Beforethe
FEDERAL COMMUNICATIONSCOMMISSION
Washington, D.C. 20554

In the Matter of )
)

SES Americom, Inc. )  File No. SES-LIC-
)

Application for Blanket License for )

Operation of Ku-Band Transmit/Receive )

Earth Stations Aboard Aircraft )

APPLICATION FOR ESAA BLANKET LICENSE

SES Americom, Inc. (“SES”) hereby respectfully resps that the Commission grant a
blanket license authorizing SES to operate 100¢aoh of two types of Ku-band
transmit/receive earth stations aboard aircrafSER”) terminals on domestic and international
flights pursuant to Section 25.227 of the Commissioules! Grant of the requested authority
is consistent with Commission precedent and wiNesé¢he public interest by allowing SES to
provide in-flight broadband service, enhancing cetitipn in this important market.

A completed FCC Form 312 and Schedule B are atthcB&S seeks action on this

application in order to commence ESAA operatiorgitm@ng in October 2019.

147 C.F.R. § 25.227. For the Commission’s cormece, SES is attaching as Annex 1 hereto
a table listing the requirements of Section 25.28d providing a cross-reference to the
necessary information. Annex 1 identifies the resrunents set forth in the Commission’s
current rules, as the changes to the regulatoiyneefpr ESAAs and other earth stations in
motion (“ESIMs”) that the Commission adopted lasp@mber have not yet taken effeSee
Amendment of Parts 2 and 25 of the Commission'ssRal Facilitate the Use of Earth Stations
in Motion Communicating with Geostationary Orbita8p Stations in Frequency Bands
Allocated to the Fixed-Satellite Servi¢teport and Order and Further Notice of Proposed
Rulemaking, FCC 18-138 (rel. Sept. 27, 2018) (88I1Ms Order”). In the ESIMs Order, the
Commission has decided to eliminate certain substarequirements currently contained in
Section 25.227, and SES herein seeks any necasamsr of Section 25.227 to permit it to
design its system without incorporating these el@me
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l. INTRODUCTION

SES is a leading provider of satellite communigaieervices in the United States and
around the world. In response to customer denfai§,is seeking authority to commence
ESAA operations using Ku-band Fixed-Satellite Ser\('FSS”) capacity. SES will employ
Commission-approved ESAA antennas in its netwdr:HHR6400 and HR129 antenna models
manufactured by Astronics AeroSat (“Astronics”)orfiplete technical information regarding
the antennas is already on file with the Commissiath is incorporated by reference herein.

Astronics has been licensed by the Commission 8&A operations using both the
HR6400 and the HR129 antennas for communicatiotts saitellites on the Commission’s
Permitted Space Station List (“Permitted List")conformance with the off-axis Equivalent
Isotropically Radiated Power (“EIRP”) spectral dgnmasks set forth in Section 25.227(a)(1),
as well as for operations with individual sateflifursuant to coordination with adjacent
satellites as described in Section 25.227()(3ES seeks comparable authority here, to allow
the two ESAA terminals to communicate with any Péed List spacecraft for operations that

comply with the mask and use portions of the cohwaal and extended Ku-band spectrum that

2 Specifically, SES will perform uplinks in the 0414.5 GHz conventional Ku-band spectrum
throughout its network. Downlinks will use speatrin the 10.7-12.75 GHz range. Additional
detail regarding the planned spectrum use is peavizklow, along with requests for necessary
waivers associated with the intended operations.

3 See Astronics AeroSat Corgall Sign E140087, File No. SES-LIC-20140902-00688,
Technical Annex at 3, 8-14, and Annex B (descrithmgHR6400 terminal’s technical
characteristics and providing antenna performaata)dFile No. SES-MFS-20161003-00823,
Technical Appendix at 1-3 and Section Il (deserghthe HR129 terminal’s technical
characteristics and providing antenna performamata)d

4 Astronics AeroSat CorpGall Sign E140087, File No. SES-MFS-20170319-003panted
June 19, 2017 (“Astronics ESAA License”), Sectiofid®ntifying individual satellites and the
Permitted List as authorized points of communicatar both the HR6400 and HR129
terminals).



are included in Permitted List authority and tohawize operations in other frequencies and/or at
higher power levels on a satellite-specific basis@ordinated with adjacent satellites.

The details regarding the proposed ESAA networkmaments are supplied in the
attached Technical Description, and the spaceosgtieleports, and specific frequency
assignments to be used with the network are idedtifelow and in Annex 2. A letter
confirming that the proposed ESAA operations walhform to coordination agreements with the
operators of adjacent satellites is attached a®ABn These materials demonstrate that the
ESAA network will comply with all substantive regements for ESAA operations that will
remain applicable once the ESIMs Order takes eff8&S is not submitting a showing with
respect to current provisions of Section 25.227 e Commission has decided to delete in the
ESIMs Order: the antenna pointing accuracy spetibn and associated shutdown
requirements and the data logging requirement. s&¥e&s any necessary waiver of these rule
sections below.

. SATELLITESTO BEUSED WITH THE SESESAA NETWORK

SES will use transponder capacity on commerciabnd FSS satellites. As discussed
above, SES seeks Permitted List authority andralgoests that the Commission authorize
communications with ten in-orbit satellites opedaty SES entities:

e ASTRA 4A at 4.8° E.L., licensed by Sweden

 NSS-6 at 169.5° W.L., licensed by the Netherlands

e NSS-12 at 57° E.L., licensed by the Netherlands

 SES-4 at 22° W.L., licensed by the Netherlands

e SES-6 at 40.5° W.L., licensed by the Netherlands

e SES-9 at 108.3° E.L., licensed by the United Kingd&ibraltar)
 SES-10 at 66.9° W.L., licensed by Colombia

e SES-12 at 95° E.L., licensed by the Netherlands

e SES-14 at 47.5° W.L., licensed by Brazil
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e SES-15 at 129.15° W.L., licensed by the United idmg (Gibraltar)

Each of these satellites is eligible for authotttyyommunicate with the planned SES ESAA
network, as discussed below. Five of the satsl(i8ES-4, SES-6, SES-10, SES-14, and SES-
15) are already on the Permitted List. The Comimiskas authorized U.S. ESAA networks to
communicate with ASTRA-4A and with NSS-6 at a poen orbital location, and a petition to
add NSS-6 to the Permitted List for operationsé®.9° W.L. is pending. The remaining
satellites, NSS-12, SES-9, and SES-12, have neiqugly been authorized for communications
with U.S.-licensed earth stations but qualify faSUmarket access under Commission policies.

ASTRA 4A ASTRA 4Ais licensed by Sweden and is positioatd.8° E.L.

ASTRA 4A is not on the Permitted List, but the spaaft has been approved for operations with
U.S.-licensed ESAA terminafs As a result, technical data relating to the &isgeincluding
orbital debris mitigation materials, are alreadyfimwith the Commission.

SES seeks authority to use ASTRA 4A capacity fohES8perations on a primary basis
in the 14-14.25 GHz uplink spectrum and the 11..2THz downlink spectrum, consistent with
the Commission’s orders in the ESAA proceedin§ES also seeks authority to use ASTRA 4A
capacity for ESAA operations on a nhonconformingdasthe 12.2-12.75 GHz downlink

spectrum. ASTRA 4A will provide coverage of Eurapel Africa.

5> AC BidCo LLCCall Sign E120106, File Nos. SES-STA-20160729-006@8nted Aug. 24,
2016 & SES-MFS-20160824-00738, granted Dec. 136201

6 Revisions to Parts 2 and 25 of the Commission’e&ia Govern the Use of Earth Stations
Aboard Aircraft Communicating with Fixed-Satell§ervice Geostationary-Orbit Space Stations
Operating in the 10.95-11.2 GHz, 11.45-11.7 GHZ7/4P.2 GHz and 14-14.5 GHz Frequency
Bands Notice of Proposed Rulemaking and Report and QtBeDocket Nos. 12-376 & 05-20,
27 FCC Rcd 16510 (2012) (“ESAA Order”); Second Repad Order and Order on
Reconsideration, IB Docket No. 12-376, 29 FCC R2&64(2014) (“ESAA Second Order,” and
with the ESAA Order, the “ESAA Decisions”).
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NSS-6 NSS-6 is licensed by the Netherlands and wiltddecated later this year to
169.5° W.L. NSS-6 is not yet on the Permitted Lisit the spacecraft has been approved for
operations with U.S.-licensed ESAA terminals framgrior orbital location of 95° E.l”.and a
petition for U.S. market access for the satelltéofving its relocation to 169.5° W.L. is
pending® As a result, full technical information regardithg spacecraft is already on file with
the Commission.

SES seeks authority to use NSS-6 capacity for ES§péxations on a primary basis in the
14-14.5 GHz uplink spectrum and on an unprotecssistin the 10.95-11.2 GHz and 11.45-
11.7 GHz downlink spectrum, consistent with the Ne&SBetition and the ESAA Decisions. SES
also seeks authority to use NSS-6 capacity for E®pérations on a nonconforming basis in the
12.5-12.75 GHz downlink spectrum. NSS-6 will paericoverage of Alaska, Hawaii, the
Northwestern United States, the Pacific Ocean, Esist, and Australia.

NSS-12 NSS-12 is licensed by the Netherlands and igipoed at 57° E.L. NSS-12 is
not on the Permitted List, but its licensing admiiration, the Netherlands, is a member of the
World Trade Organization (“WTQ”). Accordingly, uadthe Commission’®ISCO Il market

access framework, there is a presumption that allpthe satellite to communicate with U.S.-

7 See Panasonic Avionics Cor@all Sign E100089, File No. SES-MFS-20150609-00349
granted June 30, 2016.

8  New Skies Satellites B.\Call Sign S3048, File No. SAT-PPL-20190403-0002 (tNSS-

6 Petition”), accepted for filing, Report No. SATEB6 (May 3, 2019). The NSS-6 Petition
notes that the Netherlands license for the saelpecifies operations at 169.5° W.L. with an
east-west stationkeeping tolerance of +/- 0.1 degamd requests a waiver of Section 25.210(j)
to accommodate this larger stationkeeping allowa&ee id. Legal Narrative at 7. In addition,
the NSS-6 Petition requests waivers of the Comwonissiorbital debris mitigations provisions in
Section 25.114(d)(14)(ii) and 25.283(c) becauseottidizer tanks on the satellite cannot be
vented at end of lifeSee idat 8-9. To the extent necessary, SES similagks a waiver of
these rules to permit ESAA terminals to communiedath NSS-6.
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licensed earth stations for services covered by\f® Basic Telecommunications Agreement
will serve the public intereét.

SES seeks authority to use NSS-12 capacity for ESpgxations on a primary basis in
the 14-14.5 GHz uplink spectrum and in the 11. 212Hz downlink spectrum and on an
unprotected basis in the 10.95-11.7 GHz downlirdcpim, consistent with the Commission’s
ESAA Decisions. SES also seeks authority to us8-l&capacity for ESAA operations on a
nonconforming basis in the 12.2-12.75 GHz downspkctrum. NSS-12 will provide coverage
of Europe, the Middle East, Central and Southeria Amd East Africa. Annex 5 contains
technical materials regarding the proposed SESatipas with NSS-12, including a coverage
map, link budgets, and an orbital debris mitigastatement?

SES-4 SES-4 is a Netherlands-licensed satellite posdtil at the 22° W.L. orbital
location that has been approved for U.S. markegsst€and complete technical information
regarding the satellite is therefore already amwiith the Commission. SES seeks authority to
use SES-4 capacity for ESAA operations on a prirbasis in the 14-14.5 GHz uplink spectrum
and in the 11.7-12.2 GHz downlink spectrum andmonrprotected basis in the 10.95-11.2 GHz
and 11.45-11.7 GHz downlink spectrum, consistett tie SES-4 Authorization and the ESAA

Decisions. SES also seeks authority to use SEfpdotty for ESAA operations on a

9  See Amendment of the Commission’s Policies to Allom+U.S. Licensed Space Stations
providing Domestic and International Service in theited StatesReport & Order, 12 FCC Rcd
24094, 24112, 1 39 (1997)F'SCO IP).

10 NSS-12is built on the Space Systems Loral SSQ12@&, and the Commission has
previously licensed or granted U.S. market acaessierous other satellites using this bus,
including the SES-4 spacecraft discussed below.

11 New Skies Satellites B.\Call Sign S2828, File Nos. SAT-PPL-20110620-001'BES-4
Petition”), granted Mar. 15, 2012, & SAT-MPL-20128400065, granted Sept. 5, 2012 (“SES-4
Authorization”).



nonconforming basis in the 12.5-12.75 GHz downéipkctrumt? SES-4 will provide coverage
of North and South America, Europe, the Middle Eastl West Africa.

SES-6 SES-6 is a Netherlands-licensed satellite pos#a at the 40.5° W.L. orbital
location that has been approved for U.S. markegsst€and complete technical information
regarding the satellite is therefore already amwilth the Commission. SES seeks authority to
use SES-6 capacity for ESAA operations on a prirbasis in the 14-14.5 GHz uplink spectrum
and on an unprotected basis in the 10.95-11.45daimlink spectrum, consistent with the
SES-6 Authorization and the ESAA Decisions. SBE&ibprovide coverage of the East Coast of
North America, Europe, and the North Atlantic.

SES-9 SES-9 is a Gibraltar-licensed satellite posiiat 108.3° E.L. SES-9 is not on
the Permitted List, but its licensing administratiGibraltar, is a British Overseas Territory that,
through the United Kingdom, is a WTO-member countdgcordingly, under the Commission’s
DISCO IImarket access framework referenced above, therpiesumption that allowing the
satellite to communicate with U.S.-licensed eat#ti@ns for services covered by the WTO
Basic Telecommunications Agreement will serve thelip interest.

SES seeks authority to use SES-9 capacity for ESpexations on a primary basis in the
14-14.5 GHz uplink spectrum and in the 11.7-12.2z@&@bBwnlink spectrum, consistent with the

Commission’s ESAA Decisions. SES also seeks aifjftoruse SES-9 capacity for ESAA

12 Because SES-4 uses the 12.5-12.75 GHz band segnigmutside the U.S. in ITU

Region 1, the SES Petition did not request U.Skataccess for these frequencieseSES-4
Petition, Narrative at 4), and the SES-4 Authorratioes not include this band segment.
Technical information regarding operations of SE&-the 12.5-12.75 GHz band was, however,
included in the SES Petition for completeness,iatikerefore on file with the CommissioBee
SES-4 Petition, Schedule S.

13 New Skies Satellites, B.\Zall Sign S2870, File No. SAT-PPL-20120717-001X@&nt
stamped in part July 12, 2013 and in part Augu&013, corrected Aug. 8, 2013 (“SES-6
Authorization”).



operations on a nonconforming basis in the 12.Z8.&Hz downlink spectrum. SES-9 will
provide coverage of Asia, the Indian Ocean Redharstralia, the Middle East, and parts of
Africa. Annex 5 contains technical materials reljag the proposed SES operations with SES-
9, including coverage maps, link budgets, and &italrdebris mitigation statemett.

SES-10 SES-10 is a Colombian-licensed satellite pasédat the 66.9° W.L. orbital
location that has been approved for U.S. marketssie and complete technical information
regarding the satellite is therefore already amwilth the Commission. SES seeks authority to
use SES-10 capacity for ESAA operations on a pgrbasis in the 14-14.5 GHz uplink
spectrum and in the 11.7-12.2 GHz downlink spectamch on an unprotected basis in the 10.95-
11.2 GHz and 11.45-11.7 GHz downlink spectrum, sbast with the SES-10 Authorization
and the ESAA Decisions. SES-10 will provide cogeraf Central America and South America,
including Brazil.

SES-12 SES-12 is licensed by the Netherlands and igiposd at 95° E.L. SES-12 is
not on the Permitted List, but its licensing admiiration, the Netherlands, is a WTO member.
Accordingly, under the CommissiofdSCO Il market access framework referenced above,
there is a presumption that allowing the satelbteommunicate with U.S.-licensed earth
stations for services covered by the WTO Basic datenmunications Agreement will serve the
public interest.

SES seeks authority to use SES-12 capacity for EGgekations on a primary basis in

the 14-14.5 GHz uplink spectrum and in the 11. 212Hz downlink spectrum and on an

14 SES-9is built on the Boeing BSS-702HP bus, Aeddommission has previously licensed
or granted U.S. market access to many other gatellsing this bus, including VIASAT 2 (Call
Sign S2902).

15 New Skies Satellites, B.\Zall Sign S2950, File No. SAT-MPL-20170108-000Gssued
Mar. 22, 2017 (“SES-10 Authorization”).



unprotected basis in the 10.7-11.7 GHz downlinlcspen, consistent with the Commission’s
ESAA Decisions. SES also seeks authority to use-SEcapacity for ESAA operations on a
nonconforming basis in the 12.2-12.75 GHz downgpkctrum. SES-12 will provide coverage
of Australia, Asia, Africa, and the Middle Eastniex 5 contains technical materials regarding
the proposed SES operations with SES-12, includiogverage map, link budgets, and an
orbital debris mitigation statemett.

SES-14 SES-14 is a Brazilian-licensed satellite posiio at the 47.5° W.Lorbital
location that has been approved for U.S. markegss¢and complete technical information
regarding the satellite is therefore already amwiith the Commission. SES seeks authority to
use SES-14 capacity for ESAA operations on a pgrbasis in the 14-14.5 GHz uplink
spectrum and in the 11.7-12.2 GHz downlink spectamoh on an unprotected basis in the 10.95-
11.2 GHz and 11.45-11.7 GHz downlink spectrum, sbast with the SES-14 Authorization
and the ESAA Decisions. SES also seeks autharitgé SES-14 capacity for ESAA operations
on a nonconforming basis in the 12.2-12.45 GHz diokrspectrum. SES-14 will provide
coverage of South America, including Brazil, Nofimerica, the Atlantic, and portions of
Europe and West Africa.

SES-15 SES-15 is a Gibraltar-licensed satellite posgit at the 129.15° W.L. orbital

location that has been approved for U.S. markegssi® and complete technical information

16 SES-12 is built on the Airbus E3000 bus, and@benmission has previously granted U.S.
market access to other satellites using this Imefyding the SES-14 spacecraft discussed below.

17 SES DTH do Brasil LtdaCall Sign S2974, File No. SAT-MPL-20170606-0008@&nted
Sept. 7, 2017 (“SES-14 Authorization”).

18 SES Satellites (Gibraltar) Limite€all Sign S2951, File Nos. SAT-PPL-20160126-0Q007
granted July 12, 2016; SAT-MPL-20160718-00063, gparec. 14, 2016; & SAT-MPL-
20170914-00130, granted Nov. 22, 2017 (“SES-15 éughation”).
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regarding the satellite is therefore already amwiith the Commission. SES seeks authority to
use SES-15 capacity for ESAA operations on a pyrbasis in the 14-14.5 GHz uplink
spectrum and in the 11.7-12.2 GHz downlink spectameh on an unprotected basis in the 10.7-
11.7 GHz downlink spectrum, consistent with the Si5SAuthorization and the ESAA
Decisions. SES-15 will provide coverage of NortiméYica.

1. COORDINATION AND SPECTRUM SHARING

The SES ESAA network will use Ku-band capacity tovide continuous connectivity
and entertainment services on domestic and inferratflights. The letter provided in Annex 3
confirms that SES’s proposed ESAA operations ansistent with the coordination agreements
between operators of the satellites discussed adnoy®perators of adjacent spacecraft. In
addition, the SES operations will conform to Consiaa policies with respect to sharing with
other services.

Space Research Servic8ection 25.227(&) governs use of the 14.0-14.2 GHz band, in
which the National Aeronautics and Space Administna(“NASA”) operates earth stations as
part of the Tracking and Data Relay Satellite Syst&fDRSS”). SES is in the process of
negotiating a coordination agreement with NASAgdaotection of existing and future TDRSS
sites. Pending completion of coordination with MASES will not operate ESAA antennas in
the 14.0-14.2 GHz band within radio line-of-sightNASA TDRSS facilities. SES will notify
the Commission when coordination is complete.

Radio Astronomy Section 25.227(d) governs use of the 14.47-14.5 GHz band used by

radio astronomy service (“RAS”) observatories. S#lSseek a coordination agreement with

1947 C.F.R. § 25.227(c).
20 47 C.F.R. § 25.227(d).
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the National Science Foundation (“NSF”) for protectof existing and future RAS
observatories. Pending completion of coordinatwith NSF, SES will not operate ESAA
antennas in the 14.47-14.5 GHz band within radie-bf-sight of RAS observatories. SES will
notify the Commission when coordination is complete

IV. WAIVER REQUESTS
SES requests limited waivers of the Commissionasrin connection with this ESAA

blanket license application. Specifically, SESues}s waivers of the U.S. Table of Allocations
in Section 2.106 and footnote NG52 to permit ESA®mations in the 10.7-10.95 GHz, 11.2-
11.45 GHz, and 12.2-12.75 GHz spectrum, and wanipsovisions in Section 25.227 that have
been deleted by the ESIMs Order. Grant of theseensis consistent with Commission policy:

The Commission may waive a rule for good cause show

Waiver is appropriate if special circumstances am@ire

deviation from the general rule and such deviatwonld

better serve the public interest than would sadttierence

to the general rule. Generally, the Commission grant a

waiver of its rules in a particular case if thaektequested

would not undermine the policy objective of theerin
question and would otherwise serve the public st

A. The U.S. Tableof Allocations and Footnote NG52

SES requests a waiver of the Table of AllocationSeéction 2.106 of the Commission’s
rules to permit use of downlink spectrum in the21P2.75 GHz band range for ESAA
operations. The Commission has expressly recodieg “terminals on U.S.-registered aircraft
may need to access foreign satellites while tragedutside of the United Statesd, over

international waters), and therefore may need tentiak in the extended Ku-band in certain

21 panAmSat Licensee Cord7 FCC Rcd 10483, 10492 (Sat. Div. 2002) (foammitted).
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circumstances? To allow ESAA providers to meet this need, therbussion has granted
authority for terminals to receive signals in ti#2212.75 GHz band, including in U.S.
airspace’?

The same rationale supports grant of a waiver tmp&ES to receive transmissions
from the ASTRA-4A, NSS-6, NSS-12, SES-4, SES-9,-3ESand SES-14 satellites using
spectrum in the 12.2-12.75 GHz range. With theepton of the proposed use of NSS-6 and
SES-14 in the 12.2-12.75 GHz frequencies, all dparain the 12.2-12.75 GHz frequency range
will occur outside of U.S. airspace. In each c#se proposed operations are consistent with
coordination agreements with operators of adjasatdllites within six degrees. Authorizing
SES to receive signals from these satellites willaiter the technical characteristics of the
satellite’s operations in any way, and therefork mat create harmful interference to other
authorized users of the spectrum. Furthermore,@E 8ot claim interference protection from
such authorized users. Under these circumstagraas, of a Section 2.106 waiver is justified to
permit use of frequencies in the 12.2-12.75 GHalfandownlinks from ASTRA-4A, NSS-6,
NSS-12, SES-4, SES-9, SES-12, and SES-14 as phe &ES ESAA network.

SES also requests a waiver of footnote NG52 td Hide of Allocations to permit ESAA

operations in the 10.7-10.95 GHz and 11.2-11.45 G&drls on an unprotected, non-interference

22 Service Rules and Procedures to Govern the Usemhautical Mobile Satellite Service
Earth Stations in Frequency Bands Allocated toRhxed Satellite ServicéB Docket No. 05-
20, Notice of Proposed Rulemaking, 20 FCC Rcd 42065) at 1 18 (footnote omitted).

23 See, e.gAC BidCo LLC, Call Sign E120106, File No. SES-MF8180813-02152, granted
Nov. 8, 2018, Section B and condition 900387 (awutiay reception of transmissions in the

12 GHz band on a non-interference, non-protectsd lacluding transmissions from Intelsat 19
in U.S. airspace using 12.25-12.75 GHz); AstroB8#\A License, Section B and condition
90387, Intelsat License LLC, Call Sign E170121eMlo. SES-LIC-20170626-00682, granted
Oct. 4, 2017, Section B and condition 900414.
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basis for ESAA operations, including for termingld).S. airspace. Grant of this waiver is
consistent with Commission precedent.

The ESAA Decisions adopted footnote NG52, the ssgmreto former footnote NG104,
which specified that use of the 10.7-11.7 GHz biaythe fixed-satellite service is limited to
international operations. In the ESAA Order, th@tnission made clear that ESAA operations
in the 10.95-11.2 GHz and 11.45-11.7 GHz band eraitted on an unprotected basis and did
not require a waiver of new footnote NG52, but #rgtress carve-out does not extend to the
10.7-10.95 GHz and 11.2-11.45 GHz band segnténthie Commission has, however,
authorized ESAA operations in both these portidrith® extended Ku-bardd.

Consistent with these past rulings, SES requestsi\ger of the Table of Allocations and
footnote NG52 to permit its terminals to receivangmissions, including for U.S. domestic
services, from SES-6 and NSS-12 in the 11.2-11H45 kand segment and from SES-12 and
SES-15 in the 10.7-10.95 GHz and 11.2-11.45 GHdIsagments. As noted above, SES is
attaching a letter confirming that operation of#SAA terminals is consistent with coordination
agreements with satellites operated within six éegiof these spacecratft.

Authorizing SES to receive signals from in the 100795 GHz and 11.2-11.45 GHz
band segments will not alter the technical charesties of the satellites’ operations in any way,
and therefore will not create harmful interferetm®ther authorized users of the spectrum.
Furthermore, SES will not claim interference praitecfrom such authorized users. Under these

circumstances, waiving footnote NG52 is justifie¢permit use of SES-6, NSS-12, SES-12, and

24 See ESAA Ordeat 1 21.
25 See, e.gAstronics ESAA License, Section B (authorizing oé¢éhe 10.7-12.75 GHz band).
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SES-15 capacity in the 10.7-10.95 GHz and 11.251GHz band segments for ESAA
operations, including in U.S. airspace.

B. Antenna Pointing and Data L ogging Requirements

In the ESIMs Order, the Commission determined pin@tisions in Section 25.227, the
current ESAA rule, relating to antenna pointinguaecy, terminal shutoff when antenna
mispointing is detected, and data logging are uessary, and therefore deleted these
specifications from the new rules governing ESINsmtions® These rule changes have not
yet taken effect, however, as the ESIMs Order lohdeen published in the Federal Register.

SES has designed its ESAA operations to confortheégevised operating requirements
set forth in the ESIMs Order and therefore hagmptemented measures to comply with the
antenna pointing accuracy and data logging req@rgsndeleted in the ESIMs Order. Similarly,
rather than designing the ESAA system to triggemieal shutoff based on antenna pointing
accuracy, the system will comply with the requiraiseof the new ESIMSs rule provisions in
Section 25.228(b) and (c) to terminate transmissiorihe event the system detects that the
terminal has exceeded or is about to exceed theasl off-axis EIRP density limi&. SES
seeks waiver of the obsolete provisions in Se@Q®R227 addressing these matters: the pointing
accuracy and related shutoff requirements in suiogec25.227(a)(1) and 25.227(b)(1) and the

data logging requirements in Section 25.227(&f{@ecause the Commission has determined

26 See ESIMs Ordeat 19 17-18 (eliminating antenna pointing accuragyirements for
ESAAs and other ESIMs); 1 21 (replacing shutofiuisgments based on antenna mispointing
with requirements linked to detection that an ES&kninal has exceeded or is about to exceed
relevant off-axis EIRP density limits); 1 24 (dabgtrequirements to log and maintain data
regarding the specifics of ESIM terminal operatjons

27 Seeidat 21 and new Sections 25.228(b) and (c).
28 SES also seeks any necessary waiver of the egmeitt in Section 25.227(b)(7) that SES
certify it will comply with data logging requirememnin Section 25.227(a)(6).

14



that these requirements are unnecessary, the tequesiver is consistent with Commission
policy.
V.  PUBLICINTEREST SHOWING

Grant of the SES ESAA blanket license applicatidhpromote competition in the
market for in-flight broadband services, to theddfdrof air travelers in the U.S. and abroad.
ESAA networks enhance the security of air travel allow passengers to access services that
provide entertainment and enable increased prodtyctiWith its long industry history and
technological expertise as a satellite and eaattiost operator, SES is well-positioned to bring
high-quality, reliable in-flight communications passengers and crew on flights in U.S. airspace
and around the globe.

The Commission has previously licensed both oBBAA terminals SES proposes to
use, and most of the satellites to be used arerastinthe Permitted List or have been authorized
for operations with U.S.-licensed ESAA networkdieTremaining satellites, NSS-12, SES-9,
and SES-12, are licensed by WTO-member countridsreeet the requirements of ttéSCO Il
U.S. market access policy.

Accordingly, grant of the application is consistesth Commission policies and

precedent and will serve the public interest.
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VI. CONCLUSION

For the foregoing reasons, SES respectfully regubat the Commission grant SES a
blanket license to operate Ku-band transmit/recBSAA terminals on domestic and
international flights, consistent with the techhigarameters specified herein.

Respectfully submitted,
SES Americom, Inc.

By:/s/ Petra A. Vorwig

Petra A. Vorwig

Senior Legal and Regulatory Counsel
SES Americom, Inc.

1129 20th Street N.W., Suite 1000
Washington, D.C. 20036

Dated: June 3, 2019
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ANNEX 1: Table of Information Required by Section25.227

Section 25.227
Requirement

Citation to Information Provided

25.227(a)(1)(ii),
25.227(2)(2)(ii)

SES demonstrates in the Technical Description lathas Annex 5 that
its ESAA terminals are self-monitoring and capaiflautomatically
ceasing or reducing emissions within 100 millisetsori the ESIM
transmitter exceeds the relevantaxis EIRP density limit

25.227(a)(4) &
25.227(b)(5

N/A: no use of a contention protocol is proposed.

25.227(a)(5) &
25.227(b)(6)

The 24/7 point of contact information for the SESAA network is the
SES Network Operations Center in Manassas, Virgifitae phone
number is +1 703 366 1500, and the email address is
noc-sesnetworks@ses.cofmhe street address is: 12811 Randolph Ri
Lane Manassas, VA 20109, as specified in Form Zh2dule B,

Items E2-E9.

25.227(a)(15

SE¢S certifications ae in Annex7 attachec

25.227(b)(1)
25.227(b)(2)(i)

Off-axis EIRP density information regarding the rystics Aerosat
HR6400 and HR129 antenna models was previouslyigedwvo the
Commission in support of the existing Astronics BSAcense, Call
Sigr E14008..

25.227(0)(2)(ii

The arget satellite operator certificat is in Annex 3 attache

25.227(0)(2)(iii)
& (iv)

SES demonstrates in the Technical Description lathas Annex 5 that
its system will comply with coordination agreemeaits requirements to
cease emissior

25.227(b)(4)

The ESAA network will operate in Uggspace, foreign airspace, and
the airspace over international waters. Coveragasdor the specific
satellites to be used in the ESAA network are diesdrin the table found
in Annex 2 attached, and a composite coverage orapé overall
network is included in Annex.

25.227(b)(7

SE¢S certifications are in Anne7 attachec

25.227(b)(8)

The Radiation Hazard analyses foE8AA terminals is in Annex 6
attachec.

25.227(c) SES is pursuing a coordination agreemvéhtNASA and will file the
agreement with the Commission when it is conclt
25.227(d) SES will seek a coordination agreemetit WNEF and will file the

agreement with the Commission when it is concl.




ANNEX 2:
Spacecraft and Teleport Tables

Use in U.S.
Airspace?

Tx (GHz)

Satellite Location Beam Coverage Area RX (GHz)

ASTRA4A 4.8° E.L. Europe, Africa 14-14.25% 11.7-12.2; No
12.2-12.7¢
NSS-6 169.5° W.L. | Alaska, Hawaii, the Northwestern 14-14.5 10.95-11.2; Yes
U.S., the Pacific Ocean, East 11.45-11.7;
Asia, and Australi 12.5-12.7¢
NSS-12 57° E.L. Europe, the Middle East, Central 14-14.5 10.95-11.7; No
and Southern Asia, and East 11.7-12.2;
Africa 12.5-12.7¢
SES-4 22° W.L. North and South America, 14-14.5 10.95-11.2; Yes
Europe, the Middle East, and 11.45-11.7;
West Africa 11.7-12.2
12.5-12.7¢ No
SES-6 40.5° W.L. East Coast of North America,| 14-14.5 10.95-11.45 Yes
Europe, and the North Atlan
SES-9 108.3° E.L. Asia, the Indian Ocean Region, 14-14.5 11.7-12.2; No
Australia, the Middle East, and 12.2-12.75
parts of Africe
SES-10 66.9° W.L. Central America and 14-14.5 10.95-11.2; Yes
South America, including Brazil 11.45-11.7;
11.7-12.2
SES-12 95° E.L. Australia, Asia, Africa, 14-14.5 10.7-11.7; No
and the Middle East 11.7-12.2;
12.2-12.7¢
SES-14 47.5° W.L. | South America, including Brazi|, 14-14.5 10.95-11.2; Yes
North America, the Atlantic, parts 11.45-11.7,
of Europe and West Africa 11.7-12.2;
12.2-12.4¢
SES-15 | 129.15° W.L. North America 14-14.5 10.7-11.7; Yes
11.7-12.2




Satellite Teleport Location FCC Call Sign
ASTRA4A Betzdorf, Luxembourg N/A
NSS-6 Brewster, WA E160015
NSS-12 Moscow, Russia N/A
SES-4 Manassas, VA E020071
SES-6 Betzdorf, Luxembourg N/A
SES-9 Adelaide, Australia N/A
SES-10 Somis, CA E170090
Adelaide, Australia N/A
SES-12 Perth, Australia N/A
Jakarta, Indonesia N/A
Dubai, UAE N/A
SES-14 Betzdorf, Luxembourg N/A
Bogota, Colombia N/A
Mt. Airy, MD E170197
SES-15 Somis, CA E160022
Brewster, WA E160015
Mt. Airy, Md E160021
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ANNEX 3: Satellite Company Letter

SES”

beyond frontiers

Philippe Secher
Senior Manager,
Spectrum Management & Development Americas

May 14, 2019

Federal Communications Commission
International Bureau

445 12th Street, NW

Washington, DC 20554

Subject: Statement of SES in Support of ESAA Application

To Whom It May Concern,

This letter supports the application of SES Americom, Inc. (“SES Americom”) for a blanket earth
station aboard aircraft ("ESAA”) license from the Federal Communications Commission (“FCC™) to
operate two types of aircraft-mounted satellite earth station terminals, the HRG6400 and the HR129,
pursuant to ITU RR 5.504A and Section 25.227 of the Commission’s rules. The ESAA temminals are
planned to be operated with a total of 10 satellites under the requested blanket license, as specified in
the table below. SES is filing this application pursuant to the FCC’s rules governing ESAA operations,
including Section 25.227.

Satellite Orbital Location
ASTRA4A 48° E.L
NSS-6 169.5° W.L.

[ NS§S12 57°E.L.
SES4 22.0° WL.
SES6 40.5° WL.

| SES-9 108.2° E.L.
SES-10 69.9° WL.
SES-12 95.0°E.L.
SES-14 47.5° WL.
SES-15 129.15° WL

SES cedifies that it has completed coordination as required under the FCC's rules and that the power
density levels of the proposed SES Americom operations are consistent with any existing satellite
coordination agreements to which SES is a party with adjacent satellite operations within +/- 6
degrees of the above-listed satellites’ orbital locations.

SES société anonyme Tel +352 710 7251 Company Register Mo B 81 287
Chéteau de Betzdorf Fax +352 710 7256 227 |dentification No. LU 18853352
L-6815 Betzdorf philippe. secher@ses.com

Luxembaourg WA, SES . CO M



SES"

beyond frontiers

If the FCC authorizes the operations as proposed, SES will include the power density levels in all
future satellite network coordination agreements with operators of satellites that are adjacent (within
+/- 6 degrees) to the satellites addressed by this statement.

SES société anonyme Tel. +352 710 725 1 Company Register No. B 81 267
Chateau de Betzdorf Fax +352 710 725 227 Identification No. LU18953352
L-6815 Betzdorf philippe secher@ses.com

Luxembourg www.ses.com



ANNEX 4: Satellite Specific Information

NSS-12

1. Coverage Maps

e

NSS-12 Central Asia Beam EIRP

c—

NSS-12 South Asia Beam EIRP

1




NSS-12 Middle East and Europe Beam EIRP



2. Link Budgets

HR6400 Forward Link

CAV03/CAH03+SC
Satellite & Carrier Characteristics

10-May-19

1. Satellite Characteristics

2. Carrier Parameters

—

erminal Characteristics
Transmitting Terminal Tx

(2]

la. Satellite Name NSS-12 2a. Data Rate (including "Overhead") [kbps] 70279.54
1b. Satellite Longitude [deg] 57 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) QPSK

1c. Uplink/Downlink Beam CAV/CAH 2c. Coding Type (Conv., ConwRS, TPC, LDPC) LDPC+BCH
1d. Transponder |d CAV03/CAH03+SC 2d. Inner Code Rate (FEC Rate/Code Rate) 0.83

le. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon) 0.94

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20

1g. UL Beam Polarization (V,H,L,R) VLP 2g. Required Eb/No Threshold [dB] 3.56

1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) 1.00E-10
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -83.00

4. Receiving Terminal Rx

3a. Location Name

Moscow / Russian Federation

4a. Location Name

3b. Terminal Id (Name/Number)

RUS-MSC-054 14125.0/1107!

4b. Terminal Id (Name/Number)

Ku_AeroSat HR6400_0m{

3c. Uplink Frequency [GHz]

14.16

4c. Downlink Frequency [GHz]

11.11

3d. Latitude [deg] 55.80 4d. Latitude [deg] 56.80
3e. Longitude [deg] 37.65 4e. Longitude [deg] 39.80
3f. Elevation Angle [deg] 24.31 4f. Elevation Angle [deg] 23.77
3g. Tx Dish Size [m] 9.00 4g. Rx Dish Size [m] 0.83
3h. Uplink Tx EIRP@ Tx [dBW] 77.18 4h. GIT of Rx [dB/K] 11.02
3i. Satellite Footprint G/T @ Tx [dB/K] 2.86 4i. Satellite Footprint EIRP @ Rx [dBW] 50.74
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -7.19 6a. Carrier Output Backoff at Transmitting Transponder [dB] 0.00
5b. Up Link Free Space Loss [dB] 207.32 6b. Down Link Free Space Loss [dB] 205.22
5c. C/No Uplink Total [dBHz] 99.30 6c. C/No Downlink Total [dBHz] 82.95
5d. C/(IMo Intermod + lo + X-Po) 96.77 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 93.72
7. Total (Uplink + Downlink + Intermod + Other Interference)
7a. C/No Overall [dBHz] 82.43 7c.Total Link Availability (end-to-end) [%)] 99.6168
7b. System Link Margin (including Rain Model) [dB] 1.50 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 5.16
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
8a. Required Bandwidth [%)] 100.00% 9a. Required Power Equivalent BW (PEB) [%] 100.00%
8b. Required Bandwidth [MHz] 54.0 9b. Required Power Equivalent BW (PEB) [MHz] 54.0




HR6400 Return Link

CAVO05/CAH05
Satellite & Carrier Characteristics
1. Satellite Characteristics

10-May-19

2. Carrier Parameters

Terminal Characteristics
Transmitting Terminal Tx

w

la. Satellite Name NSS-12 2a. Data Rate (including "Overhead") [kbps] 666.67
1b. Satellite Longitude [deg] 57 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) BPSK
1c. Uplink/Downlink Beam CAV/CAH 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) 2D16S
1d. Transponder Id CAVO05/CAH05 2d. Inner Code Rate (FEC Rate/Code Rate) 0.67
1e. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon)

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20
1g. UL Beam Polarization (V,H,L,R) VLP 2g. Required Eb/No Threshold [dB] 3.27
1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) N/A
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -80.94

4. Receiving Terminal Rx

3a. Location Name

4a. Location Name

Moscow / Russian Federg

3b. Terminal Id (Name/Number)

Ku_AeroSat_HR6400_0m83_

4b. Terminal Id (Name/Number)

RUS-MSC-054 14125.0/1]

3c. Uplink Frequency [GHz] 14.28 4c. Downlink Frequency [GHz] 11.48
3d. Latitude [deg] 56.80 4d. Latitude [deg] 55.80
3e. Longitude [deg] 39.80 4e. Longitude [deg] 37.65
3f. Elevation Angle [deg] 23.77 4f. Elevation Angle [deg] 24.31
3g. Tx Dish Size [m] 0.83 4g. Rx Dish Size [m] 9.00
3h. Uplink TXx EIRP@ Tx [dBW] 43.69 4h. GIT of Rx [dB/K] 36.83
3i. Satellite Footprint G/'T @ Tx [dB/K] 3.91 4i. Satellite Footprint EIRP @ Rx [dBW] 50.36
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] 3.38 6a. Carrier Output Backoff at Transmitting Transponder [dB] -31.39
5b. Up Link Free Space Loss [dB] 207.40 6b. Down Link Free Space Loss [dB] 205.50
5¢. C/No Uplink Total [dBHz] 68.01 6¢. C/No Downlink Total [dBHz] 70.10
5d. C/(IMo Intermod + lo + X-Po) 66.11 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 69.18
7. Total (Uplink + Downlink + Intermod + Other Interference)
7a. C/No Overall [dBHz] 62.51 7c.Total Link Availability (end-to-end) [%] 99.0040
7b. System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 4.27
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
8a. Required Bandwidth [%6] 4.44% 9a. Required Power Equivalent BW (PEB) [%)] 0.14%
8b. Required Bandwidth [MHz] 24 9b. Required Power Equivalent BW (PEB) [MHz] 0.1




HR129 Forward Link

CAVO03/CAH03+SC

Satellite & Carrier Characteristics
1. Satellite Characteristics

2. Carrier Parameters

Terminal Characteristics
. Transmitting Terminal Tx

w

4. Receiving Terminal Rx

la. Satellite Name NSS-12 2a. Data Rate (including "Overhead") [kbps] 50924.73
1b. Satellite Longitude [deg] 57 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) QPSK

1c. Uplink/Downlink Beam CAV/CAH 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) LDPC+BCH
1d. Transponder Id CAV03/CAH03+SC 2d. Inner Code Rate (FEC Rate/Code Rate) 0.60

le. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon) 0.94

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20

1g. UL Beam Polarization (V,H,L,R) VLP 29. Required Eb/No Threshold [dB] 1.96

1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) 1.00E-10
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -83.00

3a. Location Name

Moscow / Russian Federation|

4a. Location Name

3b. Terminal Id (Name/Number)

RUS-MSC-054 14125.0/1107!

4b. Terminal Id (Name/Number)

HR129_NSS-12_CA

3c. Uplink Frequency [GHz] 14.16 4c. Downlink Frequency [GHz] 11.11
3d. Latitude [deg] 55.80 4d. Latitude [deg] 56.80
3e. Longitude [deg] 37.65 4e. Longitude [deg] 39.80
3f. Elevation Angle [deg] 24.31 4f. Elevation Angle [deg] 23.77
3g. Tx Dish Size [m] 9.00 4g. Rx Dish Size [m] 0.29
3h. Uplink Tx EIRP@ Tx [dBW] 77.18 4h. GIT of Rx [dB/K] 10.95
3i. Satellite Footprint G/T @ Tx [dB/K] 2.86 4i. Satellite Footprint EIRP @ Rx [dBW] 50.74
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -7.19 6a. Carrier Output Backoff at Transmitting Transponder [dB] 0.00
5b. Up Link Free Space Loss [dB] 207.32 6b. Down Link Free Space Loss [dB] 205.22
5c. C/No Uplink Total [dBHz] 99.47 6c. C/No Downlink Total [dBHZ] 81.54
5d. C/(IMo Intermod + lo + X-Po) 96.93 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 83.05
7. Total (Uplink + Downlink + Intermod + Other Interference)
7a. C/No Overall [dBHz] 79.14 7c.Total Link Availability (end-to-end) [%)] 99.5302
7b. System Link Margin (including Rain Model) [dB] 1.50 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 3.56
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
8a. Required Bandwidth [%] 100.00% 9a. Required Power Equivalent BW (PEB) [%] 100.00%
8b. Required Bandwidth [MHz] 54.0 9b. Required Power Equivalent BW (PEB) [MHz] 54.0
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HR129 Return Li

nk

Satellite & Carrier Characteristics
. Satellite Characteristics

CAVO05/CAH05

10-May-19

2. Carrier Parameters

(2]

Terminal Characteristics

Transmitting Terminal Tx

la. Satellite Name NSS-12 2a. Data Rate (including "Overhead") [kbps] 666.67
1b. Satellite Longitude [deg] 57 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) BPSK
1c. Uplink/Downlink Beam CAV/CAH 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) 2D16S
1d. Transponder Id CAV05/CAHO5 2d. Inner Code Rate (FEC Rate/Code Rate) 0.67
le. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon)

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20
1g. UL Beam Polarization (V,H,L,R) VLP 2g. Required Eb/No Threshold [dB] 3.27
1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) N/A

1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -80.94

4. Receiving Terminal Rx

3a. Location Name

4a. Location Name

Moscow / Russian Federd

3b. Terminal Id (Name/Number) HR129_NSS-12_CA 4b. Terminal Id (Name/Number) RUS-MSC-054 14125.0/1]
3c. Uplink Frequency [GHz] 14.28 4c. Downlink Frequency [GHz] 11.48
3d. Latitude [deg] 56.80 4d. Latitude [deg] 55.80
3e. Longitude [deg] 39.80 4e. Longitude [deg] 37.65
3f. Elevation Angle [deg] 23.77 4f. Elevation Angle [deg] 24.31
3g. Tx Dish Size [m] 0.29 4g. Rx Dish Size [m] 9.00
3h. Uplink Tx EIRP@ Tx [dBW] 43.69 4h. GIT of Rx [dB/K] 36.82
3i. Satellite Footprint G/T @ Tx [dB/K] 3.91 4i. Satellite Footprint EIRP @ Rx [dBW] 50.36
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] 0.09 6a. Carrier Output Backoff at Transmitting Transponder [dB] -31.39
5b. Up Link Free Space Loss [dB] 207.40 6b. Down Link Free Space Loss [dB] 205.50
5c. C/No Uplink Total [dBHz] 68.01 6c. C/No Downlink Total [dBHz] 70.10
5d. C/(IMo Intermod + lo + X-Po) 66.11 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 69.18
7. Total (Uplink + Downlink + Intermod + Other Interference)
7a. C/No Overall [dBHz] 62.51 7c.Total Link Availability (end-to-end) [%)] 99.0022
7b. System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 4.27
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
8a. Required Bandwidth [%)] 4.44% 9a. Required Power Equivalent BW (PEB) [%)] 0.14%
8b. Required Bandwidth [MHz] 24 9b. Required Power Equivalent BW (PEB) [MHz] 0.1
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3. Orbital Debris Mitigation Statement for NSS-12 (SSI1300 Bus)

Spacecraft Hardware Design

New Skies Satellites B.V. (“SES”) has assessediantéd the amount of debris released in a
planned manner during normal operations of NSSN@ debris is generated during normal on-
station operations, and the spacecraft will bestalle configuration.

SES has also assessed and limited the probaHilihespace station becoming a source of
orbital debris by collisions with small debris oetaoroids that could cause loss of control and
prevent post-mission disposal. The design of SEf&secraft locates all sources of stored
energy within the body of the structure, which pdes protection from small orbital debris.
SES requires that spacecraft manufacturers assegsabability of micrometeorite damage that
can cause any loss of functionality. This probghi$ then factored into the ultimate spacecraft
probability of success. Any significant probalyildf damage would need to be mitigated in
order for the spacecraft design to meet SES’s reduarobability of success of the mission.
SES has taken the following steps to limit the @&ef such collisions: (1) critical spacecraft
components are located inside the protective bddysospacecraft and properly shielded; and
(2) all spacecraft subsystems have redundant coemp®ito ensure no single-point failures. The
spacecraft will not use any subsystems for endt@fisposal that are not used for normal
operations.

Minimizing Accidental Explosions

SES has assessed and limited the probability afl@ctal explosions during and after
completion of mission operations. As part of tladeBy Data Package submission for SES
spacecraft, an extensive analysis is completetidgpacecraft manufacturer, reviewing each
potential hazard relating to accidental explosioAsnatrix is generated indicating the worst-
case effect, the hazard cause, and the hazardatailable to minimize the severity and the
probability of occurrence. Each subsystem is a®alyfor potential hazards, and the Safety
Design Package is provided for each phase of thgram running from design phase,
qualification, manufacturing and operational phafsthe spacecraft. Also, the spacecraft
manufacturer generates a Failure Mode Effects aitit&lity Analysis for the spacecraft to
identify all potential mission failures. The riekaccidental explosion is included as part of this
analysis. This analysis indicates failure modessible causes, methods of detection, and
compensating features of the spacecraft design.

The design of the NSS-12 spacecratft is such tleatisk of explosion is minimized both during
and after mission operations. In designing anttimg the spacecraft, the manufacturer took
steps to ensure that debris generation will natltéom the conversion of energy sources on
board the satellite into energy that fragmentsstitellite. Burst tests are performed on all
pressure vessels during qualification testing toalestrate a margin of safety against burst.
Bipropellant mixing is prevented by the use of ealthat prevent backwards flow in propellant
and pressurization lines. All pressures, includimgse of the batteries, are monitored by

7



telemetry. At the end of operational life, aftee tsatellite has reached its final disposal odiit,
on-board sources of stored energy will be depleteskcured, excess propellant remaining in the
chemical propulsion tanks will be vented, excegsgurant remaining in the helium tanks will

be vented, and the batteries will be discharged.

Safe Flight Profiles

SES has assessed and limited the probability ofpilhee station becoming a source of debris by
collisions with large debris or other operatioradae stations. Specifically, SES has assessed
the possibility of collision with satellites locatat, or reasonably expected to be located at, the
requested orbital location or assigned in the wtigiof that location. Regarding avoidance of
collisions with controlled objects, in generalaifjeosynchronous satellite is controlled within its
specified longitude and latitude station-keepimgjti, collision with another controlled object
(excluding where the satellite is collocated witlotiner object) is the direct result of that object
entering the allocated space.

In considering current and planned satellites ey have a station-keeping volume that
overlaps that of the NSS-12 satellite, SES ha®veatd the FCC databases for FCC licensed
satellite networks and those that are currentlyeucdnsideration by the FCC. In addition,
networks for which a request for coordination hasrbpublished by the ITU near 57° E.L. have
also been reviewed. Only those networks that edperate, or are planned to operate, and have
an overlapping station-keeping volume with the NI¥Ssatellite, have been taken into account

in the analysis.

One other satellite is operating at the nominal BI° orbital location — ASTRA 1G operating at
57.2° E.L. ASTRA 1G is operated by SES, and SESdeaeloped a colocation strategy to
ensure the satellites can operate safely. The aoynig not aware of any other system with an
overlapping station-keeping volume with NSS-12 ikdhe subject of an ITU filing and that is
either in orbit or progressing towards launch. $f&3efore concludes that physical coordination
of NSS-12 with another operator is not requirethatpresent time.

SES uses the Space Data Center (“SDC”) systemtiierBpace Data Association to monitor the
risk of close approach of its satellites with otbbjects. Any close encounters (separation of
less than 10 km) are flagged and investigated irerdetail. If required, avoidance maneuvers
are performed to eliminate the possibility of cthins. During any relocation, the moving
spacecraft is maneuvered such that it is at léaktBaway from the synchronous radius at all
times. In most cases, much larger deviation froenstynchronous radius is used. In addition,
the SDC system is used to ensure no close encaacters during the move. When de-orbit of
a spacecraft is required, the initial phase igéekas a satellite move, and the same precautions
are used to ensure collision avoidance.



Post-Mission Disposal

Post-mission disposal of the satellite from operatl orbit will be accomplished by carrying out
maneuvers to a higher orbit. The fuel budget fevating the satellite to a disposal orbit is
included in the satellite design. SES plans toensar NSS-12 to a disposal orbit with a
minimum perigee of 283.5 km above the normal GS€rafonal orbit. This proposed disposal
orbit altitude results from application of the IAG@mula based on the following calculation:

Total Solar Pressure Area “A” = 100.0 m2
“M” = Dry Mass of Satellite = 2476 kg
“CR” = Solar Pressure Radiation Coefficient = 1.2

Therefore the Minimum Disposal Orbit Perigee Aldiéu

= 36,021 km + 1000 x CR x A/m

= 36,021 km + 1000 x 1.2 x 100.0/2476
= 36,069.5 km

= 283.5 km above GSO (35,786 km)

SES intends to reserve 10.84 kg of propellant depto account for post-mission disposal of
NSS-12. SES has assessed fuel-gauging uncertaittyaes provided an adequate margin of fuel
reserve to address the assessed uncertainty.



SES-9

1. Coverage Maps

SES-9 North East Beam EIRP
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SES-9 South Asia Beam EIRP
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SES-9 South East Asia Beam EIRP
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SES-9 West Indian Ocean Beam EIRP
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SES-9 Australia Beam EIRP
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2. Link Budgets

1 HR6400 Forward Link
SAV18/SAH18 10-May-19
Satellite & Carrier Characteristics
1. Satellite Characteristics 2. Carrier Parameters
la. Satellite Name SES-9 2a. Data Rate (including "Overhead") [kbps] 84823.19
1b. Satellite Longitude [deg] 108.3 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) 8PSK
1c. Uplink/Downlink Beam SAV/SAH 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) LDPC+BCH
1d. Transponder Id SAV18/SAH18 2d. Inner Code Rate (FEC Rate/Code Rate) 0.67
1le. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon) 0.94
1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20
1g. UL Beam Polarization (V,H,L,R) VLP 2g. Required Eb/No Threshold [dB] 4.65
1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) 1.00E-10
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -78.82
Terminal Characteristics
3. Transmitting Terminal Tx 4. Receiving Terminal Rx
3a. Location Name Gurgaon / India (Republic of) 4a. Location Name
3b. Terminal Id (Name/Number) IND-GUR-011 14125.0/11075| 4b. Terminal Id (Name/Number) Ku_AeroSat_HR6400_0m83_V_TxRx_SES-9-SA Test
3c. Uplink Frequency [GHz] 14.09 4c. Downlink Frequency [GHz] 12.34
3d. Latitude [deg] 28.38 4d. Latitude [deg] 22.97
3e. Longitude [deg] 76.90 4e. Longitude [deg] 74.55
3f. Elevation Angle [deg] 42.37 4f. Elevation Angle [deg] 43.76
3g. Tx Dish Size [m] 11.30 4g. Rx Dish Size [m] 0.83
3h. Uplink Tx EIRP@ Tx [dBW] 75.64 4h. GIT of Rx [dB/K] 13.09
3i. Satellite Footprint G/'T @ Tx [dB/K] 8.18 4i. Satelite Footprint EIRP @ Rx [dBW] 54.60
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -16.36 6a. Carrier Output Backoff at Transmitting Transponder [dB] 0.00
5b. Up Link Free Space Loss [dB] 206.93 6b. Down Link Free Space Loss [dB] 205.76
5c. C/No Uplink Total [dBHz] 102.11 6c. C/No Downlink Total [dBHz] 84.17
5d. C/(IMo Intermod + lo + X-Po) 97.37 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 87.88
7. Total (Uplink + Downlink + Intermod + Other Interference)
|7a. C/No Overall [dBHz] 82.53 7c.Total Link Availability (end-to-end) [%] 99.0214
|7b, System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 5.75
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
|sa, Required Bandwidth [%6] 100.00% |9a, Required Power Equivalent BW (PEB) [%)] 100.00%
|8b. Required Bandwidth [MHz] 54.0 |9b. Required Power Equivalent BW (PEB) [MHz] 54.0
Il HR6400 Return Llink
SAV20/SAH20 10-May-19
Satellite & Carrier Characteristics
1. Satellite Characteristics 2. Carrier Parameters
1a. Satelite Name SES-9 2a. Data Rate (including "Overhead") [kbps] 1000.00
1b. Satellite Longitude [deg] 108.3 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) BPSK
1c. Uplink/Downlink Beam SAV/SAH 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) 2D16S
1d. Transponder Id SAV20/SAH20 2d. Inner Code Rate (FEC Rate/Code Rate) 0.50
1e. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon)
1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20
1g. UL Beam Polarization (V,H,L,R) VLP 2g. Required Eb/No Threshold [dB] 1.91
1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) N/A
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] 78.22
Terminal Characteristics
3. Transmitting Terminal Tx 4. Receiving Terminal Rx
3a. Location Name 4a. Location Name Gurgaon / India (Republic of)
3b. Terminal Id (Name/Number) Ku_AeroSat_HR6400_0m83_H_TxRx _SES-9_SA 4b. Terminal Id (Name/Number) IND-GUR-011 14125.0/11075.0
3c. Uplink Frequency [GHz] 14.21 4c. Downlink Frequency [GHz] 12.46
3d. Latitude [deg] 20.80 4d. Latitude [deg] 28.38
3e. Longitude [deg] 75.80 4e. Longitude [deg] 76.90
3f. Elevation Angle [deg] 46.09 4f. Elevation Angle [deg] 42.37
3g. Tx Dish Size [m] 0.83 4g. Rx Dish Size [m] 11.30
3h. Uplink Tx EIRP@ Tx [dBW] 42.03 4h. GIT of Rx [dB/K] 39.49
3i. Satellite Footprint G/T @ Tx [dB/K] 7.46 4i. Satellite Footprint EIRP @ Rx [dBW] 55.81
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] 2.60 6a. Carrier Output Backoff at Transmitting Transponder [dB] -33.17
5b. Up Link Free Space Loss [dB] 206.94 6b. Down Link Free Space Loss [dB] 205.86
5c. C/No Uplink Total [dBHz] 68.62 6¢. C/No Downlink Total [dBHz] 66.59
5d. C/(IMo Intermod + lo + X-Po) 64.85 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 76.23
7. Total (Uplink + Downlink + Intermod + Other Interference)
[7a. C/No Overall [dBHz] 62.91 7c.Total Link Availability (end-to-end) [%] 99.0001
|7b. System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 2.91
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
|8a. Required Bandwidth [%6] 4.44% |9a. Required Power Equivalent BW (PEB) [%] 0.13%
|8b. Required Bandwidth [MHz] 24 |9b. Required Power Equivalent BW (PEB) [MHz] 0.1
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HR129 Forward Link

SAV18/SAH18

Satellite & Carrier Characteristics

10-May-19

1. Satellite Characteristics

2. Carrier Parameters

Terminal Characteristics

@

Transmitting Terminal Tx

la. Satellite Name SES-9 2a. Data Rate (including "Overhead") [kbps] 27698.90
1b. Satellite Longitude [deg] 108.3 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) QPSK

1c. Uplink/Downlink Beam SAV/SAH 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) LDPC+BCH
1d. Transponder Id SAV18/SAH18 2d. Inner Code Rate (FEC Rate/Code Rate) 0.33

1e. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon) 0.92

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20

1g. UL Beam Polarization (V,H,L,R) VLP 2g. Required Eb/No Threshold [dB] 1.41

1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) 1.00E-10
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -78.82

4. Receiving Terminal Rx

3a. Location Name

Gurgaon / India (Republic of)

4a. Location Name

3b. Terminal I1d (Name/Number)

IND-GUR-011 14125.0/11075]

4b. Terminal 1d (Name/Number)

HR129_SES-9_SA

3c. Uplink Frequency [GHz] 14.09 4c. Downlink Frequency [GHz] 12.34
3d. Latitude [deg] 28.38 4d. Latitude [deg] 20.50
3e. Longitude [deg] 76.90 4e. Longitude [deg] 75.80
3f. Elevation Angle [deg] 42.37 4f. Elevation Angle [deg] 46.24
3g. Tx Dish Size [m] 11.30 4g. Rx Dish Size [m] 0.29
3h. Uplink Tx EIRP@ Tx [dBW] 75.64 4h. GIT of Rx [dB/K] 12.48
3i. Satellite Footprint G/T @ Tx [dB/K] 8.18 4i. Satellite Footprint EIRP @ Rx [dBW] 54.89
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -16.36 6a. Carrier Output Backoff at Transmitting Transponder [dB] 0.00
5b. Up Link Free Space Loss [dB] 206.93 6b. Down Link Free Space Loss [dB] 205.71
5c. C/No Uplink Total [dBHz] 103.96 6¢. C/No Downlink Total [dBHz] 81.00
5d. C/(IMo Intermod + lo + X-Po) 99.08 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 77.59
7. Total (Uplink + Downlink + Intermod + Other Interference)
|7a. C/No Overall [dBHz] 75.94 7c.Total Link Availability (end-to-end) [%] 97.6529
|7b. System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 2.51
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
|8a. Required Bandwidth [%)] 100.00% |9a, Required Power Equivalent BW (PEB) [%] 100.00%
[8b. Required Bandwidith [MHz] 54.0 [9b. Required Power Equivalent BW (PEB) [MHz] 54.0

-

HR129 Return Link

SAV20/SAH20

Satellite & Carrier Characteristics

10-May-19

1. Satellite Characteristics

2. Carrier Parameters

Terminal Characteristics

w

. Transmitting Terminal Tx

la. Satellite Name SES-9 2a. Data Rate (including "Overhead") [kbps] 1000.00
1b. Satellite Longitude [deg] 108.3 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) BPSK
1c. Uplink/Downlink Beam SAV/SAH 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) 2D16S
1d. Transponder Id SAV20/SAH20 2d. Inner Code Rate (FEC Rate/Code Rate) 0.50
1e. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon)

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20
1g. UL Beam Polarization (V,H,L,R) VLP 2g. Required Eb/No Threshold [dB] 1.91
1h. DL Beam Polarization (V,H,L,R) HLP 2h. Bit Error Rate (BER) N/A

1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -78.22

4. Receiving Terminal Rx

3a. Location Name

4a. Location Name

Gurgaon / India (Republic]

3b. Terminal Id (Name/Number)

HR129_SES-9_SA

4b. Terminal I1d (Name/Number)

IND-GUR-011 14125.0/11

3c. Uplink Frequency [GHz] 14.21 4c. Downlink Frequency [GHz] 12.46
3d. Latitude [deg] 20.50 4d. Latitude [deg] 28.38
3e. Longitude [deg] 75.80 4e. Longitude [deg] 76.90
3f. Elevation Angle [deg] 46.24 4f. Elevation Angle [deg] 42.37
3g. Tx Dish Size [m] 0.29 4g. Rx Dish Size [m] 11.30
3h. Uplink Tx EIRP@ Tx [dBW] 40.84 4h. GIT of Rx [dB/K] 39.49
3i. Satellite Footprint G/'T @ Tx [dB/K] 7.58 4i. Satellite Footprint EIRP @ Rx [dBW] 55.81
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] 0.13 6a. Carrier Output Backoff at Transmitting Transponder [dB] -34.13
5b. Up Link Free Space Loss [dB] 206.94 6b. Down Link Free Space Loss [dB] 205.86
5c. C/No Uplink Total [dBHz] 68.61 6c. C/No Downlink Total [dBHz] 68.30
5d. C/(IMo Intermod + lo + X-Po) 64.85 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 75.38
7. Total (Uplink + Downlink + Intermod + Other Interference)
|7a. C/No Overall [dBHZ] 62.91 7c.Total Link Availability (end-to-end) [%] 99.0000
|7b. System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 291
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
|8a. Required Bandwidth [%] 4.44% |9a. Required Power Equivalent BW (PEB) [%] 0.10%
|8b. Required Bandwidth [MHz] 2.4 |9b. Required Power Equivalent BW (PEB) [MHz] 0.1
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3. Orbital Debris Mitigation Statement for SES-9 (BSS702HP Bus)

Spacecraft Hardware Design

SES Satellites (Gibraltar) Limited (“SES”) has ass&l and limited the amount of debris
released in a planned manner during normal op&d SES-9. No debris is generated during
normal on-station operations, and the spacecr#ifbwin a stable configuration.

SES has also assessed and limited the probaHilihespace station becoming a source of
orbital debris by collisions with small debris oetaoroids that could cause loss of control and
prevent post-mission disposal. The design of SE®'ent spacecraft locates all sources of
stored energy within the body of the structure,clitprovides protection from small orbital
debris. SES requires that spacecraft manufactassess the probability of micrometeorite
damage that can cause any loss of functionalityis probability is then factored into the
ultimate spacecraft probability of success. Amyngicant probability of damage would need to
be mitigated in order for the spacecraft desigméet SES’s required probability of success of
the mission. SES has taken the following stepisrtio the effects of such collisions: (1) critical
spacecraft components are located inside the pregdaody of the spacecraft and properly
shielded; and (2) all spacecraft subsystems haltehdant components to ensure no single-point
failures. The spacecraft will not use any subsystéor end-of-life disposal that are not used for
normal operations.

Minimizing Accidental Explosions

SES has assessed and limited the probability afl@ctal explosions during and after
completion of mission operations. As part of tladeBy Package, an extensive analysis is
completed by the spacecraft manufacturer, reviewaah potential hazard relating to accidental
explosions and analyzing each subsystem for paldmrzards. Also, the spacecraft
manufacturer generates a Failure Mode Effects aitt&lity Analysis for the spacecraft to
identify all potential mission failures. The riekaccidental explosion is included as part of this
analysis. This analysis indicates failure modessible causes, methods of detection, and
compensating features of the spacecraft design.

The design of the SES-9 spacecraft is such thaigkef explosion is minimized both during
and after mission operations. In designing anttimg the spacecraft, the manufacturer took
steps to ensure that debris generation will natltéom the conversion of energy sources on
board the satellite into energy that fragmentsstitellite. For stationkeeping and momentum
control SES-9 uses a Xenon lon Propulsion Systelia$Xwith a single xenon inert gas.
Because xenon is inert it requires less end othfie than chemical propellant fuels. All
propulsion subsystem pressure vessels, which highetargins of safety at launch, have even
higher margins in orbit, since use of xenon dutnagsfer orbit decreases the propulsion system
pressure. Burst tests were performed on all pressssels during qualification testing to
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demonstrate a margin of safety against burst. Bmex tank has a specified proof pressure of
4375 psia and burst pressure of 5250 psia althqugtification testing has been demonstrated
up to 7800 psia, well above the specified burssguee. In addition, the xenon tank is designed
to leak before burst. On-orbit, all pressuresiuding those of the batteries, are monitored by
telemetry.

At the end of operational life, after the satelhtes reached its final disposal orbit, all on-board
sources of stored energy will be depleted or seguhe batteries will be discharged, and the
xenon propellant will be vented per the Satellitendfacturer’s procedure and guidelines to a
value below 5% of the tank rated proof pressur3ib psia. For the maximum xenon loading
of 320 kg, the projected pressure and mass ofuakkkenon that could remain in the tank at
mission end of life is as follows, well below theesified proof and burst pressures:

Tank Volume | Pressure | Temp. Xenon mass
[ [psia] [deg C] | [ka]

Xenon ~69 ~50 ~35 1.2

Xenon ~69 ~50 ~35 1.2

Safe Flight Profiles

SES has assessed and limited the probability ofpilhee station becoming a source of debris by
collisions with large debris or other operatiorn@hce stations. Specifically, SES has assessed
the possibility of collision with satellites locatat, or reasonably expected to be located at, the
nominal 108.3° E.L. orbital location. Regarding@ance of collisions with controlled objects,
in general, if a geosynchronous satellite is cdletovithin its specified longitude and latitude
station-keeping limits, collision with another caniled object (excluding where the satellite is
collocated with another object) is the direct reséithat object entering the allocated space.

In considering current and planned satellites ey have a station-keeping volume that
overlaps the SES-9 satellite, SES has reviewe8@@ databases for FCC licensed satellite
networks and those that are currently under corstide by the FCC. In addition, networks for
which a request for coordination has been publidheithe ITU near 108.3° E.L. have also been
reviewed. Only those networks that either ope@t@re planned to operate, and have an
overlapping station-keeping volume with the SE&#@Mite, have been taken into account in the
analysis.

Based on these reviews, there are two satelliees@erating at the nominal 108° E.L. location —
SES-7 at 108.25° E.L. with an east-west statiorpkeebox of +/- 0.05 degrees and Telkom 4
operating at 108.0° E.L. SES-7 is controlled apdrated by SES, and SES has developed a
colocation strategy to ensure the satellites camatp safely. Telkom 4 is operating with
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sufficient separation that its stationkeeping bak mot overlap with that of SES-9. There are no
other pending applications before the Commissigunesting authorization to use an orbital
location within £0.05° of 108.3° E.L., and withini$ sub-arc, there are no ITU networks within
the station-keeping volume of SES-9 other thandtsadbmitted on behalf of SES. Based on the
preceding, it is concluded that physical coordmatf the SES-9 satellite with another party is
not required at the present time.

SES uses the Space Data Center (“SDC”) systemtfierBpace Data Association to monitor the
risk of close approach of its satellites with otbbjects. Any close encounters (separation of
less than 10 km) are flagged and investigated irerdetail. If required, avoidance maneuvers
are performed to eliminate the possibility of cathns. During any relocation, the moving
spacecraft is maneuvered such that it is at léakhBaway from the synchronous radius at all
times. In most cases, much larger deviation frioenstynchronous radius is used. In addition,
the SDC system is used to ensure no close encawcters during the move. When de-orbit of
a spacecraft is required, the initial phase igéckas a satellite move, and the same precautions
are used to ensure collision avoidance.

Post Mission Disposal Plan

Post-mission disposal of the satellite from operatl orbit will be accomplished by carrying out
maneuvers to a higher orbit. The fuel budget fevating the satellite to a disposal orbit is
included in the satellite design. SES plans toenaar SES-9 to a disposal orbit with a
minimum perigee of 278.9 km above the normal GS&afponal orbit. This proposed disposal
orbit altitude results from application of the IADG@mula based on the following calculation:

Total Solar Pressure Area “A” = 103.8 m2
“M” = Dry Mass of Satellite = 2840 kg
“CR” = Solar Pressure Radiation Coefficient = 1.2

Therefore the Minimum Disposal Orbit Perigee Aldiéu

36,021 km + 1000 x CR x A/Im
36,021 km + 1000 x 1.2 x 103.8/2840
36,064.9 km

278.9 km above GSO (35,786 km)

SES intends to reserve 1.20 kg of xenon propeitaatder to account for post-mission disposal
of SES-9. SES has assessed fuel-gauging uncgréaidthas provided an adequate margin of
fuel reserve to address the assessed uncertainty.
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SES-12

1. Coverage Maps

SES-12 West Central Asia Beam EIRP
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SES-12 North East EIRP
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SES-12 South Asia Beam EIRP
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SES-12 Indo China Beam EIRP
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12 South East Asia Beam EIRP

SES-

SES-12 Australia Beam EIRP
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SES-12 HTS Spot Beam Composite Coverage
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2. Link Budgets

HR6400 Forward Link

SEH-J22/SEV-J22
Satellite & Carrier Characteristics

30-Apr-19

1. Satellite Characteristics

2. Carrier Parameters

Terminal Characteristics

w

. Transmitting Terminal Tx

la. Satellite Name SES-12 2a. Data Rate (including "Overhead") [kbps] 84823.19
1b. Satellite Longitude [deg] 95 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) 8PSK

1c. Uplink/Downlink Beam SEH/SEV 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) LDPC+BCH
1d. Transponder Id SEH-J22/SEV-J22 2d. Inner Code Rate (FEC Rate/Code Rate) 0.67

1e. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon) 0.94

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20

1g. UL Beam Polarization (V,H,L,R) HLP 2g. Required Eb/No Threshold [dB] 4.65

1h. DL Beam Polarization (V,H,L,R) VLP 2h. Bit Error Rate (BER) 1.00E-10
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -82.64

4. Receiving Terminal Rx

3a. Location Name

Jakarta / Indonesia (Republic!

4a. Location Name

/

3b. Terminal Id (Name/Number)

IND-JKT-001

4b. Terminal Id (Name/Number)

Ku_AeroSat_HR6400_0m83_V_TxRx_SES12_SE

3c. Uplink Frequency [GHz] 13.84 4c. Downlink Frequency [GHz] 12.60
3d. Latitude [deg] -6.17 4d. Latitude [deg] -6.26
3e. Longitude [deg] 106.83 4e. Longitude [deg] 106.29
3f. Elevation Angle [deg] 74.36 4f. Elevation Angle [deg] 74.87
3g. Tx Dish Size [m] 9.00 4g. Rx Dish Size [m] 0.83
3h. Uplink Tx EIRP@ Tx [dBW] 71.30 4h. GIT of Rx [dB/K] 13.22
3i. Satellite Footprint G/T @ Tx [dB/K] 8.40 4i. Satellite Footprint EIRP @ Rx [dBW] 53.49
Link Budgets (including Rain statistics)
5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -11.11 6a. Carrier Output Backoff at Transmitting Transponder [dB] 0.00
5b. Up Link Free Space Loss [dB] 206.39 6b. Down Link Free Space Loss [dB] 205.57
5c. C/No Uplink Total [dBHz] 98.72 6¢. C/No Downlink Total [dBHz] 84.59
5d. C/(IMo Intermod + lo + X-Po) 100.18 6d. C/(IMo Intermod + Io + X-Po) Downlink [dBHz] 88.97
7. Total (Uplink + Downlink + Intermod + Other Interference)
[7a. CINo Overall [dBHZ] 83.13 7¢.Total Link Availability (end-to-end) [%] 99,0167
|7b, System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 5.75
8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
|8a, Required Bandwidth [%] 100.00% |9a‘ Required Power Equivalent BW (PEB) [%] 100.00%
[8b. Required Bandwidth [MHz] 54.0 |9b. Required Power Equivalent BW (PEB) [MHz] 54.0

HR6400 Return Link

SEH-D21/SEV-D21

Satellite & Carrier Characteristics

30-Apr-19

1. Satellite Characteristics

2. Carrier Parameters

Terminal Characteristics

1a. Satellite Name SES-12 2a. Data Rate (including "Overhead") [kbps] 666.67
1b. Sateliite Longitude [deg] 95 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) BPSK
1c. Uplink/Downlink Beam SEH/SEV 2c. Coding Type (Conv., Conwv+RS, TPC, LDPC) 2D16S
1d. Transponder Id SEH-D21/SEV-D21 2d. Inner Code Rate (FEC Rate/Code Rate) 0.67
1e. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon)

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20
1g. UL Beam Polarization (V,H,L,R) HLP 29. Required Eb/No Threshold [dB] 3.27
1h. DL Beam Polarization (V,H,L,R) VLP 2h. Bit Error Rate (BER) NA
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -82.57

3. Transmitting Terminal Tx 4. Receiving Terminal Rx
3a. Location Name ! 4a. Location Name Jakarta / Indonesia (Republic
3b. Terminal Id (Name/Number) Ku_AeroSat_HR6400_0m83_H_TxRx_SES12_SE 4b. Terminal Id (Name/Number) IND-JKT-001
3c. Uplink Frequency [GHz] 14.28 4c. Downlink Frequency [GHz] 11.48
3d. Latitude [deg] -7.10 4d. Latitude [deg] -6.17
3e. Longitude [deg] 107.12 4e. Longitude [deg] 106.83
3f. Elevation Angle [deg] 73.54 4f. Elevation Angle [deg] 74.36
3g. Tx Dish Size [m] 0.83 4g. Rx Dish Size [m] 9.00
3h. Uplink Tx EIRP@ Tx [dBW] 36.65 4h. G/T of Rx[dB/K] 36.83
3i. Satellite Footprint G/IT @ Tx [dB/K] 8.09 4i. Sateliite Footprint EIRP @ Rx [dBW] 53.90

Link Budgets (including Rain statistics)

5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -2.78 6a. Carrier Output Backoff at Transmitting Transponder [dB] -33.56
5b. Up Link Free Space Loss [dB] 206.67 6b. Down Link Free Space Loss [dB] 204.77
5¢. C/No Uplink Total [dBHz] 65.32 6¢. C/No Downlink Total [dBHz] 68.24
5d. C/(IMo Intermod + lo + X-Po) 90.36 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 67.18

7. Total (Uplink + Downlink + Intermod + Other Interference)
|7a. C/No Overall [dBHz] 62.51 7c.Total Link Availability (end-to-end) [%] 99.0000
|7b‘ System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 4.27

8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
[8a. Required Bandwidth [%] 4.44% [9a. Required Power Equivalent BW (PEB) [%] 0.09%
[8b. Required Bandwidth [MHz] 2.4 [9b. Required Power Equivalent BW (PEB) [MHz] 0.0
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HR129 Forward Link

SEH-J22/SEV-J22

Satellite & Carrier Characteristics

1. Satellite Characteristics

30-Apr-19

2. Carrier Parameters

Terminal Characteristics
. Transmitting Terminal Tx

[

4. Receiving Terminal Rx

la. Satellite Name SES-12 2a. Data Rate (including "Overhead") [kbps] 27698.90
1b. Satellite Longitude [deg] 95 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) QPSK

1c. Uplink/Downlink Beam SEH/SEV 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) LDPC+BCH
1d. Transponder Id SEH-J22/SEV-J22 2d. Inner Code Rate (FEC Rate/Code Rate) 0.33

1le. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon) 0.92

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20

1g. UL Beam Polarization (V,H,L,R) HLP 2g. Required Eb/No Threshold [dB] 1.41

1h. DL Beam Polarization (V,H,L,R) VLP 2h. Bit Error Rate (BER) 1.00E-10
1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -82.64

3a. Location Name

Jakarta / Indonesia (Republic of)

4a. Location Name

/

Link Budgets (including Rain statistics)

3b. Terminal Id (Name/Number) IND-JKT-001 4b. Terminal Id (Name/Number) HR129_SES12_SE
3c. Uplink Frequency [GHz] 13.84 4c. Downlink Frequency [GHz] 12.60

3d. Latitude [deg] -6.17 4d. Latitude [deg] -6.26

3e. Longitude [deg] 106.83 4e. Longitude [deg] 105.87

3f. Elevation Angle [deg] 74.36 4f. Elevation Angle [deg] 75.29

3g. Tx Dish Size [m] 9.00 4g. Rx Dish Size [m] 0.29

3h. Uplink Tx EIRP@ Tx [dBW] 71.30 4h. GIT of R [dB/K] 12.82

3i. Satellite Footprint G/T @ Tx [dB/K] 8.40 4i. Satellite Footprint EIRP @ Rx [dBW] 53.34

5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -11.11 6a. Carrier Output Backoff at Transmitting Transponder [dB] 0.00
5b. Up Link Free Space Loss [dB] 206.39 6b. Down Link Free Space Loss [dB] 205.57
5c. C/No Uplink Total [dBHz] 100.62 6c. C/No Downlink Total [dBHz] 81.67
5d. C/(IMo Intermod + lo + X-Po) 101.81 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 77.31

7. Total (Uplink + Downlink + Intermod + Other Interference)
|7a. C/No Overall [dBHz] 75.93 7c.Total Link Availability (end-to-end) [%] 94.8691
|7b. System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 2.51

8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
|Ba. Required Bandwidth [%)] 100.00% |Qa, Required Power Equivalent BW (PEB) [%] 100.00%
|8b. Required Bandwidth [MHz] 54.0 |9b. Required Power Equivalent BW (PEB) [MHz] 54.0

[ HR129 Return Link

SEH-D21/SEV-D21 30-Apr-19

Satellite & Carrier Characteristics

1. Satellite Characteristics

2. Carrier Parameters

Terminal Characteristics

la. Satellite Name SES-12 2a. Data Rate (including "Overhead") [kbps] 666.67
1b. Satellite Longitude [deg] 95 2b. Modulation Scheme (BPSK, QPSK, 8PSK ... others) BPSK
1c. Uplink/Downlink Beam SEH/SEV 2c. Coding Type (Conv., Conv+RS, TPC, LDPC) 2D16S
1d. Transponder Id SEH-D21/SEV-D21 2d. Inner Code Rate (FEC Rate/Code Rate) 0.67
le. Type of Band (C,Ku,C/Ku,Ku/C,X) Ku 2e. Outer Code Rate (e.g. Reed/Solomon)

1f. Xpdr Total Bandwidth [MHz] 54.00 2f. Rolloff Factor/Spacing Factor 0.20
1g. UL Beam Polarization (V,H,L,R) HLP 2g. Required Eb/No Threshold [dB] 3.27
1h. DL Beam Polarization (V,H,L,R) VLP 2h. Bit Error Rate (BER) NA

1i. Xpdr SFD (@ 0 dbi/K G/T) [dBW/m2] -82.57

3. Transmitting Terminal Tx 4. Receiving Terminal Rx
3a. Location Name / 4a. Location Name Jakarta / Indonesia (Republic of)
3b. Terminal Id (Name/Number) HR129_SES12_SE 4b. Terminal Id (Name/Number) IND-JKT-001
3c. Uplink Frequency [GHz] 14.28 4c. Downlink Frequency [GHz] 11.48
3d. Latitude [deg] -6.26 4d. Latitude [deg] -6.17
3e. Longitude [deg] 105.87 4e. Longitude [deg] 106.83
3f. Elevation Angle [deg] 75.29 4f. Elevation Angle [deg] 74.36
3g. Tx Dish Size [m] 0.29 4g. Rx Dish Size [m] 9.00
3h. Uplink Tx EIRP@ Tx [dBW] 36.59 4h. GIT of Rx [dB/K] 36.83
3i. Satellite Footprint G/T @ Tx [dB/K] 8.09 4i. Satellite Footprint EIRP @ Rx [dBW] 53.90

Link Budgets (including Rain statistics)

5. Uplink & Intermod 6. Downlink & Intermod
5.a. Carrier Output Backoff at Tx Earth Station [dB] -4.17 6a. Carrier Output Backoff at Transmitting Transponder [dB] -33.60
5b. Up Link Free Space Loss [dB] 206.66 6b. Down Link Free Space Loss [dB] 204.77
5c. C/No Uplink Total [dBHZz] 65.32 6c. C/No Downlink Total [dBHz] 68.35
5d. C/(IMo Intermod + lo + X-Po) 90.39 6d. C/(IMo Intermod + lo + X-Po) Downlink [dBHz] 67.15

7. Total (Uplink + Downlink + Intermod + Other Interference)
|7a. C/No Overall [dBHZ] 62.51 7c.Total Link Availability (end-to-end) [%] 99.0001
|7b, System Link Margin (including Rain Model) [dB] 1.00 7d. Required Thresh. Eb/No + Sys. Link Margin [dB] 4.27

8. Transponder Bandwidth Utilization 9. Transponder Power Bandwidth Utilization
[8a. Required Bandwidth [%] 4.44% [9a. Required Power Equivalent BW (PEB) [%] 0.09%
|8b. Required Bandwidth [MHz] 2.4 |9b. Required Power Equivalent BW (PEB) [MHz] 0.0
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3. Orbital Debris Mitigation Statement for SES-12 (Airbus E3000 Bus)

Spacecraft Hardware Design

SES has assessed and limited the amount of dahtigvill be released in a planned manner
during normal operations of SES-12. No debrisisagated during normal on-station
operations, and the spacecraft will be in a stabidiguration.

SES has also assessed and limited the probaHilihespace station becoming a source of
orbital debris by collisions with small debris oetaoroids that could cause loss of control and
prevent post-mission disposal. The design of SEf&&ecraft locates all sources of stored
energy within the body of the structure, which pdes protection from small orbital debris.
SES requires that spacecraft manufacturers assegsabability of micrometeorite damage that
can cause any loss of functionality. This probgbit then factored into the ultimate spacecraft
probability of success. Any significant probalyildf damage would need to be mitigated in
order for the spacecraft design to meet SES’s reduarobability of success of the mission.
SES has taken the following steps to limit the @&ef such collisions: (1) critical spacecraft
components are located inside the protective bddysospacecraft and properly shielded; and
(2) all spacecraft subsystems have redundant coemp®ito ensure no single-point failures. The
spacecraft will not use any subsystems for endf@fdisposal that are not used for normal
operations.

Minimizing Accidental Explosions.

SES has assessed and limited the probability afl@ctal explosions during and after
completion of mission operations. As part of tladeBy Data Package submission for SES
spacecraft, an extensive analysis is completetidgpacecraft manufacturer, reviewing each
potential hazard relating to accidental explosioAsnatrix is generated indicating the worst-
case effect, the hazard cause, and the hazardtatailable to minimize the severity and the
probability of occurrence. Each subsystem is aalyfor potential hazards, and the Safety
Design Package is provided for each phase of thgrgm running from design phase,
gualification, manufacturing and operational phafstne spacecraft. Also, the spacecraft
manufacturer generates a Failure Mode Effects and&ity Analysis for the spacecraft to
identify all potential mission failures. The riekaccidental explosion is included as part of this
analysis. This analysis indicates failure modessible causes, methods of detection, and
compensating features of the spacecraft design.

The design of the SES-12 spacecraft is such tleatishk of explosion is minimized both during
and after mission operations. In designing anttimg the spacecraft, the manufacturer took
steps to ensure that debris generation will natltéom the conversion of energy sources on
board the satellite into energy that fragmentsstitellite. Burst tests are performed on all
pressure vessels during qualification testing toalestrate a margin of safety against burst.
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Bipropellant mixing is prevented by the use of ealthat prevent backwards flow in propellant
and pressurization lines. All pressures, includimgse of the batteries, will be monitored by
telemetry. At the end of operational life, aftee tsatellite has reached its final disposal osllit,
on-board sources of stored energy will be depleteskcured, excess propellant remaining in the
chemical propulsion tanks will be vented, excegsgurant remaining in the helium tanks will

be vented, and the batteries will be discharged.

Safe Flight Profiles.

SES has assessed and limited the probability afpphee station becoming a source of debris by
collisions with large debris or other operatiorn@hce stations. Specifically, SES has assessed
the possibility of collision with satellites locatat, or reasonably expected to be located at,

95° E.L. Regarding avoidance of collisions witmtolled objects, in general, if a
geosynchronous satellite is controlled within pedfied longitude and latitude station-keeping
limits, collision with another controlled objectx@uding where the satellite is collocated with
another object) is the direct result of that obgttiering the allocated space.

In considering current and planned satellites ey have a station-keeping volume that
overlaps the SES-12 satellite, SES has reviewe8@t database for FCC licensed satellite
networks and those that are currently under coraide by the FCC. In addition, networks for
which a request for coordination has been publidheithe ITU within +0.15 degrees of 95° E.L.
have also been reviewed. Only those networkseitia¢r operate, or are planned to operate, and
have an overlapping station-keeping volume withSE&-12 satellite, have been taken into
account in the analysis.

Based on these reviews, the only satellite opegatominally at 95° E.L. is SES-8. This
satellite is also controlled and operated by SBE8,2ES has developed a colocation strategy to
ensure the satellites can operate safely. Lucbf@rated by Roscosmos and Skynet 5A
operated by Paradigm Secure Communications Ltd@eeating near the nominal 95° E.L. at
94.7° E.L+/- 0.1° and 95.25°E.L.+/- 0.1° respediiyavith sufficient separation that neither
satellite’s stationkeeping box will overlap withattof SES-12. There are no pending
applications before the Commission requesting aighion to use an orbital location within
+0.15° of 95° E.L. Furthermore, SES is not awdrany other system with an overlapping
station-keeping volume with SES-12 that is eitimeoribit or progressing towards launch. Based
on the preceding, it is concluded that physicardm@tion of the SES-12 satellite with another
party is not required at the present time.

SES uses the Space Data Center (“SDC”) systemtfierSpace Data Association to monitor the
risk of close approach of its satellites with otbbjects. Any close encounters (separation of
less than 10 km) are flagged and investigated irerdetail. If required, avoidance maneuvers
are performed to eliminate the possibility of cthins. During any relocation, the moving
spacecraft is maneuvered such that it is at léakhBaway from the synchronous radius at all
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times. In most cases, much larger deviation froenstynchronous radius is used. In addition,
the SDC system is used to ensure no close encaactters during the move. When de-orbit of
a spacecraft is required, the initial phase igégkas a satellite move, and the same precautions
are used to ensure collision avoidance.

Post-Mission Disposal

Post-mission disposal of the satellite from operatl orbit will be accomplished by carrying out
maneuvers to a higher orbit. The upper stage errgimains part of the satellite, and there is no
re-entry phase for either component. The fuel btifty elevating the satellite to a disposal orbit
is included in the satellite design. SES plansémeuver SES-12 to a disposal orbit with a
minimum perigee of 264 km above the normal GSOatjmral orbit. This proposed disposal
orbit altitude results from application of the IAG@mula based on the following calculation:

Total Solar Pressure Area “A” =121.0 m2
“M” = Dry Mass of Satellite = 4178.0 kg
“CR” = Solar Pressure Radiation Coefficient = 1.00

Therefore the Minimum Disposal Orbit Perigee Aldiéu

36,021 km + 1000 x CR X A/ m

36,021 km + 1000 x 1.00 x 121.0/4178.0
36,050 km

264 km above GSO (35,786 km)

SES intends to reserve 15.5 kg of propellant ireptd account for post-mission disposal of
SES-12. SES has assessed fuel-gauging uncerdaidtlyas provided an adequate margin of fuel
reserve to address the assessed uncertainty.
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ANNEX 5: Technical Description

This Technical Description provides an overvievit@f operational characteristics of SES’s
proposed Ku-band earth stations onboard aircrEfSAA”) network. The SES ESAA network
will consist of three elements: (i) ESAA termindi§) space stations, and (iii) ground terminals.
Technical and operational information regardingheaicthese elements demonstrating
compliance with the Commission’s rules (exceptiméxtent waivers have been requested) is
provided below and in associated attachments. ditiad, the table in Annex 1 identifies which
application section(s) address compliance withviddial rule provisions.

1. ESAA Terminals

The SES ESAA network will use the Astronics Aerd3Ri6400 and HR129 antennas, both of
which have been previously authorized by the Comsimisand were specifically designed for
the aeronautical environment. Subject aircraft bdlinstalled with either the HR6400 or HR129
terminal for operations in U.S. and internatioriedjzace.

The ESAA terminal operations will be managed bgraninal controller containing a modem
with a DVB-S2 demodulator and deterministic timeigion multiple access (“D-TDMA”)
modulator. Each terminal uses aircraft attitudedag., yaw, roll, pitch, yaw rate, roll rate, pitch
rate, and heading vector), together with locatidorimation (latitude, longitude, and altitude) to
calculate the command vectors. The attitude andiposlata are provided to the antenna by an
inertial reference unit and are used in conjunctith the satellite coordinates to yield
continuously updated steering commands for thenaatelevation, azimuth, and polarization.
The terminal controller can inhibit transmissiossagfunction of location and skew angle,
control the terminals’ transmit power using predefl carrier tables and EIRP density maps, and
select the serving satellite based on terminaltiocausing preloaded maps to determine when
to change satellites or beams as the aircraftisavee map-based technology also allows SES
to adjust operating parameters and if necessasede8AA transmissions based on location in
order to comply with coordinated levels, protettestservices operating in the Ku-band, and
satisfy other applicable regulatory limitationshelterminal controller also utilizes modem
power control, cable loss calibration and outpuv@omeasurement, allowing the system to
monitor the system’s precise output EIRP densiteal time. Numerous additional functions
serve to monitor pointing accuracy at a periodienval faster than 50 milliseconds. This
monitoring tracks both the system’s operating enpeland potential fault elements. The EIRP
density operating envelope is monitored at a pmiofected into the future by approximately
100 millisecondsallowing for nearly instantaneous power adjustmentcomplete shutdown of
transmission. Power control is implemented viagh&gnna control and modem unit and a
discrete line to the high/low power transceiveimeiating latency and enabling complete
shutdown of transmission. In all out-of-bounds sas@ay fault will result in direct inhibition of
transmission through shutdown of the output powepldier.



1.1. Astronics Aerosat HR6400

The HR6400 terminal is configured for installatimm an aircraft’s fuselage. As described in the
legal narrative, SES is seeking authority to oetia¢ HR6400 terminal with satellites on the
Commission’s Permitted List pursuant to Sectior223(a)(1) as well as with specified satellites
using coordinated power levels pursuant to Se@mwA27(a)(2). The Commission has
previously approved the HR6400 terminal for bottegaries of operation'sand the technical
parameters of the terminal are therefore alreadjl®with the CommissioA.SES’s operations
under Section 25.227(a)(1) will use off-axis EIRfectral density (‘ESD”) levels that comply
with the applicable ESD masks in Section 25.227§&)(of the Commission’s rules designed to
protect co-frequency operations from harmful ireezhce. Operations under

Section 25.227(a)(2) will meet the limits in applite coordination agreements with neighboring
satellites.

1.2. Astronics Aerosat HR129

The HR129 terminal is configured for installatiom @n aircraft’s tail. As described in the legal
narrative, SES is seeking authority to operatedHR&29 terminal with satellites on the
Commission’s Permitted List pursuant to Sectior22%(a)(1) as well as with specified satellites
using coordinated power levels pursuant to Se@mwA27(a)(2). The Commission has
previously approved the HR129 terminal for botregaties of operationsand the technical
parameters of the terminal are therefore alread§jl®mwith the Commissiod.SES’s operations
under Section 25.227(a)(1) will use ESD levels tmahply with the applicable ESD masks in
Section 25.227(a)(1)(i) of the Commission’s rulesigned to protect co-frequency operations
from harmful interference. Operations under Sec#br227(a)(2) will meet the limits in the
applicable coordination agreements with neighbosiaigllites.

1.3. Automatic Cessation of Emissions

The terminals will not transmit until the appropei@utbound signal from the satellite is received
and will cease transmission immediately in ceriagtances to avoid causing interference.
Specifically, both terminals are self-monitoringlamill automatically cease or reduce emissions

1 SeeAstronics AeroSat Corp., Call Sign E140087, File No. SES-MFS-20170319-00302,
granted June 19, 2017 (“Astronics ESAA License8gtn D.

2 See Astronics AeroSat Corp., Call Sign E140087, File No. SES-LIC-20140902-00688,
Technical Annex at 3, 8-14, and Annex B (descriihmgHR6400 terminal’s technical
characteristics and providing antenna performaiata)d

3 See Astronics ESAA License, Section D.

4 See Astronics AeroSat Corp., Call Sign E140087, File No. SES-MFS-20161003-00823,
Technical Appendix at 1-3 and Section Il (deserghthe HR129 terminal’s technical
characteristics and providing antenna performaiata)d
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within 100 milliseconds if the authorized off-a&$RP density specifications are exceeded. For
operations under Section 25.227(a)(1), the aut@ncaBsation or reduction will be triggered if
the off-axis EIRP density exceeds the masks s#t forthe rule. For operations under

Section 25.227(a)(2), the automatic cessationauaton will be triggered if the off-axis EIRP
density exceeds the levels required to conforrhéacbordination agreements with adjacent
satellites. In either case, the terminal will nedume transmission until the condition that caused
the off-axis EIRP density limit to be exceededasrected.

The system design also ensures that aggregate plewsity from simultaneously transmitting
terminals will not cause the applicable limits todxceeded. The hub manages the frequency
and timeslot assignments and ensures that no assige are duplicated among the terminals.
Timeslots and carriers are uniquely assigned, amgtitat only a single terminal can transmit in
an assigned return link timeslot at a time.(there is no aggregation). Terminals transmit a
single carrier in each assigned return link tino¢, nd the hub adjusts the timeslot assignments
as user demand varies. Finally, any event thattsssuthe loss of modem lock to the DVB-S2
downlink will cause the modem to cease transmissiensuring that operation of the HR6400
and HR129 and terminals will not increase the pdefor harmful interference.

2. Space Stations

As discussed in the legal narrative, the space segwill consist of capacity on SES satellites
using conventional and extended Ku-band frequen8IES also seeks a waiver to permit it to
use portions of the 12.2-12.75 GHz band for ESAZenee operations. SES’s proposed ESAA
operations with the listed satellites are constsieth the coordination agreements it has reached
with operators of adjacent space stations locatddwt/- 6 degrees of each serving satellite. A
composite map showing the combined coverage oétbpace stations is attached.

SES also seeks authority for its ESAA terminalsdmmunicate with satellites on the Permitted
Space Station List for operations compliant with @ommission’s off-axis EIRP density masks.

3. Ground Stations

The ground segment consists of hub controllersadpdrby SES and located at SES and
commercial teleport facilities. The earth statiassociated with ESAA terminal operations are
listed in Annex 2.

Control and monitoring of the SES ESAA network vadl provided by the SES Network
Operations Center in Manassas, Virginia, UnitedeStan a 24/7 basis. The NOC can be reached
at:

12811 Randolph Ridge Lane Manassas, VA 20109
Phone: +1 703 366 1500
Email: noc-sesnetworks@ses.com




Combined Coverage Map of Specified Satellites




ANNEX 6: Radiation Hazard Analysis

HR6400 FCC RF Hazard Compliance Analysis

In connection with a license application by SES Apnwen, Inc. (“SES”) for operation of a Ku-
band aircraft remote antenna (HR6400), the follgnassessment is provided in compliance with
the FCC limits for maximum permissible exposure @b RF fields.

In the normal range of transmit powers for satelihtennas, the power densities at or around the
antenna radiating surface are expected to excéedesals. This area will not be accessible to

the general public. Operators and techniciansretléive training specifying this area as a high
exposure area. Procedures will be establishedsiorerthat all transmitters are turned off before
this area may be accessed by operators, maintenanteer authorized personnel.

The sections that follow provide the analysis amdctusions regarding compliance.
1 Operational Data

In calculating compliance with the applicable expedimits, SES used the technical data for
HR6400 operations described elsewhere in this egpin.

2 Applicable MPE Limits

The MPE limits are described in the FCC Rules aaguiations. For the frequency range of
interest here, the applicable limit for acceptabtetinuous exposure of the general population is
1.0 milliwatt per square centimeter (mWAmrand for “controlled” occupational exposuresit i

5.0 mW/cni. Access to the antenna is restricted to trainesop@el, and thus the latter limit is
generally applicable. However, it is possible tinatrained members of the general population
could be within certain distances from the aircrafterefore, the MPE limit for the general
population has also been examined.

3 FCC Formulas and Calculations

FCC Bulletin OET 65 provides standardized formddascalculating the power density in the
areas of interest here. Using the formulas frome®inl OET 65, we report the exposure levels
(1) directly in front of the antenna, (2) in theimheam at the transition from near to far field,
and (3) farther away but still in the main beam reltte MPE limit is met for both controlled
and general population exposure; and (4) to the gidhe antenna. Each area of interest will be
addressed below and the results of the calculatongiven.

3.1 Potential exposure level directly in front of the antenna

The worst-case possible exposure occurs righteasuiface (aperture) of the antenna. According
to Bulletin OET 65, the applicable formula for povdensity,S, at the antenna surface is as
follows:

S=4*P/A



Where:P represents the antenna input power; and,
A is the surface area of the antenna.

Based on the formula in Bulletin OET 65 and usimgtechnical parameters of the antenna, SES
calculates that the power density at the antenrfacgiis 309.62 mW/ctnwhich exceeds the

5.0 mW/cn? MPE limit for controlled access. However, theradsway to approach this close to
the antenna when the aircraft is in flight. Furthere, the antenna will be switched off
completely (i.e. unpowered) when a technician néeg®rform work in this area (which is more
than 24 feet above ground level). Standard RFgafecedures will be applied and the power to
the antenna will be removed during the period efwlork.

The formula for near-field, on-axis power densttiyectly in front of the antenna is as follows:
S=16**P/ (pi * D?)
Where:P represents the antenna input power

| represents the antenna illumination efficiencyd,an

D is the antenna diameter.

Based on the formula in Bulletin OET 65, using tehnical parameters of the antenna and an
illumination efficiency of 70%, SES calculates tkta¢ near-field, on-axis power density, directly
in front of the antenna is 216.6 mW/&nwhich exceeds the occupational MPE limit. Thithis
exposure level directly in front of the antenna aistance of 0.69 meters. For the reasons stated
above, there is no way for a technician or the gempiblic to approach this close to the antenna
while it is transmitting.

We can calculate the distance at which the antermssions would meet the MPE limits for
controlled access and for the general populatiamguse following formula:

RMPE = (G * P) / (4 * pi * MPE)
Where:G represents the Gain of the antenna;
P represents the antenna input power: and,
MPE represents the maximum permissible exposure limit.

SES calculated the distance at which the antenmsems would meet the MPE limits for
controlled access and for the general populatiehdatermined that the MPE limits for
controlled access are met at 6.65 m (21.8 feetrthyrin front of the antenna. The MPE limits
for the general population are met at 14.87 m (#=8 directly in front of the antenna.



The results of this calculation are also used énahalysis of potential exposure to the immediate
side of the antenna, which is addressed in theestibs that follows.

3.2 Potential exposure level to the side of the antenna

The near-field power density drops off dramaticalligside the imaginary cylinder extending
from the surface along the axis of the main beaanddperture antenna. According to Bulletin
OET 65, if the point of interest is at least onéeana diameter removed from the center of the
main beam, the power density at that point wouldtdeast a factor of 5 lower (7 dB) than the
value calculated for the equivalent distance innttaén beam.

In this particular case, the antenna is mountedn/(34 feet) above the ground. Therefore, the
closest that ground personnel and passengers appfdach an operational antenna would be at
the very least 20 antenna diameters below the beam.

The previous calculation of the power density imrataly in the near field in front of the
antenna) resulted in a value of 216.6 mWicdsing the analysis provided in Bulletin OET 65,
standing more than 31 antenna diameters off axiddwdecrease the exposure level by at least
34 dB to where the power density on the groundvd¢he fuselage mounted antenna was less
than 2.5 % of the MPE limits for the general pofiala It is highly unlikely that the general
population would ever be permitted to approacHhulselage of an operational aircraft that
closely. Even so, the exposure level at that digtamomplies with the MPE requirements. At any
greater distance (such as boarding the aircrat)ekposure level would be lower still.

4 Compliance Conclusion

SES will observe standard safety precautions veisipect to operations and maintenance of the
HR6400 antenna, including powering the antennanadidvance of maintenance activities. In
addition, given the location of the antenna onftiselage of business jets, there is no possibility
that members of the general public will be locatecegions where MPE values may be
exceeded.



Based on the results of the analysis with regaté@otential exposure levels in all respects —
directly in front of the antenna, to the side af intenna, and at ground level — and taking into
account the access restrictions for both trainedusntrained persons and standard safety
procedures, we conclude that the operation of tteoAics AeroSat HR6400 Ku-band antenna
as a fuselage-mounted aircraft antenna satisfeMtPE compliance requirements in the FCC
regulations.

Report prepared by

/sl George Varkey

George Varkey
Senior Engineer, Ground Systems
SES Engineering (US), Inc.



HR129 FCC RF Hazard Compliance Analysis

In connection with a license application by SES Agwen, Inc. (“SES”) for operation of a Ku-
band aircraft remote antenna (HR129), the follovasgessment is provided in compliance with
the FCC limits for maximum permissible exposure @b RF fields.

In the normal range of transmit powers for satelihtennas, the power densities at or around the
antenna radiating surface are expected to excéedesals. This area will not be accessible to

the general public. Operators and techniciansretléive training specifying this area as a high
exposure area. Procedures will be establishedsarerthat all transmitters are turned off before
this area may be accessed by operators, maintepanteer authorized personnel.

The sections that follow provide the analysis amdctusions regarding compliance.
1 Operational Data

In calculating compliance with the applicable expedimits, SES used the technical data for
HR129 operations described elsewhere in this agipbic.

2 Applicable MPE Limits

The MPE limits are described in the FCC Rules aaguiations. For the frequency range of
interest here, the applicable limit for acceptabtetinuous exposure of the general population is
1.0 milliwatt per square centimeter (mWAmrand for “controlled” occupational exposuresit i

5.0 mW/cni. Access to the antenna is restricted to trainesop@el, and thus the latter limit is
generally applicable. However, it is possible tinatrained members of the general population
could be within certain distances from the aircrafterefore, the MPE limit for the general
population has also been examined.

3 FCC Formulas and Calculations

FCC Bulletin OET 65 provides standardized formddascalculating the power density in the
areas of interest here. Using the formulas frome®inl OET 65, we report the exposure levels
(1) directly in front of the antenna, (2) in theimheam at the transition from near to far field,
and (3) farther away but still in the main beam reltte MPE limit is met for both controlled
and general population exposure; and (4) to the gidhe antenna. Each area of interest will be
addressed below and the results of the calculatongiven.

3.1 Potential exposure level directly in front of the antenna

The worst-case possible exposure occurs righteasuiface (aperture) of the antenna. According
to Bulletin OET 65, the applicable formula for povdensity,S, at the antenna surface is as
follows:

S=4*P/A



Where:P represents the antenna input power; and,
A is the surface area of the antenna.

Based on the formula in Bulletin OET 65 and usimgtechnical parameters of the antenna, SES
calculates that the power density at the antenrfacgiis 60.6 mW/ci which exceeds the

5.0 mW/cn? MPE limit for controlled access. However, theradsway to approach this close to
the antenna when the aircraft is in flight. Furthere, the antenna will be switched off
completely (i.e. unpowered) when a technician néeg®rform work in this area (which is more
than 24 feet above ground level). Standard RFgafecedures will be applied and the power to
the antenna will be removed during the period efwlork.

The formula for near-field, on-axis power densttiyectly in front of the antenna is as follows:
S=16**P/ (pi * D?)
Where:P represents the antenna input power

| represents the antenna illumination efficiencyd,an

D is the antenna diameter.

Based on the formula in Bulletin OET 65, using tehnical parameters of the antenna and an
illumination efficiency of 80%, SES calculates tkta¢ near-field, on-axis power density, directly
in front of the antenna is 48.53 mW/&nwhich exceeds the occupational MPE limit. Thithis
exposure level directly in front of the antenna aistance of 1.02 meters. For the reasons stated
above, there is no way for a technician or the gempiblic to approach this close to the antenna
while it is transmitting.

We can calculate the distance at which the antermssions would meet the MPE limits for
controlled access and for the general populatiamguse following formula:

RMPE = (G * P) / (4 * pi * MPE)
Where:G represents the Gain of the antenna;
P represents the antenna input power: and,
MPE represents the maximum permissible exposure limit.

SES calculated the distance at which the antenmsems would meet the MPE limits for
controlled access and for the general populatiehdatermined that the MPE limits for
controlled access are met at 4.98 m (16.3 feetrtyrin front of the antenna. The MPE limits
for the general population are met at 11.13 m (&&9 directly in front of the antenna.



The results of this calculation are also used énahalysis of potential exposure to the immediate
side of the antenna, which is addressed in theestibs that follows.

3.2 Potential exposure level to the side of the antenna

The near-field power density drops off dramaticalligside the imaginary cylinder extending
from the surface along the axis of the main beaanddperture antenna. According to Bulletin
OET 65, if the point of interest is at least onéeana diameter removed from the center of the
main beam, the power density at that point wouldtdeast a factor of 100 lower (20 dB) than
the value calculated for the equivalent distandénmain beam.

In this particular case, the antenna is mountedr8(89 feet) above the ground. Therefore, the
closest that ground personnel and passengers appfdach an operational antenna would be at
the very least 30 antenna diameters below the beam.

The previous calculation of the power density imrataly in the near field in front of the
antenna) resulted in a value of 48.53 mWicdsing the analysis provided in Bulletin OET 65,
standing more than 26 antenna diameters off axiddvdecrease the exposure level by at least
34 dB to where the power density on the groundvedie tail mounted antenna was less than
2.5 % of the MPE limits for the general populatitins highly unlikely that the general
population would ever be permitted to approachtdiieof an operational aircraft that closely.
Even so, the exposure level at that distance cesplith the MPE requirements. At any greater
distance (such as boarding the aircraft), the exgoevel would be lower still.

4 Compliance Conclusion

SES will observe standard safety precautions veisipect to operations and maintenance of the
HR129 antenna, including powering the antennarofidvance of maintenance activities. In
addition, given the location of the antenna onttipeof the tail of business jets, there is no
possibility that members of the general public Wwéllocated in regions where MPE values may
be exceeded.



Based on the results of the analysis with regaté@otential exposure levels in all respects —
directly in front of the antenna, to the side af intenna, and at ground level — and taking into
account the access restrictions for both traineduemtrained persons and standard safety
procedures, we conclude that the operation of t#teoAics HR129 Ku-band antenna as a tail
mounted aircraft antenna satisfies the MPE compdiarquirements in the FCC regulations.

Report prepared by

/sl George Varkey

George Varkey
Senior Engineer, Ground Systems
SES Engineering (US), Inc.



ANNEX 7: SES AMERICOM, INC. CERTIFICATIONS

SES Americom, Inc. (“SES”), in support of the fgoeng application for an ESAA
License, hereby certifies as follows:

1. Consistent with Section 25.227(a)(9) of the Comiaiss rules, each SES ESAA
terminal shall automatically cease transmittingwmitL00 milliseconds upon loss of
reception of the satellite downlink signal or whiedetects that unintended satellite
tracking has happened or is about to happen.

2. Consistent with Section 25.227(a)(10) of the Comsioiss rules, each SES ESAA
terminal will be subject to the monitoring and cohby the SES Network Operations
Center (“NOC”) in Manassas, Virginia. Each SES ES&Aninal will be able to receive
“enable transmission” and “disable transmissiorthozands from the NOC and will
automatically cease transmissions immediately oaiveng any “parameter change
command,” which may cause harmful interferencerdutihe change, until it receives an
“enable transmission” command from its NOC. In &ddi the NOC will be able to
monitor the operation of an ESAA terminal to detieanif it is malfunctioning.

3. SES's target space station operators have confith&BES’s proposed ESAA
operations over international waters are withinrdowted parameters for adjacent
satellites up to 6 degrees away on the geostatiarar as required by
Section 25.227(a)(15) of the Commission’s rules.

4. As required by Section 25.227(a)(11) of the Comiaiss rules, each SES ESAA
terminal will be self-monitoring and, should a fieawhich can cause harmful interference
to fixed-satellite service networks be detected,tdrminal will automatically cease
transmissions.

5. Pursuant to the requirements of new Section 25m(3{(i) adopted in IB Docket
No. 17-95, FCC 18-138, SES further certifies tlaatheSES ESAA terminal is self-
monitoring and capable of automatically ceasingeducing emissions within
100 milliseconds if the ESIM transmitter exceedsridlevant off-axis EIRP density
limits.

By: /9 Seven Osman
Steven Osman
VP Central Sales Engineering
SES Americom, Inc.

June 3, 2019



