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Introduction
Objective

The objective of this document is to present the test resuits required for
FCC approval of the Thales Topflight Satcom (TFS) Flange Mount High
Power Amplifier (FMHPA) FCC ID: KV6TFS- HPA82166A.

The FMHPA is intended for use with the TFS Satellite Data Unit (SDU)
KVBTFS-SDU82155D, the application for FCC certification of the FMHPA
will be linked to the SDU.

The test results include the SDU as the signal source. The SDU can
operate in two modes: Inmarsat Classic and Class 6 (Swift BroadBand -
SBB).

Inmarsat Class 7 and Class 6 have the same transmitted channel types
and thus results are read across for the purposes of this application from
Class 7 Test results (ref. 1.4.3). Otherwise Classic results are used as they
represent the worst case, as Classic mode is about 2dB higher than Class
6.

The Inmarsat Class 6 mode includes QAM channels Thales are therefore
requesting a waiver to certify these modes — exhibit 13d.

Table 1 summarises the test evidence rationale whilst Table 2 summarises
the contents of the TuV Test House reports:

“ommen

RF Power output

This report, section 5.1 Use Classic + FMHPA results as
(Classic SDU + FMHPA) they are the highest/worst power
case

BW/Modulation | This report, section 5.2.3 Both classic and SBB modulation
(Classic SDU + FMHPA) types

and Class 7 TuV report
reference 1.4.3, section 2.5

Freq stability Not applicable No frequency conversion

Conducted This report, section 5.3 Use Classic + FMHPA results as
spurious (Classic SDU + FMHPA) they are the highest/worse power
case

Radiated (EMC) | Classic TuV report reference Use Classic + FMHPA results as
1.4.4, sections 2.1, 2.2 they are the highest/worse power
case

Intermods This report, section 5.5 Classic channel and Class 6
channel resulis

Table 1 Test Evidence Summary

COMMERCIAL IN CONFIDENCE
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1.4
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1.4.3

1.4.4

Thales Avionics Limited Page 5 of64

TuVereport: 0| Section- i [Testrny o
Class 7, 21,22 Radiated Emissions
reference 1.4.3 2.3 RF Power ouiput
exhibit 6b 2.4 Freq stability

2.5 BW/Madulation
26,27 Conducted spurious
Classic, 2.1,2.2 Radiated Emissions
reference 1.4.4
exhibit 6¢

Table 2 TuV Test Report summary

The Topilight system includes Line Replaceable Units (LRUs) provided by
both Thales Avionics Ltd and EMS Satcom. Thales provide the SDU, SDU
Configuration Module (SCM) and FMHPA LRUs and EMS provide the
Diplexer/t.ow Noise Amplifier (DLNA} and High Gain Antenna (HGA) LRUs.

Scope

The scope of this document is the presentation of test results for FCC
Approval of the Thales Topflight Satcom (TFS) Flange Mount High Power
Amplifier (FMHPA) FCC ID: KVBTFS- HPA82166A.

All tests and measurement data presented for FCC Approval have been
performed in accordance with FCC Rules and Regulations, Volume Il:Part
2, Sub-part J, Sections 2.947, 2.1033 ¢, 2.1041, 2.1046, 2.1047, 2.1079,
2.1053, 2.1055, 2.1057 Section 15.209 and Part 87- Aviation Services
(Ref. 1.4.1). In a response to a query regarding Intermodulation testing
from getech@fccsun27w.fcc.gov  Thales were advised that for
Intermodutation testing “Limit usually is -13dBm conducted” at the Antenna.
Thales have adopted the Conducted Suprious limits that have been fully
defined by the FCC as their guideline values for Intermodulation Products
as stated above and invoke the —13dBm limit stated above where practical
to do so.

Applicability

The results in this test report are applicable to the Thales Topflight Satcom
(TFS) Flange Mount High Power Amplifier (FMHPA) FCC ID: KV6TFS-
HPAB2166A.

References

FCC Rules and Regulations, Volume l: Part 2, Sub-part J, United States
Federal Communications Commission, Code of Federal Regulations, Parts
as detailed in section 1.2.2.

P13B, Documentation Standard, P13B, Thales.

TuV Sud Report 759033387 Report 2 Issue 6 FCC testing of the Thales
Aerospace Division inmarsat Class 7 Topflight Satcom SDUjraa).

TuV Sud Report 75903406-1 Issue 2 FCC {esting of the Thales Aerospace
Division Inmarsat Classic Aero SDU.
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1.4.5 System Test procedures for the TopFlight System, Thales,
A111/SAT001/SYSTP-001, Issue 5.

Thales Avionics Limited Page 6 of 64
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1.5 Terminology
APM Avionics Processor Module
BGAN Broadband Global Area Network
CCM Channel Card Module
CFR Code of Federal Regulations
CPM Communications Processor Module
DLNA Diplexer Low Noise Amplifier
EIRP Effective Isotropic Radiated Power
EUT Eguipment Under Test
FCC Federal Communications Commission
FMHPA Flange Mount High Power Amplifier
HGA High Gain Antenna
HPA High Power Amplifier
IGA Intermediate Gain Antenna
IL Insertion Loss
LRU Line Replaceable Unit
NF Noise Figure
PFD Power Flux Density
OCXO Oven Controtled Crystal Oscillator
OQPSK Offset QPSK
QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase-Shift Keying
RF Radio Freguency
Rx Receive
SBB (Inmarsat) Swift BroadBand
sSbu (TopFlight) Satellite Data Unit
TFS TopFlight Satcom
Tx Transmit
uTt User Terminal
VDT Verification and Debug Tool

Thales Avionics Limited
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2

2.1

2.2

23

24

25

286

2.7

2.8

29

2.10

2101

Information Required for Approval

Name and Address of Applicant:

Thales Avionics Limited
86 Bushey Road
Raynes Park

London, SW20 0JwW

Name and Address of Authorised Test House:

TUV Product Service Lid
Qctagon House
Concorde Way
Segensworth North
Fareham

Hampshire

UK, PO15 BRL

Manufacturer:

Applicant

FCC ID:
KVBTFS- HPA8B2166A

Model Number:
HPA 82166A

Type of Emission:

25K0G7W, 50KOG7W, 100KG7W, 200KG7W
50K0D7W, 100KD7W, 200KD7W,
840HG1D, 1K68G 1D, 8K40G1D, 10K5G1D

Frequency Range MHz:
Transmit: 1626.5 to 1660.5 MHz
Power Rating:

35W maximum

Voltages & Currents in all Final RF Stages:

Three final parallel output stages each 28VDC and 2.5A for maximum RF
power output.

Exhibits

A list of the other exhibits that are required for approval is supplied as
Exhibit 13a.

Thales Avionics Limited Page § of64
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3 Testing — EUT Identity and Configuration

3.1 Test Conditions and Engineering Practices

311 Unless otherwise stated in the specific measurement results the ambient
temperature of the EUT was maintained within the range of 10 °C to 40 °C.

31.2 Unless otherwise stated the humidity levels were in the range of 10% to
90% relative humidity.

3.1.3 Prior to testing at Thales Avionics or at the authorised test house the SDU
was started up in accordance with the Start Up procedures detailed in the
Thales Avionics System Test Procedures SYSTP-001 Chapter 2
(Ref.1.4.5)

314 Measurement results, unless otherwise noted, are worst case
measurements.

3.2 External Equipment

3.21 Details of the external test equipment used in the tests are provided in the
Test House reports (refs 1.4.3 and 1.4.4).

Thales Avionics Limited Page 9 ofé4
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3.3 FMHPA Part Record
3.31 Details of the FMHPA (FCC ID: KV6TFS-HPA82166A) used for some of the
testing is given in Table 3.
Description Part Number Type Number Serial No.
FMHPA 82166A F0052 62001793AA 00 82166A 62001793/01001

Table 3: FMHPA Part Record

34 SDU Configuration
3.4.1 Details of the SDU equipment configuration used is listed below:

SDU Part Number: 82155/D30G, serial number 10070

SDU Sub-module Hardware Software Serial No.
CPM 82155/DAD002 SWO0200A 504266
APM 9009304 SWO0200A E29615000123
PSM 9009306 N/A 173
CCMA1 2009367 V6.3.1.0 1974
CCM2 9009367 V6.3.1.0 1976
HPA 9009550 N/A 01051
BACKPLANE 82155/DBC N/A S01504
FILTER 82155/DHC N/A 501694
FRONT PANEL 82155/AVB N/A C74298
PCI Bridge 82155/DEA N/A 801577
BACK PANEL 82155/BH N/A C71806
OCX0 82155/CV N/A C71760
CAPACITOR ASSEMBLY 82155/AK N/A C74381

Table 4 SDU Configuration

342 The details of the SDU used for class 7 results is in (ref. 1.4.3).
3.5 Hardware and Software Configuration Changes
3.51 The same FMHPA hardware and sofiware configuration was maintained for all

tests described herein.

Thales Avionics Limited Page 10 of 64
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4 Testing — Set Up, Procedures & Conditions
4.1 Test Dates

411 The tests were carried out over the period 12 May to 31 August 2008.

4.2 Procedure

4.2.1 RAF Power Output Testing

4211 The FMHPA was tested for RF Carrier Qutput Power as per FCC 47 CFR Parts
2.1046 and 87.131 (ref 1.4.1).

42.1.2 The RF Carrier Qutput Power testing was performed at Thales Avionics Ltd. with a
SDU configured for Inmarsat Classic operation connected to the FMHPA,

4213 The power output of a FMHPA/SDU combination operating in Classic Aero mode
is 2dB higher than in Class 6 mode. Thales considers that for the purposes of
assessing RF Carrier Output Power, the Classic Aero testing provides the worst
case for the requirements of this submission.

4214 Figure 1 shows the test configuration used for testing RF Carrier Output Power.

Control Tenminal

Etherhe!
Cross O
‘Spoctrum
Analysar
@
Ethernet 3 R$232 J
RSZI2 prmremrinms
Ay 10dB/2wW 30 dBHOOW  j—ome-
" 50 ohm
x Temination
SDU
82155D -
FAN UNIT
i JE. Gontral
° iF
il ~ |H 4
Paver e b ¥ OO0
™ 1sv sc0HzPEU
[T minlBoB
G halal 82165/BH
__=svocpsy

Figure 1 RF Power, Occupied Bandwidth and Conducted Emissions Test Configuration

Thales Avionics Limited Page 1] of 64
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422 Occupied Bandwidth

4.2.2.1 The FMHPA was tested with a SDU, for Occupied Bandwidth as per FCC 47 CFR
Parts 2.1049 and 87.135 (ref.1.4.1).

4222 The Occupied Bandwidth testing was split into two parts:

¢ Classic channels: 840HG1D, 1K68G1D, 8K40G1D, 10K5G1D performed
at Thales Avionics Lid.,

» SBB channels: 25K0G7W, 50K0G7W, 100KG7W, 200KG7W, 50K0D7W,
100KD7W, 200KD7W performed at the authorised test house,

4223 The modulations of an SDU operating Class 7 are identical to those of an SDU
operating Class 6. As the modulations are identical Thales offers these results for
the purposes of assessing Occupied Bandwidth, to show that Class 6 performance
also satisfies the requirements of this submission.

4224 The Inmarsat Class 6 mode includes QAM channels Thales are therefore
requesting a waiver to certify these modes — exhibit 13d.

4225 Figure 1 shows the test configuration used for testing Occupied Bandwidth for
Classic channels, whilst Figure 2 shows the fest configuration used for testing
Occupied Bandwidth for SBB channels.

Control Terminal

Ethemey
Cross | ¢

" Ethemet
2 REBAE e
Ry - 50 chm
TR Termination
Sbu
82155A
FMHPA
S B P
Power g
115V 400 Hz PSU
minlBoB
') @->| 62185/BH
@

. 2w DCPSU

Figure 2 Occupied Bandwidth for SBB channels Test Configuration

Thales Avicnics Limited Page 12 ofé4
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423
4231

4.2.3.2

4233

4234

4235

4.2.3.6

4237

4.2.3.8

4239

Conducted Spurious Emissions

The FMHPA/SDU combination was tested for Conducted Emissions as per FCC
47 CFR Paris 2.1051 & 87.139 (ref.1.4.1).

The Conducted Emissions testing was performed at the authorised test house,
with a SDU configured for Inmarsat Classic Aero operation (see section 4.3.3.2).
The power output of a FMHPA/SDU combination operating in Classic Aero mode
is 2 dB higher than in Class 6 mode. Because the power output in Classic Aero
mode is higher, the spurious emissions can be expected to be equal to or worse
than in SBB Class 6. Thales considers that for the purposes of assessing
Conducted Emissions, the Classic Aero testing provides the worst case
measurements to satisfy the requirements of this submission.

Thales tested the FMHPA/SDU combination using an alternative method. The test
method described is the same as that used for FCC qualification of the Thales
SDU FCC ID KVS-TFS-SDU82155A (with internal HPA) designed for operation as
an Inmarsat Class 3A SDU. The following paragraphs outline the justification for
the use of this alternative method.

The requirements of FCC 47CFR Part 87.139 (i) (1) are such that the conducted
spurious emissions are to be measured at the antenna output. For a transmitter
delivering powers in the region of 20 dBW EIRP, these requirements are physically
impossible to meet. For example, the spurious emission requirement in the
frequency band 1525 to 1859 MHz is stated as an attenuation of 203 dB relative to
the carrier level, measured in a 4 KHz bandwidth. For a transmitter rated output of
20 dBW EIRP, this translates to an absolute power level of —153 dBm in 4 KHz,
which is much lower than thermal noise for temperatures above 10 degrees Kelvin.

Thales concluded that the only practical way to measure conducted spurious was
to make the measurement at the FMHPA output, before the DLNA, and compute
the resultant spurious at the antenna by adding the specified attenuation of the
DLNA.

The DLNA is purchased as part of the antenna subsystem, and is not
manufactured by Thales Avionics Limited. The DLNA attenuation assumed is per
the standards for a “Type F” DLNA as published in ARINC Characteristic 781.

Table 5 shows the calculation of the new limits referred to the output of 2 Type F
DLNA.

Thales are therefore requesting a waiver against the test method used for the
measurement of the FMHPA FCC 1D: KVSTFS-HPAB2166A for Conducted
Spurious Emissions. This waiver in test method was approved for our KVS-TFS-
SDUB2155A submission.

Figure 1 shows the configuration used for testing Conducted Emissions.

Thales Avionics Limited Page 13 of &4
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Limit at HPA
output (dBc)
translated to
bandwidths used

Limit at HPA
output (dBc})
translated to
bandwidths used

Type F Limit at HPA for measurements [for measurements
DLNA output of Classic mode injof Class 7 mode in
Frequency band [Part 87 limit rejection  |(dBc) with DLNA |section 5.3 (ref.1.4.3)
(MHz) (dBc) (1) (dB) attenuation added [(see Note 5) {see Note 6) Notes
0.01 to 1525 -135 / 4KHz >80 -55 / 4KHz -56.2/3 KHz -31 / MHz
1525 to 1559 -203 / 4KHz >120 -83 / 4KHz -84.2/3 KHz -59 / MHz
1559 to 1585 -155 / MHz >111 -44 / MHz 44 /MHz -44 / MHz
1585 to 1605 143/ MHz >95 -48 / MHz 48 /MHz -48 / MHz
1605 to 1610 -117 / MHz >62 -55 / MHz -55 /MHz -55 / MHz
161010 1610.6 |95/ MHz >40 .55 / MHz -55 /MHz -55 / MHz
1610.6to 1613.8 |-80 dBW / MHz >40 -40 dBW /MHz ~ [40/MHz -40 dBW / MHz 3
1613.810 1614 {95/ MHz >40 -55 / MHz -55 /MHz -55 / MHz
1614 to 1620 .70/ 4KHz >30 -40 / 4KHz -41.2/3 KHz -16 / MHz
1620 t0 1624.5 |70/ 4KHz >20 50 / 4KHz -51.2/ 3 KHz .26 / MHz
1624.5 to 1625.5 |-70/ 4KHz >10 60 / 4KHz -61.2/3 KHz -36 / MHz
1625.5 t0 1626.5 |70/ 4KHz Decreases 70/ 4KHz 71.2/3 KHz -46 / MHz
1626.5 10 1660 |70/ 4KHz <0.8 -70 / 4KHz -71.2/3 KHz -46 / MHz 2,34
1660 to 1670 -49.5 dBW / 20 KHz |Increases  149.5 dBW / 20 KHz[49.5 dBW/ 20 KHz |30 3 dBW / MHz  [2,3,4
1670 to 1735 -60 / 4KHz Increases 60 / 4KHz -61.2/3 KHz -36 / MHz
1735 to 1865 -105 / 4KHz >50 -55 / 4KHz -56.2/3 KHz -31/ MHz
1865 to 3250 -105 / 4KHz >20 -85 / 4KHz -86.2/3 KHz -61/MHz
3250 to 3330 -105 / 4KHz >50 -55 / 4KHz -56.2/3 KHz -31/ MHz
3330 to 4000 -105 / 4KHz >40 65 / 4KHz -66.2/3 KHz -41/ MHz
4000 to 2000 -105 / 4KHz >50 -55 / 4KHz -56.2/3 KHz -31 / MHz
2000 to 12000 |-105 / 4KHz >50 -55 / 4KHz -56.2/3 KHz -31 / MHz
12000 to 18000 |70/ 4KHz >15 -55 / 4KHz 56.2/3 KHz -31 / MHz

Notes:

1 Attenuation limit in dB relative to carrier power
2 Excludes occupied bandwidth
3 Not applicable for intermodulation products
4 Narrow band spurious signal limit 10 dB above table value
5 In plots Limit line level = Carrier level — Limit at HPA output above (to nearest 0.5 dB).
6 In plots Carrier level is 43 dBm and Limit line of —13 dBm is equivalent to — 56 dBc

Table 5: Modified Conducted Spurious Limits

Thales Avionics Limited
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424 Radiated Spuricus Emissions

4.2.41 The FMHPA was tested for Radiated Emissions as per FCC 47 CFR Part 15.209
(ref.1.4.1) with the SDU providing a Classic mode signal as this is the highest
signal power mode.

4242 The Radiated Emissions testing was performed at the Authorised Test House (See
Section 2.2).
42.4.3 The Radiated Spurious Emissions test was conducted under ambient

environmental conditions.

4244 Figure 3 shows the test configuration used for the Radiated Emissions testing.
The test procedure is detailed in the Test House report (ref. 1.4.4).

Contrel Terminal
(PC with VOT application)

Ethernet Crosg
{removed durin
testing)

50 ohm
Temnination

50 ohm
Termination

miniBeB
a2165/8H

CRHal, CEo0
28vDC PSU P2 118V 400HzPSU

Figure 3 Radiated Emissions Test Configuration

Thales Avionics Limited Page |5 of 64
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4.2.5
4.2.5.1

4252

4253

4254

4.25.5

4.25.5.1

42552

42553

42.5.6

4.2.5.7

4.2.5.8

4.2.5.9

Thales Avionics Limited

Intermodulation Products

The SDU with FMHPA was tested for Intermodulation Products to support the
submission to the FCC of the TopFlight Satcom system.

Thales note that without a formal FCC specification for Intermod testing the
Intermodulation Products limits were measured against the formalised FCC
Conducted Emissions limits presented in Table 5 of this report.

The Intermodufation Products testing was performed at Thales Avionics, on an
SDU configured in Inmarsat Classic Aeronautical (Classic) and SwiftBroadBand
(SBB) Class 6 mode.

Intermodulation Products testing was conducted as a series of modulated carrier
pairs. The system was tested with two carriers due to functional limitations that
enable only two carriers to be set up simultaneously.

Multiple tests have been conducted with carrier at both minimum and maximum
carrier frequency separations. The SDU in Classic or Class 6 mode is capable of
both QPSK and 16-QAM modulations, aver a range of symbol rates and both of
these cases have been presented to show all modulation types as requested by
the FCC.

The Classic Aeronautical Intermodulation Product tests were conducted af the
lowest symbol rate (600bps) QPSK modulation with 2,5KHz spacing, with both
closely spaced and maximum frequency separation modulated carrier tests as
follows:

+ Two modulated carriers were produced at 1626.6025 and 1626.6 MHz
respectively for the lower edge test.

+ Two modulated carriers were produced at 1660.3975 and 1660.4MHz for the
upper edge test.

¢ Two modulated carriers were produced at 1626.6 and 1660.4MHz for the
maximum frequency separation test.

The SBB (Class 6) Intermodulation Product tests were conducted at the highest

symbol rate (151.2kBps) 16-QAM modulation with 200KHz spacing, with both

closely spaced and maximum frequency separation modulated carrier tests as

follows:

+ Two modulated carriers were produced at 1627.15 and 1627.35 MHz
respectively for the lower edge test.

¢ Two modulated carriers were produced at 1659.65 and 1659.85MHz for the
upper edge test.

+ Two modulated carriers were produced at 1627.15 and 1659.85MHz for the
maximum frequency separation test.

Full Rated Power for the FMHPA with a Type-D SDU is 35W {45.4dBm) therefore
each modulated carrier was refined to produce 42.4dBm {+/-1dB).

The stated test cases are considered by Thales to be the worst-case conditions.
The tests were conducted using the Type-D SDU with FMHPA configuration.

As in the Conducted spurious emissions testing (section 4.2.3), Thales cancluded
that the only practical way to measure Intermodulation Products was to make the
measurement at the FMHPA output, before the DLNA, and compute the resultant
spurious at the anternna by adding the specified attenuation of the Type F DLNA.

Table 5 shows the calculation of the limits referred to the output of a Type F DLNA.

Figure 1 shows the configuration used for testing Intermodulation Products.

COMMERCIAL IN CONFIDENCE
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5 Resulis.
5.1 RF Output Power
51.1 The RF Cutput Power measurements are listed in Table 6 below.
Measurement Frequency / Power Cutput
Emission
Designator Data rate (bps) 1626.5 MHz 1643.5 MHz 1660.5 MHz
45.5 dBm 45.3 dBm 45.0 dBm
1D 4]
B4OHG 60 35W 34w 32W
45.4 dBm 45.2 dBm 44.9 dBm
1K68G1D 1200 a5 W B W 31 W
45.4 dBm 45.2 dBm 44.9 dBm
840
BK40G1D 0 BwW 33W 31w
45.5 dBm 45.3 dBm 45.0 dBm
10K5G1D 10500 35 W 34 W 32 W

Table 8 RF Output Power Measurements

Maximum Power: 35 W.

5.2 Occupied Bandwidth

5.2.1 Class 6

522 Measurements of Occupied bandwidth are provided in (ref: 1.4.3} section 2.5.
52.3 Classic

5.2.3.1 Measurements of Occupied bandwidth are provided below as spectrum plots at

each data rate at the middle RF carrier frequency.

Thales Avionics Limited
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5.2.3.2 600 bps BPSK

@ “REW 100 Hz
*VBW 20 kHz

COMMERCIAL IN CONFIDENCE

Ref 30 4Bm AL 35 dB SWT 360 ms
3
-20
2, v
ees | AN AN
-1 I/ \\
Y A A
=70
Center 1,6425 CHz 300 Hzs Span 3 kH=z

Date: 9.SEP.2008 17:56:24

5233 1200 bps BPSK

® *RBW 160 Hz
*VBW 20 kHz

Harker 1 (51 )

B.32 4ABm

Ref 20 dBm ALt 35 4B SWT 600 ms 1. 843500321
30 1.4663441584 ki
1 Tl 0w}
20 4,53 ar
L.6434949187 GHz
L F¥ P - <l
1 P Tewop |2 LT OB
iz B I WS 4 an

SEA3S0GE33 Gl

0
L -10 /

e N

-40

"’W“’\_ﬂ
-=50 u
60
=70
Center 1.6435 GHz 500 H=z/ Span 5§ kHz

Date: 9.5EP.2008 17:55:27

Thales Avionics Limited
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5234

8400 bps OQPSK, 1643.5 MHz

® " RBW 100 Hz Marier bopTl
“VBW 20 kHz
Ref 30 dBm Att 35 dB SWT 2.4 s
30
20
i
i1 ]
Ao lfont
. i kY

__10

r-20

|--30

Y ML

=70

Center 1.6435 GHz

Date: 2.SEP.20

5235

@

Ref 30

08 17:58:08

2 kHz/ Span 20 kHz

10500 bps OQPSK, 1643.5 MHz

dBm Atk

* RBW 100 Hz staniker Lo{FL
*vBEwW 20 kHz
35 ds SWT 3 s

30

=10

--1Q

!

—-20

l--30

/

40

e

=20

5 44}

]
bt
i

—=-50

=10

Center

1.6435 GH=z

Date: 9.SZP.2008 17:53:47

Thales Avion

ics Limited

2.5 kHz/ Span 25 kHz
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5.3
5.341

53.2

Thales Avionics Limited

Conducted Spurious Emissions

Measurements of Conducted Spurious Emissions are provided below, in screen
plots covering the frequency range from 10 KHz to 18 GHz with a signal leve! of
30 W (44.8 dBm).

In the following plots, the Limit line level is set to the levels in Table 5, that is
Limit Tine level = Carrier level — Limit at HPA output (to 0.5dB).
For example, for Frequency band 0.01 to 1525 MHz, then for Carrier lavel of
44.8 dBm and limit of — 56.2 dBc, then the Limit line leve! is —11.5 dBc¢ (to 0.5 dB)
as in plot in section 5.3.3.

COMMERCIAL IN CONFIDENCE
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53.3 10 KHz to 1525 MHz
@ «REW 3 kHz Mauker 1oUFL 3
*VvBW 3 kHz
Ref 50 dBm Act 40 4B SWT 170 8 )
50 Offget 37]1 am
-0 i
m:s 30
R
—10
|
-0
-3 T 1T e
A

Date: 18,AUG.2008 12:17:08

534 1525 MHz to 1559 MHz
<§§> “REW 3 kiiz sarkes J BUl g
*VBW 3 kHz
Ref 50 dBm *Att 20 db SWT 3.8 s 20
so Offset 3741 4B i 1
[
4 1 e
30
[eEawd
VT
i
10
|
o
--10
or
.20
-30
2 i

s5tart 1.525 CHz 3.4 Miz/ Scop 1.55%% GHz

Date: 18.AUG.20608 12:41:41
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5.3.5 1552 MHz to 1585 MHz

" REW 1 MH=z
*vEW 1 MHz
SWT 2.5 ms

Harke 1 [P}

@

50 dBm *Att 20 dB

ERAiE N B Y

1853000000 G

A

A111/SAT003/003/004/STE-012/006/001

Issue 1

CEE 3741

ik

e

F-10

=20

308

—-50

--60

4 B
=70 o2 gz.9 ar

Center 1,572 GHz 2.6 MH=/ Span 26

Date: 18,AUG.2008 12:54:26

5.3.6

®

1585 MHz to 1605 MHz

*RBW 1 MHz
*VBW 1 MHz
SWT 2.5 ms

Macker 3 [T1 1
REUIE &3

5C dBm *ace 30 dB 1.sandounoe

MHz

diin

Ghz

Offzet 3741

~-10

--40

L-s0

&0

- FL

-0

Loz |-

Start 1.585 GHz 2 MHz/

Date: 18.A0G.2008 12:56:18
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53.7 1605 MHz to 1610 MHz
® *RBW 1 MH=
TYBW 1 MHz
Ref S0 dBm *Att 30 dB SWT 2.5 ms LB
50 Offset 3711 as 1
[ [
-40 ‘ ! Fies
|| b
Lo ’
EETn E
F B
~20
FLo
-0
e VTR g
|
ERei]

--50

~-6Q

L P

-7 L D2 - EY LD cudm

Start 1.605 GHz 900 kHz/ Stop 1.61 GH=

Date: 18.AUG.2008 14:00:07

5.3.8 1610 MHz to 1674 MHz

® *RBW 1 MHz
*VBW 1 MHz

Ref 50 dBm *ALL 20 dm 5WT 2.5 ms

50 Offzet 37]{1 4B

20

—10

~-10

-50

--co

S0 LR e 2n 8 aige

Scart 1,61 GHz 400 kHz/ Stop 1.614 GHz

Date: 13.AUG.2008 14:01:39%
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5.3.9

@

Ref

1614 MHz to 1620 MHz

*RBW 3 kHz Marker I [TL
“VBW 3 kHz -

50 dBm *Att 30 4B SWT 6B0 ms

A111/SAT003/003/004/STE-012/006/001

Issue |

L.ER4GN0000 Qi5e

50 Offget 3741 dB

—30

DL 3.5 b

F~20

nn

i 4
8 51 Eop i i

Start 1.614 GHz 600 kHz/

Date: 18.AUG.2008 14:03:56

53.10

@

1620 MHz to 1624.5 MHz

*RBW 3 kHz
~VBW 3 kHz
5WT 500 ms

Markar 1 [74 ]

Ref 50 dBm *Att 30 dB

=46, 57

Step 1,62 GHz

JBm

L E20000000 GHz

50 Cffget 3731 dB

Lao
B

TV

F-10

-2

F-20

L-40

kL] b gk, o i

4

Start 1.62 GHz 450 kHz/

Date: 1B.AUG.2008 14:05:06
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5.3.11 1624.5 MHz to 1625.5 MHz
@ *RBW 3 kH=z Moankar 1T
“VEW 3 khz
Ref 50 dBm *Att 30 gB EWT 170 ms
50 Offbet 37]L dm : I
4 ; : ez
f
R ...
[
Lo J
1o
L0 |
10
S — L I N T | ap
--20
--30
’ !
|

Start 1.8245 GHz 100 kHz/ Stop 1,625%5 GH=z

Date: 18,AUG.2008 14:06:34

53.12

540

1625.5 MHz to 1626.5 MHz

" REW 3 kHz Marker LT
“VEW 3 kHz
dBm *ALE 30 dB SWT 170 ms L.EZ

QEf4

=14 37,1 dB

~20

10

—-10

=20

SRR SN

==30

Scart 1.6255 GHz 100 kh=z/ Stop 1.8265 Gliz

Date: 18.AUG.2008 14:07:44
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5.3.13 1626.5 MHz to 1660 MHz
@ *REW 3 kHz
*VBW 3 kHz
Ref 50 dBm “Act 30 dB SWT 3.8 s
50 Offfet 37]1 dB
a0 BB
-
XS]
U
-20
10
-0
--10
K}a:]
--20
DI ~26.% 2Bm
-30
- ] ) 1 for 1
% 1 x AL
4 I
start 1,6265 Gilz 3.35 MHz/ Stop 1.66 GHz
Date: 18.AUG.2008 14:08:46
5.3.14 1660 MHz to 1670 MHz
® *REW 20 kHz Marier Lo[T1 ]
“VBW 20 kHz “A0. 62 i
Ref 50 dBm *Ace 30 dB SWT 40 ms 1. 660000000 Gz
s0 Offset 37]1 aB
|4
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20
|10
=0
30 DY STETY EBm
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[==20
~=30

--60

B
=7

JD2 .o b

Start 1.66 GHz

Date: 18.AUG.2008 14:10:03
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5.3.15 1670 MHz to 1735 MHz

® *REW 3 kHz Magher 0w
~“V¥BW 3 kHz

Ref 5¢ dBm * ALt 30 dB SWT 7.4 s

30 Offget 3731 dB

—-10

R (A 1]

--30

i & 4 H il
Start 1.67 GHz 6.5 MHz/ Stop 1.73% GHz

Date: 18.AUG.2008 14:11:22

5.3.16 1735 MHz to 1865 MHz

® ~ RBW 3 kHz Mrrvas 1§E
“VBW 3 kHz -

Ref 50 dBm “att 30 dB SWT 14.5 s

Issug |

L&

150 offser 37{1 aB

-40

LV

— 20

rio

~-20

0w

=30

Start 1.735 GHz 13 MH=z/ Stop 1.885 GHz

Nate: 18.40G.2008 14:12:32
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5.3.17 1865 MHz to 3250 MHZ
® " RBW 3 kHz Marker 1L [Tl ]
*VBW 3 kHz 21 dim
Ref 50 dBm *ACE 1% 4B SWT 155 s L. 865300000 G
50 Offzet 37,1 dB
40
o
CLRWR]
VL
—20
10
-0
—-10
apn
--20
--30
— D1 =4 din

Start 1.865 GHz 138.5 MH=z/ Scop 3.25 GHz

Date: 18.AUG.2008 14:16:43

5.3.18 3250 MHz to 3330 MHz

® *RBW 3 kHz Marker 1 [l |
*VBW 3 kHz -32.77 dEm

Ref 50 deEm *Act 40 dB SWT & = 3.250000000 Gia
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--10
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o
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}-:." Loz pab. B cgm
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Date: 1B8.AUG.2008 14:18:06
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53.19 3330 MHz to 4000 MHz
® * RBW 3 kHz Wonker 310 17TE ]
*VBW 3 kHz
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50 Offsec 37]1 dB i
|
| 4 i%
[
|10 \
ERI \
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20 !
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Date: 18.AUG.2008 14:46:26

5.3.20 4 GHz to 18 GHz

® *RBW 3 kHz
*VEBW 3 kHz
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50 Offget 37,1 dB

Flo

—--10

--20
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5.4
541
5.5
5.5.1
5.5.1.1

55.1.11

Radiated

Emissions

A1131/SATO03/003/004/STE-012/006/001

See Test House Test Report (ref. 1.4.4) sections 2.1 and 2.2.

Intermods

Intermodulation Products — Classic with FMHPA

Issue |

Measurements of Intermodulation Products are provided below, in screen plots
covering the frequency range from 1625.5MHz to 1660MHz with a combined
signal levei of the two modulated QPSK (600bps) carriers of 35 W. Both carriers
are produced at close to the lower edge of the transmit band with 2.5KHz spacing.

Overview Image

3nn

® “RBW 100 Hz
VEW 300 Hz
Ref 50 dBm Att 40 4B SWT 2.4 s
5o Offfet 37]2 aB Marides 1 (11 [1
N
I-40 RI)
=
= |, i
l-20
10 f
| 10 .A l i 11 ﬁ | H
T '| ! ! i | “ 1| t
--40
-50
Center 1.626601 GHz 2 kHz/ Span 20 kiz

Date: 21.0CT.2008 12:17:42
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5.5.1.2 Measurements of Intermodulation Products are provided below, in screen plots
coveting the frequency range from 1626.5MHz to 1670MHz with a combined
signal level of the two modulated QPSK (600bps) carriers of 35W. Both carriers
are produced at close to the upper edge of the transmit band with 2.5KHz spacing.
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5.5.1.3 Measurements of Intermodulation Products are provided below, in screen plots
covering the frequency range from 10 KHz to 18 GHz with a combined signal level
of the two modulated QPSK (600bps) carriers of 35 W. One carrier is produced at
close to the [ower edge of the transmit band and one carrier is produced at close to
the upper edge of the transmit band.

5.5.1.31 Overview Image
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Issue 1

Intermodulation Products — Class 6 (SBB) with FMHPA

Measurements of Intermodulation Products are provided below, in screen plots

covering the frequency range from 1625.5MHz to 1660MHz with a combined
signal level of the two modulated 16QAM (151.2kbps) carriers of 35 W. Both
carriers are produced at close to the lower edge of the transmit band with 200KHz
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spacing.
5.5.2.1.1 Overview Image
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5522 Measurements of Intermodulation Products are provided below, in screen plots
covering the frequency range from 1626.5MHz to 1670MHz with a combined
signal level of the two modulated 16QAM (151.2kbps) carriers of 35W. Both
carriers are produced at close to the upper edge of the transmit band with 2060KHz
spacing.

55.2.2.1 Overview Image

® - REBW 30 kHz
VEW 100 XHz

Ref 47.2 dBm Att 35 dB SWT 25 ms

DEfgat 37(2 dB

[2.Ruk]

i |

[
I T
Center 1.6597442 GHz 500 kHz/ Span & MHz

Date: 21.0CT.2008 16:14:38

556222  1626.5 MHz to 1660 MHz

Thales Avionics Limited Page 48 of 64
COMMERCIAL IN CONFIDENCE



SnowhaiLib\Master File\al 11 _SysCASATOON03 CONMMERCIAL IN CONFIDENCE A111/SATO03/003/004/STE-01.2/006/001

Verification\004 WH 2 - STE-012 FCC Test
Evidencet006 Exhibil 6 - Technical Report001 Exhibit
6\Exhibit 6a - FMHPA Tesi Report.doc

® *REW 10 kHz
vEW 20 kHz

Ref 47.2 dBm Att 35 dB SHT 340 ms

CGEfgen 372 dB

o

-10

F-10

-1

i el L 8 8 ol s

Start 1.6265 GHz 3.35 MHz/ Stop 1.66 GHz

Date: 21.0CT.2008 16:16:51
5.5.2.2.3 1660 MHz to 1670 MHz

® =RBW 10 kHz
VBl 30 kHz

Raef 47.2 dBm Atk 35 dB SWT 100 ms

OEf]et 37)2 dB
[-40
2%
my |
i
=20

5T

il 5 i

Start 1.686 GHz 1 rMHz/ Scop 1.87 GHz

Data: 21.0CT.2008 1£:18:00

Thales Avionics Limited Page 49
COMMERCIAL IN CONFIDENCE

of 64

Issue |



Snowbal\Lib\Master File\at 11 SysCRSATR0303 COMMERCIAL IN CONFIDENCE A111/SATCD3/003/004/STE-012/G06/001
Verification004-\012 - STE-012 FCC Test Issue |
Evidence\006 Exhibit 6 - Technical Report\001 Exhibit

6a\Exhibit 6a - FMHPA Test Report.doc

5.5.2.3 Measurements of Intermodulation Products are provided below, in screen plots
covering the frequency range from 10 KHz o 18 GHz with a combined signal level
of the two madulated 16QAM (151.2kbps) carriers of 35 W. One carrier is
produced at close to the lower edge of the transmit band and one carrier is
produced at close to the upper edge of the transmit band.

55231 Overview Image
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55238 1610.6 MHz to 1613.8 MHz

® *REW 1 MHz
VBW 3 MHz

A111/SAT003/003/004/STE-(Q12/006/001

VL

Ref 47.2 dBm *Art 30 am SWT 2.9 ms
Offget 271z ds
=40
Eran 30
—-20
1
o
" . =
} i " il
{
-5
Start 1.6106 GHz 320 kHz/ Stop 1.6138 GHz

Date: 21.0CT.2008 16:33:31
5.5.2.3.9 1613.8 MHz to 1614 MHz

® “REW 1 MHz
VBW 3 MH=z

Ref  47.2 dBm *Act 30 dB SWI 20 ms

Offset 3742 4B

TR

=50

Start 1.61399999 GHz 1 Hz/

Date: 21.0CT.2008 16:34:28

Thales Avionics Limited
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552310 1614 MHz to 1620 MHz

® “RBW 10 kHz
VBW 20 kHz

Ref 47.2 dBm Y ALE 30 dB SWT B0 ms

Offmet 37{2 dp l

ag

-20

-10

3

loz20

Start 1.614 GHz 600 kHz/ Scop 1.62 GHz

Date: 21.0CT.2008 16:35:46
552311 1620 MHz to 1624.5 MHz

® ARBW 10 kHz
VBW 30 kHz

Ref 47.2 dBm “AEL 30 dp SWT 830 ms

Of fzet 3712 dB

-10

20

--30

Start 1.52 GHz 450 kHz/ Scop 1.6245 GHz

Date: Z1.0CT.2008 16:36:27
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552312 1624.5 MHz to 1625.5 MHz

® “REOW 10 kKHz
VEW 30 kHz

rRef 47.2 dBm “Atk 30 4B SWT 40 ms

Offszet  37]2 dB

[-10

F-10 {55

f==20

=30

K| A et

Srart 11,6245 GHz 100 kHz/ Stop 1.6255 GHz

Date: 21.0CT.2008 16:37:11

55.2.313 1625.5 MHz to 1626.5 MHz

® 4RBW 10 kHz
VEW 30 kHz

Ref 47.2 dBm " Attt 30 4B SWT 40 ms
Offger 37]2 dm
40
)
LeL
20
=10
B
10 Ain
=20 E AN e ] £1K(Y
Y 1
L gl 1 ] LY d
; BER T i i ;. L S R i i t
14 ¢ n 1 A3 3 HE i deil:
j k d I i : YR § dARE i 14 13l [ IH i]l
_dg ¥ il :
] T { i ]
Start 1.6255 GHz 100 kHz/ Stop 1.6265 GHz

Date: 21.0CT.2008 16;38:12
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55.23.14 1626.5 MHz to 1660 MHz

/'% <RBW 10 kHz
vBW 30 kHz

raf 47.2 dBm ~atc 30 dB SWT 340 ms

s} Iy
0 :
mne 5
S b i ;
i bt o b At B B il
]
-5 ; |—.
Start 1.6265 GHz T 3.35 MHz/ Stop 1.66 CHz
Date: 23.0CT.2008 16:38:55
552315 1660 MHz to 1670 MHz
® AREW 30 kHz
VBW 100 kiz
Ref 47.2 dBEm -act 30 aB SWT 30 ms
offfet 372 dm
e e
&[>
L
20
Fio
o
o son

A

ALl ] 1 ] BRI LR it
Scart 1.66 GHz Stop 1.67 GHz

Pate: 21.0CT.2008 16:50:35
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552316 1670 MHzto 1735 MHz
® SREW 16 kHz Marker 1 {74 ]
vaW 30 kHz
Ref  47.2 dEm “aAEt 30 @B SWT 660 ms 1
Offser 37]2 dB
[-40
R |
N
YL
10
-0
1
== B X Y A KEY 2oa
20
ﬁl‘ 6.5 MHz/ Step 1.735 GHz
Date: 21.0CT.2008 16:42:39
5.5.23.17 1735 MHz to 1865 MHz
@ *REW 10 kHz
VEW 30 kHz
Ref 47.2 dBm +Att 30 @B SWr 1.3 s
offder 37]2 am
|40
=)
| SylgY
=
10
o
jaxi 5.8 |d2m
L .10 3pa
.

i6:44:29

21.0CT.2008

Date:

Thales Avionics Limited

MHz/
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5.5.2.3.18 1865 MHz to 3250 MMz

@

rRef 47.2 dBm “Att 30 dB

~REW 10 kHz
VBHW 230 kHz
SWT 14 s

OFEgar 3712 aa

F10

F-i0

-~-20

F-3a

Starc 1.865 GHz 138.5 MHAZ/

Date: 21.0CT.2008 16:45:16

552319 3250 MHz to 3330 MHz

®

Ref 47.2 dBEm “Act 30 dB

*REW 10 kH=z
VBYW 20 kHz
SWT 800 ms

Stop 2.25 GHz

Offsget 37{2 4B

1o

~-10

Date: 21.Q0CT.2008 16:45:48

Thales Avionics Limited
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Stop 3.33 GHz
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55.23.20 3330 MHz to 4000 MHz

® i RBW 10 kHz
VBW 30 kH=z

Ref 47.2 dBm “Att 30 dB SWT 6.8 B

Qffget 37{2 dB

Lo=b.d[clem

3=k}

--10

--20

Step 4 GHz

Date: 2L.0CT.2008 16:46:21

552321 4GHzto 12 GHz

® *RBW 10 kHz
vBW 30 kh=

Ref 47.2 dBm *ace 30 4B SWT 80 s

Qfiget 3712 dB

| 10 lo

iR

20

10

-0

D1 -%,5 |d¢Dm

bl

~~10

Stazt 4 GHz 800 MH=z/ Scop 12 GHz

Date: 21.0CT.2008 16:48:03

Thales Avicnics Limited
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552322 12GHzto 18 GHz

® *REW 10 kHz
VBW 30 kHz

ref 47.2 dBm “Att 30 dB SWTr 60 s

offgoet 37{z ae

*° 3

-z0

L0

-4

--20

Start 12 GHz 600 MHz/ Stop 18 GHz

Date: 21.0CT.2008 16:49:32

Thales Avionics Limited
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8.2

6.21

6.3

6.3.1

6.3.2

6.4

6.4.1

6.4.2

6.4.3

6.5

6.5.1

6.6
6.6.1

Thales Avionics Limited

Conclusions, Deviations and Waiver Requests.
General

The FMHPA FCC ID: KV6TFS-HPA82166A has been tested in conjunction
with the SDU FCC ID: KV6TFS-HPA82155D providing the required
transmit signals. The FCC certification application for the FMHPA, will be
linked to the application for the SDU.

RF Output Power

The Thales FMHPA, FCC ID: KV6TFS-HPA82166A, meets the
requirements of FCC 47 CFR Parts 2.1046 and 87.131 for RF Qutput
Power.

Occupied Bandwidth

The Thales FMHPA, FCC ID: KV6TFS-HPA82166A, meets the
requirements of FCC 47 CFR Parts 2.1049 and 87.135 for RF QOccupied
Bandwidth.

Class 6 mode includes QAM channels Thales are therefore requesting a
waiver to cerlify these modes — exhibit 13d.

Conducted Spurious Emissions

Thales tested the FMHPA using an alternative method. Sections 4.2.3.3 to
4.2.3.7 provide the justification for the use of this alternative method.

Thales have concluded that using this alterative method the FMHPA,
FCC ID: KV6TFS-HPA82166A does meet the requirements of FCC 47
CFR Parts 2.1051 and 87.139 for Conducted Spurious Emissions.

Thales are therefore requesting a waiver against the test method used for
the measurement of the FMHPA, FCC ID: KVBTFS-HPA82166A, for
Conducted Spurious Emissions — exhibit 13¢. This waiver in test method
was approved for the KVS-TFS-SDU82155A.

Radiated Emissions

The Thales FMHPA, FCC ID: KVBTFS-HPA82166A, meets the
requirements of FCC 47 CFR Part 15.209 for radiated emissions.

Intermods

The Thales FMHPA, FCC ID: KVBTFS-HPAB2166A, meets the anticipated
FCC requirements for Intermods. The requirements of FCC 47 CFR Parts
2.1051 and 87.139 for Conducted Spurious Emissions were used to create
the limits and conditions for which Intermodulation Products were
measured against. No formal requirement set exists from the FCC
regarding IM Products, however Thales have sought feedback on this
through the FCC. The FCC stated the following (assuming measurement at
the Antenna):

COMMERCIAL iN CONFIDENCE
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» Test all modulation types [TDMA, CDMA, and FM (covers GSM
and F1D)]

» At maximum drive level, for each modulation: one test with three

tones, or two tests (high-band, low-band and edge) with two tones

Limit usually is -13dBm conducted.

Combination of modulation types not needed.

Use RBW 300 Hz or 1% RBW. The spectral shape of the output

should look similar to input for all modulations.

» Power on Form 731 should be clearly understood as either
composite of multi-channels or per carrier. If power is composite
include in comments field: "Power output listed is composite for
multi-channel operation.”

» Check that the input drive level is at maximum input rating and
maximum gain setting for all tests.

> Meets power limits of 90.219 for Part 90 booster operations.

Y ¥V VY

6.6.2 Thales note that there are spurious results which exceed the conducted
suprious limit masks applied at wide-spacing of approximately 34MHz. In
this instance the 3rd and 5th order intermodulation products appear
outside of the nominal Inmarsat frequency band. The worst case 3rd order
product is shown in Class 6 with External FMHPA of 0.69dBm. This would
produce approximately an EIRP of 10.69dBm if not for the DLNA rejection.
Including 95dB DLNA rejection at this frequency would result in
approximately —84dBm EIRP of this Intermodulation Product. This would
result in —126.4dBc/MHz and the Conducted Spruious Limit stated by the
FCC at this frequency is —143dBc/MHz.

6.6.3 Comparing this to the —13dBm conducted limit stated in the FCC
communication above, Thales conclude that Intermodulation Product
performance in Class 6 and Classic services with the FMHPA are
satisfactory and fit for purpose.
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7 ~ Testimonial and Statement of Certification

The Thales Avionics Ltd FMHPA, FCC ID: KV6TFS-HPA82166A has been tested in
accordance with the requirements contained in the appropriate Commission
regulations. To the best of my knowledge these tests were performed using
measurement procedures consistent with industry or Commission standards and
demonstrate that the FMHPA complies with the appropriate standards. Each unit
manufactured, imported or marketed, as defined in the Commission’s regulations, will
conform to the samples within the variations that can be expected due to quantity
production and testing on a statistical basis. | hereby certify that the tests described
in this report were performed at my direction and under my supervision, and that the
results and test data contained in this report truly and accurately show the
performance of the FMHPA, FCC ID: KV6TFS-HPA82166A. | further certify that the
ancillary information contained herein accurately reflects the design, installation
requirements, alignment procedures and operational instructions of and for this
equipment.

C. Appleyard
(Technical Consultant, Certifying Engineer)

J. Livingstone
(TFS Satcom Systems Project Leader)

B. Feehan
(TFS Satcom Product Design Authority)
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