JHONUINY

= $S056 :apoadrz VSN @ :Anuno)
v H) 14 1N BIE[) BIUBS g}

MeN-H yong Aef TLTE HESEHY

1IN

QNN Xejg vada

ZE0V-616-059 LIdQUINN] U0y "ou] ‘SN [endig onsy R 111N

jueorddy jo sweN 18897 81

0T8TS) YUAWPUIWY SSUIDIT AI2FeS — [ENTI( 0NsY

JNUW WL 3Y) uo 3 Ayuapt 0} uonedijdde sy jo uondriosap e 1uyg
NOLLVINHOANI INVOI'IddV

ATINO 4S80 TVIDIAI0 Y04 W04 NIVIN T1€ D04

A[uo 95(1 DJd W04 NIVIN — ANV 40 AOIN-NOLIVLS HI¥VH ANV HOVdS 404 NOLLVOI'lddV 004

m n&@* Nom“#

4 i,..ia@\,

 SWaLfp) Y40 K $9000~8ZS00Z07—AINY—LV'S :10quinN 91
RG] [P0 U INVOESHS:Th 11 020T 8T KBIAL :pal1d SWILL % 18]

8L90—090¢
dINO Aq paaoiddy

T oS

4 9909-8750000C ~ Y- JdS +
1400080504 10C — #0114 §




ATTACHMENT TO GRANT
Astro Digital U.S., Inc.

IBFS File No. SAT-LOA-20170508-00071 and SAT-AMD-20200528-00064

IBFS File No(s): SAT-LOA-20170508-00071 and SAT-AMD-20200528- G R ANTIN PART/

00064' DEFER IN PART -
Licensee/Grantee: | Astro Digital U.S., Inc. (Astro Digital) With Conditions
Call Sign: S3014

Satellite Name:

Landmapper Constellation

Orbital Location:
(required station-
keeping tolerance)

Non-Geostationary Orbit (NGSO) at altitudes between
475 km and 625 km (see scope of grant below)

Administration:

United States of America

Nature of Service:

International Bureau

Earth Exploration Satellite Service (EESS)
Satellite Division

Scope of Grant:

Modification of authority to construct, deploy and operate up to five (5) satellites with
respect to the conditions of license applicable to one (1) satellite, the Landmapper BC-5
satellite, at orbital altitudes between 450 and 550 km, and an inclination between 97 and 98
degrees. See conditions 15, 18, 19 and 23 below.” Authorization of operations in the
2025-2110 MHz band for Landmapper BC-3.

Prior Grant(s):

Authority to construct, deploy, and operate one Landmapper-BC satellite to provide EESS
at orbital altitudes between 475 and 625 km. (grant stamped Dec. 14, 2017).

Acceptance of showing that Astro Digital’s proposed operations in the 29.9-30.0 GHz band
can be conducted on a non-interference basis to co-frequency MSS and FSS operators in
the band. See condition 5, below. (April 12, 2018).

Grant of waiver of the requirement to use ITU software to demonstrate EPFD compliance
with the same ITU Article 22 limits applicable to NGSO FSS operations in the 29.9-30.0
GHz band. See condition 6, below. (April 12, 2018).

Authority to construct, deploy and operate five Landmapper satellites. (grant stamped
Aug. 1. 2018) (August 2018 Grant).

Service Area(s):

Global

Frequencies:

25.5-27.0 GHz (space-to-Earth) (data downlink)
29.9-30.0 GHz (Earth-to-space) (date flow control)’
1615-1617.775 MHz (space-to-space)(to Globalstar)
2483-2495 MHz (space-to-space)(from Globalstar)
Telemetry, Tracking, and Command (TT&C) frequencies:

! Astro Digital IBFS File No. SAT-AMD-20200528-00064 (Astro Digital Amendment). The application, as amended, was
placed on public notice. No comments were filed. Satellite Policy Branch, Public Notice, Report No. SAT-01487 (Aug. 7,

2020).

2 We also include additional or modified conditions addressing all of the satellites covered in this license at the request of
NTIA. See conditions 9, 11, 12, and 13 below. Condition 17 concerning all of the satellites covered in this license has also
been added. In addition, there are minor editorial revisions to other conditions.

3 Authorization for the 25.5-27.0 GHz and 29.9-30.0 GHz bands does not extend to the Landmapper BC-5 satellite, which is
not capable of communications in Ka-band frequencies. Astro Digital Amendment, Narrative at 3.
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ATTACHMENT TO GRANT
Astro Digital U.S., Inc.
IBFS File No. SAT-LOA-20170508-00071 and SAT-AMD-20200528-00064

400.48-400.52 MHz (space-to-Earth) and 402.88-402.92 MHz (Earth-to-space)’
2045.1-2050.9 MHz or 2051.1-2056.8 MHz (Earth-to-space) (Landmapper BC-5 only)

Unless otherwise specified herein, operations under this grant must comport with the legal and technical
specifications set forth by the applicant or petitioner and with Federal Communication Commission’s rules
not waived herein. This grant is also subject to the following conditions:

1. Astro Digital must prepare the necessary information, as may be required, for submission to the
International Telecommunication Union (ITU) to initiate and complete the advance publication, coordination, due
diligence, and notification process for these space stations, in accordance with the ITU Radio Regulations. Astro
Digital shall be held responsible for all cost-recovery fees associated with ITU filings. No protection from
interference caused by radio stations authorized by other administrations is guaranteed unless coordination and
notification procedures are timely completed or, with respect to individual administrations, by successfully
completing coordination agreements. Any radio station authorization for which coordination has not been
completed may be subject to additional terms and conditions as required to effect coordination with the frequency
assignments of other administrations. See 47 CFR § 25.111(b).

2. In the 25.5-27.0 GHz band, operations are limited to five (5) satellites in accordance with the
coordination agreement reached between Astro Digital and U.S. Federal agencies. Any additional use beyond
five satellites shall require additional coordination with U.S. Federal operations and additional authorization from
the Federal Communications Commission.

3. In the 25.5-27.0 GHz band, power flux-density from operations must not exceed the limits in Section
25.208(p). Table 21-4 of the International Telecommunication Union's (ITU) Radio Regulations, and the limits
and guidelines in Recommendation ITU-R SA.1862 must be followed.

4, In the 25.5-27.0 GHz band, operations are subject to footnote US258 of the U.S. Table of Frequency
Allocations, 47 CFR § 2.106, which provides that this band is allocated on a primary basis for non-Federal EESS
(space-to-Earth), subject to a case-by-case electromagnetic compatibility analysis.

3 In the 29.9-30.0 GHz band, we grant Astro Digital’s request to waive the United States Table of
Frequency Allocations to permit EESS operations in this band as proposed.” Operations, however, must be
conducted on a non-interference basis with respect to Mobile Satellite Service (MSS) and Fixed Satellite Service
(FSS), including licensees and grantees of U.S. market access in the NGSO FSS processing round.’ Further,
Astro Digital shall not claim protections from systems operating in accordance with the U.S. Table of Frequency
Allocations. See 47 CFR § 2.106. Astro Digital has submitted a showing that its operations in the 29.9-30.0 GHz
band can be conducted on a non-interference basis to co-frequency MSS and FSS operators in the band.” In
accordance with this showing, Astro Digital must coordinate its operations with MSS and FSS systems in the
29.9-30.0 GHz band to avoid interference to such systems, including licensees and grantees of U.S. market access
in the NGSO FSS processing round.

6. Astro Digital’s initial authorization to construct, launch, and operate one Landmapper-BC satellite was

* See conditions 7 and 8 below.
5 For Earth-to-space (ransmissions, the International Table allocates 28.5-30.0 GHz to EESS on a secondary basis in Regions
1,2, and 3.

¢ public Notice, Satellite Branch Policy Information, OneWeb Petition Accepted for Filing IBFS File No. SAT-LOI-
20160428-00041 Cut-Off Established for Additional NGSO-like Satellite Applications or Petitions for Operations in the 107-
12.7 GHz, 14.0-14.5 GHz, 17.8-18.6 GHz, 18.8-19.3 GH, 27.5-28.35 GHz, 28.35-29.1 GHz, and 29.5-30.0 GHz Bands, 31
FCC Red 7666 (July 15, 2016). Astro Digital filed its application to operate its NGSO system in the 29.9-30 GHz band on
May 8, 2017, after the November 15, 2016, cut-off date established for such systems.

7 Letter to Jose Albuquerque, Chief, Satellite Division, FCC, from Tony Lin, Counsel for Astro Digital U.S. Inc. (March 14,
2018).
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ATTACHMENT TO GRANT
Astro Digital U.S., Inc.
IBFS File No. SAT-LOA-20170508-00071 and SAT-AMD-20200528-00064

conditioned on Astro Digital submitting to the Commission its input parameters and the simulation output results,
using approved I'TU EPFD simulation software, demonstrating EPFD compliance with the same ITU Article 22
limits applicable to NGSO FSS operations in the 29.9-30.0 GHz band.® Astro Digital submitted the required
information using an alternative methodology which demonstrated that it could meet the EPFD limits in ITU
Article 22 by limiting its operational angle to no less than 7 degrees above the horizon when pointing toward the
GSO arc.” Based on the limited size of its 30-satellite system and its use of a single Ka-band earth station with
limited visibility to the geostationary arc, Astro Digital requested a waiver of the requirement to use ITU software
to show compliance.”’ We grant Astro Digital’s request for a waiver and find that it has demonstrated that its
uplink transmissions in the Ka-band frequencies can operate within the limits contained in ITU Article 22 and
protect co-frequency GSO satellites. The waiver grant is conditioned on Astro Digital operating its earth station
pursuant to the technical demonstration provided in its January 16 Letter.

7. Astro Digital’s TT&C operations in the space-to-Earth direction are limited to a center frequency of
400.5 MHz, except as necessary for a period immediately following (i) the deployment of the Landmapper BC-3
satellite or (ii) a Landmapper BC-3 satellite software reset, resulting in satellite transmissions returning to the
default transmission channel, in both cases to allow for the retuning of transmissions from 400.175 MHz to 400.5
MHz.

8. Astro Digital’s TT&C operations in the Earth-to-space direction are limited to a UHF center frequency of
402.9 MHz, except as necessary for a period immediately following (i) the deployment of the Landmapper BC-3
satellite or (ii) a Landmapper BC-3 satellite software reset, resulting in the satellite returning to its default
channel, in both cases to allow for the retuning of the satellite receive channel from 402.6 MHz to 402.9 MHz.

9. Astro Digital’s request for a waiver of the U.S. Table of Frequency Allocations, 47 CFR § 2.106, to
operate TT&C links in the 402.88-402.92 MHz frequency band is granted on a non-conforming, non-harmful
interference and unprotected basis. Astro Digital must immediately terminate non-conforming operations upon
notification of harmful interference. Astro Digital shall tune TT&C UHF links to an agreed frequency range with
DoC/NOAA to not cause interference to NOAA GOES Data Collection System (DCS) and radiosonde
operations, and continue to work closely with DoC/NOAA to identify and implement any further measures
needed to avoid radio frequency interference to these NOAA systems.

10. Astro Digital’s TT&C operations in the space-to-Earth direction are limited to the 400.48-400.52 MHz
frequency band.

1. Astro Digital’s TT&C operations in the Earth-to-space direction are limited in UHF to the 402.88-402.92
Mz frequency band. To ensure compatibility with NOAA radiosonde systems, Astro Digital Earth stations in
the U.S. in the Earth-to-space direction must not transmit RF signals during radiosonde synoptic hour (0:00 UTC
and 12:00 UTC; synoptic hour typically indicates a 120-minute period of the radiosonde flight time) and must
avoid pointing their uplink antennas main beam within a 30 degree horizontal sector in the direction of any
radiosonde receiver ground station locations that are within 150 kilometers from any Astro Digital earth station in
the U.S. during radiosonde flights.

12, Operations on the 400.48-400.52 MHz band (space-to-Earth) and the 402.88-402.92 MHz band (Earth-to-
space) are limited to TT&C or launch and early orbit phase operations and shall not exceed the long-term
interference criteria specified in Table 2 (Type C) of Recommendation ITU-R RS.1263-2 to protect DoC/NOAA

¥ Astro Digital U.S. Inc, IBFS File No. SAT-LOA-20170508-00071 (grant stamped Dec. 14, 2017), condition 5. See also
http://www.itu.int/en/I TU-R/software/Pages/epfd.aspx.

? Letter to Jose Albuquerque, Chief, Satellite Division from Tony Lin, Counsel for Astro Digital U.S., Inc. (Jan. 16, 2018).
(January 16 Letter).

1% January 16 Letter at 14.
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Astro Digital U.S., Inc.
IBFS File No. SAT-LOA-20170508-00071 and SAT-AMD-20200528-00064

radiosondes operations in the United States and its Possessions.

13. To mitigate harmful interference, the Landmapper BC satellites” downlink shall maintain a minimum
distance of 4000 kilometers from the NASA International Space Station (NORAD Designation 25544 or
International spacecraft ID 1998-067A) during its UHF downlink sessions with a cooperating ground station.
This condition is applicable to Landmapper-BC satellites with a satellite (space-to-Earth) frequency of 400.48-
400.52 MHz.

14. Astro Digital’s request for a waiver of the modified processing round requirements of 47 CFR §§ 25.156
and 25.157 is granted. Astro Digital will able to share spectrum with other EESS systems by time sharing its
transmissions over the same geographic area. We grant this waiver given the opportunities for additional entrants
to operate in Astro Digital’s requested frequency bands. See DigitalGlobe, Inc., Order and Authorization, 20
FCC Red 15696, 15699 (Sat. Div., Int'l Bur. 2005).

1.5, Astro Digital must provide the local time of ascending node (LTAN)/crossing time values for the
Landmapper BC-5 satellite to NOAA within 7 days of deployment and coordinate further with NOAA if the
satellite deployment is in phase with any NOAA satellite systems.

16. Astro Digital must coordinate physical operations of the spacecraft with any operator using similar
orbits, for the purpose of eliminating collision risk and minimizing operational impacts. The orbital parameters
specified in this grant are subject to change based on such coordination.

17. As of the date of this grant, Astro Digital communicates with the Kongsberg Satellite Services ground
station in Svalbard, Norway using the 25.5-27.0 GHz and 29.9-30.0 GHz frequencies, and a U.S. ground station
in Santa Clara, California using the 402.88-402.92 MHz, 402.58-402.62 MHz, 400.48-400.52 MHz and
400.1550-400.1950 MHz frequencies.'' Transmissions must only be made to Earth stations coordinated with
Federal operators. Astro Digital must provide the FCC with a list of such earth stations and any operating
condition as a result of coordination with the Federal agencies within ten business days of completing
coordination.

18. Operations pursuant to this authorization must not cause harmful interference to stations operating in the
2025-2110 MHz band in accordance with the U.S. Table of Frequency Allocations. 47 CFR § 2.106, Footnote
US347.

19. For operations of the Landmapper BC-5 satellite, Astro Digital must use a single 300 KHz channel in one
of the following frequency bands: 2045.1-2050.9 MHz or 2051.1-2056.8 MHz.'? Astro Digital must notify the
Commission in writing which 300 KHz channel within the 2025-2110 MHz band it selects before commencing
operations in the band.

20. Upon receipt of a conjunction analysis from the Joint Space Operations Center (JSpOC) or other source,
Astro Digital must review the warning and take all possible steps to assess and, if necessary, to mitigate collision
risk, including, but not limited to: contacting the operator of any active spacecraft involved in such warning;
sharing ephemeris data and other appropriate operational information with any such operator; and modifying
spacecraft attitude and/or operations.

21. Astro Digital has fulfilled milestone and bond obligations imposed as conditions to a previous grant of
authority to operate a Landmapper-BC satellite. See IBFS File No. SAT-LOA-20170508-00071 (grant stamped
Dec. 14, 2017). Because of the need for Astro Digital to continuously replenish its satellite constellation within
the duration of its license term, we will not impose additional milestones at this time. We find that warehousing
concerns are addressed in this situation through the imposition of condition 22 below.

' IBFS File No. SES-LIC-20171017-01179 (granted July 27, 2018).

12 Astro Digital Amendment, Narrative at 6.
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Astro Digital U.S., Inc.
IBFS File No. SAT-LOA-20170508-00071 and SAT-AMD-20200528-00064

22. This authorization will become null and void if, after any time during the license term, none of the
authorized satellites is operating.

23, Astro Digital must deploy the Landmapper BC-5 satellite no later than March 31, 2021. No authority is
granted to deploy any satellite space station after March 31, 2021."

24, The license term for Astro Digital’s constellation is 15 years and expires on 15 years from launch date of
the Landmapper-BC satellite launched on January 12, 2018 (i.e., January 12, 2033).

Licensee/grantee is afforded thirty (30) days from the date of release of this action to decline the grant as
conditioned. Failure to respond within this period will constitute formal acceptance of the grant as conditioned.

This action is taken pursuant to Section 0.261 of the Commission’s rules on delegated authority, 47 CFR § 0.261,
and is effective upon release.

Station licenses are subject to the conditions specified in Section 309(h) of the Communications Act of 1934, as
amended, 47 U.S.C. § 309(h).

Action October 09, 2020
Date:
Term Dates | From: October 09, 2020 To: January 12, 2033
Approved:
Vit by~
John W. Whaley

Acting Chief, Satellite Policy Branch

" This condition previously specified and October 31, 2020 deadline, Astro Digital August 2018 Grant, para. 17, but is
hereby modified to accommodate the imminent launch of a single satellite.
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