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TEST SUMMARY

5.1.1 ANTENNA REQUIREMENT
RESULT: Passed

5.1.2 PeEaAK OUTPUT POWER
RESULT: Passed

5.1.3 20DB BANDWIDTH
RESULT: Passed

5.1.4 CONDUCTED SPURIOUS EMISSIONS AND FREQUENCY BAND EDGE MEASURED IN

100kHz BANDWIDTH
RESULT: Passed

5.1.5 SPURIOUS EMISSION
RESULT: Passed

5.1.6 FREQUENCY SEPARATION
RESULT: Passed

5.1.7 NUMBER OF HOPPING FREQUENCY
RESULT: Passed

5.1.8 TIME OF OCCUPANCY
RESULT: Passed




Produkte

Products
Prifbericht - Nr.: 50174013 001 Seite 3 von 42
Test Report No. Page 3 of 42
Contents
1. GENERAL REMARKS ..ottt ettt ettt ettt e e et e et e et e e e e e e e e e e ee e e eeaeenees 4
1.1 COMPLEMENTARY M ATERIALS .t tuitittuttttetttetten et ssseasesa et es sttt sereaeerrenenees 4
2. LSSy S 1 S TR 5
2.1 LSS 7 | 1727 5
2.2 LIST OF TEST AND MEASUREMENT INSTRUMENTS .. .eututntiteeeeeeeeeeaeeeaeeeeeaeaeaeaeaenenenens 6
P2 T I =X 08 =Y = | 120 7
2.4 (OF YN =1 27N 1 (0] IR 7
2.5 MEASUREMENT UNCERTAINTY tttutttttuentetatnsetnenseeesssenes sttt ssaeaesreneassrrenenrens 7
3. GENERAL PRODUCT INFORMATION .« ettt ettt ettt e e e e e e e e e e e e e e eee e eeaenens 8
3.1 PRODUCT FUNCTION AND INTENDED USE ...cviiniiitiiiiee et eeee et eea e een e eensaneneneens 8
3.2 SYSTEM DETAILS AND RATING S .. ittt ettt ettt e e e e e e e e e e e e enreenens 8
3.3 INDEPENDENT OPERATION MODES ... uititiitittittett ettt eaeteneaseaensaseaenssrenenssseneneneens 9
3.4 NOISE GENERATING AND NOISE SUPPRESSING PARTS ...vinie e 10
3.5 SUBMITTED DOCUMENT S .ttt tttttttntt et enta et ea et ea s et sa e e ta e easa e ea e e e e reaenearenenees 10
4. TEST SET-UP AND OPERATION MODES........cccuiiiiiiiiiiciiiiiiiiiiiin e 11
4.1 PRINCIPLE OF CONFIGURATION SELECTION .utttututttintsseenesteneenssnenensenenensenensnssnens 11
4.2 TEST OPERATION AND TEST SOFTWARE .. ..c ettt ettt et ee e eaea e ea s eenreaeaneeneeneens 11
4.3 SPECIAL ACCESSORIES AND AUXILIARY EQUIPMENT ..uvuieiitiiiieee e ae s 11
4.4 COUNTERMEASURES TO ACHIEVE EMC COMPLIANCE ... ..cute e eeaeeaeeaeenn 12
A5 TEST SETUP DIAGRAM ...ttt ettt ettt ettt ettt e ettt et ea e ea e e errenenees 12
5. T E ST RESUL TS ttititititittttt ettt ettt e et ettt et e et et e et ettt et e et e e e e e e e e enenens 14
51 TRANSMITTER REQUIREMENT & TEST SUITES ...viiuiiniiie i ieeeet e ee et e e e e aneaaas 14
5.1.1  ANteNNa REQUIFEIMENT ... ...ttt ettt e e ettt e e e e e e s bt e b e e e e e e e e e aanbbe et e aaeeeaannbbeeaaaaaean 14
LN I o 1@ 1011 o0 | = 1= PR 15
5.1.3  200B BANUWIALN ..ottt ettt e et e ettt e et e et e s et e e et e nenee e e eeenneeeereeeanee st eeaeneneneeeas 16
5.1.4 Conducted spurious emissions and Frequency Band Edge measured in 100kHz
2= TaT0 1V To 11 o FO PR 20
5.1.5  SPUNOUS EMISSION ..iiiiiiiiiiiiiiiie e e sttt e e s sttt e e e e e s s e e e e e e e e an e aeeeaeessesnssteereeeeeesnnnnenneaeenean 28
Lo I I = To [U =T oA T=T o= - o ) o PR 29
5.1.7  Number of hopping frEQUENCY ...........ueiiiiiiee et e e e e e e e 31
5.1.8  TiME Of OCCUPANCY ...ttt e ettt e e e e e e et e e e e ae e e e e annbbeeeeaaeeeaannteneeaaaean 34
6. PHOTOGRAPHS OF THE TEST SETUP. ..t 37
7. TS O = Y = 0 42
8. LIS T OF P HO T OGR A PH S, ettt ettt ettt et e ettt et e e e e e et e et ettt e e e enenenenens 42




Produkte
Products

Prufbericht - Nr.: 50174013 001 Seite 4 von 42

Test Report No. Page 4 of 42

1. General Remarks

1.1 Complementary Materials

The following attachments are integral parts of this test report:

Appendix P: Photo Documentation
(File Name: 50174013 001 APPENDIXP)
Appendix D: Test Result of Radiated Emissions
(File Name: 50174013 001 APPENDIXD)

Test Specifications

The following standards were applied

Table 1. Applied Standard and Test Levels

Radio
NCC Low-power Radio-frequency Devices Technical Regulations LP0002(2018)(107 /£ 1 A 10 H)
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2. Test Sites

2.1 Test Facility

TUV Rheinland Taiwan Ltd.
Taipei Office

11F. No.758, Sec. 4, Bade Rd., Songshan Dist.
Taipei City 105
Taiwan (R.O.C.)

FCC RegistrationNo.: 340738
IC Canada Registration No.: 9465A-1

TAF Accredited NCC Test Lab. No.:0759
TAF 1SO17025 Certification effective periods: 2016-Jul-1st to 2019-Jun-30th
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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 Manufacturer Type SN Calibration | Calibration
Test Software Farad EZ EMC Ver. TUV3A1l N/A N/A
EMI Test Receiver R&S ESR 7 101062 2017/09/25 | 2018/09/25
Spectrum R&S FSV 40 100921 2018/05/02 | 2019/05/02
Analyzer
Spectrum Agilent NOO10A | MY52221334 | 2018/02/05 | 2019/02/05
Analyzer
Preamplifier
(30MHz -1GH2) HP 8447D 2944A06641 2017/12/26 | 2018/12/26
Preamplifier (18
GHz -40 GHz) COM-POWER PAM-840 461257 2018/01/18 | 2019/01/18
Pre-Amplifier EM
(1GHz~18GH?z) Electronics EM01G18G 060558 2017/11/21 | 2018/11/21
Bilog Antenna TESEQ CBL6111D 29804 2018/07/02 | 2019/07/02
Horn Antenna ETS-Lindgren 3117 00138160 2018/06/01 | 2019/06/01
Horn Antenna
(18GHZz~40GHz2) COM-POWER AH-840 101029 2017/11/28 | 2018/11/28
Loop Antenna Schwarzbeck | FMZB 1513 1513-076 2018/06/21 | 2019/06/21
LISN (1 phase) R&S ENV216 101243 2018/06/15 | 2019/06/15
LISN R&S ENV216 101262 2018/07/10 | 2019/07/10
Test Software Audix e3 Ver. 9 N/A N/A
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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

requiring calibration is calibrated periodically in a suitably accredited Calibration Lab. 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:

Table 3: Emission Measurement Uncertainty

Parameter Uncertainty
RF power, conducted +1.5dB
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 x2°C
Humidity +10%
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3. General Product Information

3.1 Product Function and Intended Use

The EUT is a Multimedia device with Bluetooth for PSA vehicles. It contains a Bluetooth

compatible module enabling the user to communicate data through a Wireless interface.

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/Test ltem

PSA RCC Al (with Bluetooth function)

Type Ildentification

PSARCC Al

Brand Name

BOSCH

Table 5: Technical Specification of EUT

Technical Specification Value

Operating Frequency 2402 MHz ~ 2480 MHz
Channel Spacing 1 MHz

Channel number 79

Operation Voltage 14 vVdc

Modulation GFSK, /4 DQPSK, 8DPSK
Antenna gain -8.1dBi
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Table 6: Frequency hopping information

Technical Specification Description

Hereby we declare that the maximum frequency of this
device is: 2402-2480MHz. This is according the
Bluetooth Core Specification V2.1+EDR for devices
which will be operated in the USA. This was checked
during the Bluetooth Qualification tests (Test Case:
TRM/CA/04).

Example of a 79 hopping sequence in data mode:

Hopping Range

33,04,21,44,23,42,53,46,55,48,40,59,72,29,76,31,08,73,
07,75,09,45,60,39,58,13,47,11,77,52,35,50,65,54,67,56,
69,62,71,64, 7,25,27,66,57,70,74,61,78,63,10,41,05,43,
15,44,64,68,02,70,06,01,51,03,55,05,03,66,53,49,36,47,
The input bandwidth of the receiver is 1IMHz. In every
connection one Bluetooth device is the master and the
other one is the slave. The master determines the
hopping sequence. The slave follows this sequence.
Both devices shift between RX and TX time slot
according to the clock of the master.

Hopping Sequence

Additionally the type of connection is set up at the
beginning of the connection. The master adapts its
hopping frequency and its TX/RX timing according to the
packet type of the connection. Also the slave of the
connection will use these settings.

Receiver input bandwidth

Repeating of a packer has no influence on the hopping
sequence. The hopping sequence generated by the
master of the connection will be followed in any case.

That means a repeated packet will not be send on the
same frequency, it is send on the next frequency of the
hopping sequence.

3.3 Independent Operation Modes

The basic operation modes are:
A. Transmitting
1. Low channel
2. Middle channel
3. High channel
B. Receiving
1. Low channel
2. Middle channel
3. High channel
C. Hopping
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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 power level.
The test modes were adapted accordingly in reference to the instructions for use.

4.2 Test Operation and Test Software

Test operation refers to test setup in chapter 4. All testing were performed

according to the procedures in ANSI C63.10: 2013

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

4.3 Special Accessories and Auxiliary Equipment

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

Description Manufacturer Model No. Serial No.
Notebook(EMC-06) Lenovo TPOO048A PB-0F8B2
Bluetooth Tester R&S CBT V 6.0

Test tool

Test command of Bluetooth Test Mode

Putty

Jbt_rf_certification_tests.sh




Produkte

Products
Prufbericht - Nr.: 50174013 001 Seite 12 von 42
Test Report No. Page 12 of 42

4.4 Countermeasures to achieve EMC Compliance

The test sample which has been tested containing the noise suppression parts as in
the Photo Appendix and the Test Setup Photos. No additional measures were
employed to achieve compliance.

4.5 Test Setup Diagram

Diagram of Measurement Configuration for Radiation Test

Note: Measurements above 1 GHz are done with a table height of 1.5m
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Diagram of Measurement Equipment Configuration for Mains Conduction
Measurement

Diagram of Measurement Equipment Configuration for Conducted Transmitter
Measurement

. RF Cable
Test Receiver

[/ Power Meter EUT

A

CBT
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5. Test Results

5.1 Transmitter Requirement & Test Suites

5.1.1 Antenna Requirement

RESULT:

Test standard

Requirement

Passed

LP0002(2018): 2.2, 3.10.1.3

FCC Part 15.247(b)(4), Part 15.203 and RSS-

Gen 8.3

use of approved antennas only with directional gains that
do not exceed 6 dBi

According to the manufacturer declaration, the EUT has an antenna with a directional gain of -8.1dBi.
The antenna is Printed 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 details.
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5.1.2 Peak Output Power

RESULT:

Test standard

Basic standard

Kind of test site

Test setup

Test Channel

Operation Mode : A

Ambient temperature
Relative humidity
Atmospheric pressure

Table 7: Test result of Peak O

FCC Part 15.247(b)(1),

RSS-247 5.4(2)

LP0002(2018): 3.10.1.2, LP0002(2018): 3.10.1.4
ANSI C63.10:2013

LP0002(2018) Appendix Il

Shielded room

Low/ Middle/ High

22-26 °C
50-65 %
100-103 kPa

utput Power, GFSK modulation

Passed

Channel F(r:ehqatjnennily Peak Output Power Limit
(MHz) (dBm) (W) (W)

Low Channel 2402 -2.35 0.00058 0.125

Middle Channel 2441 -1.58 0.00070 0.125

High Channel 2480 -2.20 0.00060 0.125

Table 8: Test result of Peak O

utput Power, 8DPSK modulation

Channel F?ehqahnennecly Peak Output Power Limit
(MH2) (dBm) W) W)

Low Channel 2402 -0.44 0.00090 0.125

Middle Channel 2441 0.22 0.00105 0.125

High Channel 2480 -0.56 0.00088 0.125

Pmax: 1.05mW
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5.1.3 20dB Bandwidth

RESULT:

Test standard

Basic standard

Kind of test site

Test setup

Test Channel
Operation Mode

Ambient temperature
Relative humidity
Atmospheric pressure

Table 9: Test result of 20dB Bandwidth, GFSK modulation

FCC Part 15.247(a)(1),

RSS-247 5.1(1)

LP0002(2018): 3.10.1.2 (1) (B)

ANSI C63.10:2013

LP0002(2018) Appendix IlI
Shielded room/Conducted room

Low/ Middle/ High

A

22-26°C
50-65%
100-103kPa

Passed

Channel . o
Channel Frequency 20dB(I\BA?_|nZd)W|dth (k/'lﬂlzt) Result
(MH2z)
Low Channel 2402 0.9671 15 Pass
Mid Channel 2441 0.9646 15 Pass
High Channel 2480 1.017 15 Pass
Note: Limit is for Channel Separation of 1 MHz and a power limit of 125 mW.
Table 10: Test result of 20dB Bandwidth, 8DPSK modulation
Channel . .
Channel Frequency ZOdB(I\BA?_an(;WIdth (k/llrnlzt) Result
(MH2z)
Low Channel 2402 1.311 15 Pass
Mid Channel 2441 1.313 15 Pass
High Channel 2480 1.311 15 Pass

Note: Limit is for Channel Separation of 1 MHz and a power limit of 125 mW.

If the carrier separation frequency of a Bluetooth Device is set at 1 MHz due to the firmware setting and
the Bluetooth Standard, then for power <125 mW the limit for the 20 dB Bandwidth, becomes 1 MHz /

0.66666 = 1.5 MHz.




Produkte

Products
Prufbericht - Nr.: 50174013 001 Seite 17 von 42
Test Report No. Page 17 of 42

Test Plot of 20dB Bandwidth, GFSK modulation

Low Channel

Middle Channel
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High Channel

Test Plot of 20dB Bandwidth, 8DPSK modulation

Low Channel
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Middle Channel

High Channel
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5.1.4 Conducted spurious emissions and Frequency Band Edge
measured in 100kHz Bandwidth

RESULT: Passed
Test standard : FCC part 15.247(d),
RSS-247 5.5
LP0002(2018): 3.10.1.5
Basic standard : ANSI C63.10:2013
LP0002(2018) Appendix IlI
Limit : 20dB (below that in the 100kHz bandwidth within the
band that contains the highest level of the desired power)
Kind of test site : Shielded room/Conducted room
Test setup
Test Channel : Low/ Middle/ High for spurious, Low/ High for
Band Edge
Operation Mode : A
Ambient temperature : 22-26°C
Relative humidity : 50-65%
Atmospheric pressure : 100-103kPa

All emissions are more than 20dB below fundamental, details refer to following test plot, and
compliance is achieved as well.

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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Test Plot of 100kHz Conducted Emissions, GFSK modulation

Low Channel

Middle Channel
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High Channel

Test Plot of 100kHz Conducted Emissions, 8DPSK modulation

Low Channel
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Middle Channel

High Channel




Produkte
Products

Prufbericht - Nr.: 50174013 001 Seite 24 von 42

Test Report No. Page 24 of 42

Test Plot of 100kHz Bandwidth of Frequency Band Edge, GFSK
modulation

Low Channel

High Channel
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Hopping ON
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Test Plot of 100kHz Bandwidth of Frequency Band Edge, 8DPSK
modulation

Low Channel

High Channel
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Hopping ON
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5.1.5 Spurious Emission

RESULT:

Test standard

Basic standard
Limits

Kind of test site

Test setup

Test Channel
Operation Mode

For details refer to Appendix D.

FCC part 15.247(d), FCC 15.205, FCC 15.209, RSS-
210 2.2, RSS-247 5.5 and RSS-Gen 8.9
LP0002(2018): 3.10.1.5

ANSI C63.10

Radiated emissions which fall in the restricted bands,
as defined in FCC 15.205(a) and RSS-Gen i4, 8.9
(Table 6), must comply with the radiated emission
limits specified in FCC 15.209(a) and RSS-Gen i4,
8.9 (Table 4 and 5).

Radiated emissions which fall in the restricted bands,
as defined in LP0002(2018): 2.7 , must comply with
the radiated emission limits specified in
LP0002(2018): 2.8

Emission radiated outside the specified frequency
bands must comply with the radiated emission limits
specified in FCC 15.209(a) and FCC 15.249(a), RSS-
Gen i4, 8.9 (Table 4 and 5) and RSS-210 A2.9(a).
Emission radiated outside the specified frequency
bands must comply with the radiated emission limits
specified in LP0002(2018): 2.8

3m Semi-Anechoic Chamber

Low/ Middle/ High
A B

Passed

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.
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5.1.6 Frequency Separation

RESULT: Passed
Test standard : FCC part 15.247(a)(1)
RSS-247 5.1
LP0002(2018): 3.10.1.6 (1) (A)
Basic standard : ANSI C63.10:2013
LP0002(2018) Appendix Il
Limit : = 25kHz or 2/3 of 20dB bandwidth, whichever is greater
Kind of test site : Shielded room/Conducted room
Test setup
Test Channel : Hopping on
Operation Mode : C
Ambient temperature : 24°C
Relative humidity : 53%

Table 11: Test result of Frequency Separation, GFSK modulation

Measured
Channel Frequency Channel Limit
Channel (MHz) Separation (kHz) Result
(MH2z)
Record Channel 2440 o5KH o3 of
Record Channel adj 1 2 zorez/so
’_ 2441 1 20dB bandwidth | F3SS
Record Channel adj 2 2442
Table 12: Test result of Frequency Separation, 8DPSK modulation
Measured
Channel Frequency Channel Limit
Channel (MHz) Separation (kHz) Result
(MH2z)
Record Channel 2440 o5KH o3 of
Record Channel adj 1 2 zore/so
) 2441 ! 20dB bandwidth | 2SS
Record Channel adj 2 2442
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Test Plot of Frequency Separation
GFSK

/4 DQPSK




Produkte
Products

Prufbericht - Nr.: 50174013 001 Seite 31 von 42

Test Report No. Page 31 of 42

5.1.7 Number of hopping frequency
RESULT: Passed
Test standard : FCC part 15.247(a)(1)(iii)

RSS-247 5.1(5)
LP0002(2018): 3.10.1.6 (1) (A) (a)

Basic standard : ANSI C63.10:2013
LP0002(2018) Appendix IlI

Kind of test site : Shielded room/Conducted room

Test setup

Test Channel : Hopping On

Ambient temperature : 22-26°C

Relative humidity : 50-65%

Atmospheric pressure : 100-103kPa

Table 13: Test result of Number of hopping frequency

Measured Quantity of Hopping
Channel

2400 to 2483.5 MHz 79 >15 Pass

Frequency Range Limit Result
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Test Plot of Number of hopping frequencies
GFSK
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8DPSK
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5.1.8 Time of Occupancy

RESULT:

Test standard : FCC part 15.247(a)(1)(iii)
RSS-247 5.1(5)
LP0002(2018): 3.10.1.6 (1) (A) (a)

Basic standard : ANSI C63.10:2013
LP0002(2018) Appendix IlI

Limits : 0.4s

Kind of test site : Shield room

Test setup

Test Channel : Hopping

Operation Mode : C

Ambient temperature : 22-26°C

Relative humidity : 50-65%

Atmospheric pressure : 100-103kPa

Table 14: Test result of Time of Occupancy

Passed

Captured . o
Data Mode Burst Dwell time Qn+Off Limit Result
(s) (s) time (s) (s)
DH5 0.00292 0.3106 0.00376 0.4 Pass
3DH5 0.00292 0.3123 0.00374 0.4 Pass

Note:
Dwell time = Pulse width x (Hopping rate / Number of channels) x Period

Period = 0.4 (seconds/ channel) x 79 (channel) = 31.6 seconds.

Hopping rate = 1 / (On+Off time) = 266 Hz
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Test Plot of Time of Occupancy, GFSK modulation
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Test Plot of Time of Occupancy, 8DPSK modulation
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6. Photographs of the Test Set-Up

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

Photograph 3: Set-up for Spurious Emissions (Back View 1)
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Photograph 4: Set-up for Spurious Emissions (Back View 2)

Photograph 5: Set-up for Spurious Emissions (Back View 3)
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Photograph 6: Set-up for Spurious Emissions (Back View 4)

Photograph 7: Set-up for Conducted testing
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Photograph 8: Set-up for Conducted testing
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