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2.1 Test Summary

Requirement Clause Applicable

L. . Result/
Test Method and Description 47CFR15 to_ this Note
equipment
Radiated spurious emissions
(restricted bands of operation and 15.205 X Pass
cabinet radiation)
AC power line conducted emissions 15.207 = Pass
Occupied bandwidth 15.407(e) = Pass
EIRP X
Output power PSD 15.407(a) R Pass
RPE X
Conducted / radiated RF power out-
of-band P 15.407(b) X Pass
Duty cycle 15.35(c) L] Note 1
TPC and DFS 15.407(h) ] Note 1
U-NII detection bandwidth 15.407(h)(2) L] Note 1
CAC 15.407(h)(2)(ii) ] Note 1
i . o 15.407(h)(2)(iii) &
In-service monitoring 15.407(h)(2)(iv) ] Note 1
Statistical performance
check - ] Note 1

Notes:

Note 1 This report covers RF operation only in the 5150 MHz — 5250 MHz band and 5250 MHz — 5350
MHz, For DFS parameters see test report TRA-029590-21-45-00A.

The results contained in this report relate only to the items tested, in the condition at time of test, and were
obtained in the period between the date of initial receipt of samples and the date of issue of the report.

The apparatus was set-up and exercised using the configurations, modes of operation and arrangements
defined in this report only. Any modifications made are identified in Section 8 of this report.

Particular operating modes, apparatus monitoring methods and performance criteria required by the

standards tested to have been performed except where identified in Section 5.2 of this test report
(Deviations from Test Standards).

RF930 Page 5 of 86



Report Number: TRA-029590-47-11B

3 Contents

1 REVISION RECOIM ... ..ottt ettt e ettt e e e e e e e e e e e e e e e e eaaae e e e e e e e easaa e eeeeeessennnns 3
2 SUIMIMAIY ittt ettt e et e oo b e ook bt e e ettt e ook s e e e e aa b et e e e be et e e abe e e e aan b e e e e ane e e nnnn e e e nanneeean 4
21 TEST SUMIMAIY ...ttt ettt e bt e e e bt e e e bttt e s b bt e e e et bt e e neee e e saneeeeabbeeenaa 5
3 (070701 (=T 0 (=R 6
4 LY i oo [0 Le11T0] o IO PPPPRR 7
5 TeSt SPECIfICAtIONS ...t e e e e e e e s e e e e e e e eraeeeaaeeeaannaes 8
5.1 NOrMative REfEIENCES ........coeee e 8
52 Deviations from Test StANAArdS .......cccoeeeieie i 8
5.3 MiniMISation Of FEFIECHIONS .........iiiiieeee ettt e e e e e e e e e e e e e e ere et e e e e eeenaaan 8
54 Open area test site INfOrMatioN...........ooiiii e 9
6 GlOSSArY Of TEIMS ..ottt e e et e e et e e s e e e et et e nane e e s anreeeeas 10
7 EQUIPMENT UNAEE TS ..ottt ettt ettt e et e e s e nenee e 11
71 =L I o L=T a1 o7=Y (o] o PR 1"
7.2 SYSIEM EQUIPMENT.... ..ottt e e e e e e e e e e e e e s e e e e e e e e sastsseeeaeeeseansnsreeeeeeseannes 11
7.3 Y foTe [ o] @ o 1= =1 o] o H PSSR 12
7.3.1 =15 11 ESET (o o TN 12
7.4 EUT Radio FrequenCy Parameters......... ..ottt e e e e e e e 14
741 (LT =T =1 U
7.4.2 Antennas
7.4.3 Product specific deClarations ............cooiiiiiiiiiiii e 14
7.5 =L I T 4o o O SRR PPPPR 15
8 MOdiIfiCatiONS.....ccceeeeeeeeeeeeee e, 16
LS I = U B =T ST (F ] o PO PPPRPN 17
9.1 [ (oTed QI =T | = o [PPSR 17
9.2 General Set-Up PhotOgraph .........o.eii oottt e e e e e e st e e e e e e e anaee e anaeeeenn 18
10  General TEChNICAl PAramMeEtErS ........cccoeieuiieiiee ettt e e e e e e e e e e eerreaanns 20
IO B B \ VLo T4 09 P= I @7 o Vo [ 170 o F= 30PN 20
10.2  Varying Test CONAITIONS. .......oiiiiiiiit ettt e et e e et e s nneees 20
T = To [ F= (Yo =Y g T[T ] o £ 21
R B I 1= 1 11 (o T3 =R 21
T W=t A o= 1= T 0 =Y (Y T 21
T T =T 1Y, =Y Uo o RPN 22
R S 1= o U o 1= | PPt 23
1.5 TS RESUILS... .ot e e et e e e e e ettt ee e e e e e e ee b e e e e eeeeeeeeeesaaaeeeaeeenrees 24
12 AC power-line coNAUCLEd EMISSIONS........ccoiiiiiiiiiiii ettt e s sb e 36
L2 B B 1< 19111 o PN 36
A W=t =T = 0 =] (<] TP 36
S T =Y 1Y =4 Vo o 36
12,4  TeSLEQUIPIMENT ..ottt e e e e e et e e e e e e e s e e bataeeeaeeeeasnsaeseaeastaaeeeaaeesanses 37
R T =T A YU L TN 38
T =Y 4 TETS] (o I = 7= g o LY o | { o RSP 40
1S T B B 1= {1011 o o RPN 40
I W=t B =T =T 0 1= (=T T PO 40
IS RS T =T 1YY o o PN 40
LR 2 =TS = o U T o] o £ =T o | PSPPSR RPPPRO 41
S T T = T] A o (YU LN 42
14 Maximum conducCted OULPUL POWET ........oeiiiiiiiiiiie ettt e e e e e e e e e e e e e e e eanraeeeaaas 48
L TR T 1 1 (oo TP 48
A W=t B =T = 0 1= (= T RPN 48
B T =T 1Y, =Y i Uo o RPN 50
T4.4  TeSt EQUIPMENT . ..ottt e s e e e e et e e e st e s s e e et e e e et e e s 51
14.5  Test ReSUItS — U-NI-BaNnd .. ..ottt e e e e et e e e e e e e e e e e e e eeeeneen 52
146  Test ReSUItS — U-NI-BaNd 2a........coouueiiiiiee et e e e e e e eee e e e e e e eeaees 59
15 POWET SPECIrAl AENSItY.....ceiiiiiiii it ettt e e e et e e naneeas 66
ST B 1= 1 11 (oo TP 66
ST A W=t o= (7= 10 =Y (Y £ 66
IS T T =T 1Y, =Y o o RPN 68
S TR S I =Y o U o .41 PPt 68
15.5  Test ReSUItS — U-NI-BaNnd T .... oottt e e e e e ettt e e e e e e e e e e e e e eeeenees 69
15.6  Test ReSUItsS — U-NI-BaNd 2@.........oouuiiiiieeee ettt et e e e e e et eee e e e e eeenaees 76
16 Out-0f-band SPUMIOUS EMISSIONS .......coiuiiiiiiiiii e 83
S0 N I 1< 19111 o PN 83
ST W =Y Qo= 1= 10 =Y (Y £ 83
TR T =Y 1Y =4 Vo o 84
G TR S =Y o U o 41 | PPt 84
16.5 TS RESUILS.....cceeeiieeeeeeeee ettt e e e e e e et e e e e e e eeeet it e e eeeeeeeeeeesaaaeeeeeernnees 85
17 Measurement UNCEMAINTY.........oooiiiiii et e e e e e 86

RF930 Page 6 of 86



Report Number: TRA-029590-47-11B
4 Introduction

This report TRA-029590-47-11B presents the results of the Radio testing on a Cambium Networks Ltd,
PMP 450m to specification 47CFR15 Radio Frequency Devices

The testing was carried out for Cambium Networks Ltd by Element, at the address(es) detailed below.

O Element Hull D Element Skelmersdale
Unit E Unit 1
South Orbital Trading Park Pendle Place
Hedon Road Skelmersdale
Hull West Lancashire
HU9 1NJ WNS8 9PN
UK UK

X 30 Meter Open Area Test Site
Pershore Airfield,
Long Lane,
Throckmorton,
Worcs,
WR10 2JH
UK

This report details the configuration of the equipment, the test methods used and any relevant
modifications where appropriate.

FCC Site Listing:
The test laboratory is accredited for the above sites under the US-EU MRA, Designation number
UKO0009.

ISED Registration Number(s):
Element Skelmersdale 3930B
Element Hull 3483A

The test site requirements of ANSI C63.4-2014 are met up to 1GHz.

The test site SVSWR requirements of CISPR 16-1-4:2010 are met over the frequency range 1 GHz to
18 GHz.
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5 Test Specifications

5.1 Normative References

e FCC 47 CFR Ch. | — Part 15 — Radio Frequency Devices.

e FCC KDB Publication 905462 D02 v01r02 — Compliance measurement procedures for unlicensed-
national information infrastructure devices operating in the 5250-5350 MHz and 5150-5725 MHz
bands incorporating dynamic frequency selection.

e ANSI C63.10-2013 — American National Standard of Procedures for Compliance Testing of
Unlicensed Wireless Devices.

¢ ANSI C63.4-2014 — 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.

e KDB 789033 D02 General UNII Test Procedures

e KDB 662911 D01 Multiple Transmitter Output

5.2 Deviations from Test Standards

Maximum conducted output power

Due to the nature of the equipment it is not possible to measure the power conducted so a radiated
measurement was performed. This measurement was performed at 30m to ensure the measurement was
made in the antenna far field.

Spectral Power Density

Due to the nature of the equipment it is not possible to measure the power conducted so a radiated
measurement was performed. This measurement was performed at 30m to ensure the measurement was
made in the antenna far field.

5.3 Minimisation of reflections

Due to the use of a 30 meter open area test site with no RF absorbing material for the measurement
of the fundamental attempts were made to minimise the influence of reflections.

To minimise the reflections the following precautions were taken.

Test performed over a grassed area to try and ensure no sub surface artefacts produce reflections.
The EUT was raised to a height of 4 meters above the ground plane to help reduce the effects of any
reflected paths at 30 meters

The EUTs antennas are set with a 2 degree down tilt, and an 8 degree beam width, to negate this
down tilt the EUT was rotated 180 degrees though the vertical plane (i.e. turned upside down to
normal operation) and the EUT was angled so the bore sight was parallel to the grassed area.

Due to the increased height of the EUT the measurement antenna was varied between 1 and 6 meters
to encompass the height of the EUT and its potential bandwidth
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5.4 Open area test site information

Pershore Airfield Site Map
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6 Glossary of Terms

§
AC

ANSI
BW

C
CAC
CFR
Cw
dB
dBm
DC
DFS
DSSS
EIRP
ERP
EUT
FCC
FHSS
Hz

IC
ISED
ITU
LBT
LE-LAN
m
max
MIMO
min
MRA
MU-MIMO
N/A
PCB
PDF
Pt-mpt
Pt-pt

RF930

denotes a section reference from the standard, not this document

Alternating Current

American National Standards Institute
bandwidth

Celsius

Channel Availability Check

Code of Federal Regulations
Continuous Wave

decibel

dB relative to 1 milliwatt

Direct Current

Dynamic Frequency Selection

Direct Sequence Spread Spectrum
Equivalent Isotropically Radiated Power
Effective Radiated Power

Equipment Under Test

Federal Communications Commission
Frequency Hopping Spread Spectrum
hertz

Industry Canada (now ISED)
Innovation, Science and Economic Development Canada
International Telecommunication Union
Listen Before Talk

Licence-Exempt Local Area Network
metre

maximum

Multiple Input and Multiple Output
minimum

Mutual Recognition Agreement
Multiuser Multiple Input and Multiple Output
Not Applicable

Printed Circuit Board

Portable Document Format
Point-to-multipoint

Point-to-point

Power Spectral Density

Radio Frequency

Relative Humidity

Root Mean Square

receiver

second

Site Voltage Standing Wave Ratio
Transmitter Power Control

transmitter

United Kingdom Accreditation Service
Unlicensed-National Information Infrastructure
volt

watt

ohm

Report Number: TRA-029590-47-11B
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7 Equipment Under Test

7.1 EUT Identification

Name: PMP 450m

MAC Address: 0a-00-3e-60-31-83

Model Number: C050045A102A

Software Revision: CANOPY 15.1 (W) 02/21/2017 17:09 AP-None
Build Level / Revision Number: P5

7.2 System Equipment

Equipment listed below forms part of the overall test setup and is required for equipment functionality and/or
monitoring during testing. The compliance levels achieved in this report relate only to the EUT and not
items given in the following list.

Name: Cambium Networks Power Injector AC + DC
Serial Number: 1644035834

Model Number: E100109C G

Build Level / Revision Number: 00

Name: Netgear 5 port 10/100/1000M switch
e Serial Number: 2N211B3D00F3C
e Model Number: GS605 v4

e Name: Dell Latitude Laptop PC

e Serial Number:
e Model Number: E6440

RF930 Page 11 of 86



Report Number: TRA-029590-47-11B

7.3 EUT Mode of Operation

7.3.1 Transmission

The mode of operation for Tx tests was as follows...

EUT is set to permanently transmit on the required frequency, modulation type, operational mode and
MIMO mode

Operating Frequencies
Operating frequencies tested 5152.5 MHz / 5159 MHz / 5200 MHz / 5247.5 MHz / 5252.5 MHz / 5330
MHz / 5343 MHz / / 5347 MHz / 5347.5 MHz

Operating modes
There are three unique operating modes. These only affect the antenna radiation pattern.

Sector Mode
This mode produces a broad antenna radiation beam.

Beamforming Mode
This produces a narrow, focused antenna beam.

MU-MIMO mode
This produces several narrow, focused antenna beams.

Modulation Modes

Supported modulation modes are QPSK, 16QAM, 64QAM and 256QAM. Each of these

four modulation mode can be configured to be MIMO A or MIMO B. The differences between these
MIMO modes are described below.

MIMO A
The data streams transmitted in both horizontal and vertical antenna polarisations are identical.

MIMO B
The data streams transmitted in the horizontal and vertical polarisations are independent.

Test modes are selected through a manufactures test GUI; cambium networks regulatory RF control
V4.3
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Software GUI Power Setting for EIRP / PSD Recorded Levels

Test EUT Operating Mode
Frequency
(MHz) SECTOR BEAMFORMING MU-MIMO
U-NII BAND 1
5152.5 28.5 325 325
5159.0 28.5 32.5 325
5200.0 28.0 32.0 32.0
5247.5 27.5 31.5 315
U-NIl BAND 2A
5252.5 21.5 255 255
5300.0 20.5 255 255
5343.0 21.5 255 255
5347.5 21.0 26.0 26.0
Software GUI Power Setting for all other measurements
Test EUT Operating Mode
Frequency
(MHz) SECTOR BEAMFORMING / MU-MIMO
5152.5 28.5 32.5
5247.5 27.5 31.5
5347.0 21.0 26.0

RF930
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7.4 EUT Radio Frequency Parameters

7.4.1 General

Report Number: TRA-029590-47-11B

Frequency Band of operation:

5150 — 5350 MHz

Highest/Lowest Centre Frequencies:

5152.5 - 5347.5 MHz

Modulation type(s):

QPSK, 16QAM, 64QAM, 256QAM

Modulation Mode(s):

MIMO A, MIMO B

Occupied channel bandwidth(s):

5 MHz

Channel spacing:

2.5 MHz increments

Declared output power(s):

+30 dBm eirp
+36 dBm eirp

Warning against use of alternative
antennas in user manual (yes/no):

Not applicable

Nominal Supply Voltage:

-48 Vdc (POE)

Location of notice for license exempt use:

Label / user manual / both.

Method of prevention of use on non-US
frequencies:

Digitally signed software / licence key

7.4.2 Antennas

Type: Integr_ated dual polarised seven-element
adaptive array smart antenna

Frequency range: 5150 MHz — 5925 MHz

Impedance: Not Applicable

SWR: Not Applicable

Gain: 15 dBi

Polarisation: Dual polarised

Beam width: g;énlf E;/i?\:il?t%

Connector type: Integral

Length: Not applicable

Weight: 14.2 Kg (fully assembled unit)

Environmental limits: -40°C to +60°C

Mounting: Pole mount

7.4.3 Product specific declarations

Multiple antenna configuration(s), e.g.
MIMO:

MIMO, Beamforming, Sector

Fixed pt-pt operations (yes/no):

Yes

Software security description:

See PMP-10088.PDF

TDWR interference information in user’s
manual (yes/no):

Yes

RF930
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7.5 EUT Description

The EUT is a point to multipoint access point with a seven-element dual-polarised adaptive array
smart antenna and multi-user MIMO (MU-MIMO) capabilities

RF930 Page 15 of 86



Report Number: TRA-029590-47-11B

8 Modifications

Shielded cables used for radiated emissions measurements in the range 30MHz — 1GHz
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9 EUT Test Setup

9.1 Block Diagram

The following diagram shows basic EUT interconnections with cable type and cable lengths identified:

1
i
1
i
i
i
! EUT
1
i
i
1
;
i
i
E Un-screened Un-screened
R network cable network cable
i Length > 5m Length > 5m
i L~
! |~ —
i j// Emissions Chamber
L N
. Mains Power
POE Injector Supply
2 core unscreened, 120V / 60 Hz
Length 2.0 m

Cat 6A screened

network cable

Length 1m

Network Switch

Cat 6A screened
network cable
Length 1m

Control
Laptop
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9.2 General Set-up Photograph

The following photograph shows basic EUT set-up:
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10 General Technical Parameters
10.1 Normal Conditions

The E U T was tested under the normal environmental conditions of the test laboratory, except where
otherwise stated. The normal power source applied was approx. 48 V dc from the POE.

10.2 Varying Test Conditions

Variation of supply voltage is required to ensure stability of the declared output power and frequency.
During carrier power testing the following variations were made:

Category Nominal Variation
] Mains 85% and 115%
L] Battery New battery N/A
X Other -48Vdc POE
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11 Radiated emissions

11.1 Definitions
Spurious emissions

Emissions on a frequency or frequencies, which are outside the necessary bandwidth and the level of

Report Number: TRA-029590-47-11B

which may be reduced without affecting the corresponding transmission of information. Spurious
emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency
conversion products, but exclude out-of-band emissions.

Restricted bands

A frequency band in which intentional radiators are permitted to radiate only spurious emissions but

not fundamental signals.

11.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Channels / Frequencies Measured:
EUT Channel Bandwidths:
Deviations From Standard:

Measurement BW:

Measurement Det:

Element Skelmersdale
Radio Chamber (REF940)

ANSI C63.10-2013, Clause 6.5 and 6.6
KDB 789033 D02 Il G
5155 MHz / 5247.5 MHz / 5347 MHz

5 MHz
None

30 MHz to 1 GHz: 120 kHz

Above 1 GHz: 1 MHz

Up to 1 GHz: quasi-peak

Above 1 GHz: RMS average and Peak

Environmental Conditions (Normal Environment)

Temperature: 23 °C +15 °C to +35 °C (as declared)
Humidity: 48 %RH 20%RH to 75%RH (as declared)
Supply: -48 Vdc POE -48 Vdc POE

Test Limits

Unwanted emissions that fall within the restricted frequency bands shall comply with the limits

specified:

General Field Strength Limits for License-Exempt Transmitters at Frequencies Above 30 MHz

Frequency Field Strength
(MHz) (uV/m at 3m)
30-88 100
88-216 150

216-960 200

Above 960 500

RF930
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11.3 Test Method

With the EUT setup as per section 9 of this report and connected as per Figure i, the emissions from
the EUT were measured on a spectrum analyzer / EMI receiver.

Radiated electromagnetic emissions from the EUT are checked first by preview scans. Preview scans
for all spectrum and modulation characteristics are checked, using a peak Det and where applicable
worst-case determined for function, operation, orientation, etc. for both vertical and horizontal
polarisations. Pre-scan plots are shown with a peak Det and 100 kHz RBW.

If the EUT connects to auxiliary equipment and is table or floor standing, the configurations prescribed
in ANSI C63.10 are followed. Alternatively, a layout closest to normal use (as declared by the
provider) is employed, (see EUT setup photographs for more detail).

Emissions between 30 MHz and 1 GHz are measured using calibrated broadband antennas.
Emissions above 1 GHz are characterized using standard gain horn antennas. Pre-amplifiers and
filters are used where required. Care is taken to ensure that test receiver resolution bandwidth, video
bandwidth and Det type(s) meet the regulatory requirements.

For both horizontal and vertical polarizations, the EUT is then rotated through 360 degrees in azimuth
until the highest emission is detected. At the previously determined azimuth the test antenna is raised
and lowered from 1 to 4 m in height until a maximum emission level is detected, this maximum value is
recorded.

Power values measured on the test receiver / analyzer are converted to field strength, FS, in dBuV/m
at the regulatory distance, using:

FS=PR+CL+AF-PA+DC-CF

Where,
PR is the power recorded on the receiver / spectrum analyzer in dBuV;
CL is the cable loss in dB;
AF is the test antenna factor in dB/m;
PA is the pre-amplifier gain in dB (where used);
DC is the duty correction factor in dB (where used, e.g. where average Det on pulsed
harmonic understates the power);
CF is the distance factor in dB (where measurement distance different to limit distance);

This field strength value is then compared with the regulatory limit.

Figure i Test Setup

EUT radiating path Measurement RF Spectrum
” = Antenna > Attenuator ) Analyser

Measurements are made at 5155 MHz, 5247.5 and at 5347 MHz.

Measurement made at 5155 MHz; 5247.5 and at 5347 MHz are at a power setting lower than the
setting used for maximum EIRP and are set to the highest level whilst still achieving compliance with
the requirements.

These frequencies are determined as the lowest middle and highest high power operating frequencies
based on power setting required to achieve compliance with the requirements.
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Test Setup Photograph(s)

11.4 Test Equipment

Report Number: TRA-029590-47-11B

Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Bilog Chase CBL611/A L290 02/12/2014 24 12/12/2018
ESVS10 R&S ESVS10 L352 18/07/2016 12 18/07/2017
Spectrum Analyser R&S FSU46 U281 07/06/2016 12 07/06/2017
Horn Antenna EMCO 3115 L139 25/09/2015 24 25/09/2017
Pre-Amplifier Agilent 8449B L572 07/02/2017 12 07/02/2018
Horn Antenna Flann 20240-20 L300 07/04/2016 24 07/04/2018
Horn Antenna Flann 22240-20 L301 11/07/2016 12 11/07/2017
6 dB Attenuator Bird 8304-060-N U376 Calibrate in Use
10 dB Attenuator Bird 8304-100-N L222 Calibrate in Use
High Pass Filter Atlantic AFH-0700 U558 Calibrate in Use

Microwave Ltd

RF930
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11.5 Test Results
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Channel: 5155 MHz, Sector Mode; 256QAM; MIMO A
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VBW 1 Wz 26.87 dBUV/m
Ref 90 dBuV/m Att 5 dB SWT 2.7 s 7.000000000 GHz
% Varkdr 1 CT1]1
55.74 dBuv/m
cHz (IE
Fcc_pk
51 662§ a8~
:
Fec_av
o
T RGP By
PPN POVERE VE TR,
MW\J\—\/
Lt
|t
39
-10
Start 7 GHz 1.1 GHz/ Stop 18 GHz
20.FEB.2017 18:01:23

7 GHz - 18 GHz
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Report Number: TRA-029590-47-11B

I A ]
. Lo M W ey
PRI TR PR oo v USRI WZ VR PES P P Ao g R
S R B B e e R
18 GHz - 26.5 GHz 26.5 GHz — 40 GHz
Channel: 5155 MHz, Beamforming & MU-Mimo Mode; 256QAM; MIMO A
F Meas’d | Cable | Antenna | Pré- | Duty Field Distant’:e Field .
Det req. Emission | Loss Factor amp LS Strength S Strength T
(MHz) dB dB dB)/ Gain | Corr’n dBuV/i Factor Vi (uV/m)
QP | 31.45 9.80 0.80 18.28 N/A 0.00 0.00 28.88 27.80 100
QP | 37.40 10.50 0.80 15.20 N/A 0.00 0.00 26.50 21.13 100
QP | 62.25 15.60 1.00 6.08 N/A 0.00 0.00 22.68 13.61 100
Pk | 5376.00 55.56 4.50 34.30 | 35.97 | 0.00 0.00 58.39 830.81 5000
Av | 5376.00 43.63 4.50 34.30 | 3597 | 0.00 0.00 46.46 210.38 500
Channel: 5155 MHz, Sector Mode; 256QAM; MIMO A
F Meas’d | Cable | Antenna | Fré- | Duty Field Distant’:e Field .
Det req. Emission | Loss Factor amp LS Strength S Strength T
(MHz) y Gain | Corr’n dBuV/i Factor Vi (uV/m)
QP | 31.45 9.80 0.80 18.28 N/A 0.00 0.00 28.88 27.80 100
QP | 37.40 10.50 0.80 15.20 N/A 0.00 0.00 26.50 21.13 100
QP | 62.25 15.60 1.00 6.08 N/A 0.00 0.00 22.68 13.61 100
Pk | 5376.00 55.67 4.50 34.30 | 35.97 | 0.00 0.00 58.50 841.40 5000
Av | 5376.00 43.97 4.50 34.30 | 35.97 | 0.00 0.00 46.80 218.78 500

Emissions below 1GHz noted are present regardless of EUT transmit state of operation
Variation in 5376MHz Emission Level due to variation in output power setting

RF930
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®

Report Number: TRA-029590-47-11B

REW 1 MHz Varker 1 [T1 1 RBW 1 WHz varker 1 [T1 1
VB 10 NHz 121.62 dBaV/m VBN 10 WHz 121.57 dBav/m
Ref 125 dBuv/m Ate 10 a8 ST 30 s 5.155384615 Gz Ref 125 dBuV/m Att 10 ds SwT 30 s 155360577 GHz
offfet 11]6 dB Varkdr 2 [T1[1 offfet 11]6 dB Varkdr 2 [T1]1
[t e e ‘" 1 A B ‘"
/V 0009000 GHz |IEN /v 000 GHz
varkdr 3 [T2[1 Varke ]
1Pk L — BV 1 PK [ — BV
MAXH / 5 \L50000000 GHz MAXH / 000 GHz Ll
407 8_1p 4078 1
WWM»—AANWW " W”M
407_B_1A b 407_8_1la 3
>
Center 5.1525 GHz 1.5 MHz/ Span 15 MHz Center 5.1525 GHz 1.5 MHz/ Span 15 MHz
Date: 16.FEB.2017 12:46:01 Date: 16.FEB.2017 12:44:02
RBW 1 Mz Marker 1 [T1 1 \@ RBI 1 MHZ Varker 1 [T1 1
VBW 10 Mz 121.83 dBuv/m VBI 10 WHz 121.66 dBuv/m
Ref 125 dBuV/m Att 10 dB SWT 30 s 5.154062500 GHz Ref 125 dBpv/m Att 10 dB SWT 30 s 5.155360577 GHz
orrfet 116 a8 E Varkdr 2 T[]0 | orfet 11]6 a8 T verkdr 2 Tl ]
L. B
. v -
2\ 15000 /V 5\150004000 GHz N
varkdr § T2 varkdr 3\ [12]1
1Pk L F———1%3.29 aBV7/7 - 9BV
MAXH 5\ 18000000 GHz / 0000 GHz i
r 2 av
cLRiR :
407 8_1p 4078
I M”M i i w"/
YV AEERT " [
407 8_1ia 4078 3a
Start 5.145 GHz 1.5 MHz/ Stop 5.16 GHz Center 5.1525 GHz 1.5 MHz/ Span 15 WHz
Date: 16.FEB.2017 12:21:59 Date: 16.FEB.2017 12:39:47

MIMO A

RF930

SECTOR 256QAM

MIMO B
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Report Number: TRA-029590-47-11B

RBW 1 MHz Marker 1 @ RBW 1 MHz Marker 1 [T1 ]
VBW 10 MHz 12 dBpv/m VB 10 MHz 123.43 dBuV/m
Ref 125 dBuV/m Att 10 dB siT30s s Ref 125 dBUV/m Att 10 dB ST 30 s N 5.155865385 GHz
Varkdr farkdr 2 71
[, offfet 116 dB R uarkd [, offfet 11]6 dB L [RES "
3BT +-59—depy
s \is000d000 Gz [N 150004000 GHz
varkgr 3 [12[1 varkdr X [72(1
1 PK [ T B aBav7n 1PK L BV
MAXH 5 (5009000 GHz MAXH 5 \shoodooo Ghz||
407_8_1p 407_8_dlp ///’/
b -M”'ﬂ*w et sindo] ~w~¢a~wwrﬂflw
407_8_1a 407_8_da
Center 5.1525 GHz 1.5 WHz/ Span 15 MHz Center 5.1525 GHz 1.5 WHz/ Span 15 WHz
Date: 16.FEB.2017 13:19:59 Date: 16.FEB.2017 13:16:05
RBW 1 Mz Marker 1 [T1 1 \@ RBI 1 MHZ Varker 1 [T1 1
VBW 10 MHz VBW 10 MHz 121.99 dBuV/m
Ref 125 dBuv/m Att 10 dB SWT 39 s Ref 125 dBuV/m Att 10 dB ST 20 s 5.156802885 GHz
orer 1o @ [ e orffet 116 a8 aredr 2 0111 ]
= - z —
5\ 50004000 GHz [N
Marke warkdr 3\ [72[1
1Pk 1Pk A -
o e \\
w
//// ‘
407_8_1p 407_8_dp
o] "
gt ol Al u«»xwf~nA4u~¢.wmﬂ~4A”www
407_8_1a 3 407_8_ il 2
Center 5.1525 GHz 1.5 WHz/ Span 15 MHz Center 5.1525 GHz 1.5 WHz/

Date:

RF930

16.FEB.2017 13:18:20

MIMO A

Date: 16.FEB.2017 13:17:09

BEAMFORMING 256QAM

Span 15 WMHz

MIMO B
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Channel: 5247.5 MHz, Sector Mode; 256QAM; MIMO A

6
54 B30MHz-1GHz Q
5
45
40
£ 39
3
2
3@
T 3
£
g EH
3 2
2 ”‘j “
15
1
5
o
30M 50 60 80 100M 200 300 400 500
Frequency in Hz
RBW 100 KkHz Marker 1 [T1 ]
VB 1 MHz 111.95 dBuv/m
Ref 120 dBuv/m Att 10 dB SWT 740 ms 5.250000000 GHz
120 offfet 6 4B Varkqr 2 [T1]1
1 51.51 dBuv/m
L 5376004000 GHz |IEN
2 AV
MAXH
F 1 65.2§ a5~
Fec_Av 2
pryy L R TR Y polon
I PR PR sy
—— PN SOV SN RSN B Sve
O S APy
20
Center 5.5 GHz 300 MHz/ Span 3 GHz

Date: 20.FEB.2017 16:56:53

RF930

4 GHz -7 GHz

Ref 90 dBuV/m

RBI 100 kHz

Report Number: TRA-029590-47-11B

Marker 2 [T2 ]
24.67 dBuV/m
3.942307692 GHz

EJ Varkdr 1 CT3]1
36.43 dBuv/m
3 018264231 criz|NEN
1 ek | FCC_PK
A
1 68.24 dB*
Fee_av
b
| b it
Weodrisat [ g~ 2
MW—/"M
WWVWW
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Start 1 GHz

Date: 20.FEB.2017 17:19:04

Ref 90 dBuv/m

300 MHz/

Stop 4 GhHz

1GHz -4 GHz

RBW 100 kHz
VBW 1 MHz
SWT 2.7 s

Marker 3 [T1 ]
45.36 dBuv/m

10.493910256 GHz

3 Varkdr T O]
55.3¢ dByuv/m
7.947114385 Gz |IEN
Varkdr 2 [12]1
1 ek | FCC Pk e
WAXH
1 652§ dor
:
Fec_av J
3 Tkt
I B N v e ;
I Y.L, e
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| e
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Start 7 GHz 1.1 GHz/ Stop 18 GHz

Date: 21.FEB.2017 10:13:09

13 GHz -

18 GHz
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Report Number: TRA-029590-47-11B

Al o A
[RGB M)
O e M e et e T
S e B Sl Ity N
18 GHz — 26.5 GHz 26.5 GHz — 40 GHz
Channel: 5247.5 MHz, Beamforming & MU-Mimo Mode; 256QAM; MIMO A
F Meas’d | Cable | Antenna | Fré- | Duty Field Distam’:e Field .
Det req. Emission | Loss Factor amp LS Strength ST Strength LT
(MHz) y Gain | Corr'n dBuV/ Factor Vi (uV/m)
QP 31.45 9.80 0.80 18.28 N/A 0.00 0.00 28.88 27.80 100
QP 37.40 10.50 0.80 15.20 N/A 0.00 0.00 26.50 21.13 100
QP 62.25 15.60 1.00 6.08 N/A 0.00 0.00 22.68 13.61 100
Pk | 5376.00 54.67 4.50 34.30 35.97 | 0.00 0.00 57.50 749.89 5000
Av | 5376.00 43.81 4.50 34.30 35.97 | 0.00 0.00 46.64 214.78 500
Channel: 5247.5 MHz, Sector Mode; QPSK; MIMO A
F Meas’d | Cable | Antenna | Preé- | Duty Field Distanc’:e Field .
Det req. Emission | Loss Factor amp LS Strength ST Strength LT
(MHz) y Gain | Corr'n dBuV/i Factor Vi (uV/m)
QP 31.45 9.80 0.80 18.28 N/A 0.00 0.00 28.88 27.80 100
QP 37.40 10.50 0.80 15.20 N/A 0.00 0.00 26.50 21.13 100
QP 62.25 15.60 1.00 6.08 N/A 0.00 0.00 22.68 13.61 100
Pk | 5376.00 55.09 4.50 34.30 35.97 | 0.00 0.00 57.92 787.05 5000
Av | 5376.00 43.09 4.50 34.30 35.97 | 0.00 0.00 45,92 197.70 500
Channel: 5247.5 MHz, Sector Mode; 256 QAM; MIMO A
F Meas’d | Cable | Antenna | Fré: | Duty Field Distam’:e Field .
Det req. Emission | Loss Factor amp LS Strength S Strength LT
(MHz) y Gain | Corr’n dBuV/i Factor Vi (uV/m)
QP | 31.45 9.80 0.80 18.28 N/A 0.00 0.00 28.88 27.80 100
QP | 37.40 10.50 0.80 15.20 N/A 0.00 0.00 26.50 21.13 100
QP | 62.25 15.60 1.00 6.08 N/A 0.00 0.00 22.68 13.61 100
Pk | 5376.00 55.45 4.50 34.30 | 35.97 | 0.00 0.00 58.28 820.35 5000
Av | 5376.00 43.18 4.50 34.30 | 35.97 | 0.00 0.00 46.01 199.76 500

Emissions below 1GHz noted are present regardless of EUT transmit state of operation
Variation in 5376MHz Emission Level due to variation in output power setting

RF930
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1Pk
AXH

Date:

55

Level in dByV/m

Report Number: TRA-029590-47-11B

Channel: 5347 MHz, Sector Mode; 256QAM; MIMO A

s B 30MHz-1GHz QP 3m

51
o
30M 50 60 80 100M 200 300 400 500 800 16
Frequency in Hz
RBW 100 kHz Marker 1 [T1 ]
VB 1 MHz 103.70 dBuV/m
Ref 115 dBuv/m Att 5 dB SWT 740 ms 5.350961538 GHz
off$et 6 (B Markdr 2 [T1]] ‘l
St 57T
L 5.37600000 GHz |
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F 1 68.2§ dB~
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MW ‘ R I YV N TP
R’ LYEyweTy
JW e L]
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Center 5.5 GHz 300 MHz/ Span 3 GHz

22.FEB.2017 17

RF930

:54:24

4 GHz -7 GHz

RBI 100 kHz Marker 1 [T1 ]

®

VBW 1 MHz 36.03 dBuV/m
Ref 90 dBuV/m Att 10 dB SWT 740 ms 3.913461538 GHz
3 Varkdr 2 O11]7
3484 depv/m
4 crz| M
1 ek | FCC_PK
x|
1 62.24 ds*
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T
e b ,_WWWNM
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R S s
P
Wostimmsarn o]
-10
Start 1 oHz 300 MHz/ Stop 4 GHz
Date: 22.FEB.2017 18:09:41
® RBW 100 kHz Varker 1 [TL 1
VBN 1 Hz 7 dBuv/m
Ref 90 dBuv/m Att 5 dB SWT 2.7 s 18.000000000 GHz
%
(Al
o
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:
Foc_av
L freuain]
o
mmwwvf
[
F3o——
_10

Center 12.5 GHz 1.1 GHz/ Span 11 GHz
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7 GHz - 18 GHz
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vavava

FCC_AV.

Center 22.25 GHz

Date: 22.FEB.2017 11:25:16

850 MHz/

Span 8.5 GHz

18 GHz — 26.5 GHz

Date:

Report Number: TRA-029590-47-11B

Marker 1 [T1 ]
53.97 dBuV

FCC_AV

Center 33.25 GHz 1.35 GHz/ Span 13.5 GHz

22.FEB.2017 10:43:32

26.5 GHz — 40 GHz

Channel: 5347 MHz, Beamforming & MU-Mimo Mode; 256QAM; MIMO A

F Meas’d | Cable | Antenna | Fré- | Duty Field Distant’:e Field .
Det (n;ig) Emission | Loss | Factor g':iﬁ ggfr”i Strength E;;';ﬁ rn Strength (bwg)
(dBuVv) (dB) (dB/m) (dB) (dB) (dBuV/m) (dB) (uV/m)
QP | 31.45 9.80 0.80 18.28 N/A | 0.00 0.00 28.88 27.80 100
QP | 37.40 10.50 0.80 15.20 N/A | 0.00 0.00 26.50 21.13 100
QP | 62.25 15.60 1.00 6.08 N/A | 0.00 0.00 22.68 13.61 100
Pk | 5376.00 | 56.54 4.50 34.30 |35.97 | 0.00 0.00 59.37 930.04 | 5000
Av | 5376.00 | 45.01 4.50 34.30 |35.97 | 0.00 0.00 47.84 246.60 500
Channel: 5347 MHz, Sector Mode; 256QAM; MIMO A
F Meas’d | Cable | Antenna | Fré- | Duty Field Distam’:e Field .
Det (A:I,ZZ) Emission | Loss Factor g':iﬁ ggfr”i Strength E’):(;l;atz rn Strength (b'\zg)
(dBuV) (dB) (dB/m) (dB) (dB) (dBuV/m) (dB) (uV/m)
QP | 31.45 9.80 0.80 18.28 N/A 0.00 0.00 28.88 27.80 100
QP | 37.40 10.50 0.80 15.20 N/A 0.00 0.00 26.50 21.13 100
QP | 62.25 15.60 1.00 6.08 N/A 0.00 0.00 22.68 13.61 100
Pk | 5376.00 56.87 4.50 3430 | 35.97 | 0.00 0.00 59.70 966.05 | 5000
Av | 5376.00 45.30 4.50 3430 | 35.97 | 0.00 0.00 48.13 254.98 500

Emissions below 1 GHz noted are present regardless of EUT transmit state of operation
Variation in 5376MHz Emission Level due to variation in output power setting

RF930
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Report Number: TRA-029590-47-11B

SECTOR MIMO A

® RBW 1 Mz Varker 1 [T1 1 ® “RBW 1 MHz Marker 1 [T1 ]

VBW 10 MHz 117.79 dBuv/r

VBN 10 Wz 117.40 dBjv/m
Ref 120 dBuV/m “Ate 10 a8 ST 60 s 5.347307692 GHz Ref 120 dBuV/m “Att 10 d8 “SUT 60 s 5.347788462 Gz
120 offfet  11]o da_ | Tarkdr 2 O] T2 offfet  1i]o a5 Tarrdr 2 OT1]1
6 a8 |
. 63.73 dBUV/n " 62.84 dBuv/m
Ly 5,05 ciiz| L, 5. 352 chz|
Varkdr 8 [T2]1 varkdr 3 [12]1

50.71 dBuv/r

|l

h07_8_1ja

50.64 dBUV/m

//

7

a07_8_1jA

20 20

Center 5.35 GHz 1.5 MHz/

Span 15 MHz Center 5.35 GHz 1.5 MHz/ Span 15 MHz

Date: 16.FEB.2017 14:09:44 Date: 16.FEB.2017 14:11:18

QPSK > 2 MHz from Bandedge 256 QAM

“RBMW 100 kHz Varker 1 [T1 ] RBI 100 KHz Varker 1 [T1 ]
VBN 300 kHz 48.62 dBuV/m VBN 300 kHz 54.75 dBuV/m

Ref 115 dBuV/m “Att 5 dB SWT 20 ms 5.354000000 GHz Ref 115 dBuV/m “Att 5 08 ST 20 ms 5.350000000 GHz

| 110-06fcpt 11,68 i [110-0ffdht 116 ii
M o0

100

o\ = \ 5]
9 90

BEp 75 p
7 v 70 L
0 B““D \zm \3\( 1 k

! 7 B_IA N N To0F LI W T — TOF

0 50 .

40 I-40
I~ 6 = 608
[20 20
Center 5.3515 Gz 500 ktz/ Span 5 iz Center 5.3515 GHz 500 kHz/ Span 5 Wz

T Chénnel Tx Channel

genduideh L Power  60.77 dBuv/m Bandidth 1 iz Power  60.68 dByV/m
Adjacent Channel Adi

ljacent Channel

Bandvicith 1 e Lower  63.21 dBuv/m e - Lower  63.05 dBuv/m
Spacing 1 Wz Upper  59.67 dBuV/m Spacing 1 Wz

Upper  59.46 dBuV/m

QPSK Integration Method - Peak Level 256QAM

/i nun auu Nz marner apis g -
%> VBI 1 NHz 37.86 dByv/m ® RBIF 100 kHz arker 1 [T1 ]

Ref 115 dBuv/m “Att 5 d8 ST 20 ms 5.354000000 GHz Ref 115 dauv/m fptt 5 dB \ﬂ ;OM:z 5 3%;02;‘&@
e ﬂ oottt il |
10 100 l
oo™y S6L Lo \\ E

- .
%LBHP ﬁm_ﬁ_w
70 \b o Wl L, \F L
bl 100 of| 100 "
::7_}3 A oF ’497,3,\% 100 of| 100 )
Lao R 2 T e
|30 k3o .
I-20 Loo. ’
Center 5.3515 GHz 500 kHz/ Span 5 MHz Center 5.3515 GHz 500 kHz/ Span 5 MHz
Tx Channel Tx Channel
Banduidth 1 itz Power  49.32 dBuV/m Banduidth 1 iz Power ~ 49.09 dBuV/m
Adjacent Channel Adjacent Channel
Bandwidth 1 MHz Lower 51.34 dBllV/m Bandwidth 1 Wz Lower 51.05 dBuV/m
Spacing 1z Upper  48.15 dBuV/m spacing 1 Wiz Upper  48.08 dBuvV/m
QPSK Integration Method - Average Level 256QAM
RF930
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SECTOR
®

RBIW 1 MHz

Report Number: TRA-029590-47-11B

MIMO B

Varker 1 [T1 1 ® “RBW 1 MHz Marker 1 [T1 1
VBW 10 MHz 118.18 dBuV/n VBW 10 MHz 116.38 dBuv/m
Ref 120 dguw/m | CAtt 10d8 ST 60 s 5.346009615 Gz Ref 120 deuv/m ‘At 10ds  csuT 60 s 5.346208077 GHz
20 oot 11]5 %] Varkdr 2653 Jum.v/w 120 Offfet 11 \G,ELW arkdr bei J(U“W“
L 5 35 Grz | M L, 5 352 Griz| WM
1 Varkdr 3 [T2[1 varkdr s [12[1
50.83 dBuv/n 7 50.63 dBuv/m
curuR cLRuR
/ [, il . [ty " ol
o7 8_1a fho7 8 _da
F2 F2
20 2
Center 5.35 GHz 1.5 MHz/ Span 15 MHz Center 5.35 GHz 1.5 MHz/ Span 15 MHz
Date: 16.FEB.2017 14:05:07 Date: 16.FEB.2017 14:15:35
QPSK > 2 MHz from Bandedge 256 QAM
RBI 100 kHz Marker 1 [T1 ] “RB 100 kHz Marker 1 [T1 ]
VB 300 kiz 49.76 dBuv/m VBIW 300 kHz 55.10 dBuv/m
Ref 115 dBuV/m At 5 0B SIT 20 ms 5.354000000 GHz Ref 115 dBuV/n “Att 5 dB SIT 20 ms 5.350000000 GHz
11 Offset 11.61dB. I 11t Offset—11.61dB "
o L o
o \ o
1 PRI 8
MAXH ilm_a_iw i 407 B_YP
7 \w L =7 LvL
P fl 100 - \\&
807871 N ToF L W o8
50 L L d i, . v e n M n
4 4
0 608 s 608
L,
Center 53515 Ghiz 500 kiz/ Span 5 iz Center 5.3515 Gtz 500 kHz/ Span 5 MHz
Tx Channel Tx Channel
anduiden L Power  60.91 dBuV/m Banduidtn 1 iz Power  60.78 dBuV/m
Adjacent Channel Adj t Ch 1
; Lower  63.18 dBuV/m Jacent Channe
Banduidtn 1 bz H ganduidth 1 e Lower  63.00 dBuV/m
Spacing 1 Nz Upper 59.68 dBuV/m Spacing 1 MHz Upper 59.61 dBlJV/m
QPSK Integration Method - Peak Level 256QAM
RBI 100 KHz Marker 1 [T1 ] RBI 100 kHz Marker 1 [T1 ]
VB 1 Mz 37.56 dBuV/n VB 1 Wiz 43.38 dBv/n
Ref 110 dBuV/m At 5 dB SIT 20 ms 5.354000000 GHz Ref 115 dBuV/n “Att 5 dB SIT 20 ms 5.350000000 GHz
Offset  11.6/dB I F110-cffsht 1168 1
I-100 ) l
o [ I e
8 \ SGL A\J\\ SGL
L WjTlP T8#7E P
g 7 AVG I I
70 |
’%7@‘ A 100 of|_100 o \v 100 of| 100
o - fD?_B_LLA o
pe . s
10
4 40 Py
3
L 60B ; 608
Center 5.3515 GHz 500 ktiz/ Span 5 iz Center 5.3515 GHz 500 kiiz/ Span 5 Wiz
Tx Channel Tx Ch*_‘”"E'
Bandwidth 1Mz Power  49.13 dBuV/m Banduidth 1 Wz Power  49.07 dBuvV/m
Adjacent Channel Adjacent Channel
S - Lower  51.28 dBuV/m Bandiicth 1 e Lower  51.05 dBuv/m
i Spacini 1 MHz
Spacing 1 Wz Upper  47.91 dBuvV/m pacing Upper  48.06 dBpV/m

QPSK

RF930

Integration Method - Average Level

256QAM
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Report Number: TRA-029590-47-11B

BEAMFORMING MIMO A

® REW 1 MHz Varker 3 [T2 1 ®

“REW 1 WMHz varker 1 [T1 ]
VBW 10 MHz 51.01 dBpV/n VBW 10 MHz 117.40 dBuv/m
Ref 120 dBuV/m At 10 a8 swT 30 s 5.352000000 Gz Ref 120 dBuV/m “Att 10 a8 “suT 30 s 5.347788462 GHz
120 Offget 116 Markgr 1 [T1|] 120 Offget 11(6 dB Marker T1(1
Jd&/_//’\m\ 117.88 dBpV/n '_N_\‘/K 91 dBpuv/m
L. 5347354769 Gtz | |, s chz | WM
Varkdr 1

varkdr 3 [12[1

33 dBpV/r

1 50.81 dBpuv/m
e v

2 av 2 av

CLRIR

CLRWR

/

s, VTR AL
A07_8_1ja fo7_B_ila

20

20

Center 5.35 GHz 1.5 MHz/

Span 15 MHz Center 5.35 GHz 1.5 MHz/ Span 15 MHz

Date: 16.FEB.2017 14:57:48 Date: 16.FEB.2017 14:59:21

QPSK > 2 MHz from Bandedge 256 QAM

ROW 1UU KAz marnct 1 pia g

' “RBII 100 kiHz Narker 1 [T1 ]

VBIF 300 iz 56.34 dB//n @ VB 300 Kz 55.29 dBuV/n
Ref 115 dBuV/m Att 5 d8 SIT 20 ms 9350000000 Gz Ref 115 dBuV/n “Att 5 dB SIT 20 ns 5.350000000 GHz
I 110-0FFept—11-6d2 i [i100eekt 11.6ld8 ii
100 (100

5] [oo

B o\ B
7P %78
Lo \ Lt Lo \ Lt
7] " X TOF A T v ~ TOF
Lo T Fre e o] D
[-40 40
I-30: 608 130 .
Lo 20
Center 5.3515 GHz 500 kHz/ Span 5 MHz Center 5.3515 GHz 500 kHz/ Span 5 MHz
Tx Channel Tx Channel
Banduidth 1 Wz Power  61.62 dBuV/m Banduidth 1z Power  61.48 dBpV/m
Adjacent Channel Adjacent Channel
Bandwidth 1 Mz Lower  63.81 dBuV/m Bandwidth 1 Wz Lower  63.92 dBuV/m
Spacing 1 Mz Upper  59.85 dBuV/m Spacing 1 Wz Upper  59.91 dBuV/m

QPSK Integration Method - Peak Level 256QAM

*RBI 100 kHz Marker 1 [T1 ] “RBII 100 kHz Marker 1 [T1 ]
VBII 1 MHz 42.89 dBuV/m VBN 1 HHz 42.36 dBuV/m
Ref 115 dBuv/m “Att 5dB SWT 20 ms 5.350000000 GHz Ref 115 dBuv/m “Att 5 dB SWT 20 ms 5.350000000 GHz
[i100Ffsbt 11648 i Fii0offdet 11648 i
o H eal
"%LB\TN BAT 2°1U77ar1p
AVG] AVG]
r7 LVL r L VL
1 fl 100 100 of| 100
W7 B IR o V7T BR oF
Lao | NSV P . \‘*-»-.1!..___,__,_,___“#
608 N 608
Center 5.3515 GHz 500 kHz/ Span 5 MHz Center 5.3515 GHz 500 kHz/ Span 5 MHz
Tx Channel Tx Channel
Bandidth 1 Wz Power  49.90 dBuv/m Bandwidth 1 Wz Power  49.69 dBuv/m
Adjacent Channel Adjacent Channel
sandwidth 1 W Lower  51.72 dBuV/m sandwidth 1 e Lower  51.44 dBuV/m
Spacing 1 Wtz Upper  48.42 dBuV/m Spacing 1 Wz Upper  48.29 dBuV/m

QPSK Integration Method - Average Level 256QAM
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BEAMFORMING
®

RBIW 1 MHz

Report Number: TRA-029590-47-11B

MIMO B

Varker 3 [T2 1 ® “REW 1 Mz varker 1 [T1 1
VBW 10 MHz 51.03 dBuV/n VBW 10 MHz
Ref 120 deuv/n | Ate 10 d ST 30 s 5.352000000 GHz Ref 120 dBuV/m “Att 10 a8 “SuT 30 s
120 Offfet 11 s/JB\J Markdr 1 [T1]1 2oorfet 1ifedsy [ ] arkdr
314 v/ 81v/m
L, | hacon]zar |y B  aozoodoos o\
Varkdr 2 [T1]1 varkdr 3 [12]1
1 63.6¢ dBpv/r 50.81 dByv/m
\
CLRIR CLRIR
[“wa I BTV TR L L, .
hor_s_ijn hor_s_ia
F2 F2
20 20
Center 5.35 GHz 1.5 MHz/ Span 15 MHz Center 5.35 GHz 1.5 MHz/ Span 15 MHz
Date: 16.FEB.2017 14:45:36 Date: 16.FEB.2017 15:05:25
QPSK > 2 MHz from Bandedge 256 QAM
*RBIW 100 kHz Marker 1 [T1 ] “RBI 100 kHz Marker 1 [T1]
VBN 300 kHz 55.87 dByV/m VBN 300 kHz 54.15 dBuV/m
Ref 115 dBuV/m “Att 5 dB SIT 20 ms 5.350000000 GHz Ref 115 dBV/n Att 5 dB SIT 20 ms 5.350000000 GHz
[ 110-0fesbt 11 6las ] [ 1oorrbe 1o ]
N s : -
90 90
75 B
= - WAXH -
| 70 LVL 70 \ LvL
W7 IR~ N .
5 o - ] o LI T I OF
I-50: fefore, 50 A .
|40 A
30 608 e D
L2 20
Center 5.3515 GHz 500 kHz/ Span 5 NHz Center 5.3515 GHz 500 kHz/ Span 5 MHz
Tx Channel Tx Channel
genduidtn L Power  62.75 dBuV/m Bandidth 1 Wiz Power  61.66 dBuV/m
Adjacent Channel Adjacent Channel
Bandicith 1 Wz Lower ~ 64.65 dBuv/m S - Lower  63.54 dBuV/m
Spacing 1z Upper ~ 61.05 dBpV/m Spacing 1z Upper  60.23 dBuV/m
QPSK Integration Method - Peak Level 256QAM
“RBI 100 KHz Marker 1 [T1 ] “RBI 100 kHz Warker 1 [T1 ]
VBI 1 WHz 43.36 dByv/m VBI 1 MHz 42.66 dBuV/m
Ref 115 dBuv/m “Att 5d8 SIT 20 ms 5.350000000 GHz Ref 115 dBuv/m “Att 5dB SWT 20 ms 5.350000000 GHz
| 110-0fspt—11.6lde ] L110-08ebt 116l |
l l
8]
90 \ SGL 0 \ SGL
Bl 8075 L VR ﬁblﬂTlP
AVG) E70. il +70 LvL
HB77€L1A 100 of! 100 . H%7J§ i 100 of{ 100 .
50 50
. U N ) \"mdr.,..,__w
40 40
3 608 [ DB
L20. ) £20:
Center 5.3515 GHz 500 kHz/ Span 5 MHz Center 5.3515 GHz 500 kHz/ Span 5 Mz
Tx Channel Tx Channel
Bondvicth Lz Power  49.86 dBuV/m anduiden L Power  49.61 dBuV/m
Adjacent Channel Adjacent Channel
Ba:wdwidth 1 Wz Lower 51.66 dBuV/m Bandwidth 1 MHz Lower 51.40 dBUV/m
Spacing 1 MHz Upper 48 .45 dBuV/m Spacing 1 MHz Upper 48.25 dBuV/m

QPSK
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12 AC power-line conducted emissions

12.1 Definition

Line-to-ground radio-noise voltage that is conducted from all of the EUT current-carrying power input
terminals that are directly (or indirectly via separate transformers or power supplies) connected to a

public power network.

12.2 Test Parameters

Test Location:

Test Chamber:

Test Standard and Clause:

EUT Channels / Frequencies Measured:
EUT Channel Bandwidths:

EUT Modulation:

Deviations From Standard:
Measurement BW:

Measurement Detectors:

Element Skelmersdale
Transient Lab (U390)

ANSI C63.10-2013, Clause 6.2
5515 MHz

5 MHz

QPSK MIMO A

None

10 kHz

Quasi-Peak and
Average, RMS

Environmental Conditions (Normal Environment)

Temperature: 18 °C
Humidity: 40 %RH
Supply: -48Vdc POE

Test Limits

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
-48Vdc POE

A radio apparatus that is designed to be connected to the public utility (AC) power line shall ensure
that the radio frequency voltage, which is conducted back onto the AC power line on any frequency or
frequencies within the band 150 kHz-30 MHz, shall not exceed the limits in Table 3.

Table 3 — AC Power Line Conducted Emission Limits

Conducted limit
Frequency (dBuV)
(MHz) Quasi-Peak Average
0.15-0.5 66 to 56 56 to 46
0.5-5.0 56 46
5.0 -30.0 60 50

* The level decreases linearly with the logarithm of the frequency.

** A linear average detector is required.

12.3 Test Method

With the EUT setup in a screened room, as per section 9 of this report and connected as per Figure ii,
the power line emissions were measured on a spectrum analyzer / EMI receiver.

AC power line conducted emissions from the EUT are checked first by preview scans with peak and
average detectors covering both live and neutral lines. A spectrum analyzer is used to determine if any

periodic emissions are present.

Formal measurements using the correct detector(s) and bandwidth are made on frequencies identified
from the preview scans. Final measurements were performed with EUT set at its maximum duty in

transmit mode.

RF930
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Figure ii Test Setup

AC infemal
LISN PSU
Fitered > «
Power line
RF
output
EMI
Receiver

Test Setup Photograph(s)

12.4 Test Equipment

EUT

Report Number: TRA-029590-47-11B

Support
Equipment

Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Lisn R&S ESH3-25.831.5 U195 25/05/2016 12 25/05/2017
Receiver R&S ESHS10 uoo3 25/06/2016 12 25/06/2017
Pulse Limiter R&S ESH3-22 U559 28/07/2015 24 28/07/2017
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12.5 Test Results

Conducted emissions on Mains 9kHz-30MHz ESHS10 + UH195 +UH559
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Frequency QuasiPeak Ml'ierra\se. Bandwidth Filter Line Corr. Margin Limit
(MHz) (dBpV) (ms) (kHz) (dB) (dB) (dBpV)
0.150000 37.9 2000.0 10.000 GND N 10.1 28.1 66.0
0.480000 29.8 2000.0 10.000 GND N 10.1 26.5 56.3
0.485000 29.7 2000.0 10.000 GND N 10.1 26.6 56.3
0.685000 27.7 2000.0 10.000 GND N 10.2 28.3 56.0
0.815000 27.2 2000.0 10.000 GND N 10.2 28.8 56.0
0.895000 304 2000.0 10.000 GND N 10.2 25.6 56.0
1.000000 26.8 2000.0 10.000 GND L1 10.2 29.2 56.0
1.025000 28.4 2000.0 10.000 GND N 10.2 27.6 56.0
1.235000 29.6 2000.0 10.000 GND N 10.2 26.4 56.0
1.365000 28.8 2000.0 10.000 GND L1 10.2 27.2 56.0
1.515000 29.8 2000.0 10.000 GND L1 10.2 26.2 56.0
1.640000 30.0 2000.0 10.000 GND N 10.2 26.0 56.0
1.720000 29.4 2000.0 10.000 GND L1 10.2 26.6 56.0
1.925000 29.9 2000.0 10.000 GND N 10.2 26.1 56.0
2.125000 291 2000.0 10.000 GND N 10.2 26.9 56.0
19.585000 34.7 2000.0 10.000 GND L1 11.2 25.3 60.0
20.260000 39.2 2000.0 10.000 GND L1 11.2 20.8 60.0
23.130000 38.3 2000.0 10.000 GND L1 11.5 21.7 60.0
26.610000 36.1 2000.0 10.000 GND L1 11.6 23.9 60.0
28.685000 37.8 2000.0 10.000 GND L1 11.6 22.2 60.0
Frequency Average M?as. Bandwidth . . Corr. Margin Limit
Time Filter Line
(MHz) (dBuVv) (ms) (kHz) (dB) (dB) (dBuV)
0.480000 23.3 2000.0 10.000 GND N 10.1 231 46.3
0.550000 22.8 2000.0 10.000 GND N 10.2 23.2 46.0
0.685000 23.3 2000.0 10.000 GND N 10.2 22.7 46.0
0.755000 22.7 2000.0 10.000 GND N 10.2 23.3 46.0
0.890000 23.4 2000.0 10.000 GND N 10.2 22.6 46.0
0.960000 22.3 2000.0 10.000 GND N 10.2 23.7 46.0
1.030000 23.8 2000.0 10.000 GND N 10.2 22.2 46.0
1.235000 23.9 2000.0 10.000 GND N 10.2 221 46.0
1.305000 23.3 2000.0 10.000 GND N 10.2 22.7 46.0
1.515000 241 2000.0 10.000 GND N 10.2 21.9 46.0
1.650000 23.4 2000.0 10.000 GND N 10.2 22.6 46.0
1.720000 23.6 2000.0 10.000 GND N 10.2 224 46.0
1.925000 23.0 2000.0 10.000 GND N 10.2 23.0 46.0
17.570000 28.1 2000.0 10.000 GND L1 111 21.9 50.0
17.695000 33.0 2000.0 10.000 GND L1 111 17.0 50.0
18.245000 32.7 2000.0 10.000 GND L1 111 17.3 50.0
20.260000 34.3 2000.0 10.000 GND L1 11.2 15.7 50.0
23.130000 35.2 2000.0 10.000 GND L1 11.5 14.8 50.0
24.350000 30.2 2000.0 10.000 GND L1 11.6 19.8 50.0
29.235000 33.1 2000.0 10.000 GND L1 11.6 16.9 50.0
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13 Emission Bandwidth

13.1 Definition

Report Number: TRA-029590-47-11B

The emission bandwidth (x dB) is defined as the frequency range between two points, one above and
one below the carrier frequency, at which the spectral density of the emission is attenuated x dB below
the maximum in-band spectral density of the modulated signal.

13.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Channels / Frequencies Measured:

EUT Channel Bandwidths:
EUT Test Modulations:
EUT Data Mode:
Deviations From Standard:

Measurement BW:

(FCC requirement: 100 kHz)
Spectrum Analyzer Video BW:
(requirement at least 3x RBW)
Measurement Span:
(requirement 2 to 5 times OBW)
Measurement Detector:

Element Skelmersdale

Radio Chamber (REF940)

ANSI C63.10-2013, Clause 6.9
5155 MHz / 5247.5 MHz / 5347 MHz
5 MHz

QPSK /16 QAM / 64QAM / 256 QAM
MIMO A/ MIMO B

None

50kHz

200 kHz
10MHz

Peak

Environmental Conditions (Normal Environment)

Temperature: 21 °C

Humidity: 35 %RH

Test Limits

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
Supply: -48Vdc POE -48Vdc POE

Emission bandwidth. The emission bandwidth shall be determined by measuring the width of the
signal between two points, one below the carrier centre frequency and one above the carrier centre
frequency, that are 26 dB down relative to the maximum level of the modulated carrier.

13.3 Test Method

With the EUT setup as per section 9 of this report and connected as per Figure iii, the bandwidth of
the EUT was measured on a spectrum analyser.

The measurements were performed with EUT set at its maximum duty. All modulation schemes, data
rates and power settings were used to observe the worst-case configuration in each bandwidth.
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Figure iii Test Setup

Report Number: TRA-029590-47-11B

EUT radiafing path Measurement RF Spectrum
e - | Antenna gu| Attenuator » Analyser
13.4 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 07/06/2016 12 07/06/2017
Horn Antenna EMCO 3115 L139 25/09/2015 24 25/09/2017
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13.5 Test Results
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5155 MHz
. 26dB
Modulation MIMO FL Fr .
Bandwidth Result
Mode Mode (MHz) (MHz) (MHz)

QPSK A 5152.564103 5157.435897 4871.794 PASS
16QAM A 5152.532051 5157.435897 4903.846 PASS
64QAM A 5152.564103 5157.403846 4839.743 PASS

256QAM A 5152.564103 5157.435897 4871.794 PASS

QPSK B 5152.580128 5157.435897 4855.769 PASS
16QAM B 5152.580128 5157.419872 4839.744 PASS
64QAM B 5152.580128 5157.419872 4839.744 PASS

256QAM B 5152.580128 5157.435897 4855.769 PASS
& Ve 200 oz &
fn/\fd\ﬁ/\/W\/«f\/\«W\»/\/\/\rw Wwww AN
WWJ Wk
MIMO A QPSK 5155 MHz MIMO B
® C:: zu KHz Marker 1 [T1 ] ® Raw 0 iz
[ [ | j
MIMO A 16QAM 5155 MHz MIMO B
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@ RBW 50 kHz Varker 1 [T1 1 @ RBW 50 kHz Varker 1 [T1 1
VeW 200 itz 10757 deuv VB 200 kitz 108.37 degv
Ref 120 dov aee 15 B SuT 20 ms 5.154008410 Gtz Ret 120 dmuv et 15 a8 SwT 20 ms 5153477564 itz
120 Offget 6 gB ndB [[T1] 2§¢.00 dB 120 Offget 6 B ndB 26.00 dB
oW |a.BS5704231 Mz v a-Bas7ads00 wiz
Ly Tenp |1 [T1 nde] L5} |, Tenp 1 [T1 nde1 =

v
81|67 dBpv
157434897 GHz

20 20
Center 5.155 GHz 1 MHz/ Span 10 MHz Center 5.155 GHz 1 MHz/ Span 10 MHz
Date: 17.FEB.2017 16:34:33 Date: 17.FEB.2017 16:35:10

MIMO A 64QAM 5155 MHz MIMO B

@ RBW 50 kHz varker 1 [T1 ] @ RBI 50 kiz varker 1 [T1 1
VBW 200 Kz 108.56 dBpV VBW 200 kHz 108.95 dBpv
Ref 120 dBuv Att 15 a8 ST 20 ms 5.155013462 GHz Ref 120 dBuv Att 15 a8 SuT 20 ms 5.155721154 GHz
120 Offget 6 (B nde [[T1] 2¢.00 dB 120 Offget 6 4B nds [[T1] 2¢.00 dB
Bu [a.839743500 wriz Bu |a.855764231 iz
L. 1 remn |1 11 ndm1 = L, ] Tern |1 [T1 ndm =
8325 denv 8287 donv
A 5152584128 Gz 5152584126 Gz
=3 | 3 -

21 deuv

897 GHz

L
52165 dBuv
5.157419872 GHz

20 20
Center 5.155 GHz 1 MHz/ Span 10 MHz Center 5.155 GHz 1 MHz/ Span 10 MHz
Date: 17.FEB.2017 16:35:43 Date: 17.FEB.2017 16:36:39

MIMO A 256QAM 5155 MHz MIMO B
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5247.5 MHz
. 26dB
Modulation MIMO F. Fu .
B h Resul
Mode Mode (MHz) (MHz) a'(':,_‘;‘;’)d' gl
QPSK A 5245.096154 | 5249.935897 4839.743 PASS
16QAM A 5245.048077 | 5249.951923 4903.846 PASS
64QAM A 5245.048077 | 5249.919872 4871.795 PASS
256QAM A 5245.064103 | 5249.935897 4871.794 PASS
QPSK B 5245.064103 | 5249.935897 4871.794 PASS
16QAM B 5245.080128 | 5249.919872 4839.744 PASS
64QAM B 5245.080128 | 5249.903846 4823.718 PASS
256QAM B 5245.080128 | 5249.935897 4855.769 PASS
:1 M/\y«f\«/\/w\/wpmlim :1 W\MN\W MWV
ey L™
MIMO A QPSK 5247.5 MHz MIMO B
MW i

Date: 17.FEB.2017 16:18:00 Date: 17.FEB.2017 16:18:50

MIMO A 16QAM 5247.5 MHz MIMO B
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REW 50 Kifz varker 1 [T1 1
VBM 200 Kz 107.09 dBuv
Ref 120 dBuv Att 15 dg SWT 20 ms 5.245077564 GHz
120 Offgset 6 (B ndB [T1] 2§¢.00 dB
BW  |4.839743590 WHz

Ly . remp |1 r11 nde1 =
80]0a dBpv

hr\ s

245089128 GHz

T

8108 dBpv
GH

249914872

®

[

®

Ref 120 dBpv Att 15 dB
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RBW 50 kHz
VBW 200 kHz
SWT 20 ms

Marker 1 [T1 ]
106.60 dBpV
5.248221154 GHz

120 offfet 6 ¢B

i

8001 dBpv
5249934807 GHz

20

20
Center 5.2475 Ghz 1 MHz/ Span 10 MHz Center 5.2475 GHz 1 WHz/ Span 10 MHz
Date: 17.FEB.2017 16:21:03 Date: 17.FEB.2017 16:20:00
RBW 50 kHz varker 1 [T1 1 @ RBW 50 KHz varker 1 [T1 1
VB 200 Kz 107.39 dBuv VB 200 Kz 107.65 dBuv
Ref 120 dBuV Att 15 dB SWT 20 ms 5.248413462 GHz Ref 120 dBuV Att 15 dB SWT 20 ms 5 221154 GHz
120 Offget 6 (B nde [[T1] 2¢.00 dB 120 Offget 6 4B ndB [[T1] .00 d
BW  |4.839743500 WHz B |4.855769231 WHz
L, ! Temp[1 [T1 ndel e} |, 1 Temp |1 [T1 nd&l e}
8159 depv \MJ\ 8108 depv
A 5245080128 Gz prr) 5. 245080128 GHz
L - = ‘ |
80 86 dByv
/ \ 5.24991d8 I ) s 4897 oz
J L;: V{' \%//
»J \‘\ w/ \\N '
20 20

Center 5.2475 GHz

Date: 17.FEB.2017 16:22:02

MIMO A

RF930

1 WHz/

Span 10 WMHz

Center 5.2475 GHz

Date: 17.FEB.2017 16:22:55

256QAM 5247.5 MHz

1 MHz/

Span 10 MHz

MIMO B

Page 45 of 86



Report Number: TRA-029590-47-11B

Modulation Mode: 5347 MHz

. 26dB
Modulation MIMO FL Fy .
Bandwidth Resul
Mode Mode (MHz) (MHz) i esult
QPSK A 5344.548077 | 5349.419872 4871.795 PASS
16QAM A 5344.548077 | 5349.419872 4871.795 PASS
64QAM A 5344.532051 | 5349.403846 4871.795 PASS
256QAM A 5344.564103 | 5349.419872 4855.769 PASS
QPSK B 5344.564103 | 5349.419872 4855.769 PASS
16QAM B 5344.564103 | 5349.403846 4839.743 PASS
64QAM B 5344.532051 | 5349.403846 4871.795 PASS
256QAM B 5344.548077 | 5349.419872 4871.795 PASS
v I i\/\J\JJ\/\,
ot e
MIMO A QPSK 5347 MHz MIMO B
WMWWM»W“ Mustn | ot M)
MIMO A 16QAM 5347 MHz MIMO B
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@ REW 50 kHz varker 1 [T1 7 @ REW 50 kiz Varker 1 [T1 1
vBW 200 khHz 100.21 dBpv VBW 200 Kz 99.83 By
Ref 114.4 deuv Att 15 a8 ST 20 ms 5.347737179 GHz Ref 114.4 dBuv Ate 15 d8 SuT 20 ms 5.346006410 GHz
ortfet 6 6 s il 2].00 @ ] orffet o 8 o 2§00 % |
I Bl MHZ. ] [4-8557
. Temp = remp |1 [T1 nfs
L 2 17 depy | 74
103 oz 534356
[ Ny o v A I
o 74]40 deuy
846 GHz 5 40419872 GHz
?‘ ?l
| esebart 4] i WM MNAn )
Center 5.347 Gz 1 Wz Span 10 Whz Center 5.347 GHz 1 Wz Span 10 Whz
Date: 17.FEB.2017 16:06:49 Date: 17.FEB.2017 16:05:59

MIMO A 64QAM 5347 MHz MIMO B

RBW 50 kHz varker 1 [T1 ] @ RBI 50 kiz varker 1 [T1 1
VBI 200 Kz 100.10 dBuv VBW 200 KHz 100.86 dBuV
Ref 114.4 dBuv Att 15 dB SWT 20 ms 5.345477564 GHz Ref 114.4 dBuv Att 15 dB SWT 20 ms 5.347721154 GHz
offget 6 B nde [[T1] 2§.00 dB Offget 6 dB nde [[T1] 2¢.00 dB
r Bl 4871794872 WHz rt BW [a-871794872 iz
. Temp [1 [T1 nde] ] . Temp |1 [T1 nde1
L H 73]04 depv | e 74|08 _deuv
hAAAR o 547531081 GHz I
emp |2 [T1 r 1 ™ Temp (2 [T1 n
z2las asuy rssa dnuy

5.349403846 GHz 5.349419872 GHz

Center 5.347 GHz 1 MHz/ Span 10 MHz Center 5.347 GHz 1 MHz/ Span 10 MHz

Date: 17.FEB.2017 16:07:38 Date: 17.FEB.2017 16:08:54

MIMO A 256QAM 5347 MHz MIMO B
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14 Maximum conducted output power

14.1 Definition

The maximum conducted output power is defined as the total transmit power delivered to all antennas
and antenna elements averaged across all symbols in the signaling alphabet when the transmitter is

operating at its maximum power control level.

14.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Channels / Frequencies Measured:

EUT Occupied Bandwidths:
EUT Duty Cycle:
Deviations From Standard:
Measurement BW:
Measurement Span:
Measurement Points:
Measurement Detector:
Measurement Distance:

Voltage Extreme Environment Test Range:

30 Meter Open Area Test Site
Not Applicable

ANSI C63.10-2013, Clause 12.3

KDB 789033 D02 Clauses Il A1 and E3

KDB 662911 D01 Clause E

5152.5 MHz / 5159 MHz / 5200 MHz / 5247.5 MHz
5252.5 MHz / 5330 MHz / 5343 MHz / 5347.5 MHz
5 MHz

100%

None

Not Applicable
Not Applicable
Not Applicable
RMS

30 meters

-48 Vdc POE

Environmental Conditions (Normal Environment)

Temperature: 8 °C

Humidity: 42 %RH

RF930

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
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Test Limits

(i) For an outdoor access point operating in the band 5.15-5.25 GHz, the maximum conducted output
power over the frequency band of operation shall not exceed 1 W provided the maximum antenna
gain does not exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used,
the maximum conducted output power shall be reduced by the amount in dB that the directional gain
of the antenna exceeds 6 dBi. The maximum e.i.r.p. at any elevation angle above 30 degrees as
measured from the horizon must not exceed 125 mW (21 dBm).

(i) For an indoor access point operating in the band 5.15-5.25 GHz, the maximum conducted output
power over the frequency band of operation shall not exceed 1 W provided the maximum antenna
gain does not exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used,
the maximum conducted output power shall be reduced by the amount in dB that the directional gain
of the antenna exceeds 6 dBi.

(iii) For fixed point-to-point access points operating in the band 5.15-5.25 GHz, the maximum
conducted output power over the frequency band of operation shall not exceed 1 W. Fixed point-to-
point U-NIl devices may employ antennas with directional gain up to 23 dBi without any corresponding
reduction in the maximum conducted output power. For fixed point-to-point transmitters that employ a
directional antenna gain greater than 23 dBi, a 1 dB reduction in maximum conducted output power is
required for each 1 dB of antenna gain in excess of 23 dBi. Fixed, point-to-point operations exclude
the use of point-to-multipoint systems, omnidirectional applications, and multiple collocated
transmitters transmitting the same information. The operator of the U-NII device, or if the equipment is
professionally installed, the installer, is responsible for ensuring that systems employing high gain
directional antennas are used exclusively for fixed, point-to-point operations.

(iv) For client devices in the 5.15-5.25 GHz band, the maximum conducted output power over the
frequency band of operation shall not exceed 250 mW provided the maximum antenna gain does not
exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used, the maximum
conducted output power shall be reduced by the amount in dB that the directional gain of the antenna
exceeds 6 dBi.

(2) For the 5.25-5.35 GHz and 5.47-5.725 GHz bands, the maximum conducted output power over the
frequency bands of operation shall not exceed the lesser of 250 mW or 11 dBm + 10 log B, where B is
the 26 dB emission bandwidth in megahertz. If transmitting antennas of directional gain greater than 6
dBi are used, the maximum conducted output power shall be reduced by the amount in dB that the
directional gain of the antenna exceeds 6 dBi.
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14.3 Test Method
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The EUT was setup as per section 9 of this report and, as per Figure iv, once maximised for a
particular polarisation the power meter was used to measure each polarisation in turn.
The results were summed to determine total power for both polarisations at the maximised angle as

shown in the tables below to ensure compliance with the limit.

The measurement was repeated by maximising in the other polarisation and summing

The measurements were performed with EUT set at its maximum duty cycle.

All modulation schemes, data rates and EUT operating modes were used on one frequency to

determine worst case.

Worst case modes used on all frequencies
Results recorded for highest total power orientation only
EIRP was determined using substitution method.

Software GUI Power Setting for Recorded Levels

Test EUT Operating Mode
Frequency
(MHz) SECTOR BEAMFORMING MU-MIMO
U-NII BAND 1
5152.5 28.5 325 325
5159.0 28.5 325 325
5200.0 28.0 32.0 32.0
52475 27.5 315 315
U-NII BAND 2A
5252.5 215 255 255
5300.0 20.5 255 255
5343.0 21.5 255 255
5347.5 21.0 26.0 26.0
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Figure iv Test Setup

Report Number: TRA-029590-47-11B

EUT radiating path Measurement RF Power
Substl;tution < > Antenna ™ Attenuator ——™ qujglrjr:;?t
Antenna
Signtil
Generator
14.4 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Signal Generator Agilent E4438C REF844 13/01/16 24 13/01/18
Spectrum Analyser R&S FSU46 REF910 05/07/16 12 05/07/17
Power Meter Dare RPR3006W REF2112 22/03/16 12 22/03/17
Pre Amp Agilent 8449B L572 07/02/17 12 07/02/18
1-18GHz Horn EMCO 3115 L138 13/04/16 24 13/04/18
Octave Horn Antenna EMCO 3161-03 N/A* 18/02/15 36 18/02/18

* Not applicable, hired equipment
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14.5 Test Results — U-NII-Band 1

Report Number: TRA-029590-47-11B

Channel: 5152.5 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\Y 774.46 28.89
30.96
H 472.06 26.74

Result:

PASS

Channel: 5152.5 MHz ; Modulation: 256QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIrRP EIRP Total EIRP
(mW) (dBm) (dBm)
\ 774.46 28.89
30.96
H 472.06 26.74

Result:

PASS

Channel: 5152.5 MHz ; Modulation: 256QAM A ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
H 554.63 27 .44
31.01
\ 706.32 28.49

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5159 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\ 524.81 27.20
29.30
H 326.59 25.14

Result:

PASS

Channel: 5159 MHz ; Modulation: 256 QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\ 549.54 27.40
29.74
H 392.64 25.94

Result:

PASS

Channel: 5159 MHz ; Modulation: 256 QAM ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 472.06 26.74
29.99
\Y 524.81 27.20

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
V 539.51 27.32
29.67
H 386.37 25.87

Result:

PASS

Channel: 5200 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
H 509.33 27.07
29.37
V 356.45 25.52

Result:

PASS

Channel: 5200 MHz ; Modulation: 64 QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 509.33 27.07
29.37
V 356.45 25.52

Result:

PASS

Channel: 5200 MHz ; Modulation: 256 QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 497.74 26.97
29.32
V 356.45 25.52

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 571.48 27.57
29.60
\Y 340.41 25.32

Result:

PASS

Channel: 5200 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 545.76 27.37
29.48
V 340.41 25.32

Result:

PASS

Channel: 5200 MHz ; Modulation: 64 QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 545.76 27.37
29.48
\Y 340.41 25.32

Result:

PASS

Channel: 5200 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR; EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 558.47 27.47
29.54
V 340.41 25.32

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz; Modulation: QPSK; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIrRP EIRP Total EIRP
(mW) (dBm) (dBm)
\ 480.84 26.82
29.17
H 344.35 2537

Result:

PASS

Channel: 5200 MHz; Modulation: 16QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
H 480.84 26.82
29.17
V 344.35 25.37

Result:

PASS

Channel: 5200 MHz; Modulation: 64QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 386.37 25.87
29.16
\ 438.53 26.42

Result:

PASS

Channel: 5200 MHz; Modulation: 256 QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 386.37 25.87
29.22
V 448.75 26.52

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz; Modulation: QPSK; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIrRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 423.64 26.27
29.56
\ 480.84 26.82

Result:

PASS

Channel: 5200 MHz; Modulation: 16QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
H 423.64 26.27
29.51
V 469.89 26.72

Result:

PASS

Channel: 5200 MHz; Modulation: 64QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 423.64 26.27
29.51
V 469.89 26.72

Result:

PASS

Channel: 5200 MHz; Modulation: 256QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 423.64 26.27
29.56
V 480.84 26.82

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5247.5 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 478.63 26.80
29.17
V 347 .54 25.41

Result:

PASS

Channel: 5247.5 MHz ; Modulation: 256 QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
H 338.84 25.30
29.25
V 502.34 27.01

Result:

PASS

Channel: 5247.5 MHz ; Modulation: 256QAM ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
V 468.81 26.71
29.11
H 346.74 25.40

Result:

PASS
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14.6 Test Results — U-NII-Band 2a

Report Number: TRA-029590-47-11B

EUT Data Mode: MIMO A

Channel: 5252.5 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 123.03 20.90
23.36
\ 93.97 19.73

Result:

PASS

EUT Data Mode: MIMO A

Channel: 5252.5 MHz ; Modulation: 64QAM ; EUT Mode: BEAMFORMING;

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 85.11 19.30
23.32
\ 129.72 21.13

Result:

PASS

EUT Data Mode: MIMO A

Channel: 5252.5 MHz ; Modulation: 64QAM ; EUT Mode: MU-MIMO;

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 93.33 19.70
23.37
\ 123.88 20.93

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5300 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 123.31 20.91
23.12
\ 82.04 19.14

Result:

PASS

Channel: 5300 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
H 112.46 20.51
22.81
\Y 78.34 18.94

Result:

PASS

Channel: 5300 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 117.76 20.71
22.92
Vv 78.34 18.94

Result:

PASS

Channel: 5300 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 112.46 20.51
22.81
\Y 78.34 18.94

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5300 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 115.08 20.61
22.82
v 76.56 18.84

Result:

PASS

Channel: 5300 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
H 117.76 20.71
22.89
V 76.56 18.84

Result:

PASS

Channel: 5300 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 115.08 20.61
22.82
v 76.56 18.84

Result:

PASS

Channel: 5300 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 115.08 20.61
22.82
V 76.56 18.84

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5300 MHz; Modulation: QPSK; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\ 127.06 21.04
23.31
H 87.30 19.41

Result:

PASS

Channel: 5300 MHz; Modulation: 16QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
V 12417 20.94
23.29
H 89.33 19.51

Result:

PASS

Channel: 5300 MHz; Modulation: 64QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\Y 121.34 20.84
23.24
H 89.33 19.51

Result:

PASS

Channel: 5300 MHz; Modulation: 256 QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
V 12417 20.94
23.29
H 89.33 19.51

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5300 MHz; Modulation: QPSK; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 95.72 19.81
23.48
\ 127.06 21.04

Result:

PASS

Channel: 5300 MHz; Modulation: 16QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
V 121.34 20.84
23.24
H 89.33 19.51

Result:

PASS

Channel: 5300 MHz; Modulation: 64QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\Y 121.34 20.84
23.24
H 89.33 19.51

Result:

PASS

Channel: 5300 MHz; Modulation: 256QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 89.33 19.51
23.29
V 12417 20.94

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5343 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\ 123.59 20.92
23.26
H 88.10 19.45

Result:

PASS

Channel: 5343 MHz ; Modulation: 64QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
V 110.15 20.42
22.80
H 80.35 19.05

Result:

PASS

Channel: 5343 MHz ; Modulation: 64QAM ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
\% 120.78 20.82
23.42
H 98.86 19.95

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5347.5 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 122.18 20.87
23.02
\ 78.34 18.94

Result:

PASS

Channel: 5347.5 MHz ; Modulation: 16QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mWw) (dBm) (dBm)
V 118.58 20.74
23.34
H 97.05 19.87

Result:

PASS

Channel: 5347.5 MHz ; Modulation: 16QAM ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol EIRP EIRP Total EIRP
(mW) (dBm) (dBm)
H 106.41 20.27
23.37
\ 110.66 20.44

Result:

PASS
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15 Power spectral density

15.1 Definition

The power spectral density is the total energy output per unit bandwidth from a pulse or sequence of
pulses for which the transmit power is at its maximum level, divided by the total duration of the pulses.

15.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Channels / Frequencies Measured:

EUT Channel Bandwidths:
Deviations From Standard:
Measurement BW:

Spectrum Analyzer Video BW:
(requirement at least 3x RBW)
Measurement Span:

(requirement 1.5 times Channel BW)
Measurement Detector:

Report Number: TRA-029590-47-11B

30 Meter Open Area Test Site
Not Applicable

ANSI C63.10-2013, Clause 12.5

KDB 789033 D02 Clauses Il A1 and F

KDB 662911 D01 Clause E

5152.5 MHz / 5159 MHz / 5200 MHz / 5247.5 MHz
5252.5 MHz / 5330 MHz / 5343 MHz / 5347.5 MHz
5 MHz

None

1 MHz
2MHz
>30MHz

RMS

Environmental Conditions (Normal Environment)

Temperature: 8 °C
Humidity: 42 %RH
Supply: +48 Vdc POE

RF930

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
+48 Vdc POE
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Report Number: TRA-029590-47-11B

Test Limits

(i) For an outdoor access point operating in the band 5.15-5.25 GHz, the maximum power
spectral density shall not exceed 17 dBm in any 1 megahertz band. If transmitting antennas of
directional gain greater than 6 dBi are used, the maximum power spectral density shall be reduced by
the amount in dB that the directional gain of the antenna exceeds 6 dBi.

(i) For an indoor access point operating in the band 5.15-5.25 GHz, the maximum power
spectral density shall not exceed 17 dBm in any 1 megahertz band. If transmitting antennas of
directional gain greater than 6 dBi are used, the maximum power spectral density shall be reduced by
the amount in dB that the directional gain of the antenna exceeds 6 dBi.

(iiif) For fixed point-to-point access points operating in the band 5.15-5.25 GHz the maximum
power spectral density shall not exceed 17 dBm in any 1 megahertz band. Fixed point-to-point U-NII
devices may employ antennas with directional gain up to 23 dBi without any corresponding reduction
in the maximum power spectral density. For fixed point-to-point transmitters that employ a directional
antenna gain greater than 23 dBi, a 1 dB reduction in maximum power spectral density is required for
each 1 dB of antenna gain in excess of 23 dBi. Fixed, point-to-point operations exclude the use of
point-to-multipoint systems, omnidirectional applications, and multiple collocated transmitters
transmitting the same information. The operator of the U-NII device, or if the equipment is
professionally installed, the installer, is responsible for ensuring that systems employing high gain
directional antennas are used exclusively for fixed, point-to-point operations.

(iv) For client devices in the 5.15-5.25 GHz band, the maximum power spectral density shall not
exceed 11 dBm in any 1 megahertz band. If transmitting antennas of directional gain greater than 6
dBi are used, the maximum power spectral density shall be reduced by the amount in dB that the
directional gain of the antenna exceeds 6 dBi.

(2) For the 5.25-5.35 GHz and 5.47-5.725 GHz bands, the maximum power spectral density shall not
exceed 11 dBm in any 1 megahertz band. If transmitting antennas of directional gain greater than 6
dBi are used, the maximum power spectral density shall be reduced by the amount in dB that the
directional gain of the antenna exceeds 6 dBi.
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15.3 Test Method

The EUT was setup as per section 9 of this report and, as per Figure iv, once maximised for a
particular polarisation the spectrum analyser was used to measure each polarisation in turn.

The results were summed to determine total power for both polarisations at the maximised angle as
shown in the tables below to ensure compliance with the limit.
The measurement was repeated by maximising in the other polarisation and summing
The measurements were performed with EUT set at its maximum duty cycle.
All modulation schemes, data rates and EUT operating modes were used on one frequency to

determine worst case.

Worst case modes used on all frequencies
Results recorded for highest PSD orientation only
PSD was determined using substitution method.

Figure v Test Setup

Report Number: TRA-029590-47-11B

b At esminng
Substitution -~ > — — Equipment
Antenna
Signtl
Generator
15.4 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Signal Generator Agilent E4438C REF844 13/01/16 24 13/01/18
Spectrum Analyser R&S FSU46 REF910 05/07/16 12 05/07/17
Power Meter Dare RPR3006W REF2112 22/03/16 12 22/03/17
Pre Amp Agilent 8449B L572 07/02/17 12 07/02/18
1-18GHz Horn EMCO 3115 L138 13/04/16 24 13/04/18
Octave Horn Antenna EMCO 3161-03 N/A* 18/02/15 36 18/02/18

* Not applicable, hired equipment
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15.5 Test Results — U-NII-Band 1

Report Number: TRA-029590-47-11B

Channel: 5152.5 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
Vv 122.18 20.87
22.96
H 75.51 18.78

Result:

PASS

Channel: 5152.5 MHz ; Modulation: 256QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y 117.49 20.70
22.83
H 74.30 18.71

Result:

PASS

Channel: 5152.5 MHz ; Modulation: 256QAM A ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 87.30 19.41
22.96
\ 110.41 20.43

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5159 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;

EUT Data Mode: MIMO A

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
Vv 107.65 20.32
22.41
H 66.68 18.24

Result:

PASS

Channel: 5159 MHz ; Modulation: 256QAM ; EUT Mode: BEAMFORMING;

EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\ 81.47 19.11
22.81
H 109.65 20.40

Result:

PASS

Channel: 5159 MHz ; Modulation: 256 QAM ; EUT Mode: MU-MIMO;

EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 92.68 19.67
22.99
\ 106.38 20.27

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
Vv 115.61 20.63
22.94
H 81.28 19.10

Result:

PASS

Channel: 5200 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 109.14 20.38
22.70
\ 77.27 18.88

Result:

PASS

Channel: 5200 MHz ; Modulation: 64 QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 106.41 20.27
22.64
\Y 77.27 18.88

Result:

PASS

Channel: 5200 MHz ; Modulation: 256 QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 107.15 20.30
22.70
\ 79.07 18.98

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
H 121.62 20.85
22.92
Vv 74.30 18.71

Result:

PASS

Channel: 5200 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 116.95 20.68
22.85
\ 75.86 18.80

Result:

PASS

Channel: 5200 MHz ; Modulation: 64 QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 116.41 20.66
22.80
\Y, 74.30 18.71

Result:

PASS

Channel: 5200 MHz ; Modulation: 256 QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 116.68 20.67
22.83
\ 75.16 18.76

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz; Modulation: QPSK; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
Vv 105.93 20.25
22.61
H 76.56 18.84

Result:

PASS

Channel: 5200 MHz; Modulation: 16QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 83.18 19.20
22.53
\Y, 95.94 19.82

Result:

PASS

Channel: 5200 MHz; Modulation: 64QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 82.60 19.17
22.56
\Y, 97.50 19.89

Result:

PASS

Channel: 5200 MHz; Modulation: 256 QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 83.75 19.23
22.56
Vv 96.61 19.85

Result:

PASS
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Report Number: TRA-029590-47-11B

Channel: 5200 MHz; Modulation: QPSK; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
H 89.95 19.54
22.84
Vv 102.57 20.11

Result:

PASS

Channel: 5200 MHz; Modulation: 16QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 107.15 20.30
22.81
\ 83.75 19.23

Result:

PASS

Channel: 5200 MHz; Modulation: 64QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 89.33 19.51
22.84
\Y, 102.80 20.12

Result:

PASS

Channel: 5200 MHz; Modulation: 256QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 90.57 19.57
22.86
\ 102.80 20.12

Result:

PASS
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Channel: 5247.5 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 102.33 20.10
22.60
\Y 79.62 19.01

Result:

PASS

Channel: 5247.5 MHz ; Modulation: 256 QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 116.95 20.68
22.77
\ 72.11 18.58

Result:

PASS

Channel: 5247.5 MHz ; Modulation: 256QAM ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y 105.93 20.25
22.66
H 78.52 18.95

Result:

PASS
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15.6 Test Results — U-NII-Band 2a

Report Number: TRA-029590-47-11B

EUT Data Mode: MIMO A

Channel: 5252.5 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 28.12 14.49
16.96
Vv 21.58 13.34

Result:

PASS

EUT Data Mode: MIMO A

Channel: 5252.5 MHz ; Modulation: 64QAM ; EUT Mode: BEAMFORMING;

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 19.50 12.90
16.93
\ 29.85 14.75

Result:

PASS

EUT Data Mode: MIMO A

Channel: 5252.5 MHz ; Modulation: 64QAM ; EUT Mode: MU-MIMO;

A 2o PSD PSD Total PSD
(mW) (dBm) (dBm)
H 21.33 13.29
16.95
Vv 28.25 14.51

Result:

PASS
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Channel: 5300 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
H 27.73 14.43
16.71
Vv 19.10 12.81

Result:

PASS

Channel: 5300 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 25.18 14.01
16.31
\Y, 17.58 12.45

Result:

PASS

Channel: 5300 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 25.88 14.13
16.34
\Y 17.18 12.35

Result:

PASS

Channel: 5300 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 25.29 14.03
16.31
\Y 17.50 12.43

Result:

PASS
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Channel: 5300 MHz ; Modulation: QPSK ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
H 25.76 14.11
16.32
Vv 17.06 12.32

Result:

PASS

Channel: 5300 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 26.42 14.22
16.38
\ 16.98 12.30

Result:

PASS

Channel: 5300 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 25.76 14.11
16.34
\Y 17.34 12.39

Result:

PASS

Channel: 5300 MHz ; Modulation: 256QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO B

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 25.64 14.09
16.30
Vv 16.98 12.30

Result:

PASS
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Channel: 5300 MHz; Modulation: QPSK; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
Vv 28.05 14.48
16.78
H 19.54 12.91

Result:

PASS

Channel: 5300 MHz; Modulation: 16QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y, 27.67 14.42
16.74
H 19.59 12.92

Result:

PASS

Channel: 5300 MHz; Modulation: 64QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y 27.42 14.38
16.72
H 19.54 12.91

Result:

PASS

Channel: 5300 MHz; Modulation: 256 QAM; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
Vv 28.18 14.50
16.80
H 19.68 12.94

Result:

PASS
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Channel: 5300 MHz; Modulation: QPSK; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

AP PSD PSD Total PSD
(mW) (dBm) (dBm)
H 20.99 13.22
16.96
Vv 28.71 14.58

Result:

PASS

Channel: 5300 MHz; Modulation: 16QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y, 27.61 14.41
16.79
H 20.18 13.05

Result:

PASS

Channel: 5300 MHz; Modulation: 64QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y, 27.73 14.43
16.79
H 20.00 13.01

Result:

PASS

Channel: 5300 MHz; Modulation: 256QAM; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 19.91 12.99
16.79
\ 27.80 14.44

Result:

PASS
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Channel: 5343 MHz ; Modulation: 64QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y 28.25 14.51
16.81
H 19.68 12.94

Result:

PASS

Channel: 5343 MHz ; Modulation: 64QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\ 25.47 14.06
16.40
H 18.16 12.59

Result:

PASS

Channel: 5343 MHz ; Modulation: 64QAM ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\Y 27.80 14.44
16.98
H 22.08 13.44

Result:

PASS
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Channel: 5347.5 MHz ; Modulation: 16QAM ; EUT Mode: SECTOR;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 29.17 14.65
16.80
\Y 18.66 12.71

Result:

PASS

Channel: 5347.5 MHz ; Modulation: 16QAM ; EUT Mode: BEAMFORMING;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
\ 27.23 14.35
16.93
H 22.13 13.45

Result:

PASS

Channel: 5347.5 MHz ; Modulation: 16QAM ; EUT Mode: MU-MIMO;
EUT Data Mode: MIMO A

Antenna Pol PSD PSD Total PSD
(mW) (dBm) (dBm)
H 2410 13.82
16.97
\Y 25.70 14.10

Result:

PASS
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16 Out-of-band spurious emissions

16.1 Definition
Out-of-band emission.

Report Number: TRA-029590-47-11B

Emission on a frequency or frequencies immediately outside the necessary bandwidth that results
from the modulation process but excluding spurious emissions.

Spurious emission.

Emission on a frequency or frequencies that are outside the necessary bandwidth and the level of
which may be reduced without affecting the corresponding transmission of information. Spurious
emissions include harmonic emissions, parasitic emissions, intermodulation products, and frequency
conversion products, but exclude out-of-band emissions.

16.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Channels / Frequencies Measured:
(requirement as close to upper and lower
frequency band edges as the design of the
equipment permits).

EUT Channel Bandwidths:

Deviations From Standard:
Measurement BW:

Spectrum Analyzer Video BW:
(requirement at least 3x RBW)
Measurement Detector:

Measurement Range:

Antenna Gain:

Element Skelmersdale

Radio Chamber

ANSI C63.10-2013, Clause 12.7.3
KDB 789033 D02 Il G

5155 MHz / 5247.5 MHz / 5347 MHz

5 MHz
None

1 MHz
3 MHz

Peak
1 GHz to 40 GHz
Not Applicable

(required if conducted measurement made)
Environmental Conditions (Normal Environment)

Temperature: 23 °C
Humidity: 48 %RH
Supply: +48 Vdc POE

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
+48 VVdc POE

Test Limits

15.407(b):

(1) For transmitters operating in the 5.15-5.25 GHz band: All emissions outside of the 5.15-5.35 GHz
band shall not exceed an e.i.r.p. of -27 dBm/MHz.

(2) For transmitters operating in the 5.25-5.35 GHz band: All emissions outside of the 5.15-5.35 GHz
band shall not exceed an e.i.r.p. of -27 dBm/MHz.

(3) For transmitters operating in the 5.47-5.725 GHz band: All emissions outside of the 5.47-5.725
GHz band shall not exceed an e.i.r.p. of -27 dBm/MHz.

(4)(i) For transmitters operating in the 5.725-5.85 GHz band: All emissions shall be limited to a level of
-27 dBm/MHz at 75 MHz or more above or below the band edge increasing linearly to 10 dBm/MHz at
25 MHz above or below the band edge, and from 25 MHz above or below the band edge increasing
linearly to a level of 15.6 dBm/MHz at 5 MHz above or below the band edge, and from 5 MHz above or
below the band edge increasing linearly to a level of 27 dBm/MHz at the band edge.

The provisions of §15.205 apply to intentional radiators operating under this section
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16.3 Test Method

With the EUT setup as per section 9 of this report and connected as per Figure vii, the emissions from
the EUT were measured on a spectrum analyser.
The measurements were performed with EUT set at its maximum duty. All modulation schemes, data

rates and power settings were used to observe the worst case configuration in each bandwidth.

Figure vii Test Setup

Report Number: TRA-029590-47-11B

EUT rediating path Measurement RF Spectrum
- | Antenna g Attenuator » Analyser
16.4 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 07/06/2016 12 07/06/2017
Horn Antenna EMCO 3115 L139 25/09/2015 24 25/09/2017
Pre Amplifier Agilent 8449B L572 07/02/2017 12 07/02/2018
6 dB Attenuator Bird 8304-060-N U376 Calibrate in Use
10 dB Attenuator Bird 8304-100-N L222 Calibrate in Use

Conversion from field strength to eirp is as follows:
EIRP = E + 20log(d) — 104.77, where

EIRP is the equivalent isotropically radiated power in dBm;

E is field strength in dBuV/m;

d is the measurement distance in meters.

Measurements are made at 5155 MHz, 5247.5 and at 5347 MHz.

Measurement made at 5155 MHz; 5247.5 and at 5347 MHz are at a power setting used for maximum
EIRP and are set to the highest level whilst still achieving compliance with the requirements.

These frequencies are determined as the lowest middle and highest high power operating frequencies

based on power setting required to achieve compliance with the requirements.
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16.5 Test Results

Report Number: TRA-029590-47-11B

Channel: 5155 MHz

Emission jaedk
Frequenc Field Distance Power Limit Margin Result
(I?/IHz) Y | Sstrength (m) (dBm) (dBm) (dB)
(dBuV/m)
*The provisions of §15.205 apply in restricted bands (See Section 11) PASS
No Significant Emissions >10 MHz from Band edge PASS
Channel: 5247.5 MHz
Emission e Power,
Frequenc Field Distance eir ’ Limit Margin Result
quency | strength (m) p (dBm) (dB)
(MHz) (dBuV/m) (dBm)
*The provisions of §15.205 apply in restricted bands (See Section 11) PASS
10495 56.21 3 -39.02 -27 -12.02 PASS
Channel: 5347 MHz
S I‘:iialg Distance T, Limit Margin
Frequency Strength (m) eirp (dBm) (dB) Result
(MHz) (dBuV/m) (dBm)
*The provisions of §15.205 apply in restricted bands (See Section 11) PASS
No Significant Emissions >10 MHz from Band edge PASS

* Emissions close to the Bandedges fall into restricted bands (4.5-5.15 GHz and 5.35 — 5.46 GHz)
listed in 15.205 and are therefore subject to the general radiated spurious emission limits of 15.209
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17 Measurement Uncertainty

Calculated Measurement Uncertainties

All statements of uncertainty are expanded standard uncertainty using a coverage factor of 1.96 to
give a 95% confidence:

[1] Radiated spurious emissions

Uncertainty in test result (30MHz — 1GHz) = 4.6dB,
Uncertainty in test result (1GHz — 18GHz) = 4.7dB

[2] AC power line conducted emissions
Uncertainty in test result = 3.4dB

[3] Occupied bandwidth

Uncertainty in test result = 15.5%

[4] Conducted carrier power

Uncertainty in test result (Power Meter) = 1.08dB
[5] Conducted / radiated RF power out-of-band
Uncertainty in test result — Up to 8.1GHz = 3.31dB
Uncertainty in test result — 8.1GHz — 15.3GHz = 4.43dB
Uncertainty in test result (30MHz — 1GHz) = 4.6dB,
Uncertainty in test result (1GHz — 18GHz) = 4.7dB

[6] Power spectral density

Uncertainty in test result (Spectrum Analyser) = 2.48dB
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