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Competences and guarantees

AT4 wireless is a testing laboratory accreditedtlisy National Accreditation Body (ENAC -Entidad Nawal de
Acreditacion), to perform the tests indicated ia @ertificate No. 51/LE 147.

AT4 wireless is a laboratory with a measuremenitifaéin compliance with the requirements of Seati.948 of the
FCC rules and has been added to the list of feslivhose measurements data will be accepted ijuct@am with
applications for Certification under Parts 15 oraf8e Commission's Rules. Registration Numbe@267.

AT4 wireless is a laboratory with a measuremerg 8it compliance with the requirements of RSS 2%2ué 1
(Provisional) and has been added to the list eldfisites of the Canadian Certification and EngingeBureau.
Reference File Number: IC 4621A-1.

In order to assure the traceability to other natiand international laboratories, AT4 wireless hasalibration and
maintenance program for its measurement equipment.

AT4 wireless guarantees the reliability of the datesented in this report, which is the resulthef measurements and
the tests performed to the item under test on #te dnd under the conditions stated on the repartifis based on
the knowledge and technical facilities availabl&at wireless at the time of performance of the.tes

AT4 wireless is liable to the client for the maimémce of the confidentiality of all information aédd to the item
under test and the results of the test.

The results presented in this Test Report apply tinthe particular item under test establishethisa document.

IMPORTANT: No parts of this report may be reproduced or qliotgt of context, in any form or by any means,
except in full, without the previous written persien of AT4 wireless.

General conditions
1. This reportis only referred to the item thas badergone the test.

2. This report does not constitute or imply onatsn an approval of the product by the Certificatidadies or
competent Authorities.

3. This document is only valid if complete; no jerteproduction can be made without previous emitpbermission of
AT4 wireless.

4. This test report cannot be used partially dulhfor publicity and/or promotional purposes watlt previous written
permission of AT4 wireless and the Accreditatiordi®s.

Uncertainty

Uncertainty (factor k=2) was calculated accordimghie AT4 wireless internal document PODTOO0O.

Usage of samples

Samples undergoing test have been selectethéglient

Sample M/01 is composed of the following elements:

Control N° Description Serial N° Date of reception

45074B/009 Tire pressure monitoring unit TIS-03 2015-07-07
with integral antenna

1. Sample M/01 has undergone following test(s)ipendix A:

Subclause (e). Radiated emissions for transmitter.
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Sample M/02 is composed of the following elements:

Control N° Description SEHEINS Date of reception

45074B/14 Tire pressure monitoring unit T1S-03 --- 2015-08-03
with antenna connector

45074B/15 Tire pressure monitoring unit T1S-03 --- 2015-08-03

with antenna connector

1. Sample M/02 has undergone following test(s)opemdix A:
Subclause (c). 20 dB Emission Bandwidth and Occlp&ndwidth.

Sample M/03 is composed of the following elements:
Control N° Description Model Serial N° Date of reception

45074B/011 Tire pressure monitoring unit TIS-03 2015-08-03
with integral antenna

1. Sample M/03 has undergone following test(s)opemdix A:

Subclause (e). Transmitter deactivation (Periadingmission).

Test sample description

The tire pressure monitoring system consists ofdhewing units:

- Tire guard (TG) wheel unit type TIS-03 which indes an integrated pressure, temperature and eatgatesensor and a
RF transmitter.

- LF receiver unit which includes a LF receivert(described in this document)

The TG monitors a vehicle's tire pressure whilevidg or stationary. An electronic unit (wheel unitiside each tire,
mounted to the valve stem, periodically measuresatttual tire pressure. By means of RF communicatias pressure
information is transmitted to the RF transmitter.

Identification of the client

Continental Automotive GmbH
Siemensstralle,12

D-93055 Regensburg Germany

Testing period
The performed test started 2615-07-17 ad finished or2015-08-05
The tests have been performed at AT4 wireless.
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Environmental conditions

In the control chamber, the following limits weret ®xceeded during the test:

Temperature mm' ~ 15 ZC
ax.=35°C
Relative humidity mg;lzzz%zz
Shielding effectiveness > 100 dB
Electric insulation >10 kQ
Reference resistance to earth <0,5Q

In the semianechoic chamber, the following limierg/not exceeded during the test.

Temperature Min. = 15 °C
P Max. = 35 °C
. - Min. = 20 %

Relative humidity Max. = 75 %
Air pressure Min. = 860 mbar

P Max. = 1060 mbar
Shielding effectiveness > 100 dB
Electric insulation >101Q
Reference resistance to earth <0,5Q

< +4 dB at 10 m distance between item under tedt an
receiver antenna, (30 MHz to 1000 MHz)

More than 75% of illuminated surface is betweem@ 6
dB (26 MHz to 1000 MHz).

Normal site attenuation (NSA)

Field homogeneity

In the chamber for conducted measurements, thesfolt limits were not exceeded during the test:

Temperature Min. = 15°C
Max. = 35°C
Relative humidity Min. = 20 %
Max. = 35 %
Air pressure Min. = 860 mbar
Max. = 1060 mbar
Shielding effectiveness >100dB
Electric insulation >10kKQ
Reference resistance to earth <0,5Q
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Remarks and comments

1: Used instrumentation:

Conducted Measurements

Last Cal. date  Cal. due date

1. Spectrum Analyzer Agilent E4440A 2014/05 2016/05
2. Spectrum Analyzer R&S FSQ8 2014/05 2016/05
3. DC power supply R&S NGPE 40/40 2014/11 2017/11

Radiated Measurements

Last Cal. date  Cal. due date
Semianechoic Absorber Lined Chamber

1 ETSFACT3200sTP N-A. NA.
2 BiconicalLog antenna ETS 2014/03 2017/03
) LINDGREN 3142E

3. Multi Device Controller EMCO 2090 N.A. N.A.
Double-ridge Guide Horn antenna 1-18

4 GHz SCHWARZBECK BBHA 9120 D 2013/11 2016/11

5. EMI Test Receiver R&S ESU 26 2013/08 2015/08
Spectrum analyser Rohde & Schwarz

6. ESW50 2013/10 2015/10
RF pre-amplifier 10 MHz-6 GHz

£ SCHWARZBECK BBV9743 2015/03 2016/03

8. RF pre-amplifier 1-18 GHz BONN 2015/05 2016/05

ELEKTRONIK BLMA 0118-3A
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Testing verdicts

Not applicable ... : N/A
PaASS ... : P
FAIL ... : F
NOt MEASUIE .....eeiiiiiiiiiiiiee et : N/M
FCC PART 15 PARAGRAPH / RSS-210 VERDICT
NA|P| F | NM
Section 15.231 Subclause (e) / RSS-210 A1.1.5. nshnéter deactivation P
Section 15.231 Subclause (c) / RSS-210 A1.1.3. dizatih P
Section 15.231 Subclause (e) / 15.209 / RSS-210.A1. Field strength and Emission P
limitations radiated (Transmitter
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Appendix A — Test result
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TEST CONDITIONS

Power supply (V):

Type of power supply = Battery

Type of antenna = Integral antenna

TEST FREQUENCIES:
The equipment transmits at the nominal frequenc{33£92 MHz.

The equipment uses a short ASK modulated signakéie-up purposes and a FSK modulated signal fiar da
transmission.

The equipment under test was scanned for spuriniss®ns in the frequency range 30 to 5000 MHz.

All radiated tests were performed in a semi-aneclobiamber. The measurement antenna is situated at a
distance of 3 m for the frequency range 30 MHz-1608z (30 MHz-1000 MHz Bilog antenna) and at a
distance of 1m for the frequency range 1 GHz-5 GH&Hz-18 GHz Double ridge horn antenna).

For radiated emissions in the range 1 GHz-5 GHt ithgerformed at a distance closer than the Spdcif
distance, an inverse proportionality factor of 28 per decade is used to normalize the measuredfaata
determining compliance. The sample is preparedhst fransmits continuously when the batteries are
connected

The equipment under test was set up on a non-ctimdugvooden) platform one meter above the ground
plane and the situation and orientation was vaeiihd the maximum radiated emission. It was atstated
360° and the antenna height was varied from 1neters to find the maximum radiated emission.

Measurements were made in both horizontal andcaéianes of polarization.
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Section 15.231 Subclause (e) / RSS-210 A1.1.5. Wanitter deactivation.

SPECIFICATION

Devices operated under the provisions of this papy shall be provided with a means for automasical
limiting operation so that the duration of eacmsraission shall not be greater than one secondhensilent
period between transmissions shall be at least@stthe duration of the transmission but in n@dass than
10 seconds.

RESULTS
In normal operation the equipment transmits a puia of 4 pulses periodically (see next plots).
1. Pulse train period = 16.18 s.

<§§> REW 500 kHz Delta 1 [T1
*VEW 500 kHz -0.17 dB
Ref -20 dBm *Att 0 dB SWT 20 s 16.185897 s
=20 Markgr 1 [T1|]
-37.97 dBm
| = -6.410256 ms
2 1
L
40
--50
--60
- TRG -69]2 dBm
|--80
AN, NETY BPPY TYPRPPoR Y WPTTY WEEV SR TIW VY PAUSHEIAT FTVFS | SNTRVERY W V FYPNS TP WP \0Y SYPENT. WS L PPY LA AN
--a0
--100
--110
-120
Center 433.92 MHz O e
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2. Pulse duration = 11.43 ms.

# Agilent

a Mkrd 1021 ms

Ref —18 dEm #Atten B dB -0.81 dB
#PeakQ & OO @ oo

Log 1R 1 2[RE = 4(R4

18

dB/

KPR PR TAYR FO¥ TN 10 PRV 0o PR B TR 7 TP B O OO [ NPT WP BT PP

LgRw
V1 52
Center 433,928 MHz Span @ Hz
Res BW 528 kHz #UBH 628 kHz Sweep GAB ms (1066 pts)
Marker Trace Type # Axis Amplitude
1R 12 Time H = -16.91 dBm
1a 1y Time 48,65 m= -8.87 dB
2R (1 Time 154.4 me -17.01 dBm
2o 1y Time 18,21 m= -A.8E dB
IR 1 Tima 269.1 me -17.85 dBm
da 1 Time 18,21 m= -H.82 dB
4R (1 Tima 424 me -17.81 dBm
da 1 Time 18,21 m= -f.81 dB

The equipment transmits 1 pulse of 48.65 ms andlsep of 10.21 ms every 16.18 seconds (see ploiseab
so the total transmission duration is 48.65 ms % B0.21 ms = 79.28 ms. 30 times the duration of the
transmission is 2.38 seconds.

The silent period between transmissions is 16.&8rws.

Verdict: Pass
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Section 15.231 Subclause (c) / RSS-210 Al1.1.3. Baiuih

SPECIFICATION

FCC 15.231The bandwidth of the emission shall be no widantB.25 % of the centre frequency for devices
operating above 70 MHz and below 900 MHz. Bandwidtdetermined at the points 20 dB down from the
modulated carrier.

RESULTS (see next plot)
Nominal centre frequency = 433.92 MHz
Limit of spectrum bandwidth = 0.25 % of 433.92 MH4.084.80 kHz

ASK modulation:

Measured 20 dB Bandwidth (kHZ 135.596

Measurement uncertainty (kHz) <+1.65

3 Agilent

Ref 18 dBm #Atten 260 dB
#Peak

LaPAv

Ml 52
Center 433.920 0 MHz Span 580 kHz
#Res BH 3 kHz #UBH 30 kHz Swesp 51.28 ms (1000 pts)

Occupied Bandwidth Occ BW % Pur  99.00 ¥
187.6829 kHz x dB -20.00 dB

Transmit Freq Error  -182.917 Hz
% dB Bandwuidth 135.596 kHz
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FSK modulation:

Measured 20 dB Bandwidth (kHZ 102.680

Measurement uncertainty (kHz) <+1.65

i Agilent
Ref 18 dBm Atten 20 dB
#Peak
Log f\
T (A
4B/ 3ol WV Yiee
| by
\ vﬂﬂ/ Y ”\nﬁv .
n.n"\nn.l\-..fll W IU\!{AM AT

RPN ORI L R AT
LaAw
Ml 52
Center 433,920 8 MHz Span 508 kHz
#Res BH 3 kHz #\JBH 30 kHz Sweep 51.28 ms (1000 pts)
Occupied Bandwidth Occ BH % Pur  99.00 7

113.1444 kHz ® B -20.00 dB

Transmit Freq Error 1.145 kH=z
% dB Bandwuidth 102,688 kH=z

Verdict: PASS
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RSS-210. A.1.1.3.the 99% bandwidth shall be no wider than 0.25%hef centre frequency for devices

operating between 70 MHz and 900 MHz.

RESULTS(see next plot).
Nominal centre frequency = 433.92 MHz

Limit of spectrum bandwidth = 0.25 % of 433.92 MHA084.80 kHz

ASK modulation:

99% bandwidth (kHz)

107.6829

Measurement uncertainty (kHz)

<+1.65

= Agilent

Ref 16 dBm
#Peak

dB/

LgFw

Ml 52
Center 433.928 0 MHz
#Res BHW 3 kHz

Occupied Bandwidth
107.6829 kHz

Transmit Freq Error

% dB Bandwidth 135,596 kHz

-152.917 Hz

#Atten 20 4B

#MBH 38 kHz

Span 588 kHz
Sweep 51.28 ms (1088 pts)

Occ BH % Pwr 99,08 %
® dB -26.68 dB
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99% bandwidth (kHz)

113.1444

Measurement uncertainty (kHz)

<+1.65

4 Agilent
Ref 18 dBm Atten 26 dB
#Peak
Log f
1@ J H L
4B/ 2ol Y Vg
| L
n vﬁﬂﬂ V\ﬂﬁu .
L ﬂhﬁlfw Jt%fn\hﬂﬂﬂ oy

WO W WY Y A L
LaAw
M1 32
Center 433,926 B MHz Span GAR kHz
#Res BW 3 kHz #UBH 30 kHz Sweep 51,28 ms (1808 pts)
Occupied Bandwidth Occ BH % Pwr  99.00

113.1444 kHz % dB -20.00 dB

Transmit Freq Error  1.145 kHz
¥ dB Bandwidth 182688 kHz

Verdict: PASS
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Section 15.231 Subclause (e)/15.209 / RSS-210 Al Eield strength and Emission limitations radiated

SPECIFICATION

(Transmitter)

Intentional radiators may operate at a periodie exceeding that specified in paragraph (a) ofgacion and may
be employed for any type of operation, includingmion prohibited in paragraph (a) of this sectimovided the
intentional radiator complies with the provisiorigparagraphs (b) through (d) of this section, exte field

strength table in paragraph (b) of this sectioedaced by the following:

Fundamental Field strength of fundamental Field strength of spurious
frequency (MHz) (UV/Im) emissions (LV/m)
40.66 — 40.70 1,000 100
70— 130 500 50
130-174 500 to 1,500 ** 50 to 150 **
174 - 260 1,500 150
260 - 470 1,500 to 5,000 ** 150 to 500 **
Above 470 5,000 500

**: Linear Interpolations. The maximum permittedwanted emission level is 20dB below the maximum

permitted fundamental level.

Spurious emissions shall be attenuated to thediglibwn in the above table or to the general listitswn in
Section 15.209/RSS-Gen, whichever limit permitsghér field strength.

For average radiated emission measurements ab@@MBz, there is also a limit corresponding to Babove
the indicated values in the table is specified wineasuring with peak detector function.

RESULTS:

The field strength is calculated by adding cormactiactor to the measured level from the spectroalyser.
This correction factor includes antenna factor]e#iss and pre-amplifiers gain.

The EUT is set in continuous unmodulated transimis&r peak level measurement.

The normal operation transmission is pulsed scatlerage values of transmitter fundamental and spsiri
emissions are calculated from the measured peakwaising the duty cycle correction fadias indicated in

standard ANSI C63.10-2013.
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Computation of duty-cycle correction factor.

Agilent

Ref -18 dBm

#Htten @ dB
fele]

]
A

i)
il

a Mkrd

18.21 ms
-0.81 dB

LaAw

Y1 52
Center 433,926 MHz
Res BH 626 kHz

ITRTEIVIN TS

#\VBH 528 kHz

A Mttt

Span @ Hz
Sweep BOA ms (1008 pts)

it bbbl st

Markar Trace Typa * Axis Amplituda
1R (&5 Time A= -1E6.91 dBm
la (&5 Time 48.65 me -B.87 dB
2R (&5 Time 154.4 me -17.61 dBm
28 (&5 Time 18.21 me -B.86 dB
3R (&5 Time 269.1 me -17.65 dBm
3o (&5 Time 18.21 me -B.82 dB
4R (&5 Time 424 me -17.61 dBm
Ao 1y Time 168.21 ng -H.61 dB
RBW 500 kHz Belba 1 L
*VBW 500 kHz =0.17 4B
Ref -20 dBm *Att 0 dB SWT 20 s 16.185897 =
=20 Markgr 1 [T1
=3H=S7 TBH
| -5 -6.410256 ms
& ull
v
-—-40
=50
--60
—r TRG —-69.2 dBm
l 350 ||
AN LA A AMAPIAA A A AN AR AARAA A A AAM M i YL IVR VNS
--90
[--100
N
=120
Center 433.9%2 MHz 2 s/
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AT4 wireless, S.A.U.

Parque Tecnol6gico de Andalucia,

¢/ Severo Ochoa n° 2 - 29590 Campanillas - Méalaga - Espafia
www.atdwireless.com - C.I.LF. A29 507 456

Pulse train period: 16.18 s
Number of pulses within 100 ms: 1
Pulse duration: 48.65 ms

Duty-cycle correction factor calculation.

AT

o

WiReELESS

a DEKRA company

Sub-pulse Duration (ms) Number of pulses Sub-pulse“On
Time” (ms)
1 48.65 1 48.65
TOTAL ON 48.65
TIME:

Duty cycle correction factay = 48.65 / 100 = 0.4865

8 = 20 log (0.4865) = -6.26 dB
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AT4 wireless, S.A.U.

Parque Tecnol6gico de Andalucia, {0

¢/ Severo Ochoa n° 2 - 29590 Campanillas - Méalaga - Espafia ,4 T 9

www.atdwireless.com - C.I.LF. A29 507 456 WirELESS
a DEKRA company

Freqguency range 30 MHz-1000 MHz (see next plots)

Frequency (MHz) Polarization Detector Emission Leve Limits
15.231 (e) / 15.209
433.92 (Fundamental) \Y Peak 6,823.39 (uV/m)|/ 43,992.5 (uV/mj ---
76.68 (dBUVIM) | 95 g7 (dBuVIM) / -
867.789 \Y, Peak 25.97 (uvim)/28.29 4,399.25/2,000
(dBuVIm) (uV/im)

72.87 / 66 (dBpV/m)

Calculation for average level

Spurious frequency| Emission Level Duty-cycle Corrected Emission Limits
(MH2z) (dBuV/m) Peak| correction factor & Level
(dB) (dBuV/m) Average 15.231 (e) / 15.209
433.92 4,399.25 (uV/m) (72.87
(Fundamental) 76.68 6.26 7042 dBuVv/m) / ---
867.789 28.29 -6.26 22.03 439.925/ 200 (uV/m)
52.87 / 46 (dBuV/m)

Measurement uncertainty (dB)3.8 dB.

Verdict: PASS
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AT4 wireless, S.A.U.

Parque Tecnol6gico de Andalucia,
¢/ Severo Ochoa n° 2 - 29590 Campanillas - Méalaga - Espafia
www.atdwireless.com - C.I.LF. A29 507 456

Freqguency range 1 GHz-5 GHz (see next plots)

Highest spurious levels.

AT4@

a DEKRA company

Frequency (GHz) Polarization Detector Emission Leve| Limits (dBpV/m)
(dBuv/m) 15.231 (e) / 15.209
1.73540 Peak 34.53 7287174
2.60327 Peak 38.30 7287174
3.47870 Peak 37.63 7287174
Calculation for average level
Spurious frequency| Emission Level Duty-cycle Corrected Emission Limits (dBuVv/m)
(MHz) (dBuV/m) Peak| correction factor o Level
(dB) (dBuV/m) Average 15.231 (b) / 15.209
1.73540 34.53 -6.26 28.27 52.87 154
2.60327 38.30 -6.26 32.04 52.87 /54
3.47870 37.63 -6.26 31.37 52.87 154
Measurement uncertainty (dB)4.0 dB.
Verdict: PASS.
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AT4 wireless, S.A.U.

Parque Tecnol6gico de Andalucia, {0
¢/ Severo Ochoa n° 2 - 29590 Campanillas - Méalaga - Espafia ,4 T 9
www.atdwireless.com - C.I.LF. A29 507 456 WireLESS

a DEKRA company

FREQUENCY RANGE 30 MHz-1000 MHz

® RBW 100 kHz
VEW 100 kHz

Ref 80 dBpv/m Att 0 dB SWT 100 ms

30

DZ 7p.87 dB*

—70

B
L]

—c0

50

FeC|15
<

=30

20

F-10

-20

Start 30 MHz 97 MHz/ Stop 1 GHz

Note: The carrier frequency (fundamental) was atitgd using a notch filter.
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AT4 wireless, S.A.U.

Parque Tecnol6gico de Andalucia,
¢/ Severo Ochoa n° 2 - 29590 Campanillas - Méalaga - Espafia

www.atdwireless.com - C.I.F. A29 507 456

FREQUENCY RANGE 1 GHz to 5 GHz

MultivView | Spectrum

Ref Level 90.00 dBuv/m
Att
TOF

Ode & SWT 50 ms @ VBW 1 MHz

1 Frequency Sweep

AT

a DEKRA company

O

WiReELESS

@ RBW 1 MHz

Mode Auto Swesp

80 dBpv/m

H1 72.870 dBpv/m

70 dBpw/m

60 dByw/m

50 dBpw/m

40 dBpw/m

30 dBpw/m

20 dBpw/m
10 dBpsfm
0 dBpi/m
1.0 GHz 30000 pts 400.0 MHz/ 5.0 GHz
—
24.07.2015

] Measuring... ERERRRNND il

18:59:26 7
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