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Executive Summary

Driven by innovations in satellite technology and cell phone electronics, direct-to-device
(“D2D”) services have emerged to enable direct communication between satellites and
standard consumer devices, including smartphones and loT sensors. D2D promises to
make most future mobile handsets capable of communicating worldwide, albeit with
potentially limited throughput, without needing to be in range of terrestrial base stations.

Despite D2D's obvious utility, identifying appropriate spectrum is a significant challenge
for new D2D services. Spectrum licenses are extremely valuable when used for terrestrial
mobile broadband. Thus, mobile operators may be reluctant to set aside substantial
amounts of unimpaired terrestrial spectrum for D2D use on a multi-region basis or even
to allocate this spectrum in areas near cities so that D2D can be used to fill in coverage

gaps.

As aresult, using terrestrial spectrum for D2D is likely to result in a patchwork of coverage,
with restricted spectrum access, across a limited number of countries. Notably, existing
Mobile Satellite Services (MSS) spectrum (as demonstrated by Globalstar’s partnership
with Apple) provides nationwide (and potentially global) D2D coverage, covering all “dead
zones,” whether they are near cities or in the most remote wilderness areas, whenever a
terrestrial network is unavailable.! Nevertheless, access for new entrants to MSS
spectrum is problematic due to active incumbent use in certain MSS allocations.
Spectrum sharing has gained popularity in recent years in higher-frequency Fixed
Satellite Services (FSS) bands such as the Ku- and Ka-bands, but it would be highly
disruptive to existing MSS users.

In the higher Ku- and Ka-band frequencies used for FSS, large steerable antennas direct
a beam to a specific satellite, and other devices can likewise point to another satellite at
a different location in the sky. Thus, LEO satellites can use the technique of arc avoidance
to prevent interference with GEO satellites while re-using the same frequency bands.
However, MSS devices are designed to be small and highly portable (such as a
smartphone in the case of D2D). These devices typically use small omnidirectional
antennas and cannot avoid radiating power toward satellites elsewhere in the sky. As a
result, MSS operators have needed to engage in multilateral spectrum coordination
(effectively band-splitting in the MSS context) to avoid operating co-frequency/co-
geography with one another.

" The Apple Globalstar service also works in areas covered by terrestrial service, although the iOS
software implementation uses a terrestrial connection if one is available. Globalstar's own MSS services,
such as its SPOT personal communications device, work regardless of whether a terrestrial connection is
available.
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During the early stages of MSS development, band splitting was adopted to address
limited spectrum availability in the Big LEO and the 2 GHz band. This regulatory approach
provided certainty to MSS operators such as Globalstar and Iridium. It gave them the
confidence to invest billions of dollars in satellite constellations, ground infrastructure, and
user equipment. After nearly 30 years of continuous operation and development in the
Big LEO band, these investments have helped pave the way for the direct-to-device
(D2D) era we are experiencing today. However, as the number of D2D-connected devices
skyrockets and the incumbent spectrum becomes more heavily used, the scarcity of
available frequencies can make further band splitting impractical. Channel sharing is not
a viable option as it would risk the existing quality-of-service of mission-critical and
emergency service applications, which the current Big LEO band serves through both its
D2D and existing MSS solutions.

Several recent commercial agreements between MSS license holders and D2D providers
have been announced to support D2D services, including emergency messaging, in
areas where cellular networks are unavailable. These commercial agreements with MSS
operators include:

e Apple introduced the first D2D features in November 2022, providing Emergency
SOS and now general-purpose messaging via satellite on the iPhone 14 and
subsequent models through a commercial agreement with Globalstar. Globalstar
dedicates a significant amount of its system capacity to its wholesale customer,?
Apple, to support existing and future satellite connectivity on Apple devices;

e Skylo partnered with Viasat, Ligado, and other satellite operators in 2024 to deploy
messaging services on certain new Android phone models in the US and
elsewhere. However, Ligado’s L-band MSS spectrum has faced scrutiny due to
long-standing regulatory and security concerns, particularly around potential
interference with GPS systems;3 and

e After initially focusing on the re-use of terrestrial spectrum from partners such as
AT&T and Verizon, in January 2025, AST SpaceMobile announced an agreement
with Ligado that could lead to the implementation of a new LEO MSS network
utilizing Ligado’s L-band MSS spectrum in the US and Canada (which implicates
GPS-related interference concerns as referenced above);

SpaceX’s Starlink has also expressed interest in gaining access to MSS frequencies in
addition to existing terrestrial spectrum partnerships.

2 Jason Rainbow, “Globalstar soars on Apple’s $1.7 billion satellite investment,” SpaceNews (November
1, 2024), https://spacenews.com/globalstar-soars-on-apples-1-5-billion-satellite-investment/.

3 The authors take no positions in this report on the economic, legal, or technical merits related to the
disputes surrounding the Ligado spectrum.
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The three primary MSS spectrum bands new D2D providers could potentially utilize are:

e The L-band GEO spectrum (1525-1559 MHz downlink, paired with 1626.5-1660.5
MHz uplink);

e The 2 GHz band (2000-2020 MHz uplink paired with 2180-2200 MHz downlink in
North America, and 1980-2010 MHz uplink paired with 2170-2200 MHz downlink
in the rest of the world); and

e The Big LEO band (1610-1626.5 MHz paired with 2483.5-2500 MHz).

All three bands are currently licensed to existing satellite operators, serving millions of
MSS devices worldwide.

The 2 GHz MSS band is often considered the most promising potential spectrum band
for future D2D services.* And for good reason. This spectrum is lightly used for existing
satellite services and is available on a global basis (albeit with modest differences in
spectrum allocations in certain regions). EchoStar holds licenses for various amounts of
spectrum in North America, Europe,® and the Rest of the World, while Inmarsat (now
owned by Viasat) holds licenses for part of the band in Europe, and Omnispace claims
certain rights to the band outside North America and Europe.

In contrast, the Big LEO band is heavily used by both Globalstar and Iridium, which
between them serve over three million users plus hundreds of millions of iPhones,®
including many safety-of-life applications. While Ligado has relatively few users of its
existing satellite network, the L-band is heavily used by Inmarsat/Viasat in many parts of
the world for critical maritime and aviation safety services. Moreover, the L-band is also
proximate to GPS. Thus, caution will be needed in utilizing parts of this spectrum band
on a global basis for D2D, especially at higher power levels.’

Note: Support for this Report was provided by Globalstar, Inc. The views expressed herein
are those of the authors. The authors would like to thank Yagnik Mehta for his helpful
input on this report.

4 Tim Hatt, “Satellite 2.0 Going Direct To Device,” GSMA Intelligence (March 2022), See Addressing the
needs of MNOs and MVNOs, https://data.gsmaintelligence.com/api-web/v2/research-file-
download?id=69042417&file=220322-Satellite-2.0-going-direct-to-device.pdf.

5 European Space Agency, “Report On ESA D2D Workshop 2024,” ESA (November 28, 2024),
https://connectivity.esa.int/sites/default/files/2025-01/Direct_to_Device An_Opportunity For_Europe.pdf.

6 Apple iPhone version 14 onwards offers emergency SOS services using Big LEO band. Apple shipped
over 130 million iPhone devices which included D2D connectivity capabilities. See “Omdia: iPhone 15 Pro
Max is the most popular phone of 2024 so far’, Omdia (September 18, 2024),
https://omdia.tech.informa.com/pr/2024/sep/omdia-iphone-15-pro-max-is-the-most-popular-phone-of-
2024-so-far.

7 Sandra Erwin, “Report: Ligado’s wireless network will interfere with Iridium and some GPS services,”
SpaceNews (September 9, 2022), https://spacenews.com/report-ligados-wireless-network-will-interfere-
with-iridium-and-some-gps-services/.
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1.Significant Interest in D2D Services with Multiple
New Entrants

The recent development of D2D technology has been made possible by advancements
in satellite design, miniaturization, and smartphone integration and has gained significant
interest across the telecom sector and among investors. The technology avoids the need
for dedicated handsets and large antennas traditionally used on satellite phones. The
satellites supporting current and future D2D services include systems owned by existing
MSS operators, such as Globalstar, Iridium, Inmarsat/Viasat, Ligado and Thuraya (now
owned by Space42), and constellations planned by new entrants that are intended to
provide D2D, such as AST SpaceMobile (AST), SpaceX’s Starlink, Lynk Global (Lynk),
Omnispace, and EchoStar.8 Several planned new constellations do not have licenses for
MSS spectrum and instead intend to use terrestrially licensed wireless spectrum that will
be provided through agreements with wireless operator partners on a country-by-country
basis.

D2D’s promise of nearly universal connectivity, particularly for emergency
communications, is profound.® So, it is not surprising that both the satellite and terrestrial
wireless industries, as well as their investors, have shown significant interest in D2D.
Major U.S. wireless operators have partnered with planned new D2D networks, including
AT&T, Verizon (both with AST), and T-Mobile (with Starlink). Multiple international wireless
operators have also signed partnership agreements with AST or Starlink (and, in a few
cases, with both providers). Additionally, Apple, via an arrangement with Globalstar, is
offering D2D service directly on iPhone handsets. This includes emergency messaging
services available in 17 countries, including non-emergency messaging services across
North America (U.S. and Canada).'® At the same time, Skylo has developed a D2D
service for certain Android phones, using capacity from Viasat, Ligado, and other GEO
satellite operators.!"

All of the D2D services currently available or intended to launch in the next few months
(including those from Globalstar/Apple, Skylo/Verizon, and Starlink/T-Mobile) are

8 D2D is only a portion of the services provided and planned by the Starlink and EchoStar satellite
systems.

9 Apple indicates its iPhone satellite service has “contributed to many lives being saved.” Apple Press
Release, “Apple extends Emergency SOS via satellite for an additional free year for existing iPhone 14
users” (November 23, 2023). https://www.apple.com/newsroom/2023/11/apple-extends-emergency-sos-
via-satellite-for-an-additional-free-year/.

0 Emergency SOS via satellite availability, Apple (October 31, 2024), https://support.apple.com/en-
us/101573.

! Press Releases, “Viasat, Ligado and Skylo Aim for Direct to Device Services,” Viasat (March 2, 2023),
https://news.viasat.com/newsroom/press-releases/viasat-ligado-and-skylo-aim-for-direct-to-device-
services.
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presently restricted to text messaging due to the limited bandwidth and link budget. The
range of supported services is expected to increase to include voice and more advanced
data services. Providers, including Starlink and AST, have demonstrated the capability to
deliver upwards of 10 Mbps downlink speeds to a single handset during testing in clear
sky conditions.'” However, it is unclear what speeds they will achieve in real-world
deployments. This is because the spectrum must be re-used between multiple cells, and
many end users will need to share a limited capacity across several hundred square
miles.

1.1 Unclear How Many D2D Providers Will Survive to
Maturity

With D2D services planned or implemented on a global basis by three existing satellite
networks (Globalstar, Iridium, and a consortium of GEO operators led by Viasat) and at
least five potential new entrants (AST, Starlink, Lynk, Omnispace, and EchoStar), it is
unclear how many will succeed in bringing D2D offerings to market. Few, if any, satellite
services have such a large number of successful providers in the same market,
particularly for consumer applications. In the U.S., satellite television (“DBS”) has
consolidated into two providers, DirecTV and DISH (which recently considered a merger
that would reduce the market to one).'® The merger of XM Satellite Radio and Sirius
Satellite Radio consolidated the satellite radio (“DARS”) market into a single player.

1.1.1 D2D Market Size is Uncertain

A particular challenge for the sector is that there is little consensus on the market size or
the most successful business model for D2D." New entrants such as AST, Lynk, and
Omnispace have claimed that the total addressable D2D market could be worth tens or
even hundreds of billions of dollars per year.® However, that depends on the willingness
of end customers to pay for ubiquitous connectivity.'® Overly optimistic forecasts of

2 We understand this is at the satellite nadir (directly overhead) and that lower elevation angles to the
satellite may reduce available customer speeds.

13 Reuters, DirecTV Cancels Agreement to Merge with Dish.” CNN (November 22, 2024).
https://lwww.cnn.com/2024/11/22/business/directv-dish-merger-canceled-intl/index.html.

4 Hannaneh B Pasandi, Juan A Fraire, Sylvia Ratnasamy, Herve Rivano, “A Survey on Direct-to-Device
Satellite Communications: Advances, Challenges, and Prospects,” LEO-NET '24: Proceedings of the

2nd International Workshop on LEO Networking and Communication (November 2024), pp.7-12,
https://inria.hal.science/hal-04791559/document.

5 Rachel Jewett, “Satellite Industry Tackles the Challenges in the Way of a Broader D2D Rollout,” Via
Satellite (October 22, 2024), https://www.satellitetoday.com/connectivity/2024/10/22/satellite-industry-
tackles-the-challenges-in-the-way-of-a-broader-d2d-rollout/.

6 Jones, Karen L., and Audrey L. Allison, "The Great Convergence and the Future of Satellite-Enabled
Direct-to-Device," Center for Space Policy and Strategy, The Aerospace Corporation (September 2023),
https://csps.aerospace.org/sites/default/files/2023-09/Jones-Allison_GreatConvergence 20230919.pdf.
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revenue opportunities in the satellite phone market have been seen on multiple
occasions, both in the late 1990s with Iridium and Globalstar'” and in the 2008-10
timeframe with TerreStar. On each occasion, proponents of these systems surveyed
consumers to ask if they would be willing to pay for a phone that worked “anywhere.” Still,
the reality was that satellite-delivered connectivity did not work reliably inside a building,
in a car, or under trees in the same way as a terrestrial mobile phone.'8 As a result of this
and other issues, including cost, high debt, and the need for separate phones, Iridium,
Globalstar, and TerreStar all fell far short of the number of subscribers they had expected
to sign up for service. They ended up filing for bankruptcy protection, although Iridium and
Globalstar were able to emerge from bankruptcy and refocus their business on smaller
niche markets, serving customers who had a high need for connectivity in remote areas
and were willing to accept these performance limitations.

Providing reliable coverage in obstructed locations is a particular challenge for a satellite
that is hundreds of miles (or more) up in space, and current D2D providers such as Apple
go to great lengths to inform customers that they need a clear view of the sky for their
phone to communicate with the satellites. Nevertheless, real-world use cases and the
need for user cooperation (i.e., going outside and avoiding obstructions) are complex for
survey respondents to understand when confronted with the proposition that their phones
will be capable of working “anywhere.”

Moreover, in the late 1990s and early 2000s, the primary use case for ubiquitous
connectivity was for voice calls, and satellite phones could offer a voice service that was
essentially indistinguishable from a terrestrial mobile phone. However, most smartphone
usage today is for high-speed data, access to the internet, and other applications. If new
D2D devices fall short of terrestrial speed expectations, this will represent another barrier
to adoption and willingness to pay.

7 Olivier de Weck , “Technical Success and Economic Failure,” Engineering Systems Learning Center
(ESLC) Massachusetts Institute of Technology (October 14, 2003),
https://www.mit.edu/~deweck/research_files/comsats 2004 001_v10/Unit1%20Success%20and%20Fail
ure/unit1_summary.htm.

8 “The inability to use the phones indoors or in cities has been a serious shortcoming in the field. Even
amid crises, many satellite-phone users prefer to make their calls from offices or hotel rooms, not
standing outdoors.” See Hugh Pope and Quentin Hardy, “Glitches Surface as Iridium Goes to War in the
Balkans,” Wall St Journal (April 27, 1999), https://www.wsj.com/articles/SB92516631519011830 and
"When people say they want to use their phone anywhere, they generally mean the third-level
underground in a parking garage or an elevator shaft. They don't usually mean on top of a mountain in
the Sierra Nevada," said Tim Farrar, a satellite-industry consultant.” See Amol Sharma and Jenny
Strasburg, “Satellite Phone Plan Aims High,” Wall St Journal (April 27, 2009),
https://www.wsj.com/articles/SB124078816346257439
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1.1.2 D2D Business Models are Still Evolving

Despite the uncertainty about whether consumers will be prepared to spend more each
month for wireless service to gain access to satellite connectivity, business models have
already been developed for some existing D2D services that don’t depend on incremental
subscriber payments.’® In particular, Apple has made first emergency text messaging,
starting in November 2022 with the iPhone 14, and more recently, full-text messaging
services in fall 2024, available free of charge to iPhone users. Apple justifies the cost of
purchasing wholesale satellite capacity from Globalstar based on the increased
desirability of D2D-enabled iPhones, which Apple expects will increase its handset market
share and lead to faster upgrade cycles for its iPhone customers.?° Similarly, Verizon
bundles emergency satellite messaging services with certain Android smartphones, using
the capacity it purchases from Skylo.2' Once again, Verizon can justify absorbing the cost
based on potential market share gains within the wireless market.?? Finally, T-Mobile has
announced that D2D service from Starlink will be free to most subscribers, similar to other
T-Mobile bundled offerings (such as free connectivity on airplanes and free low-speed
international roaming), to attract more wireless customers to sign up with T-Mobile.?3

Arguably, with Apple and Verizon’s D2D text service, the most critical D2D functionality is
already free to consumers. Logically, emergency communication and text messaging
have the most value when wireless customers cannot use the terrestrial network. In
contrast, the marginal value of the service decreases progressively as bandwidth
increases to allow voice, web browsing, and, ultimately, video streaming. Providers of
higher bandwidth D2D services may spend the most money to chase the fewest
incremental dollars of revenue.

9 Jones, Karen L., and Audrey L. Allison, "The Great Convergence and the Future of Satellite-Enabled
Direct-to-Device," Center for Space Policy and Strategy, The Aerospace Corporation (September 2023),
https://csps.aerospace.org/sites/default/files/2023-09/Jones-Allison_GreatConvergence 20230919.pdf.

20 Peter B. De Selding, “Squaring the Circle: Globalstar Doubts the Satellite-to-Cell Broadband Business
but is Building a $1.5 Billion Constellation for Apple.” Space Intel Report (December 23, 2024).
https://www.spaceintelreport.com/squaring-the-circle-globalstar-doubts-satellite-to-cell-broadband-
business-but-is-building-a-1-5-billion-constellation-for-apple/.

21 Eli Blumenthal, “Verizon Teams With Skylo to Offer Satellite Coverage to Android Phones,” CNET
(August 28, 2024), https://www.cnet.com/tech/mobile/verizon-teams-with-skylo-to-offer-satellite-coverage-
to-android-phones/.

22 Kelsey Ziser, “Verizon and Skylo's alternative approach to direct-to-device messaging,” LightReading
(September 5, 2024), https://www.lightreading.com/satellite/verizon-and-skylo-s-alternative-approach-to-
direct-to-device-messaging.

28 Mike Dano, “SpaceX says T-Mobile's direct-to-cell service launching commercially this fall,”
LightReading (May 31, 2024), hitps://www.lightreading.com/satellite/spacex-says-t-mobile-s-direct-to-cell-
service-launching-commercially-this-fall.
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1.2 Need for Sufficient Bandwidth for Applications

Because of the relatively large cells on the ground and the challenges of closing a link to
a satellite hundreds of miles up in space, D2D services are less efficient in terms of
spectrum utilization (i.e., they produce fewer bits per second per square mile from every
MHz of spectrum) than would be the case for a comparable terrestrial network.?* This
means that D2D providers need access to relatively large amounts of spectrum if they
are to deliver a robust broadband service. For example, AST has asserted that its
objective is to offer up to 120 Mbps of bandwidth with 40 MHz of spectrum.?® Figure 1-1
below shows estimated throughput requirements for D2D applications.?¢

Figure 1-1: Throughput Requirements for D2D Applications
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Source: Center For Space Policy And Strategy, The Aerospace Corporation?”

24 “How Direct-to-Device is Shaping the Future of Satellite IoT Connectivity,” Ground Control (September
13, 2024), https://www.groundcontrol.com/blog/direct-to-device-satellite-iot/.

25 See AST SpaceMobile Investor Presentation, “AST SpaceMobile: Transforming How the World
Connects at page 12,” AST SpaceMobile (October 12, 2024), https://irp.cdn-
website.com/1fadf91c/files/uploaded/ASTS _InvestorPresentation_October vF.pdf. It should be noted that
this capacity will be shared between every user in a given cell and appears to represent the combined
downlink and uplink capacity available in a cell for a system operating with paired 20 MHz of downlink
and 20 MHz of uplink spectrum, without any spectrum being reserved for use in adjacent cells, thus in
practice the available downlink speed for an individual handset will be much less than this figure.

26 Throughput is the amount of data successfully sent/received over the communication link. High
bandwidth applications such as data and HD video require higher throughput capacity which current D2D
services lack.

27 Jones, Karen L., and Audrey L. Allison, "The Great Convergence and the Future of Satellite-Enabled
Direct-to-Device," Center for Space Policy and Strategy, The Aerospace Corporation (September 2023),
https://csps.aerospace.org/sites/default/files/2023-09/Jones-Allison_GreatConvergence 20230919.pdf.
Used with permission.
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1.2.1 FCC Developed Early Rules for Supplementary Coverage from
Space (SCS)

The FCC took the lead in developing rules for Supplementary Coverage from Space
(SCS) to permit licensed terrestrial spectrum to communicate to and from satellite
platforms in 2006. This SCS service would take place in accordance with ITU Radio
Regulation No. 4.4, under which non-compliant use of spectrum must not cause harmful
interference to services that operate in accordance with the ITU’s Radio Regulations.
However, it is challenging to utilize this spectrum without causing interference to terrestrial
networks in the same and adjacent frequency bands. The FCC has taken steps to mitigate
some of these concerns. For example, to limit interference in adjacent geographical
areas, the FCC restricted the initial SCS rules to satellite systems using frequency bands
that are licensed to a single mobile operator partner (or consortium of operator partners)
across the whole of a Geographically Independent Area (GIA) such as the Continental
US (CONUS). The FCC has also imposed tight out-of-band emissions (OOBE) limits to
limit interference in adjacent frequencies.

1.2.2 Finding Large Amounts of Globally Usable Spectrum is Difficult

Finding large amounts of spectrum in bands suitable for direct-to-device services, which
in practice means bands below 4 GHz, will be very difficult, particularly if D2D providers
want to provide nationwide or global coverage. In the US alone, 40 MHz of unimpaired
terrestrial spectrum could be valued at well more than $13 billion (i.e., more than $1/MHz-
PoP), and on a global basis, this spectrum would be worth tens of billions of dollars. While
mobile operators could provide spectrum just in a few extremely remote parts of the
country, far away from terrestrial towers, this would mean that dead zones near cities
could not be served by satellite, and seamless roaming between satellite and terrestrial
networks would become infeasible.

To date, the amount of terrestrial spectrum made available for D2D is limited and, in many
cases, only covers a paired 5 MHz channel, and, in the case of AST’s testing agreement
with Verizon, even less. Starlink and AST have made filings with the FCC, giving details
of the spectrum bands they plan to use in the US and elsewhere. The FCC granted
SpaceX an SCS license in late November 2024, while AST is seeking (and has, in several
cases, received) an experimental license for initial testing. These bands include:

e US: 1910-1915 MHz uplink, 1990-1995 MHz downlink (Starlink/T-Mobile)?®

28 With current technology, higher frequencies are not suitable for communication with a handheld device
with an omni-directional antenna.

29 SpaceX FCC authorization DA 24-1193, FCC (November 26, 2024),
https://licensing.fcc.gov/myibfs/download.do?attachment_key=32153048.
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e US: Upto 10 MHz channels within 704-716 and 824-849 MHz uplink, 734-746 and
869-894 MHz downlink (AST/AT&T)

e US: 845-849 MHz uplink, 890-894 MHz downlink (AST/Verizon)3"

e New Zealand: 1780-85 MHz uplink, 1875-80 MHz downlink (Starlink/OneNZ)3?

e Japan: 1920-1925 MHz uplink, 2110-2115 MHz downlink (Starlink/KDDI)33

e Australia: 2500-2510 MHz uplink, 2620-2630 MHz downlink (Starlink/Telstra)3

e Chile: 1905-1910 MHz uplink, 1985-1990 MHz downlink (Starlink/Entel)3®

e UK: 892.1-897.1 MHz uplink, 937.1-942.1 MHz downlink (AST/Vodafone)3®

e Turkiye: 902.5-912.5 MHz uplink, 947.5-957.5 MHz downlink (AST/Vodafone).3”

Due to the desire to access significant quantities of globally usable spectrum at low cost,
D2D providers need to consider spectrum bands that are easy to coordinate and globally
available for D2D use but less valuable than terrestrial spectrum. The initial instinct is to
consider utilizing MSS spectrum. The ITU has already approved MSS spectrum
allocations and service rules to ensure that these services do not cause interference to
terrestrial networks. AST announced that it plans to lease 40 MHz of MSS spectrum
(together with an additional 5 MHz of terrestrial spectrum) from Ligado in the US for an
agreed payment of $550 million upfront, plus $80 million per year on an ongoing basis.38
While this is a very substantial sum (equating to an NPV of nearly $2 billion), it is still likely
far less expensive than leasing 40 MHz of nationwide terrestrial spectrum in the US. US
Spectrum auctions in recent years have averaged over $1.00/MHz-PoP for unimpaired

30 AST experimental licensing submission, FCC (January 10, 2025),
https://apps.fcc.gov/els/GetAtt. html?id=366336&x=.

31 AST experimental filing attaching Verizon consent letter, FCC (January 13, 2025),
https://apps.fcc.gov/els/GetAtt. html|?id=366458&x=.

32 SpaceX filing, FCC (December 11, 2024),
https://licensing.fcc.gov/myibfs/download.do?attachment_key=32531862.

33 SpaceX filing, FCC (January 2, 2025),
https://licensing.fcc.gov/myibfs/download.do?attachment_key=33079114.

34 SpaceX filing, FCC (December 13, 2024),
https://licensing.fcc.gov/myibfs/download.do?attachment_key=32577904.

35 SpaceX filing, FCC (January 3, 2025),
https://licensing.fcc.gov/myibfs/download.do?attachment_key=33104369.

36 AST experimental testing grant, FCC (January 17, 2025),
https://apps.fcc.gov/els/GetAtt. html?id=366801&x=.

37 AST experimental testing grant, FCC (January 3, 2025),
https://apps.fcc.gov/els/GetAtt. html?id=365987 &x=.

38 “| igado Networks Announces Comprehensive Restructuring Transaction,” Ligado Networks (January 6,
2025), https://ligado.com/press/ligado-networks-announces-comprehensive-restructuring-transaction/.
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spectrum under 4 GHz.3° Even at $1.00/MHz-PoP, the value of 40MHz of terrestrial
spectrum in the US would be over $13 billion.

Even as mobile operators set aside terrestrial spectrum, a patchwork of unharmonized
bands in different countries risks creating cross-border interference, which may make
D2D even more challenging to implement in smaller countries. Another barrier to the
implementation of D2D using terrestrial spectrum is that D2D operation close to terrestrial
base stations is problematic. The large satellite coverage cells (20-30 miles diameter
even for the most advanced proposed new satellite systems) would result in added noise
and reduced capacity for existing terrestrial networks.

1.3 Handset Availability Presents a Challenge for Using
MSS Spectrum

The main challenge in using MSS spectrum for D2D is getting handsets that can operate
in these spectrum bands. For D2D providers that are handset manufacturers like Apple,
this problem can be easily resolved by developing new devices (and the need to purchase
a new handset is beneficial for the manufacturer). For mobile operators, there will be a
time lag in getting new compatible phones into customers’ hands. Still, MSS operators
have already started work to standardize their spectrum as part of the 3GPP process,*°
which means it can be more easily integrated into phones. If large wireless operators,
such as AT&T, Verizon, or Vodafone (which are all partners of AST) or T-Mobile (which is
partnered with SpaceX) demand such phones, then handset suppliers would likely
respond. The high levels of competition in the smartphone market and the desire for
differentiation amongst handset manufacturers are too large for them to ignore.

In addition, this constraint is not unique to using MSS spectrum, because, under the
FCC’s SCS regulations, phone manufacturers must update the device certification of
individual phone models to add Part 25 SCS authority.#' While this is a relatively simple
paperwork task, phone manufacturers may have little incentive to make these
applications to the FCC for older phone models because they would prefer consumers to
buy a new phone instead. SpaceX has instead applied for, and received, emergency

39 See FCC Auctions 97 (AWS-3), 1000 (600 MHz), 107 (3.7 GHz) and 110 (3.45 GHz). Auctions for
spectrum licenses with material restriction, such as 105 (CBRS), or limited coverage, such as 108 (2.5
GHz), are excluded.

40 “New Mobile Satellite Industry Association to Advance Global Connectivity for Direct-to-Device and loT
Services,” Mobile Satellite Services Association (MSSA) (February 9, 2024), https://www.mss-
association.org/launch-press-release/.

41 Gerard J. Waldron, Corey Walker, John Bowers & Conor Kane, “FCC Issues Filing Guidelines for
Supplemental Coverage from Space (SCS) Applications; Authorizes SpaceX and T-Mobile to Premiere
SCS Deployment,” Covington (December 9, 2024), https://www.insideglobaltech.com/2024/12/09/fcc-
issues-filing-guidelines-for-supplemental-coverage-from-space-scs-applications-authorizes-spacex-and-t-
mobile-to-premier-scs-deployment/.
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https://www.insideglobaltech.com/2024/12/09/fcc-issues-filing-guidelines-for-supplemental-coverage-from-space-scs-applications-authorizes-spacex-and-t-mobile-to-premier-scs-deployment/
https://www.insideglobaltech.com/2024/12/09/fcc-issues-filing-guidelines-for-supplemental-coverage-from-space-scs-applications-authorizes-spacex-and-t-mobile-to-premier-scs-deployment/

authorization to communicate with as-yet unapproved phone models in disaster situations
such as the recent Los Angeles fires.*?> Because addressing all types of existing phones
will be challenging whether operating with SCS in terrestrial spectrum or D2D in MSS
spectrum, D2D providers are less likely to be deterred from using MSS spectrum due to
handset constraints.

42 See FCC special temporary authority, DA 25-35, January 10, 2025
https://licensing.fcc.gov/myibfs/download.do?attachment_key=33359335.
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2.Co-Frequency Spectrum Sharing in MSS is
Impracticable for Mass Market D2D Services

Although co-frequency spectrum sharing (i.e., two operators sharing the same frequency)
has been successfully implemented in FSS bands and certain terrestrial frequencies, the
MSS spectrum bands and existing services within these bands have very different
characteristics than FSS. Other sharing mechanisms, like those employed in terrestrial
bands, are also infeasible, especially for D2D services which are expected to require
relatively higher power operations and ubiquitous coverage for many millions of devices
on a nationwide or global basis.

2.1 MSS Systems Limit Spectrum Sharing

Sharing between multiple CDMA-based MSS systems was adopted by the FCC and
contemplated in the Big LEO band in the early 1990s. However, the FCC acknowledged
that this would lead to degradation of the capacity available to each of these systems.
Extra spectrum was allocated to the three CDMA applicants to partially mitigate this
concern. When only one of the planned systems (Globalstar) was ultimately constructed,
the FCC undertook a realignment of the Big LEO L-band spectrum between Iridium and
Globalstar so that the two companies divide the band equally.*3 Today, only very limited
sharing takes place between Iridium and Globalstar in the Big LEO L-band spectrum, and
this is acknowledged to only be feasible in low-traffic situations where the two systems
do not cause significant interference with one another. Moreover, due to omnidirectional
antennas that radiate in all directions, dividing the L-band spectrum in different
geographic locations between GEO satellite operators required thorough regulatory
processes like the Mexico City Memorandum of Understanding (MoU).#4

2.2 Arc Avoidance is Technically Impractical for D2D

Sharing in the FSS bands is generally undertaken using highly directional user terminal
antennas employing “arc avoidance.” With arc avoidance (sometimes referred to as “arc
sharing”), each satellite carefully controls the sidelobes of its transmitted beams to ensure
that the radiation emitted in other directions falls below the power levels established to
prevent harmful interference. In the Ku and Ka-band frequencies, geostationary (GEO)
FSS satellite operators separate their co-frequency satellites along the geostationary arc
by a minimum of 2 degrees of longitude so that terminals on the ground only receive from

43 Federal Register, “Review of the Spectrum Sharing Plan Among Non-Geostationary Satellite Orbit
Mobile Satellite Service Systems in the 1.6/2.4 GHz Bands,” Federal Register (December 13, 2007),
https://www.federalregister.gov/d/E7-24104/p-8.

44 “Spectrum Interference Issues: Ligado, the L — Band, and GPS,” Congressional Research Service (May
27, 2020), https://crsreports.congress.gov/product/pdf/IF/IF11558.
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and transmit to a single satellite within a given frequency range. Similarly, when LEO FSS
satellites re-use the same Ku or Ka-band frequency range as GEO satellites, the LEO
operator practices arc avoidance near the equator so that beams are turned off when the
satellite is in geometric alignment with the beams from GEO satellites. LEO operators can
coordinate with one another through a combination of arc avoidance and frequency
splitting. When a Ku or Ka-band terminal is in motion (such as on a ship or an airplane)
or is communicating with a LEO satellite that moves across the sky, it must continuously
repoint the antenna (either mechanically or with electronic beam steering) to remain in
contact with the desired satellite and avoid illuminating other co-frequency satellites.

The arc avoidance mechanism is unrealistic for providing D2D services within the MSS
frequency bands because MSS terminals (particularly the small smartphones used for
D2D) do not employ highly directional antennas. Instead, they spread their energy all
across the sky. The FCC noted in its SCS order that “section 25.289 of our rules provides
for the protection of GSO systems by NGSO systems. However, section 25.289 only
applies to FSS and Broadcasting-Satellite Service (BSS) operations. It does not apply to
satellite operations in MSS bands, given that the non-directional antennas involved in
MSS make it difficult for NGSO and GSO systems to share the same spectrum. As such,
we clarify that we will continue to maintain section 25.289 as written and not apply it to
SCS, as SCS also involves service to terrestrial devices with omnidirectional antennas.”®
Indeed, one of the key reasons why some operators hope to deliver D2D to unmodified
smartphones in terrestrial frequencies is that handset transmissions, which were initially
intended to communicate with wireless towers on the ground, also propagate up into the
sky where they can be received by satellites. Conversely, transmissions from satellites at
a high elevation angle in the sky can still be picked up by smartphone antennas, even
though a terrestrial signal would typically be expected to be received at a low elevation
angle close to the horizon. Devices such as the iPhone 14, specifically optimized to
provide D2D service, guide users to point their handset in the general direction of the
satellite.*® However, the very small antenna used in these phones still spreads energy
over a much larger region of the sky than a large FSS antenna, and users cannot be
expected to point a handheld phone with anything remotely close to the accuracy of a
mechanically or electronically steered FSS antenna.

2.3 Priority Sharing is Unworkable for Emergency Services

When multiple terrestrial services share a single frequency band, such as the CBRS
band, these services typically have an order of priority to overcome the inability to

45 Report and Order and Further Notice of Proposed Rulemaking FCC 24-28 (released March 15. 2024)
at 1151, https://docs.fcc.gov/public/attachments/FCC-24-28A1.pdf.

46 Connect to a satellite with your iPhone, Apple (September 16, 2024), https://support.apple.com/en-
us/105097.
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implement arc-sharing methods. Lower priority services must protect higher priority
services by shifting to other frequencies or suspending use when within range of an active
base station providing the higher priority services. For example, Globalstar technically
shares the 2496 to 2500 MHz frequency range with terrestrial BRS users.*” This
arrangement is theoretically possible because Globalstar is generally used in very rural
areas where BRS is not deployed. In practice, however, Globalstar avoids using these
frequencies when possible due to the challenges of ensuring reliability due to potential
interference.*® Reducing bandwidth, compromising latency, or suspending service to
avoid interference is not feasible for a service intended for emergency and safety of life
services.

When different users of a service have the same priority, such as Wi-Fi users, then the
power levels are kept low to limit the degree of interference to other terminals (especially
terminals that are some distance apart). Even so, if a specific frequency range is very
highly utilized in a given location, the bandwidth available to each terminal will be
significantly reduced.

Sharing based on an order of priority mechanism, under which new D2D operators would
have to protect existing MSS operations, would limit the D2D services to very low-power
operations. D2D operations could not realistically be separated geographically from
existing MSS uses, which, just like D2D, are largely intended for use in remote areas.
Uncontrolled sharing, even at relatively low power, between services in the same region
would cause interference to existing MSS users.

However, D2D operators already acknowledge that they may actually need higher power
than is currently authorized for MSS operations to achieve their desired service
characteristics: the Strategic Collaboration Agreement between AST and Ligado
contemplates that AST may terminate it if the companies are unable to obtain consent
from the FCC for operations at the “necessary power levels for broadband delivery of [sic]
NGSO orbit and as further described in the Definitive Agreements, defined as 3 bps/Hz
in the downlink, 2 bps/Hz on the uplink on NGSO systems across the spectrum.”4?

47 2495-2496 MHz is a guard band for BRS. See FCC, “BRS-EBS Band Plans: Pretransition at 2500-2690
MHz & Post Transition 2496-2690 MHz”, FCC (February 10, 2005),
https://wireless.fcc.gov/services/brsebs/data/BRS-EBS-BandPlans.pdf.

48 The FCC notes that “With regard to BRS/EBS in the 2495-2500 MHz band, Globalstar states that it
wishes to use this portion of the band only until BRS/EBS is built out. After such build out, Globalstar
claims that it must, and will, abandon using that portion of its spectrum if any occasions of interference
arise.” See: “Second Order on Reconsideration, Second Report and Order, and Notice of Proposed
Rulemaking” IB Docket 07-253, IB Docket 02-364, (November 7, 2007) at 31 (Citing Globalstar Inc.,
Petition for Expedited Rulemaking for Authorization to Provide Ancillary Terrestrial Component Services in
its Entire Spectrum Allocation (filed June 20, 2006)).

49 See Ligado bankruptcy court, first day pleadings (January 6, 2025) at pages 320-328,
https://casedocs.omniagentsolutions.com/cmsvol2/pub_47388/3c4482f5-7fe5-4b31-9e0c-
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Similarly, SpaceX’s Senior Director of Satellite Engineering, Ben Longmier, asserted
publicly on the X social media platform that “the Globalstar spectrum in the US has an
authorized PFD that is 20 dB too low for a real [Direct to Cell] solution that can be scaled
by anyone.”%0

Thus, mechanisms for co-frequency sharing, such as priority-based or uncontrolled
sharing with new entrants are all highly problematic due to the use of omnidirectional
antennas. Co-frequency sharing methods are likely to either make D2D services
unappealing (by limiting their transmitted power to a lower level than D2D providers
believe is necessary) or (if higher power levels are authorized) may fail to protect the
millions of users of existing MSS services. The risk of failing to protect users is especially
high in the L-band and Big LEO bands, where critical safety-of-life applications are widely
utilized.

8bc81fc943e9 2.pdf at pages 320-328. The authors take no positions in this report on the economic,
legal, or technical merits related to the disputes surrounding the Ligado spectrum.

50 See Ben Longmier on X [formerly Twitter] (October 31, 2024). “True. Though the Globalstar spectrum in
the US has an authorized PFD that is 20 dB too low for a real solution that can be scaled by anyone.”
https://x.com/longmier/status/1852077235265741030.
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3. Arguments Favor Commercial Agreements with
Existing MSS Spectrum Holders

Any solution to the D2D spectrum challenge will require complex economic and technical
tradeoffs between the current use of a particular spectrum band, the potential future D2D
usage, and the level of D2D service the spectrum can support. In many ways, these trade-
offs are similar to those considered by the FCC during its Ancillary Terrestrial Component
(ATC) rulemaking process in the early 2000s. In that rulemaking, some proponents sought
to decouple the licensing of ATCs from existing MSS operations or even to reauction the
MSS spectrum, claiming that MSS bands were underutilized and should be reallocated.
However, the FCC ultimately decided that licenses to deploy ATCs should be awarded to
existing MSS operators since “The record demonstrates that sharing between MSS and
terrestrial mobile services is neither advisable nor practical...And our detailed technical
analyses demonstrate that a third party cannot operate in the licensed MSS spectrum
without compromising the operations of existing and future MSS licensees.”®! Some ATC
licensees, most notably Ligado and its predecessors, have struggled to implement their
planned terrestrial networks due to interference concerns. However, the FCC’s decision
to give existing MSS operators the choice of whether and how to exploit the new
opportunities offered by ATC has supported commercial arrangements between
operators. It has also allowed new terrestrial capabilities (such as DISH’s terrestrial
network in the AWS-4 band and Globalstar’s Band 53 small cell services) to be deployed
in parallel with rapid growth in MSS subscribers and revenues.

A similar approach is now warranted for D2D services. Commercial arrangements with
existing MSS spectrum holders, such as Apple’s September 2022 agreement with
Globalstar, have already demonstrated their potential to quickly bring new services to
market. At the same time, the Apple/Globalstar agreement allows Globalstar to continue
offering a range of MSS solutions using a portion of its capacity. Likewise, AST’s recent
agreement with Ligado creates the opportunity to shift some L-band spectrum and
satellite capacity to support D2D services while protecting existing MSS services in the
band.

51 See Federal Communications Commission. "In the Matter of Flexibility for Delivery of Communications
by Mobile Satellite Service Providers in the 2 GHz Band, the L-Band, and the 1.6/2.4 GHz Bands; Review
of the Spectrum Sharing Plan Among Non-Geostationary Satellite Orbit Mobile Satellite Service Systems
in the 1.6/2.4 GHz Bands, at 65," Report and Order and Notice of Proposed Rulemaking. IB Docket No.
01-185 and IB Docket No. 02-364, FCC (February 10, 2003),
https://docs.fcc.gov/public/attachments/FCC-03-15A1.pdf.
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3.1 Both MSS and D2D Providers are Motivated to Reach
Commercial Agreements

D2D providers are highly motivated to secure sufficient spectrum to deliver their planned
services due to the high level of investor interest in developing D2D services that target
hundreds of millions of smartphone users. We estimate AST and SpaceX have each
invested more than $1 billion in D2D system development to date, while Apple has
committed over $2 billion in capital to replace and extend Globalstar's satellite
constellation.

Partnerships with mobile operators, which are seeking to differentiate themselves in a
competitive, saturated market, have provided financing and access to customers for D2D
providers. However, these mobile operators may be unable to set aside enough terrestrial
spectrum to support nationwide, mass-market D2D operations. As discussed in Section
1.2 above, except in a few remote parts of the US, terrestrial spectrum is heavily used on
existing wireless towers and is extremely valuable to mobile operators. In March 2024,
Verizon stated, “We think the best use of our spectrum is our terrestrial network. It's the
most efficient and most beneficial to customers”? and even after announcing a
partnership with AST in May 2024, Verizon indicated that its spectrum would be used “in
conjunction with AST’s satellite network to provide essential connectivity in remote
corners of the U.S. where cellular signals are unreachable through traditional land-based
infrastructure™® rather than on a nationwide basis. Similarly, hardware manufacturers,
such as Apple, seek increased handset sales and market share gains in the highly
competitive smartphone market. However, they do not control the spectrum their
handsets use. Figure 3-1 below highlights major D2D spectrum arrangements amongst
market participants (i.e., D2D operators, MNOs, and smartphone manufacturers).

52 Monica Alleven, “This is why Verizon isn’t playing the D2D game like T-Mobile and AT&T.” Fierce
Wireless (March 5, 2024), https://www.fierce-network.com/wireless/why-verizon-isnt-playing-d2d-game-t-
mobile-and-att.

53 AST SpaceMobiile Press Release, “AST SpaceMobile and Verizon Announce Plans to Target 100
Percent Geographical Coverage of the Continental United States from Space on Premium 850 MHz
Cellular Spectrum,” Businesswire (May 29, 2024),
https://www.businesswire.com/news/home/20240529554741/en/AST-SpaceMobile-and-Verizon-
Announce-Plans-to-Target-100-Percent-Geographical-Coverage-of-the-Continental-United-States-from-
Space-on-Premium-850-MHz-Cellular-Spectrum (emphasis added).
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Figure 3-1: Direct to Device (D2D) Spectrum/Planned Spectrum

Direct to Device (D2D) Spectrum Arrangements

Provider Spectrum Band Spectrum Partner Type Services

Apple MSS Big LEO (MSS) Globalstar Commercial Emergency SOS, iMessage
AST SpaceMobile MSS/Terrestrial 700 MHz, 850 MHz, L-Band (MSS) Ligado, AT&T, Verizon Commercial Voice / Data (planned)
Omnispace MSS 2GHz (MSS) N/A Commercial Voice / Data (planned)

Skylo MSS L - Band (MSS) Viasat, Ligado Commercial NB-loT, SMS, Voice (planned)
SpaceX Terrestrial PCS (1.9 GHz) T-Mobile Commercial SMS, Messaging Applications
EchoStar MSS 2GHz (MSS) N/A Commercial LoRa loT, 5G NTN (planned)
Lynk MSS 617-960 MHz Various MNOs Commercial SMS with Voice / Data (planned)
Viasat/lnmarsat MSS L - Band (MSS) N/A Commercial Voice, Data, loT

Iridium MSS Big LEO (MSS) N/A Commercial Voice, Data, loT

Source: Company Filings, Press Release, Summit Ridge Group, LLC and TMF Associates, Inc. analysis

Some existing MSS operators have become quite profitable. However, they only serve a
relatively small niche market, which generated global wholesale airtime revenues from
non-D2D services of around $1.3 billion in 20245 (excluding Globalstar’s wholesale
revenues from Apple). Growth prospects within the existing MSS market have also been
constrained in recent years due to data-intensive customer usage migrating to VSAT (and,
more recently, Starlink). Thus, the monetization of existing MSS spectrum and/or capacity
for D2D services, which could generate hundreds of millions of dollars per year, is likely
to be highly attractive to MSS operators. Some MSS operators, including EchoStar and
Ligado, have limited revenues from satellite operations and are, therefore, likely to be
particularly motivated to explore new opportunities such as D2D.

AST and Starlink have ample access to capital. AST has raised over $1.5 billion in
capital®® and has received an additional $550 million “institutional financing commitment”
to support its spectrum agreement with Ligado.%¢ SpaceX was valued at a reported $350
billion in its most recent secondary share sale, and the company reportedly had sufficient
spare cash to buy back up to $500 million of its shares as part of the $1.25 billion sale of
shares sold by insiders.®” Based on the recent financing activity, it is clear that D2D
providers have the access to capital necessary to strike commercial deals to access
spectrum. Moreover, MSS operators are highly motivated to seek such deals to boost
their revenues and growth prospects. Apple’'s September 2022 and November 2024

54 TMF Associates estimates.

55 AST SpaceMobile, Inc. Investor Relations, Investor Presentation, AST SpaceMobile, Inc (October
2024), https://ast-science.com/wp-content/uploads/2024/10/ASTS_InvestorPresentation_October_vF.pdf.

56 AST SpaceMobile Press Release, “AST SpaceMobile Announces Agreement for Long-Term Access to
up to 45 MHz of Premium Lower Mid-Band Spectrum in the United States for Direct-to-Device Satellite
Applications,” AST SpaceMobile, Inc (January 6, 2025), https://feeds.issuerdirect.com/news-
release.html?newsid=6159593683706351.

57 Michael Sheetz, “SpaceX valuation surges to $350 billion as company buys back stock” CNBC
(December 11, 2024), https://www.cnbc.com/2024/12/11/spacex-valuation-surges-to-350-billion-as-
company-buys-back-stock.html.
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agreements with Globalstar®® and AST's January 2025 agreement with Ligado
demonstrate that these deals can and will be reached.

3.2 Economic Foreclosure is Not a Risk to MSS Spectrum
Deals

As discussed in Section 1.2 above, one of the main motivations for D2D providers to seek
to utilize MSS spectrum is that it would be much less expensive than dedicating terrestrial
spectrum to D2D on a nationwide basis. However, this means that the risk of economic
foreclosure is limited. If D2D providers are unable to strike commercially reasonable deals
with MSS operators, they can always fall back to using terrestrial spectrum, either on a
nationwide basis or (to save money) in rural and remote areas where the terrestrial value
is more limited. This has already been demonstrated in Starlink’s partnership with T-
Mobile, under which T-Mobile has made the paired 5 MHz block of 1.9 GHz PCS G-block
spectrum available to Starlink on a national basis.?® At the same time, AT&T and Verizon
have agreed to make certain 850 MHz band spectrum available to AST in at least some
parts of the US. AT&T explicitly stated at its December 2024 investor day that in the future,
it plans to rely on satellite coverage in certain parts of the US (mainly in the Mountain
West region) where terrestrial 5G wireless coverage will be unavailable.®°

In the future, wireless operators may also find it easier to free up some of the lower
frequency spectrum that may be particularly useful for D2D services because they are
increasingly deploying midband spectrum under 6 GHz, such as the 2.5-2.7 GHz and
3.45-3.98 GHz frequencies to manage the highest levels of traffic. Technologies such as
MIMO have enabled them to achieve significantly higher spectral efficiency in these
bands. Also, in the future, regulators may make even more spectrum available for
terrestrial services in the 3 GHz to 6 GHz range. Additional available midband spectrum
may decrease wireless carriers’ dependence on lower frequency spectrum that could be

58 Michael Sheetz, “Apple commits $1.5 billion to Globalstar for expanded iPhone satellite services,”
CNBC (November 1, 2024), https://www.cnbc.com/2024/11/01/apple-commits-1point5-billion-to-
globalstar-for-iphone-satellite-services.html.

59 Public Notice, “Space Bureau And Wireless Telecommunications Bureau Seek Comment On Filings Of
SpaceX And T-Mobile Requesting To Establish Supplemental Coverage From Space; Space Exploration
Holdings, LLC Application Accepted For Filing,” FCC (April 18, 2023),
https://docs.fcc.gov/public/attachments/DA-23-338A1.pdf.

60 See “AT&T Analyst Day Investor Presentation at slide 18,” AT&T (December 3, 2024)
https://investors.att.com/~/media/Files/A/AT T-IR-V2/reports-and-presentations/2024-analyst-day-with-
notes.pdf. See “AT&T Analyst Day Transcript” at page 40, AT&T (December 3, 2024),
https://investors.att.com/~/media/Files/A/ATT-IR-V2/reports-and-presentations/transcript-2024-12-03.pdf.
(“And that's why we partnered with AST. That's why we invested with them to get their technology lifted up
into orbit. And you'll see us plug in their services on the edge where we don't cover, over the ocean, in the
Grand Canyon, in places where, today, it doesn't pay for us to put up wireless cell towers to cover that
footprint.”)
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used for D2D. MSS operators may be incentivized to negotiate D2D deals now rather
than risk having less bargaining power to strike deals with D2D providers in the future.
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4.MSS Spectrum Available for D2D

Several MSS spectrum bands are potentially usable for D2D services. Agreements have
already been struck between Apple and Globalstar to use a portion of Globalstar’s
spectrum in the Big LEO band, and AST has recently announced a deal with Ligado that
seeks to use Ligado’s L-band spectrum in the US and Canada. However, we conclude
that the 2 GHz MSS band represents the most promising additional candidate for D2D
services. Given the limited current utilization of the 2 GHz MSS band, it may also be
feasible to use the 2 GHz band more intensively for D2D than would be possible in the L-
band and Big LEO bands, given the need to protect existing MSS users of safety-critical
services in these bands.

4.1 Big LEO band MSS Operations

Globalstar and Iridium use the Big LEO band intensively to serve a total of 3 million MSS
devices on a global basis.

e Globalstar uses S-band for downlink (2483.5 to 2500 MHz) and L-band for uplink
(1610 to 1618.725 MHz). In the United States, Globalstar shares the 4 MHz block
between 2495 and 2500 MHz with terrestrial BRS operators, primarily T-Mobile.

e lIridium uses L-band (1617.775 to 1626.5 MHz) for both uplink and downlink.®’

e The 0.95 MHz between 1616.775 and 1618.725 MHz is shared between Globalstar
and Iridium.

Iridium has been licensed to provide maritime and aviation safety services within its Big
LEO spectrum. Additionally, L-band uplink spectrum is also subject to constraints in
certain countries due to proximity to positioning navigation and timing (PNT) systems -
particularly Russia’s GLONASS satellite system. Despite the limited spectrum available
to each operator, Globalstar reached a commercial agreement with Apple to use a portion
of its satellite capacity for D2D.%? Iridium has announced that it is standardizing its
spectrum and satellite network to support narrowband D2D applications as part of its
Project Stardust effort.®3 In both cases, Globalstar and Iridium have worked to ensure that

61 Iridium's use of L-band frequencies for downlink communications has historically caused interference
problems for radio astronomy observations, particularly in the protected 1610.6-1613.8 MHz band used
for studying hydroxyl radicals. See Adam Kimbrough, “Satellite constellations and radio astronomy,” The
Space Review (April 29, 2019), https://www.thespacereview.com/article/3702/1.

62 At the same time, Globalstar has phased out some existing higher bandwidth duplex services and
focused on IoT solutions, along with certain terrestrial applications confined to a limited geographic
footprint and can be more easily coordinated with D2D requirements.

83 Iridium Press Release, “Iridium Unveils Project Stardust; Developing the Only Truly Global, Standards-
Based loT and Direct-to-Device Service,” Iridium (January 10, 2024), https://investor.iridium.com/2024-01-
10-Iridium-Unveils-Project-Stardust-Developing-the-Only-Truly-Global,-Standards-Based-loT-and-Direct-
to-Device-Service.

Page 24 of 37



these offerings are consistent with protecting existing MSS users and continuing to
provide safety-of-life services.

4.2 L-Band MSS Operations

The L-band (1525-1559 MHz downlink and 1626.5-1660.5 MHz uplink) is shared between
Viasat (formerly Inmarsat) and various other operators around the world. These include
Ligado in the US and Canada, MEXSAT in Mexico, and Space42 (formerly Thuraya) in
Europe, Africa, Asia, and Australasia. Small amounts of L-band spectrum are also
reserved for Japanese, Russian, and certain other countries’ domestic satellite
operations. Allocation of this spectrum between operators is decided through multilateral
coordination agreements conducted under the Mexico City MOU (for the Americas) and
the Dubai MOU (for the rest of the world). Ligado’s predecessor company, MSV, also
reached a commercial agreement with Inmarsat in December 2007 under which Inmarsat
was to lease part of its L-band spectrum in North America to MSV. The lease terms call
for MSV to make an annual lease payment (currently $60 million per year) plus various
upfront payments, which to date have totaled $1.7 billion, including a one-time lump-sum
$250 million “transition payment.”64

The L-band spectrum is heavily used by Inmarsat’'s maritime and aviation customers
worldwide, including for multiple critical safety services. One element of the commercial
agreement with MSV included pre-payments intended to ensure that these terminals
could be upgraded so that they would not be vulnerable to interference if MSV (now
Ligado) deployed a terrestrial network. Ligado’s terrestrial network has not been deployed
due to concerns about possible interference with the GPS network.® However, including
mechanisms to protect existing Inmarsat MSS users demonstrates the value of
commercial arrangements that allow existing licensees to decide on the best way to
ensure that their safety-of-life services are maintained.

In North America, Inmarsat and Ligado also worked to re-band the spectrum to ensure
that contiguous blocks would be available for terrestrial network deployments. Given
Ligado’s relatively limited satellite user base and inability to deploy a terrestrial network,
it has been feasible for Ligado to strike a commercial deal to provide AST with spectrum
for a new D2D satellite network. It remains to be seen whether operating at AST’s desired
power limits will be viable while protecting existing MSS and GPS users from interference.
The NTIA, for example, has recently initiated a study investigating whether harmful

64 Ligado Networks, “Ligado Networks Files Lawsuit Against Inmarsat Global for Deliberate Breach of
Contract - Ligado Networks” (January 7, 2025), https://ligado.com/press/ligado-networks-files-lawsuit-
against-inmarsat-global-for-deliberate-breach-of-contract/.

65 The authors understand this issue is being litigated and take no position in this report on the merits of
economic, legal, or technical issues related to the dispute
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interference will result from large numbers of D2D devices transmitting in either the L-
band or Big LEO band.%®

In other regions of the world, the spectrum allocations between Inmarsat, Thuraya, and
other operators remain more fragmented. Many L-band users are also located in these
regions, particularly in conflict areas such as the Middle East, with over 1M terminals
served worldwide by Inmarsat and Thuraya combined. As a result, it will be challenging
to free up substantial amounts of contiguous L-band spectrum or capacity for D2D outside
the US. Nevertheless, Viasat has worked with other GEO satellite operators to develop
narrowband messaging services, which have been demonstrated in several countries and
are now offered commercially by Skylo.

4.3 The 2 GHz Band

A significant part of the 2 GHz band could be made available for D2D use through a
commercial arrangement with existing license holders. Several networks have been
deployed or are planned in the 2 GHz band, including the DBSD and TerreStar satellites
in North America and the EchoStar Mobile and Inmarsat EAN systems in Europe.
Omnispace operates the legacy ICO F2 MEO satellite, and both Omnispace and
EchoStar have announced plans to develop new LEO networks using small satellites for
loT services. However, unlike the Big LEO and L-band spectrum, only a very small
number of MSS end users (by our estimate, at most a few thousand terminals) are
operating in the 2 GHz band today.

4.3.1 Using 2 GHz May Offer More Flexibility

Given the limited number of existing terminals that would be impacted, it may also be
possible to consider changes to power levels or other regulations to enhance the usability
of this spectrum for D2D. We note that the FCC allowed SpaceX to use the 2000-2020
MHz and 2180-2200 MHz bands for D2D outside the US, subject to local regulatory
authorizations, as part of its SCS license grant in November 2024.57

4.3.2 2 GHz Holdings are Consolidated and Contiguous, Facilitating
Commercial Arrangements

In the US, EchoStar Corporation (“EchoStar”) controls the AWS-4 frequencies from 2000
to 2020 MHz and 2180 to 2200 MHz. EchoStar also controls some of the adjacent

66 NTIA, “Direct-to-Device Service Request Comment” (December 19, 2024), https://www.ntia.gov/federal-
register-notice/2024/direct-device-services-request-comment.

67 FCC, “In the Matter of Space Exploration Holdings, LLC Request for Deployment and Operating
Authority for the SpaceX Gen2 NGSO Satellite System; Application for Authority for Modification of the
SpaceX NGSO Satellite System to Add a Direct to Cellular System,” Federal Communications
Commission (DA 24-1193) (November 26, 2024), https://docs.fcc.gov/public/attachments/DA-24-
1193A1.pdf.
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terrestrial spectrum in the US, including the PCS H-block (1915 -1920 MHz paired with
1995-2000 MHz) and parts of the AWS-3 spectrum (1755-1780 MHz paired with 2155-
2180 MHz).

In Europe, EchoStar Mobile, a subsidiary of EchoStar Corporation, holds the upper part
of the 2GHz band (1995-2010 MHz and 2185-2200 MHz), a significant portion of which
overlaps with its North American licenses. The lower part of the 2GHz band (1980-1995
MHz and 2170-2185 MHz) is held by Inmarsat and used in its European Aviation Network
(EAN) for Air-To-Ground passenger connectivity on around 300 aircraft. These licenses
expire in 2027, and the EU is currently considering whether to renew these licenses or
re-award this spectrum, with the possibility of an explicit allocation that would support
D2D services.8

Outside North America and Europe, both EchoStar Global (through its 2019 acquisition
of Helios Wire) and Omnispace lay claim to spectrum rights in the 2GHz band based on
their ITU filings and launch of several satellites. It remains to be seen how these
competing claims will be resolved, as the satellite development plans and associated
timelines for both companies are uncertain. Despite this uncertainty, it seems clear that
commercial arrangements with one or more existing license holders could allow a
significant amount of spectrum to be utilized for D2D in North America and Europe, and
potentially on a worldwide basis, much more straightforwardly than in other MSS bands.

68 Julija Varnaité-Kamstra, “Policy & regulatory status: towards new frameworks European Commission
perspective,” BEREC (May 22, 2024), https://www.berec.europa.eu/system/files/2024-
05/3.%20European%20Commission.pdf.
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5.Conclusion

It is clear that the MSS bands offer significant advantages for nationwide, and potentially
global, deployment of D2D services. Regulations for use have already been defined on a
global basis, along with market access grants to several of the existing operators.
Concerns about cross-border interference when using terrestrial spectrum from space
may be particularly difficult to resolve in smaller countries, such as parts of Europe and
Africa.

It may take time for new handsets to be brought to market which operate in these MSS
frequency bands. However, if MSS spectrum is significantly cheaper and more available
than comparable terrestrial spectrum, it will make sense for D2D providers to utilize MSS
spectrum, rather than relying solely on terrestrial spectrum access.

However, there are millions of existing MSS users, many of whom use their MSS devices
for safety-of-life services, which must be protected. Commercial arrangements between
D2D providers and existing MSS operators are the best way to ensure that safety-critical
applications are preserved, and these agreements have already proven to be viable, with
Apple and Globalstar cooperating to provide services since late 2022, and now AST and
Ligado reaching an agreement for US spectrum access in the L-band. A summary of
spectrum characteristics for potential D2D spectrum is shown in Figure 5-1 below.

Figure 5-1: Spectrum Characteristics

Characteristics of Potential D2D Spectrum

Globally Existing Value Incumbent Power Out of Band Emission
Harmonized Generated Usage Levels Restrictions
Big LEO Yes Medium High Low Low/Medium
Terrestrial No High Varies High  Strict
L Band Mostly Medium Varies Medium Currently less restrictive
2 GHzBand Partially Low Low Medium Low/Medium

Source: Summit Ridge Group, LLC and TMF Associates, Inc. analysis

To date, the 2GHz MSS band has only been used to a limited extent for MSS services
and, therefore, represents the most promising additional option for D2D services. Due to
the lack of existing safety-critical services, the 2 GHz band also offers the most flexibility
for high-power and more capable D2D services and provides the largest amount of
spectrum that could be accessed for D2D on a multi-regional or global basis.
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Appendix A: History of MSS and 2 GHz Bands

The MSS (Mobile Satellite Service) spectrum refers to the portion of the radio frequency
spectrum allocated for satellite communications specifically designed for mobile devices.

The 1970s: Inmarsat was established in 1979, at the behest of the International Maritime
Organization (IMO), as a non-profit intergovernmental organization to own and operate a
satellite communication network for the maritime community.®®

1980s: The International Telecommunication Union (ITU) started allocating specific bands
for MSS, primarily to promote maritime safety. The L-band (1.5-1.6 GHz) was one of the
first to be considered for MSS due to its suitable characteristics, such as strong
penetration through rain and foliage, which is critical for emergency communications.

e L-band: Allocated for MSS in two stages. Inmarsat was initially licensed in the
lower part of the 1525 to 1559 MHz (downlink) and 1626.5 MHz (uplink) band,
with regional operators including AMSC in the US, MSAT in Canada and Optus in
Australia licensed in the upper part of the band. Subsequent coordination
agreements led to additional entrants and fragmentation of the band. Inmarsat
later expanded its operations to include aviation and land-based services.

1990s: Several new LEO MSS constellations were proposed, and spectrum was
allocated in the Big LEO band (1610-1626.5 MHz paired with 2483.5-2500 MHz). Two
systems were launched:

e Iridium (1998) initially used 5.15 MHz of the L-band spectrum via Time Division
Duplex (TDD) (1621.35-1626.5 MHz).

e Globalstar (1999) initially used 1610-1621.35 MHz for uplink and 2483.5 — 2500
MHz for downlink.

Late 1990s and early 2000s: Additional MEO and LEO systems were proposed using
spectrum in the 2GHz band, with spectrum allocated between 1980-2010 MHz uplink
(1990-2025 MHz in North America) paired with 2170-2200 MHz downlink (2165-2200
MHz in North America). In 2003, the FCC reduced the amount of 2GHz band spectrum
allocated to MSS to 40 MHz (2000-2020 MHz uplink paired with 2180-2200 MHz).

e |CO was initially proposed as a MEO system of 12 (later 10) satellites, though only
launched one satellite successfully and filed for bankruptcy in 1999. Subsequently,
the ICO system was reconfigured as a single GEO satellite serving North America

69 Wikipedia entry for Inmarsat. https://en.wikipedia.org/wiki/lnmarsat.
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e TerreStar was a similar GEO proposal in the 2GHz band that was spun off from
AMSC.

2006: The FCC granted Globalstar ATC authorization for 1610-1615.5 MHz [uplink] and
2487.5 — 2493 MHz [downlink]), allowing it to be used in conjunction with terrestrial
wireless devices. The ATC authorization was expanded in 2008 to include 1610-1617.775
MHz uplink and 2483.5-2495 MHz downlink.

2007: The FCC reassigned a 3.1 MHz block of L-band MSS spectrum (1618.25 - 1621.35
MHz) from Globalstar exclusively to Iridium with 0.95 MHz subject to sharing (1617.775 -
1618.725 MHz). Additionally, the FCC allocated 5.0 MHz of Globalstar’s S-band license
(2495-2500) MHz for sharing with terrestrial use.

2012: DISH network acquires DBSD North American and TerreStar out of bankruptcy.
The FCC later grants DISH terrestrial rights to the spectrum. To date DISH (now
EchoStar) has made only limited use of the spectrum for satellite services.

2014: EchoStar Mobile, a subsidiary of EchoStar Corp., acquires Solaris Mobile, giving it
30 MHz of 2 GHz spectrum in Europe, including 1995-2010 MHz and 2185-2200 MHz.
EchoStar refurbished the TerreStar-2 satellite and launched it in 2017 (as EchoStar XXI)
to provide MSS services in Europe.

2015: Inmarsat agrees a partnership with Deutsche Telekom to develop an Air-To-Ground
connectivity service in Europe (the “European Aviation Network”) using part of its 2 GHz
band license (1980-1995 MHz uplink paired with 2170-2185 MHz downlink) under the
EU’s Complementary Ground Component (CGC) regulations which permit re-use of the
MSS spectrum on ground-based towers.
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Appendix B: Glossary of Terms

e 2 GHz Band: Satellite spectrum band (2000-2020 MHz uplink and 2180-2200 MHz
downlink in North America and 1980-2010 MHz uplink and 2170-2200 MHz downlink
in the Rest of the World) that offers global potential for high-capacity D2D services
due to its low current usage.

e Ancillary Terrestrial Component (ATC): Concept developed by the FCC allowing
MSS operators to enhance satellite services with terrestrial networks using the same
frequency bands.

e Arc Avoidance: Technique in satellite communication where beams are redirected or
turned off to avoid interference with other satellites operating in the same frequency
band.

e Band Splitting: Band splitting refers to dividing the available frequency spectrum into
separate bands for upstream (from user to network) and downstream (from network
to user) communications. The split determines how much bandwidth is dedicated to
each direction, directly impacting the network’s potential data rates and capacity.

e Beamforming: A satellite and wireless communication technique that focuses signals
in specific directions to improve coverage and capacity and reduce interference.

e Big LEO Band: A frequency band (1610-1626.5 MHz uplink and 2483.5-2500 MHz
downlink) used by low Earth orbit satellites for mobile voice and data services,
including safety-critical applications.

e Complementary Ground Component (CGC): Ground-based infrastructure that
enhances satellite services, particularly in high-traffic areas or regions with complex
terrain. European equivalent to Ancillary Terrestrial Component.

e Direct-to-Device (D2D): A satellite communication technology allowing satellites to
communicate directly with standard consumer devices like smartphones and loT
sensors, providing global connectivity without relying on terrestrial infrastructure. Also
referred to as Direct-to-Cell (DTC).

e Frequency Coordination: Process of managing spectrum usage to prevent
interference between satellite systems or services in the same or adjacent frequency
bands.

e Geostationary Orbit (GEO): Satellite orbit that remains fixed relative to a point on
Earth, providing consistent coverage over a specific area.

e Global Navigation Satellite Systems (GNSS): Satellite systems like GPS and
GLONASS used for positioning, navigation, and timing in various applications.

¢ Internet of Things (loT): A network of interconnected devices that collect, exchange,
and act on data through the internet, enhancing automation and efficiency.
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L-Band: A frequency range (1525-1559 MHz downlink and 1626.5-1660.5 MHz
uplink) originally allocated to GEO operators for satellite communication in maritime,
aviation, and emergency services.

Low Earth Orbit (LEO): Satellite orbit close to Earth’s surface (up to 2,000 km),
offering lower latency and faster communication compared to higher orbits.

Link Budget: A systematic calculation used in communication systems to evaluate
whether a signal can be successfully transmitted and received. Link Budget accounts
for all gains and losses throughout the communication path, from the transmitter to
the receiver. The purpose of a link budget is to ensure that the received signal power
is sufficient for reliable communication, typically exceeding the receiver's sensitivity by
a positive margin known as the link margin.

Mexico City Memorandum of Understanding (MoU): Agreement coordinating the
use of MSS frequency bands in the Americas to prevent interference between L-Band
satellite operators.

Mobile Network Operators (MNOs): Companies providing mobile communication
services using terrestrial networks, such as AT&T, Verizon, and T-Mobile.

Mobile Satellite Services (MSS): Satellite communication services using specific
frequency bands to provide coverage for mobile devices, widely used for maritime,
aviation, and emergency communications.

Out-of-Band Emissions (OOBE): Unwanted radiofrequency signals outside an
allocated frequency band that may cause interference with other systems.

Paired Spectrum: Frequency bands allocated in pairs for uplink and downlink
transmissions to support two-way communication systems.

Priority Sharing: A spectrum-sharing method where lower-priority services yield to
higher-priority ones to reduce interference and maintain reliability.

Safety-of-Life Services: Critical satellite communication services, such as maritime
and aviation systems, designed to ensure human safety during emergencies.
Spectral Efficiency: The measure of data transmitted over a given bandwidth,
typically expressed as bits per second per Hertz (bps/Hz).

Spectrum Sharing: The practice of multiple users or services operating within the
same frequency band, requiring coordination to minimize interference and optimize
efficiency.

Supplementary Coverage from Space (SCS): FCC’s regulatory framOework
enabling satellites to provide coverage in areas not served by terrestrial networks
using licensed terrestrial spectrum.

Time Division Duplex (TDD): Communication method where uplink and downlink
transmissions occur on the same frequency at different times to optimize bandwidth.
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Appendix C: L- and S-Band Allocations

Figure C-1: Summary of L- and S-Band MSS Allocations Neighborhoods in the U.S.

Summary of Current Allocations/Service in L and S - Band in the U.S. (Big LEO, L Band (MSS) and Potential D2D band highlighted in red)

Frequency Frequency

Start (MHz) End (MHz) Occupant/Service Band Type Uplink/Downlink

L - Band
1,435.00 1,525.00 Federal Operations L Band N/A FDD
1,525.00 1,559.00 Inmarsat L Band (MSS) Downlink FDD
1,526.00 1,536.00 Ligado Networks (formerly LightSquared) L Band (MSS) Downlink FDD
1,559.00 1,610.00 Global Positioning System (GPS) L Band Downlink N/A
1,610.00 1,617.775 Globalstar Big LEO (MSS) Uplink FDD
1,617.775 1,618.725 Globalstar/ Iidium Communications Big LEO (MSS) Uplink FDD/TDD
1,618.725 1,626.50 Iridium Communications Big LEO (MSS) Uplink TDD

1,626.50 1,660.50 Inmarsat/ Viasat L Band (MSS) Uplink FDD
1,627.50 1,637.50 Ligado Networks L Band (MSS) Uplink FDD
1,637.50 1,646.50 Federal Operations L Band N/A N/A
1,646.50 1,656.50 Ligado Networks L Band (MSS) Uplink FDD
1,660.50 1,710.00 Federal Operations /Meteorological satellite (MetSat) services L Band Downlink N/A
1,670.00 1,675.00 Crown Castle L Band N/A TDD
1,695.00 1,710.00 Advanced Wireless Services (AWS-3) L Band Downlink FDD

[ 2 GHz |
1,930.00 2,000.00 Personal Communications Service (PCS) 2 GHz Downlink FDD
1,995.00 2,000.00 EchoStar - PCS H Block 2 GHz Downlink FDD
2,000.00 2,020.00 EchoStar - AWS-4 2 GHz Uplink FDD
2,020.00 2,110.00 Space/ Federal Operations 2 GHz N/A N/A
2,110.00 2,155.00 Advanced Wireless Services (AWS-1) 2 GHz Downlink FDD
2,155.00 2,180.00 Advanced Wireless Services (AWS-3) 2 GHz Downlink FDD
2,180.00 2,200.00 EchoStar - AWS-4 2 GHz Downlink FDD
2,200.00 2,300.00 Federal Operations 2 GHz N/A N/A

[ s Band |
2,300.00 2,305.00 Amateur Radio Service S Band N/A N/A
2,305.00 2,320.00 Wireless Communications Service (WCS) S Band N/A TDD/FDD
2,320.00 2,345.00 SDARS - SiriusXM S Band Downlink N/A
2,345.00 2,360.00 Wireless Communications Service (WCS) S Band N/A TDD/FDD
2,360.00 2,400.00 Other Services (MBANSs) S Band N/A N/A
2,400.00 2,483.50 Unlicensed band (commonly used by Wi-Fi) S Band N/A TDD
2,483.50 2,495.00 Globalstar Big LEO (MSS) Downlink FDD/TDD
2,496.00 2,500.00 Broadband Radio Service (BRS)/ Globalstar Big LEO (MSS) /Terrestrial Downlink FDD/TDD
2,500.00 2,690.00 Broadband Radio Service (BRS)/ Educational Broadband Service (EBS) S Band Uplink/Downlink TDD

Source: Company Filings, Summit Ridge Group, LLC, and TMF Associates, Inc. analysis

Page 33 of 37



Figure C-2: L Band Allocations in the U.S.

L Band Allocations — U.S.
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Figure C-3: S-Band Allocations in the U.S.
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Figure C-4: Selected D2D Band Allocations and Services
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