0 |
2000
2000
1000
o.o-|
210,000 211000 212000 212000 214000 quiﬁgn(gmz) 2161000 217000 218000 213000 220000
Note:

1.  Measurement Level = Reading Level + Correct Factor

2. Average Limit=2010g(2416.68)=67.665dBuV ~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test [tem Fundamental Radiated Emission
Test Mode Mode 1: Transmitter - FSK

Date of Test 2018/11/14

Fundamental Power (Z-Line)

Average Detector:

Frequency Duty Cycle Reading Measurement Margin Limit
Correct Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal

315.000 -13.723 72.960 59.237 -8.428 67.665
Vertical

315.000 -13.723 76.059 62.336 -5.329 67.665

Note:

1.  Measurement Level = Reading Level + Duty Cycle Correct Factor
2. Average Limit=20l0g(2416.68)=67.665dBuV ~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11

Fundamental Power (X-Line)

Peak Detector:
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m

Horizontal
315.000 -4.099 74.520 70.420 -17.245 87.665

Vertical
315.000 -5.301 81.050 75.749 -11.916 87.665

Horizontal
100.0—

S0.0-

80.0-

FO.0-|

60.0-|

S0.0-

LevelidBum)

400

30.0-

20.0

10,0

0.0 T T T T T
310000 311 000 312000 313 000 314 000 315.000 316.000

Frequency (MHZ)

T T T 1
317 000 318 000 319.000 320.000

Vertical
100.0—

S0.0-

80.0-

FO.0 -

60,0

200

Level{dBuy/m)

400

30,0

20,0

10.0

00— T T T 1
317.000 318.000 319.000 320.000

] T T T ] ]
310.000 311.000 312.000 313.000 314.000 315.000 316.000
Frequency (MHZ)

Note:
1. Measurement Level = Reading Level + Correct Factor

2. Average Limit=2010g(2416.68)=67.665dBuV -~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11

Fundamental Power (X-Line)
Average Detector:

Frequency Duty Cycle Reading Measurement Margin Limit
Correct Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal

315.000 -13.723 70.420 56.697 -10.968 67.665
Vertical

315.000 -13.723 75.749 62.026 -5.639 67.665

Note:

1.  Measurement Level = Reading Level + Duty Cycle Correct Factor
2. Average Limit=20log(2416.68)=67.665dBuV -~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11

Fundamental Power (Y-Line)

Peak Detector:
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m

Horizontal
315.000 -4.099 83.420 79.320 -8.345 87.665

Vertical
315.000 -5.301 73.310 68.009 -19.656 87.665

Horizontal
100.0—

S0.0-

80.0-

FO.0-|

60.0-|

S0.0-

LevelidBum)

400

30.0-

20.0

10,0

0.0 T T T T T
310000 311 000 312000 313 000 314 000 315.000 316.000

Frequency (MHZ)

T T T 1
317 000 318 000 319.000 320.000

Vertical
100.0—

S0.0-

80.0-

FO.0 -

60,0

200

Level{dBuy/m)

400

30,0

20,0

10.0

00— T T T 1
317.000 318.000 319.000 320.000

] T T T ] ]
310.000 311.000 312.000 313.000 314.000 315.000 316.000
Frequency (MHZ)

Note:
1. Measurement Level = Reading Level + Correct Factor

2. Average Limit=2010g(2416.68)=67.665dBuV -~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test [tem Fundamental Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11

Fundamental Power (Y-Line)

Average Detector:

Frequency Duty Cycle Reading Measurement Margin Limit
Correct Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal

315.000 -13.723 79.320 65.597 -2.068 67.665
Vertical

315.000 -13.723 68.009 54.286 -13.379 67.665

Note:

1.  Measurement Level = Reading Level + Duty Cycle Correct Factor
2. Average Limit=20log(2416.68)=67.665dBuV -~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11

Fundamental Power (Z-Line)
Peak Detector:
Frequency Correct Reading Measurement Margin Limit

Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m

Horizontal
315.000 -4.099 76.720 72.620 -15.045 87.665

Vertical
315.000 -5.301 81.090 75.789 -11.876 87.665

Horizontal

100.0—

S0.0-

80.0-

FO.0 -

60.0-|

200

LevelidBuy/m)

400

30.0-

20,0

10,0

0.0 T T T T 1
316.000 317 000 318 000 319.000 320.000

] ] ] i
310.000 311.000 312.000 313.000 314.000 315.000
Frequency (MHZ)

Vertical
100.0—

S0.0-

80.0-

FO0.0 |

60.0

S50.0-

LevelidBuy/m)

40,0

30,0

20.0

10,0

0.0 T T T T
316.000 317.000 318.000 319.000 320.000

T T T T
310.000 311.000 312.000 313.000 314.000 315.000
Fregquency (WMH=z)

Note:
1.  Measurement Level = Reading Level + Correct Factor

2. Average Limit=20log(2416.68)=67.665dBuV -~ Peak Limit=87.665dBuV
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Product Tire Pressure Monitoring Sensor
Test Item Fundamental Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11

Fundamental Power (Z-Line)

Average Detector:

Frequency Duty Cycle Reading Measurement Margin Limit
Correct Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal
315.000 -13.723 72.620 58.897 -8.768 67.665
Vertical
315.000 -13.723 75.789 62.066 -5.599 67.665
Note:
1.  Measurement Level = Reading Level + Duty Cycle Correct Factor
2. Average Limit=20log(2416.68)=67.665dBuV ~ Peak Limit=87.665dBuV
Fundamental Radiated Emission PASS
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Product Tire Pressure Monitoring Sensor
Test Item Harmonic Radiated Emission
Test Mode Mode 1: Transmitter - FSK
Date of Test 2018/11/14
Frequency Correct Reading Measurement Margin Peak Average
Factor Level Level Limit Limit
MHz dB dBuV dBuV/m dB dBuV/m dBuV/m
Horizontal
Peak
1260.000 -14.116 50.640 36.524 -37.476 74.000 54.000
1575.000 -13.622 55.910 42.288 -31.712 74.000 54.000
1890.000 -10.471 51.720 41.249 -32.751 74.000 54.000
2205.000 -9.205 49.050 39.845 -34.155 74.000 54.000
2520.000 -8.295 49.160 40.865 -33.135 74.000 54.000
2835.000 -7.615 50.340 42.726 -31.274 74.000 54.000
3150.000 -6.493 58.600 52.107 -21.893 74.000 54.000
Average
00—
700
800
500
ann ]
1n0-
ioodooo  1sodooo  aoodooo asodooo  soodooo L odom aoduo ssodon soodoen ssofom oood o

Note:
1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.
Peak measurements: RBW = IMHz, VBW = 3 MHz, Sweep: Auto.
Average measurements: RBW = 1MHz, VBW = 10 Hz, Sweep: Auto.
Measurement Level = Reading Level + Correct Factor.
Correct Factor = Antenna factor + Cable loss —Amplifier gain.
The average measurement was not performed when the peak measured data under the limit of average
detection.
7. The emission levels of other frequencies are very lower than the limit and not show in test report.

AN N
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Product Tire Pressure Monitoring Sensor
Test Item Harmonic Radiated Emission
Test Mode Mode 1: Transmitter - FSK
Date of Test 2018/11/14
Frequency Correct Reading Measurement Margin Peak Average
Factor Level Level Limit Limit
MHz dB dBuV dBuV/m dB dBuV/m dBuV/m
Vertical
Peak
1260.000 -14.116 53.860 39.744 -34.256 74.000 54.000
1575.000 -13.622 53.820 40.198 -33.802 74.000 54.000
1890.000 -10.471 53.350 42.879 -31.121 74.000 54.000
2205.000 -9.205 49.900 40.695 -33.305 74.000 54.000
2520.000 -8.295 50.180 41.885 -32.115 74.000 54.000
2835.000 -7.615 55.340 47.726 -26.274 74.000 54.000
3150.000 -6.493 59.940 53.447 -20.553 74.000 54.000
Average
2.
iocdaos  1sodooo  zoodooo  2sodoon  sondooo ,odom aoodono  ssodom  sodomo ssodom eood o

Note:
1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.

2. Peak measurements: RBW = IMHz, VBW = 3 MHz, Sweep: Auto.

3. Average measurements: RBW = IMHz, VBW = 10 Hz, Sweep: Auto.

4. Measurement Level = Reading Level + Correct Factor.

5. Correct Factor = Antenna factor + Cable loss —Amplifier gain.

6. The average measurement was not performed when the peak measured data under the limit of average

detection.

7. The emission levels of other frequencies are very lower than the limit and not show in test report.

Harmonic Radiated Emission PASS
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Product Tire Pressure Monitoring Sensor
Test Item General Radiated Emission
Test Mode Mode 1: Transmitter - FSK
Date of Test 2018/11/14
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal
Quasi-Peak
35.623 4.514 24.978 29.492 -10.508 40.000
100.290 -2.671 23.872 21.201 -22.299 43.500
453.145 2.103 23.894 25.997 -20.003 46.000
630.275 6.891 32.024 38.916 -7.084 46.000
803.188 7.890 22.999 30.889 -15.111 46.000
945.174 8.278 23.605 31.882 -14.118 46.000
00—
700
800
500
200
1n0-
oo iooboo  zoboo  soobon  acooo oo Cabos b woboo  soob oo
Note:

1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.

AN N

Peak measurements: RBW = IMHz, VBW = 3 MHz, Sweep: Auto.
Average measurements: RBW = 1MHz, VBW = 10 Hz, Sweep: Auto.
Measurement Level = Reading Level + Correct Factor.
Correct Factor = Antenna factor + Cable loss —Amplifier gain.
The average measurement was not performed when the peak measured data under the limit of average
detection.

7. The emission levels of other frequencies are very lower than the limit and not show in test report.
8. No emission found between lowest internal used/generated frequency to 30MHz.
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Product Tire Pressure Monitoring Sensor
Test Item General Radiated Emission
Test Mode Mode 1: Transmitter - FSK
Date of Test 2018/11/14
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuVv dBuV/m dB dBuV/m
Vertical
Quasi-Peak
98.884 -2.908 24.234 21.325 -22.175 43.500
207.130 0.225 23.977 24.202 -19.298 43.500
444.710 1.035 24.506 25.541 -20.459 46.000
630.275 4.038 34.535 38.573 -7.427 46.000
803.188 6.094 23.432 29.526 -16.474 46.000
932.522 9.087 23.781 32.868 -13.132 46.000

s0.0

00—

G000 —|

SO0

4U.U—4I

=00

Level(dBuVin)

2000

1000

00—
30000 100000 200000 300000 400000 500000 00000 700000 200000 900000 1000.000
Frequency (bHz)

Note:
1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.
Peak measurements: RBW = 1MHz, VBW = 3 MHz, Sweep: Auto.
Average measurements: RBW = 1MHz, VBW = 10 Hz, Sweep: Auto.
Measurement Level = Reading Level + Correct Factor.
Correct Factor = Antenna factor + Cable loss —Amplifier gain.
The average measurement was not performed when the peak measured data under the limit of average
detection.
The emission levels of other frequencies are very lower than the limit and not show in test report.
No emission found between lowest internal used/generated frequency to 30MHz.

AN e

* N

General Radiated Emission PASS
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Product Tire Pressure Monitoring Sensor
Test Item Harmonic Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11
Frequency Correct Reading Measurement Margin Peak Average
Factor Level Level Limit Limit
MHz dB dBuV dBuV/m dB dBuV/m dBuV/m
Horizontal
Peak
1260.000 -14.116 50.490 36.374 -37.626 74.000 54.000
1575.000 -13.622 55.620 41.998 -32.002 74.000 54.000
1890.000 -10.471 51.520 41.049 -32.951 74.000 54.000
2205.000 -9.205 48.810 39.605 -34.395 74.000 54.000
2520.000 -8.295 49.020 40.725 -33.275 74.000 54.000
2835.000 -7.615 50.120 42.505 -31.495 74.000 54.000
3150.000 -6.493 58.410 51.917 -22.083 74.000 54.000
Average
70.0-
Frequancy (MHz)

Note:
1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.
Peak measurements: RBW = IMHz, VBW = 3 MHz, Sweep: Auto.
Average measurements: RBW = 1MHz, VBW = 10 Hz, Sweep: Auto.
Measurement Level = Reading Level + Correct Factor.
Correct Factor = Antenna factor + Cable loss —Amplifier gain.
The average measurement was not performed when the peak measured data under the limit of average
detection.
7. The emission levels of other frequencies are very lower than the limit and not show in test report.

AR
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Product Tire Pressure Monitoring Sensor
Test Item Harmonic Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11
Frequency Correct Reading Measurement Margin Peak Average
Factor Level Level Limit Limit
MHz dB dBuV dBuV/m dB dBuV/m dBuV/m
Vertical
Peak
1260.000 -14.116 53.790 39.674 -34.326 74.000 54.000
1575.000 -13.622 53.540 39.918 -34.082 74.000 54.000
1890.000 -10.471 53.270 42.799 -31.201 74.000 54.000
2205.000 -9.205 49.870 40.665 -33.335 74.000 54.000
2520.000 -8.295 49.970 41.675 -32.325 74.000 54.000
2835.000 -7.615 55.080 47.465 -26.535 74.000 54.000
3150.000 -6.493 59.790 53.297 -20.703 74.000 54.000
Average
70.0-
Frequancy (MHz)

Note:
1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.

2. Peak measurements: RBW = IMHz, VBW = 3 MHz, Sweep: Auto.

3. Average measurements: RBW = IMHz, VBW = 10 Hz, Sweep: Auto.

4. Measurement Level = Reading Level + Correct Factor.

5. Correct Factor = Antenna factor + Cable loss —Amplifier gain.

6. The average measurement was not performed when the peak measured data under the limit of average

detection.

7. The emission levels of other frequencies are very lower than the limit and not show in test report.

Harmonic Radiated Emission PASS
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Product Tire Pressure Monitoring Sensor
Test Item General Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuV dBuV/m dB dBuV/m
Horizontal
Quasi-Peak
90.449 -8.163 32.980 24.818 -18.682 43.500
252.116 -5.246 29.231 23.985 -22.015 46.000
457.362 2.133 28.815 30.948 -15.052 46.000
630.275 6.891 32.081 38.973 -7.027 46.000
797.565 7.837 25.254 33.091 -12.909 46.000
950.797 8.343 25.647 33.989 -12.011 46.000
90.449 -8.163 32.980 24.818 -18.682 43.500
B0.0-
700~
50.0-
50.0-
20.0-
10.0-
oo
30.000 100.000 200.000 300.000 400.000 Fr:qouo.;zis N Hz)soo.'ooo 700.000 800.000 900.000 1000.00|
Note:

1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.

AN N

el

Peak measurements: RBW = IMHz, VBW = 3 MHz, Sweep: Auto.
Average measurements: RBW = 1MHz, VBW = 10 Hz, Sweep: Auto.
Measurement Level = Reading Level + Correct Factor.
Correct Factor = Antenna factor + Cable loss —Amplifier gain.
The average measurement was not performed when the peak measured data under the limit of average
detection.

The emission levels of other frequencies are very lower than the limit and not show in test report.

No emission found between lowest internal used/generated frequency to 30MHz.
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Product Tire Pressure Monitoring Sensor
Test Item General Radiated Emission
Test Mode Mode 2: Transmitter - ASK
Date of Test 2018/12/11
Frequency Correct Reading Measurement Margin Limit
Factor Level Level
MHz dB dBuVv dBuV/m dB dBuV/m
Vertical
Quasi-Peak
114.348 -5.983 29.807 23.824 -19.676 43.500
264.768 -2.099 34.583 32.484 -13.516 46.000
458.768 1.102 29.973 31.075 -14.925 46.000
630.275 4.038 35.059 39.097 -6.903 46.000
811.623 6.339 27.511 33.850 -12.150 46.000
932.522 9.087 28.479 37.566 -8.434 46.000
114.348 -5.983 29.807 23.824 -19.676 43.500
~ s00-
10.0-
Frequency (MHz)

Note:

1. All Readings below 1GHz are Quasi-Peak, above 1GHz are performed with peak and/or average
measurements as necessary.

AN e

Peak measurements: RBW = 1MHz, VBW = 3 MHz, Sweep: Auto.
Average measurements: RBW = 1MHz, VBW = 10 Hz, Sweep: Auto.
Measurement Level = Reading Level + Correct Factor.
Correct Factor = Antenna factor + Cable loss —Amplifier gain.
The average measurement was not performed when the peak measured data under the limit of average
detection.

7. The emission levels of other frequencies are very lower than the limit and not show in test report.

8. No emission found between lowest internal used/generated frequency to 30MHz.

General Radiated Emission

PASS
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4. Transmit time

4.1. Test Setup

RF Cable S
EUT D:D pectrum
Analyzer
SMA
Connecter

4.2. Limits

In addition, devices operated under the provisions of this paragraph shall be provided with a means for
automatically limiting operation so that the duration of each transmission shall not be greater than one
second and the silent period between transmissions shall be at least 30 times the duration of the

transmission but in no case less than 10 seconds.

4.3. Test Specification

According to FCC Part 15 Subpart C Paragraph 15.231

4.4. Uncertainty

+ 2.31ms
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4.5. Test Result

Product Tire Pressure Monitoring Sensor
Test Item Transmit time
Test Mode Mode 1: Transmitter - FSK
Frequency Measurement Value Limit
Channel No. Result
(MHz) (Sec) (Sec)
1
<
(Transmit time) 313 0.07527 ! Pass
1
>
(Silent period time) 313 15.57 10 Pass
1
. .. 1 15. >2.2581
(Silent period time) 315 357 >8 Pass

Note: Silent period time Limit =10s and Transmissions * 30 times =0.07527s * 30 =2.2581s
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Transmit time

Fﬁ Keysight Spectrum Analyzer - Swept SA @l@/.ﬁa—-
RL | RF [s0e ac | | | SENSE:INT] [ ALIGN AUTO  [03:09:47 PMNov 12,2018
’—Marker 4 A 10.4431 ms | Trig Delay-30.00ms  Avg Type: Log-Pwr TRACE|1 23456 Marker
PNO: Wide —— 1ig: Video e
IFGain:High #Atten: 0 dB Marker Table
AMkr4 10.44 msj|on off
10 dBrdlv__Ref -20.00 dBm 0.31 dB
Log
300 Marker Count.
400 [off]
0.0
0.0 Couple
700 TRIG LYL| Markers
Off
110
Center 315.000000 MHz Span 0 Hz
Res BW 100 kHz VBW 100 kHz Sweep 2.001 s (32001 pts
| S O A B N () S -
1/ N t 29.77 ms -93.56 dBm
2| A t |(A) 33.51 ms|(A) -3.18 dB
3| N t 171.5 ms -96.10 dBm
4l A3 t (i8] 10.44 ms|(A) 0.31.dB All Markers Off
5 =
6
7
g More
10 20f2
11 .
Kl [0 L3
MSG STATUS
Silent period time
ri Keysight Spectrum Analyzer - Swept SA = =
| | RF [s00 ac | | | SENSE:INT] | ALIGN AUTO  [02:59:25 PMNov 12, 2018
|Center Freq 315.000000 MHz | Avg Type: Log-Pwr Tact[l2345g|  Freauency
PNO: Wide —»— 1rig: Free Run TVPE| WAARAARAAY
IFGain:High #Atten: 0 dB peT[P NNNNN
AMkr2 15.57 s Auto Tune
10dBidiv__Ref -20.00 dBm 1.69 dB
og
Center Freq||
300 315.000000 MHz|
40,0
StartFreq||

315.000000 MHz

Stop Freq(]
315.000000 MHz|

CF Step
100.000 kHz
Auto Man
Freq Offset,
-100
0 Hz|
-110
Center 315.000000 MHz Span 0 Hz
Res BW 100 kHz VBW 100 kHz Sweep 30.00 s (32001 pts)
MSG STATUS
Transmit Time PASS
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Product Tire Pressure Monitoring Sensor
Test Item Transmit time
Test Mode Mode 2: Transmitter - ASK
Frequency Measurement Value Limit
Channel No. Result
(MHz) (Sec) (Sec)
1
. 07574 <1
(Transmit time) 315 0.0 Pass
1
s .59 > 10
(Silent period time) 315 15:5 Pass
1
. .. 1 15.59 >2.2722
(Silent period time) 315 33 Pass

Note: Silent period time Limit =10s and Transmissions * 30 times =0.07574s * 30 =2.2722s
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Transmit time

Agilent Spectrum Analyzer - Swept SA
( RF SOn AT INT REF ALIGHAUTO 01:02:57 PMDec 07, 2012

|Center Freq 315.000000 MHz | Trig Delay30.00 ms  Avg Type: Log-Pwr TRACE|1 234586 Frequency
RO Wide == Trig: Video TR (Wit
IFGain:High #Atten: 0 dB DETIF MM NN N
AMKrd 10.56 ms| Auto Tune
10 giv__Ref -20.00 dBm -3.28 dB
00 Center Freq||
-40.0 315.000000 MHz
-50.0
e StartFreq||
700 TRIG LYL
315.000000 MHz
-80.0
00 4A3
40 Stop Freq||
315.000000 MHz
-110
iCenter 315.000000 MHz Span 0 Hz CF Step
Res BW 100 kHz VBW 100 kHz Sweep 2.001s (32001 pts 100,000 kHz
I S A N B B K Auto Man
11 N 29.75 ms 9460 dBm
20 A (A) 33.50 ms|(A) 0.39 dB
3| N 1715 ms -94.06 dBm Freq Offset
4| A3 (A) 10.66 ms|{A) 3.28 dB 0Hz
5
6
Fi
8
]
10
11 ~
< >
IMSG STATUS

Silent period time
Agilent Spectrum Analyzer - Swept SA
RF So0n AT INT REF ALIGMAUTO 01:02:00 PMDec 07, 2012
Frequency

|Center Freq 315.000000 MHz | Avg Type: Log-Pwr TRACE(] 2345 6
PNO Wide == Trig: Line TYPE |ttt
IFGainLow  ¥Atten: 10 dB perfP NN
AMKr2 15.59 § Auto Tune
10 dBidiv  Ref 0.00 dBm -1.16 dB
fLog
* Center Freq||
-1040 315.000000 MHz
-20.0
StartFreq|
00 315.000000 MHz
-na Stop Freq|
315.000000 MHz
-50.0
a0 CF Step
100.000 kHz
Auto Man
-70.0
800 / 2A1 Freq Offset|
0 Hz
-80.0
Center 315.000000 MHz Span 0 Hz
Res BW 100 kHz VBW 100 kHz Sweep 30.00 s (32001 pts
IMSG STATUS
Transmit Time PASS
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5. Occupied Bandwidth

5.1. Test Setup

RF Cable S
EUT D:D pectrum
Analyzer
SMA
Connecter

5.2. Limits

The bandwidth of the emission shall be no wider than 0.25% of the center frequency for devices
operating above 70MHz and below 900MHz. For devices operating above 900MHz, the emission shall
be no wider than 0.5% of the center frequency. Bandwidth is determined at the points 20 dB down

from the modulated carrier

5.3. Test Specification

According to FCC Part 15 Subpart C Paragraph 15.231

5.4. Uncertainty

+ 283Hz
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5.5. Test Result
Product Tire Pressure Monitoring Sensor
Test Item Occupied Bandwidth
Test Mode Mode 1: Transmitter - FSK
Frequency Measurement Value Limit
Channel No. Result
(MHz) (MHz) (MHz)
1 315 0.1259 0.7875 Pass
Note: Limit = 315MHz * 0.25%= 0.7875MHz
( Spectrum |‘€’1|
Ref Level 0.00 dBm @ RBW 10 kHz
o ALt 10dB & SWT 2 ms @ VBW 30 kHz Mode Auto FFT
@ 1Pk Max
mMi[1] 14.03 dBm
BA1 315.03996 MHz
-10 dBm ndB 20.00 dB
I\ ﬁ Bw 125.900000000 kHz
=20 dem f } Q factor 2502.8
=30 dBém _)f-' \1
40 dBm ~
50 dBm e
/ lj\"——»\_
-60 dBm =
T T -
L Ristaats e
| 20-dem== Bt
-60 dBm
=90 dBm
CF 315.0 MHz 1001 pts Span 2.0 MHz
Marker
Type | Ref | Trc | X-value | ¥-value |  Function | Function Result |
M1 1] 315.03996 MHz | -14.03 dém | ndB down | 125.9 kHz
T1) 1| 314.9361 MHz | -34.09 dBm ndB 20.00 dB
T2 1 315.0619 MHz -33.88 dém Q factor 2502.8
L JU J G we
Date: 12, JAN.2007 05:18:43
Occupied Bandwidth PASS
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Product Tire Pressure Monitoring Sensor
Test Item Occupied Bandwidth
Test Mode Mode 2: Transmitter - ASK
Frequency Measurement Value Limit
Channel No. Result
(MHz) (MHz) (MHz)
1 315 0.0639 0.7875 Pass
Note: Limit = 315MHz * 0.25%= 0.7875MHz
Spectrum | |"'€,1
Ref Level 0.00 dBm @ RBW 10 kHz
o ALt 10dB & SWT 2 ms & VBW 30 kHz Mode Auto FFT
@ 1Pk Max
mMi[1] 13.85 dBm
nds 315.00000 MHz
~10.dam P ndB 20.00 dB
] Bw 63.900000000 kHz
=20 dBm I l Q factor 4926.8]
-30 dBm _f \T
-40 dBm e
(\J‘t,r‘j‘ Uhll"i.ﬂ,
-50 dBm i - L wrm
A
60 dBm JU‘\"-" LA U\"I\ %WWJ'-'\JUM A P
emm AN VA
-70 dBm
-80 dBm
=90 dBm
CF 315.0 MHz 1001 pts Span 2.0 MHz
(Marker
Type | Ref | Trc | X-value | y-value |  Function | Function Result |
M1 1] 315.0 MHz | -13.85 dém |  ndB down | £3.9 kHz
T1) 1| 314,968 MHz -34.08 dBm ndB 20.00 dB
T2 1 315,032 MHz -33.39 dém Q factor 4926.8
— —
§ il | Measuring...  GRNREACHD W4 y
Date: 7.DEC.2018 06:57.44
Occupied Bandwidth PASS
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6. Duty Cycle

6.1. Test Setup

RF Cable

FUT T

SMA
Connecter

6.2. Uncertainty

+ 283Hz

Spectrum

Analyzer
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6.3. Test Result of Duty Cycle

Product Tire Pressure Monitoring Sensor
Test Item Duty Cycle
Test Mode Mode 1: Transmitter - FSK
Fﬁ Keysight Spectrum Analyzer - Swept SA @lﬁl@_
| []] | RF [soe ac | [ | SENSE:NT] | ALIGN AUTO 02:53:15 PMJan 17,2019
|Center Freq 315.000000 MHz | Avg Type: Log-Pwr TRACE[1 2345 6 Frequency
PNO: Wide —»— Trig: Free Run TYPE| WA
IFGain:High ~ #Atten: 0 dB pET|P NNNNN
AMkr4 10.30 ms Auto Tune
1o gBia_Ref 20.00 dBm -0.01 dB
300 1 241 3 ’4:'53 Center Freq||
400 316.000000 MHz
500
0o StartFreq|]
700 315.000000 MHz
-80.0
-50.0
o o] TR LT T TR Stop Freq|
' 315.000000 MHz
-10
Center 315.000000 MHz Span 0 Hz CF Step
|Res BW 100 kHz #VBW 300 kHz Sweep 100.0 ms (1001 pts) 100.000 kHz
| S O S 211551 B N S TS | Man
1 N t 6.800 ms -38.67 dBm
2| A1 t [(A) 10.30 ms[(A) 0.00dB
3| N t 72.10ms -38.62 dBm Freq Offset
A3 t [(A) 10.30 ms[{A) -0.01dB 0 Hz
5 E
7
8
9
10
11 A
IMSG STATUS

Time on of 100ms = 20.600 ms
Duty Cycle=20.6ms / 100ms= 0.206
Duty Cycle correction factor=20 LOG 0.206=-13.723 dB

Duty Cycle correction factor -13.723 dB
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Product Tire Pressure Monitoring Sensor
Test Item Duty Cycle
Test Mode Mode 2: Transmitter - ASK
Fﬁ Keysight Spectrum Analyzer - Swept SA @lﬁl@_
| []] | RF [soe ac | [ | SENSE:NT] | ALIGN AUTO 02:50:01 PMJan 17,2019
|Center Freq 315.000000 MHz | Avg Type: Log-Pwr TRACE[1 2345 6 Frequency
PNO: Wide —»— Trig: Free Run TYPE| WA
IFGain:High ~ #Atten: 0 dB pET|P NNNNN
AMkKr4 10.30 ms AutoTune
10 dBfdiv__ Ref -20.00 dBm -0.17 dB
Log |
=00 1 priy| 3 4A3 CenterFreq||
400 316.000000 MHz
500
0o StartFreq|]
700 315.000000 MHz
-80.0
-50.0 4
- Pt Lo A Y Stop Freq|
' 315.000000 MHz
-10
Center 315.000000 MHz Span 0 Hz CF Step
|Res BW 100 kHz #VBW 300 kHz Sweep 100.0 ms (1001 pts) 100,000 kHz
| | Man
1| N t 10.30 ms -39.02 dBm
2| A1 t [(A) 10.30 ms|(A) -1.90 dB
3| N t 75.60 ms -40.73 dBm Freq Offset
A3 t [(A) 10.30 ms[(A) -0.17 dB 0 Hz
5 E
7
]
9
10
11 i
IMSG STATUS

Time on of 100ms = 20.600 ms
Duty Cycle=20.6ms / 100ms= 0.206
Duty Cycle correction factor=20 LOG 0.206=-13.723 dB

Duty Cycle correction factor -13.723 dB
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7. EMI Reduction Method During Compliance Testing

No modification was made during testing.
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