Attachment A

TECHNICAL APPENDIX

IN SUPPORT OF SES-11 (104.95°W.L.)



1.0 Overall Description (825.114(d)(1))

SES-11 is a hybrid C-, Ku- and Ka-band communicegtieatellite that is intended to replace the
frequencies currently on AMC-18 at 104.95° W.L. hsupplementing the Ku- and Ka-band
capacity of AMC-15 at 105.05° W.L. At the nomiri€5° W.L. orbital location, the satellite will
be serving primarily: (a) the Contiguous U.S. (Q@®, Hawaii and parts of Alaska, Canada and
Mexico in the Ku-band, and (b) CONUS and parts tdska, Hawaii, Canada, Mexico and the
Caribbean in the C-band.

This technical appendix is being filed in suppdrthe following applications:

 SES Americom, Inc. (“SES”) is seeking a U.S. lieeihs launch SES-11 and operate it at
104.95° W.L. in the conventional Ku-band frequeacith downlink frequencies from
11.70 to 12.20 GHz and uplink frequencies from 14.04.5 GHz.

* SES Satellites (Gibraltar) Ltd. (“SES Gibraltar®) iequesting U.S. market access for the
SES-11 conventional C-band frequencies with downiiaquencies from 3.70 to 4.20 GHz
and uplink frequencies from 5.925 to 6.425 GHz.

The spacecraft also carries a 20/30 GHz paylodd datvnlink frequencies from 18.3 to 19.3 GHz
and 19.45 to 20.2 GHz and uplink frequencies fr@&82 to 29.1 GHz and 29.25 to 30.0 GHz with
coverage of North America. No authority is beirmgight to operate this payload, but a technical

summary of the payload is provided herein for infational purposes.

Dual linear polarization is used in both the C- &udbands. Single circular polarization (LHCP) is
used in the 20/30 GHz uplink band, and single tcyolarization (RHCP) is used in the
20/30 GHz downlink band.

Tables 1 and 2 show the frequency plans of thdligatem Ku- and C-bands, respectively. The
frequency bands are divided into 24 Ku-band trandpos of 36 MHz bandwidth each and 24 C-
band transponders of 36 MHz bandwidth each.

The Ka-band payload consists of three transpond#hsbandwidths of 750, 500, and 250 MHz,
and switchable circular polarization. Any combioatof uplink and downlink polarization can be
selected (LHCP and RHCP). Table 3 details theuigaqy plan for a default polarization setting as
described in Section 10 of the Schedule S. Anooptifrequency plan capability allows downlink
signals to be transmitted in the 18.30-19.05 GHmlhastead of the 18.55-19.30 GHz band.



2.0 Schedule S (825.114(c))
The Schedule S database is included with thisdfiliPs noted in the narrative section of this

application, in preparing the Schedule S, SESdaliethe most recent instructiohs.

3.0 Transponder frequency plan (825.114(c)(4)(i))

Sections S9 and S10 of Schedule S (and Tablesagd 3 below) show the transponder frequency
plans.

Table 1: Ku-band Frequency Plan

Receive Transmit
Channel Frequency | Polarization Frequency | Polarization
(MH2z) (MH2z)
1 14020 H 11720 V
2 14040 V 11740 H
3 14060 H 11760 \%
4 14080 V 11780 H
5 14100 H 11800 \%
6 14120 V 11820 H
7 14140 H 11840 \%
8 14160 V 11860 H
9 14180 H 11880 V
10 14200 V 11900 H
11 14220 H 11920 V
12 14240 \% 11940 H
13 14260 H 11960 V
14 14280 V 11980 H
15 14300 H 12000 V
16 14320 V 12020 H
17 14340 H 12040 \
18 14360 V 12060 H
19 14380 H 12080 V
20 14400 V 12100 H
21 14420 H 12120 V
22 14440 \% 12140 H
23 14460 H 12160 V
24 14480 \% 12180 H

! Consistent with those instructions, in cases whieeeSchedule S software requests information
that space station applicants are no longer redjuoerovide, SES has omitted data elements, or
where necessary to permit validation of the Scre@ulile, has entered a “1” as a placeholder. SES
specifies that these “1” data entries are outsige dcope of the certifications herein regarding
accuracy of the information provided with this feti.



Table 2: C-band Frequency Plan

Receive Transmit
Channel | Frequency | Polarization Frequency | Polarization
(MH2z) (MH2z)

1 5945 H 3720 V
2 5965 V 3740 H
3 5985 H 3760 V
4 6005 V 3780 H
5 6025 H 3800 V
6 6045 V 3820 H
7 6065 H 3840 V
8 6085 V 3860 H
9 6105 H 3880 V
10 6125 \Y 3900 H
11 6145 H 3920 V
12 6165 V 3940 H
13 6185 H 3960 V
14 6205 V 3980 H
15 6225 H 4000 V
16 6245 V 4020 H
17 6265 H 4040 \%
18 6285 V 4060 H
19 6305 H 4080 V
20 6325 V 4100 H
21 6345 H 4120 V
22 6365 \ 4140 H
23 6385 H 4160 V
24 6405 \ 4180 H

Table 3: Ka-band Frequency Plan

Receive Transmit

Channel | Frequency | Polarization Frequency | Polarization
(GHz) (GHz)

Cl 28.725 L 18.925 R
Cc2 29.375 L 19.575 R
C3 29.750 L 19.950 R
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3.1 Telemetry and Telecommand (TT&C) frequencies and bems
Table 4 shows the TT&C carrier center frequencied handwidths.

TT&C functions will be
provided by earth stations located in South Moumt&alifornia and Woodbine, Maryland.

nominal on station operations, the TT&C carriess r@&ceived and transmitted through the Ku-band




communication antennas, with vertical or horizomkallarization as seen on Table 4 under Nominal
Polarization. The C-band communication antennag Imeaused to transmit on-station telemetry on
either polarization, and telecommands may be redetlirough a vertical linear polarized C-band
TC Global horn. C-band TT&C may only be used aslkernative as needed while in normal on
station operations. During emergency and trardiDP operations, the TT&C carriers are

received through circular polarized Ku-band hemeshantennas, which may be set to either right-

or left-hand polarization in either direction.

Table 4: TT&C Carrier Frequencies

Command carriers . Transfer/LEOP
(bandwidth: 1.5 MHz, capture Frequency, No”.““?' and emergency
MHz Polarization LY
range) polarization
C-band 5926 V N/A
C-band 5927 V N/A
Ku-band 14000.5 V RorL
Ku-band 14003.5 \Y RorL
Ku-band 14497.5 H RorlL
Ku-band 14499.5 H RorL
Beacons/Telemetry Frequency, Nominal ;;%nzfrﬁ;/:‘igf
(bandwidth: 400 KHz) MHz | Polarization nergency
polarization
C-band pair 3701.5 H N/A
4199.9 \Y N/A
Ku-band pair 11703.0 H RorlL
12198.5 Vv RorlL

4.0 Satellite Antenna Gain Contours (825.114(c)(4))

The Schedule S provides the typical antenna gamooeos for 6 different cases: transmit and
receive beams, H- and V-polarizations for Ku- andbaDdds and Left- and Right- hand circular
polarizations for Ka-band. In the case of the kad contours, the -20 dB contours fall entirely
beyond the edge of the visible Earth and there&weenot provided in the GIMS fileTable 5

shows the peak EIRP and G/T values correspondingatth contour as well as the maximum

saturation flux densities (SFD).



Table 5: Payload beam parameters

Beam Link _ Max. Max. Max EI_RP Max SFD
D Band | Pol Direction GXT filename EIRP GIT Density (dBW/n?)
(dBW) | (dB/K) | (dBW/4 kHz)
CRH C H Receive | SES-11 _NACH_Rx.gxt 3.1 -80.1
CRV C Y Receive | SES-11_NACV_Rx.gxt 3.1 -80.1
CTH C H Transmit | SES-11_NACH_Tx.gxt| 42.9 3.4
CTVv C \% Transmit | SES-11_NACV_Tx.gxt| 43.0 34
KURH | Ku H Receive | SES-11_NAKH_Rx.gxt 7.09 -84.1
KURV | Ku \% Receive | SES-11_NAKV_Rx.gxt 7.06 -84.1
KUTH Ku H Transmit | SES-11_NAKH_Tx.gxt| 53.6 14.1
KUTV Ku \% Transmit | SES-11 NAKV_Tx.gxt| 53.5 13.1
KARL Ka | LC Receive SES-11_KAL_Rx.gxt -2.53 -67.5
KARR | Ka | RC| Receive SES-11_KAR_Rx.gxt -2.57 -67.4
KATL Ka | LC | Transmit SES-11_KAL_Tx.gxt 41.7 2.1
KATR Ka | RC| Transmit SES-11_KAR_Tx.gxt 41.7 2.1

In addition, Section S7 of Schedule S shows theimiax gains of transmit and receive antennas,
maximum EIRP, and maximum G/T values. Table 6 shtve maximum EIRP and G/T for the
telemetry carriers, which are processed throughp#ydoad antennas described above. In the case

of the horn antennas, the gain characteristicsxargrovided in a GIMS-readable format because

the gain contour at 8 dB below peak falls entitedyond the edge of the visible Earth.

Table 6: TT&C beam parameters

. Max EIRP Max SFD
BeamID| Band | Pol Dilr_elzzl';on M?(;(B\If\;? P M(Z)I; /E)/T Density (dBW/n7)
(dBW/4 kHz)
CTMH C H Transmit 36.1 -3.4
CTmvV C \% Transmit 374 2.1
KCM Ku L/R Receive 8.5 -85.5
KTM Ku L/R Transmit 50.7 11.2

5.0 Link Budgets (825.140(a))

The services provided by SES-11 will be wide raggiincluding digital TV and digital
transmission services ranging from 56 KBPS to lighed. Below are sample link budgets for
these services as well as for the TT&C, which pteuvine characteristics of the earth stations used
for this analysis and estimated link margins. Aliscluded are typical Ka-band link budgets for

informational purposes, as no Ka-band operatingaity is being sought.




Table 7: Ku-band Link Budgets for 6 Typical Links

Link Parameters Units 36M0G7W 5M00G1W 100KG1D 1M40G1D | 2M00G7W|8M00G7W,|
Data rate Mbps 42.9 3.5 0.1 0.7 15 53
Mod cod 8PSK 2/3 QPSK 3/4 QPSK 3/4 QPSK 3/4 | 8PSK3/4 | QPSK 2/3
Carrier bandwidth MHz 30.000 3.617 0.037 1.675 0.910 6.006
Uplink:
Uplink Frequency GHz 14.250 14.250 14.250 14.250 14.250 14.250
Uplink transmit Power dBW 10.2 131 -6.1 10.1 8.8 9.3
Earth Station Diameter m 9.00 1.20 1.00 1.00 1.80 2.40
Earth Station Gain ) dBi 60.0 43.2 41.6 41.6 46.4 48.5
Earth station EIRP dBW 70.2 56.3 355 51.7 55.2 57.8
Atmospheric Losses dB 2.70 3.50 3.40 3.30 3.30 3.50
Free Space Loss dB 207.2 207.2 207.2 207.2 207.2 207.2
Satellite G/T dB/K 2.6 0.1 0.1 0.1 0.1 0.1
C/N Thermal Uplink dB 16.7 8.7 7.9 7.6 13.8 8.0
C/I XPOL, ACI, IM, ASI dB 215 16.8 15.9 15.5 21.7 16.1
C/(N+1) uplink dB 15.4 8.1 7.2 7.0 13.1 7.4
Downlink:
Downlink Frequency GHz 11.950 11.950 11.950 11.950 11.950 11.950
Satellite EIRP per carrier dBW 443 31.9 111 27.2 30.8 333
Atmospheric Losses dB 1.30 6.20 4.40 2.80 2.80 6.20
Free Space Loss dB 205.7 205.7 205.7 205.7 205.7 205.7
Earth Station Diameter m 1.20 4.50 3.20 1.80 1.80 4.50
Earth Station Gain dBi 41.7 53.2 50.2 45.2 45.2 52.4
System Noise Temperature K 129 173 170 155 123 146
Earth Station G/T dB/K 20.6 30.8 27.9 23.3 24.3 30.8
C/N Thermal Downlink dB 11.7 13.8 11.8 8.4 15.6 13.0
C/I XPOL, ACI, IM, ASI dB 13.3 21.5 17.7 12.2 18.5 20.0
C/(N+1) downlink dB 9.4 13.1 10.8 6.9 13.8 12.2
Adjacent Satellite Interference:
Uplink Input Power Density at 2 degrees dBW/Hz -50.0 -50.0 -50.0 -50.0 -50.0 -50.0
Downlink EIRP density at 2 degrees dBW/Hz -26.0 -26.0 -26.0 -26.0 -26.0 -26.0
C/1 up (single satellite) dB 24.5 19.8 18.9 18.5 24.7 19.1
C/I dn (single satellite) dB 16.3 245 20.7 15.2 215 23.0
Aggregate C/l up dB 21.5 16.8 15.9 155 21.7 16.1
Aggregate C/I down dB 13.3 21.5 17.7 12.2 18.5 20.0
Overall:
C/(N+l) overall dB 8.5 6.9 5.7 3.9 104 6.1
C/(N+) required dB 7.6 5.5 4.5 1.7 10.5 4.6
Margin dB 0.9 1.3 1.1 2.2 0.0 1.5




Table 8:

C-band Link Budgets for 5 Typical Links

Link Parameters Units 36MOG7W 18M0G7W 9MO00G7W |6MO00G7W|1M00G7W
Data rate Mbps 35.1 17.1 8.6 5.7 1.0
Mod cod QPSK 3/5 QPSK 3/5 QPSK 3/5 QPSK 3/5 | QPSK 3/5
Carrier bandwidth MHz 35.400 18.000 9.000 6.000 1.000
Uplink:
Uplink Frequency GHz 6.085 6.085 6.085 6.085 6.085
Uplink transmit Power dBW 20.0 13.9 11.0 9.2 14
Earth Station Diameter m 9.00 9.00 9.00 9.00 9.00
Earth Station Gain ) dBi 53.3 53.3 533 533 533
Earth station EIRP dBW 733 67.2 64.3 62.5 54.7
Atmospheric Losses dB 2.00 2.00 2.00 2.00 2.00
Free Space Loss dB 199.8 199.8 199.8 199.8 199.8
Satellite G/T dB/K 13 1.3 1.3 1.3 1.3
C/N Thermal Uplink dB 25.8 22.7 22.8 22.7 22.7
C/I XPOL, ACI, IM, ASI dB 12.6 9.4 9.5 9.5 9.5
C/(N+1) uplink dB 12.4 9.2 9.3 9.3 9.3
Downlink:
Downlink Frequency GHz 3.860 3.860 3.860 3.860 3.860
Satellite EIRP per carrier dBW 41.7 34.8 31.8 30.0 22.3
Atmospheric Losses dB 1.23 1.00 1.00 1.00 1.00
Free Space Loss dB 195.9 195.9 195.9 195.9 195.9
Earth Station Diameter m 2.40 3.70 3.70 3.70 3.70
Earth Station Gain dBi 379 41.7 41.7 41.7 41.7
System Noise Temperature K 84 86 86 86 86
Earth Station G/T dB/K 18.7 22.3 223 223 223
C/N Thermal Downlink dB 16.4 16.3 16.3 16.2 16.3
C/1 XPOL, ACI, IM, ASI dB 5.4 12.1 15.1 16.9 24.7
C/(N+l) downlink dB 5.1 10.7 12.7 135 15.7
Adjacent Satellite Interference:
Uplink Input Power Density at 2 degrees dBW/Hz -38.7 -38.7 -38.7 -38.7 -38.7
Downlink EIRP density at 2 degrees dBW/Hz -25.3 -32.2 -35.2 -37.0 -44.7
C/l up (single satellite) dB 15.6 124 12.5 12.5 12.5
C/1 dn (single satellite) dB 8.4 15.1 18.1 19.9 27.7
Aggregate C/l up dB 12.6 9.4 9.5 9.5 9.5
Aggregate C/l down dB 5.4 12.1 15.1 16.9 24.7
Overall:
C/(N+l) overall dB 4.4 6.9 7.7 7.9 8.4
C/(N+l) required dB 33 3.5 3.5 3.5 3.5
Margin dB 1.1 3.4 4.2 4.4 4.9




Table 9: Typical TT&C Link Budgets

Command Telemetry
Link Parameters Units 800KF9D | 800KF9D | 800KFID | 800KFID | 800KFOD | 800KFID | 300KF9D | 300KF9D [ 300KF9D | 300KFID

TC1 TC2 TC3 TC4 TC5 TC6 ™M1 ™2 ™3 ™4
Uplink Frequency MHz 14000.5 14003.5 14499.5 14497.5 5926 5927
Downlink Frequency MHz 11703 12198.5 3701.5 4199.9
Carrier Allocated Bandwidth kHz 856.0 856.0 856.0 856.0 856 856 275 275 275 275
Uplink:
Nominal Earth Station EIRP per carrier |dBW 76.2 76.2 76.2 76.2 75.0 75.0
Earth Station Diameter m 9.0 9.0 9.0 9.0 13.0 13.0
Earth Station Gain dBi 59.5 59.5 59.8 59.8 55.2 55.2
Uplink Input Power per Carrier dBwW 16.7 16.7 16.4 16.4 19.7 19.7
Input power density dBW/4 kHz -6.6 -6.6 -6.9 -6.9 -3.6 -3.6
Free Space Loss dB 206.4 206.4 206.8 206.8 199.0 199.0
G/T Satellite towards E/S dB/K -16.9 -16.9 -16.9 -16.9 -16.9 -16.9
C/N Thermal Uplink dB 22.1 22.1 21.8 21.8 28.4 28.3
C/I XPOL, ACI, IM, ASI dB 42.9 42.9 42.9 42.9 30.4 30.4
C/(N+I) uplink dB 22.1 22.1 21.8 21.8 26.3 26.2
Downlink:
Satellite e.i.r.p. per carrier dBwW 17.3 17.3 14.1 14.1
Maximum e.i.r.p. density dBW/4kHz -1.1 -11 -4.3 -4.3
Free Space Loss dB 204.9 205.3 194.9 196.0
Earth Station Diameter m 9.0 9.0 13.0 13.0
Earth Station Gain dBi 58.5 58.8 51.7 52.8
Noise Temperature K 140.0 140.0 47.0 47.0
Earth Station G/T dB/K 37.0 37.4 35.0 36.1
C/N Thermal Downlink dB 23.6 23.6 28.4 28.4
C/I XPOL, ACI, IM, ASI dB 23.5 238 26.9 28.0
C/(N+1) downlink dB 20.5 20.7 24.6 25.2
Adjacent Satellite Interference:
Uplink Inp. Pwr. Dens. @ 2 degrees dBW/Hz -50.0 -50.0 -50.0 -50.0 -38.7 -38.7
Downlink e.i.r.p. Dens @ 2 degrees dBW/Hz -26.0 -26.0 -39.5 -39.5
C/I up (single satellite) dB 45.9 45.9 45.9 45.9 33.4 33.4
C/I dn (single satellite) dB 26.5 26.8 29.9 31.0
Aggregate C/I up dB 42.9 42.9 42.9 42.9 30.4 304
Aggregate C/I down dB 23.5 238 26.9 28.0
Overall:
C/(N+) overall dB 22.1 22.1 218 21.8 26.3 26.2 20.5 20.7 24.6 25.2
C/(N+l) required dB 10.0 10.0 10.0 10.0 10.0 10.0 9.0 9.0 9.0 9.0
System Margin dB 12.1 12.1 11.8 11.8 16.3 16.2 115 11.7 15.6 16.2




Table 10: Ka-band Link Budgets for 3 Typical Links

Link Parameters Units |250MG1W|11M3G1W|5M63G1W
Data rate Mbps 99.5 4.4 2.2
Mod cod QPSK 1/4 | QPSK 1/4 | QPSK 1/4
Carrier bandwidth MHz 249.6 11.250 5.625
Uplink:
Uplink Frequency GHz 29.375 29.375 29.375
Uplink transmit Power dBW 9.8 -2.2 -5.2
Earth Station Diameter m 9.00 9.00 9.00
Earth Station Gain dBi 67.0 67.0 67.0
Earth station EIRP dBW 76.8 64.8 61.8
Atmospheric Losses dB 0.40 0.40 0.40
Free Space Loss dB 2135 2135 2135
Satellite G/T dB/K -2.9 -2.9 -2.9
C/N Thermal Uplink dB 4.6 6.1 6.1
C/1 XPOL, ACI, IM, ASI dB 25.4 26.8 26.9
C/(N+1) uplink dB 4.6 6.0 6.0
Downlink:
Downlink Frequency GHz 18.425 18.425 18.425
Satellite EIRP per carrier dBW 40.4 25.1 22.1
Atmospheric Losses dB 0.30 0.30 0.30
Free Space Loss dB 209.5 209.5 209.5
Earth Station Diameter m 4.50 4.50 3.70
Earth Station Gain dBi 56.9 56.9 55.2
System Noise Temperature K 188 192 188
Earth Station G/T dB/K 34.2 34.1 325
C/N Thermal Downlink dB 9.5 7.5 5.9
C/I XPOL, ACI, IM, ASI dB 54 3.6 1.9
C/(N+l) downlink dB 4.0 2.1 0.4
Adjacent Satellite Interference:
Uplink Input Power Density at 2 degrees |dBW/Hz -56.5 -56.5 -56.5
Downlink EIRP density at 2 degrees dBW/Hz -16.0 -16.0 -16.0
C/I up (single satellite) dB 28.4 29.8 29.9
C/I dn (single satellite) dB 8.4 6.6 49
Aggregate C/l up dB 25.4 26.8 26.9
Aggregate C/l down dB 5.4 3.6 1.9
Overall:
C/(N+l) overall dB 1.3 0.6 -0.6
C/(N+l) required dB -0.8 -0.9 -0.9
Margin dB 2.0 1.5 0.2

10




6.0 Power Flux Density Limits (§25.138 and §25.208)

Section 25.208 of the Commission’s Rules specthesmaximum allowed pfd in C- and Ka-band.

Table 11 shows the pfd and margin computationshferC-band. The margins are all positive. A
similar evaluation for the Ka-band is provided iable 12 showing margin against the strictest pfd
limit from Section 25.138. Compliance with the 2ZB(a) pfd limits in all of the Ka-band results in

compliance to the pfd limits for 18.3-18.8 GHz iacBon 25.208(c), for 18.6-18.8 GHz in Section
25.208(d), and for 18.8-19.3 GHz in Section 25.2P8{The margins in Ka-band are all positive.

Table 11: C-band pfd and margin values

Elevation angle, deg 5.0 10.0 15.0 20.0 25.0 90.0
Max. EIRP, dBW 41.7 41.7 41.7 41.7 41.7 41.7
Output backoff, dB 0.0 0.0 0.0 0.0 0.0 0.0
Gain roll-off at elevation angle, dBi -2.2 2.1 -1.9 FL -1.5 0.0
EIRP at elevation angle, dBW 39.5 39.6 39.9 40.0 40.2 741.
Carrier bandwidth, MHz 35.40 35.40 35.4(Q 35.40 35.40 35.4
EIRP density at elevation angle dBW/4kHz 0.1 0.2 0.3 5 0. 0.7 2.2
Minimum spreading loss, dB/m2 -163.3 -163.2 -163J1 962 -162.8 -162.1
25.208(a) pfd limit (3650-4200 MHz), dBW/m2/4kHz 2B -149.5 -147.0 -144.5 -142.0 -142.0
pfd, dBW/m2/4KHz -163.2 -163.0 -162.7 -162.4 -162.1 -B59.
Margin, dB, relative to 25.208 11.2 13.5 15.7 17.9 20.1 7.81
Table 12: Ka-band pfd and margin values
Elevation angle, deg 5.0 10.0 15.0 20.0 25.0 90.0
Max. EIRP, dBW 40.4 40.4 40.4 40.4 40.4 40.4
Output backoff, dB 0.0 0.0 0.0 0.0 0.0 0.0
Gain roll-off at elevation angle, dBi -1.1 -1.0 -1.0 .90 -0.8 0.0
EIRP at elevation angle, dBW 39.4 39.4 39.4 39.5 39.6 4 40.
Carrier bandwidth, MHz 30 30 30 30 30 30
EIRP density at elevation angle dBW/1MHz 24.¢ 24.6 724. 24.7 24.9 25.6
Minimum spreading loss, dB/m2 -163.8 -163.2 -163J1 962 -162.8 -162.1
25.138 (a)(6) pfd limit, dBW/m2/1MHz -118.0 -118.0 a0 -118.0 -118.0 -118.0
pfd, dBW/m2/4KHz -138.7 -138.5 -138.4 -138.2 -138.0 -136.4
Margin, dB, relative to 25.138 (a)(6) 20.7] 20.5 20.4 .20 20.0 18.4

7.0 Two Degree Spacing Analysis (825.114(d)(7) and §250(a))

Annex 1 shows the results of interference anali@e€-, Ku-, and Ka-band operations with respect
to an authorized space station within two degrddsing C/I metrics, the analysis shows that the

interference can be restricted to no more than Bffteonoise plus interference at threshold.

2 The interference analysis is done assuming digigaited and interfering carriers. Analog carrigits be
coordinated on a case-by-case basis, and are dictszed here.
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8.0 Maximum Theoretical Operation Levels

SES-11 will be operated consistently with appliealgbordination agreements with adjacent
satellites. In any case, in the Ku-band frequen¢iee downlink EIRP density of the SES-11 digital
carriers will not exceed -18 dBW/Hz; and the inpotver density of the uplink digital carriers of

earth stations operating with SES-11 will not extets dBW/Hz. In the C-band frequencies, the
downlink EIRP density of the SES-11 digital carsiavill not exceed -30 dBW/Hz; and the input
power density of the uplink digital carriers of #hastations operating with SES-11 will not

exceed -38.7 dBW/Hz. No Ka-band operating authdst being sought, but for informational

purposes SES specifies that in the Ka-band fregegnthe downlink EIRP density of the SES-11
digital carriers would not exceed -16 dBW/Hz; aheé input power density of the uplink digital

carriers of earth stations operating with SES-1lldmot exceed -56.5 dBW/Hz.

9.0 Mitigation of Orbital Debris (§25.114(d)(14))

Spacecraft Hardware designSES has assessed and limited the amount of dedbeigsed in a
planned manner during normal operations of SES{2(rring the satellite ascent, after separation
from the launcher, no debris will be generated. WAt all recent SES satellite launches, all
deployments will be conducted using pyrotechniccs/designed to retain all physical debris. No
debris is generated during normal on-station opmrst and the spacecraft will be in a stable

configuration.

SES has also assessed and limited the probakilithecspace station becoming a source of orbital
debris by collisions with small debris or meteosoittat could cause loss of control and prevent
post-mission disposal. The design of SES’s respatecraft locates all sources of stored energy
within the body of the structure, which providestection from small orbital debris. SES requires
that spacecraft manufacturers assess the progatilitnicrometeorite damage that can cause any
loss of functionality. This probability is thenctared into the ultimate spacecraft probability of
success. Any significant probability of damage ldoneed to be mitigated in order for the
spacecraft design to meet SES’s required probglafisuccess of the mission. SES has taken the
following steps to limit the effects of such cailtiss: (1) critical spacecraft components are latate
inside the protective body of the spacecraft ammghgny shielded; and (2) all spacecraft subsystems
have redundant components to ensure no single-failntes. The spacecraft will not use any

subsystems for end-of-life disposal that are netldsr normal operations.
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Minimizing Accidental Explosions.SES has assessed and limited the probabilitycoidantal
explosions during and after completion of missigerations. As part of the Safety Data Package
submission for SES spacecraft, an extensive asalysiompleted by the spacecraft manufacturer,
reviewing each potential hazard relating to acdiaeexplosions. A matrix is generated indicating
the worst-case effect, the hazard cause, and trerdh@aontrols available to minimize the severity
and the probability of occurrence. Each subsysseamalyzed for potential hazards, and the Safety
Design Package is provided for each phase of thgr@m running from design phase, qualification,
manufacturing and operational phase of the spaitediso, the spacecraft manufacturer generates
a Failure Mode Effects and Criticality Analysis fitle spacecraft to identify all potential mission
failures. The risk of accidental explosion is uded as part of this analysis. This analysis e
failure modes, possible causes, methods of detectiod compensating features of the spacecraft
design.

The design of the SES-11 spacecratft is such tleatisk of explosion is minimized both during and
after mission operations. In designing and buddine spacecraft, the manufacturer took steps to
ensure that debris generation will not result frhra conversion of energy sources on board the
satellite into energy that fragments the satelliBurst tests are performed on all pressure vessels
during qualification testing to demonstrate a mamji safety against burst. Bipropellant mixing is
prevented by the use of valves that prevent baaksvllow in propellant and pressurization lines.

All pressures, including those of the batteriedl, m@ monitored by telemetry.

At the end of operational life, after the satellitas reached its final disposal orbit, all on-board
sources of stored energy will be depleted or seluggcess propellant will be vented, pressure

vessels will be relieved, and the batteries wildszharged.

Safe Flight Profiles.SES has assessed and limited the probabilitiieoEpace station becoming a
source of debris by collisions with large debrisotier operational space stations. Specifically,
SES has assessed the possibility of collision wsaitellites located at, or reasonably expected to be

located at, the requested orbital location or a&sign the vicinity of that location.

Regarding avoidance of collisions with controlldgexts, in general, if a geosynchronous satellite
is controlled within its specified longitude anditiade stationkeeping limits, collision with anothe
controlled object (excluding where the satellitedaocated with another object) is the direct tesu

of that object entering the allocated space.
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SES-11 will be positioned at 104.95° W.L. In caesing current and planned satellites that may
have a station-keeping volume that overlaps the-BESatellite, SES has reviewed the FCC
databases for FCC licensed satellite networks haoset that are currently under consideration by
the FCC. In addition, networks for which a requestcoordination has been published by the ITU
within £0.15 degrees of 104.95° W.L. have also bemiewed. Only those networks that either
operate, or are planned to operate, and have alappeng station-keeping volume with the SES-11

satellite, have been taken into account in theyarisl

Based on these reviews, the satellites operatingmadly at 105° W.L. are AMC-15 and AMC-18,
which are also controlled and operated by SES. relTlaee no pending applications before the
Commission requesting authorization to use an arhotation within £0.15° of 104.95° W.L., and
within this sub-arc, there are no ITU networks otiiian those at nominal 105° W.L., all of which
were submitted on behalf of SES. Based on theepgieg, it is concluded that physical

coordination of the SES-11 satellite with anothantyis not required at the present time.

On-station operations require station-keeping witihie +/- 0.1 degree N-S and +/- 0.05 degree E-
W control box, thereby ensuring adequate collissmoidance distance from other satellites in
geosynchronous orbit. SES-11 will be temporardylacated with AMC-18 as traffic is transferred
to SES-11. After traffic transfer is complete, AM®8 will be relocated to another orbital location
such that there will be no station-keeping volummertap with SES-12. AMC-15, however, will
continue to operate adjacent to SES-11 at 105.08° W

During collocations, SES will use the proven ination-eccentricity technique to ensure adequate
separation between the satellites. This stratsgprésently in use by SES at several orbital

locations to ensure proper operation and safetgudfiple satellites within one orbital box.

SES uses the Space Data Center (SDC) system fe@pdce Data Association to monitor the risk
of close approach of its satellites with other ot§e Any close encounters (separation of less than
10 km) are flagged and investigated in more detailequired, avoidance maneuvers are performed

to eliminate the possibility of collisions.

During any relocation, the moving spacecraft is euasered such that it is at least 30 km away from
the synchronous radius at all times. In most casesh larger deviation from the synchronous

3 SES will request the necessary Commission appmi@l to any spacecraft relocation.
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radius is used. In addition, the SDC system islusesnsure no close encounter occurs during the
move. When de-orbit of a spacecraft is requirld,initial phase is treated as a satellite movd, an

the same precautions are used to ensure collismdance.

Post-Mission DisposalPost-mission disposal of the satellite from operatl orbit will be
accomplished by carrying out maneuvers to a highieit. The upper stage engine remains part of
the satellite, and there is no re-entry phaseitbeecomponent. The fuel budget for elevating the
satellite to a disposal orbit is included in théelsie design. SES plans to maneuver SES-11 to a
disposal orbit with a minimum perigee of 266 km \addhe normal operational altitude. The
proposed disposal orbit altitude complies with #ftgude resulting from application of the IADC

formula based on the following calculation:

Area of the satellite (average aspect area): #8.5

Mass of the spacecraft: 1902.7 kg

Cr (solar radiation pressure coefficient): 1.21
Therefore the Minimum Disposal Orbit Perigee Alliéy as calculated under the IADC formula is:
36,021 km + (100& Cg x A/m) = 36052 km, or 266 km above the GSO arc @& Kim)

SES intends to reserve 10.8 kg of fuel in ordexdmount for post-mission disposal of SES-11. SES
has assessed fuel-gauging uncertainty and hasdeevan adequate margin of fuel reserve to

address the assessed uncertainty.
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ANNEX 1

Interference Analyses in support of SES-11
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1.0 Two Degree Spacing Analysis

SES demonstrates below that the SES-11 networkingatible with a co-coverage, co-frequency
satellite, spaced two degrees away. For the SES-ldnd Ku-band operations, SES provides an
analysis with respect to SES-3 at 103° W.L. Opeanatof SES-11 at this location will conform to
the existing coordination arrangements SES has adfhcent satellite networks. No operational
authority is sought for the SES-11 Ka-band payldad,the analysis below demonstrates that this
payload is capable of operating in a two-degreeiageenvironment.

1.1 Analysis

For this portion of the analysis, the C/I ratioveen two adjacent systems is estimated for a set of
competing emissions. The analysis methodologyistmsf defining the emission characteristics
for each network and computing the interferencelevesulting from co-channel operation. C/I
levels are calculated for each combination of apging emissiond.é., the same frequency band
and link direction). Results are presented in esbproviding the interference levels for

combinations of emissions pairs.

The worst-case geometry for the earth and spadmrstais assumed. The space stations are
positioned closer to each other by their respedtatonkeeping tolerances and the earth station is

mispointed toward the interfering space statiombyssumed pointing error.
The following equations can be used to expressipfiak and downlink C/I:

C/ly =(PDeggy = PDgg, ) + (Gegw (By) —Ges, (6,)) +AG/T
Clloy =(EDggy = EDsgg,; ) + (Gesw (6yy) = Gesw (6,)) + AGC

Here the uplink C/I is estimated using the emisgiower densities and gains of the earth stations,
and an assumption defining the locations of thetegand interfering earth stations relative to the
wanted space station beam boresight. The dowrifkis estimated using the wanted and
interfering space station emission EIRP densitibs, gain of the wanted earth station, and an
assumption defining the location of the wantedhreatation relative to the wanted and interfering

space station beam boresights.

The off-axis performance of the earth station amkers modeled using Section 25.209 of the
Commission’s rules. According to Section 29.20d(x) receiving earth stations are afforded

protection to the extent that they meet the 2520%nd (b) masks at 1.5 degrees off-axis.
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Therefore, all receiving earth stations are assutoetieet this mask in the interference analysis
contained herein. Note that this antenna pattees dhot define gain values for angles less than
1.5 degrees. In order to account for earth stgtminting errors, a parabolic main beam model is

used for gain values at small off-axis anglegA— 0.0025 * (DX * ¢) * 2).

Earth station topocentric off-axis angles are apipnated by adding 10% to the geocentric angular
separation, taking into account the satellite atakeeping tolerance and earth station pointing

error.

System characteristics used in the analysis arersithe following tables. Three space stations
are considered: SES-11 and two adjacent stat®iaS;s SES-3 at 103.0° W.L., and a hypothetical
satellite at 106.95° W.L. assumed to be transngitiih the same maximum uplink power density

and downlink EIRP density levels as those for SES-1

Table 2-1 provides the space station name andabrimformation, and assumed earth station

parameters of the networks.

Table 2-1: Station Parameters

Parameter System 1 System 2 System 3
Space station name SES-3 SES-11 Hypothetical Satellite
Nominal orbit location (+E, -W) -103 -104.95 -107
Station-keeping tolerance (deg) 0.05 0.05 0.05
Earth station pointing error (deg) 0.15 0.15 0.15
Earth station antenna efficiency (fraction) 0.65 0.65 0.65

This analysis considers the digital emissions $ggofboth networks. Analog TV/FM signals are
coordinated on a case-by-case basis with nearlmesgt, and are therefore not addressed in this
analysis. Digital signals are more robust and agetypically down to much lower C/N ratios than

analog signals, and therefore are more toleraimtefference.

1.1.1 C-band

Table 2-2 and Table 2-3 show the C-band emissi@macteristics considered here for SES-3 at
103.0° W.L. and a hypothetical satellite at 106.8b62. The emissions characteristics for SES-3
have been derived from its Schedule S file. Aftafis EIRP densities and off-axis gain values
shown in Tables C-4a and C-4b were calculated vapect to the off-axis angle towards the

adjacent satellite.
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Table 2-2: Typical SES-3 C-band Emissions

Uplink: SES-3 Carriers
0 ied Earth Off-axi
o ccup.le . Uplink Eirp Transm. 2 . Sidelobe .aX|s
Emission Bandwidth | Uplink EIRP i Station Eirp
density Ant. (m) . Charact. i
(MHz) Gain density
36MOG7W 36.00 75.8 0.2 9.0 53.4 29 -32.2
27MOG7W 27.000 70.7 -3.6 9.0 53.4 29 -36.0
6M95G1W 7.000 60.3 -8.2 9.0 53.4 29 -40.6
5MO00G1W 5.000 62.7 -4.3 9.0 53.4 29 -36.7
100KG1W 0.100 41.3 -8.7 4.5 47.4 29 -35.1
1M60G1W 1.600 56.5 -5.5 4.5 47.4 29 -32.0
Downlink: SES-3 Carriers
. . Bandwidth Dintnt Receive Ear.th Sidelobe . .
Emission Satellite EIRP EIRP Station Off-axis Gain
(MHz) . Ant. (m) . Charact.
density Gain
36MOG7W 39.0 36.00 -36.6 38 42.1 29 21.0
27MOG7W 37.8 27.000 -36.5 3.8 42.1 29 21.0
6M95G1W 31.9 7.000 -36.6 38 42.1 29 21.0
5MO0O0G1W 30.4 5.000 -36.6 38 42.1 29 21.0
100KG1W 13.4 0.100 -36.6 38 42.1 29 21.0
1M60G1W 255 1.600 -36.5 38 42.1 29 21.0

Table 2-3: Hypothetical satellite at 106.95° W.L. ypical C-band Emissions

Uplink: Hypothetical Carriers
(o] ied Earth Off-axi
. ccup.le i Uplink Eirp Transm. 2 . Sidelobe .aXIs
Emission Bandwidth | Uplink EIRP i Station Eirp
density Ant. (m) . Charact. i
(MHz) Gain density
36MOG7W 35.40 73.3 -2.2 3.0 53.4 29 -34.6
18MOG7W 18.000 67.2 -5.4 9.0 53.4 29 -37.8
9MO0G7W 9.000 64.3 -5.2 9.0 53.4 29 -37.7
6M0O0G7W 6.000 62.5 -5.3 9.0 53.4 29 -37.7
1MO0OG7W 1.000 54.7 -5.3 9.0 53.4 29 -37.7
1MO0OG7W 1.000 54.7 -5.3 9.0 53.4 29 -37.7
Downlink: Hypcthetical Carriers
L . Bandwidth e Receive Ear.th Sidelobe . .
Emission Satellite EIRP EIRP Station Off-axis Gain
(MHz) . Ant. (m) . Charact.
density Gain
36MOG7W 41.7 35.40 -33.8 2.4 38.1 29 21.0
18MOG7W 34.8 18.000 -37.8 3.7 41.8 29 21.0
9MO0G7W 31.8 9.000 -37.7 3.7 41.8 29 21.0
6MO0G7W 30.0 6.000 -37.8 3.7 41.8 29 21.0
1MOOG7W 22.3 1.000 -37.7 3.7 41.8 29 21.0
1MO0OG7W 22.3 1.000 -37.7 3.7 41.8 29 21.0

Table 2-4 shows the SES-11 emission characteristicsidered here (derived from the Schedule S
file). Similar to Table 2-2 and Table 2-3, all-@ikis EIRP densities and off-axis gain values shown

in Table 2-4 were calculated with respect to tHeaafs angle towards the adjacent satellite.
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Table 2-4: Typical SES-11 C-band Emissions

Uplink: SES-11 Carriers
Emission| 36MOG7W | 18MOG7W | 9MOOG7W | 6MO0OG7W | 1IMOOG7W | 1IMOOG7W

Bandwidth (MHz) 35.400 18.000 9.000 6.000 1.000 1.000
Uplink EIRP 73.3 67.2 64.3 62.5 54.7 54.7

Uplink Power 19.9 13.8 10.9 9.1 13 13

Uplink Power density -55.6 -58.8 -58.7 -58.7 -58.7 -58.7
Uplink Earth Station (m) 9.0 9.0 9.0 9.00 9.0 9.00
Earth Station Gain 53.4 53.4 53.4 53.4 53.4 53.4

Upl. EIRP density -2.2 -5.4 -5.2 -5.3 -5.3 -5.3
Sidelobe Characteristic 29.0 29.0 29.0 29.0 29.0 29.0
Off-axis Eirp density -34.6 -37.8 -37.7 -37.7 -37.7 -37.7

Downlink: SES-11 Carriers
Emission| 36MOG7W | 18MOG7W | 9MOOG7W | 6M0O0G7W | 1MOOG7W | 1MOOG7W

Bandwidth 35.40 18.000 9.000 6.00 1.00 1.00

Receive Earth Station (m) 2.40 3.70 3.70 3.70 3.70 3.70

Satellite EIRP 41.7 34.8 31.8 30.0 22:3 22.3

Downlink EIRP density -33.8 -37.8 -37.7 -37.8 -37.7 -37.7

RX Earth Station Gain 38.1 41.8 41.8 41.8 41.8 41.8
Sidelobe Characteristic 29 29 29 29 29 29

Off-axis Gain 21.0 21.0 21.0 21.0 21.0 21.0

Applying the methodology described above to thessmn characteristics shown in Table 2-2,
Table 2-3, and Table 2-4 results in the C/I lewslewn in Appendix A to this Annex. A separate
table is provided for each frequency band/link cimn pair that shows the C/I level for each

emission pair.
All the calculated C-band C/I values, including therst cases, are shown in Appendix A.

1.1.2 Ku-band C/I Estimates

Similar to the above, the tables below show th&alKu-band emission characteristics considered
here for SES-3 at 103.0° W.L. and a hypotheticdklsi@ at 107.0° W.L. The emissions
characteristics for SES-3 have been derived frensdhedule S file. As before, all off-axis EIRP
densities and off-axis gain values shown in Tabfedhd Table 2-6 were calculated with respect to

the off-axis angle towards the adjacent satellite.
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Table 2-5: Typical SES-3 Ku-band Emissions

Uplink: SES-3 Carriers

. Occup.led . Uplink Eirp | Transm. Ear.th Sidelobe Oﬁja)“s
Emission Bandwidth |Uplink EIRP . Station Eirp
density Ant. (m) i Charact. i

(MHz) Gain density

36MOG7W 36.00 74.7 -0.5 6.00 57.2 29 -37.0
27MOG7W 27.00 74.7 0.4 6.00 57.2 29 -35.8
6M95G1W 7.000 63.6 -4.9 6.00 57.2 29 -41.0
5M00G1W 5.000 63.6 -3.4 6.00 57.2 29 -39.6
100KG1W 0.100 52.7 2.7 6.00 57.2 29 -33.5
1IM60G1W 1.600 62.7 0.7 6.00 972 29 -35.5

Downlink: SES-3 Carriers
. Satellite | Bandwidth e Receive Ear.th Sidelobe Off-axis
Emission EIRP (MHz) ERP 1 ant.(m) | 3" | Charact. | Gain
density Gain

36MOG7W 49.5 36.00 -26.1 1.2 41.7 29 21.0
27MOG7W 48.3 27.000 -26.0 1.2 41.7 29 21.0
6M95G1W 38.4 7.000 -30.1 1.2 41.7 29 21.0
5M0O0G1W 36.9 5.000 -30.1 1.8 45.2 29 21.0
100KG1W 19.9 0.100 -30.1 1.8 45.2 29 21.0
1M60G1W 32.0 1.600 -30.0 1.8 45.2 29 21.0

Table 2-6: Hypothetical satellite at 106.95° W.L. ¥pical Ku-band Emissions

Uplink: Hypothetical Carriers

S Uplink Eirn | Transm. Esin Sidelobe b
Emission Bandwidth |Uplink EIRP| *,  ° Station Eirp
density Ant. (m) ) Charact. i

(MHz) Gain density
36MOG7W 30.00 70.2 -4.6 9.00 60.7 29 -44.3
5MO00G1W 3.62 56.3 9.3 1.20 43.2 29 -31.5
100KG1D 0.037 35.5 -10.2 1.00 41.6 29 -30.8
1M40G1D 1.675 51.7 -10.5 1.00 41.6 29 -31.1
2MO00G7W 0.910 99.2 -4.4 1.80 46.7 29 -30.1
8MO00G7W 6.006 57.8 -10.0 2.40 49.2 29 -38.2

Downlink: Hypothetical Carriers

L. Satellite |Bandwidth D Receive Ear.th Sidelobe Off-axis

Fiion EIRP (MHz) EIRP | ant.(m) | S¥™¥°" | charact. | Gain
density Gain

36MOG7W 443 30.00 -30.5 1.2 41.7 29 21.0
5MO00G1W 31.9 3.617 -33.7 4.5 53.1 29 21.0
100KG1D 11.1 0.037 -34.6 3.2 50.2 29 21.0
1M40G1D 27.2 1.675 -35.0 1.8 45.2 29 21.0
2MO0G7W 30.8 0.910 -28.8 1.8 45.2 29 21.0
8M0O0G7W 33.3 6.006 -34.5 4.5 53.1 29 21.0

21




Table 2-7 shows the SES-11 typical Ku-band emissioaracteristics considered here (derived
from the Schedule S file). Similar to previouslésh all off-axis EIRP densities and off-axis gain
values shown in Table 2-7 were calculated with eespo the off-axis angle towards the adjacent

satellite.

Table 2-7: Typical SES-11 Ku-band Emissions

Uplink: SES-11 Carriers
Emission| 36MOG7W | SMOOG1W | 100KG1D 1M40G1D | 2M0OOG7W | 8MOOG7W

Bandwidth (MHz) 30.000 3.617 0.037 1.675 0.910 6.006
Uplink EIRP 70.2 56.3 355 51.7 99:2 57.8

Uplink Power 9.5 131 -6.1 10.1 8.5 8.6
Uplink Power density -65.3 -52.5 -51.8 -52.1 -51.1 -59.2
Uplink Earth Station (m) 9.0 1.2 1.0 1.00 1.8 2.40
Earth Station Gain 60.7 43.2 41.6 41.6 46.7 49.2
Upl. EIRP density -4.6 9.3 -10.2 -10.5 -4.4 -10.0
Sidelobe Characteristic 29.0 29.0 29.0 29.0 29.0 29.0
Off-axis Eirp density -44.3 -31.5 -30.8 -31.1 -30.1 -38.2

Downlink: SES-11 Carriers
Emission| 36MOG7W | SM0O0G1W 100KG1D 1M40G1D | 2MOOG7W | 8M0O0OG7W

Bandwidth 30.00 3.617 0.037 1.68 0.91 6.01

Receive Earth Station (m) 1.20 4.50 3.20 1.80 1.80 4.50

Satellite EIRP 443 31.9 b I | 27.2 30.8 33.3

Downlink EIRP density -30.5 -33.7 -34.6 -35.0 -28.8 -34.5

RX Earth Station Gain 41.7 53.1 50.2 45.2 45.2 53.1
Sidelobe Characteristic 29 29 29 29 29 29

Off-axis Gain 21.0 21.0 21.0 21.0 21.0 21.0

Applying the methodology described in section 1flthis Annex to the emission characteristics
shown in Table 2-5, Table 2-6, and Table 2-7 resulthe C/I levels shown in Appendix B to this
Annex. A separate table is provided for each femgy band/link direction pair that shows the C/I

level for each emission pair.

All the calculated Ku-band C/I values, including tlvorst cases, are shown in Appendix B.

1.1.3 Ka-band Two-Degree Spacing Analysis

Even though no operating authority is being soughtthe 20/30 GHz payload, information is
provided here to demonstrate that the payloadpalda of complying with Commission rules for
operation in a two-degree spacing environment. eNloat no transmissions of the SES-11 satellite
network will exceed the uplink off-axis EIRP degsdnd the downlink PFD levels of §25.138,
regardless of whether the frequency band usedmijsaito §25.138.
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1.1.3.1 SES-11 Frequency Bands Subject to §25.138

The SES-11 frequency bands that are subject td.88%re 18.3-18.8 GHz, 19.7-20.2 GHz, 28.35-
28.6 GHz and 29.25-30.0 GHz. Compliance with tleen@ission’s two-degree spacing policy is
assured in these bands provided:

- The uplink off-axis EIRP density levels of §253(8)(1) are not exceeded; and

- The maximum downlink PFD levels are lower thae BFD value of -118 dBW/m2/MHz
given in 825.138(a)(6) of the rules.

The clear sky uplink off-axis EIRP density limité 825.138(a)(1) are equivalent to a maximum
uplink input power spectral density (“PSD”) of -561BW/Hz, assuming the antenna gain meets the
off-axis gain mask of §25.209. As shown below, itieximum PSD level from any of the typical
transmitting earth stations is below this valuextf.5 dBW/Hz.

For a typical SES-11 transmitting gateway earttista the maximum EIRP density level is
54.3 dBW/MHz. The minimum antenna size for a tgbiSES-11 transmitting gateway earth
station will be 9.0 m. This corresponds to a P®Wel into the antenna of approximately
-72.7 dBW/Hz, which is 16.2 dB below the above nred limit value.

The maximum EIRP that could be generated by any-BEESWTA is 40.4 dBW. This EIRP is
associated with a 250 MHz bandwidth resulting imaximum EIRP density of 16.4 dBW/MHz.
The shortest distance from the satellite to theéhEar35,786 km, corresponding to a spreading loss
of 162.07 dB. Therefore, the maximum possible REhe Earth’s surface in the Ka-band gateway
downlink beams cannot exceed -145.6 dBWwitiz. This level meets the -118 dBWikHz
PFD limit at the Earth’s surface, with a margin23%.6 dB. Accordingly, all downlink Ka-band

transmissions from SES-11 will be compliant witl58238(a)(6) of the rules.

1.1.3.2 SES-11 Frequency Bands Not Subject to §25.138
The only Ka-band frequency segment used by SE$tlig not covered by §25.138 is the 18.8-
19.3 GHz downlink band.

Currently there are no operational GSO Ka-bandldgasethat use the above listed band within two
degrees of the 104.95° W.L. location, nor are tla@seapplications pending before the Commission
for use of this band by a GSO satellite within wegrees.
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Therefore, in order to demonstrate two-degree cdibipyy in this frequency range, the
transmission parameters of the SES-11 satellite h@en assumed as both the wanted and victim

carriers, and the C/I level is calculated.

With the smallest antenna size being 3.7 meterghferdownlink earth station, the downlink C/I
calculation is simplified. Further, considering@t8ES-11 gain contours in this frequency band, it i
reasonable to assume that the receive space statiorat the transmitting wanted and interfering

earth station sites will be nearly the same.

Therefore, the downlink C/I for similar operatioas both slots can be simplified as the off-axis

discrimination of the earth station antenna, aeWws:
C/l, = on-axis gain (dBi) — off-axis gain towards thanted satellite (dBi)
= 55.2 dBi (on-axis gain of 3.7 m earth statiorean) — 29+25 * log (1.535°)
=30.9dB

For purposes of the above calculation, the orls&garation is taken as the difference between
104.95° W.L. and the closest adjacent slot, 103°Whiinus the station-keeping tolerance of each
satellite (+/- 0.5°) and approximating the topoderangle by adding 10% to the geocentric angular

separation. The off-axis gain of the earth staintenna is modeled using Part 25 Section 25.209.

The resulting C/I is high, as one would expectdoch large downlink earth station antennas, and

demonstrates that the operations proposed herinvardegree compatible.

1.1.3.3 Sharing with NGSO FSS in the 28.6-29.1 GHz and 181X®.3 GHz bands

While the 28.6-29.1 GHz and 18.8-19.3 GHz bandsalecated internationally for GSO and
NGSO use on a co-primary basis, these bands aeatdd to NGSO FSS on a primary basis in the
U.S. Table of Allocations. The U.S. Table allosatee 28.6-29.1 GHz band to GSO FSS on a
secondary basis, while the 18.8-19.3 GHz band b&30 FSS allocation.

Although SES is not seeking Commission authorinatmoperate in the 28.6-29.1 GHz and 18.8-
19.3 GHz bands (i.e., the “NGSO” bands) within Ut&ritory, the analyses contained herein
nonetheless demonstrates the compatibility of tB8-$1 satellite with NGSO systems currently

and previously authorized by the Commission.

O3b Limited (“O3b”) has received U.S. market acdessts constellation of NGSO satellites. O3b
has Commission authorization to use the 28.6-2%% énd 18.8-19.3 GHz bands to communicate
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with fixed earth stations located in Hawaii, Texasd Virginia, as well as for earth stations on
vessels (“ESV”) operating within U.S. waters. Q880 has received Commission authorization for
blanket license operation of fixed earth statich® (meter, 1.8 meter, 2.2 meter and 2.4 meter) in
CONUS, Hawaii, Puerto Rico and the U.S. Virgin mgla. The interference analysis contained
herein demonstrates that no harmful interferentedEn the O3b system’s U.S. operations and the

SES-11 satellite network will occur.

Currently no other NGSO networks are authorizedhsy Commission to use the 28.6-29.1 GHz
and 18.8-19.3 GHz bands. Northrop Grumman SpadeMission Systems Corp. (“Northrop
Grumman”) previously received Commission authoraratfor a Global EHF Satellite Network
(“GESN”) and ATCONTACT Communications, LLC (“ATCONMNNCT”) previously received
Commission authorization for its NGSO network. Boetworks were to utilize highly elliptical
orbits (“HEQ”). The interference analysis belowndmstrates that the operations of the SES-11
satellite network also would protect the types d&CH satellite systems previously licensed to
Northrop Grumman and ATCONTACT from harmful intedace.

1.1.3.4 Sharing with the O3b System

As described above, O3b has a number of Commissitimorizations for operation of land-based
fixed earth stations and for the operation of E8Mbin U.S. coastal waters. SES has examined all
of the O3b scenarios and has found that the higbeteintial for interference from the SES-11
network into the O3b network would occur into O3ESV operations because these are the O3b
ground antennas that can be located closest tedghator. Due to a GSO network’s equatorial
orbit, the closer to the equator that an O3b estdtion is located, the more interference it can
receive from the GSO network. Similarly, the clos the equator that a GSO earth station is
located, the more interference it can receive ftbe O3b network. The location closest to the
equator that is within U.S. territory, and visilbbeboth the SES-11 and O3b satellite networks) is i
U.S. waters south of St. Croix, U.S. Virgin Islan@gproximately 17.6°N, 64.75°W). The
following analysis assumes the SES-11 and O3b mksvboth have an ESV located at these

geographic coordinates.

Table 2-8 shows the pertinent transmission parasefehe SES-11 network and the O3b system.

Table 2-8: Summary of SES-11 and O3b parameters

Parameters SES-11 O3b System

Uplink Input Power Density -72.7 dBW/Hz -53.4 dBW/H

25



Satellite Rx Antenna Gain 24.8 dBi 34.5 dBi
Satellite Rx System Noise Temp 545 K 1000 K
Satellite Tx EIRP Density -42.3 dBW/Hz -28.32 dBW/H
Earth Station Rx System Noise Temperatyre 188 K K307

Table 2-9 shows the interference calculations Herassumed worst case static situation described
above. The results show that the O3b system iguadely protected. The calculatad/T values

are very small in all cases, indicating the tecAihtompatibility of the SES-11 satellite network
with the O3b network and therefore with an O3b leatation located anywhere within U.S.
territory. For areas outside of U.S. territory, S®ill operate in a manner consistent with ITU
coordination rules.

Table 2-9: Interference calculations between SEStland O3b

Victim network 03b SES-11
Interfering network SES-11 0O3b
Uplink:

Frequency band GHz 28.85 28.85
Interfering uplink input power density dBW/H -72.7 534
Angular separation between interfering E/S andmicatellite degrees 8.5 8.5
Slant range (Interfering path) km 9768 37775
Free space path loss (Interfering path) dB 201.4 213.2
Atmospheric losses dB 1.2 1.2
Victim satellite receive antenna gain dBi 345 24.8
Victim Satellite's Antenna Discrimination towardsdrfering E/S dB 0 0
Victim satellite Rx system noise temperature K 1000 554
No dBW/Hz -198.6 -201.2
lo dBW/Hz -235.0 -237.2
lo/No dB -36.4 -36.0
ATIT % 0.0z 0.0¢
Downlink:

Frequency band GHz 19.05 19.05
Interfering satellite downlink EIRP density dBW/H 42-3 -28.32
Slant range (Interfering path) dB 37775 9768
Free space path loss (Interfering path) dB 209.6 197.8
Atmospheric losses dB 1 1
Angular separation between interfering satellité @ntim E/S degrees 8.5 8.5
Interfering Satellite's Antenna Discrimination tads Victim E/S dB 0 0
Victim Rx earth station system noise temperature K 7 30 188
No dBW/Hz -203.7 -205.9
lo dBW/Hz -247.1 -221.4
lo/No dB -43.3 -15.5
ATIT % 0.00¢ 2.8

1.1.3.5 Sharing with HEO Systems

This section analyzes the compatibility of the SHSsatellite network with HEO systems. Table
2-10 summarizes the salient parameters of the JESatellite network and the GESN and

ATCONTACT HEO satellite networks. The HEO netwqgérameters are identical to those used
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by Northrop Grumman and ATCONTACT to demonstratéependently that their GSO operations
in the 28.6-29.1 GHz and 18.8-19.3 GHz bands wemepatible with the other’s proposed NGSO
operations. The parameters of the two HEO networks are idehtallowing a single interference

analysis to be performed with respect to the SE&etwork.

Table 2-10: Summary of SES-11 and GESN / ATCONTAC Parameters

Parameters SES-11 GESN / ATCONTACT
Systems

Minimum Operational Altitude GSO 16000 km
Uplink Input Power Density -72.7 dBW/Hz -63.45 dBMY/
Satellite Rx Antenna Gain 24.8 dBi 46.5 dBi
Satellite Rx System Noise Temp 545 K 504 K
Satellite Tx EIRP Density -42.3 dBW/Hz -18 dBW/Hz
Earth Station Rx System Noise Temperature 188 K K315

In order to demonstrate compatibility with theseotWEO networks, a worst case, static
interference analysis is performed. The smallessible angle will occur when the GSO satellite,
the HEO satellite and the relevant earth statiena#iron the same longitude, the HEO satellitd is a
its lowest operational latitude, and the earthi@tais at a high latitude. Assuming a minimum
10° elevation angle for the GSO earth station, Hats the latitude to 71.4°N. The minimum
transmitting altitude for the GESN and ATCONTACTtedlites is 16000 km, which translates to
their lowest operational latitude being 31.9°N. tMthis information, the smallest possible angular

separation is then calculated to be 27.4 degrees.

Table 2-11 shows the results of interference catmns from the SES-11 network into the GESN
and ATCONTACT networks and vice versa. Both theOG&d HEO earth stations have been
assumed to be at a latitude of 71.4°N. The caedIAT/T values are very small in all cases,
indicating the technical compatibility of the SE$-fietwork with the GESN and ATCONTACT

networks.

4 SeeSAT-AMD-20040719-00138 and SAT-AMD-20040719-00141.

27



Table 2-11: Interference calculations between SESt and GESN/ATCONTACT

Victim network
Interfering network

Uplink:

Frequency band

Interfering uplink input power density
Angular separation

Slant range (Interfering path)

Space loss (Interfering path)
Atmospheric losses

Victim satellite receive antenna gain
Victim satellite Rx system noise temperature
No

lo

lo/No

ATIT

Downlink:

Frequency band

Interfering satellite downlink EIRP density
Slant range (Interfering path)

Space loss (Interfering path)

Atmospheric losses

Angular separation

Victim Rx earth station system noise temperature
No

lo

lo/No

ATIT

GHz
dBW/H
degree

km
dB
dB
dBi
K
dBW/Hz
dBW/Hz
dB
%

GHz
dBW/H
dB
dB
dB
degree
K
dBW/Hz
dBW/Hz
dB

%

GESN / ATCONTACT
SES-11

28.85
-72.7
27.4
21046
208.1
1.2
46.5
504
-201.6
-239.5
-37.9
0.01¢

19.05
-42.3
40586
210.2

27.4
188
-205.9
-257.5
-51.6
0.001

SES-11
GESN / ATCONTACT

28.85
-63.45
274
40586
213.8
1.2
24.8
545
-201.2
-257.6
-56.4
0.000:

19.05

-18
21046
204.5

27.4

4 22
-205.1
-227.4
-22.3
0.58%2
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APPENDIXA

C-Band C/I Calculations

Table 2A- 1: SES-11 into SES-3 C-Band Uplink C/I

Uplink C/1 analysis SES-11 into SES-3 Uplink: SES-11 Carriers
Frequency 6.175 GHz Emission| 36 MO0G7W | 18M0G7W| 9MO0G7W [ 6M0O0G7W| 1MOOG7W [ IMOOG7W

Bandwidth (MHz)| 35.400 18.000 9.00 6.00 1.00 1.00

Uplink EIRP 73.3 67.2 64.3 62.5 54.7 54.7

SES-11 Orbital Position 104.95 w Uplink Power 19.9 13.8 10.9 9.1 13 1.3
SES-3 Orbital Position 103.0 w Uplink Power density -55.6 -58.8 -58.7 -58.7 -58.7 -58.7
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 9.0 9.0 9.00 9.0 9.0
Topocentric Separation 2.0 degrees Earth Station Gain 53.4 53.4 53.4 53.4 53.4 53.4
Upl. EIRP density -2.2 -5.4 -5.2 -5.3 -53 -5.3

Sidelobe Characteristic 29 29 29 29 29 29
Off-axis Eirp density -34.3 -37.5 -37.4 -37.4 -37.4 -37.4

Uplink: SES-3 Carriers Uplink C/I: SES-11 into SES-3 Carriers
OCCUP_Ied . Uplink Eirp Transm. Ear.th Sidelobe Off:ams
dwidth Uplink EIRP . Station Eirp c/ cN cN c/l c/l c/i
density Ant. (m) | Charact. y
(MHz) Gain density
36MOG7W 36.00 75.8 0.2 9.0 53.4 29 -31.9 34.6 37.7 37.6 37.7 37.7 37.7
27MOG7W 27.000 70.7 -3.6 9.0 53.4 29 -35.8 30.7 33.9 33.8 33.8 33.8 33.8
6MI5G1IW 7.000 60.3 -8.2 9.0 53.4 29 -40.3 26.2 29.3 29.2 293 29.3 293
5MO00G1W 5.000 62.7 -4.3 9.0 53.4 29 -36.4 30.0 33.2 33.1 33.1 33.2 33.2
100KG1W 0.100 41.3 -8.7 4.5 47.4 29 -34.8 25.6 28.8 28.7 28.7 28.7 28.7
1M60G1W 1.600 56.5 -5.5 4.5 47.4 29 -31.7 28.8 32.0 31.8 31.9 31.9 31.9
Table 2A- 2: SES-11 into SES-3 C-Band Downlink C/I
Downlink C/I analysis SES-11 into SES-3 Downlink: SES-11 Carriers
Frequency 3.95 GHz Emission| 36M0G7W | 18MOG7W | 9M0OOG7W | 6M0O0G7W | 1IMOOG7W | 1MOOG7W

Bandwidth 35.40 18.000 9.000 6.00 1.00 1.00

SES-11 Orbital Position 104.95 w Receive Earth Station (m) 2.40 3.70 3.70 3.70 3.70 3.70
SES-3 Orbital Position 103.0 w Satellite EIRP 41.7 348 318 30.0 223 223
Geocentric Separation 19 degrees D ink EIRP density -33.8 -37.8 -37.7 -37.8 -37.7 -37.7
Topocentric Separation 2.0 degrees RX Earth Station Gain 38.1 41.8 41.8 41.8 41.8 41.8

idelobe Characteristic| 29 29 29 29 29 29

Off-axis Gain 21.3 21.3 21.3 21.3 21.3 21.3

D link: SES-3 Carriers Downlink C/1: SES-11 into SES-3 Carriers
Downlink Earth
Emission Satellite EIRP Bandwidth EIRP Receive Station Sidelobe | Off-axis c/ c/ c/ c/ c/ c/
(MHz) 3 Ant. (m) ) Charact. Gain
density Gain

36MOG7W 39.0 36.00 -36.6 3.8 42.1 29 21.3 18.0 22.0 22.0 22.0 21.9 219
27MOG7W 37.8 27.000 -36.5 3.8 42.1 29 213 18.0 22.0 22.0 22.0 22.0 22.0
6M95G1W 319 7.000 -36.6 3.8 42.1 29 213 18.0 22.0 22.0 22.0 21.9 219
5MO00G1IW 30.4 5.000 -36.6 3.8 42.1 29 213 18.0 21.9 219 22.0 21.9 219
100KG1W 13.4 0.100 -36.6 3.8 42.1 29 213 18.0 21.9 21.9 22.0 21.9 21.9
1M60G1W 25.5 1.600 -36.5 3.8 42.1 29 21.3 18.0 22.0 22.0 22.0 21.9 219
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Uplink C/I analysis SES-3 into SES-11

Table 2A- 3: SES-3 into SES-11 C-Band Uplink C/I

Uplink: SES-11 Carriers

Frequency 6.175 GHz 36MOG7W | 18M0G7W | 9MO0G7W | 6MO0OG7W | 1IM0OOG7W [ 1MO0OG7W
Bandwidth (MHz)|  35.400 18.000 9.000 6.000 1.000 1.000
Uplink EIRP 73.3 67.2 64.3 62.5 54.7 54.7
SES-11 Orbital Position 104.95 w Uplink Power 19.9 13.8 10.9 9.1 13 1.3
SES-3 Orbital Position 103.0 w Uplink Power density| -55.6 -58.8 -58.7 -58.7 -58.7 -58.7
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 9.0 9.0 9.00 9.0 9.00
Topocentric Separation 2.0 degrees Earth Station Gain 53.4 53.4 53.4 53.4 53.4 53.4
Upl. EIRP density -2.2 -5.4 -5.2 -5.3 -5.3 -5.3
Sidelobe Characteristic 29.0 29.0 29.0 29.0 29.0 29.0
Off-axis Eirp density -34.3 -37.5 -37.4 -37.4 -37.4 -37.4
Uplink: SES-3 Carriers Uplink C/I: SES-3 into SES-11 Carriers
Emission Occupied Bandwidth Uplink UpIinkVEirp Transm. Sf:trit:n Sidelobe Of;::us o o o o o o
(MHz) EIRP density Ant. (m) ) Charact. )
Gain density
36MOG7W 36.00 75.8 0.2 9.00 53.4 29 -31.9 29.7 26.6 26.7 26.6 26.6 26.6
27M0G7W 27.00 70.7 -3.6 9.00 53.4 29 -35.8 336 30.4 30.5 30.5 30.5 30.5
6MI95G1IW 7.000 60.3 -8.2 9.00 53.4 29 -40.3 38.1 349 35.0 35.0 35.0 35.0
5M00G1W 5.000 62.7 -4.3 9.00 53.4 29 -36.4 342 311 31.2 311 311 311
100KG1W 0.100 413 -8.7 4.50 47.4 29 -34.8 326 29.5 29.6 29.5 29.5 29.5
1M60G1IW 1.600 56.5 -5.5 4.50 47.4 29 -31.7 29.5 26.3 26.4 26.4 26.4 26.4
Table 2A- 4: SES-3 into SES-11 C-Band Downlink C/I
Downlink C/I analysis SES-3 into SES-11 D SES-11 Carriers
Frequency 3.95 GHz 36MOG7W | 18MOG7W | 9MOOG7W | 6MOOG7W | 1IMOOG7W [ IMOOG7W
Bandwidth 35.40 18.000 9.000 6.00 1.00 1.00
SES-11 Orbital Position 104.95 w Receive Earth Station (m) 2.40 3.70 3.70 3.70 3.70 3.70
SES-3 Orbital Position 103.0 w Satellite EIRP 41.7 34.8 31.8 30.0 22.3 22.3
Geocentric Separation 1.9 degrees Downlink EIRP density -33.8 -37.8 -37.7 -37.8 -37.7 -37.7
Topocentric Separation 2.0 degrees RX Earth Station Gain 38.1 41.8 41.8 41.8 41.8 41.8
Sidelobe Characteristic 29 29 29 29 29 29
Off-axis Gain 213 213 213 213 213 213
Downlink: SES-3 Carriers Downlink C/I: SES-3 into SES-11 Carriers
. ) Bandw. Downlink Receive Ear.th Sidelobe ) )
Emission Satellite EIRP EIRP Station Off-axis Gain c/i c/l c/i c/i c/ c/l
(MHz) 3 Ant. (m) ) Charact.
density Gain
36MOG7W 39.0 36.00 -36.6 3.8 42.1 29 213 19.6 19.4 19.4 193 194 194
27MOG7W 37.8 27.000 -36.5 3.8 42.1 29 21.3 19.5 193 19.3 193 19.4 194
6M95G1W 31.9 7.000 -36.6 3.8 42.1 29 21.3 19.5 19.3 19.3 19.3 19.4 19.4
5M00G1W 304 5.000 -36.6 3.8 42.1 29 21.3 19.6 19.4 19.4 193 19.4 194
100KG1W 13.4 0.100 -36.6 3.8 42.1 29 21.3 19.6 19.4 19.4 19.4 19.4 19.4
1M60G1W 25.5 1.600 -36.5 3.8 42.1 29 21.3 19.5 19.3 19.3 19.3 19.4 19.4
Table 2A- 5: SES-11 into Hypothetical satellite a106.95° W.L. C-band Uplink C/I
Uplink C/I analysis SES-11 into Hypothetical Uplink: SES-11 Carriers
Frequency  6.175 GHz Emission| 36M0G7W | 18M0G7W | SMO0G7W | 6MOOG7W [ 1MOOG7W | IMOOG7W
Bandwidth (MHz)| 35.400 18.000 9.00 6.00 1.00 1.00
Uplink EIRP 73.3 67.2 64.3 62.5 54.7 54.7
SES-11 Orbital Position  104.95 W Uplink Power 19.9 13.8 10.9 9.1 13 13
Hypothetical Orbital Position  106.95 W Uplink Power density -55.6 -58.8 -58.7 -58.7 -58.7 -58.7
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 9.0 9.0 9.00 9.0 9.0
Topocentric Separation 2.1 degrees Earth Station Gain 53.4 53.4 53.4 53.4 534 534
Upl. EIRP density -2.2 -5.4 -5.2 -5.3 -5.3 -5.3
Sidelobe Characteristic 29 29 29 29 29 29
Off-axis Eirp density -34.6 -37.8 -37.7 -37.7 -37.7 -37.7
Uplink: Hypothetical Carriers Uplink C/I: SES-11 into Hypothetical Carriers
» Occuplled Uplink Up.lmk Transm. Ear.th sidelobe Off:axls
Emission Bandwidth Eirp Station Eirp c/l c/l c/l c/l c/l c/l
EIRP ) Ant. (m) A Charact. .
(MHz) density Gain density
36MOG7W 35.40 733 -2.2 9.0 53.4 29 -34.6 324 35.6 35.5 35.5 35.5 35.5
18MOG7W 18.000 67.2 5.4 9.0 53.4 29 -37.8 293 324 323 324 324 324
9MO0G7W 9.000 64.3 -5.2 9.0 53.4 29 -37.7 29.4 32.5 324 32.5 325 32.5
6MO0G7W 6.000 62.5 53 9.0 53.4 29 -37.7 293 325 324 324 324 324
1MO00G7W 1.000 54.7 53 9.0 53.4 29 -37.7 293 325 324 324 324 324
1MO00G7W 1.000 54.7 -5.3 9.0 53.4 29 -37.7 29.3 32.5 324 32.4 32.4 32.4
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Table 2A- 6: SES-11 into Hypothetical satellite a106.95° W.L. C-Band Downlink C/I

Downlink C/l analysis SES-11 into Hypothetic

Downlink: SES-11 Carriers

Frequency 3.95 GHz Emission| 36MOG7W | 18MOG7W | 9MO0OG7W | 6MOOG7W | IMOOG7W | 1MO0OG7W

Bandwidth 35.40 18.000 9.000 6.00 1.00 1.00

SES-11 Orbital Position 104.95 W Receive Earth Station (m) 2.40 3.70 3.70 3.70 3.70 3.70
Hypothetical Orbital Position 106.95 W Satellite EIRP 41.7 34.8 31.8 30.0 22.3 22.3
Geocentric Separation 1.9 degrees Downlink EIRP density -33.8 -37.8 -37.7 -37.8 -37.7 -37.7
Topocentric Separation 2.1 degrees RX Earth Station Gain 38.1 41.8 41.8 41.8 41.8 41.8

Sidelobe Characteristic 29 29 29 29 29 29

Off-axis Gain 21.0 21.0 21.0 21.0 21.0 21.0

Downlink: Hypothetical Carriers Downlink C/I: SES-11 into Hypothetical Carriers
Emission Satellite |Bandwidth Do:;:nk Receive SiE::::n Sidelobe | Off-axis o o o o o o
EIRP (MHz) 3 Ant. (m) ) Charact. Gain
density Gain

36MOG7W 41.7 35.40 -33.8 2.4 38.1 29 21.0 17.1 21.0 21.0 21.1 21.0 21.0
18MOG7W 34.8 18.000 -37.8 3.7 41.8 29 21.0 16.9 20.8 20.8 20.9 20.8 20.8
9MO0G7W 31.8 9.000 -37.7 3.7 41.8 29 21.0 16.9 20.8 20.8 20.9 20.8 20.8
6M00G7W 30.0 6.000 -37.8 3.7 41.8 29 21.0 16.8 20.8 20.8 20.8 20.7 20.7
1MO0G7W 22.3 1.000 -37.7 3.7 41.8 29 21.0 16.9 20.9 20.9 20.9 20.8 20.8
1MO0G7W 22.3 1.000 -37.7 3.7 41.8 29 21.0 16.9 20.9 20.9 20.9 20.8 20.8

Table 2A- 7: Hypothetical satellite at 106.95° W.Linto SES-11 C-band Uplink C/I

Uplink C/I analysis Hypothetical into SES-11

Uplink: SES-11 Carriers

Frequency 6.175 GHz Emission| 36 M0G7W | 18M0G7W | 9MOOG7W | 6MOOG7W | IMOOG7W | IMOOG7W

Bandwidth (MHz)| 35.400 18.000 9.000 6.000 1.000 1.000

Uplink EIRP 73.3 67.2 64.3 62.5 54.7 54.7

SES-11 Orbital Position 10495 W Uplink Power 19.9 13.8 10.9 9.1 1.3 1.3
Hypothetical Orbital Position  106.95 W Uplink Power density -55.6 -58.8 -58.7 -58.7 -58.7 -58.7
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 9.0 9.0 9.00 9.0 9.00
Topocentric Separation 2.1 degrees Earth Station Gain 53.4 53.4 53.4 53.4 53.4 53.4
Upl. EIRP density -2.2 -5.4 -5.2 -5.3 -5.3 -5.3

Sidelobe Characteristic 29.0 29.0 29.0 29.0 29.0 29.0
Off-axis Eirp density -34.6 -37.8 -37.7 -37.7 -37.7 -37.7

Uplink: Hypothetical Carriers Uplink C/1: Hypothetical into SES-11 Carriers
Occupied Uplink Earth Off-axis
Emission Bandv:idth Uplink :irp Transm. Station Sidelobe Eirp c/i c/l c/i c/l c/i c/l
EIRP ) Ant. (m) A Charact. )
(MHz) density Gain density

36MOG7W 35.40 73.3 -2.2 9.00 53.4 29 -34.6 324 293 29.4 293 29.3 293
18MOG7W 18.00 67.2 -5.4 9.00 53.4 29 -37.8 35.6 32.4 32.5 32.5 32.5 32.5
9IMO0G7W 9.000 64.3 -5.2 9.00 53.4 29 -37.7 35.5 323 324 324 324 324
6M0O0G7W 6.000 62.5 -5.3 9.00 53.4 29 -37.7 35.5 324 32.5 32.4 324 324
1MO0G7W 1.000 54.7 -5.3 9.00 53.4 29 -37.7 35.5 32.4 32.5 324 324 32.4
1MO0G7W 1.000 54.7 -5.3 9.00 53.4 29 -37.7 35.5 324 32.5 324 324 324

Table 2A- 8: Hypothetical satellite at 106.95° W.Linto SES-11 C-Band Downlink C/I

Downlink C/I analysis Hypothetical into SES-1

Downlink: SES-11 Carriers

Frequency 3.95 GHz Emission| 36M0G7W | 18M0G7W | 9MOOG7W | 6MOOG7W | 1IMOOG7W [ IMOOG7W

Bandwidth 35.40 18.000 9.000 6.00 1.00 1.00
SES-11 Orbital Position 104.95 W Receive Earth Station (m) 2.40 3.70 3.70 3.70 3.70 3.70
Hypothetical Orbital Position 106.95 W Satellite EIRP 41.7 34.8 31.8 30.0 22.3 22.3
Geocentric Separation 19 degrees Downlink EIRP density -33.8 -37.8 -37.7 -37.8 -37.7 -37.7
Topocentric Separation 2.1 degrees RX Earth Station Gain 38.1 41.8 41.8 41.8 41.8 41.8

Sidelobe Characteristic 29 29 29 29 29 29
Off-axis Gain 21.0 21.0 21.0 21.0 21.0 21.0

Downlink: Hypothetical Carriers Downlink C/I: Hypothetical into SES-11 Carriers
. Satellite |Bandwidth Downlink Receive Earfh Sidelobe | Off-axis
Emission EIRP (MHz) EIRf’ Ant. (m) Stat!on Charact. Gain c/l c/l c/l c/l c/l c/l
density Gain

36M0OG7W 41.7 35.40 -33.8 24 38.1 29 21.0 17.1 16.9 16.9 16.8 16.9 16.9
18MOG7W 34.8 18.000 -37.8 3.7 41.8 29 21.0 21.0 20.8 20.8 20.8 20.9 20.9
9MO0G7W 31.8 9.000 -37.7 3.7 41.8 29 21.0 21.0 20.8 20.8 20.8 20.9 20.9
6M00G7W 30.0 6.000 -37.8 3.7 41.8 29 21.0 21.1 20.9 20.9 20.8 20.9 20.9
1MO0G7W 22.3 1.000 -37.7 3.7 41.8 29 21.0 21.0 20.8 20.8 20.7 20.8 20.8
1MO0G7W 22.3 1.000 -37.7 3.7 41.8 29 21.0 21.0 20.8 20.8 20.7 20.8 20.8
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APPENDIXB

Ku-Band C/I Calculations

Table 2B- 1: SES-11 into SES-3 Ku-Band Uplink C/I

Uplink C/I analysis SES-11 into SES-3 Uplink: SES-11 Carriers
Frequency 14.250 GHz Emission| 36MOG7W | 5SMO0G1W| 100KG1D | 1M40G1D | 2MO0G7W [ 8MO0G7W
Bandwidth (MHz)| 30.000 3.617 0.04 1.68 0.91 6.01
Uplink EIRP 70.2 56.3 355 51.7 55.2 57.8
SES-11 Orbital Position  104.95 W Uplink Power 9.5 13.1 -6.1 10.1 8.5 8.6
SES-3 Orbital Position ~ 103.0 W Uplink Power density|  -65.3 -52.5 -51.8 -52.1 -51.1 -59.2
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 1.2 1.0 1.00 1.8 2.4
Topocentric Separation 2.0 degrees Earth Station Gain 60.7 43.2 41.6 41.6 46.7 49.2
Upl. EIRP density -4.6 -9.3 -10.2 -10.5 -4.4 -10.0
Sidelobe Characteristic 29 29 29 29 29 29
Off-axis Eirp density -44.0 -31.2 -30.5 -30.9 -29.8 -37.9
Uplink: SES-3 Carriers Uplink C/I: SES-11 into SES-3 Carriers
. Occup.led | Uplink Eirp [ Transm. Earf:h Sidelobe Off:axls
Emission Bandwidth |Uplink EIRP ) Station Eirp c/i c/l c/l c/i c/l c/i
density Ant. (m) ) Charact. y
(MHz) Gain density
36MOG7W 36.00 74.7 -0.9 6.0 57.2 29 -36.7 43.1 303 29.6 30.0 29.0 37.0
27MOG7W 27.000 74.7 0.4 6.0 57.2 29 -35.5 44.4 31.6 30.9 31.2 30.2 38.3
6M95G1W 7.000 63.6 -4.9 6.0 57.2 29 -40.7 39.1 26.3 25.7 26.0 25.0 331
5M00G1W 5.000 63.6 -34 6.0 57.2 29 -39.3 40.6 27.8 27.1 27.5 264 345
100KG1W 0.100 52.7 2.7 6.0 57.2 29 -33.2 46.7 33.9 33.2 336 325 40.6
1M60G1W 1.600 62.7 0.7 6.0 57.2 29 -35.2 44.6 31.8 31.2 31.5 30.5 38.6
Table 2B- 2: SES-11 into SES-3 Ku-Band Downlink C/I
Downlink C/I analysis SES-11 into SES-3 Downlink: SES-11 Carriers
Frequency 11.95 GHz Emission| 36M0G7W | 5MO0G1W | 100KG1D 1M40G1D | 2MO0OG7W | 8MO0G7W
Bandwidth 30.00 3.617 0.037 1.68 0.91 6.01
SES-11 Orbital Position  104.95 W Receive Earth Station (m) 1.20 4.50 3.20 1.80 1.80 4.50
SES-3 Orbital Position 103.0 w Satellite EIRP 44.3 31.9 11.1 27.2 30.8 333
Geocentric Separation 1.9 degrees Downlink EIRP density -30.5 -33.7 -34.6 -35.0 -28.8 -34.5
Topocentric Separation 2.0 degrees RX Earth Station Gain 41.7 53.1 50.2 45.2 45.2 53.1
Sidelobe Characteristic 29 29 29 29 29 29
Off-axis Gain 21.3 21.3 21.3 213 21.3 21.3
Downlink: SES-3 Carriers Downlink C/I: SES-11 into SES-3 Carriers
Emission Satellite |Bandwidth Do;’::nk Receive SE::::n Sidelobe Off-axis o o o o o o
EIRP (MHz) B Ant. (m) R Charact. Gain
density Gain
36MOG7W 49.5 36.00 -26.1 1.2 41.7 29 21.3 24.8 28.0 28.9 29.4 23.1 28.8
27M0OG7W 48.3 27.000 -26.0 1.2 41.7 29 21.3 24.8 28.0 28.9 29.4 23.2 28.8
6M95G1W 384 7.000 -30.1 1.2 41.7 29 213 20.8 24.0 24.9 25.4 19.1 24.8
5M00G1W 36.9 5.000 -30.1 1.8 45.2 29 213 24.3 27.5 284 28.8 22.6 28.3
100KG1W 19.9 0.100 -30.1 1.8 45.2 29 21.3 24.3 27.5 28.4 28.8 22.6 28.3
1M60G1IW 32.0 1.600 -30.0 1.8 45.2 29 21.3 243 27.5 28.4 289 22.6 28.3
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Table 2B- 3: SES-3 into SES-11 Ku-band Uplink C/I

Uplink C/I analysis SES-3 into SES-11

Uplink: SES-11 Carriers

Frequency  14.250 GHz Emission| 36M0G7W | 5MO0G1W | 100KG1D 1M40G1D | 2MO0G7W | 8MO0G7W
Bandwidth (MHz)|  30.000 3.617 0.037 1.675 0.910 6.006
Uplink EIRP 70.2 56.3 35.5 51.7 55.2 57.8
SES-11 Orbital Position 10495 W Uplink Power 9.5 13.1 -6.1 10.1 8.5 8.6
SES-3 Orbital Position 1030 W Uplink Power density -65.3 -52.5 -51.8 -52.1 -51.1 -59.2
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 1.2 1.0 1.00 1.8 2.40
Topocentric Separation 2.0 degrees Earth Station Gain 60.7 43.2 41.6 41.6 46.7 49.2
Upl. EIRP density -4.6 -9.3 -10.2 -10.5 -4.4 -10.0
Sidelobe Characteristic 29.0 29.0 29.0 29.0 29.0 29.0
Off-axis Eirp density -44.0 -31.2 -30.5 -30.9 -29.8 -37.9
Uplink: SES-3 Carriers Uplink C/I: SES-3 into SES-11 Carriers
L. Occup.led N Uplink Eirp | Transm. Ear.th Sidelobe 0ff:axns
Emission Bandwidth | Uplink EIRP . Station Eirp [J]} c/i c/i c/ c/l c/
density Ant. (m) N Charact. .
(MHz) Gain density
36M0OG7W 36.00 74.7 -0.9 6.00 57.2 29 -36.7 32.2 27.5 26.6 26.2 32.4 26.8
27MOG7W 27.00 74.7 0.4 6.00 57.2 29 -35.5 30.9 26.2 25.3 25.0 31.1 25.5
6M95G1W 7.000 63.6 -4.9 6.00 57.2 29 -40.7 36.2 315 30.6 30.2 36.3 30.7
5MO00G1W 5.000 63.6 -3.4 6.00 57.2 29 -39.3 34.7 30.0 29.1 28.7 34.9 29.3
100KG1W 0.100 52.7 2.7 6.00 57.2 29 -33.2 28.6 23.9 23.0 22.6 28.8 23.2
1M60G1W 1.600 62.7 0.7 6.00 57.2 29 -35.2 30.7 25.9 25.0 24.7 30.8 25.2
Table 2B- 4: SES-3 into SES-11 Ku-Band Downlink C/I
Downlink C/I analysis SES-3 into SES-11 Downlink: SES-11 Carriers
Frequency 11.95 GHz 36MOG7W | 5M00G1W | 100KG1D 1M40G1D | 2MO0G7W [ 8M0O0G7W
Bandwidth 30.00 3.617 0.037 1.68 0.91 6.01
SES-11 Orbital Position 10495 W Receive Earth Station (m) 1.20 4.50 3.20 1.80 1.80 4.50
SES-3 Orbital Position 1030 w Satellite EIRP 44.3 31.9 11.1 27.2 30.8 333
Geocentric Separation 1.9 degrees Downlink EIRP density -30.5 -33.7 -34.6 -35.0 -28.8 -34.5
Topocentric Separation 2.0 degrees RX Earth Station Gain 41.7 53.1 50.2 45.2 45.2 53.1
Sidelobe Characteristic 29 29 29 29 29 29
Off-axis Gain 21.3 21.3 213 213 21.3 21.3
D link: SES-3 Carriers Downlink C/I: SES-3 into SES-11 Carriers
Emisslon Satellite | Bandwidth Do;l;::nk Receive Sf::i‘:n Sidelobe Off-axis o o o o o o
EIRP (MHz) B Ant. (m) R Charact. Gain
density Gain
36MOG7W 49.5 36.00 -26.1 1.2 41.7 29 21.3 16.0 24.2 20.4 14.9 21.2 23.4
27MOG7W 48.3 27.000 -26.0 1.2 41.7 29 21.3 15.9 24.2 20.3 14.9 21.1 23.4
6M95G1W 38.4 7.000 -30.1 1.2 41.7 29 21.3 20.0 28.2 24.4 18.9 25.2 27.4
5M00G1W 36.9 5.000 -30.1 1.8 45.2 29 21.3 20.0 28.3 24.4 18.9 25.2 27.5
100KG1W 19.9 0.100 -30.1 1.8 45.2 29 213 20.0 28.3 24.4 19.0 25.2 27.5
1M60G1W 32.0 1.600 -30.0 1.8 45.2 29 21.3 19.9 28.2 24.4 18.9 25.1 27.4

Table 2B- 5: SES-11 into Hypothetical satellite at06.95° W.L. Ku-Band Uplink C/I

Uplink C/1 analysis SES-11 into Hypothetical

Uplink: SES-11 Carriers

Frequency 14.250 GHz 36MOG7W | 5M0O0G1W | 100KG1D 1M40G1D | 2MOOG7W | 8M0O0G7W

Bandwidth (MHz) 30.000 3.617 0.04 1.68 0.91 6.01

Uplink EIRP| 70.2 56.3 35.5 51.7 55.2 57.8

SES-11 Orbital Position  104.95 W Uplink Power 9.5 13.1 -6.1 10.1 8.5 8.6
Hypothetical Orbital Position  106.95 W Uplink Power density -65.3 -52.5 -51.8 -52.1 -51.1 -59.2
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 1.2 1.0 1.00 1.8 2.4
Topocentric Separation 2.1 degrees Earth Station Gain 60.7 43.2 41.6 41.6 46.7 49.2
Upl. EIRP density -4.6 9.3 -10.2 -10.5 -4.4 -10.0

idelobe Characteristic 29 29 29 29 29 29
Off-axis Eirp density| -44.3 -31.5 -30.8 -31.1 -30.1 -38.2
Uplink: Hypothetical Carriers Uplink C/I: SES-11 into Hypothetical Carriers
OCCJUP_'de . Uplink Eirp | Transm. Ea',“‘ Sidelobe Of'f?a)us
h |Uplink EIRP density Ant. (m) Statfon Charact. Elr;.u cN c/ c/ c/ c/ c/
(MHz) Gain density

36MOG7W 30.00 70.2 -4.6 9.0 60.7 29 -44.3 39.7 26.9 26.2 26.6 25.5 33.6
5MO00G1W 3.617 56.3 -9.3 1.2 43.2 29 -31.5 35.0 22.2 21.5 21.9 20.8 28.9
100KG1D 0.037 35.5 -10.2 1.0 41.6 29 -30.8 34.1 213 20.6 21.0 19.9 28.0
1M40G1D 1.675 51.7 -10.5 1.0 41.6 29 -31.1 33.7 20.9 20.3 20.6 19.6 27.7
2MO0G7W 0.910 55.2 -4.4 1.8 46.7 29 -30.1 39.9 27.1 26.4 26.8 25.7 33.8
8MO0G7W 6.006 57.8 -10.0 2.4 49.2 29 -38.2 34.3 21.5 20.8 21.2 20.1 28.2
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Table 2B- 6: SES-11 into Hypothetical satellite at06.95° W.L. Ku-Band Downlink C/I

Downlink C/I analysis SES-11 into Hypothetical Downlink: SES-11 Carriers
Frequency 1195 GHz 36MOG7W | 5M0O0G1W | 100KG1D 1M40G1D | 2M00G7W | 8M0O0OG7W

Bandwidth 30.00 3617 0.037 1.68 0.91 6.01
SES-11 Orbital Position  104.95 W Receive Earth Station (m) 1.20 4.50 3.20 1.80 1.80 4.50
Hypothetical Orbital Position  106.95 W Satellite EIRP 44.3 319 11.1 27.2 30.8 33.3
Geocentric Separation 1.9 degrees D EIRP density -30.5 -33.7 -34.6 -35.0 -28.8 -34.5
Topocentric Separation 21 degrees RX Earth Station Gain 41.7 53.1 50.2 45.2 45.2 53.1

idelobe Characteristic 29 29 29 29 29 29
Off-axis Gain 21.0 21.0 21.0 21.0 21.0 21.0

D link: Hypothetical Carriers D link C/1: SES-11 into Hypothetical Carriers
o satellite | Bandwidth| 22K | Receive Earth | Giielobe | Off-axis
Emission EIRP (MHz) EIR? Ant. (m) Stat!on Charact. Gain c/ c/ c/i c/i c/i c/
density Gain

36MOG7W 44.3 30.00 -30.5 12 41.7 29 21.0 20.7 239 248 25.2 19.0 24.7
5M00G1W 319 3.617 -33.7 4.5 53.1 29 21.0 28.9 32.1 33.0 335 27.3 329
100KG1D 111 0.037 -34.6 32 50.2 29 21.0 25.1 28.3 29.2 29.6 23.4 29.1
1M40G1D 27.2 1.675 -35.0 1.8 45.2 29 21.0 19.6 22.8 23.7 24.2 17.9 23.6
2MO0G7W 30.8 0.910 -28.8 18 45.2 29 21.0 259 29.1 30.0 30.4 24.2 29.9
8MO0G7W 33.3 6.006 -34.5 4.5 53.1 29 21.0 28.1 31.3 32.2 32.7 26.4 32.1

Table 2B- 7: Hypothetical satellite at 106.95° W.Linto SES-11 Ku-Band Uplink C/I

Uplink C/1 analysis Hypothetical into SES-11

Uplink: SES-11 Carriers

Frequency 14.250 GHz 36M0OG7W | 5M0O0G1W | 100KG1D 1M40G1D | 2MOOG7W | 8M00G7W
Bandwidth (MHz) 30.000 3.617 0.037 1.675 0.910 6.006
Uplink EIRP| 70.2 56.3 35.5 51.7 55.2 57.8
SES-11 Orbital Position  104.95 W Uplink Power 9.5 13.1 -6.1 10.1 8.5 8.6
Hypothetical Orbital Position  106.95 W Uplink Power density -65.3 -52.5 -51.8 -52.1 -51.1 -59.2
Geocentric Separation 1.9 degrees Uplink Earth Station (m) 9.0 1.2 1.0 1.00 1.8 2.40
Topocentric Separation 2.1 degrees Earth Station Gain 60.7 43.2 41.6 41.6 46.7 49.2
Upl. EIRP density -4.6 -9.3 -10.2 -10.5 -4.4 -10.0
Sidelobe Characteristic 29.0 29.0 29.0 29.0 29.0 29.0
Off-axis Eirp density| -44.3 -31.5 -30.8 -31.1 -30.1 -38.2
Uplink: Hypothetical Carriers Uplink C/I: Hypothetical into SES-11 Carriers
. Occup'led . Uplink Eirp | Transm. Ear.th Sidelobe Offjaxls
Emission Bandwidth | Uplink EIRP ) Station Eirp c/ c/l c/l c/ c/l c/l
density Ant. (m) R Charact. i
(MHz) Gain density
36MOG7W 30.00 70.2 -4.6 9.00 60.7 29 -44.3 39.7 35.0 34.1 33.7 39.9 343
5M00G1W 3.62 56.3 -9.3 1.20 43.2 29 -315 26.9 22.2 213 20.9 27.1 215
100KG1D 0.037 355 -10.2 1.00 416 29 -30.8 26.2 215 20.6 203 26.4 20.8
1M40G1D 1.675 51.7 -10.5 1.00 41.6 29 -31.1 26.6 21.9 21.0 20.6 26.8 21.2
2MO00G7W 0.910 55.2 -4.4 1.80 46.7 29 -30.1 25.5 20.8 19.9 19.6 25.7 20.1
8MO0G7W 6.006 57.8 -10.0 2.40 49.2 29 -38.2 33.6 28.9 28.0 27.7 33.8 28.2

Table 2B- 8: Hypothetical satellite at 106.95° W.Linto SES-11 Ku-Band Downlink C/I

D link C/1 lysis Hypott | into SES-11 Downlink: SES-11 Carriers
Frequency 1195 GHz issi 36M0G7W | 5M00OG1W [ 100KG1D 1M40G1D | 2M0O0G7W | 8MO0OG7W

Bandwidth 30.00 3.617 0.037 1.68 091 6.01
SES-11 Orbital Position ~ 104.95 W Receive Earth Station (m) 1.20 4.50 3.20 1.80 1.80 4.50
Hypothetical Orbital Position  106.95 W Satellite EIRP 443 319 11.1 27.2 30.8 33.3
Geocentric Separation 19 degrees Downlink EIRP density -30.5 -33.7 -34.6 -35.0 -28.8 -34.5
Topocentric Separation 21 degrees RX Earth Station Gain 41.7 53.1 50.2 45.2 45.2 53.1

idelobe Characteristic 29 29 29 29 29 29
Off-axis Gain 21.0 21.0 21.0 21.0 21.0 21.0

D ink: Hypothetical Carriers D ink C/1: Hypothetical into SES-11 Carriers
. Satellite | Bandwidth Downlink Receive Ear.th Sidelobe Off-axis
Emission EIRP (MH2) EIRI.? Ant. (m) Stat!on Charact. Gain c/l c/l c/ c/ c/ c/l
density Gain

36M0OG7W 44.3 30.00 -30.5 1.2 41.7 29 21.0 20.7 28.9 25.1 19.6 25.9 28.1
5M00G1W 31.9 3.617 -33.7 4.5 53.1 29 21.0 239 32.1 28.3 22.8 29.1 313
100KG1D 11.1 0.037 -34.6 32 50.2 29 21.0 248 33.0 29.2 23.7 30.0 32.2
1M40G1D 27.2 1.675 -35.0 1.8 45.2 29 21.0 25.2 33.5 29.6 24.2 30.4 32.7
2MO0G7W 30.8 0.910 -28.8 18 45.2 29 21.0 19.0 273 234 17.9 24.2 26.4
8MO0G7W. 333 6.006 -34.5 4.5 53.1 29 21.0 24.7 32.9 29.1 23.6 29.9 32.1
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Engineering Declaration
DECLARATION OF Giadira V. Leén

I, Giadira V. Leon, hereby certify under penalty perjury that 1 am the technically
qualified person responsible for preparation of tkehnical information contained in the
foregoing exhibit; that | am familiar with the tegbal requirements of Part 25; and that | either
prepared or reviewed the technical information am®d in the exhibit and that it is complete
and accurate to the best of my knowledge, inforomagind belief.

/s/ Giadira V. Leon
Manager, Spectrum Management
and Development Americas
SES Americom, Inc.

Dated: 12 May 2016
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