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2 General information

2.1 Notes and disclaimer

The test results of this test report relate exclusively to the test item specified in this test report. CETECOM ICT
Services GmbH does not assume responsibility for any conclusions and generalizations drawn from the test
results with regard to other specimens or samples of the type of the equipment represented by the test item.

The test report may only be reproduced or published in full. Reproduction or publication of extracts from the report
requires the prior written approval of CETECOM ICT Services GmbH.

The testing service provided by CETECOM ICT Services GmbH has been rendered under the current "General
Terms and Conditions for CETECOM ICT Services GmbH".

CETECOM ICT Services GmbH will not be liable for any loss or damage resulting from false, inaccurate,
inappropriate or incomplete product information provided by the customer.

Under no circumstances does the CETECOM ICT Services GmbH test report include any endorsement or
warranty regarding the functionality, quality or performance of any other product or service provided.

Under no circumstances does the CETECOM ICT Services GmbH test report include or imply any product or
service warranties from CETECOM ICT Services GmbH, including, without limitation, any implied warranties of
merchantability, fitness for purpose, or non-infringement, all of which are expressly disclaimed by CETECOM ICT
Services GmbH.

All rights and remedies regarding vendor’s products and services for which CETECOM ICT Services GmbH has
prepared this test report shall be provided by the party offering such products or services and not by CETECOM
ICT Services GmbH.

In no case this test report can be considered as a Letter of Approval.

This test report is electronically signed and valid without handwritten signature. For verification of the electronic
signatures, the public keys can be requested at the testing laboratory.

2.2 Application details

Date of receipt of order: 2015-10-13
Date of receipt of test item: -/-
Start of test: 2016-06-06
End of test: 2016-06-14
Person(s) present during the test: -/-

3 Test laboratories sub-contracted

Ericsson AB

Lindholmspiren 11

417 56 Goteborg / SWEDEN

Phone: +46 10 719 0000

Fax: +46 10 712 9999

Contact: Sanel Dervisevic

e-mail: sanel.dervisevic@ericsson.com
Phone: +46 10 712 0056
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4 Test standard/s

Test standard Date
CFR 47 Part 15 2015-10
RSS-210 2010-12
2015-05
RSS-Gen 2014-11

5 Referenced test standards

Test standard Date

CFR 47 Part 1 2014-10
CFR 47 Part 2 2014-10
RSP-100 2014-11
RSP-113 2007-10
RSS-102 2015-03
SP 47 GHz 2001-01
TRC-43 2012-11

ANSI C63.4-2014 -/-

ANSI C63.10-2013

1
L
1

RESOLUTION 2008-07
No. 506

6 Test environment

Test standard description

Code of Federal Regulations Title 47: Telecommunication
Part 15 — Radio frequency

Licence-exempt Radio Apparatus (All Frequency Bands): Category |
Equipment

General Requirements for Compliance of Radio Apparatus

Test standard description

Code of Federal Regulations Title 47: Telecommunication
Part 1 - Practice and procedure

Code of Federal Regulations Title 47: Telecommunication
Part 2 - Frequency allocations and radio treaty matters; General rules
and regulations

Certification of Radio Apparatus

Application Procedures for Planned Radio Stations Above 960 MHz in
the Fixed Service

Radio Frequency (RF) Exposure Compliance of Radiocommunication
Apparatus (All Frequency Bands)

Spectrum Ultilization Policy for Licence Exempt Wireless Devices in the
Bands 46.7-46.9 GHz, 57-64 GHz and 76-77 GHz

Designation of Emissions (Including Necessary Bandwidth and
Classification), Class of Station and Nature of Service

American national standard for methods of measurement of radio-noise
emissions from low-voltage electrical and electronic equipment in the
range of 9 kHz to 40 GHz

American national standard of procedures for compliance testing of
unlicensed wireless devices

NATIONAL TELECOMMUNICATIONS AGENCY (ANATEL)
(Section XVII Systems Operating in the 57-64 GHz Band, At. 73 to 77
are applicable

Trom |[+20 °C during room temperature tests
Temperature Tmax | +55 °C during high temperature tests

T min -33 °C during low temperature tests
Relative humidity content 55 %

Viom |115 V AC, 50/60 Hz
Power supply Vmax | 132 V

Vmin 98 V
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7 Test item

7.1 General description

Kind of test item

60 GHz point-to-point fixed digital microwave link

Type identification

MINI-LINK 6351 60/BCD

HMN N/A

PMN MINI-LINK 6351

HVIN MINI-LINK 6351 60/21H
FVIN N/A

S/N serial number

see table below

HW hardware status

see table below

SW software status

CXP 902 6698/3 R7D04

Frequency band

Low band: 59.000 GHz — 60.000 GHz
High band: 61.000 GHz — 62.000 GHz

Duplex separation:

2000 (1000-3000) MHz

Type of modulation

4/16/32/64/128/256 QAM

Antenna

Integrated antenna

Power supply

100 V to 240 V AC, 50/60 Hz via PoE+

-33°C to +55°C

Temperature range

7.2 List of tested components

Product name Product number Serial Number Revision Remark
MINI-LINK 6351 60/21H UKL 501 58/21H A2310FEUA9 R1B 1)
MINI-LINK 6351 60/21L UKL 501 58/21L A2310F5X62 R1B 2)

Remarks:
1) EUT (high band)
2) Transmitter (low band, counterpart)

7.3 Additional information

The content of the following annexes is defined in the QA. It may be that not all of the listed annexes are
necessary for this report, thus some values in between may be missing.

The spurious emissions conducted, the spurious emissions radiated and the AC power line conducted emissions
were performed at CETECOM ICT testing laboratory and all the other tests were performed at Qamcom Research
& Technology AB laboratory.

1-0047/15-02-01_AnnexA
1-0047/15-02-01_AnnexC

Test setup- and EUT-photos are included in test report:

Page 5 of 76



Test report no.: 1-0047/15-02-06-A

CETECOM"
st

7.4 Adaptive Frame Formats to be tested

Radio Unit cs Modulation F;Jl'b?tfg spectrﬁ'; Mask
ML 6351 4 QAM <75 1-3
ML 6351 16 QAM <151 4L-4H
ML 6351 50 M 32 QAM <188 4L-4H
ML 6351 64 QAM <226 5L-5H
ML 6351 128 QAM <264 5L-5H
ML 6351 256 QAM <302 5L-5H
ML 6351 4 QAM <154 13
ML 6351 16 QAM <308 4L-4H
ML 6351 100 M 32 QAM <386 4L-4H
ML 6351 64 QAM <463 5L-5H
ML 6351 128 QAM <541 5L-5H
ML 6351 256 QAM <618 5L-5H
ML 6351 4 QAM <232 13
ML 6351 16 QAM <465 4L-4H
ML 6351 150 MHz 32 QAM <582 4L-4H
ML 6351 64 QAM <698 5L-5H
ML 6351 128 QAM <815 5L-5H
ML 6351 4 QAM <305 13
ML 6351 16 QAM <612 4L-4H
ML 6351 200 MHz 32 QAM <765 4L-4H
ML 6351 64 QAM <919 5L-5H
ML 6351 128 QAM <1000 5L-5H
ML 6351 4 QAM <385 13
ML 6351 16 QAM <771 4L-4H
ML 6351 250 MHz 32 QAM <964 4L-4H
ML 6351 64 QAM <1000 5L-5H

7.5 ML 6351 Frequency Ranges, Channel Spacing & Duplex Separation:

Product / Index
(Frequency step)

Channel Spacing
(MHz)

Frequency Range,
Min & Max (MHz)

Duplex Separation (MHz)

6351/BCD
B11
(1 MHz)

Min / max f range

59000.00 - 60000.00
paired with
61000.00 - 62000.00

50

59025.00 - 59975.00
paired with
61025.00 - 61975.00

100

59050.00 - 59950.00
paired with
61050.00 - 61950.00

150

59075.00 - 59925.00
paired with
61075.00 - 61925.00

200

59100.00 - 59900.00
paired with
61100.00 - 61900.00

250

59125.00 - 59875.00
paired with
61125.00 - 61875.00

2000 (1000-3000)
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7.6 Operating conditions during tests

Test Case Frame Formats (o] EUT*
Bandwidth / Occupied bandwidth / | 4/16/32 /64/128/256 QAM | 50/100/150/200/250 | M
Spectral efficiency / Emission MHz
Designator
Power density of any emission/ | 4/16/32 /64/128/256 QAM | 50/100/150/200/250 | M
In-Band Power Density Limits/ In- MHz

Band Emissions

Emission limitations (RF spectrum | 4/16/32 /64/128/256 QAM | 50/100/150/200/250 | BMT

mask) / Spurious emissions at MHz
antenna terminals
Limits on Spurious Emission 4QAM 50 MHz BMT

(Spurious emissions — conducted,
Spurious emissions at antenna
terminals)/

Spurious Emission Limits

Limits on Spurious Emission 4QAM 50 MHz BMT
(Spurious emissions — radiated,
Field strength of spurious

radiation)/
Spurious Emission Limits
Transmitter Output Power / 4/16/32 /64/128/256 QAM | 50/250 MHz BMT
Peak Tx Output Power
Frequency stability unmodulated 50 MHz BMT
Antenna Gain -/- -/- BMT
Conducted limits / AC Power Line | 4QAM 50 MHz M

Conducted Emissions Limits

*B: bottom channel, M: middle channel, T: Top channel, ref: reference climatic conditions, extr: extreme climatic
conditions

Additional comments: Uninterrupted operation for Tx and Rx.
All tests were performed on MINI-LINK 6351 60/21H (high band).
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8 Measurement and test set-up, measurement uncertainties

Measurement uncertainties:
Power +0.4dB
Frequency + 0.01 ppm
Spectrum masks +1.9dB; + 0.01 ppm
Spurious emissions + 3.0 dB; £ 0.01 ppm

9 Description of the test setup

Typically, the calibrations of the test apparatus are commissioned to and performed by an accredited calibration
laboratory. The calibration intervals are determined in accordance with the DIN EN ISO/IEC 17025. In addition to
the external calibrations, the laboratory executes comparison measurements with other calibrated test systems
or effective verifications. Weekly chamber inspections and range calibrations are performed. Where possible, RF
generating and signaling equipment as well as measuring receivers and analyzers are connected to an external
high-precision 10 MHz reference (GPS-based or rubidium frequency standard).

In order to simplify the identification of the equipment used at some special tests, some items of test equipment
and ancillaries can be provided with an identifier or number in the equipment list below (Lab/ltem).

Agenda: Kind of Calibration

k calibration / calibrated EK limited calibration

ne not required (k, ev, izw, zw not required) zw cyclical maintenance (external cyclical
maintenance)

ev periodic self verification izw  internal cyclical maintenance

Ve long-term stability recognized g blocked for accredited testing

vlkl!  Attention: extended calibration interval

NK!  Attention: not calibrated *) next calibration ordered / currently in progress

Page 8 of 76



Test report no.: 1-0047/15-02-06-A CWM ;

9.1 Shielded semi anechoic chamber

The radiated measurements are performed in vertical and horizontal plane in the frequency range from 9 kHz to
1 GHz in semi-anechoic chambers. The EUT is positioned on a non-conductive support with a height of 0.80 m
above a conductive ground plane that covers the whole chamber. The receiving antennas are confirmed with
specifications ANSI C63. These antennas can be moved over the height range between 1.0 m and 4.0 m in order
to search for maximum field strength emitted from EUT. The measurement distances between EUT and receiving
antennas are indicated in the test setups for the various frequency ranges. For each measurement, the EUT is
rotated in all three axes until the maximum field strength is received. The wanted and unwanted emissions are
received by spectrum analyzers where the detector modes and resolution bandwidths over various frequency
ranges are set according to requirement ANSI C63.

i

RAM — radiation Tmtod m i
absorbent material * — EMI receiver i
i

I turntable / i

tri-log antenna | B i

equipment under test antenna controller !

I |

]

| —| relay switch unit [

i

]

! a

i

| | power supply !

]

I

08&8m | non conductive table | !
]

]

| |

i

i

| |

I

| !

turntable i

\/ ’

) optional signaling i

direction ofjlrotatinn (360%) - azimuth reflecting ground plane J unit !
i

Measurement distance: tri-log antenna 10 meter

FS=UR+CL + AF
(FS-field strength; UR-voltage at the receiver; CL-loss of the cable; AF-antenna factor)

Example calculation:
FS [dBuV/m] = 12.35 [dBuV/m] + 1.90 [dB] + 16.80 [dB/m] = 31.05 [dBuV/m] (35.69 uV/m)
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Equipment table:

Lab / . . INV. No Kind of Last Next
132 Item Equipment yps LEnTEEE Sl e Cetecom Calibration | Calibration | Calibration
1 n. a. Switch / Control Unit | 3488A HP 300000929 | ne
2 n.a. Directional Coupler | 101020010 Krytar 70215 300002840 |ev
3 n. a. DC-Blocker 8143 Inmet Corp. none 300002842 | ne
4 n. a. Powersplitter 6005-3 Inmet Corp. 300002841 |ev
5 n. a. gf]r:r’;ifrt”re Test 1\ 4002 Heraeus Voetsch 8856604682001 300003019 | ev 03.09.2015 | 03.09.2017
6 n. a. gﬁzt;’; DC Power | \5767A Agilent Technologies | US14J1569P | 300004851 | vIKI! 04.09.2014 | 04.09.2016
7 n. a. §(')%‘ﬁ'ZA”a'yzer FSV30 R&S 103170 300004855 | k 25.01.2016 | 25.01.2017
n.a. | Power Sensor NRP-Z81 R&S 100010 300003780 | k 25.01.2016 | 25.01.2017
AC2- ST18/SMAmM/SMAm/ Batch no.
co1 RF-Cable 72 Huber & Suhner 605505 400001187 | ev
10 |52 |RF-Cable Sucoflex 104 Huber & Suhner 147636/4 400001188 | ev
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9.2 Shielded fully anechoic chamber

shielded full anechoic chamber

!

!

:

1

!

!

:

1
i
1
g |
El
=
o
o
=
Q!
3.

RAM — radiation
absorbent material N ) .
ndlrectlon of rotation (360°) - elevation — EMI receiver
2
g ] homn antenna
= equipment under test audio & videa
£ U ——
=
® turntable /
antenna controller

| power supply

USB, R5232, N and SMA
turntable Q

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
|
senvice panel — AC, DC, loop antenna i relay switch unit
I
I
I
|
|
i
i
I
I
I
|
i
i
1l
1l
l
|
i
i
1l
1l
1l

direction of rotatiun:(SEU“} - azimuth

— . optional signalin
pt g g

'

|
|
|
(N ETnESNEENEEEREREENEEEERE SRS REE SR E RN ESEEERMEEEEEESR YR SESa. ______________________

Measurement distance: horn antenna 3 meter; loop antenna 3 meter

FS=UR + CA + AF
(FS-field strength; UR-voltage at the receiver; CA-loss of the signal path; AF-antenna factor)

Example calculation:
FS [dBuV/m] = 40.0 [dBuV/m] + (-35.8) [dB] + 32.9 [dB/m] = 37.1 [dBuV/m] (71.61 pV/m)

OP=AV+D-G+CA
(OP-radiated output power; AV-analyzer value; D-free field attenuation of measurement distance;
G-antenna gain+amplifier gain; CA-loss signal path)

Example calculation:
OP [dBm] =-39.0 [dBm] + 57.0 [dB] - 12.0 [dBi] + (-36.0) [dB] = -30 [dBm] (1 pW)

-
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Equipment table:

9kHz-26,5GHz

Lab/ . . INV. No Kind of Last Next
— Item e Tl I L T ML L Cetecom Calibration | Calibration | Calibration
DC power supply,
1 n. a. 60Vdc, 50A, 1200 W 6032A HP 2818A03450 300001040 | Ve 20.01.2015 |20.01.2018
Double-Ridged
2 n. a. Waveguide Horn 3115 EMCO 8812-3088 300001032 | vIKI! 20.05.2015 |20.05.2017
Antenna 1-18.0GHz
3 n. a. Anechoic chamber FAC 3/5m MWB / TDK 87400/02 300000996 |ev
4 n.a. Switch / Control Unit | 3488A HP * 300000199 | ne
Variable isolatin MPL IEC625 Bus
5 9 9 Variable isolating Erfi 91350 300001155 | ne
transformer
transformer
Active Loop Antenna
6 90 10 kHz to 30 MHz 6502 EMCO/2 8905-2342 300000256 |k 24.06.2015 |24.06.2017
7 n. a. Amplifier 15532'00502650'28' Parzich GMBH 928979 300003143 | ne
. ) WRCG1855/1910- A
8 n. a. Band Reject filter 1835/1925-40/85S Wainwright 7 300003350 |ev
) ) WRCG2400/2483- N
9 n. a. Band Reject filter 2375/2505-50/10SS Wainwright 11 300003351 |ev
10 n.a. Highpass Filter WHKX7.0/18G-8SS | Wainwright 18 300003789 | ne
TRILOG Broadband
11 n. a. Test-Antenna 30 VULB9163 Schwarzbeck 371 300003854 | vIKI! 29.10.2014 |29.10.2017
MHz - 3 GHz
12 [na |poRSwieh L4491A Agilent Technologies | MY50000037 | 300004509 | ne
13 |n.a |EMITestReceiver | gqpog R&S 101376 300005063 | k 04.09.2015 | 04.09.2016
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9.3 AC conducted

EUT

AC conducted

EUT table

AC power
(80 cm)

cable

FS=UR+CF +VC
(FS-field strength; UR-voltage at the receiver; CR-loss of the cable and filter; VC-correction factor of the ISN)

Example calculation:

2 line V' — network
relay matrix

power transformer

RF cable

conductive ground plane

EMI receiver

FS [dBpV/m] = 37.62 [dBuV/m] + 9.90 [dB] + 0.23 [dB] = 47.75 [dBuV/m] (244.06 pV/m)

Equipment table:

Lab/ . . INV. No Kind of Last Next

— Item e ATt LI G il Cetecom Calibration | Calibration | Calibration
Two-line V-Network

1 n. a. (LISN) 9 kHz to 30 ESH3-Z5 R&S 892475/017 300002209 |k 17.06.2014 | 17.06.2016
MHz
Analyzer-Reference-

2 n.a. | System (Harmonics | ARS 16/1 SPS ,8238;)9 0710 300003314 | Ve 02.02.2016 | 02.02.2018
and Flicker)
MXE EMI Receiver . .

8 n. a. 20 Hz to 26,5 GHz N9038A Agilent Technologies | MY51210197 300004405 |k 04.02.2016 | 04.02.2017
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9.4 Radiated measurements > 18 GHz

horn antenna

€——=—=>

1

1

1

1

1

1

1

1

1

|

1

1

H Eut measurement distance 50 cm
1

1

1

1

! #
1

|
o
1

I +
1

1

1

|

| signaling unit power supply
1

1

1

1

horn antenna

amplifier

external
mixer

RF cable

RF cable

spectrum analyzer

power supply

i EUT f——-—*--—

OP=AV+D-G

(OP-rad. output power; AV-analyzer value; D-free field attenuation of measurement distance; G-antenna gain)

Example calculation:

OP [dBm] = -54.0 [dBm] + 64.0 [dB] - 20.0 [dBi] = -10 [dBm] (100 pW)

Note: conversion loss of mixer is already included in analyzer value.

Equipment table:

See next page!

spectrum analyzer
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9.6 Conducted Measurements

Test set-up No. 1: Output Power measurement

Stimuli
PT
Att.
EUT Att. Pﬂ"t'-*er
meier
PT C
Climatic
chamber

Test set-up No. 2: Spectrum Mask measurement

Stimuli
PT
I
Att.
EUT Att. Spectrum
PT Analyzer
c
Climatic
chamber
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Equipment table:

Lab / . . INV. No Kind of Last Next
2 Item S e dniEIc 2kl o Cetecom Calibration | Calibration | Calibration
Std. Gain Horn
1 A023 Antenna 39.3-59.7 | 2424-20 Flann 75 300001979 | ne
GHz
Std. Gain Horn
2 A025 Antenna 49.9-75.8 | 2524-20 Flann * 300001983 | ne
GHz
Std. Gain Horn
&) A026 Antenna 49.9-75.8 | 2524-20 Flann * 300001986 | ne
GHz
Std. Gain Horn
4 A027 | Antenna 73.8-112 2724-20 Flann * 300001988 | ne
GHz
Std. Gain Horn
5 A028 | Antenna 73.8-112 2724-20 Flann * 300001991 | ne
GHz
Std. Gain Horn
6 Antenna 12.4 to 18.0 | 639 Narda 8402 300000787 |k 14.08.2015 | 14.08.2017
GHz
Std. Gain Horn
7 Antenna 18.0 to 26.5 | 638 Narda 300000486 |k 10.09.2015 | 10.09.2017
GHz
Std. Gain Horn
8 A031 Antenna 26.5 to 40.0 | V637 Narda 82-16 300000510 |k 14.08.2015 | 14.08.2017
GHz
9 n.a | Spectrum Analyzer | g g5, R&S 200012 300003443 | Ve 02.10.2014 | 02.10.2016
20 Hz - 50 GHz
Harmonic Mixer 2-
10 n. a. Port, 50-75 GHz FS-Z75 R&S 100099 300003949 |k 09.03.2016 | 09.03.2017
PXA Spectrum .
11 n.a  |Analyzer 3Hzto | NOOSOAPXASIGNAl | 5ot Technologies | US51350267 | 300004338 | k 09.02.2016 | 09.02.2017
Analyzer
50GHz
12 n. a. ?{)"gﬂ’:“d LNA18- | cBI18503070PN | CERNEX 25240 300004948 | ev
Harmonic Mixer 3-
13 n.a. Port, 75-110 GHz FS-Z110 R&S 101411 300004959 |k 12.05.2016 | 12.05.2017
Waveguide
14 n. a. Harmonic Mixer, 75- | M1970W KEYSIGHT MY51430848 300005115 |k 25.02.2016 |25.02.2018
110 GHz
Waveguide
15 n.a. Harmonic Mixer, 50- | M1970V KEYSIGHT MY51390914 300005116 |k 05.02.2016 | 05.02.2018
80 GHz
16 n.a. Ef]’:n’izfrt”re Test | 40150 CTS GmbH 053031 300003592 | ev 03.09.2015 | 03.09.2017
Equipment table: from Qamcom
Lab/ . . Kind of Last Next
No. Jtem Equipment Type Manufacturer Serial No. INV. No Calibration | Calibration | Calibration
Temperature and . .
N Clima Temperature | CTS Climate Test
1 climatic Test Systeme Systems AB -/- -/- k 2015-11 2016-11
Chamber
Spectrum Analyzer 1312.8000K67-
2 20 Hz — 67 GHz FSW 67 R&S 1001168-jw QAT-35 k 2014-10 2016-10
3 Power meter N 1914A Agilent Technologies | MY453060007 | QAT-29 k 05.08.2015 | 05.08.2016
4 Power Sensor \7/?233/2-\ 50 GHz - Agilent Technologies | MY453060007 | -/- ev
5 10 dB Directional | 55qy_10/385 TRG 470 -I- ev
Coupler
10 dB Directional
6 Coupler 559V-10/385 TRG 540 -I- ev
7 Wave Guide adapter | 25094 Flann 213521 -/- ev
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10 Sequence of testing

10.1 Sequence of testing radiated spurious 9 kHz to 30 MHz

Setup

The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.

If the EUT is a tabletop system, a 2-axis positioner with 1.5 m height is used.

If the EUT is a floor standing device, it is placed directly on the turn table.

Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.4.

The AC power port of the EUT (if available) is connected to a power outlet below the turntable.
Measurement distance is 3 m (see ANSI C 63.4) — see test details.

EUT is set into operation.

Premeasurement

The turntable rotates from 0° to 315° using 45° steps.

The antenna heightis 1.5 m.

At each turntable position the analyzer sweeps with positive-peak detector to find the maximum of all
emissions.

Final measurement

Identified emissions during the premeasurement are maximized by the software by rotating the turntable
from 0° to 360°. In case of the 2-axis positioner is used the elevation axis is also rotated from 0° to 360°.
The final measurement is done in the position (turntable and elevation) causing the highest emissions
with quasi-peak (as described in ANSI C 63.4).

Final levels, frequency, measuring time, bandwidth, turntable position, correction factor, margin to the
limit and limit will be recorded. A plot with the graph of the premeasurement and the limit is stored.
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10.2 Sequence of testing radiated spurious 30 MHz to 1 GHz

Setup

The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.

If the EUT is a tabletop system, a table with 0.8 m height is used, which is placed on the ground plane.
If the EUT is a floor standing device, it is placed on the ground plane with insulation between both.
Aucxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.4.

The AC power port of the EUT (if available) is connected to a power outlet below the turntable.
Measurement distance is 10 m or 3 m (see ANSI C 63.4) — see test details.

EUT is set into operation.

Premeasurement

The turntable rotates from 0° to 315° using 45° steps.

The antenna is polarized vertical and horizontal.

The antenna height changes from 1 m to 3 m.

At each turntable position, antenna polarization and height the analyzer sweeps three times in peak to
find the maximum of all emissions.

Final measurement

The final measurement is performed for at least six highest peaks according to the requirements of the
ANSI C63.4.

Based on antenna and turntable positions at which the peak values are measured the software maximize
the peaks by changing turntable position + 45° and antenna height between 1 and 4 m.

The final measurement is done with quasi-peak detector (as described in ANSI C 63.4).

Final levels, frequency, measuring time, bandwidth, antenna height, antenna polarization, turntable angle,
correction factor, margin to the limit and limit are recorded. A plot with the graph of the premeasurement
with marked maximum final results and the limit is stored.
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10.3 Sequence of testing radiated spurious 1 GHz to 18 GHz

Setup

The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.

If the EUT is a tabletop system, a 2-axis positioner with 1.5 m height is used.

If the EUT is a floor standing device, it is placed directly on the turn table.

Aucxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.4.

The AC power port of the EUT (if available) is connected to a power outlet below the turntable.
Measurement distance is 3 m (see ANSI C 63.4) — see test details.

EUT is set into operation.

Premeasurement

The turntable rotates from 0° to 315° using 45° steps.

The antenna is polarized vertical and horizontal.

The antenna height is 1.5 m.

At each turntable position and antenna polarization the analyzer sweeps with positive peak detector to
find the maximum of all emissions.

Final measurement

The final measurement is performed for at least six highest peaks according to the requirements of the
ANSI C63.4.

Based on antenna and turntable positions at which the peak values are measured the software maximizes
the peaks by rotating the turntable from 0° to 360°. This measurement is repeated for different EUT-table
positions (0° to 150° in 30°-steps) and for both antenna polarizations.

The final measurement is done in the position (turntable, EUT-table and antenna polarization) causing
the highest emissions with Peak and RMS detector (as described in ANSI C 63.4).

Final levels, frequency, measuring time, bandwidth, turntable position, EUT-table position, antenna
polarization, correction factor, margin to the limit and limit are recorded. A plot with the graph of the
premeasurement with marked maximum final results and the limit is stored.
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10.4 Sequence of testing radiated spurious above 18 GHz

Setup

e The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.

e Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.4.

e The AC power port of the EUT (if available) is connected to a power outlet.
The measurement distance is as appropriate (e.g. 0.5 m).
The EUT is set into operation.

Premeasurement
e The test antenna is handheld and moved carefully over the EUT to cover the EUT’s whole sphere and
different polarizations of the antenna.

Final measurement
e The final measurement is performed at the position and antenna orientation causing the highest emissions
with Peak and RMS detector (as described in ANSI C 63.4).
e Final levels, frequency, measuring time, bandwidth, correction factor, margin to the limit and limit are
recorded. A plot with the graph of the premeasurement and the limit is stored.
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10.5 Sequence of testing radiated spurious above 50.0 GHz with external mixers

Setup

The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.

Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.4.

e The AC power port of the EUT (if available) is connected to a power outlet.
e The measurement distance is as appropriate for far field (e.g. 0.25 m).
The EUT is set into operation.
Premeasurement

The test antenna with external mixer is handheld and moved carefully over the EUT to cover the EUT’s
whole sphere and different polarizations of the antenna.
Caution is taken to reduce the possible overloading of the external mixer.

Final measurement

The final measurement is performed at the position and antenna orientation causing the highest emissions
with Peak and RMS detector (as described in ANSI C 63.4).

As external mixers may generate false images care is taken to ensure that any emission measured by
the spectrum analyzer does indeed originate in the EUT. Signal identification feature of spectrum analyzer
is used to eliminate false mixer images (i.e., it is not the fundamental emission or a harmonic falling
precisely at the measured frequency).

Final levels, frequency, measuring time, bandwidth, correction factor, margin to the limit and limit are
recorded. A plot with the graph of the premeasurement and the limit is stored.
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11  Summary of measurement results
X No deviations from the technical specifications were ascertained
] There were deviations from the technical specifications ascertained
TC identifier Description Verdict Date Remark
: FCC 47 CFR Part 2, Part 15
RF-Testin ’ see table 2016-09-16 -/-
¢ RSS-210 Issue 8, RSS-Gen Issue 5
Test specification Test Case Tempe_r_ature Pass | Fail | NA | NP Results
clause conditions (max.)
§2.1046, §15.255(e)(1).(2)&(3) Transmitter Output Power / .
RSS-210 A13.2.3(1)&(2), Extreme X O O [ | complies
RSS-Gen 6.12 Peak Tx Output Power
§1'§113502755§(15)1(§;(9)'('§)§(10)?3' Power density of any emission/
: Hiledg In-Band Power Density Limits/ . g
RSS-210 A13.2.2(1)(i)/
210413 3.2(/ )(i) In-Band Emissions Nominal X O O [0 | complies
RSS-102,4.2 & 4.4
§15.255(b)(1)(i)((i) Antenna Gain Nominal X L] L] [] | complies
RSS-Gen, 8.3
RS§82-(130496 . Occupied bandwidth / Spectral efficiency Nominal X ] ] [] | complies
-Gen o.
§2.1051, §15.255(e)(1),(2)&(3)[ Emission limitations (RF spectrum mask . .
Rss-zumg 2?1(33()1 B8 |, Spurious emissions(at anfenna terminal)s Nominal X O O [ | complies
§2.1051, §15.255(c)(1),(3)&(4)|  Limits on Spurious Emissions (Spurious
RSS-21\01§1234%:.32)(2)(") & emissions — conducted, Spurious Nominal X O O [0 | complies
RSS-Gen 6.13, 7.1 emissions at antenna terminals)
§2.1053, §15.255(c) Limits on Spurious Emissions (Spurious
Ré;{’é%(i){g‘_;'_§g;'(i2&%i)Y emissions — radiated, Field strength of Nominal X O O [0 | complies
RSS-Gen 6.13, 7.1 & 8.9 spurious radiation)/
§§§§5§’1’§}f1'§525g’ Frequency stability Nominal & complies
RSS-Gen, 6.1 & 8.11 Extreme
§15.207(a) Conducted limits / AC Power line Nominal complies
RSS-Gen 8.8 conducted emissions limits P

Note:

NA = Not applicable; NP = Not performed
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12 Measurement results

12.1 Transmitter Output Power

Measurement conditions:

Frequency foottom =see7.3
fmiddie =see 7.3
ftop =see 7.3

Modulation M = see table

Temperature t = see table

Test set-up No. 9.6 (1)

Limit:  §2.1046, §15.255(e)(1),(2)&(3), RSS-210 A13.2.3(1)&(2), RSS-Gen 6.12

Note:
Output Power Limit calculation:

“Transmitters with emission bandwidth smaller than 100 MHz, must limit the peak output power in 500 mW
multiplied by the bandwidth of the emission and divided by 100 MHz...*

OBW: (see also Chapter 12.4):
OBWnmin = 48.1 MHz

Plimit [MW] = 500 mW-48.1 MHz/100MHz = 240.5 mW
Piimit [dBm] = 10-log10(240.5) dBm = 23.8 dBm
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Measurement results:

. . Pout [dBm]
Radio Unit Cs Mod Frequency 33°C +20°C +55°C

4 QAM 8.4 7.8 7.7

16 QAM 8.4 8.0 7.9

32 QAM bottom 7.3 7.0 6.9

64 QAM 7.3 7.1 6.9

128 QAM 6.2 6.0 5.9

256 QAM 6.3 6.0 5.9

4 QAM 8.2 7.9 7.8

16 QAM 8.3 8.1 7.9

32 QAM . 7.3 7.0 6.9

ML 6351/21H 50 MHz 64 QAM mid 70 70 70
128 QAM 6.2 6.0 6.0

256 QAM 6.3 6.1 6.0

4 QAM 7.6 7.9 7.9

16 QAM 7.8 8.1 8.1

32 QAM top 6.8 7.0 71

64 QAM 6.8 7.0 71

128 QAM 5.7 6.0 6.1

256 QAM 5.8 6.0 6.1

] ] Pout [dBm]
Radio Unit CS Mod Frequency 33°C +20°C +55°C

4 QAM 7.8 7.8 7.9

16 QAM bottom 8.0 7.8 8.0

32 QAM 7.0 6.8 6.9

64 QAM 7.0 6.9 6.9

4 QAM 8.2 8.0 8.0

16 QAM . 8.2 8.0 8.0

ML 6351/21H | 250 MHz 32 QAM mid 7.3 7.1 7.0
64 QAM 7.2 7.0 7.0

4 QAM 7.7 7.9 8.0

16 QAM top 7.8 8.0 8.0

32 QAM 6.9 7.0 7.0

64 QAM 6.8 7.0 7.0

Verdict: Complies
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12.2 Power density of any emissions / EIRP

Measurement conditions:

Frequency foottom =see 7.3
fmiddle =see 7.3
frop =see 7.3

Modulation M = see table

Temperature t =+20°C

Test set-up No. 9.6 (2)
Limit: §1.1307, §1.1310, §2.1093, §15.255(b)(1)(i)(ii)&(g),

RSS-210 A13.2.2(1)(i), RSS-Gen 3.2, RSS-1024.2 & 4.4
max average power density: 9 yW/cm? (40 dBm) / max. Peak Power Density: 18 yW/cm? (43 dBm)

NOTE:

Calculation of power density limit at 3 m in EIRP [dBm]:

E.I.R.P corresponds to power density at a distance r (r = 3m), integrated over the surface of a sphere with
radius r.

Asm = 411-(300)? cm? = 113.04-10* cm?
e max average power density: 9 yW/cm? at 3 m distance
Ptotal = 9 yW/cm? - Asm = 10.174 W = 10174 mW

Peirr[dBm] = 10-l0g10(10174) dBm = 40.07 dBm

e max. Peak Power Density: 18 yW/cm? at 3 m distance
Protal = 18 pW/cm? - Asm = 20.347 W = 20347 mW

Peirr[dBmM] = 10*log10(Ptotal) dBm = 43.09 dBm
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Measurement results: (applicant declared a maximum antenna gain of: 32.6 dBi)

Peak Power

Radio Unit CSs Mod Frequency Density [dBm] Plot No.
4 QAM 32.36 16
16 QAM 32.63 17
32 QAM 31.36 18
50 MHz 64 QAM 31.34 19
128 QAM 30.75 20
256 QAM 30.32 21
4 QAM 29.77 22
16 QAM 29.71 23
32 QAM 28.46 24
100 MHz 64 QAM 28.55 25
128 QAM 2755 26
256 QAM 2752 27
4 QAM . 25.42 28
ML 6351/21L 16 OAM middle 250 o
150 MHz 32 QAM 25.76 30
64 QAM 24 45 31
128 QAM 24 69 32
4 QAM 26.46 33
16 QAM 26.56 34
200 MHz 32 QAM 26.45 35
64 QAM 2551 36
128 QAM 2557 37
4 QAM 27.69 38
16 QAM 26.83 39
250 MHz 32 QAM 27 21 40
64 QAM 26.84 41

Note:

Compared to Average measurement values the measured Peak values describe the worst case.

As above listed Peak values meet the requirements for Peak Power Density as well as the requirements for

Average Power Density both requirements are met.

Verdict: Complies
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12.3 Antenna gain and EIRP density mask

The SFA04-600BERC antennas have to meet the customer specification "10262-UKY23031_SC10 PB3".
- Frequency band: 57-64GHz
- Frequency range: Range 6
- Minimum Gain: 30 dBi
- Minimum Gain: 27 dBi @ +/-2.5° beamwidth
- RPE class: Class 2
- XPD: no requirement
- Min. Return loss: -14 dB

The RPE tolerance on given value is 3 dB in an angular region of +100° and 2 dB from 100° to 180° and
the tolerance for the antenna gain is £0.5 dB.

Limit:  §15.255(b)(1)(i)(ii), RSS-Gen, 8.3

Reference document of the customer: RFS Test Report No. TAR 10000014147 of 2015-11-10

JE

Voo Meas 5 s

5.1, Return loss Results of the SFAOL-GOGBER(C

The SFAMNSGOORERC antenna is meastred m the final configuration descnbed above with feed
reflector and mdome. A sampling of 5 parts have been manufactured and tested. All values are better than
«16dB. The figure 4 presents the typscal retum loss result with a oumimam retum loss of <17 33dB m the
£7.64GHz frequency range. The retumn loss s complinnt with the customer specification of -16dB i the
Veband

“w 23 | | e B

e ! b

1
2 &0

N

0 ! |
K <Rt Stet 570000 Gr Twg 4 0000 Gher
Figure &: Return loss measure in the 57-64GH: frequency band

5.2, Radiation Pattern Results of SEAN-600BERC antenna

Ihe SFAMG00BERC anterma s measured following the figure | configuration. The figures §
and 6 present the radiation patters of the co-polanzation for respectively H and V polanzanons at the
STGHz low froquency, 60.5GHz middle frequency and 64GHz hagh frequency and are compared 1o the
RGC2 ETSI standard defined for the maxmmum gain, The cross-polanzation are also shown m the figures
7 and 8, und compared 10 the R6C2 ETSI standard for reference purposes caly. The table 1, hereafier

recaps the results

Specification Result Compliance
Radzanon pattermn Range 6 Class 2 Sce Patiern Yes
Crosspolar | [ 2748 |

. No requurrement : Yes
discnimanation (XPD) 1 (See Pattem)

Table 1: Radiats pnnn'm,...‘
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Figure 6: Co-polarization V-V in the azimuth plan
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Figure 8: Cross-polarization V-H in the azimuth plan
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5.3, Gain Results of SFAM-G00BERC antenna

The gain measure is performed with the final configuration (figure 1) and the values are
presented i the table 2 for the verification frequencies and the curve in the figure 9 on the full frequency
band (57-64GHz). All values are better than the minimum specification of 30dBi.

Frequency band Specification Result Compliance
Low band 37GHz 30dBi 31.4dBi Yes
Mid band 60.5GHz . 30dBi 32.6dBi Yes
High band 64GHz | 30dBi " 32.6dBi | Yes

Table 2: Gain performances

i
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Figure 9: Gain measurement in the 57-64 frequency band
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54. RF Performances summary
The table 3 presents the RF performances of the SFA04-600BERC in the 57-64GHz frequency

range. The minimum gain for an angular deviation of +/-2.5% 15 27.6dBi at the low frequency for the
horizontal polarization (H-plan) and is compliant with the specification. Nevertheless. the minimum gain
it +/-2.5% for the vertical polarization is under the 27dBi specification with a minimum value of 25.8dBi

at the high frequency,
Frequency (GHz) 57.0 605 64.0
Retum loss -16dB
Gain (dB1) il4 26 26
H-plan E-plan H-plun E-plan H-plon E-plan
HFBW (%)
1.4 1.1 4.4 34 kA4 id
Gain (dBi) @ +/-2.5
27 27 28 258 28 25
(5.07 beamwadil) e ! ¢ : -6 5%
ETS1 Regulation R6C2 | = ) B il =
XPD (dB) 3 28 E 30 27 i
Table 3: RF performances

VI - Conclusion
The SFAM-600BERC antennas in the configuration for the V-band (57-64GHz) are compliant with
the ETSI specifications. All the tests performed on the SFAO4-600BERC antenna show that:

- The radio electrical performances are in line with the ETSI specifications

- The gain 1s better than the customer specification
- The remn loss performances are compliant with the -16dB specification

The mimmum gain level inside a beamwidth of 57 (+/~ 2.57) 1s not fully compliant with the requirement
level but nevertheless close to the 27dBi.
VII - Evolution of document

s Index A : Creation.

Maximum Antenna gain = 32.6 dBi

Verdict: Complies
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12.4 Occupied bandwidth / Spectral efficiency

Measurement conditions:

Frequency f middle =see 7.3
Modulation M = see table
Temperature t = +20°C

Test set-up No. 9.6 (2)

Limit: §2.1049, RSS-Gen 6.6

Note:

The occupied bandwidth, is the frequency bandwidth such that, below its lower and above its upper frequency
limits, the mean powers radiated are each equal to 0.5 percent of the total mean power radiated by a given
emission.

Plots show that the occupied bandwidth, measured by this definition leads to comparable results as a 6 dB
bandwidth, which is defined as follows:

The bandwidth of emission is defined as the band occupied by the instantly radiated signal, in a permanent
state, in which the power spectral density must not exceed the reference level (6dB lower than the maximum
value of the spectral density of radiated power in the operating range).

Page 32 of 76



Test report no.: 1-0047/15-02-06-A

CETECOM"
Lo

Measurement results:

. Frequency PL Cap Occup_ied SI?e.ctraI
CS Modulation [GHz] Mbit/s bandwidth efficiency Plot No.
[MHz] [bit/s/Hz]

4 QAM <75 48.00 15 16

16 QAM <151 47 80 3.1 17

32 QAM <188 47.80 3.9 18

50 MHz 64 QAM <226 48.00 46 19
128 QAM <264 48.00 5.4 20

256 QAM <302 47.80 6.3 21

4 QAM <154 96.00 16 22

16 QAM <308 96.00 3.2 23

32 QAM <386 96.00 4.0 24

100 MHz 64 QAM <463 96.00 4.8 25
128 QAM <541 96.50 56 26

256 QAM <618 96.00 6.4 27

4 QAM e <232 143.00 16 28

16 QAM <465 143.00 3.2 29

150 MHz 32 QAM <582 143.00 4.1 30
64 QAM <698 143.00 4.9 31

128 QAM <815 143.00 57 32

4 QAM <305 189.00 16 33

16 QAM <612 189.00 3.2 34

200 MHz 32 QAM <765 189.00 4.0 35
64 QAM <919 189.00 4.8 36

128 QAM <1000 189.00 53 37

4 QAM <385 234.00 16 38

16 QAM <771 236.00 3.2 39

250 MHz 32 QAM <064 236.00 4.0 40
64 QAM <1000 236.00 42 41

Verdict: Complies
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12.5 Emission limitations — RF Spectrum masks

Measurement conditions:

Frequency

Channel spacing
Modulation
Temperature

Test set-up No. 9.6 (2)

Limit:

Measurement results:

bottom
middle
top

CS

M

t

=see 6.4
=see 6.4
=see 6.4
= see table
= see table
= see table

§2.1051, §15.255(e)(1),(2)&(3), RSS-210 A13.2.3(1)&(2) & A13.2.4(3)

. Temperature Plot
CS Modulation Frequency C] No.
4 -256 QAM top 1
50 MHz 4 -256 QAM middle 2
4 -256 QAM bottom 3
4 -256 QAM top 4
100 MHz 4 -256 QAM middle 5
4 -256 QAM bottom 6
4 -256 QAM top 7
150 MHz 4 -256 QAM middle 20 8
4 -256 QAM bottom 9
4 -128 QAM top 10
200 MHz 4 -128 QAM middle 11
4 -128 QAM bottom 12
4 -64 QAM top 13
250 MHz 4 -64 QAM middle 14
4 -64 QAM bottom 15

Verdict: Complies
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12.6 Limits on Spurious Emissions (Spurious emissions — conducted)

Measurement conditions:

Frequency f = see below
Channel spacing CS =50 MHz
Modulation M =4 QAM
Temperature t =+20°C

Test set-up No. 9.6 (2)

Limit:  §2.1051, §15.255(c)(1),(3)&(4), RSS-210 A13.2.2(2)(ii) & A13.2.4(3),, RSS-Gen 6.13, 7.1

Note:

As a channel spacing of 50 MHz yields to the highest output power spectral density (see also chap. 12.2) and

the modulation has no significant effect on the output power spectral density within the limits of accuracy (see

also chap. 8), a CS of 50 MHz and a 4 QAM modulation scheme is used as a worst case scenario for spurious
measurements.

Measurement results:

- f bottom
Frequency Range Limit Res. BW Spurious Emissions Plot
[GHZ] [dBm] [MHZ] [GHZ] [dBm] No.
28.00 — 50.00 -13.0 1.0 n.f. < limit 42
50.0 —61.8625 -13.0 1.0 n.f. < limit 43
61.9875-75.0 -13.0 1.0 n.f. < limit 44
75.00—110.0 -13.0 1.0 n.f. < limit 45
110.0 - 170.0 -13.0 1.0 n.f. < limit 46
170.0 — 220.0 -13.0 1.0 n.f. < limit 47
n.f. = nothing found
- fmiddie
Frequency Range Limit Res. BW Spurious Emissions Plot
[GHZ] [dBm] [MHZ] [GHZ] [dBm] No.
28.00 — 50.00 -13.0 1.0 n.f. < limit 48
50.0 — 62.275 -13.0 1.0 n.f. < limit 49
62.525 -75.0 -13.0 1.0 n.f. < limit 50
75.00 - 110.0 -13.0 1.0 n.f. < limit 51
110.0-170.0 -13.0 1.0 n.f. < limit 52
170.0 — 220.0 -13.0 1.0 n.f. < limit 53
- f top
Frequency Range Limit Res. BW Spurious Emissions Plot
[GHZ] [dBm] [MHZ] [GHZ] [dBm] No.
28.00 — 50.00 -13.0 1.0 n.f. < limit 54
50.0 —62.8125 -13.0 1.0 n.f. < limit 55
62.9375-75.0 -13.0 1.0 n.f. < limit 56
75.00 - 110.0 -13.0 1.0 n.f. < limit 57
110.0 - 170.0 -13.0 1.0 n.f. < limit 58
170.0 — 220.0 -13.0 1.0 n.f. < limit 59

Verdict: Complies
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12.7 Limits on Spurious Emissions (Spurious emissions — radiated)

Measurement conditions:

Frequency f
Channel spacing CS
Modulation M
Temperature t

= middle frequency

=50 MHz

=4 QAM
= +20 °C

Test set-up No. 9.1 -9.4

Limit:  §2.1053, §15.255(c)(1),(2),(3),(4), §15.209, RSS-210 A13.2.2(2)(i)&(ii), RSS-Gen 6.13, 7.1 & 8.9

Note:

As a channel spacing of 50 MHz yields to the highest output power spectral density (see also chap. 12.2) and
the modulation has no significant effect on the output power spectral density within the limits of accuracy (see
also chap. 8), a CS of 50 MHz and a 4 QAM modulation scheme is used as a worst case scenario for spurious
measurements.

Measurement results:

Frequency Range Limit Res. BW S[p(l;.lrl_ll(;u]s EFL'ESA??S ilg.t
9. kHz — 30 MHz n.f. < limit 60
30.0 MHz — 1.000 GHz | S€€§15:209 | see §15.209 g it below < limit 61
1.000 GHz — 12.75 GHz 54 dBuV 1.0 n.f. < limit 62
12.00 GHz — 18.00 GHz 54 dBuV 1.0 n.f. < limit 63
18.00 GHz — 26.50 GHz 54 dBuV 1.0 n.f. < limit 64
26.50 GHz — 40.00 GHz 54 dBuV 1.0 n.f. < limit 65
40.00 GHz — 50.00 GHz -10 dBm 1.0 n.f. < limit 66
50.00 GHz — 75.00 GHz -10 dBm 1.0 n.f. < limit 67
75.00 GHz — 110.0 GHz -10 dBm 1.0 n.f. < limit 68
110.0 GHz—-170.0 GHz -10 dBm 1.0 n.f. < limit 69
170.0 GHz — 220.0 GHz -10 dBm 1.0 n.f. < limit 70
n.f. = no critical peaks found
Spurious 30 MHz — 1 GHz:
Frequency QuasiPeak Limit Margin Meas. Bandwidth | Height | Pol | Azimuth Corr.
(MHz) (dBuV/m) (dBuV/m) (dB) Time (kHz) (cm) (deg) (dB)
ms
37.463700 20.62 30.00 9.38 1(000.)0 120.000 174.0 \% 117.0 13.9
70.539900 21.36 30.00 8.64 1000.0 120.000 273.0 v 85.0 8.4
474.984750 30.90 36.00 5.10 1000.0 120.000 400.0 \% 1.0 18.2
700.002150 27.68 36.00 8.32 1000.0 120.000 100.0 H 187.0 21.5
733.361550 31.35 36.00 4.65 1000.0 120.000 103.0 H 163.0 22.3
800.014800 35.99 36.00 0.01 1000.0 120.000 200.0 v 277.0 22.7

Verdict: Complies

Page 36 of 76



Test report no.: 1-0047/15-02-06-A

CETECOM"
st

12.8 Frequency stability

Measurement conditions:
Frequency

Modulation

Temperature

Power supply
Measurement at

Test set-up No. 9.6 (2)

Limit:

Measurement results:

f bottom = 61.025 GHz

= see table

= off

= see table
= see table

§2.1055, §15.255(f), RSS-210 A13.2.5, RSS-Gen, 6.11 & 8.11

Temperature nominal frequency | measured frequency Difference
[°C] [GHZ] [GHZ] [ppm]
+20 61.025012 778 +0.21
-33 61.025 000 000 61.025 018 638 +0.30
+55 61.025 033 111 +0.54
f middale = 61.500 GHz
Temperature nominal frequency | measured frequency Difference
[°C] [GHZ] [GHZ] [ppm]
+20 61.500 012 902 +0.21
-33 61.500 000 000 61.500 018 787 +0.30
+55 61.500 033 359 +0.54
f top = 61.975 GHz
Temperature nominal frequency | measured frequency Difference
[°C] [GHz] [GHz] [opm]
+20 61.975 012 994 +0.21
-33 61.975 000 000 61.975 018 925 +0.30
+55 61.975 033 616 +0.54

Verdict: Complies
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12.9 AC Power line conducted emissions

Measurement conditions:

Frequency f = middle frequency
Channel spacing CS =50 MHz
Modulation M =4 QAM
Temperature t =+20°C

Voltage U =115V AC

Test set-up No. 9.5

Limit:  § 15.207(a) / RSS-Gen 8.8

Measurement results:

Frequency Range Limit Res. BW Spurious Emissions Plot
[GHz] [kHz] [GHz] [dBm] No.
F<150 kHz: 1 .
0.0015-0.03 See §15.207 E>150 kHz: 100 n.f. < limit 71172

n.f. = no critical peaks found

Verdict: Complies
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12.10 Plots
Plot 1: CS: 50 MHz, 4-256 QAM, top frequency, 20 °C
FFid:279 4QAM Pout:8.0dBm, CF:61.9750
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)
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_80 1 1 1 i
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Plot 2: CS: 50 MHz, 4-256 QAM, middle frequency, 20 °C

FFid:279 40AM Pout:8.0dBm, CF:61.5000

REW= 300kHz
WEBW =0, 3kMz

10 T

[dB]
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Plot 3: CS: 50 MHz, 4-256 QAM, bottom frequency, 20 °C

FFid:279 4QAM Pout:8.0dBm, CF:61.0250
' ' VoW aeHe

10 T
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b S

—50 8] 50 100
[MHz]

1
—100

Plot 4: CS: 100 MHz, 4-256 QAM, top frequency, 20 °C

FFid:280 4QAM Pout:8.0dBm, CF:61.9500
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ol
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Plot 5: CS: 100 MHz, 4-256 QAM, middle frequency, 20 °C
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Plot 6: CS: 100 MHz, 4-256 QAM, bottom frequency, 20 °C
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Plot 7: CS: 150 MHz, 4-256 QAM, top frequency, 20 °C

10 T

FFid:281 4QAM Pout:8.0dBm, CF:61.9250

=10 i : /——.———wwv—\
—20l

[dB]

REW = 2000kHz
VEW =3 OkHz

—-300 —200 —100 18]
[MHz]

100 200 300

Plot 8: CS: 150 MHz, 4-256 QAM, middle frequency, 20 °C
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Plot 9: CS: 150 MHz, 4-256 QAM, bottom frequency, 20 °C

FFid:281 4QAM Pout:8.0dBm, CF:61.0750

REW = 2000kHz
VEW =3 OkHz
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Plot 10: CS: 200 MHz, 4-128 QAM, top frequency, 20 °C

FFid:282 4QAM Pout:8.0dBm, CF:61.9000
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Plot 11: CS: 200 MHz, 4-128 QAM, middle frequency, 20 °C

FFid:282 40QAM Pout:8.0dBm, CF:61.5000

REW = 2000kHz
VEW =3 OkHz
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Plot 12: CS: 200 MHz, 4-128 QAM, bottom frequency, 20 °C
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Plot 13: CS: 250 MHz, 4-64 QAM, top frequency, 20 °C

6 FFid:283 4QAM Pout:8.0dBm, CF:61.8750
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Plot 14: CS: 250 MHz, 4-64 QAM, middle frequency, 20 °C

FFid:283 40QAM Pout:8.0dBm, CF:61.5000
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Plot 15: CS: 250 MHz, 4-64 QAM, bottom frequency, 20 °C

FFid:283 40QAM Pout:8.0dBm, CF:61.1250
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Plot 16: CS: 50 MHz, 4 QAM, OBW, middle frequency
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ol Fesk: 0.24 &b VBW=0,3KMs

—10

—=0l
%' OB = 48, 0MHz
= =30

—aol

=50

Eli:lﬂﬂ ﬁl‘;FEQ 61500 5155[} Eléﬂﬂ
[MHz]

Page 46 of 76



Test report no.: 1-0047/15-02-06-A CW,M ;

Plot 17: CS:

50 MHz, 16 QAM, OBW, middle frequency
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Plot 18: CS:

50 MHz, 32 QAM, OBW, middle frequency
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Plot 19: CS: 50 MHz, 64 QAM, OBW, middle frequency
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Plot 20: CS: 50 MHz, 128 QAM, OBW, middle frequency
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Plot 21: CS: 50 MHz, 256 QAM, OBW, middle frequency
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Plot 22: CS: 100 MHz, 4 QAM, OBW, middle frequency
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Plot 23: CS: 100 MHz, 16 QAM, OBW, middle frequency

FFid:280 16QAM Pout:8.0dBm, CF:61.5000GHz
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Plot 24: CS: 100 MHz, 32 QAM, OBW, middle frequency
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Plot 25: CS: 100 MHz, 64 QAM, OBW, middle frequency

FFid:280 64QAM Pout:7.0dBm, CF:61.5000GHz
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Plot 26: CS: 100 MHz, 128 QAM, OBW, middle frequency
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Plot 27: CS: 100 MHz, 256 QAM, OBW, middle frequency
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Plot 28: CS: 150 MHz, 4 QAM, OBW, middle frequency
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Plot 29: CS: 150 MHz, 16 QAM, OBW, middle frequency
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Plot 30: CS: 150 MHz, 32 QAM, OBW, middle frequency
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Plot 31: CS: 150 MHz, 64 QAM, OBW, middle frequency
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Plot 32: CS: 150 MHz, 128 QAM, OBW, middle frequency
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Plot 33: CS: 200 MHz, 4 QAM, OBW, middle frequency
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Plot 34: CS: 200 MHz, 16 QAM, OBW, middle frequency
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Plot 35: CS: 200 MHz, 32 QAM, OBW, middle frequency
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Plot 36: CS: 200 MHz, 64 QAM, OBW, middle frequency
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Plot 37: CS: 200 MHz, 128 QAM, OBW, middle frequency
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Plot 38: CS: 250 MHz, 4 QAM, OBW, middle frequency
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Plot 39: CS: 250 MHz, 16 QAM, OBW, middle frequency
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Plot 40: CS: 250 MHz, 32 QAM, OBW, middle frequency
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Plot 41: CS: 250 MHz, 64 QAM, OBW, middle frequency
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Plot No. 43
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Plot No. 45
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Plot No. 53
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Plot No. 57

® * RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz —-50.26 dBm
Re f 8 dBm EXTM IX W * SWT 1 s 109.930000000 GHz
Offfet 2214 aeB
[~ ©
LV
—-20
—-30
—-40
308
g MN
-0
—-70
--s0
-0
Start 75 GHz 3.5 GHz/ Stop 110 GHz
Date: 15.0CT.2015 14:04:13
@ * RBW 1 MH=z Marker 1 [T1 ]
VBW 3 MHz —-38.72 dBm
Re £ 8 dBm EXTM IX D * SWT 1 s 167.660000000 GHz
Offget 22)a as
~©
—-10
—13DBM
LV
[——20
[——3C
1

--50

——-60

- —7c¢

--s80

-—-20

Start 110 GH=z 6 GHz/ Stop 170 GH=z

Date: 15.0CT.2015 15:27:55

Page 67 of 76



Test report no.: 1-0047/15-02-06-A

CETECOM"

Plot No. 59

* RBW 1 MHz

VBW 3 MHz

Marker 1 [T1 ]

—42.18 dBm

EXTM IX G *SWT 1 s 186.500000000 GH=z

dB

A

E E
T

|

w

2

[AV/E

308

-—-60

-—-70

-—-80

_—

Start 170 GHz

Date: 15.0CT.2015

15:31:20

3 GHz/ Stop 200 GHz

Plot No. 60

130
dBuV/m 120 | |

110 |
100 . |
90
80 |
70 |
60

50 |

40 |

30

20

10

0.1l

«‘f ‘|'|

9kHz

TR
T

‘ I\* ) lr M o) W\.‘ %““’N

™M
Frequency

100k

Page 68 of 76



Test report no.: 1-0047/15-02-06-A CWM ;

Plot No. 61
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Plot No. 65
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Annex A Document history
Version Applied changes Date of release
DRAFT 2016-07-13
Initial release 2016-07-26
-A FCC ID, IC ID, HVIN corrected 2016-09-16

Annex B Further information

Glossary

AVG - Average

DUT - Device under test

EMC - Electromagnetic Compatibility

EN - European Standard

EUT - Equipment under test

ETSI - European Telecommunications Standard Institute

FCC - Federal Communication Commission

FCCID - Company Identifier at FCC

HW - Hardware

IC - Industry Canada

Inv. No. - Inventory number

N/A - Not applicable

PP - Positive peak

QP - Quasi peak

S/N - Serial number

SW - Software

PMN - Product marketing name

HMN - Host marketing name

HVIN - Hardware version identification number

FVIN - Firmware version identification number
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Annex C Accreditation Certificate

Front side of certificate Back side of certificate

(( pAKKS

Deutsche Akkreditierungsstelle GmbH Deutsche Akkreditierungsstelle GmbH

Seliehene pendd § 8 Absats | AbkSrefied LV § 1 Absani § ANSteleGaY
Unterrec hvewn der Man i3t plen ASAnimvee
VO EA. WAS wrd IAT 33 grgenieitigrn Anerkenmeng

Akkreditierung m

Dve Deurscte Abbrednenmgsivele GinbH Destityg! Sarmet, dass 2m Prifudon sl drwm

CETECOM ICT Services GanbH
Untertdrkhedmer Strafle 610, 66117 Sanrbelcken

Se Compeieng nach DI EN 1S006C 170752005 bewtst, Prifungen in foigenden Bessschen
Gurchndibren
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Note:
The current certificate including annex can be received from CETECOM ICT Services GmbH on request.
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