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1. Customer Information

Company Name: Aviat Networks

Address: 4 Bell Drive

Hamilton International Technology Park
Blantyre

Glasgow

Lanarkshire

G72 OFB

United Kingdom
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2. Summary of Testing

2.1. General Information

Specification Reference:

47CFR15.247

Specification Title:

Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart C (Intentional Radiators) - Section 15.247

Specification Reference:

47CFR15.207 and 47CFR15.209

Specification Title:

Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart C (Intentional Radiators) - Sections 15.207 and 15.209

Site Registration:

209735

Location of Testing:

UL VS LTD, Unit 3 Horizon, Wade Road, Kingsland Business Park,
Basingstoke, Hampshire, RG24 8AH, United Kingdom

Test Dates:

10 December 2015 to 31 December 2015

2.2. Summary of Test Results

FCC Reference (47CFR) Measurement Result
Part 15.207 Transmitter AC Conducted Emissions )
Part 15.247(a)(2) Transmitter Minimum 6 dB Bandwidth )
Part 15.247(e) Transmitter Power Spectral Density 9
Part 15.247(b)(3) Transmitter Maximum Average Output Power )
Part 15.247(d) Transmitter Band Edge Conducted Emissions 9
Part 15.247(d) / 15.209(a) | Transmitter Radiated Emissions )

Key to Results

@ = complied

@ = Did not comply

2.3. Methods and Procedures

Reference: ANSI C63.10 (2013)

Title: American National Standard of Procedures for Compliance Testing Unlicensed
Wireless Devices

Reference: KDB 558074 D01 v03r03 June 9, 2015

Title: Guidance for Performing Compliance Measurements on Digital Transmission

System (DTS) devices operating Under §15.247

2.4. Deviations from the Test Specification

For the measurements contained within this test report, there were no deviations from, additions to, or
exclusions from the test specification identified above.

UL VS LTD
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3. Equipment Under Test (EUT)

3.1. Identification of Equipment Under Test (EUT)

Brand Name: Aviat Networks

Model Name or Number: Eclipse ODU 600, 5.8GHz, EEH-U5-0084-012
Test Sample Serial Number: ZL.S13040004

Hardware Version: N/A

Software Version: 3.1.0(41.3271)

FCC ID: VK6-ODUG600OHB

3.2. Description of EUT

The equipment under test (EUT) was a 5.8 GHz Microwave Radio Unit.

3.3. Madifications Incorporated in the EUT

No modifications were applied to the EUT during testing.
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3.4. Additional Information Related to Testing

Technology Tested:

Microwave Fixed Link System

Channel Bandwidths:

5 MHz, 10 MHz, 20 MHz & 30 MHz

Modulation Schemes:

QPSK, 16QAM, 32QAM, 64QAM, 128QAM, 256QAM, 512QAM

& 1024QAM
Power Supply Requirement(s): Nominal -48 VDC
Maximum Conducted Output Power: 27.4 dBm
Antenna Gains: 4 ft Parabolic Antenna: 35.0 dBi
(Tested)
15 ft Parabolic Antenna: 45.9 dBi
(End Product)
2 ft Flat Panel Antenna: 28.0 dBi

(End Product, Tested)

Transmit Frequency Range:

5809.5 MHz to 5849.5 MHz

Channel Spacing: 5 MHz
Transmit Channels Tested: Channel ID Channe(INII:Lez()]uency
Bottom 5812.0
Middle 5829.5
Top 5847.0
Channel Spacing: 10 MHz
Transmit Channels Tested: Channel ID Channe(INII:Lez()]uency
Bottom 5814.5
Middle 5829.5
Top 5844.5
Channel Spacing: 20 MHz
Transmit Channels Tested: Channel ID Channe(INII:Lez()]uency
Bottom 5819.5
Middle 5829.5
Top 5839.5
Channel Spacing: 30 MHz
Transmit Channels Tested: Channel ID Channe(INII:Lez()]uency
Bottom 5824.5
Middle 5829.5
Top 5834.5

UL VS LTD
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3.5. Support Equipment

The following support equipment was used to exercise the EUT during testing:

Description:

4 ft Parabolic Antenna

Brand Name:

Andrew Antennas

Model Name or Number:

HP4-57W-P3A/A

Serial Number:

10ACZ10602232

Description:

2 ft Flat Panel Antenna

Brand Name:

Radio Frequency Systems

Model Name or Number:

MA0528-28AN

Serial Number: 02205
Description: Indoor Unit
Brand Name: Aviat Networks
Model Name or Number: CTR 8540
Serial Number: EBT1323C708

Description: Test Laptop
Brand Name: Lenovo

Model Name or Number: ThinkPad L440
Serial Number: R9019EA4

Description: DC Power Supply
Brand Name: Hewlett Packard
Model Name or Number: 6674A

Serial Number: ITM00512445

Page 8 of 53
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4. Operation and Monitoring of the EUT during Testing

4.1. Operating Modes

The EUT was tested in the following operating mode(s):

Continuously transmitting at maximum power on the bottom, middle and top channels as required
using the supported channel bandwidths & modulation schemes.

4.2. Configuration and Peripherals

The EUT was tested in the following configuration(s):

For all tests, the EUT was powered through a co-axial cable connected to the supporting indoor unit
(CTR 8540). The CTR 8540 was in turn powered by a laboratory DC power supply.

Controlled using the EUT’s GUI portal on a browser running on a test laptop connected to the CTR
8540 via ethernet. The relevant test channels, channel bandwidths and modulation schemes were
selected as required for each test.

All supported modulation schemes and channel bandwidths were initially investigated on middle
channel. The worst case modes are detailed in the relevant sections.

The power supply & CTR 8540 were placed outside the semi-anechoic chamber for radiated tests.

For transmitter radiated emissions test, a smaller 4 ft parabolic antenna which was of the same type
as the 15 ft parabolic antenna that would be used in the field was tested. This was done in
accordance with FCC OET guidance which states a smaller antenna can be used of the same type
installed with data being extrapolated up to the specification of the actual antenna.

The antenna gain for the 4 ft antenna used for testing was 35 dBi, the antenna gain for the 15 ft end
product is 45.9 dBi, the difference being 10.9 dB.

Within the entire radiated emissions measurement range, a clearance equal to the difference in
gains between the two antennas has been achieved between the limit line and any emissions and/or
the system noise floor; thus ensuring that any emissions emanating from either the antenna or
enclosure pass the emissions limit.

Transmitter radiated emissions test was additionally performed on a 2 foot flat panel antenna which
had an antenna gain of 28 dBi.
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5. Measurements, Examinations and Derived Results

5.1. General Comments

Measurement uncertainties are evaluated in accordance with current best practice. Our reported expanded
uncertainties are based on standard uncertainties, which are multiplied by an appropriate coverage factor to

provide a statistical confidence level of approximately 95%. Please refer to Section 6. Measurement
Uncertainty for details.

In accordance with UKAS requirements all the measurement equipment is on a calibration schedule. All
equipment was within the calibration period on the date of testing.
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5.2. Test Results

5.2.1. Transmitter AC Conducted Spurious Emissions

Test Summary:

Test Engineer: Sandeep Bharat Test Date: 31 December 2015
Test Sample Serial Number: Z1.513040004
FCC Reference: Part 15.207

Test Method Used:

ANSI C63.10 Section 6.2

Environmental Conditions:

Temperature (°C):

25

Relative Humidity (%):

40

Note(s):

1. The EUT was powered from a power supply which was connected to a 120 VAC 60 Hz single phase

supply via a LISN.
2. The RF output port on the EUT was terminated with a 50 Q load during this test.

3. Pre-scans were performed and markers placed on the highest live and neutral measured levels. Final
measurements were performed on the marker frequencies and the results entered into the tables below.

4. A pulse limiter was fitted between the LISN and the test receiver.

Test setup:
EUT < Power Supply > LISN Pulse Limiter »| Test Receiver
A
Single Phase
AC Supply
UL VS LTD Page 11 of 53
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Transmitter AC Conducted Spurious Emissions (contin ued)
Results: Live / Quasi Peak
i Line @) @B) a5 Result
8.916 Live 26.9 60.0 33.1 Complied
9.960 Live 19.0 60.0 41.0 Complied
11.967 Live 29.7 60.0 30.3 Complied
15.923 Live 24.3 60.0 35.7 Complied
16.346 Live 24.0 60.0 36.0 Complied
29.508 Live 26.2 60.0 33.8 Complied
Results: Live / Average
Fre(lc\]/lu:;)cy Line (I&E\f\l/) (SIBTR/) M(ng;n Result
8.966 Live 20.4 50.0 29.6 Complied
10.000 Live 30.2 50.0 19.8 Complied
11.891 Live 23.4 50.0 26.6 Complied
15.963 Live 22.4 50.0 27.6 Complied
20.013 Live 22.5 50.0 27.5 Complied
29.202 Live 20.6 50.0 29.4 Complied
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Transmitter AC Conducted Spurious Emissions (contin ued)
Results: Neutral / Quasi Peak
Fre(lc\]/lu:;)cy Line (I&E\f\l/) (SIBTR/) M(%lrg)m Result
8.916 Neutral 27.0 60.0 33.0 Complied
9.596 Neutral 22.2 60.0 37.8 Complied
11.751 Neutral 29.3 60.0 30.7 Complied
15.923 Neutral 23.7 60.0 36.3 Complied
16.359 Neutral 24.3 60.0 35.7 Complied
29.130 Neutral 24.2 60.0 35.8 Complied
Results: Neutral / Average
R R
8.957 Neutral 20.7 50.0 29.3 Complied
10.001 Neutral 31.6 50.0 18.4 Complied
11.774 Neutral 24.5 50.0 25.5 Complied
16.310 Neutral 16.0 50.0 34.0 Complied
20.013 Neutral 21.8 50.0 28.2 Complied
29.081 Neutral 18.6 50.0 31.4 Complied
UL VS LTD Page 13 of 53
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Transmitter AC Conducted Spurious Emissions (contin

ued)

80

Level in dBuV

FCC Part 15 Class B Voltage with 2-Line-LISN Live

FCC Part 15 Clas Voltage on Mains (

or—+
150k

300400600  800LM

2M 3M 4M5M6 8 10M 20M 30M

Frequency in Hz

FCC Part 15 Class B Voltage with 2-Line-LISN Neutral

FCC Part 15 Class B Voltage on Mains C

Level in dBuV
w IS o
—

or—+ —t———+—+—+ + —————+—+ + 1
150k 300400600  800LM 2M 3M 4M5M 6 8 10M 20M 30M
Frequency in Hz

Live

Neutral

Note: These plots are pre-scans and for indication purposes only. For final measurements, see accompanying tables.

Test Equipment Used:

Asset Date Cal.

Instrument Manufacturer Type No. Serial No. Calibration Interval
No.

Due (Months)

M1625 | Thermohygrometer JM Handelspunkt 30.5015.06 None stated 07 Jan 2016 12
A067 LISN Rohde & Schwarz ESH3-Z5 890603/002 27 Aug 2016 12
A1830 | Pulse Limiter Rohde & Schwarz ESH3-22 100668 02 Mar 2016 12
M1263 | Test Receiver Rohde & Schwarz ESIB7 100265 16 Oct 2016 12
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5.2.2. Transmitter Minimum 6 dB Bandwidth

Test Summary:

Test Engineer:

Kiren Mistry

Test Date: 01 December 2015

Test Sample Serial Number:

ZL.S13040004

FCC Reference:

Part 15.247(a)(2)

Test Method Used:

KDB 558074 Section 8.2 Option 2

Environmental Conditions:

Temperature (°C):

25

Relative Humidity (%):

40

Note(s):

1. All modulation schemes supported by the EUT were investigated on the middle channel of each
supported channel bandwidth in accordance with KDB 558074 Section 8.0 Option 2 measurement
procedure. The modes that produced the narrowest bandwidth and therefore deemed worst case were:

o0 5 MHz Channel Bandwidth - 128QAM

0 10 MHz Channel Bandwidth - 64QAM

0 20 MHz Channel Bandwidth - 256QAM
0 20 MHz Channel Bandwidth - 1024QAM

2. Final measurements were performed using the above modulation schemes on the bottom, middle and

top channels.

3. The spectrum analyser resolution bandwidth was set to 100 kHz and video bandwidth 300 kHz. A peak
detector was used, sweep time was set to auto and the trace mode was Max Hold. The spectrum
analyser’s ‘n dB down’ function was used to obtain the 6 dB bandwidth relative to the peak level. These
results are documented in the tables below.

4. The spectrum analyser was connected to the RF port on the EUT using suitable attenuation and RF

cable.
Test setup:
Power Supply >» EUT »| RF Attenuator »| Spectrum Analyser
k
Laptop PC
UL VS LTD Page 15 of 53
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Transmitter Minimum 6 dB Bandwidth (continued)

Results: 5 MHz Channel Bandwidth / 1280AM

6 dB Bandwidth Limit Margin
Channel (kHz2) (kHz) (kHz) Result
Bottom 4068.136 =500 3568.136 Complied

Middle

4068.136

2500

3568.136

Complied

Top

4028.056

2500

3528.056

Complied

Marker 1 [T1 ndB] ﬁw 100 kHz R-F Att 20 dB Marker 1 [T1 ndB] ﬁu 100 kHz R-F Att 20 dB
Ref Lvl ndB §.00 dB VBW 300 kHz Ref Lvl nd8 65.00 dB VBW 300 kHz
44.6 dBm BUW 4.06813627 MHz SWT 5 ms unit dBm 44 .6 dBm BW 4.06813627 MHz SWT 5 ms unit dBm
44 .6y 44 .6
34.6 pB Offsgt vi[T1] 22|, 10_dBn| 4o 345 B Offspt v1|[T1] 22.89 dBn gy
5.81321p42 BHz| 5.62886074 GHz]
ndf §.00 dB ndf g.00 4B
B A OBETIpZT T 30) Bt A OBeT i
1 vTY LTl 15[.83 dBm) 1 vT1 (T1] 16.87 dBm|
AL a L X 5. 809966393 GHz, o : WMXV/\A At 5.627445689 GHz|
P T (11) 16}, 10 dBn| v (T1) 17.24 dbn
/ 5.81403407 GHz| 5.83151403 GHZ]
1 10}
o / \ q / \
=t / \ . / \
ol J \4» -0 \4‘“
B gt My _30 Al %WMM“
g s o
40 —40)
_gf -50)
|55, 4 | 55.4
Center 5.812 GHz 1 MHz/ Span 10 MHz Center 5.8235 GHz 1 MHz/ Span 10 MHz
Title: 10505077 Iritle: 10505077
pate: 01.DEC.2015 13:06:03 ate: 01 DEC.2015 03:41:38
Bottom Channel Middle Channel
Marker 1 [T1 ndBl RBH 100 Kz . RF ALt 20 OB
Ref Lvl ndB §.00 dB VBW 300 kHz
44.6 dBn BM  4.02805611 MHz  SHT Sms  Unit B
44 6y
‘[ 34.6 PB 0ffoft vi T3 2195 B
5.84821P42 BHz|
ndj §.00 dB
B ERNeEcine camau
1T T 16/-00 dBn|
FPY T DU I . 5.84494589 GHz
T W 171) 1535 dBn|
/ 5.84897395 GHz|
| / \
=t )/ \
B " A.AMNJ \W‘m )
NI
i
5
| 554
Center 5.847 GHz 1 MHz/ Span 10 MHz
Title: 10505077
pate: 01.DEC.2015 13:07:36
Top Channel
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Transmitter Minimum 6 dB Bandwidth (continued)

Results: 10 MHz Channel Bandwidth / 640AM

6 dB Bandwidth Limit Margin
Channel Result
(kHz) (kHz) (kHz)
Bottom 8376.754 =500 7876.754 Complied
Middle 8416.834 2500 7916.834 Complied
Top 8416.834 =500 7916.834 Complied
Marker 1 [T1 ndB] RBW 100 kHz RF Att 20 dB Marker 1 [T1 ndB] RBUW 100 kHz RF Att 20 dB
@Ref Lvl ndB §.00 dB VBW 300 kHz @Ref Lvl ndB 6.00 dB VBW 300 kHz
44.6 dBm BUW 8.37675351 MHz SWT 5 ms unit dBm 44 .6 dBm BW B8.416B3367 MHz SWT 5 ms unit dBm
M o vi[T1] 18,15 Bn| e M;S 34.6 B Offsgt vi|[T1] 1995 dBn| e
5.81712F25 Btz 5.62857936 GHZ]
ndg §.00 dB nd g.00 dB
0 B T370ropor T 30) B THEE3EET T
vT] (T1] 13[.29 dBm vT] (T1] 13.65 dBm|
N ! 5.81038[170 GHz| 20 : 5.82527)154 GHz]
TWwNWV\MX& 4711 3.47 dBm T Mo M WG T1 13.30 dBn|
i k\ f;’i \‘\ 5.83368038 GHz]
| / L\ | / \
0j 0)
) | | | \
o ( \ P wj] \
_ )‘j \‘\A 30 AN e
AR il WY M A
40} —40)
-5 -50
| o5 4 554
Center 5.8145 GHz 2 Mz, Span 20 MHz Center 5.8295 GHz 2 MHzs Span 20 MHz
Title: 10505077 ritle: 10505077
pate: 01.DEC.2016 13:10:085 ate: 01.DEC.2015 10:09:65
Bottom Channel Middle Channel
Marker 1 [T1 ndB RBH 100 Kz - RF Att 20 0B
@REF Lvl ndB 6.00 dB VBW 300 kHz
44.6 dbn B 8.41683367 MHz  SHT 5ms  Unit dBn
44,5,
| 34.6 1B Offsgt v 1) 19.25 0B gy
5.84135371 BHz|
ndg §.00 dB
0 B —HBBIBET M
T (111 13)-12 dBn|
o 1 584031162 GHz|
T A A AR A AARLZ ST 1 1342 oBnl
/4 V\ 5.84872B46 GHz
1
ﬂ [ |
| |
ﬂ | |
, J \
| 554
Center 5.8445 GHz 2 Mz, Span 20 MHz
Title: 10505077
Date: 01.DEC.2015 13:12:54
Top Channel

UL VS LTD

Page 17 of 53




TEST REPORT

VERSION 3.0

SERIAL NO: UL-RPT-RP10505077JD08B

ISSUE DATE: 15 JANUARY 2016

Transmitter Minimum 6 dB Bandwidth (continued)

Results: 20 MHz Channel Bandwidth / 256QAM

6 dB Bandwidth Limit Margin
Channel Result
(kHZ) (kHz) (kHZ)
Bottom 17314.629 =500 16814.629 Complied
Middle 17314.629 2500 16814.629 Complied
Top 17394.790 =500 16894.790 Complied
Marker 1 [T1 ndB] RBW 100 kHz RF Att 20 dB Marker 1 [T1 ndB] RBUW 100 kHz RF Att 20 dB
@Ref Lvl ndB 6.00 dB VBW 300 kHz @Ref Lvl ndB 5.00 dB VBW 300 kHz
44.6 dBm BUW 17.31462926 MHz SWT 10 ms unit dBm 44 .6 dBm BW 17.31462926 MHz SWT 10 ms unit dBm
44 By 44 6y
34.6 B Offsgt vi[T1] 16].43 Bn| e s 345 B Offspt vi|[T1] 17,21 B e
5.82114329 GHz 5.83030p81 GHe|
nd 8.00 dB ndf g.00 d8
0 B TP ItA52E26 1 30) B 173452826t
vT] (T1] 10(.67 dBm vT] (T1] 11].30 dBm|
. : 5.81096P93 GHz 20 . 5.80088077 GHz
vra 1111 10[.62 dBm) V13 [T1] 11].19 dBm|
) WWW\)X‘“"JWW{; 5828277565 Gz VIW‘*‘MMMM\Q 5.838 19739 GHz
1 10}
9 / 9 / \
) | | | \
| Jl \h J‘ 'k
I =Tl ST T St y Sy
40} —40)
5 -50)
| o5 .4 554
Center 5.8195 GHz 4 Mz, Span 40 MHz Center 5.8295 GHz 4 Mz, Span 40 Mz
Title: 10605077 ritle: 10505077
pate: 01.DEC.2016 13:14:58 ate: 01.DEC.2016  10:46:02
Bottom Channel Middle Channel
Marker 1 (11 ndbl RBH 100 Kz - RF Att 20 0B
@REF Lvl ndB 6.00 dB VBW 300 kHz
44.5 dbn BH  17.39478958 MHz  SWT 10 ms  Unit dBm
14 5,
| 34.6 BB ofrsgt v |1 16].20 cBin|
5.63945092 GHz
ndg 5.00 oB
0 B 173547 EEOE A
T 171 9. 74 dBn|
ol 5. B3088P77 GHZ|
v1g 1711 10[.27 dBn|
U/J‘HMM‘ sl I e
I
ﬂ / )
| \
ﬂ | |
, ) |
A faa TV Ry
=5 4
Center 5.8395 GHz 4 Mz, Span 40 MHz
Title: 10505077
Date: 01.DEC.2015 13:16:58
Top Channel
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Transmitter Minimum 6 dB Bandwidth (continued)

Results: 30 MHz Channel Bandwidth / 10240AM

6 dB Bandwidth Limit Margin
Channel (kH2) (kHz2) (kH2) Result
Bottom 25731.463 2500 25231.463 Complied

Middle

25851.703

2500

25351.703

Complied

Top

25851.703

2500

25351.703

Complied

Top Channel

Marker 1 [T1 ndB] RBW 100 kHz RF Att 20 dB Marker 1 [T1 ndB] RBUW 100 kHz RF Att 20 dB
Ref Lvl ndB 6.00 dB VBW 300 kHz Ref Lvl ndB 5.00 dB VBW 300 kHz
44.6 dBm BUW 25.73146293 MHz SWT 15 ms unit dBm 44 .6 dBm BW 25.85170341 MHz SWT 15 ms unit dBm
446 44.6
34.6 B Offsgt vi[T1] 1480 dBn| e s 345 B Offspt vi|[T1] 14,81 dBn| py
5.83059238 GHz 5.83569238 GHz|
nd 8.00 dB ndf g.00 d8
0 B ST RS 30) B [O- 8o TOp# T 11
vT] (T1] B].70 dBm| vT] (T1] 8. 67 dBm|
. 5.81193187 GHz 20 5.681681463 GHz
vra 1111 B|.67 dBm| V13 1111 .29 dBm|
5.83765633 GH 5.84266633 GH
) B Wl M«MWTQ 2 o i AYRPAT] VN T 2
) [/ 1\ . }/ 1‘
ﬂ ‘ \ . ’ ‘
R , 30 "
i vl '\’"M’\‘MW Ao L WY
40} —40)
-5 50
| o5 .4 554
Center 5.8245 GHz 6 MHz/ Span 60 MHz Center 5.8295 GHz 6 MHz/ Span 60 Mz
Title: 10605077 ritle: 10505077
pate: 01.DEC.2016 13:20:48 ate: 01.DEC.2016 11:13:16
Bottom Channel Middle Channel
Marker 1 [T1 ndB RBH 100 Kz - RF Att 20 0B
Ref Lvl ndB 6.00 dB VBW 300 kHz
44.5 dbn BH  25.85170341 MHz  SWT 15 ms  Unit dBm
14 5,
| 34.6 BB ofrsgt v |1 14,89 cen| o
5.84069038 GHz
ndg 5.00 oB
0 B (O~ B8Ot ropa T T
] (T1) 8. 73 cBn|
ol 582169439 GHz|
w14 1711 gl.26 dBn|
§ N MWM@ 5.84754509 GHz
1| / S
0 / \
T N A AR AT A 7 TV
=5 4
Center 5.8345 GHz 6 MHz/ Span 60 MHz
Title: 10505077
Date: 01.DEC.2015 13:22:43
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TEST REPORT SERIAL NO: UL-RPT-RP10505077JD08B

VERSION 3.0 ISSUE DATE: 15 JANUARY 2016

Transmitter Minimum 6 dB Bandwidth (continued)

Test Equipment Used:

Asset Instrument Manufacturer Type No. Serial No. Date Calibration El?érval
No. Due (Months)
M1785 | Thermohygrometer | JM Handelspunkt | 30.5015.13 Not stated 23 Apr 2016 12
M127 | Spectrum Analyser | Rohde & Schwarz | FSEB30 842659/016 11 Aug 2016 12
A2139 | Attenuator AtlanTec RF AN18-10 090918-04#1 | Calibrated before use -
A2528 | Attenuator AtlanTec RF AN18W5-20 | 832828#3 Calibrated before use -
S0551 | DC Power Supply Hewlett Packard 6674A ITM00512445 | Calibrated before use -
M1251 | Digital Multimeter Fluke 175 89170179 26 May 2016 12
M1227 | Power Sensor Agilent 8487D 3318A02122 01 Jun 2016 12
M1145 | Power Meter Hewlett Packard 437B 3737U26557 11 Aug 2016 12
G085 Signal Generator Hewlett Packard 83650L 3614A00104 11 Nov 2016 12
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TEST REPORT SERIAL NO: UL-RPT-RP10505077JD08B

VERSION 3.0 ISSUE DATE: 15 JANUARY 2016

5.2.3. Transmitter Power Spectral Density

Test Summary:

Test Engineer: Kiren Mistry Test Date: 03 December 2015
Test Sample Serial Number: Z1.513040004

FCC Reference: Part 15.247(e)

Test Method Used: KDB 558074 Section 10.3

Environmental Conditions:

Temperature (°C): 23

Relative Humidity (%): 50

Note(s):

1. All modulation schemes supported by the EUT were investigated on the middle channel of each

supported channel bandwidth in accordance with KDB 558074 Section 10.3 Method AVGPSD-1. The
modes that produced the highest power and therefore deemed worst case were:

0 5 MHz Channel Bandwidth / QPSK

0 10 MHz Channel Bandwidth / QPSK
0 20 MHz Channel Bandwidth / QPSK
0 30 MHz Channel Bandwidth / QPSK

Final measurements were performed using the above modulation schemes on the bottom, middle and
top channels.

The EUT was transmitting at 100% duty cycle.

For 5 MHz channel bandwidth: The test receiver resolution bandwidth was set to 3 kHz and video
bandwidth 10 kHz. An RMS detector was used and sweep time set to auto couple. Trace averaging was
employed over 100 sweeps. The span was set to greater than 1.5 times the 99% occupied bandwidth.
The highest peak of the measured signal was recorded.

For 10 MHz & 20 MHz channel bandwidths: The test receiver resolution bandwidth was set to 10 kHz
and video bandwidth 30 kHz. An RMS detector was used and sweep time set to auto couple. Trace
averaging was employed over 100 sweeps. The span was set to greater than 1.5 times the 99%
occupied bandwidth. The highest peak of the measured signal was recorded.

For 30 MHz channel bandwidth: The test receiver resolution bandwidth was set to 50 kHz and video
bandwidth 200 kHz. An RMS detector was used and sweep time set to auto couple. Trace averaging
was employed over 100 sweeps. The span was set to greater than 1.5 times the 99% occupied
bandwidth. The highest peak of the measured signal was recorded.

The test receiver was connected to the RF port on the EUT using suitable attenuation and RF cable. An
RF level offset was entered on the test receiver to compensate for the loss of the attenuator and RF
cable.
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Transmitter Power Spectral Density (continued)

Test setup:

Power Supply

Y

EUT

Y

RF Attenuator

P»| Test Receiver

Laptop PC
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ISSUE DATE: 15 JANUARY 2016

Transmitter Power Spectral Density (continued)

Results: 5 MHz Channel Bandwidth / QPSK

PSD

Limit Margin
Channel (dBm / 3 kH2) (dBm / 3 kH2) (dB) Result
Bottom 9.4 8.0 17.4

Complied

Middle

-9.7

8.0 17.7 Complied

Top

-9.0

8.0 17.0

Complied

® RBW 3 kHz Marker 1 [T1] @ RBW 3 kHz Marker 1 [T1]
VBW 10 kHz 9.40 dBm VBW 10 kHz 9.74dBm
Ref 30dBm At 10d8 SWT L1155 5812574627 GHz

30 Offspt  34.4dB

WW M]

Center 5.812 GHz

10505077
Date: 3DEC.2015 10:45:08

1 MHz/ Span 10 MHz

Ref 30dBm At 10dB SWT 1155 5.830171642 GHz

30 Offspt  34.4d8

i .

i

Center 5.8295 GHz 1 MHz/ Span 10 MHz

10505077
Date: 3DEC.2015 10:50:08

Bottom Channel

@

Ref 30dBm

RBW 3 kHz
VBW 10 kHz
At 10dB SWT 1155

30 Offsft  34.4dB

o™

70

LT

Center 5.847 GHz

10505077
Date: 3DEC.2015 10556:17

1 MHz/ Span 10 MHz

Top Channel

Middle Channel
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Transmitter Power Spectral Density (continued)

Results: 10 MHz Channel Bandwidth / QPSK

PSD

Channel (dBm / 3 kHz)

Limit
(dBm / 3 kHz)

Margin
(dB) Result

Bottom -8.0

8.0

16.0 Complied

Middle -8.3

8.0

16.3 Complied

Top -8.1

8.0

16.1 Complied

® RBW 10 kHz

VBW 30 kHz
Ref 30dBm At 10dB SWT 200 ms

30 Offspt  34.4dB

70

Center 5.8145 GHz 2 MHz/ Span 20 MHz

10505077
Date: 3DEC.2015 10:59:06

Ref 30dBm

RBW 10kHz
VBW 30 kHz
At 10dB SWT 200 ms

30 Offspt  34.4d8

Center 5.8295 GHz

10505077
Date: 3DEC.2015 11:01:13

2 MHz/ Span 20 MHz

Bottom Channel

® RBW 10 kHz

VBW 30 kHz
Ref 30dBm At 10dB SWT 200 ms
30 Offsgt 34.4dB
-
‘
10 i
| A1 N
4
f [100 I \
‘
30 r‘ ‘\
T J LM .
Center 5.8445 GHz 2 MHz/ Span 20 MHz
10505077

Date: 3DEC.2015 11:02:47

Top Channel

Middle Channel
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Transmitter Power Spectral Density (continued)

Results: 20 MHz Channel Bandwidth / QPSK

PSD

Limit Margin
Channel (dBm / 3 kH2) (dBm / 3 kH2) (dB) Result
Bottom -10.4 8.0 18.4

Complied

Middle

-10.6

8.0 18.6 Complied

Top

-10.9

8.0 18.9

Complied

® RBW 10 kHz @ RBW 10 kHz Mar
VBW 30 kHz VBW 30 kHz
Ref 30dBm At 1008 SWT 400 ms 3

30 Offspt  34.4dB

Center 5.8195 GHz

10505077
Date: 3DEC.2015 11:07:47

aMHZ/

Span 40 MHz

Ref 30dBm At 10dB SWT 400 ms

30 Offspt  34.4d8

Center 5.8295 GHz 4MHz/ Span 40 MHz

10505077
Date: 3DEC.2015 11:10:11

Bottom Channel

@

Ref 30dBm

RBW 10kHz
VBW 30 kHz
At 10dB SWT 400 ms

30 Offsft  34.4dB

20
o |
30 ( ‘\
0 T 1
0 J \
MJ [N
i Mo
70
Center 5.8395 GHz 4 MHz/ Span 40 MHz

10505077
Date: 3DEC.2015 11:12:45

Top Channel

Middle Channel
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Transmitter Power Spectral Density (continued)

Results: 30 MHz Channel Bandwidth / QPSK

13.7

PSD Limit Margin
Channel (dBm / 3 kH2) (dBm / 3 kH2) (dB) Result
Bottom 5.7 8.0

Complied

Middle -6.4

8.0

14.4

Complied

Top -6.4

8.0

14.4

Complied

Date: 3DEC.2015 11:14:12

10505077
Date: 3DEC.2015 11:15:08

® RBW 50 khz, Mar @ RBW 50 khz, Mar
VBW 200 kHz VBW 200 kHz
Ref 30 dBm At 1048 SWT 25ms Ref 30 dBm At 1048 SWT 25ms
30 ofsft  34dds 30 offsft  34dd8
LRy
[V Ev| L
Tos A
At
10 "M‘\ 10 /, “\
2 20 /
\
00of (100 00 of [100 \
30 ‘ 30 T
| \ | |
40 J T a0 ) \
my : n
Ludd W\Mwl i — M“Ulww "
70 10
Center 5.8245 GHz 6 MHz/ Span 60 MHz Center 5.8295 GHz 6 MH2/ Span 60 MHz
10505077

Bottom Channel

RBW 50 kHz
VBW 200 kHz
SWT 25ms

Ref 30dBm At 10dB

30 Offsft  34.4dB

Center 5.8345 GHz 6 MHz/ Span 60 MHz

10505077
Date: 3DEC.2015 11:18:54

Top Channel

Middle Channel
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TEST REPORT SERIAL NO: UL-RPT-RP10505077JD08B

VERSION 3.0

ISSUE DATE: 15 JANUARY 2016

Transmitter Power Spectral Density (continued)

Test Equipment Used:

Asset Instrument Manufacturer Type No. Serial No. Date Calibration I(r:ftﬂ(lelrval
No. Due (Months)
M1785 | Thermohygrometer | JM Handelspunkt | 30.5015.13 Not stated 23 Apr 2016 12
M1630 | Test Receiver Rohde & Schwarz | ESU 40 100233 20 Feb 2016 12
A2139 | Attenuator AtlanTec RF AN18-10 090918-04#1 Calibrated before use -
A2528 | Attenuator AtlanTec RF AN18W5-20 | 832828#3 Calibrated before use -
S0551 | DC Power Supply Hewlett Packard 6674A ITM00512445 | Calibrated before use -
M1251 | Digital Multimeter Fluke 175 89170179 26 May 2016 12
M1227 | Power Sensor Agilent 8487D 3318A02122 01 Jun 2016 12
M1145 | Power Meter Hewlett Packard 437B 3737U26557 11 Aug 2016 12
G085 Signal Generator Hewlett Packard 83650L 3614A00104 11 Nov 2016 12
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VERSION 3.0 ISSUE DATE: 15 JANUARY 2016

5.2.4. Transmitter Maximum Average Output Power

Test Summary:

Test Engineer: Kiren Mistry Test Date: 01 December 2015
Test Sample Serial Number: Z1.513040004

FCC Reference: Part 15.247(b)(3)

Test Method Used: KDB 558074 Section 9.2.2.2

Environmental Conditions:

Temperature (°C): 25

Relative Humidity (%): 40

Note(s):

1. All modulation schemes supported by the EUT were investigated on the middle channel of each

supported channel bandwidth in accordance with KDB 558074 Section 9.2.2.2 Method AVGSA-1. The
modes that produced the highest conducted output power and therefore deemed worst case were:

0 5 MHz Channel Bandwidth / QPSK

0 10 MHz Channel Bandwidth / QPSK
0 20 MHz Channel Bandwidth / QPSK
o0 30 MHz Channel Bandwidth / QPSK

Final measurements were performed using the above modulation schemes on the bottom, middle and
top channels.

The EUT was transmitting at 100% duty cycle.

For 5 MHz & 10 MHz channel bandwidths: The spectrum analyser resolution bandwidth was set to 100
kHz and video bandwidth 300 kHz. An RMS detector was used and sweep time set to auto couple. Trace
averaging was employed over 100 sweeps. The span was set to greater than 1.5 times the 99%
occupied bandwidth. The power was integrated across the occupied bandwidth of the signal using the
channel power function of the spectrum analyser.

For 20 MHz & 30 MHz channel bandwidths: The spectrum analyser resolution bandwidth was set to 300
kHz and video bandwidth 1 MHz. An RMS detector was used and sweep time set to auto couple. Trace
averaging was employed over 100 sweeps. The span was set to greater than 1.5 times the 99%
occupied bandwidth. The power was integrated across the occupied bandwidth of the signal using the
channel power function of the spectrum analyser.

The spectrum analyser was connected to the RF port on the EUT using suitable attenuation and RF
cable. An RF level offset was entered on the spectrum analyser to compensate for the loss of the
attenuator and RF cable.
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Transmitter Maximum Average Output Power (continued )

Test setup:
Power Supply >» EUT »| RF Attenuator P Spectrum Analyser
A
Laptop PC
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Transmitter Maximum Average Output Power (continued )

Results: 5 MHz Channel Bandwidth / QPSK

Conducted

Conducted Output

Margin

Channel Output Power Power Limit (dB) Result
(dBm) (dBm)
Bottom 26.8 30.0 3.2 Complied

Middle

26.8

30.0

3.2

Complied

Top

26.6

30.0

3.4

Complied

Page 30 of 53

Marker 1 (111 RBW 100 kHz  RF Att 20 db Marker 1 [T1] RBW 100 kiz  RF Att 20 db
Ref Lvl 12.08 dBm  VBH 300 kHz Ref Lvl 11.85 d8n VBN 300 kHz
40 dBm 5.81345291 GHz  SWT 5ms  Unit B 40 B 5.83077255 GHz  SHT 5ms  Unit dBn
40, 40,
34.8 B Dffspt v |71 12(.08 B e 34.8 {8 Offspt vi|(T1) 11].85 cBnf e
5.81345051 GHz] 5.83077p55 Btz
0 TH AR 5 e 30 TR e s
CH [ 4.30900000 MHZ] CH [ 4.30900p00 1z
2 20
1 1
10) e T 10) e
U / \ D / \
-10| ( \ -10| / \
20 } \ 20 / &
-30| / \ -30| / \
_m -40
o M
-50| -50
E E
Cl ‘ co ‘
-60 -60
Center 5.812 GHz 1 MHz/ Span 10 MHz Center 5.8295 GHz 1 MHz/ Span 10 MHz
ritle: 10505077 ritle: 10505077
ate: 01 .DEC.2015 14:21:24 ate: 01.DEC.2015 14:23:08
Bottom Channel Middle Channel
Marker 1 (11] RBH 100 Kz RF Att 20 a5
Ref Lvl 12.12 dBn  VBM 300 kHz
40 dBm 5.84825251 GHz  SWT 5ms  Unit dBm
4
34.6 {B Dffspt MU IES! 1212 B e
5.84825051 GHz]
B TH AR B 58 dbn
CH [ 4.30900000 MHZ]
2
1
o A
g
10 / \\
20 } \
-0 / \
-0
=~
-50
[
C
-60
Center 5.847 GHz 1 MHz/ Span 10 MHz
ritle: 10505077
ate: 01.DEC.2015 14:26:39
Top Channel
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Transmitter Maximum Average Output Power (continued )

Results: 10 MHz Channel Bandwidth / QPSK

Conducted Conducted Output Margin
Channel Output Power Power Limit Result
(dB)
(dBm) (dBm)
Bottom 26.7 30.0 3.3 Complied
Middle 26.8 30.0 3.2 Complied
Top 26.6 30.0 3.4 Complied
Marker 1 [T1] RBW 100 kHz RF Att 20 dB Marker 1 [T1] RBW 100 kHz RF Att 20 dB
@Ref Lvl 8.93 dBm VBW 300 kHz @Ref Lvl 8.50 dBm VBW 300 kHz
40 dBm 5.81684469 GHz SWT 5 ms Unit dBm 40 dBm 5.82883868 GHz SWT 5 ms Unit dBm
“ 34.6 @B Offsgt Y711 8.93 dBm “ 34.6 @B Offsgt v 711 al.a0 dBm &
5. 816841469 GHz| 5.82683P68 GHz|
30 TR 7877 aBm 30 TF[PHR B[77 9B
CH |B 9. 0180000 MHz| CH (Bl 9.01800000 MHz|
20} 20}
1 1
9 IR e B 9 e e |
0f 0l
10| / \ 10 / \
| | | |
_a 40
L/ % v
M, |
75U~w/"’w — 75UN"\I\—A’\MM M“"Mr«-w
Ci Ei] Ci ¢
-60 60 |
Center 5.8145 GHz 2 MHz/ Span 20 MHz Center 5.8235 GHz 2 MHz/s Span 20 MHz
[Fitle: 10505077 [(itle: 10505077
ate: 01.DEC.2015 14:28:42 ate: 01.DEC.2015 14:31:18
Bottom Channel Middle Channel
Marker 1 [T1] RBUW 100 kHz RF Att 20 dB
@Ref Lvl 8.75 dBm VBW 300 kHz
40 dBm 5.84427956 GHz SWT 5 ms Unit dBm
9 34.6 {B Offset v |i111 8. 75 dBm|
5.84427856 GHz|
30 TH [FUR 5T aFw
CH |BI 9.01800[000 MHZ|
20)
10| !
WMW—«»«J\/\\

-20f

-30)

— 1

—

N E—
I

-40) R/

_sgprr™ |
C E'
-60l
Center 5.8445 GHz 2 MHz/ Span 20 MHz

[ritle: 10505077

ate: 01.DEC.2015 14:36:53

Top Channel
UL VS LTD Page 31 of 53




TEST REPORT

VERSION 3.0

SERIAL NO: UL-RPT-RP10505077JD08B

ISSUE DATE: 15 JANUARY 2016

Transmitter Maximum Average Output Power (continued

)

Results: 20 MHz Channel Bandwidth / QPSK

Conducted Conducted Output Margin
Channel Output Power Power Limit (dB) Result
(dBm) (dBm)
Bottom 27.4 30.0 2.6 Complied
Middle 27.4 30.0 2.6 Complied
Top 27.3 30.0 2.7 Complied
Marker 1 [T1] REW 300 kHz RF Att 20 dB Marker 1 [T1] RBW 300 kHz RF Att 20 dB
@Ref Lvl 11.10 dBm VBUW 1 MHz @Ref Lvl 10.89 dBm VBW 1 MHz
40 dBm 5.82242585 GHz SWT 5 ms Unit dBm 40 dBm 5.83493098 GHz SWT 5 ms Unit dBm
40, 40,
34.6 PB Offset v 11).10 dBm| g 34.6 pB Offset v 10[.83  dB| e
5.822426585 GHz 5.83499(098 GHz|
30 TR [FUR 7777 5w 30 THPHR 35 6|
CH |BlI 18.27700[000 MHz| CH |BI 16.35700[000 MHz|
20) 20)
1 1
10} X 10} Lo,
0) 0)
[ \ / \
| \ | \
| \ I \
/ W ) Nl
| ot ) Lt fn]
50 -50)
co Cco
Cl ‘ Cl
-60 60 |
Center 5.8195 GHz 4 MHz/ Span 40 MHz Center 5.8295 GHz 4 MHz/ Span 40 MHz
[ritle: 10505077 [ritle: 10505077
ate: 01.DEC.2015 14:35:25 ate: 01.DEC.2015 14:42:47
Bottom Channel Middle Channel
Marker 1 [T1] RBW 300 kHz RF Att 20 dB
@Ref Lvl 10.86 dBm VBW 1 MHz
40 dBm 5.83825752 GHz SWT 5 ms Unit dBm
40,
34.5 B Offset v 10[.86 B e
5.83825[752 GHz
30 TR [FUR 5 B
CH |BI 118.27700[000 MHz|
20|
1
10 >3
y
[ \
| \
| \
_40 J A
- e
~50|
Ci
i \
-60l
Center 5.8395 GHz 4 MHz/ Span 40 MHz
[Title: 10505077
ate: 01.DEC.2015 14:41:18
Top Channel
UL VSLTD
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Transmitter Maximum Average Output Power (continued )

Results: 30 MHz Channel Bandwidth / QPSK

Conducted Conducted Output Mardin
Channel Output Power Power Limit (dg) Result
(dBm) (dBm)
Bottom 27.3 30.0 2.7 Complied

Middle

27.3

30.0

2.7

Complied

Top

27.2

30.0

2.8

Complied

Top Channel

Marker 1 (11 REH 300 kHz  RF Att 20 dB Marker 1 [T1] RBW 300 kiz  RF Att 20 db
Ref Lvl 9.35 dBm  VBM 1 Hz Ref Lvl 9.43 dBm VB 1 MHz
40 dBm 5.83357816 GHz  SWT 5ms  Unit B 40 B 5.83328758 GHz  SHT 5ms  Unit dBn
40 40
34.6 B Dffspt MEIN ] 935 dBn| e 34.6 ©B Offset v 943 dBn| me
5.83357B16 GHz] 5.83328758 Btz
0 TH PR GE 30 TP RElING S
CH [Bl 27.65500000 MHz| CH[BW  47.77600p00 Hz
2 20
1 1
10 PR R 10 [
D / \ D / \
-10| { \ -10| / N
20 ‘ \ 20 ' ‘
-30| -30|
_ag) /\] \4 | _4n) /\J \ A
| ot A - \”\'\W
-50| -50
C C
i | i |
-60 -60
Center 5.8245 GHz 6 MHz/ Span 60 MHz Center 5.8295 GHz 6 Mz, Span 60 MHz
ritle: 10505077 ritle: 10505077
ate: 01 .DEC.2015 14:45:28 ate: 01.DEC.2015 14:47:14
Bottom Channel Middle Channel
Marker 1 (11] RBH  G00 Kz RF Att 20 a5
Ref Lvl 9.34 dBm  VBM 1 MHz
40 dBm 5.83816733 GHz  SWT 5ms  Unit dBm
4
34.6 {B Dffspt viloTl 934 dBn| e
5.83818733 GHz]
B TH EREED
CHIBW  97.77600p00 MHz
2
10 ]
pw—~———— -
g
10 (/ \\
20 I \
-0 J \A
4 2 1
= s
-50
C
-60
Center 5.8345 GHz 6 IMHz/ Span 60 MHz
ritle: 10505077
ate: 01.DEC.2015 14:48:55
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Transmitter Maximum Average Output Power (continued )

Test Equipment Used:

Asset Instrument Manufacturer Type No. Serial No. Date Calibration El?érval
No. Due (Months)
M1785 | Thermohygrometer | JM Handelspunkt | 30.5015.13 Not stated 23 Apr 2016 12
M127 | Spectrum Analyser | Rohde & Schwarz | FSEB30 842659/016 11 Aug 2016 12
A2139 | Attenuator AtlanTec RF AN18-10 090918-04#1 | Calibrated before use -
A2528 | Attenuator AtlanTec RF AN18W5-20 | 832828#3 Calibrated before use -
S0551 | DC Power Supply Hewlett Packard 6674A ITM00512445 | Calibrated before use -
M1251 | Digital Multimeter Fluke 175 89170179 26 May 2016 12
M1227 | Power Sensor Agilent 8487D 3318A02122 01 Jun 2016 12
M1145 | Power Meter Hewlett Packard 437B 3737U26557 11 Aug 2016 12
G085 Signal Generator Hewlett Packard 83650L 3614A00104 11 Nov 2016 12
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5.2.5. Transmitter Band Edge Conducted Emissions

Test Summary:

Test Engineers: Kiren Mistry & Test Date: 03 December 2015
Sandeep Bharat

Test Sample Serial Number: Z1.513040004

FCC Reference: Part 15.247(d)

Test Method Used: KDB 558074 Section 11 & ANSI C63.10 Section 6.10.4

Environmental Conditions:

Temperature (°C): 25

Relative Humidity (%): 40

Note(s):

1. Conducted measurements at band edges were used in conjunction with radiated limits. The EUT was set

to transmit on the top channel when performing measurements at the upper band edge on modes that
produced the highest power & widest bandwidth.

2. The modes that produced the highest power and widest bandwidth were:
0 5 MHz Channel Bandwidth — QPSK & 32QAM
0 10 MHz Channel Bandwidth — QPSK
0 20 MHz Channel Bandwidth — QPSK
0 30 MHz Channel Bandwidth — QPSK & 16QAM

3. A non-restricted band is adjacent to the upper band edge so the -30 dBc limit applies as the maximum
average output power was used to demonstrate compliance, in accordance with FCC KDB 558078
Section 11.1 (b) and 815.247(d). The band edge emissions were measured using a 100 kHz bandwidth
and peak detector. The -30 dBc limit was relative from the peak of the top channel carrier.

4. The test receiver was connected to the RF port on the EUT using suitable attenuation and RF cable. An
RF level offset was entered on the test receiver to compensate for the loss of the attenuator and RF
cable.

5. Lower band edge measurement results can be found in a separate report UL-RPT-RP10505077JD08A.

Test setup:

Power Supply >» EUT ¥»| RF Attenuator »| Test Receiver
A
Laptop PC

UL VS LTD Page 35 of 53




TEST REPORT

SERIAL NO: UL-RPT-RP10505077JD08B
VERSION 3.0

ISSUE DATE: 15 JANUARY 2016

Transmitter Band Edge Conducted Emissions (continue

d)
Results: 5 MHz Channel Bandwidth
Modulation Peak Band Edge -30 dBc Limit Margin Result
Scheme Level (dBm) (dBm) (dB)
QPSK -34.1 -15.1 19.0 Complied
32QAM -32.8 -14.8 18.0 Complied
@ RBW 100 kHz Marker 1 [T1] @ RBW 100 kHz Marker 1 [T1]
= = [= ,
|———D114.9dBm ———D115.2 dBm JVWMW“/'
L A} 1
‘/ \‘ / \
1 | | \1
- 1 J‘dum \ . 2 -14.8/dBm ‘
| il | |
e i N RN KT ol [y sl
QPSK 32QAM
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Transmitter Band Edge Conducted Emissions (continue

d)

Results: 10 MHz Channel Bandwidth

UL VS LTD

Modulation Peak Band Edge -30 dBc Limit Margin Result
Scheme Level (dBm) (dBm) (dB)
QPSK -35.0 -18.0 17.0 Complied

Ref 40dBm

40 Offsft  34.qdB

At 10dB

VBW 300 kHz
SWT 20ms

BA

D112 dBfp

10505077
Date: 3DEC.2015 14:15:27

4MHz Span 40 MHz

QPSK
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Transmitter Band Edge Conducted Emissions (continue

d)

Results: 20 MHz Channel Bandwidth

Modulation Peak Band Edge -30 dBc Limit Margin Result
Scheme Level (dBm) (dBm) (dB)
QPSK -34.2 -21.3 12.9 Complied
]
‘DL k “MMMA,WL el s

10505077

Date: 3.DEC.2015 14:26:23
QPSK
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Transmitter Band Edge Conducted Emissions (continue

d)

Results: 30 MHz Channel Bandwidth

Modulation Peak Band Edge -30 dBc Limit Margin Result
Scheme Level (dBm) (dBm) (dB)
QPSK -23.5 -22.6 0.9 Complied
16QAM -23.0 -22.9 0.1 Complied
® b Z b
(Al LA
= =
EEi Tiln
WW»«( \"Mwm At o] wMWJ % ! " vy
QPSK 16QAM
Test Equipment Used:
Asset Cal.
No Instrument Manufacturer Type No. Serial No. Dlate Ca libration Due | Interval
’ (Months)

M1785 | Thermohygrometer | JM Handelspunkt | 30.5015.13 Not stated 23 Apr 2016 12
M1630 | Test Receiver Rohde & Schwarz | ESU 40 100233 20 Feb 2016 12
A2139 | Attenuator AtlanTec RF AN18-10 090918-04#1 Calibrated before use -
A2528 | Attenuator AtlanTec RF AN18W5-20 | 832828#3 Calibrated before use -
M260 | Signal Generator Rohde & Schwarz | SMP02 829076/008 27 Apr 2016 12
S0551 | DC Power Supply Hewlett Packard 6674A ITM00512445 | Calibrated before use -
M1251 | Digital Multimeter Fluke 175 89170179 26 May 2016 12
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5.2.6. Transmitter Radiated Emissions — 2 ft Flat Panel A __ntenna

Test Summary:

Test Engineer: Sandeep Bharat Test Date: 07 December 2015
Test Sample Serial Number: ZL.S13040004

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: ANSI| C63.10 Sections 6.3 and 6.5

Frequency Range 30 MHz to 1000 MHz

Environmental Conditions:

Temperature (°C): 25

Relative Humidity (%): 45

Note(s):

1. The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

2. Preliminary investigations showed similar emission levels below 1 GHz for each channel of operation.
Therefore pre-scans were performed with the EUT set to the middle channel only.

3. The EUT was set to transmit QPSK signals on 20 MHz Channel Bandwidth as this mode was seen to
produce the highest output power and therefore deemed worst case for this test.

4. All emissions shown on the pre-scan plots were investigated and found to be ambient, or >20 dB below
the applicable limit or below the measurement system noise floor. Therefore the highest peak noise floor
reading of the measuring receiver was recorded in the table below.

5. Measurements below 1 GHz were performed in a semi-anechoic chamber (Asset Number KO001) at a

distance of 3 metres. The EUT was placed at a height of 80 cm above the reference ground plane in the
centre of the chamber turntable. Maximum emission levels were determined by height searching the
measurement antenna over the range 1 metre to 4 metres.

Test setup for radiated measurements:

Measurement
EUT > Attenuator
Antenna

Amplifier » Test Receiver

A 4

Power Supply

Semi-anechoic chamber
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Transmitter Radiated Emissions (continued)

Results: Middle Channel / 20 MHz Channel Bandwidth  / QPSK
Frequency Antenna Peak Level Limit Margin Result
(MHz) Polarity (dB uv/m) (dB uV/m) (dB)
992.285 Vertical 33.4 54.0 20.6 Complied
10
9q
8G
79
E
g. ® ECC/|Part 15 Class B Eield|Stren:
< 54
@ 992.284569 MHz
8 44 33.400 dBuVv/m
3G
2G
1q
[0 t —t+—+—+ t + + + —t+—++
30M 50 60 80 100M 200 300 400500 800 1G
Frequency in Hz
Test Equipment Used:
Asset Date Cal.
Instrument Manufacturer Type No. Serial No. Calibration Interval
No.
Due (Months)
K0001 5m RSE Chamber Rainford EMC N/A N/A 19 Mar 2016 12
M1945 | Thermohygrometer JM Handelspunkt 30.5015.01 0112 23 Apr 2016 12
M1273 | Test Receiver Rohde & Schwarz ESIB26 100275 19 Mar 2016 12
A1834 | Attenuator Hewlett Packard 8491B 10444 05 Mar 2016 12
G0543 | Pre-Amplifier Sonoma 310N 230801 10 Feb 2016 3
A490 Bilog Antenna Chase CBL6111A 1590 30 Apr 2016 12
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Transmitter Radiated Emissions (continued)

Test Summary:

Test Engineer: Sandeep Bharat Test Dates: 07 December 2015 to
11 December 2015

Test Sample Serial Number: ZL.S13040004

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: KDB 558074 Sections 11 & 12 referencing ANSI C63.10

Sections 6.3 and 6.6

Frequency Range 1 GHz to 40 GHz

Environmental Conditions:

Temperature (°C): 24 t0 26

Relative Humidity (%): 4210 48

Note(s):

1. The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

2. The EUT was set to transmit QPSK signals on 20 MHz Channel Bandwidth as this mode was seen to
produce the highest output power and therefore deemed worst case for this test.

3. No spurious emissions were detected above the noise floor of the measuring receiver therefore the
highest peak and average noise floor readings of the measuring receiver were recorded as shown in the
table below.

4. The emission shown at 5829.5 MHz on the 3 GHz to 6 GHz plot is the EUT fundamental.

5. All pre-scans and any final measurements were performed in a semi-anechoic chamber (Asset Number

K0001) at a distance of 3 metres. The EUT was placed at a height of 1.5 m above the reference ground
plane in the centre of the chamber turntable. Radiation Absorbent Material (RAM) was placed on the
floor between the EUT and the measurement antenna. Maximum emission levels were determined on
any detected emissions by height searching the measurement antenna over the range 1 metre to 4
metres.
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Transmitter Radiated Emissions (continued)

Results: Middle Channel / 20 MHz Channel Bandwidth  / QPSK
Frequency Detector Level Limit Margin Result
(MHz) (dB uVv/m) (dBpV/m) (dB)
7923.848 Peak 58.9 74.0 15.1 Complied
5519.038 Average 48.3 54.0 5.7 Complied
oq g
8¢ 8¢
L ECC Part 15 Class B Field Strengt| FCC Part 15 Class B Field Strength PK+ 3M |
¢ 7q
| 5.729458918 GHz
2.947895792 G 56,660 dBVim
£ 6¢ £ 6¢ \
§ 49.779 dBUV/) S
g T Fi 5519038076 GH|
S 5¢ Y © 5q 48.347 dpVim |
3 ¢ 21963927856 GH = _ R et
1 39.518 Q}apwm B b e/ o
— 44 i = 4q
[ § i et b T [
3= = 3¢
2¢ 2G
10— - 10—ttt
1000 1500 2000 2500 300C 3 35 4 45 5 55 6
Frequency in MHz Frequency in GHz
AN Marker 1 [T1] RBW TMHz - RE AR 0dB
75/ Ref Lyl 51.22 dB \V/im VBW 3 MHz
80 dB* 12.74048096 GHz SWT 27ms Unit dB yV/ i
9q s 0
L ‘ V1[T1] 51{22dB MY
FCC Part 15/Class|A Field Strength PK+ 3M o 12.74048096 GHz
8Q 7 T2] 39|64 dB N
L 12.72144289 GHz
6 0
i 7.923847695 bobads
r 58.902 dBpV. s o B
£ 64 v Mwwwﬂww
% L 7699398798 GHz E
o 48.169 dBuV/m 4 N [TV SN R T W Avr
° A A v
2 5q sy
= Jo e P | PRES NN N At Vanetl
° ~ A ] P e - " 3 0
> v
Q
- ag
2 0
30 1 d
20 q
16—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+— *
6 62 64 66 68 7 72 74 76 78 8
. -2
Frequency in GHz Start 8 GHz 475 MHz/ Stop 12.75 GHz
Date: 8.DEC.2015 10:44:28
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Transmitter Radiated Emissions (continued)

10505077
Date: 11.DEC.2015 16:47:09

Marker L [T1] RBW  1MHz RFAt  0dB @ RBW 1 MHz Marker 1[T1]
56.43 dB Wim  VBW  3MHz VBW 3 Mz 71 dBgv
80 dB* 15.46442886 GHz SWT  30ms Unit dB W/ Ref S0dBuv At _10d8 SWT s0ms otz
s 0 ) Varkd
V1Tl 55/43dB MY
, Ghz
D174 dB 15.46442886 GHz
! T2 A5[0T a5 3 )
e}
17.29509018 GHz
60 2
1 viEw
M&W ’XMWWMMJ‘W"’W“"WM b2 54 depy
5 0
2 ot
Y.
A o N
T
NMW/‘\”MW\\/AAIM}
30
20
10
o -10
Start 18 GHz 850 MHz/ Stop 26.5 GHz
1
20 10505077
Start 12.75 GHz 525 MHz/ Stop 18 GHz
Date: 11.DEC2015 153115
Date:  8.DEC.2015 10:59:28
@ RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 92 dB
Ref 90 dBuv At 10dB SWT 80 ms
%
1P | ——p1 74 dBjv
Ve
02 54 dBV
i o
ol gl
10
Start 26.5 GHz 1.35 GHz/ Stop 40 GHz
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Transmitter Radiated Emissions (continued)

Test Equipment Used:

Asset Instrument Manufacturer Type No. erial No. Date Calibration ﬁ?érval
No. Due (Months)
K0001 | 5m RSE Chamber | Rainford EMC N/A N/A 19 Mar 2016 12
M1945 | Thermohygrometer | JM Handelspunkt 30.5015.01 | 0112 23 Apr 2016 12
M1273 | Test Receiver Rohde & Schwarz ESIB26 100275 19 Mar 2016 12
M1630 | Test Receiver Rohde & Schwarz ESU40 100233 20 Feb 2016 12
A1227 | Pre-Amplifier Agilent 8449B 3008A01566 | 10 Feb 2016 3
A1834 | Attenuator Hewlett Packard 8491B 10444 05 Mar 2016 12
A2176 | High Pass Filter AtlanTecRF AFHO07000 800980 17 Apr 2016 12
A2474 | Band Reject Filter ani‘tmfn'll WRCJIV8 1 Calibrated before use -
A2699 | Antenna EMCO 3115 6738 27 Apr 2016 12
A255 Antenna Flann Microwave 16240-20 519 20 Dec 2015 12
A256 Antenna Flann Microwave 18240-20 400 20 Dec 2015 12
A436 Antenna Flann Microwave 20240-20 330 21 Dec 2015 12
A203 Antenna Flann Microwave 22240-20 343 19 May 2016 36
A1785 | Pre-Amplifier Farran Technology FLNA-28-30 | FTL6483 09 Jan 2016 12
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5.2.7. Transmitter Radiated Emissions — 4 ft Parabolic An tenna

Test Summary:

Test Engineer: Sandeep Bharat Test Date: 29 December 2015
Test Sample Serial Number: ZL.S13040004

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: ANSI C63.10 Sections 6.3 and 6.5

Frequency Range 30 MHz to 1000 MHz

Environmental Conditions:

Temperature (°C): 25

Relative Humidity (%): 36

NO’[GQS!Z

1. The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

2. Preliminary investigations showed similar emission levels below 1 GHz for each channel of operation.
Therefore pre-scans were performed with the EUT set to the middle channel only.

3. The EUT was set to transmit QPSK signals on 20 MHz Channel Bandwidth as this mode was seen to
produce the highest output power and therefore deemed worst case for this test.

4. All emissions shown on the pre-scan plots were investigated and found to be ambient, or >20 dB below
the applicable limit or below the measurement system noise floor. Therefore the highest peak noise floor
reading of the measuring receiver was recorded in the table below.

5. Measurements below 1 GHz were performed in a semi-anechoic chamber (Asset Number KO001) at a

distance of 3 metres. The EUT was placed at a height of 80 cm above the reference ground plane in the
centre of the chamber turntable. Maximum emission levels were determined by height searching the
measurement antenna over the range 1 metre to 4 metres.
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Transmitter Radiated Emissions (continued)

Results: Middle Channel / 20 MHz Channel Bandwidth _ / OPSK
Frequency Antenna Peak Level Limit Margin Result
(MHz) Polarity (dB uv/m) (dB uV/m) (dB)
958.337 Vertical 33.0 54.0 21.0 Complied
10
94
84
79
E
g. & ECC/Part 15 Class B Field,Stren
< 54
T 958.336673 MH
3 4q 32.956 dBuV/n}
A
34
2G
1q
[0 + L + + + + —t+—++
30M 50 60 80 100M 200 300 400500 800 1G
Frequency in Hz
Test Equipment Used:
Asset Date Cal.
Instrument Manufacturer Type No. Serial No. Calibration Interval
No.
Due (Months)
K0001 5m RSE Chamber Rainford EMC N/A N/A 19 Mar 2016 12
M1945 | Thermohygrometer JM Handelspunkt 30.5015.01 0112 23 Apr 2016 12
M1273 | Test Receiver Rohde & Schwarz ESIB26 100275 19 Mar 2016 12
A1834 | Attenuator Hewlett Packard 8491B 10444 05 Mar 2016 12
G0543 | Pre-Amplifier Sonoma 310N 230801 10 Feb 2016 3
A490 Bilog Antenna Chase CBL6111A 1590 30 Apr 2016 12
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Transmitter Radiated Emissions (continued)

Test Summary:

Test Engineer: Sandeep Bharat Test Dates: 29 December 2015 &
30 December 2015

Test Sample Serial Number: ZL.S13040004

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used:

KDB 558074 Sections 11 & 12 referencing ANSI C63.10
Sections 6.3 and 6.6

Frequency Range 1 GHz to 40 GHz

Environmental Conditions:

Temperature (°C): 24 t0 25

Relative Humidity (%): 36 to 44

Note(s):

1. The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

2. The EUT was set to transmit QPSK signals on 20 MHz Channel Bandwidth as this mode was seen to
produce the highest output power and therefore deemed worst case for this test.

3. No spurious emissions were detected above the noise floor of the measuring receiver therefore the
highest peak and average noise floor readings of the measuring receiver were recorded as shown in the
table below.

4. The emission shown at 5829.5 MHz on the 3 GHz to 6 GHz plot is the EUT fundamental.

5. All pre-scans and any final measurements were performed in a semi-anechoic chamber (Asset Number

K0001) at a distance of 3 metres. The EUT was placed at a height of 1.5 m above the reference ground
plane in the centre of the chamber turntable. Radiation Absorbent Material (RAM) was placed on the
floor between the EUT and the measurement antenna. Maximum emission levels were determined on
any detected emissions by height searching the measurement antenna over the range 1 metre to 4
metres.
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Transmitter Radiated Emissions (continued)

Results: Middle Channel / 20 MHz Channel Bandwidth

[ QPSK

Frequency
(MHz)

Level

Detector (dBuV/m)

Limit
(dB pv/m)

Margin

(dB) Result

16800.601

Peak 55.7

74.0

18.3 Complied

N Marker 1 [T1] RBW 1MHz  RFAtt 0dB
Y RefLvl 51.34 dB W VBW 3 MHzZ
or 80dB WV 5.51903808 GHz SWT  7.5ms Unit dB W
[ 7.2 dB Offset \ Vi[T1] 5[L34dB N
|-D174dB sV 551908808 GH
8aq 7 T 4p.12dB N
L ECC Part 15 Class B Field Strengt 5.29058116 GH
6 0
0
|—D254dB wV 1
L S TV EPRTINEN V) S (DY TV, U RPTWATS VO W On IRV 1N AW Ay
£ 6G 2
s 2.967935872 . e RIS FY NV FUSUS VU TRISST WOTORS YDA NP AN PUTURY P | PN
g F 50.261-dBY|
©
c 50 v
% [ 2:979959920 3
2 39.005 dBu
— 40 . 2
| DO s Ladauidat ke
e hb At il
3G L
20
[ E
10 t t t t t t t !
1000 1500 2000 2500 300C 20
. Start 3 GHz 300 MHz/ Stop 6 GHz
Frequency in MHz P
Title: 10505077
Date: _30.DEC.2015 16:21:28
N Marker 1 [T1] RBW 1MHz  RFAtt 0dB Marker 1 [T1] REW TMHz  RFAC  10dB
75/ Ref Lyl 55.59 dB W vBW 3 MHz Ref Lvl 52.78 dB sV/m o VBW 3MHz
80dB yV 7.02204409 GHz SWT 11.5ms Unit dB wv 87 dB* 12.74048096 GHz SWT  27ms Unit dB w/m
8 8 7
103 dgOffset | vi[ry 559 dB \ vifT1 s2l7e dB Vi
[FD174dB ¥ 7.0220/4409 GH 8 0 12:74048096 GHe
7 2[T2] 4p58de N 5 V2[T2] 42[21dB Vi
7.93186373 GH , - 12.71192385 GHz
i [z
" S| PR b
. g et P SR AT skl | 6 0
g e -
A
o o SN FUpYUY SISV W o LA AN 5 of-2u ey MWW‘W
2
o \"’Y
3 4 1 A AT S S iann 57
T
2 0 30
14 2.0
1
a g
20 1 0
Start 6 GHz 200 MHz/ Stop 8 GHz 1 3
Start 8 GHz 475 MHz/ Stop 12.75 GHz
Title: 10505077
Date:  30.DEC.2015 16:09:41 Date:  29.DEC.2015 19:21:09
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Transmitter Radiated Emissions (continued)

/‘;}) Marker 1 [T1] RBW 1MHz  RFAt 0dB /;;}/ RBW 1 MHz Marker 1 [T1]
<Y RefLul 55.73dB W VBW 3 MHz VBW 3 MHz
80dB wV 16.80060120 GHz SWT  30ms Unit dB wv Ref 90 dBuv At 0ds SWT S0ms
s % Varke]
98dB‘P”SE‘ ‘ Yi[T1]  55.73dB N
DL 7ads 16.800§0120 GHz 2
v Z[T2] 4B03dB v ———{b1 74 aBjv
16.032§6513 GHz
6 2 A
1 vEw
| oo baas T, 1
. 254 oy -
P I N by ot
Y S ad ¥
P S areeri] PO O T
RS SE h
3
2 qQ
1 qQ
-10
Start 18 GHz 850 MHz/ Stop 26.5 GHz
El
2 0
Start 12.75 GHz 525 MHz/ Stop 18 GHz 10505077
Tite: 10505077 Date: 30 DEC2015 181520
Date:  30.DEC.2015 17:23:34
@ RBW 1 MHz Marker 1 [T1]
VBW 3 MHz dB
Ref 90 dBuv At 10dB SWT 80 ms
% Varkef 2 [12]
270 asys
o 435006154 GHz
|———1D1 74 dBjpv
2 av
vEw
1
2 54 dBPV 1
M g
o]
10
Start 26.5 GHz 1.35 GHz/ Stop 40 GHz
10505077
Date: 30 DEC2015 194517
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Transmitter Radiated Emissions (continued)

Test Equipment Used:

Asset Instrument Manufacturer Type No. erial No. Date Calibration ﬁ?érval
No. Due (Months)
K0001 | 5m RSE Chamber | Rainford EMC N/A N/A 19 Mar 2016 12
M1945 | Thermohygrometer | JM Handelspunkt 30.5015.01 | 0112 23 Apr 2016 12
M1273 | Test Receiver Rohde & Schwarz ESIB26 100275 19 Mar 2016 12
M1630 | Test Receiver Rohde & Schwarz ESU40 100233 20 Feb 2016 12
A1227 | Pre-Amplifier Agilent 8449B 3008A01566 | 10 Feb 2016 3
A1834 | Attenuator Hewlett Packard 8491B 10444 05 Mar 2016 12
A2176 | High Pass Filter AtlanTecRF AFHO07000 800980 17 Apr 2016 12
A2474 | Band Reject Filter ani‘tmfn'll WRCJIV8 1 Calibrated before use -
A2699 | Antenna EMCO 3115 6738 27 Apr 2016 12
A255 Antenna Flann Microwave 16240-20 519 20 Dec 2015 12
A256 Antenna Flann Microwave 18240-20 400 20 Dec 2015 12
A436 Antenna Flann Microwave 20240-20 330 21 Dec 2015 12
A203 Antenna Flann Microwave 22240-20 343 19 May 2016 36
A1785 | Pre-Amplifier Farran Technology FLNA-28-30 | FTL6483 09 Jan 2016 12
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6. Measurement Uncertainty

No measurement or test can ever be perfect and the imperfections give rise to error of measurement in the
results. Consequently the result of a measurement is only an approximation to the value of the measurand
(the specific quantity subject to measurement) and is only complete when accompanied by a statement of
the uncertainty of the approximation.

The expression of uncertainty of a measurement result allows realistic comparison of results with reference
values and limits given in specifications and standards.

The uncertainty of the result may need to be taken into account when interpreting the measurement results.

The reported expanded uncertainties below are based on a standard uncertainty multiplied by an appropriate
coverage factor such that a confidence level of approximately 95% is maintained. For the purposes of this
document “approximately” is interpreted as meaning “effectively” or “for most practical purposes”.

Measurement Type Range Confidence Calcula_ted

Level (%) Uncertainty

AC Conducted Spurious Emissions 0.15 MHz to 30 MHz 95% 1+4.69 dB
Conducted Maximum Average Output Power | 5725 MHz to 5850 MHz 95% +1.13dB
Spectral Power Density 5725 MHz to 5850 MHz 95% +1.13 dB
6 dB Bandwidth 5725 MHz to 5850 MHz 95% +3.92 %
Conducted Spurious Emissions 5725 MHz to 5850 MHz 95% 12.62 dB
Radiated Spurious Emissions 30 MHz to 1 GHz 95% +5.65 dB
Radiated Spurious Emissions 1 GHz to 40 GHz 95% +2.94 dB

The methods used to calculate the above uncertainties are in line with those recommended within the
various measurement specifications. Where measurement specifications do not include guidelines for the
evaluation of measurement uncertainty the published guidance of the appropriate accreditation body is
followed.
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7. Report Revision History

Revision Details

Version
Number Page No(s) | Clause Details
1.0 - - Initial Version
2.0 - - FCC ID updated
3.0 - - Section 4.2 updated
--- END OF REPORT ---
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