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

C.I.F. A29507456

Index

CompetenCes aNd QUATANTEES ........oviiiiiiiiiieiiiieie ettt ettt ettt ettt ettt ettt ettt ettt et e e et e e et e e e et e et e e e eeeeeeeeeees 3
LCT=T a1 = U @ o ] o 11 To] o =SSR 3
L0 oot =T o = 1T 1 Y/ 3
Data provided DY the CHENL........coooe e e e e e e 3
Usage Of SAMPIES ... 7
TSt SAMPIE TESCIIPLION ... e e e e e e e e e e e e e eeas 8
[dentification Of the ClENT........cooo e 9
Testing PEriod AN PIACE ... ... 9
DOCUMENT NISTONY ... 9
Environmental CONAItIONS ........oooiiiiiiii 9
Remarks and COMMENTS .......cooiiiiiiiii e 10
TESHNG VEIAICES ... a e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 11
S 1 111 = O 11
Appendix A: Test Common requirements for all Bands ............cccccoeeiiiiiiiiiiii e, 13
Appendix B: Tests results for U-NII-1: 5.15 GHz — 5.25 GHz Band .............ccccooviiiiiiiiieeinnns 118
Appendix C: Tests results for U-NII-3: 5.725 GHz — 5.85 GHz Band.............ccooovveviiieiiieeeee. 201

Report No: 72779RRF.008A1 Page 2 of 259 2023-05-04



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

C.I.F. A29507456

Competences and guarantees

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

DEKRA Testing and Certification is an FCC-recognized accredited testing laboratory with appropriate scope of
accreditation that covers the performed tests in this report.

DEKRA Testing and Certification is an ISED-recognized accredited testing laboratory, CABid: ES1909, Company
Number: 4621A, with the appropriate scope of accreditation that covers the performed tests in this report.

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

DEKRA Testing and Certification 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
at the time of performance of the test.

DEKRA Testing and Certification 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.

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 PODTO00O.

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 ConBox HIGH RD is a Telematics control unit with wireless technologies,
used in automotive, equipped with one modem, OEM. This unit was designed for automotive usage
and contains the following features: GSM, UMTS, LTE, GNSS, Wifi (a, b, g, n, ac), Bluetooth Low
Energy (BTLE) and Bluetooth EDR.
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NAD Antenna Connector F
GNSS Antenna Connector E

4— System Connector C
A

System Connector A
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3. Declaration of Comparability

D DEKRA

A EAMEUNG

Description of chject
Brand/ Customer
CONBOX-HIGH RD

Model name
Variant

Hardware | Software

- 045!
version

0480

is comparable to:

Description of object

Hardware | 5W 045/ 0484

impact for the certification activities.

clocking of output pins and drivers.

above) on COMBOX-High RD - Cluster 37 (D45/0494).

HARMA

FIMBA Y

Declaration of Comparability

HARMAN BECKER
Automotive Systems GmbH
Becker-Garing-5Str. 16
D-76307 Karlzsbad, Germany

declares under our sole responsibility, that the product

Telematic system with BT, WLAN, GNSS, GSM, UMTS, LTE
VW-Group / VW AG/ Audi

ADTO, ABT1, ABTZ, ADT3, ADT4, ADTE, ADTE, ADTT, ADTE, ADTD,
ASED, ABBT, ABSZ, ABS3, ABB4, F114, F115, P118

Telematic system with BT, WLAN, GN3S, GSM, UMTS, LTE

Customer [ Brand VW-Group [ VW AGS Audi
Model COMBOX-HIGH RD
Variant

ADTO, ABT1, ABT2, ADT3, ADT4, ADTS, ADTE, ABTT, ABTE, ADTO,
ADS0, ABB1, ABBZ2, ADB3, ADB4, P114, P115, P110

We declare as authorized responsible person, that the products abowe have HW and 3W changes which have no

The HW version used on COMBOX-HIGH RD will have the same schematics, the same layout, with the same
BTAWLAN-Module and the same country specific NAD module and the HW index will remain 045.

The application SW will be changed to 0484 version. These SW changes do not impact the following parameters:
used frequency ranges / used frequency bands, the used modulation type, the maximum RF power, the
circumstances under which the transmitter operates, the basic frequency andior stabilizing circuitry, frequency
multiplication stages, the basic modulator circuitry or maximum RF power, the field strength ratings, slew rates for

More details about the HW/SW updates are included in: "“CON-BOX-HIGH-RD_temp_test 20230120".

In conclusion, we can say the new SW/HW configuration de not influence the type-approval for all variants (listed

[cormmesponds CL3T)

[comesponds CLAT)

Declared by: checked by: Thomas Roesch (5-PM) [ 28.03.2023
gy
HEA
L
Mr. STOICA lulian, Product Compliance Expert -
Bucharest 28.03.2023
[Place] |Diafe] [SIgnature]
Mr. OLTEANU Marius, Product Compliance Expert. W Fi—y
Bucharest 28.03.2023
[Placs] |Date] (SIgnaturs]
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HW Changes on TCU side

From HW perspective, the main modifications are :

= replacing of unnecessary coupling capacitors CH840/C5841 220nF in PCle bus with 0 Ohm resistors
= cpupling capacitors are already on Qisda MXP module, therefore not needed on main PCB

= mz change is made on the layout of main PCB.

The HW version used on CONBOX-HIGH RD will have the same schematics, the same layout, with the same
BT/WLAN-Medule and the same country specific NAD module and the HW index will remain 045.

S5W Changes on TCU side

From SW perspective, the main updates are :
= change of BT/Wifi driver
= change of PCle speed

There have been:

= Mo changes of the used frequency ranges / bands

= Mo changes of the used modulation type

= Mo changes of the maximum RF power

= Mo changes of the circumstances under which the transmitter operates
= Mo changes of the basic frequency andlor stabilizing circuitry

= Mo changes of the frequency multiplication stages

= Mo changes of the basic modulator circuitry or maximum RF power

= Mo changes of the field strength ratings

= Mo changes of slew rates for clocking of output pins and drivers

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 results.
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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 No. Description Model Serial No. Reception
72779/002 Telematic control unit ConBox HIGH RD 351998105026439 2022/10/17
72779/054 Harness - - 2022/10/17

Auxiliary elements used with the Sample S/01:

Control No. Description Serial No. Reception
72779/011 Ethernet Cable - - 2022/10/17
72779/013 ~ OABR-Converter PCB - - 2022/10/17

Board
72779/014 Power Cable - - 2022/10/17
72779/048 Fakra 4 to 1 Cable - - 2022/10/17
72779/066 Cable Antenna4to 1 - - 2022/10/17

Sample S/01 has undergone the test(s): The Conducted tests indicated in the Appendixes A, B.

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

Control No. Description Model Serial No. Reception
72779/002 Telematic control unit ConBox HIGH RD 351998105026439 2022/10/17
72779/054 Harness - - 2022/10/17
72779/067 Antenna VW ConBox - - 2022/10/17
72779/068 Antenna VW ConBox - - 2022/10/17
72779/069 Antenna VW ConBox - - 2022/10/17
72779/070 Antenna VW ConBox - - 2022/10/17

Auxiliary elements used with the Sample S/02:

Control No. Description Serial No. Reception
72779/011 Ethernet Cable - - 2022/10/17
72779/013 ~ OABR-Converter PCB - - 2022/10/17

Board
72779/014 Power Cable - - 2022/10/17
72779/048 Fakra 4 to 1 Cable - - 2022/10/17
72779/066 Cable Antenna 4to 1 - - 2022/10/17

Sample S/02 has undergone the test(s): The Radiated tests indicated in the Appendixes A, B.
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Test sample description

D DEKRA

Cable
Port name and Specified | Attached | Shielded Coupled
description max during test to
length [m] patient®
RF connector — code O X Il
RF connector — code X X l
RF connector — code X O l

Supplementary information to the
POItS. .o

Rated power supply ........cccceouee. :

Voltage and Frequency

Reference poles

L1 L2 L3 N PE

0 |AC:

O O O O O

X | DC: 12V car battery (4.8 VDC inside of TCU)

Rated Power.......c..cccoevvvvvvnrennn. :

12v DC

Clock frequencies..........cccccee...... :

25MHz; 26MHz; 32,768kHz; 49,58MHz;

Other parameters........................ :

See Technical descriptio

n

Software version...........cceeeeeeenenn. :

0494

Hardware version .............c.c...... : 045
Dimensions incm (W x Hx D) ... : --
Mounting position .........cccccceeeueee : ] | Table top equipment
] | wall/Ceiling mounted equipment
] | Floor standing equipment
O | Hand-held equipment
X | Other: automotive telematics control unit
Modules/parts.........coceeevvieeeennnne : Module/parts of test item Type Manufacturer
Accessories (not part of the test Description Type Manufacturer
item) . : Cable Harness - -
2G/3G/4G/5G Antenna - Hirschmann/
Molex
eCall button/LED - -
SOS Loudspeaker - -
Wake-up unit Box - -
Documents as provided by the Description File name Issue date
applicant .........ccoocveeeiiiieeeenieen, : Technical Description - -
@ Only for Medical Equipment
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Identification of the client

HARMAN BECKER AUTOMOTIVE SYSTEMS GMBH
BECKER-GOERING-STR. 16; 76307 KARLSBAD GERMANY

Testing period and place

Test Location DEKRA Testing and Certification S.A.U.
Date (start) 2022-11-01
Date (finish) 2022-11-11

Document history

Report number Date ‘ Description ‘
72779RRF.008 2022-12-12 | First release

Second release. Modification due to typos. This modification test report
cancels and replaces the test report 72779RRF.008.

72779RRF.008A1 2023-05-04

Environmental conditions

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

Min. = 15°C

Temperature Max. = 35 °C
: _ Min. =20 %
Relative humidity Max. = 75 %

In the semi-anechoic chamber, the following limits were not exceeded during the test:

Min. =15 °C

Temperature Max. = 35 °C
. . Min. = 20 %
Relative humidity Max. = 75 %

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

Temperature m::)( ==1355°c%
in. = 0,
Relative humidity m:}( 22705&
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D DEKRA

Remarks and comments

The tests have been performed by the technical personnel: Miguel Manuel Lopez, Rafael Fernandez, Pablo
Redondo.

Used instrumentation:

Control Equipment Manufacturer Next
No. Calibration
6791 SEMIANECHOIC ABSORBER | FACT 3200 STP | ETS LINDGREN 2024-06-07
LINED CHAMBER IV
6792 SHIELDED ROOM S101 ETS LINDGREN N/A
7445 DC POWER SUPPLY 30V/5A U8002A KEYSIGHT -
TECHNOLOGIES
7760 DIGITAL MULTIMETER 175 FLUKE 2023-11-14
7817 EMI TEST RECEIVER 2Hz- | ESW44 ROHDE AND | 2023-12-30
44GHz SCHWARZ
6165 EMI TEST RECEIVER 9kHz- | ESR7 ROHDE AND | 2023-11-08
7GHz SCHWARZ
4716 SIGNAL AND SPECTRUM | FSW50 ROHDE AND | 2024-08-12
ANALYZER 2Hz-50GHz SCHWARZ
4611 HORN ANTENNA 1-18GHz BBHA 9120 D SCHWARZBECK 2022-11-18
MESS- ELEKTRONIK
6496 HORN ANTENNA 1-18GHz BBHA 9120 D SCHWARZBECK 2023-08-24
4657 HORN ANTENNA 18-40GHz BBHA 9170 SCHWARZBECK 2023-05-05
6143 HYBRID BILOG ANTENNA | 3142E ETS LINDGREN 2023-10-29
30MHz-6GHz
8856 PRE-AMPLIFIER G>30dB 18- | BLMA 1840-4A BONN ELEKTRONIK 2023-11-02
40GHz
5705 PRE-AMPLIFIER G>40dB 1-18 | BLMA 0118-1M BONN ELEKTRONIK 2023-07-21
GHz
3783 PRE-AMPLIFIER G>30dB | BLMA 0118-3A BONN ELEKTRONIK 2022-12-01
1GHz-18GHz
6144 PRE-AMPLIFIER G>40dB | BLNA 0160-01N BONN ELEKTRONIK 2023-03-17
10MHz-6GHz
4848 SOFTWARE FOR EMC/RF | EMC32 ROHDE AND N/A
TESTING SCHWARZ
6793 SHIELDED ROOM S101 ETS LINDGREN N/A
7794 SIGNAL AND SPECTRUM | FSV40 ROHDE AND | 2023-02-26
ANALYZER 10Hz-40GHz SCHWARZ
8848 OPEN SWITCH UNIT UP TO 7.5 | OSP-B157W8 ROHDE & SCHWARZ 2023-08-20
GHz PLUS
0922 POWER SUPPLY DC 40V /40 A | NGPE 40/40 ROHDE AND --
SCHWARZ
7798 EMC/RF MEASUREMENT | WMS32 ROHDE AND N/A
SOFTWARE SCHWARZ
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Testing verdicts

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

Not measured: N/M

Summary

A. Common requirements for all Bands:

FCC PART 15/ RSS-247

Requirement — Test case ‘ Verdict ‘ Remark ‘
Transmitter. Duty Cycle P
Transmitter. 99% Occupied Bandwidth P
Transmitter. 26 dB Emission Bandwidth (EBW) P
Supplementary information and remarks:
None.

B. U-NII-1: 5.15 GHz - 5.25 GHz Band

FCC PART 15/ RSS-247 \

Requirement — Test case Verdict | Remark ‘

FCC 15.407 (a)(L)(ii), (a)(1)(iv)
RSS-247 6.2.1.1
FCC 15.407 (a)(L)(ii), (a)(1)(iv)
RSS-247 6.2.1.1

FCC 15.407 (b)(1)
RSS-247 6.2.1.2

FCC 15.407 (b)(1)
RSS-247 6.2.1.2

Supplementary information and remarks:

Transmitter Maximum Conducted Output Power P

Transmitter Maximum Power Spectral Density P

Transmitter Out of Band Radiated Emissions P

Transmitter Band Edge Radiated Emissions P

None.
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C. U-NII-3: 5.725 GHz - 5.85 GHz Band

FCC PART 15/ RSS-247

Requirement — Test case Verdict | Remark

FCC 15.407 (e) .
RSS-247 6.2.4.1 6 dB Bandwidth P
FCC 15.407 (a)(3)(i) . .
RSS-247 6.2.4.1 Transmitter Maximum Conducted Output Power P
FCC 15.407 (a)(3)(i) . . .
RSS-247 6.2.4.1 Transmitter Maximum Power Spectral Density P
FCC 15.407 (b)(4) . . .
RSS-247 6.2.4.2 Transmitter Out of Band Radiated Emissions P
FCC 15.407 (b)(4) Transmitter Band Edge Radiated Emissions P
RSS-247 6.2.4.2 9
Supplementary information and remarks:

None.
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Appendix A: Test Common requirements

for all Bands
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TEST CONDITIONS

(*) Declared by the Client.

POWER SUPPLY (*):
Vnominal: 12 vVdc
Type of Power Supply: External DC (Vehicle Battery).

ANTENNA (*):

Type of Antenna: External.
Maximum Declared Antenna Gain U-NII-1: +2.38 dBi
Maximum Declared Antenna Gain U-NII-3: +2.38 dBi

TEST FREQUENCIES (*):

Technology Tested: WLAN (IEEE 802.11 a20/ n2040 / ac204080 1x1) U-NII-1
802.11a: 6, 9, 12, 18, 24, 36, 48 & 54 Mbps (SISO, with CDD)
802.11n HT20: MCSO0 to MCS23 (SISO, 1 spatial stream)
802.11n HT40: MCSO0 to MCS23 (SISO, 1 spatial stream)

Modes: 802.11ac VHT20: MCSO0 to MCS9 (SISO, 1 spatial stream)
802.11ac VHT40: MCSO0 to MCS9 (SISO, 1 spatial stream)
802.11ac VHT80: MCSO0 to MCS9 (SISO, 1 spatial stream)

Setting of cores / ports: One.

Beamforming: No.

Frequency Range: 5150 - 5250 MHz

Operating Channel Bandwidth: 20 MHz

Channels Channel Frequency (MHZz)
. ) Low (36) 5180
Transmission Channels: 20 5200
High (48) 5240
Operating Channel Bandwidth: 40 MHz
Channels Channel Frequency (MHz)
Transmission Channels: Low (38) 5190
High (46) 5230
Operating Channel Bandwidth: 80 MHz
_ ] Channels Channel Frequency (MHz)
Transmission Channels: Single (42) 5210

Report No: 72779RRF.008A1 Page 15 of 259 2023-05-04



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia

c/ Severo Ochoa n° 2 - 29590 Campanillas - Mélaga - Espafa

C.ILF. A29507456

Technology Tested: WLAN (IEEE 802.11 a20 / n2040 / ac204080 / 1x1) U-NII-3
802.11a: 6, 9, 12, 18, 24, 36, 48 & 54 Mbps (SISO, with CDD)
802.11n HT20: MCSO0 to MCS23 (SISO, 1 spatial stream)

Modes: 802.11n HT40: MCSO0 to MCS23 (SISO, 1 spatial stream)

802.11ac VHT20: MCSO0 to MCS9 (SISO, 1 spatial stream)

802.11ac VHT40: MCSO0 to MCS9 (SISO, 1 spatial stream)

802.11ac VHT80: MCSO0 to MCS9 (SISO, 1 spatial stream)

Setting of cores / ports:

One.

Beamforming:

No.

Frequency Range:

5725 MHz to 5850 MHz

D DEKRA

Operating Channel Bandwidth: 20 MHz
Channel Channel Frequency (MHz)
. ) Low (149) 5745
Transmission Channels: Middle (157) 5785
High (165) 5825
Operating Channel Bandwidth: 40 MHz
Channel Channel Frequency (MHz)
Transmission Channels: Low (151) 5755
High (159) 5795
Operating Channel Bandwidth: 80 MHz
Transmission Channels: Single (155) 5775
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POWER SETTINGS (*):

The next power settings were used to configure the sample for the tests.

U-NII-1. FCC:
Channel Frequency a n ac
36 5180 MHz 17 17 17
40 5200 MHz 17 17 17
48 5240 MHz 17 17 17
38 5190 MHz 17 17
46 5230 MHz 17 17
42 5210 MHz 17
U-NII-1. RSS:
Channel Frequency a n ac
36 5180 MHz 13 13 13
40 5200 MHz 13 13 13
48 5240 MHz 13 13 13
38 5190 MHz 13 13
46 5230 MHz 13 13
42 5210 MHz 13
U-NII-3. FCC and RSS:
Channel Frequency a n ac
149 5745 MHz 17 17 17
157 5785 MHz 17 17 17
165 5825 MHz 19 19 19
151 5755 MHz 17 17
159 5795 MHz 17 17
155 5775 MHz 17

Report No: 72779RRF.008A1
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D DEKRA

The test set-up was made in accordance to the general provisions of FCC Unlicensed National Information
Infrastructure (U-NII) Devices 789033 D02 General U-NII Test Procedures New Rules v02r01 dated Dec 14, 2017.

The EUT was tested in the following operating mode:

e Continuously transmitting with a modulated carrier at maximum power in all required channels using the
supported data rates/modulations types.

The field strength at the band edges was evaluated for each mode on the lowest and highest channels at the rated
power for the channel under test.

For all modes, the EUT was configured in test mode using a software application. The application was used to enable
a continuous transmission and to select the test channels as required. The client supplied instructions to configure
the EUT. The customer supplied a document containing the setup instructions.

The worst cases for testing were identified for output power and spurious levels at the band edges which were
selected based on preliminary testing. They correspond to the next data rates:

e 802.11a: 6 Mbps SISO 1Tx.

e 802.11n HT20:

802.11n HT40:

802.11ac VHT20:
802.11ac VHTA4O:
802.11ac VHT8O0:

MCSO SISO 1Tx.
MCSO0 SISO 1Tx.
MCSO0 SISO 1Tx.
MCSO0 SISO 1Tx.
MCSO SISO 1Tx.

CONDUCTED MEASUREMENTS:

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

For all modes:

TS8997

EUT
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Results

Transmitter Duty Cycle

D DEKRA

The results below are for data rates with a duty cycle lower than 98%, all the other modes not reported having a
duty cycle = 98%.

Sub-band U-NII-1

Sub-band U-NII-3

Mode Puls.e Period Duty Cycle Pul;e Period Duty Cy_cle
Duration (ms) Correction (dB) Duration (ms) Correction

(ms) (ms) (dB)

802.11 ac80 | 0.331762 | 0.348037 0.21 0.331268 | 0.347479 0.21
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Attachments

SISO 802.11 a20 (U-NII-1)

MultiView Receiver u Spectrum n -

Ref Level 107,00 dBuyv = RBW 20 MHz SGL

& Att 0dB ® SWT 5ms @ VBW 80 MHz Freguency 5.1800000 GHz
Tnput 1 AC _PS  Off  Notch Off

1 Zero Span

MI[1] 64.69 dBuV
100 dy } 1:635436-ms:
D2[1] 1.86 dB
o0 day 1.432197 ms

80 dBp

ibbiotel G kbl bt e bt L i ikttt ettt e ene ik s b o - o it e et Sl Lk bR b L e
vl b
0 dey

50 dey!

40 dey

30 dBp

20 dBp

10 dep

CF 5.18 GHz 10000 pts 500.0 ps/ |
2 Marker Table

M1 1 1.635436 ms 64.69 dBpVv
D2 M1 1 1.4322197 ms 1.86 dB
03 M1 1 1.447927 ms 0.75 dB

SISO 802.11 a20 (U-NII-3)

MultiView Spectrum .

Ref Level 0.00 dBm © RBW 10 MHz SGL
Att 10 dB ® SWT 4 ms ® VBW 10 MHz
1 Zero Span
D3[1] -0,40 dB
1.44924 ms
10 d MI[1]—19.18 dBr
738.42 ps
-20 d
-30 d
-40 d
1 Rz LA vt Y]
-50 d Ml o ”
-60 d N I‘
-70 d
-80 d
-90 d
CF 5.745 GHz 1001 pts 400.0 ps/ |
2 Marker Table

M1 1 738.42 ps -49.18 dBm
D2 M1 1 1.433246 ms 2.51 dB
D3 M1 1 1.44924 ms -0.40 dB
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SISO 802.11 n20 (U-NII-1)

MultiView Receiver n Spectrum n -

Ref Level 107.00 dBuv @ RBW 80 MHz SGL
® Att 0dE ® SWT Sms ® VBW 80 MHz Frequency 5.1800000 GHz
Input 1 AC  PS Off  Notch Off
1 Zero Span
M1[1] 64.96 dBpv
100 dBy | 1.946897 ms
D2[1] 2.64 dB
a0 days 1.339258 ms
a0 dBp
7F Fl Ll .
60 dBp :
50 dBp
40 dBp
30 dBp
20 dBp
10 dey
CF 5.18 GHz 10000 pts 500.0 ps/ |
2 Marker Table
W1 1 1.946897 ms 64.96 dBpVv
D2 ML 1 1.339258 ms 2.64 dB
D3 ML 1 1.355619 ms 0.48 dB
SISO 802.11 n20 (U-NII-3)
Multiview Spectrum .
Ref Level 0.00 dBm @ RBW 10 MHz 56L
Att 10dB & SWT 4 ms & VBW 10 MHz
1 Zero Span )| v
D3[1] 0.09 di
1.366 37 ms
10 d M H—48:75dBnt
89465 ps
o0 d
30 d
40 di
D2
fi ; S e L
W ﬂWNLMWJ WF‘S
60 d u
70 d
-80 df
-90 df
CF 5.745 GHz 1001 pts 400.0 ps/ |
2 Marker Table
M1 1 894.65 ps -48.75 dBm
D2 M1 1 1.338 59 ms 3.05 dB
D3 M1 1 1.366 37 ms 0.09 dB
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SISO 802.11 ac20 (U-NII-1)

MultiView Receiver n Spectrum u -

Ref Level 107.00 dBuv @ RBW &0 MHz SGL
® Att 0dB ® SWT 5ms ® VBW 30 VMHz Frequency 5.1800000 GHz
Input 1AC PSS Off  Notch Off

1 Zero Span

M1[1] 63.94 dBpV

100 dBy | 2.200655 ms

D2(1] 3.04 dB
o0 by 1.348020 ms
30 By

40 dBy

30 By

20 dBp

10 dep
CF 5.18 GHz 10000 pts 500.0 ps/ |
2 Marker Table

M1 1 2.200655 ms 63.94 dBpVv
D2 ML 1 1.34802 ms 3.04 dB
o3 M1 1 1.364321 ms 1.70 dB

SISO 802.11 ac20 (U-NII-3)

MultiView Spectrum .
Ref Level 0.00 dBm & RBW 10 MHz SGL
Att 10 dB ® SWT 4 ms ® VBW 10 MHz
1 Zero Span 1Pk Clruw
D3[1] 0.54 dB
1.35487 ms
-10 d MI[1]—19.33 dBrr
1.65183 ms
20 d
30 d
40 d
il oty faag | i 5 ooy e dnad
Ten VJ“W‘” r &
60 d “. U w
70 d
a0 d
90 d
CF 5.745 GHz 1001 pts 400.0 ps
2 Marker Table

M1 1 1.651 83 ms -49.33 dBm
D2 M1 1 1.3391 ms 2.39dB
D3 M1 1 1.254 87 ms 0.54 dB

Report No: 72779RRF.008A1 Page 22 of 259 2023-05-04



DEKRA Testing and Certification, S.A.U.

Parque Tecnoldgico de Andalucia

c/ Severo Ochoa n° 2 - 29590 Campanillas - Mélaga - Espafa
C.I.F. A29507456

SISO 802.11 n40 (U-NII-1)

D DEKRA

MultiView Receiver n Spectrum u -
Ref Level 107.00 dBuv ® RBW 80 MHz SGL
® Att 0dB ® SWT 2 ms ® VBW 80 VHz Frequency 5.1900000 GHz
Input 1AC  PS Cff  Notch Off
1 Zero Span 1Pk Clrw
M1[1] 66.25 dBpv
100 dBy | 512,458 ps
D2[1] 1.75 dB
50 dby 663,901 ps
30 By

40 dBy

30 By

20 dBp

10 dep

CF 5.19 GHz

10000 pts

200.0 ps/ |

2 Marker Table

M1 1 512.458 ps
02 M1 1 663.901 pis
D3 ML 1 679.822 pis

SISO 802.11 n40 (U-NII-3)

MultiView Spectrum .
Ref Level 0.00 dBr ® RBW 10 MHz SGL
Att 10 dB ® SWT 4 ms ® VBW 10 MHz
1 Zero Span 1Pk Clrw
D3[1] -0.11 dB
135263 ms
104 M1f1}—-52:10-dBr
2.13307 ms
-20 df
=30 df
a0 d
) | , , ) NI , 1oL,
e i oo VJW P A e A e Rl e e WF"WW e b e iy ‘W”v“»‘,uwr e e At
-60 df U u U
-70 df
-80 df
-90 df
CF 5.755 Gz 1001 pts 300.0 s/ |
2 Marker Table
M1 1 2.13307 ms
D2 M1 1 1.32735 ms
D3 M1 1 1.352 62 ms
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SISO 802.11 ac40 (U-NII-1)

MultiView Receiver n Spectrum u -

Ref Level 107.00 dBuv @ RBW &0 MHz SGL
® Att 0dB ® SWT 2 ms ® VBW 30 VHz Frequency 5.1900000 GHz
Input 1AC PSS Off  Notch Off

1Pk 3

M1[1] 65.52 dBpv
100 dBpr } 499,857 ps:
D2[1] 4.40 dB
671.101 ps

| ‘ | TR i< N I " U,
ML D3 II" q’

60| dBp — 1 t T ! T ! [

1 Zero Span

90 dBy

30 By

50 dBp

40 dBy

30 By

20 dBp

10 dep
CF 5.19 GHz 10000 pts 200.0 ps/ |
2 Marker Table

W1 1 499.857 us 65.52 dBpv

D2 ML 1 671.101 ps 4.40 dB
D3 M1 1 687.823 ps 1.45 dB

SISO 802.11 ac40 (U-NII-3)

MultiView Spectrum .

Ref Level 107.00 dBuv/m ® RBW 10 MHz SGL
Att 10dB & SWT 1 ms & VBW 10 MHz
TOF "4611_ANTENNA_AF_3M","S705_aAmplifier”,"5721_CABLE_1m","9131_Cable_9m_TipoN" "9214_Cable_2m_TipoN""Attenuator_10dB"

1 Zero Span

D3[1] -0.01 dB
100 dy 688127 s
M1[1] 75.63 dBpv/m

120.563 ps

a0 dBpv,

N N g L T e T T iy  EWN T e

70 dBY,

60 dBpY,

50 dBLY,

40 dBLY, ¥

30 dBpY,

20 dBpY,

10 dep
CF 5.755 GHz 1001 pts 100.0 ps/ |

2 Marker Table

M1 1 120.563 ps 75.63 dBpV/m
D2 M1 1 672.915 ps -0.76 dB
D3 M1 1 688.127 ps -0.01 dB
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SISO 802.11 ac80 (U-NII-1)

MultiView Receiver u Spectrum n -

Ref Level 107,00 dBuyv @ RBW S0 MHz SGL
® Att OdE ® SWT 1 ms @ VBW 80 MHz Frequency 5.2100000 GHz
Input 1 AC P8 Off  Notch Off
1 Zero Span 1Pk !
M1[1] 64.76 dBpv
100 dby i 350.7830 o
02[1] 2.18 dB
00 dey 331.7615 ps.
80 dey!
70d T i i’
D
T
50 dBpr
40 dey! W
30 dey
20 dBp
10 dep
CF 5.21 GHz 10000 pts 100.0 ps/ |
2 Marker Table
M1 1 350.783 s 64.76 dBpv
D2 M1 1 331.762 ps 2.18 dB
D3 M1 1 348.037 ps -0.21 dB
SISO 802.11 ac80 (U-NII-3)
Multiview Spectrum .
Ref Level 107.00 dBu\/m © RBW 10 MHz SGL

Att 10de & SWT 1 ms ® VBW 10 MHz
TDF "4611 _ANTENNA_AF_3M""S70S_Amplifier" "5721_CABLE_1m","9131_Cable_gm_TipoN" "9214_Cable_2m_TipoN" "Attenuator_10dB"

1 Zero Span

D2[1]

100 dap 31.268 ps.

M1[1] 70.89 dBuV/m
455,211 ps

90 dBpY,

60 dBpY, \

50 dBLY,

40 dBpY,

30 dBpv,

20 dBpY,

10 dep

CF 5.775 GHz 1001 pts 100.0 ps/ |
2 Marker Table

M1 1 455.211 ps 70.89 dBpV/m
D2 M1 1 331.268 ps 3.88 dB
D3 M1 1 347.479 jis -0.21 dB
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Limits

Transmitter. 99% Occupied Bandwidth

The occupied bandwidth or the “99% emission bandwidth” is defined as the frequency range between two points,
one above and the other below the carrier frequency, within which 99% of the total transmitted power of the
fundamental transmitted emission is contained.

The following conditions shall be observed for measuring the occupied bandwidth:

The transmitter shall be operated at its maximum carrier power measured under normal test conditions.
The span of the spectrum analyzer shall be set large enough to capture all products of the modulation
process, including the emission skirts, around the carrier frequency, but small enough to avoid having
other emissions (e.g. on adjacent channels) within the span.

The detector of the spectrum analyzer shall be set to “Sample”. However, a peak, or peak hold, may be
used in place of the sampling detector since this usually produces a wider bandwidth than the actual
bandwidth (worst-case measurement). Use of a peak hold (or “Max Hold”) may be necessary to determine
the occupied / x dB bandwidth if the device is not transmitting continuously.

The resolution bandwidth (RBW) shall be in the range of 1% to 5% of the actual occupied / x dB bandwidth
and the video bandwidth (VBW) shall not be smaller than three times the RBW value. Video averaging is
not permitted.

Note: It may be necessary to repeat the measurement a few times until the RBW and VBW are in compliance
with the above requirement.

For the 99% emission bandwidth, the trace data points are recovered and directly summed in linear power level
terms. The recovered amplitude data points, beginning at the lowest frequency, are placed in a running sum until
0.5% of the total is reached, and that frequency recorded. The process is repeated for the highest frequency data
points (starting at the highest frequency, at the right side of the span, and going down in frequency). This frequency
is then recorded. The difference between the two recorded frequencies is the occupied bandwidth (or the 99%
emission bandwidth).

Results

This test was performed on all the supported modes of the EUT, in the worst data rates after preliminary testing:

802.11a:
802.11n HT20:
802.11n HT40:

802.11ac VHT20:
802.11ac VHTA4O:
802.11ac VHTS80:

Report No: 72779RRF.008A1

6 Mbps SISO 1Tx.
MCSO0 SISO 1Tx.
MCSO0 SISO 1Tx.
MCSO0 SISO 1Tx.
MCSO0 SISO 1Tx.
MCSO0 SISO 1Tx.

Page 26 of 259

2023-05-04



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

C.I.F. A29507456

SISO 802.11 a20

U-NII-1 FCC (5150-5250 MHz):

Low Channel High Channel
Channels 36 ég%gnﬁlﬁg 48
(5180 MH2) (5240 MHz)
99% Occupied Bandwidth (MHz) | 16.600000 16.600000 16.700000
Measurement uncertainty (%) <#1.41
U-NIl-1 RSS (5150-5250 MHZ2):
Low Channel High Channel
Channels 36 (C;g%rén'\eﬂlﬁz(; 48
(5180 MHz) (5240 MHz)
99% Occupied Bandwidth (MHz) | 16.600000 16.700000 16.600000
Measurement uncertainty (%) <+1.41

U-NII-3 (5725-5850 MH2z):

Low Channel | Middle Channel | High Channel
Channels 149 157 165
(5745 MHz) (5785 MHz) (5825 MHz)

99% Occupied Bandwidth (MHz) 16.700000 16.600000 16.600000
Measurement uncertainty (%) <141

SISO 802.11 n20 (HT20)

U-NII-1 FCC (5150-5250 MHz):

Low Channel High Channel
Channels 36 (%g%gnﬂ'jg 48
(5180 MHz) (5240 MHz)
99% Occupied Bandwidth (MHz) 17.600000 17.600000 17.700000
Measurement uncertainty (%) <#1.41
U-NII-1 RSS (5150-5250 MHZz):
Low Channel High Channel
Channels 36 gg%r(])nl\(jlll—?z(; 48
(5180 MHz) (5240 MHz)
99% Occupied Bandwidth (MHZz) 17.600000 17.600000 17.600000
Measurement uncertainty (%) <#1.41

U-NII-3 (6725-5850 MHz):

Low Channel | Middle Channel | High Channel
Channels 149 157 165
(5745 MHz2) (5785 MH2) (5825 MHz)
99% Occupied Bandwidth (MHz) 17.700000 17.600000 17.600000
Measurement uncertainty (%) <#1.41
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SISO 802.11 ac20 (VHT20)

U-NII-1 FCC (5150-5250 MHz):

Low Channel High Channel
Channels 36 ég%gnﬁlﬁg 48
(5180 MHz) (5240 MHz)
99% Occupied Bandwidth (MHz) | 17.600000 17.600000 17.600000
Measurement uncertainty (%) <#1.41
U-NIl-1 RSS (5150-5250 MHZ2):
Low Channel High Channel
Channels 36 (C;g%rén'\eﬂlﬁz(; 48
(5180 MHz) (5240 MHz)
99% Occupied Bandwidth (MHZz) 17.600000 17.600000 17.700000
Measurement uncertainty (%) <#1.41

U-NII-3 (5725-5850 MH2z):

Low Channel | Middle Channel | High Channel

Channels 149 157 165

(5745 MHz) (5785 MHz) (5825 MHz)

99% Occupied Bandwidth (MHz) 17.600000 17.700000 17.600000
Measurement uncertainty (%) <141

SISO 802.11 n40 (HT40)

U-NII-1 FCC (5150-5250 MHz):

Low Channel | High Channel
Channels 38 46
(5190 MHz) | (5230 MHz)
99% Occupied Bandwidth (MHz) | 36.250000 36.250000
Measurement uncertainty (%) <#1.41

U-NIl-1 RSS (5150-5250 MHZ):

Low Channel | High Channel
Channels 38 46
(5190 MHz) | (5230 MHz)
99% Occupied Bandwidth (MHz) | 36.250000 36.250000
Measurement uncertainty (%) <#1.41

U-NII-3 (6725-5850 MHz):

Low Channel | High Channel
Channels 151 159
(5755 MHz) | (5795 MHz)
99% Occupied Bandwidth (MHz) | 36.250000 36.250000
Measurement uncertainty (%) <#1.41
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SISO 802.11 ac40 (VHT40):

U-NII-1 FCC (5150-5250 MHz):

Low Channel | High Channel
Channels 38 46
(5190 MHz) | (5230 MHz)
99% Occupied Bandwidth (MHz) | 36.250000 36.250000
Measurement uncertainty (%) <#1.41

U-NII-1 RSS (5150-5250 MHz):

Low Channel | High Channel
Channels 38 46
(5190 MHz) | (5230 MHz)
99% Occupied Bandwidth (MHz) | 36.250000 36.250000
Measurement uncertainty (%) <#1.41

U-NII-3 (5725-5850 MH2):

Low Channel | High Channel
Channels 151 159
(5755 MHz) | (5795 MHz)
99% Occupied Bandwidth (MHz) | 36.250000 36.250000
Measurement uncertainty (%) <141

SISO 802.11 ac80 (VHT80):

U-NII-1 FCC (5150-5250 MH2z):

Single Channel
Channel 42
(5210 MHz2)
99% Occupied Bandwidth (MHZz) 76.500000
Measurement uncertainty (%) <#1.41

U-NII-1 RSS (5150-5250 MHz):

Single Channel
Channel 42
(5210 MHz)
99% Occupied Bandwidth (MHZz) 76.500000
Measurement uncertainty (%) <#1.41

U-NII-3 (5725-5850 MH2z):

Report No: 72779RRF.008A1

Single Channel
Channel 155
(5775 MHz)
99% Occupied Bandwidth (MHZz) 77.000000
Measurement uncertainty (%) <#1.41
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Attachments

SISO 802.11 a20

U-NII-1 FCC (5150-5250 MHz)

- Low Channel 36 (5180 MHz):

Levelin dBm

D DEKRA

93 % Bandwidth

5180

Frequency in MHz
Spectrum uf
Ref Level 0.00 dBm @ RBW 200 kHz
Att 20dB  SWT 28.5ps @ VBW 1 MHz Mode Auto FFT

SGL Count 200/200

@ 1Pk Max

-10

N |

f/uv\/“ﬁv—\W,UJ\f»f\

,

;

/

}\[\"\"\/"“W/\M/\/A\/ ¥

\'\,JV\J\\ /~nAn

-50 dem

70 di

-80 d

-90 di

CF 5.18 GHz

300 pts

Spon 40.0 MHz
J T v
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- Channel 40 (5200 MHz):

D DEKRA

93 %% Bandwidth

1071
ol /\/\NWW
e
m
©
£
)
>
[]
-
} } } } } |
Rz0n 5210 B2z0
Frequency in MHz
e (z]
Ref Level 0.00 dBm @ RBW 200 kHz
Att 20dB  SWT 28.5ps & VBW 1MHz Mode Auto FFT
SGL Count 200/200
@ 1Pk Max
-10 dl
s TNV A

=20 d /
30 di

o /

-

,,./\JWJ\/\J\/VJ‘“ \f\u’\’“J\/ b /\N\——’\/\\J\’“\/"\’\

-60 def
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- High Channel 48 (5240 MHz):

93 %% Bandwidth

Levelin dBm

L

52h0 5260

5240

] 5230

Frequency in MHz
Spectrum an:
Ref Level 0.00 dBm @ RBW 200 kHz
Att 20dB  SWT 28.5ps @ VBW 1MHz Mode Auto FFT
SGL Count 200/200

@ 1Pk Max

10 di

I Fenss i e /\"*\/""’\/“\W

=20 d

30 di

/ \

-50 dei

70 db:

-80 d

-90 di

CF 5.24 GHz 400 pts siun 40.0 MHz
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U-NII-1 RSS (5150-5250 MHz)

- Low Channel 36 (5180 MHz):

Levelin dBm

93 %% Bandwidth

D DEKRA

5180

Frequency in MHz

5130

Spectrum
Ref Level 0.00 d&m @ RBW 200 kHz
Att 20CB  SWT 28.5ps @ VBW 1 MHz

SGL Count 200,/200

Mode Auto FFT

[Controlled by EMC32 @ 1Pk Max

-20

pp—

N

-30 des

40 dem N
/ \
50, dgg N Ko .
== MM IO A
-70 dei
-80
00 de
CF 5.18 GHz 400 pts Span 40.0 MHz
(]
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- Channel 40 (5200 MHz):

93 %% Bandwidth

Levelin dBm

5210

Rz0n
Frequency in MHz

Spectrum u[!\:l

Ref Level 0.00 dém @ RBW 200 kHz

Att 2008 SWT 28.5pus @ VBW 1 MHz Mode Auto FFT
SGL Count 200,/200
fControlled by EMC32 @ 1Pk Max

-20 dB
NS AN e VLS v
30 dB /

50 dB /
o ; ’ﬁ/ L\/\J\w\hﬁu\\/v\

-90 def

400 pts Span 40.0 MHz

I ] CIREND we

CF 5.2 GHz
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- High Channel 48 (5240 MHz):

93 %% Bandwidth

gl P

Level in dBm

220 230 5240 5250
Frequency in MHz

Spectrum uz\:

Ref Level 0.00 deém @ RBW 200 kHz

Att 2008 SWT 23.5ps @ VBW 1MHz  Mode Auto FFT
SGL Count 200,200

[ontrolled by EMC32 @ 1Pk Max

o NS £ = VS

- / \

\
b \

- / %

AT A
5 ﬁm«nxﬂ,ﬂ/ AN A
=70 dl
-80
a0 d8
CF 5.24 GHz 400 pts Span 40.0 MHz
1 ] [T
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U-NII-3 (5725-5850 MHz)

- Low Channel 149 (5745 MHz):

93 %% Bandwidth

—_
[}
1
1

_‘I D_

20

=304

Levelin dBm

=40+

5725 5730 5740 5750
Frequency in MHz

Spectrum I mAJI

Ref Level 0.00 dBm @ RBW 200 kHz

Att 20de  SWT 28.5ps @ VBW 1MHz Mode Auto FFT
SGL Count 200/200

Controlled by EMC32 @ 1Pk Max

-10 dBm

-20 dBm \
-30 dBm / \
-40 dBm / \

-50 dBm J\/ \VW\/‘

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 5.745 GHz 400 pts Span 40.0 MHz

S | |
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