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Competences and guarantees

DEKRA Testing and Certification S.A.U. is a testing laboratory accredited by the National Accreditation Body
(ENAC -Entidad Nacional de Acreditacion), to perform the tests indicated in the Certificate No. 51/LE 147.

DEKRA Testing and Certification is a FCC-recognized accredited testing laboratory with appropriate scope of
accreditation that include testing performed in this test report.
DEKRA Testing and Certification is an ISED-recognized accredited testing laboratory with appropriate scope of
accreditation that include testing performed in this test report.

In order to assure the traceability to other national and international laboratories, DEKRA Testing and Certification
S.A.U. has a calibration and maintenance program for its measurement equipment.

DEKRA Testing and Certification S.A.U. guarantees the reliability of the data presented in this report, which is the
result of the measurements and the tests performed to the item under test on the date and under the conditions
stated on the report and, it is based on the knowledge and technical facilities available at DEKRA Testing and
Certification S.A.U. at the time of performance of the test.

DEKRA Testing and Certification S.A.U. is liable to the client for the maintenance of the confidentiality of all
information related to the item under test and the results of the test.

The results presented in this Test Report apply only to the particular item under test established in this document.

IMPORTANT: No parts of this report may be reproduced or quoted out of context, in any form or by any means,
except in full, without the previous written permission of DEKRA Testing and Certification S.A.U.

General conditions

1. This report is only referred to the item that has undergone the test.

2. This report does not constitute or imply on its own an approval of the product by the Certification Bodies or
competent Authorities.

3. This document is only valid if complete; no partial reproduction can be made without previous written
permission of DEKRA Testing and Certification S.A.U.

4. This test report cannot be used partially or in full for publicity and/or promotional purposes without previous
written permission of DEKRA Testing and Certification S.A.U. and the Accreditation Bodies.

Uncertainty

Uncertainty (factor k=2) was calculated according to the DEKRA Testing and Certification S.A.U. internal
document PODTO000.

Data provided by the client

The following data has been provided by the client:

1. Information relating to the description of the sample ("Identification of the item tested", "Trademark",
"Model and/or type reference tested").

2. The sample of the model MGU21 is an automotive infotainment System.

MGU Head-Unit. The main functionalities are: Navigation, USB, voice recognition and several interfaces to the
vehicle and Bluetooth / WLAN.

The Head-unit provides different interfaces like: AR-CAM input, Videoout APIX3 (for the connection of an
external Display), 3 USB interfaces (including support for Apple devices), CAN, 100Base-T1 and 1000Base-
T1.

DEKRA Testing and Certification S.A.U. declines any responsibility with respect to the information provided by
the client and that may affect the validity of result.
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Usage of samples

Samples undergoing test have been selected by: The client.

- Sample S/01 is composed of the following elements:

Control N° Description Model Serial N° Date of reception
63175C/001 Automotive infotainment MGU21 B382C00L7512617 2020/05/25

System

Auxiliary elements used with the Sample S/01:

Control N° Description Serial N°
63175C/010 OABR Cable - - 2020/05/25
63175C/021 SMA Adapter Cable - - 2020/05/25
63175C/017 Ethernet Cable - - 2020/05/25
63175C/003 OABR Converter Board - - 2020/05/25
63175C/006 Ethernet/USB Adapter EU-4306 EU430685MA02183 2020/05/25

Sample S/01 has undergone the following test(s): All Conducted tests indicated in the Appendix A.

- Sample S/02 is composed of the following elements:

Control N° Description Model Serial N°
63175C/001 Automotive infotainment MGU21 B382C00L7512617 2020/05/25
System
Auxiliary elements used with the Sample S/02:
Control N° Description Model Serial N°
63175C/003 OABR Converter Board - - 2020/05/25
63175C/008  Power Cable DC for OABR -- -- 2020/05/25
board
63175C/010 OABR Cable - - 2020/05/25
63175C/013 APIX Cable - - 2020/05/25
63175C/018 Power Cable DC for - - 2020/05/25
headunit
63175C/027 GNSS Antenna Magma AA.171 171TT17311936 2020/06/02
Sample S/02 has undergone the following test(s): All Radiated tests indicated in the Appendix B.
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Test sample description

D DEKRA

Ports...oooiii :

Cable

Port name and
description

Specified
max
length [m]

Attached | Shielded Coupled
during test to
patient®

BT/WIFI connector —
CONM 4POL ROS
BMW209-40MT1-A
PCN2944

X X 0

USB1 connector —
CONM-SM 4POL ROS
D4S20Y-40MA5-B

USB2 connector —
CONM-SM 4POL ROS
D4S20Y-40MA5-C

USB3 connector —
CONM-SM 4POL ROS
D4S20Y-40MA5-E

APIX3 connector —
CONM-SM 4+2POL
ROS 99S22A-40MA5-D

Car Main-connector —
CONM 16POL TYC
2300483-s

X
O
O

AR-CAM connector —
CONM 1POL ROS
59S2FT-40MA5-K

Ethernet BroadR-
Reach, 100 BASE-T1

Ethernet, 1000 BASE-
T1

GNSS connector

X O X 0O
X O O X
o o o o

Supplementary information to the

POIS. .o :

Rated power supply ......ccccccveeei

Voltage and Frequency

Reference poles

L1 L2 L3 N PE

O |AC: O O O O O
O |AC: O O O O O
O |DC:
O |DC:

Rated Power ........ccccceviiinennnnd

Clock frequencies........cccccveeevennnil

Other parameters..........ccccc..oeuiil

Software version ...........ccc........... | 20w27.4-1-15

Hardware version......................... 1.3
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Dimensions in cm (W x H x D) ....:

Mounting position ..............c.c.......: (1 | Table top equipment
O | Wall/Ceiling mounted equipment
[0 | Floor standing equipment
O | Hand-held equipment
X1 | Other: automotive dashboard
Modules/parts............c..cccoo........... | Module/parts of test item Type Manufacturer
Accessories (not part of the test Description Type Manufacturer
M) e
Documents as provided by the Description File name Issue date
applicant........ccccoviiiiill
) Only for Medical Equipment
|dentification of the client
HARMAN BECKER AUTOMOTIVE SYSTEMS GMBH
BECKER-GOERING-STR. 16; 76307 KARLSBAD, GERMANY
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Testing period and place

Test Location ‘ DEKRA Testing and Certification S.A.U.
ST EETI| 2020-06-05

Date (finish) 2020-08-03

Document history

Report number Date ‘
63175RRF.005 2020-09-04 | First release

Description

Environmental conditions

In the control chamber, the following limits were not exceeded during the test:

Temperature Min. = 15 °C
P Max. = 35 °C

T _ono
Relative humidity mla?x =2705 /0;0

Air pressure Min. = 860 mbar
P Max. = 1060 mbar

In the semianechoic chamber, the following limits were not exceeded during the test.

Temperature Min. = 15 °C
Max. = 35 °C

T _on o
Relative humidity m::x =2705 /02,

: Min. = 860 mbar
Air pressure

Max. = 1060 mbar

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

Temperature Min. = 15°C
Max. = 35°C

Relative humidity Min. = 20 %
Max. =75 %

Air pressure Min. = 860 mbar

Max. = 1060 mbar
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Remarks and comments

The tests have been performed by the technical personnel: Alfonso Gutiérrez, Javier Miguel Nadales, José Gabriel
Penddn, Nicolas Salguero, Veronica Garcia, Daniel Mejias, Antonio Ruiz and Miguel Angel Torres.

Used instrumentation:

Conducted Measurements:

Last Calibration Due Calibration

1. Shielded Room ETS LINDGREN S101 N.A. N.A.

2 DC Power Supply 40V/40A Rohde & Schwarz N.A. N.A.
NGPE40

3.  Digital Multimeter FLUKE 179 2019/09 2020/09

4.  Signal and Spectrum Analyzer 10 Hz - 40 GHz 2019/09 2021/09

ROHDE AND SCHWARZ FSV40

Radiated Measurements:

Last Calibration Due Calibration

1. Semianechoic Absorber Lined Chamber N.A. N.A.
FRANKONIA SAC-3

2. Shielded Room FRANKONIA N.A. N.A.

3.  Biconical/Log Antenna 30 MHz - 6 GHz ETS 2018/07 2021/07
LINDGREN 3142E

4, RF Pre-amplifier 40 dB, 10 MHz - 6 GHz 2019/09 2020/09
BONN ELEKTRONIK BLNA 0160-01N

5. EMI Test Receiver 20Hz-26.5GHz ROHDE 2020/05 2022/05
AND SCHWARZ ESU26

6. Horn Antenna 1-18GHz SCHWARZBECK 2018/06 2021/06
MESS- ELEKTRONIK BBHA 9120 D

7. Broadband Horn Antenna 18 - 40 GHz 2018/07 2021/07
SCHWARZBECK MESS-ELEKTRONIK
BBHA 9170

8. Pre-amplifier, G>55dB 1-18GHz NARDA 2020/05 2021/05
AMF-7D-01001800-22-10P

9. Low Noise Amplifier G>30dB, 18 - 40 GHz 2019/02 2021/02
BONN ELEKTRONIK BLMA 1840-1M

10. EMI Test Receiver 20Hz-40GHz ROHDE 2019/09 2021/09
AND SCHWARZ ESU40

11. DC Power Supply 150V/22A, AGILENT N.A. N.A.
TECHNOLOGIES N8740A

12. Digital Multimeter FLUKE 179 2020/06 2021/06
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Testing verdicts

Not applicable: N/A
Pass: P
Fail: F

Not measured: N/M

Summary
1. Bluetooth EDR

FCC PART 15 PARAGRAPH / RSS-247 ‘

Requirement — Test case Verdict ‘ Remark ‘

15.247 (a) (1) / RSS-247 5.1. (b) 20 dB Bandwidth and Carrier P
frequency separation

15.247 (a)(1)(iii) / RSS-247 Clause 5.1 (d) Number of hopping channels P

15.247 (a)(1)(iii) / RSS-247 Clause 5.1 (d) Time of occupancy (Dwell Time) P

15.247 (b) / RSS-247 5.4. (b) Maximum peak output power and p
antenna gain

15.247 (d) / RSS-247 5.5. Band-edge emissions compliance P
(Transmitter)

15.247 (d) / RSS-247 5.5. Emission limitations radiated =
(Transmitter)

Supplementary information and remarks:

None.

2. WLAN 2.4 GHz (802.11 b/g/n20 1x1).

FCC PART 15 PARAGRAPH / RSS-247

Requirement — Test case Verdict Remark ‘
15.247 (a) (2) / RSS-247 5.2. (a) 6 dB Bandwidth P
15.247 (b) / RSS-247 5.4. (d) Maximum output power and P
antenna gain
15.247 (d) / RSS-247 5.5. Band-edge emissions P
compliance (Transmitter)
15.247 (e) / RSS-247 5.2. (b) Power spectral density P
15.247 (d) / RSS-247 5.5. Emission limitations P
radiated (Transmitter)
Supplementary information and remarks:
None.

Report No: (NIE) 63175RRF.005 Page 9 of 129 2020-09-04



DEKRA Testing and Certification, S.A.U.
Parque Tecnolégico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.F. A29507456

Appendix A: Test results. Bluetooth EDR

(GFSK, Pi/4-DQPSK, 8DPSK)
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TEST CONDITIONS
POWER SUPPLY (V):

V nonimal: 12 Vdc.
Type of Power Supply: DC External (Car Battery).
ANTENNA:
Type of Antenna: External antenna.
Maximum Declared Antenna Gain: -6.2 dBi (Antenna gain plus antenna cable loss).

TEST FREQUENCIES:

Low Channel: 2402 MHz
Middle Channel: 2441 MHz
High Channel: 2480 MHz

CONDUCTED MEASUREMENTS:

The equipment under test was set up in a shielded room and it is connected to the spectrum analyser using a low
loss RF cable. The reading of the spectrum analyser is corrected taking into account the cable loss.

SPECTRUM
EUT ANALYZER

The DC supply voltage is applied using an external calibrated power supply with a multimeter.

RADIATED MEASUREMENTS:

All radiated tests were performed in a semi-anechoic chamber. The measurement antenna (Bilog antenna for the
range between 30 MHz to 1000 MHz) and 1 GHz-18 GHz Double ridge horn antenna is situated at a distance of 3 m
and a distance of 1m for the frequency range 17 GHz-26 GHz (18 GHz-40 GHz horn antenna).

For radiated emissions in the range 17 GHz-26 GHz that is performed at a distance closer than the specified distance,
an inverse proportionality factor of 20 dB per decade is used to normalize the measured data for determining
compliance.

The equipment under test was set up on a non-conductive platform above the ground plane and the situation and
orientation was varied to find the maximum radiated emission. It was also rotated 360° and the antenna height (Bilog
antenna and Double ridge horn antenna) was varied from 1 to 4 meters to find the maximum radiated emission.

Measurements were made in both horizontal and vertical planes of polarization.

Report No: (NIE) 63175RRF.005 Page 12 of 129 2020-09-04



DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.LF. A29507456

Radiated measurements setup from 30 MHz to 1 GHz:

D DEKRA

ANECHOIC CHAMBER
- :
Measuring . Ro;e;tmg
Antenna anle
Device Und

‘ ‘ | 3 m distance l:ITeSI

‘ |
N

Antenna Mast

| (Antennaheight variation: 1-4 m)

Spectrum analyser

Shielded Control RoomFor
Radiated Measurements

Radiated measurements setup from 1 GHz to 17 GHz:

SVAVAVAVAYAYA
< o

FATATAYATAYATATATAVAYATAYI VAVAYAVATAVAVATAVAVAVATAVAY
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Radiated measurements setup f > 17 GHz:

VWWWWWWWWAWVWWWWWWVWWVVY

Preamplifier Horn antenna
EUT

\ 2 B
1 m distance

Shielded control room for
radiated measurements

Spectrum
analyser
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SPECIFICATION:

separation

D DEKRA

FCC 15.247 (a) (1) / RSS-247 5.1. (b) 20 dB Bandwidth and Carrier frequency

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25 kHz
or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency hopping systems
operating in the 2400-2483.5 MHz band may have hopping channel carrier frequencies that are separated by
25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel, whichever is greater, provided the systems
operate with an output power no greater than 125 mW.

RESULTS:
e GFSK
Low Channel | Middle Channel | High Channel
2402 MHz 2441 MHz 2480 MHz
20 dB Spectrum Bandwidth (kHz) 938.901 938.34 935.68
99% Bandwidth (kHz) 883.2 881.7 880.8
Measurement uncertainty (kHz) <+3.64
e Pi/4 DQPSK
Low Channel | Middle Channel | High Channel
2402 MHz 2441 MHz 2480 MHz
20 dB Spectrum Bandwidth (kHz) 1355.97 1355.17 1356.1
99% Bandwidth (kHz) 1224.6 1209 1210.2
Measurement uncertainty (kHz) <+3.64
e 8DPSK
Low Channel | Middle Channel | High Channel
2402 MHz 2441 MHz 2480 MHz
20 dB Spectrum Bandwidth (kHz) 1310.5 1039.87 1319.202
99% Bandwidth (kHz) 1207.2 1205.7 1208.7
Measurement uncertainty (kHz) <+3.64

Verdict: PASS
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e GFSK - Bandwidths

- Low Channel:

Spectrum T

Ref Level 20.00 dBm @ RBW 30 kHz
le Att 30d8  SWT 10 ms & VBW 100 kHz Mode Sweep
@ 1Pk View
D3[1] 0.04 dB
938.340 kHz|
Occ Bw 881.700000000 kHz
10d T 11[1] 6.88 dBm)|

2.402156150 GHz

-10d

S
D1 -13.120 dBm L ad AN

-30 dém

i il T
W‘W/ MWA

-
-60d
-70 dBrr
CF 2.402 GHz 10000 pts Span 3.0 MHz
Marker
Type |  Ref | Tre X-value | Y-value | Function | Function Result
M1| 2.40215615 GHz | 6.88 dBm | [
T1| 2.40155825 GHz | -11.70dem | Occ Bw | 881.7 kHz
T2 2.40243995 GHz | -13,63 dBm |
m2| I 2.40154233 GHz | -13.20 dm |
D3 Mz, 938,34 kHz 0.04d8 |

- Middle Channel:

Spectrum A

Ref Level 20.00 dem @ RBW 30 kHz
J@ Att 30d8  SWT 10ms & VBW 100 kHz Mode Sweep
@ 1Pk View
D3[1] 0.11 dB
938.901 kHz
Occ Bw 883.200000000 kHz|
10 di mi[1] 5.71 dBm)|
M1 2.441160850 GHz
0 d
-10.dB
D1 -14.290 dem
-20 dB
-30d

|t i

)
-60d
-70d
CF 2.441 GHz 10000 pts Span 3.0 MHz
Marker
Type | Ref |  Tre | X-value | Y-value | Function | Function Result
wi| i 3.44116035 Gz | S7idom | [
T1] 1] 2.44056215 GHz | -12.75 dem | Occ Bw | 883.2 kHz
T2 1 2.44144535 GHz | ~14.87 dBm |
m2| I 1] 2.4405466 GHz | -14.42 dBm |
D3 M2/ 1] 938,901 kHz 0.11d8 |
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- High Channel:

Spectrum .

D DEKRA

(=)

Ref Level 20.00 dem @ RBW 30 kHz

o Att 30d8  SWT 10ms @ VBW 100 kHz Mode Sweep
[@ 17k View
D3[1] 0.01 dB)
935.680 kHz|
Occ Bw 880.800000000 kHz
10d m1[1] 6.12 dBm
2.480163050 GHZ|
0d
10de

LA v

D1 -13.880 dBm Mw
-20d

-30 dBm

-40 dem W i
st Hragh
-60d
-70 dBm
CF 2.48 GHz 10000 pts Span 3.0 MHz
Marker
Type | Ref Tre | X-value | v-value Function | Function Result |
M1 1] 2.48016305 GHz | 6.12 dBm_ |
T1| 1] 2.47956905 GHz | -12.49 dBm Occ Bw | 880.8 kHz |
T2| 1] 2.48044985 GHz | -15.21 dBm
M2, 1 2.47955335 GHz | -13.91 dém_
D3 M2 &1 935.68 kHz | 0.01 de
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

Carrier frequency separation - GFSK

Carrier frequency separation: 976.17

Spectrum

D DEKRA

(=)

Ref Level 20.00 dBm
J= Att

@ RBW 300 kHz

30d8 SWT 10ms & VBW 1MHz Mode Sweep

@ 1Pk View

D2[1]

mi[1]

1.75 dB

976.17 kHz
3.51 dBm)|
2.40800437 GHz|

-20dB

M s A
VAY.¥A

L
VA
Y

v Y

L
AYA
i

iy
W

-30de

~40 dB

-50d

-60 d

-70d

Start 2.402 GHz 10000 pts Stop 2.42 GHz
Marker
Type | Ref Tre | X-value Y-value | Function | Function Result
ML 1| 2.40800437 GHz 3.51 dBm
D2 M1 1] 976.17 kHz | 1.75d8 |

The hopping channel carrier frequencies are separated by a minimum two-thirds of the 20 dB bandwidth of the
hopping channel.

Verdict: PASS
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

¢ Pi/4 DQPSK - Bandwidths

D DEKRA

- Low Channel:
Spectrum T
Ref Level 20.00 dBm @ RBW 30 kHz
le Att 30d8  SWT 10 ms & VBW 100 kHz Mode Sweep
@ 1Pk View
D3[1] 0.18 dB|
1.355970 MHz|
Occ Bw 1.224600000 MHZz|
10 d 11[1] 1.01 dBm)|
2.402167550 GHz|
M1
-10 T ‘N
M"(\/F
50 dBm————f01 -18.990 dBnm; ¥
-30 dém
o I ARt aten eyl
R AL e T
-50d
-60 d
-70 dBrr
CF 2.402 GHz 10000 pts Span 3.0 MHz
Marker
Type |  Ref | Tre X-value | Y-value | Function | Function Result
ML 2.40216755 GHz | 1.01 dém | [
T1| 2.40139325 GHz | -13.78 dBm | Occ Bw | 1.2246 MHz
T2 2.40261785 GHz | ~15.15 dBm |
m2| | 2.40132604 GHz | -19.14 dém |
D3 m2| 1.35597 MHz 0.1 dB |
- Middle Channel:
Spectrum A
Ref Level 20.00 dBm @ RBW 30 kHz
J= Att 30d8  SWT 10ms & VBW 100 kHz Mode Sweep
@ 1Pk View
Da[1] 0.05 dB|
1.355170 MHz|
Occ Bw 1.209000000 MHz|
10 mi[1] 0.66 dBm|
2.441166950 GHz|
M1
) /x\f\N
» N\ /\A/\r\,\\
r»y\f
o )1 -19.340
-30 dém
40 d WA‘\‘WM SN, v g e s
-50d
-60 dBrr
-70 dém
CF 2.441 GHz 10000 pts Span 3.0 MHz
Marker
Type | Ref |  Tre | X-value | Y-value | Function | Function Result |
M1 I 1| 2.44116695 GHz 0.66 dBm
T1 [ 1] 2.44040375 GHz “14.12dBm | Occ Bw 1.209 MHz |
2| | il 2.44161275 GHz | -14.75 dBm |
M2 | 2 2.44033146 GHz -19.40 dBm |
D3/ w2 1 135517 Mz | 0.05 b |
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

- High Channel:

Spectrum .

D DEKRA

(=)

Ref Level 20.00 dem @ RBW 30 kHz

J Att 30d8  SWT 10ms & VBW 100 kHz Mode Sweep
(@ 1Pk View
Da[1] 0.10 dB)
1.356100 MHz|
Occ Bw 1.210200000 MHz|
10d m1[1] 2.05 dBm|
2.480168450 GHz|
M1
" \/\/’“\\/ i \/-’\//'\"\/V
e fv//-r\«"\,f»\ M !
M'y\/ &\3
o0ds D1 -17.950 dBny 0 LY
-30 dBm

v
-50 dB
-60d
-70 dBm
CF 2.48 GHz 10000 pts Span 3.0 MHz
Marker
Type | Ref Tre | X-value | v-value Function | Function Result |
M1| 1f 2.48016845 GHz | 2.05 dBm_ [
T1| 1] 2.47940675 GHz | -13.16 dBm Occ Bw | 1.2102 MHz |
T2| 1] 2.48061695 GHz | ~13.53 dBm
M2, 1 2.47933467 GHz | -18.08 dém_
D3 M2 1] 1.3561 MHz | 0.10 de
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DEKRA Testing and Certification, S.A.U.
Parque Tecnolégico de Andalucia,
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

Carrier frequency separation - Pi/4 DQPSK

Spectrum

Carrier frequency separation: 974.37

kHz

D DEKRA

(=)

Ref Level 20.00 dBm

w RBW

300 kHz

J= Att 30d8  SWT 10ms & YVBW 1MHz Mode Sweep
@ 1Pk View
D2[1] 0.40 dB)
974.37 kHz|
M1[1] 4.67 dBm)|
TH 2.40801160 GHz|

5

B A

-20dB

_30de

=60 d

-70d

Start 2.402 GHz 10000 pts Stop 2.42 GHz
Marker
Type | Ref | Tre | X-value Y-value | Function | Function Result |
M| [ 1] 2.4080116 GHz | 4.67 dem |
D2 M1 1 974.37 kHz -0.40de |

The hopping channel carrier frequencies are separated by a minimum two-thirds of the 20 dB bandwidth of the
hopping channel.

Verdict: PASS
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

¢ 8DPSK - Bandwidths

D DEKRA

- Low Channel:
Spectrum chn
Ref Level 20.00 dBm @ RBW 30 kHz
J= Att 30d8  SWT 10 ms & VBW 100 kHz Mode Sweep
@ 1Pk View
Da[1] -0.05 dB
1.310500 MHz|
Occ Bw 1.207200000 MHz|
10d 11[1] 3.24 dBm
2.402154950 GHz
M1
- YA vy
1048 - / o
f\w k&ﬁ
D1 -16.760 dBm 3
20d £ %
-30d
w \'W |
-50 dém
-60 db
-70 dB
CF 2.402 GHz 10000 pts Span 3.0 MHz
Marker
Type |  Ref |  Tre | X-value Y-value | Function | Function Result
M1 1| 2.40215495 GHz 3.24 dém
T1 1] 2.40139745 GHz -13.98 dBm | Occ Bw 1.2072 MHz
T2 1f 2.40260465 GHz | ~11.87 dBm |
M2 1 2.40135077 GHz -16.78 dém
D3 M2| 1| 1.3105 MHz -0.05dB |
- Middle Channel:
Spectrum T
Ref Level 20.00 dBm @ RBW 30 kHz
le Att 30d8  SWT 10 ms & VBW 100 kHz Mode Sweep
@ 1Pk View
D3[1] 0.00 dB|
1.309870 MHz|
Occ Bw 1.205700000 MHZz|
i0d 11[1] 2.19 dBm
2.441161850 GHz|
M1
h \/\_/ \_,»\_\/
o /\/\f‘/\/ \/\/\/\V\W
M';["/ \W
D1 -17.810 dBr 3
-20 dl il LY
-30 dém
i ~. 9 AN N eV
W W ‘\ V..«d' i VR W[ WPET
-50d
-60 d
-70 dBrr
CF 2.441 GHz 10000 pts Span 3.0 MHz
Marker
Type |  Ref | Tre X-value | Y-value | Function | Function Result
M1| 2.44116185 GHz | 2.15 dém | [
T1| 2.44040165 GHz | -14.86 dBm | Occ Bw | 1.2057 MHz
T2 2.44160735 GHz | ~12.74 dBm |
m2| | 2.44035516 GHz | -17.83 dém |
D3 m2| 1.30987 MHz -0.00 dé |
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

- High Channel:

Spectrum

D DEKRA

(=]

Ref Level 20.00 dBm @ RBW 30 kHz

WA

W&v\/m,\/\\

J@ Att 30d8  SWT 10ms & VBW 100 kHz Mode Sweep
@ 1Pk View
D3[1] -0.01 dB)
1.319202 MHz
Occ Bw 1.208700000 MHz|
10 di mi[1] 3.49 dBm)|
2.480169350 GHz
M1
s A

-10 dBm

D1 -16.510 dBm M

-20 dBm /
-30d

MMVAV/\W.K‘ Y rfk\ /

Mv/\'\f'\w

s '\M/
-50 dBém
-60 dém
-70 dB
CF 2.48 GHz 10000 pts Span 3.0 MHz
Marker
Type | Ref Trc X-value Y-value | Function | Function Result
M1 1 2.48016935 GHz 3.49 dem |
1 1 2.47940375 GHz. 13,5 dBm | Occ Bw | 1,2087 MHz
T2| 1 2.48061245 GHz | -11,30 dbm |
M2 1 935057 GHz -16.53 dém
D3 Mz 1 1.319202 MHz | ~0.01 B |
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

Carrier frequency separation - 8DPSK

Carrier frequency separation:

Spectrum

kHz

D DEKRA

(=)

Ref Level 20.00 dBm @ RBW 300 kHz
J= Att 30d8  SWT 10ms & VBW 1MHz Mode Sweep

@ 1Pk View

D2[1]

M1f1]

0.01 dB|
997.80 kHz|
4.85 dBm|

2. GHz

-20d

-30d

-50d

=60 dBrr

-70d

Start 2.402 GHz 10000 pts

Stop 2.42 GHz

Marker

Type | Ref |  Tre | X-value | Y-value |

Function |

Function Result

M1 1

| [ 2,408008 GHz |
D2 M1 1

997.8 kHz

4.85 dBm |
-0.01 B |

|

The hopping channel carrier frequencies are separated by a minimum two-thirds of the 20 dB bandwidth of the

hopping channel.

Verdict: PASS
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

FCC 15.247 (a)(1)(iii) / RSS-247 5.1 (d) Number of hopping channels

SPECIFICATION:

Frequency hopping system in the 2400-2483.5 MHz band shall use at least 15 channels.

RESULTS:
The number of hopping channels is 79 for all three modes.

e GFSK - Number of hopping channels
et T (]

w RBW 200 kHz
30dE  SWT 10ms % VBW 1 MHz Mode Sweep

mif1] S
2.402006 10 GH2|

AnAARAAANARAARARARANA
VEVVTTVR VYR VTV

AVATAFATATATRCATAR AATAYRNE
VT

6.38 dBm)|

nnnnnnnnnnnnnnn
llllll

T T T
T AALAARAN

Total number of hopping channels: 79

Verdict: PASS
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DEKRA Testing and Certification, S.A.U.
Parque Tecnolégico de Andalucia,
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

o Pi/4 DQPSK — Number of hopping channels

D DEKRA

Spectrum [""}_"
Ref Level 20.00 cbm = RBW 200 kHZ

o At 3006 SWT 10ms @ YBW 1 MHz Made Sweep

@ 1Pk View

M2[1]

Mif1]

3.88 dam|
244003450 GHz|
4.14 dBm|
2.402006 10 GHz|

Ay

Ed

il '

e i

T e i

ISt By

o

-40

=70

Start 2.398 GHz
e

10000 ﬁs

Stop 2.441 GHz
—t

Spectrum

(=)

Ref Level 20.00 dBm

w RBW 200 kHz

[o att 308 SWT 10ms & VBW 1 MHz Mode Sweep

@ 1Pk View

m2[1]

mif1]

.07 dBm|
2.47998522 GHz|
3.92 dBm|
2.44101480 GHz|

M1

P

Rl e A

M

A '

[

Pl e

|

|
\

40

A
1

|

50 dBm

Start 2.439 GHz
e

10000 pts

GQOE 2.483 GHz

Verdict: PASS
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

o 8DPSK - Number of hopping channels

Ref Level 20.00 B w RBW 200 kHZ
o att 30dE  SWT 10ms @ VBW 1 MHz Mode Sweep
(@17 view
M2[1] 425 4Bm|
2.43994850 GHz|
Mif1] 3.45 dom|
2.40196650 GHz|
10 }

-]

Start 2.398 GHz 10000 pts Stop 2.441 GHz

Spectrum -y

Ref Level 20.00 dBm w RBW 200 kHz
[o att 308 SWT 10ms & VBW 1 MHz Mode Sweep
@ 1Pk View
mMI[1] 4.50 dBm|
2.44098400 GHz|
m2{1] 9.93 dom|

e

|

40

50 dBm

70
Start 2.439 GHz 10000 pts Stop 2.483 GHz
e — et

Total number of hopping channels: 79

Verdict: PASS
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

FCC 15.247 (a)(1)(iii) / RSS-247 5.1 (d) Time of occupancy (Dwell Time)

SPECIFICATION:

The average time of occupancy on any channel shall not be greater than 0.4 seconds (400 ms) within a period
of 0.4 seconds multiplied by the number of hopping channels employed = 0.4 x 79= 31.6 seconds.

RESULTS:

o GFSK (packet type DH5) — Time of Occupancy (Dwell Time)

=  Transmit Time per Hop:

[Zs5758 Jms

Spectrum @]
Ref Level 20.00 dém @ RBW 100 kHz
o Att 30de @ SWT 5ms @ VBW 300 kHz
SGL TRG:VID
(@ 1Pk Clrw
D2[1] -1.65 dB)|
2.85758 ms|
mif1] 7.71 dBm|
41.04 ps|
10 di lies

. A Y T AP A

-10de

-20d

TRG -30.000 dBnr

-40d

CF 2.441 GHz 1000 pts

500.0 ps/
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.F. A29507456

= Time of Occupancy:

N° of hops on spectrum analyzer 8
N° of hops over the period 84.26666667
Average Time of Occupancy 240.7987413 | ms

Spectrum [%]
Ref Level 20.00 dBm @ RBW 100 kHz
| Att 30dd @ SWT 35 @ VBW 300 kHz
SGL TRG: VID
@ 1Pk Clrw

TRG -5.000 dBny

~10 dB

-30 dBm:

-40 dBm

s JanL ;A)l i mnx.u\ulmfkuhwg}v ..Hh ‘

W

£
3
.
P

ki

" A\lvﬂull .1A & J\ AL wmu\lanT‘m' ‘ﬁu‘navaLth)l‘ul\J “\,'LHAMV‘-.A{,’\J .»nvl\ o N\L '\Jk_ll i ‘ A .IA_».’]_(“ ) L‘M Ulﬂle»’LA An;\ Rl A«JL‘W,» |

WY

F—

-70dB

CF 2.441 GHz

1000 pts 300.0 ms/

| Measurement uncertainty (ms) | <+0.546 |

Verdict: PASS
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DEKRA Testing and Certification, S.A.U.
Parque Tecnolégico de Andalucia,
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

o Pi/4 DQPSK (packet type 2DH5) — Time of Occupancy (Dwell Time)

D DEKRA

=  Transmit Time per Hop:
2.8776 ms
Spectrum @
Ref Level 20.00 dBm @ RBW 100 kHz
|& Att 30de & SWT Sms @ VBW 300 kHz
SGL TRG: VID
@ 1Pk Clrw
Pl
4.39 dBm|
41.04 ps|
10 dB
0 dBm
~10 dBm:
-20 dby
e TRG -30.000 dBmr
-40 dB
-50 d
-60 dB
1l g M
\ruw il "1 wu V il
CF 2.441 GHz

500.0 ps/
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.F. A29507456

= Time of Occupancy:

N° of hops on spectrum analyzer 11
N° of hops over the period 115.8666667
Average Time of Occupancy 333.41792 ms

Spectrum I [%]
Ref Level 20.00 dBm @ RBW 100 kHz
| Att 30dd @ SWT 35 @ VBW 300 kHz
SGL TRG: VID
@ 1Pk Clrw

TRG -5.000 dBny

~10 dB

-30 dBm:

dl Mnedidlt | st Al i tLth“L
L “ R, o AL L

byl ,h\}gm“; il JL. Ml uh‘vm IWI“U‘\ ‘ML MM Mﬁ.“ ,w’“ |4 AMU Wl M}m

-70dB

CF 2.441 GHz

1000 pts 300.0 ms/

| Measurement uncertainty (ms) | <+0.546 |

Verdict: PASS
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Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

o 8DPSK (packet type 3DH5) — Time of Occupancy (Dwell Time)

=  Transmit Time per Hop:

[za79% Jms

D DEKRA

Spectrum @]
Ref Level 20.00 dBm @ RBW 100 kHz
o Att 30d8 @ SWT Sms @ VBW 300 kHz
SGL TRG:VID
@ 1Pk Clrw
D2[1] -3.33 dB)|
2.87938 ms|
mi[1] 4.37 dBm|
41.04 ps|
10de
M1
-10d L i i I
-20 d
< TRG -30.000 dBn
~40 di
-50 di
-60 dl
ﬂM IMMMM Mﬁmm .‘Nl
Rl ][ /| . u U N
CF 2.441 GHz 1000 pts 500.0 ps/
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

= Time of Occupancy:

N° of hops on spectrum analyzer
N° of hops over the period
Average Time of Occupancy

Spectrum

11

115.8666667

333.6241627

D DEKRA

ms

Ref Level 20.00 dBm @ RBW 100 kHz
| Att 30dd @ SWT 35 @ VBW 300 kHz
SGL TRG: VID

@ 1Pk Clrw

TRG -5.000 dBm

TP 1 J\v" o Al AMIAJIJAHMWWMM hoguh HIAAM Myl L) Loaldle Amlﬁ aq il
y T AL i kgl b Lty o

-70dB

e

L J[Lm "h i bk M}L\A P I 'm
L [ L 4

CF 2.441 GHz 1000 pts 300.0 ms/
| Measurement uncertainty (ms) | <+0.546 |
Verdict: PASS
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DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

D DEKRA

FCC 15.247 (b) / RSS-247 5.4 (b) Maximum peak output power and antenna gain

SPECIFICATION:

For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 hopping
channels: 1 watt (30 dBm). The e.i.r.p. shall not exceed 4 W (RSS-247).

RESULTS:

The EIRP power (dBm) is calculated by adding the maximum declared antenna gain to the measured conducted
power.

Maximum Declared Antenna Gain: -6.2 dBi

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power is not

required to be reduced from the stated values.

GFSK (1 Mbps)

Peak Conducted Output Power Low Channel Middle Channel High Channel
2402 MHz 2441 MHz 2480 MHz
Maximum Conducted Power (dBm) 8.35 8.08 8.54
Maximum EIRP Power (dBm) 2.15 1.88 2.34
Measurement uncertainty (dB) <+2.57
e Pi/4 DQPSK (2 Mbps)
Peak Conducted Output Power Low Channel Middle Channel High Channel
2402 MHz 2441 MHz 2480 MHz
Maximum Conducted Power (dBm) 6.87 6.86 7.07
Maximum EIRP Power (dBm) 0.67 0.66 0.87
Measurement uncertainty (dB) <+2.57
e 8DPSK (3 Mbps)
Peak Conducted Output Power Low Channel Middle Channel High Channel
2402 MHz 2441 MHz 2480 MHz
Maximum Conducted Power (dBm) 7.32 7.27 7.49
Maximum EIRP Power (dBm) 1.12 1.07 1.29
Measurement uncertainty (dB) <+2.57

Verdict: PASS
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Parque Tecnolégico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia
C.I.F. A29507456

e GFSK - Peak Output Power

- Low Channel:

Spectrum

Ref Level 20.00 dBm  Offset 0.80 dB & RBW 2 MHz

D DEKRA

(=]

o Att 30 dB  SWT 10 ms & VBW 10 MHz

Mode Sweep
® 1Pk View

Mi1[1]

10 dBm

8.35 dBm
2.401992500 GHz

0 dBm

-10 dBm

-20 dem /

-30 dBm /

-50 dBrn

RS-

-60 dBm

-70 dem

CF 2.402 GHz

10000 pts

Span 10.0 MHz

- Middle Channel:

Spectrum

Ref Level 20.00 dBm  Offset 0.80 dB & RBW 2 MHz

(=]

o Att 30 dB  SWT 10 ms & VBW 10 MHz

Mode Sweep
® 1Pk View

Mi1[1]

10 dBm

8.08 dBm
2.440998500 GHz

e /

-10 dBm

-20 dBm /

-30 dBm /

-50 dBrn

-60 dBm

-70 dem

CF 2.441 GHz

10000 pts
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C.I.F. A29507456

- High Channel:
Spectrum :21
Ref Level 20.00 dBm Offset 0.80 dB @ RBW 2 MHz
b Att 30de  SWT 10 ms & VBW 10 MHz Mode Sweep
@ 1Pk View
mi[1] 8.54 dBm
2.480007500 GHz
10 dBm il
0 dBm

-10 dBm s \

-20 dBm

S,

-50 dBrm
-60 dBm
-70 dem
CF 2.48 GHz 10000 pts Span 10.0 MHz
e Pi/4 DQPSK - Peak Output Power
- Low Channel:
Spectrum nf
Ref Level 20.00 dBm Offset 0.80 dB @ RBW 2 MHz
ko Att 30de  SWT 10ms & VBW 10 MHz Mode Sweep
@ 1Pk View
M1[1] 6.87 dBm
2.402117500 GHz
10 dBm -
,’__',__-———1—_._\

0dem /

]
// \\
-20 dBm / \

N o,

-50 dBrn

-60 dBm

-70 dBm

CF 2.402 GHz

10000 pts

Span 10.0 MHz
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Parque Tecnolégico de Andalucia, D E K RA
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29507456

- Middle Channel:

Spectrum :nA:;

Ref Level 20.00 dBm  Offset 0.80 dB @ RBW 2 MHz

b Att 30dB  SWT 10 ms & VBW 10 MHz Mode Sweep
@ 1Pk View
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