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TEST SUMMARY

5.1.1 ANTENNA REQUIREMENT
RESULT: Passed

5.1.2 FIELD STRENGTH OF FUNDAMENTAL
RESULT: Passed

5.1.3 FIELD STRENGTH OF HARMONICS
RESULT: Passed

5.1.4 20DB BANDWIDTH AND 99% BANDWIDTH
RESULT: Passed

5.1.5 TRANSMISSION TIME /TX GAP
RESULT: Passed

5.1.6 SPURIOUS EMISSION
RESULT: Passed

6.1.1 ELECTROMAGNETIC FIELDS
RESULT: Passed
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1. General Remarks

1.1 Complementary Materials

All attachments are integral parts of this test report. This applies especially to
the following appendix:
Appendix P: Photo Documentation
(File Name: 50050510APPENDIX P)
Appendix D: Test Result of Radiated Emissions
(File Name: 50050510APPENDIX D)

Test Specifications
The following standards were applied (in bold: product standards, otherwise: basic

standards).

Table 1. Applied Standard and Test Levels

Radio

FCC CFR47 Part 15: Subpart C Section 15. 231(e)
RSS-210 Issue 8, December 2010

RSS-Gen, Issue 4, November 2014

ANSI C63.10:2013
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2. Test Sites

2.1 Test Facilities

TUV Rheinland Taiwan Ltd.

11F. No.758, Sec. 4, Bade Rd., Songshan Dist.
Taipei City 105

Taiwan (R.O.C.)

FCC Registration No.: 799772
IC Canada Registration No.: 9465A-1
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2.2 List of Test and Measurement Instruments
Table 2: List of Test and Measurement Equipment
Kind of Last Next
Equipment Manu-facturer Type SN Calibration | Calibration
Test Software Farad EZ EMC Ver. TUV3AL N/A N/A
EMI Test R&S ESR7 101062 | 2015/09/10 | 2016/09/10
Receiver
Spectrum R&S FSV 40 100921 2016/04/21 | 2017/04/21
Analyzer
ipec"um Agilent NOO10A | MY53470241 | 2016/04/25 | 2017/04/24
nalyzer
Preamplifier
(30MHz -1GH2) HP 8447F 2805A03335 | 2015/08/31 | 2016/08/31
Preamplifier (18 COM-
GHz 40 GH2) POWER PAM-840 461257 2015/11/19 | 2016/11/19
Pre-Amplifier EM
(1GHz-18GHz) | Electronics | EM01G18G 060558 2015/11/19 | 2016/11/19
Bilog Antenna TESEQ CBL6111D 29802 2014/07/04 | 2016/08/04
Horn Antenna ke 3117 138160 2016/05/03 | 2017/05/03
Lindgren
Horn Antenna COM-
(18GHZ~40GH?) POWER AH840 101031 2015/11/02 | 2016/11/02
Loop Antenna Schwarzbeck | FMZB 1513 1513-076 2016/05/11 | 2017/05/11
EMI Test R&S ESCI7 100797 | 2015/12/28 | 2016/12/27
Receiver
Spectrum R&S FSL3 101943 2015/09/07 | 2016/09/07
Analyzer
LISN R&S ENV216 101262 2016/06/16 | 2017/06/16
Test Software Audix e3 Ver. 9 N/A N/A
Power sensor Agilent U2021XA | MY53480013 | 2016/03/11 | 2017/03/10
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2.3 Traceability

All measurement equipment calibrations are traceable to NML(Taiwan)/NIST(USA) or where calibration

is performed outside Taiwan, to equivalent nationally recognized standards organizations.

2.4 Calibration

Equipment requiring calibration is calibrated periodically by the manufacturer or according to

manufacturer’s specifications. Additionally all equipment is verified for proper performance on a regular

basics using in house standards or comparisons.

2.5 Measurement Uncertainty

The estimated combined standard uncertainty for radiated emissions and conducted emissions

measurements are +3dB.

Table 3: Emission Measurement Uncertainty

Parameter Uncertainty
Radio Frequency +1x107
RF power, conducted +15dB
Adjacent channel power +3dB
Radiated emission of transmitter, valid up to 26 GHz +6dB
Radiated emission of receiver, valid up to 26 GHz +6dB
Temperature +2°C
Humidity +10 %
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3. General Product Information

3.1 Product Function and Intended Use

The EUT is a Tire Pressure Monitoring System. It contains a wireless 315MHz Transmitter chip

enabling the user to send Tyre pressure data to a remote receiver
For details refer to the User Guide, Data Sheet and Circuit Diagram.

3.2 System Details and Ratings

Table 4: Basic Information of EUT

Item

EUT information

Kind of Equipment

Uni TPMS Sensor

Type Designation VS-61U009
Brand Name Cub

FCCID ZPNVS61U009
Canada ID 9959A-VS61U009
Canada HVIN VS-61U009

Table 5: Technical Specification of EUT

Technical Specification Value
Operating Frequency 315MHz
Channel number 1
Operation Voltage 3vdc

Modulation

ASK (Pulse) & FSK

Pulse Width

28.95 ms
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3.3 Independent Operation Modes
Basic operation modes are:

A. Transmitting
B. Standby

3.4 Noise Generating and Noise Suppressing Parts

Refer to the Circuit Diagram.

3.5 Submitted Documents

- Circuit Diagram

- Instruction Manual

- Rating Label

- Technical Description
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4. Test Set-up and Operation Modes

4.1 Principle of Configuration Selection
The equipment under test (EUT) was configured to measure its maximum emission

level. The test modes were adapted accordingly in reference to the instructions for
use.

4.2 Test Operation and Test Software

Setup for testing: Test samples are provided with a test mode firmware which makes it
possible to transmit signal when switched on the power.

Full test was applied on all test modes, but only worst case was shown.

4.3 Auxiliary Equipment
The product has been tested together with the following additional accessories:

N/A

4.4 1.1 Countermeasures to achieve EMC Compliance

The test sample which has been tested contained the noise suppression parts as described in the
Constructional Data Form or the Technical Construction File. No additional measures were employed to
achieve compliance.
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5. Test Results

5.1 Transmitter Requirement & Test Suites

5.1.1 Antenna Requirement

RESULT: Passed
Standard : Part 15.203 and RSS-Gen 8.3
Requirement : Manufacturer must ensure approved antenna is used

The antenna is a monopole antenna with no possibility of replacement with a non-approved antenna
by the end-user. Therefore, the EUT is considered to comply with this provision.

Refer to EUT photo for detalils.
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5.1.2 Field strength of fundamental

RESULT: Passed
Test standard : FCC Part 15. 231(e)
RSS-210 Al.1, Table B
Basic standard : ANSI| C63.10:2013
Test setup
Test Channel : 315 MHz,
Operation Mode : Pulse Transmission
Atmospheric pressure : 100-103 kPa

The EUT employs pulsed operation.
The pulse width is: 28.95 msec.

The Tables below show calculated average values from the pulsed emissions measurement 315MHz,
corrected with the worst case duty cycle factor over 100 msec.

The average values noted are calculated through the application of a duty cycle correction, according
to part 15.35¢

Duty cycle calculation:
Duty cycle correction (dB) = 20 log (28.95 msec / 100 msec) = - 10.76 dB.
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Test Plot pulse width

B Keysight Spectium Aralyzer Swwipt SA = | [wtitn]
] | RF [wn A SENSE:IN ALIGH ALITE [os:zznamamizz, 2006 | . |
Marker 1 A 28.9500 ms [ Avg Type: Log-Pwr TRACE[TS 315 6 Stvs
PNO: Wide —»— 1rig: Free Run TYPE WAV
1FGain:Low Atten: 10 dB DE
' 9 State»>
zcléﬁ“w v Ref 0.00 dBm
Trace
(+ State)
W | | Data
Ea (Export) »
Trace 1
Screen %
Image
{
|
Center 315.000000 MHz Span 0 Hz
Res BW 100 kHz #VBW 300 kHz Sween 100.0 ms (4001 pts) |

Table 6: Test result of Field strength of fundamental

Level Limit Antenna Detector or
Frequency (MHz) (dBuVv/m) (dBuVv/m) orientation calculated value
315 76.15 87.66 Horizontal Peak
315 65.39 67.66 Average
315 67.22 87.66 Vertical Peak
315 56.46 67.66 Average




Produkte
Products

A TUVRheinland®

Prufbericht - Nr.:
Test Report No.

50050510 001

Seite 15von 24
Page 15 of 24

5.1.3 Field strength of harmonics

RESULT: Passed
Test standard FCC Part 15. 231(e)
RSS-210 Al.1, Table B
LP0003 3.4.2 (5.2)
Basic standard ANSI| C63.10:2013
Test setup
Test Channel 315 MHz
Operation Mode A
Atmospheric pressure 100-103 kPa
Table 7: Test result of Field strength of harmonics, maximum
Test result
Frequency
(MHz) Level Limit Antenna Detector
(dBuV/m) (dBuV/m) orientation
945.0 34.76 46 Horizontal QP
630.0 30.44 46 Vertical QP
3780 52.46 74 Horizontal Peak
3780 36.50 54 Average
3150 53.67 74 Vertical Peak
3150 33.10 54 Average

Remark: The maximum results found are reported. For detailed results of all frequencies

tested, please refer to Appendix D.
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5.1.4 20dB Bandwidth and 99% Bandwidth

RESULT:

Test standard
Basic standard
Kind of test site

Test setup

Test Channel

Operation Mode

FCC Part 15.231(c), A1.1.3, RSS Gen

ANSI C63.10:2013,

Shielded room

315MHz (20dB BW)
315MHz (99% OBW)

A

The bandwidth of the emission shall be no wider than 0.25% of the center frequency for
devices operating above 70 MHz and below 900 MHz. For devices operating above 900 MHz,
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..

Ambient temperature

Relative humidity

Atmospheric pressure

22-26 °C
50-65 %
100-103 kPa

Table 8: Test result of 20 dB Bandwidth,

Channel _
Channel Frequency 'ZO(SEZ)BW (II('SZ"; Result
(MH2z)
1 Channel 315MHz 55.294 787.5 Pass

Table 9: Test result of 99% Bandwidth

Channel 99% Bandwidth
Channel Frequency (kH2)
(MH2z)
1 Channel 315MHz 126.36

Passed
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Test Plot of -20 dB Point
Channel 1
Spectrum (X @

Ref Level 110.00 dBpY @ RBW 10 kHz

& Att 20 de SWT 190.5 ps @ YBW 30 kHz Mode Auto FFT  Input 1 AC
PS TDF

O 1Pk View

DAl1] 0.01dB

55.2940 kHz

100 dBpv M1[1] 56.32 dBpv
314.9767220 MH

90 depy z

2
80 depy -

70 dBpy

60 depv - :
D1 56.330 dBpv X x

S0 dBpv

40 depv

30 dBpv

20 depv

CF 315.0 MHz 4001 pts Span 200.0 kHz
Marker
Type | Ref | Trc | X-value Y-value | Function Function Result

M1 1 314.976722 MHz 56.32 depy

M2 1 315.00105 MHz 76.33 dBpY

D3 M1 1 55.294 kHz 0.01 de

L ﬂ J Measuring... .l'lll.l-' A 12:26i24 )

Date: 15.JUL.2016 12:26:24

Test Plot of 99% BW

B Keysight Spectrum Analyzer - Occupied BW [fo e
] RF__[500 AC | SENSE:INT] ALIGN AUTD  [09:26:54 AM Jul 22, 2016 TracelDetactor
Center Freq: 315.000000 MH: Radio Std: N
sﬂ" 20_0.00 kHz o) Trel'glz Frrer:lgun Avgll:old:>10!10 e s
#FGain:Low #Atten: 10 dB Radio Device: BTS
10 dBidiv Ref -20.00 dBm
Log
B ' ' ‘ Clear Write
~1
0.0 oy i Average|
) | 1 . ' 1 T [ Max Hold|
‘ \
‘Center 315 MHz Span 200 kHz
#Res BW 30 kHz #VBW 100 kHz Sweep 1ms Min Hol
Occupied Bandwidth Total Power -45.3 dBm
126.36 kHz Detector
Average >
Transmit Freq Error 7.640 kHz OBW Power 99.00 % JAuto Man
x dB Bandwidth 200.0 kHz x dB -26.00 dB
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5.1.5 Transmission time /TX gap

RESULT:

Test standard

Basic standard
Kind of test site

Test setup

Test Channel
Operation Mode

Passed

FCC Part 15.231(e), A1.1.3, RSS Gen

LP0003 3.4.2

ANSI| C63.10:2013,
Anechoic Chamber

315 MHz

Pulse Transmission

The device has automatic control mechanism such that each transmission time(Pulse width)
is shorter than 1 second, and stop duration of a transmission period(TX gap) is longer than 10

seconds and is not shorter than transmission time multiplied by 30.

Atmospheric pressure 100-103 kPa
Table 10: Transmission time
Channel Pulse Width Limit S—
Frequency (ms) (Second)
(MHz)
315 750 1 PASS
Table 11: TX gap
FChanneI TX gap Limit Result
requency (Second) (Second)
(MHz)
315 34.48 >23 PASS

30 times of transmission time = 750ms * 30 = 22.5s
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Test Pulse Width

®

Att 10 dB
Ref -9.00 dBm

RBW 1 MHz
VBW 1 MHz
SWT 5s

D1[1]

ExtRef

-0.20 dB
750.000000000 ms

1Pk

M1[1]

-47.35 dBm
1.580000000 s

Cirw | -20 dBm

-30 dBm

-40 dBm

4=
e

-50 dBm

-60 dBm

-70 dBm

-80 dBm

-90 dBm

-100 dBm

CF 315.0 MH=z

500.0 ms/

Date: 8.AUG.Z016

TX Gap
®

09:19:59

REBW 1 MHz ExtRef
Att 10 dB VBW 1 MHz D1[1] -0.70 dB
Ref -9.00 dBm SWT 40s 34.480000000 s
M1i[1] -65.48 dBm

3.120000000 s

1Pk
Clrw | 20 dBrl‘n

-30 dBm

-70 dBm

-80 dBm

-90 dBm

-100 dBm

CF 315.0 MH=z

4.0 s/

Date: 8.AUG.2016

059:18:50
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5.1.6 Spurious Emission

RESULT: Passed
Test standard : FCC part 15. 231(b) AND FCC 15.205, FCC
15.209, RSS-210 A1.1.5(3) AND RSS-Gen
Basic standard : ANSI C63.10: 2013
Limits : Radiated emissions which fall in the restricted

bands, as defined in FCC 15.205(a), must
comply with the radiated emission limits
specified in FCC 15.209(a).

Emission radiated outside the specified
frequency bands must comply with the
radiated emission limits specified in FCC
15.209(a) or FCC 15. 231(b).

Kind of test site : 3m Semi-Anechoic Chamber
Test setup

Test Channel : 315 MHz

Operation mode : A.

Remark: Testing was carried out within frequency range 30MHz to the tenth harmonic.
For details refer to Appendix D.

The Radiated Emissions testing was performed in the X, Y and Z axis orientation. The worst-case Axis
orientation is recorded in this test report. Due to the small size of the product and that there are no
inductive components of significant size, 9kHz to 30MHz frequency range is not tested based on
technical judgment.
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6. Safety Human exposure

6.1 Radio Frequency Exposure Compliance

6.1.1 Electromagnetic Fields

RESULT: Passed

Test standard : FCC KDB Publication 447498 D01 v06
RSS-102 issue 5, Table 1

ECC:

Since maximum peak output power of the transmitter is 0.01233 mW < 10mW, hence the EUT is
excluded from SAR evaluation according to FCC KDB publication 447498: Mobile Portable RF
Exposure

Canada:

Since maximum output power, of the transmitter 0.01233 < 90mW/(at 10mm), hence the EUT is
excluded from SAR evaluation according to Table 1 in RSS-102
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7. Photographs of the Test Set-Up

Photograph 1: Set-up for Spurious Emissions (Front View)
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Photograph 2: Set-up for Spurious Emissions (Back View 1 TX)

Photograph 3: Set-up for Spurious Emissions (Back View 2 TX)




A TUVRheinland®

Produkte
Products

Prufbericht - Nr.: 50050510 001 Seite 24 von 24

Test Report No. Page 24 of 24

8. List of Tables

Table 1: Applied Standard and TESE LEVEIS .........ueiiiiiiiii ittt e bneeeeanes 5
Table 2: List of Test and Measurement EQUIPMENT ..........oiviiiiiiiiiiiiiiieeeeeeeeeeeeeeeseeeeeeeseessesessssssssssssseneserenennne 7
Table 3: Emission MeasuremMent UNCEIAINTY............uviiiiiieiiiiiiieeieeieeeeeeseeeeeeseseessesssesesssssesesesesererererennrererrrnne 8
Table 4: Basic INfOrmation Of BUT ...ttt e e et e e e e e bbb e eeeaeeeas 9
Table 5: Technical SPecification Of EUT .........ooviiiiiiiiiiiiiiieiieeieeeeeeeeeeeee et e e aeeeeeeeeeessessssssssssssssssssssssnennnes 9
Table 6: Test result of Field strength of fundamental.................oovviiiiiiiiiiiiiiiiiieeeeeeeeeeee e 14
Table 7: Test result of Field strength of harmonics, MaXimMuUM .............cuvviiiiiiiiiiiieieieeeeeeeeeeeeeeeeeereeeeeerera——. 15
Table 8: Test result of 20 dB BaNAWIALh, ..........covuuiiiiiiiiiiiie e e e e e e e e e ee b aeeeaees 16
Table 9: Test result 0f 99% BandWidth.............uueiiiiiiii e e e e e e e e s 16
Table 10: TranSMIUSSION TIME ....cciiiieieiii et e s e e e e s s eeee e e s s s ns b e e e eaeeessansnbaeeeeeaeesaasnsreeeeaeeens 18
LI 0] I Qo - T o ST PSPPSR UPPPPTOPPPN 18

9. List of Photographs

Photograph 1: Set-up for Spurious EmIiSSions (FroNt VIEW)........coiiuiiiiiiiiiieiiiieeeiiee e 22
Photograph 2: Set-up for Spurious Emissions (Back VIeW 1 TX) .....ccoviiuiiiiriieeeiiiiiiiiieeee e sesneeiieeeeeeeesseeees 23
Photograph 3: Set-up for Spurious Emissions (Back VIEW 2 TX) .....ccoiiiuiiiireeeeeiiiiiiiiieeee e s ssneeeieeneeeeessnnnes 23




