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STOCK DATA

Market Cap (mil) 1,123.4
52-Week Range $4.84–$14.27
3-Month ADTV 1,652,132
Shares Outstanding (mil) 183.0
Float (%) 67.2
Short Interest 12,316,332
Enterprise Val. (mil) 918.4
Fiscal Year-End December

FINANCIAL DATA

Rev. (mil) 2022E 2023E 2024E
1Q $2.4A $0.0 -
2Q $7.3A $0.0 -
3Q $0.0 $0.0 -
4Q $0.0 $1.0 -
FY $9.7 $1.0 $23.9

FY 2022E 2023E 2024E
EBITDA (mil) $(131.2) $(157.2) $(152.2)
EV/Revenue 49.1x 1,193.3x 61.9x
EV/EBITDA (7.5)x (7.8)x (10.0)x

BALANCE SHEET DATA

2Q22
Cash & Equivalents 202.4
Accounts Receivable $3.6
Accounts Payable 13.8
Total Debt $4.9
Shareholders' Equity $310.3
$ in millions.

Summary and Recommendation

We initiate coverage of AST SpaceMobile, Inc. (ASTS) with a Buy rating and a 12-month price
target of $15 per share. ASTS went public in April 2021 via a business combination with
New Providence Acquisition Corp., a SPAC where nearly the entire $232M of cash rolled from
the trust, plus another $230M from PIPE investors led by ASTS’s strategic partners Rakuten,
Vodafone, and American Tower. Backed by proprietary IP, including some 2,400 patented and
pending claims, ASTS is constructing a global space-based cellular broadband network enabled
by large, revolutionary pizza box-shaped satellites serving as radio repeaters in low Earth
orbit (LEO) space. The company’s first such satellite, BlueWalker 3 (BW3), is now hurtling
through space at 17,000 mph, circumnavigating the Earth every 90 minutes after launching on
a SpaceX Falcon 9 rideshare on September 10, and with ASTS ready to perform a critical phased
array unfolding maneuver to deploy the 693-square-foot payload. ASTS strives to connect the
billions of unconnected individuals, as well as the billions of mobile subscribers moving in and
out of cellular coverage zones, not competing against but partnering with mobile network
operators (MNOs) in a wholesale, B2B business model featuring revenue share with MNO
partners and low to no subscriber acquisition costs (SAC) for ASTS. Moreover, the SpaceMobile
network is designed to operate directly with existing, unmodified mobile devices and without
any separate costly ground antenna. We believe BW3 will withstand structural dynamics,
thermal management, and other cellular-to-satellite link challenges, demonstrating a successful
network architecture, which ASTS intends to begin deploying in 2023 with the launch of five
“Block 1 BlueBird” satellites, enabling initial service. To be sure, the global market is massive—
including 5.3B unique cellular subscribers, plus another 2.6B people who remain unconnected
—and with ASTS already talking with 25 MNOs representing 1.8B potential mobile subscribers.
Our $15 PT equates to a $3.0B EV at the end of FY23e.

Key Points

• Billions upon billions. Just as Carl Sagan sent the first physical messages into space and
searched for life among billions upon billions of stars, ASTS founder Abel Avellan wants to
connect billions of people on Earth—both the currently unconnected and those roaming
outside of terrestrial cell service coverage—and to potentially generate billions of dollars of
profits for AST SpaceMobile investors in the process.

• Ample runway to revenue. ASTS carried $197M net cash on its books at 2Q22 and offset most
of its 3Q operational burn with $27M received in early September, following the close of the
sale of its 51% majority-owned NanoAvionics satellite manufacturing subsidiary to Kongsberg
Defense (at a 3.6x LTM EV/revenue multiple no less), deemed surplus to requirements given
that ASTS now is capable of producing two satellites/month with its 35,000 square feet of
clean-room manufacturing capacity at its Midland, Texas, headquarters. Additionally, ASTS
is readying an adjacent facility that, when placed into production, is expected to bring
clean-room capacity to 135,000 square feet, lifting production capacity to six satellites/
month, likely enabling the rapid deployment of a planned BlueBird-satellite-powered
SpaceMobile constellation currently envisioned to scale to 168 satellites altogether. While
this NanoAvionics divestiture means ASTS will not again generate revenue until its Block 1
BlueBirds enter service in 2023, we believe the company has ample liquidity through the
initial BlueBird launch, where ASTS already has an $18M Falcon 9 launch down payment
sitting on the balance sheet in other current assets.

• Unfettered connectivity. If SpaceMobile service works as expected, we believe ASTS will have
a killer application and go on to be a multi-billion-dollar stock. We see the utility of unfettered
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connectivity via satellite outside of existing, limited cellular footprints as without question. We also believe a planned 50-50 
incremental revenue share with MNO partners is reasonable and sustainable. Although ASTS requires more capital to fund BlueBird 
build beyond the Block 1 launch—no easy feat in today’s difficult market—consider, to provide a sense of scale, that just a 10% 
penetration of existing engaged MNOs and an incremental $2/month gross revenue share to the partners would result in over $2B 
in revenue annually for ASTS. As such, we believe the salient question is not whether this is a good business model but, rather, 
whether this service can possibly work as advertised. 

 Orbiting endpoint. To this end, ASTS has, to a degree, already demonstrated that it can create a successful cellular-to-satellite link 
from space, albeit in reverse. In April 2019, ASTS successfully launched its first test satellite, BlueWalker 1, a 12 kg 6U-CubeSat that 
served as an orbiting (highly mobile!) endpoint that linked with a large, phased array satellite prototype, BlueWalker 2, which 
remained on the ground. The challenge now is to show that this network can work in reverse, with the phased array traveling through 
space, overcoming Doppler shift and other connectivity challenges to establish and maintain links with standard handsets. 

 Smart money. We also look at Vodafone, Rakuten, and American Tower as early and repeat strategic investors, with these three 
(along with Samsung) comprising ASTS’s $111M Series B round before coming back for another bite in the $230M business 
combination PIPE. We doubt Hiroshi Mikitani, the billionaire founder and CEO of Rakuten, which owns 17% of the company, would 
continue to invest in ASTS without performing extensive due diligence. In the same vein, Vodafone (bringing its 265M mobile 
subscribers) has not just an MOU with ASTS but also mutually exclusive rights in most of its markets. 

 Single-serve vs. family size! Lending credence to the thesis that providing 3G, 4G, 5G, and Narrowband IoT cellular connectivity from 
LEO space is now achievable, private competitor Lynk Global also is in “advanced contract negotiations” with MNOs, representing 
1.5B subscribers in more than 60 countries. Lynk is smaller in scale than ASTS in every sense, starting with the fact that it to date has 
raised only $25M, has just 40 employees, and has only launched one test satellite, albeit with plans to send three more satellites to 
space in December, riding on SpaceX’s Transporter 6 mission, with intent to test the ability to send a 5G signal. We do not expect 
Lynk’s small-aperture satellites to be able to provide anywhere near the throughput of ASTS’s large-aperture, family-size satellites.   

 Exciting opportunities. Apple is working with Globalstar (GSAT) to provide Emergency SOS from space. SpaceX is talking a big game 
with T-Mobile, and even Viasat (VSAT) CEO Mark Dankberg following the Link 16 Tactical Data Links sale announcement cited 
“exciting growth opportunities . . . especially in the rapidly emerging satellite direct-to-mobile handset market.” We suspect Viasat 
and Iridium will focus on L-Band spectrum and networks to provide narrowband connectivity to handsets but believe ASTS has a 
multiyear lead on others with regard to enabling true satellite broadband connectivity to unmodified terrestrial cellular networks 
and endpoints. 

 Patented and proprietary IP. AST SpaceMobile’s 2,400+ patent and patent-pending claims and proprietary trade secrets comprise a 
technology advantage related to its direct-to-handset system architecture, bolstered by a first-mover advantage given its mutually 
exclusive agreement with Vodafone and commercial agreement with Rakuten for exclusive service in Japan, providing significant 
barriers to entry. Regarding IP, we believe ASTS is designing its network well beyond what has been standardized in 3GPP Release 17 
and/or is being considered for Release 18 and has found ways to master Doppler shift and other satellite-to-cellular link challenges. 

 Built-in MNO customer base to tap. ASTS has investment, development, and commercial relationships with leading global wireless 
infrastructure companies, including early investors Vodafone Group (largest provider outside of China), Rakuten, and American 
Tower. ASTS is jointly going to market, not competing, with said MNOs, leveraging existing subscriber bases (and thus limiting its own 
SAC). When ASTS’s constellation is more fully deployed (at over 100 satellites), we believe perhaps in the 2026 time frame, 
SpaceMobile service is envisioned to be available 24/7 to MNO partners under 50-50 revenue-sharing agreements. The company can 
attain initial, time-limited service in 2H23e once it deploys its first five Block 1 BlueBirds, then ramping to more comprehensive 
equatorial service and eventually full service as it deploys the rest of its constellation in LEO. 

 All the rights stuff. ASTS received an experimental license from the FCC on May 2, 2022, enabling temporary landing rights in Texas 
and Hawaii for its prototype BlueWalker 3 satellite, launched September 10 on a SpaceX Falcon 9 rideshare. The license covers 
BlueWalker 3 space-to-ground testing using 3GPP low-band cellular frequencies and Q/V-band frequencies and we believe 
additionally paves the way for further authorizations from the FCC in connection with ASTS’s planned constellation. That said, it 
remains early days on the global regulatory front, as to date ASTS has secured L Band and V Band frequency landing rights in just 
seven countries, including Nigeria, Kenya, and Papua New Guinea, the latter a nation of just 9M but the most populous Pacific Island 
state nonetheless—and where connectivity is a challenge. We believe Japan, the U.S. (beyond granted experimental license), and 
others are not far behind, with ASTS so far securing test licenses in 10 additional countries altogether. 
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Founding and Funding History  
AST SpaceMobile is building a global space-based cellular broadband network using LEO satellites architected to provide connectivity to any 
standard, unmodified, off-the-shelf mobile phone or 2G/3G/4G LTE/5G and IoT-enabled device. Abel Avellan, founder, chairman, and CEO, 
provided $6M in seed funding in January 2017, six months after selling his Emerging Markets Communications (EMC) business to Global 
Eagle Entertainment for $550M, at a near-10x EV/EBITDA valuation. ASTS next raised a $10M Series A round in June 2018 from Cisneros, a 
Venezuela-based global media and entertainment business that incidentally brought the first direct-to-home satellite television service to 
Latin America in 1995 through a partnership with Hughes Electronics. These initial funding rounds provided the capital to complete the 
development of the company’s BlueWalker 1 and BlueWalker 2 test satellites discussed earlier in this report. 

Following the successful BW1/BW2 mission—demonstrating that ASTS’s technology solutions are capable of managing communications 
delays and the effects of Doppler shift in a satellite-to-ground cellular environment—ASTS closed its transformational $111M strategic 
Series B funding round, at a $400M post-money valuation. Led by Rakuten (a trillion-yen market cap company in Japan with an upstart MNO 
that is nearing completion of initial 4G/5G mobile build in Japan), which took down $79M of the Series B, this round also brought in Vodafone 
and American Tower as strategic investors, at $25M and $6M investments, respectively. Samsung’s venture arm, Samsung Next, also 
invested $1M, rounding out the round, which had a rolling 2019–2020 close. We see this Series B as transformational because the round 
brought much more than the capital needed to build and launch the BlueWalker 3 satellite, it also brought Rakuten, Vodafone, and American 
Tower as core strategic partners that are helping to enable ASTS to bring its solution to market. 

Fast forward to April 2021, when ASTS completed its business combination with New Providence Acquisition Corp., receiving $417M in net 
proceeds from a $232M cash roll from the trust (with close to zero redemption), plus a $230M PIPE, net of expenses. We note further that 
ASTS’s 17.6M SPAC warrants remain in play, which if exercised in full at the $11.50/share strike price would result in ~$202M additional 
cash proceeds to the company, as well as an additional 17.6M shares of Class A common stock issued. As noted, ASTS took in another $27M 
cash in September 2022 via its surplus-to-requirements NanoAvionics sale to Kongsberg. The company also has a $150M ATM in place with 
B. Riley Securities and Evercore. Regarding the post-Nano footprint, in addition to its Midland, Texas, headquarters and manufacturing 
facilities, ASTS has Network Operations Center assets in Maryland, Colorado, and Australia, as well as other engineering and development 
centers in the U.S., Spain, the U.K., and Israel. 

Finally, a byproduct of ASTS’s multi-step funding process to date is that the company now has three classes of shares outstanding, as of 
June 30, 2022: 53M Class A shares issued primarily in conjunction with the NPA business combination, 52M Class B shares held by Series A 
and B investors, and 78M controlling Class C shares, for a total of 183M basic shares outstanding. Class C shares are held entirely by CEO 
Abel Avellan and provide him with super-voting rights equal to 88.3% of the voting power. All applicable lock-up periods related to the 
business combination have expired. 

BW3 Is the Largest Communications Array Ever Deployed in LEO; Folded into Cube Prior to Launch  

  

Source: Company reports  
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BlueWalker 3 
ASTS began construction of its BW3 test satellite in 2H19 following its Series B round, investing a total of ~$87M, much of which was related 
to one-time R&D expenditures that are not expected to show up in future commercial satellite costs, which we estimate are running at 
around $16M each for the Block 1 BlueBirds. On September 10, 2022, ASTS successfully launched BW3, the largest commercial 
communications array ever deployed to LEO. ASTS engineers made contact with BW3 less than an hour after takeoff, and BW3 is now 
circling the Earth, thermally stable, and communicating with ground stations.  

CEO Abel Avellan tweeted on October 5 that the company planned to unfold the ~1,500 kg, 64-square-meter (693-square-foot) phased 
array satellite, which was folded into a cube to fit in the rocket, “in the second half of October during optimal conditions,” a timeline that 
now has pushed to “on or about November 10” given optimal solar power generation conditions for deployment.  In a 10/26 update, ASTS 
indicated that “the satellite is operating normally, and sensors and actuators are ready.”  This deployment mission, when accomplished, 
will orient the satellite’s array of antenna elements pointing down toward Earth and its solar elements facing the Sun, and we see successful 
array deployment as a near-term positive catalyst for ASTS shares. 

SpaceMobile Will Connect Directly to Unmodified Standard Mobile Phones 

 

Source: Company reports 

SpaceMobile Service 
While ASTS is still considering the quantity and configuration of its next batch of BlueBirds beyond the initial five Block 1 BBs, we believe 
the company is likely to deploy another several batches of five (which fit nicely on multiple launch vehicles) in the 2024 time frame. We 
additionally believe next-generation BlueBirds likely will be larger and more powerful than BW3 and the Block 1 BlueBirds, if not all the way 
up to the 2x size, 3,000 kg per satellite weight for a planned 168-satellite constellation, as communicated in the months leading up to the 
SPAC business combination. 

As noted, ASTS is going to market with MNOs under a 50-50 revenue share model to offer SpaceMobile directly to partners’ existing mobile 
subscribers, seamless to the end user. As envisioned, subscribers roaming beyond terrestrial cellular footprints will receive text messages 
to their phones asking if they would like to turn on SpaceMobile service. On top of this envisioned “day pass” offering, ASTS and its partners 
are exploring a monthly add-on tier for consumers and enterprises where, for a fixed monthly rate, users can add SpaceMobile as a 
supplemental service to their existing cellular plans, enabling users’ devices to automatically connect to the SpaceMobile network upon 
entering areas without terrestrial cell coverage. Also possible are stand-alone plans where subscribers can use and pay for SpaceMobile as 
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their primary network in areas without reliable cellular coverage, expanding the TAM for MNO partners, as well as ubiquitous emergency 
services, similar to the Emergency SOS service that Apple is enacting in partnership with Globalstar. Regarding the latter, given ASTS’s 50-
50 revenue share go-to-market strategy, we do not necessarily expect, but at the same time would not be surprised, to see MNOs commit 
to up-front payments to be able to offer time-limited emergency services to their subscribers, at least initially as ASTS builds out its 
constellation. 

We characterize typical terrestrial cellular architecture as comprising a network of cell towers, each with an antenna, or radio head, on top 
of the tower and a base station at the bottom of the tower and with other software-enabled equipment installed, all connected typically 
via fiber back to the network core. SpaceMobile will look and act very much like this architecture, replacing the tower antenna with a 
satellite in what is referred to as a bent pipe architecture—there will be a signal going up to the satellite and a signal going back down, with 
no data processing occurring on the satellite and adjustments for phenomena such as Doppler shift occurring at ground stations. ASTS will 
only need to utilize one to three gateways in each country where it operates, depending on country size, and equip those gateways with 
radio access network (RAN) hardware to land backhaul. 

To bring its solution to market, ASTS entered into a five-year partnership with Nokia, a top-three provider of RAN hardware and software 
globally (along with Samsung and Huawei), to provide critical network infrastructure from its AirScale portfolio to be integrated into the 
ground station gateways that BlueBird satellites will connect to, including Nokia’s AirScale Baseband module that can serve up to 90k 
simultaneous connected users from a single box. ASTS will also leverage Nokia’s AirScale Single RAN equipment, allowing for 4G and 5G 
integration into SpaceMobile and enabling connectivity to devices on land, at sea, or in flight, and Nokia’s NetAct solution for network 
management and daily network operations. In addition to the hardware and software solutions, Nokia has been working with ASTS over 
the past two years and is supporting the company with dozens of engineers and development professionals, including architecture research 
experts at Nokia’s Bell Labs. 

Satellite-to-Cellular Architecture 

 

Source: Company reports 
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ASTS’s U.S. Patent Application 2020036163 describes how an unfolding process of a “low earth orbit mechanical deployable structure” 
(LMDS) could look. As the patent explains, antenna elements are connected mechanically by stored-energy connectors, such as spring tape, 
that self-deploy the satellite array in space without the use of electric energy. We liken the process to that of a self-erecting tent—much 
less complex than the unfurling process recently demonstrated by the James Webb Space Telescope—and we believe the more complex 
part of this entire process is actually the initial folding of the satellite on Earth. Indeed, while ASTS has been flying BW3 for weeks to test 
operation, the array unfolding process itself should only take a matter of minutes to complete. 

If ASTS successfully unfolds BW3 in early November, as contemplated, it will then begin calibration. Based on management commentary, 
we expect the company to begin in-orbit testing of its technology prior to year-end, which would occur on six continents (all but Antarctica), 
including with AT&T in the U.S., specifically Hawaii and Texas under an experimental license with the FCC, as well as with a subset of the 
company’s 25+ potential MNO partners, including Vodafone, Rakuten Mobile, and Orange. Given BW3’s ~17,000 mph orbital velocity, the 
satellite circumnavigates the Earth every 90 minutes and will be able to link with each test location for only 10–15 minutes at a time, leaving 
some question of how well BlueBirds will be able to dissipate power when operated more continuously (a concern we will address 
momentarily) but addressing the critical question regarding how readily ASTS’s architecture will be able to establish and maintain cellular-
to-satellite links. 

In its testing period, BW3 will use 3GPP low-band cellular frequencies and Q/V band frequencies to communicate with unmodified devices 
on the ground. ASTS will leverage AT&T’s spectrum holdings for the BW3 testing round including AT&T’s 846.5–849 MHz license in Midland, 
Texas; its 845–846.5 MHz license in Honolulu; and its 788–798 MHz FirstNet uplink license in Pine Springs, Texas. ASTS has been working 
with AT&T since at least 2019, as BW1 also used AT&T spectrum, and we see the utility of being able to connect standard, unaltered 
handsets via satellite to first responders who have roamed outside of cellular coverage. 

In addition to testing satellite connectivity capabilities, ASTS plans to use BW3 to dispel other valid concerns that industry experts have 
raised, such as thermal management and structural dynamics. According to CEO Abel Avellan, BW3’s solar array is capable of generating 
~20 kW of power—power that will generate a significant amount of heat, necessitating means to dissipate this heat and avoid the risk of 
melting the satellite’s components. Not only does the satellite have to withstand extreme heat of up to ~80 degrees Celsius, but it must 
also cope with temperatures as low as –70 degrees Celsius on the shadow side of the Earth. We believe ASTS addresses these problems via 
proprietary and patent-protected intellectual property, such as ASTS’s U.S. Patent 11021270, which describes a process for a satellite 
antenna array composed of a large number of connected antenna assemblies wherein heat is dissipated locally at each antenna assembly 
during periods of extreme heat, and heat is directed to each antenna assembly during periods of extreme cold. For example, each micron 
has receiving and transmitting components within its middle layer, which the company describes as a honeycomb structure (of a material 
such as Dupont’s Nomex, a heat and flame-resistant fiber), that allows for the transfer of heat to and from each side of the satellite. The 
large, flat geometry of the satellite is novel in that it provides enough surface area to transfer all heat from the sun-facing side of the satellite 
to the Earth-facing or deep space–facing side (depending on the orbital location of the satellite). Any heat generated from the processing 
power of the satellite is similarly dissipated throughout the structure. ASTS’s BW3 satellite is, and future BB satellites also will be, equipped 
with heating pipes that extend throughout the structural support layer and facilitate this process, mitigating the risk to the satellite’s 
integrity presented by each of the four potential sources of overheating: solar heat flux (direct sunlight), solar Albedo (sunlight reflected by 
Earth), Earth infrared radiation (heat emitted by Earth), and the satellite’s own processing power. 

Furthermore, ASTS’s U.S. Patent 11411638—which cites as the inventor ASTS’s College Park, Maryland–based Chief Scientist, Space Systems 
Dr. Raymond Sedwick, who incidentally doubles as the director of the Space Power and Propulsion Laboratory in the Aerospace Engineering 
Department at the University of Maryland, also in College Park—outlines a power management system in which power is efficiently 
allocated across each individual satellite module (i.e., micron) to ensure the energy state of the phased array does not exceed or fall below 
permitted operating tolerances. This implies power can be rerouted around the satellite if individual components do get damaged.  

Structural dynamics are another concern given the sheer size of BW3, with critics expressing doubt that such a large spacecraft can 
withstand the pressures of space, with worries that individual components will be prone to break given the lack of a rigid structure. While 
complete on-the-ground testing of zero-gravity functionality for large satellites like BW3 is virtually impossible, the company has been able 
to rigorously test the strength of the satellite. As for other aspects of functionality, such as beam forming with a long, thin solar array, we 
believe a “never been done before” argument lacks material weight, especially considering that ASTS has 300+ engineers working full-time 
to solve such challenges. For example, by designing flexibility into the structure through an array of interconnected microns, ASTS has in 
effect replaced the difficult challenge of forming a consistent beam on a target with a very large, thin structure with that of a more 
manageable task of forming consistent beams with 148 smaller structures (microns). ASTS believes it has developed software that 
compensates for any movement the microns might experience and controls each individual micron and its 16 antenna modules to point to 
specific positions on Earth, resulting in thousands of small antenna beams combining to form the large field of view for the satellite. Torque 
rods are also distributed across the entire array surface, which provide the satellite with attitude control and stabilization and prevent 
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unexpected tumbling or spinning of the satellite. Moreover, we believe that at least 25% of ASTS’s engineers came to the company from 
established satellite manufacturers and operators like SpaceX, Lockheed Martin, Boeing, Airbus, Northrop Grumman, OneWeb, and Aerojet 
Rocketdyne, bringing a wealth of institutional knowledge with them. 

BlueBird Commercial Satellites 
ASTS has begun development of its commercial BlueBird satellites, with the first five (BB1–BB5) expected to launch in late 2023. BB1 through 
BB5 will leverage the BW3 design and use field programmable gate arrays (FPGAs)—flexible chips that can be reprogrammed after they are 
manufactured—which will allow for quicker construction and launch. ASTS intends to manufacture subsequent BBs, however, using 
application-specific integrated circuits (ASICs), which will engender economies of scale. ASTS is partnering with Taiwan Semiconductor 
Manufacturing Company (TSMC) to design the ASICs and manufacture them for ASTS. While TSMC has been known to develop custom ASICs 
for certain customers, to our knowledge this is the first such time that TSMC has participated in a promotional video in this regard, outlining 
its partnership with ASTS. 

ASTS has a multi-launch services agreement with SpaceX that covers two additional future launches, the first of which we expect in 2H23, 
ferrying the first block of five BB satellites. While ASTS’s BlueBird payloads can fit on several other launch providers’ rockets, as well as 
SpaceX’s Falcon 9 and Falcon Heavy (and eventually Starship, which could likely be operational by the FY23–FY24 time frame), we believe 
the company will see greatest flexibility with SpaceX, particularly as ASTS, to our knowledge, is the only company authorized to have 
satellites launched alongside SpaceX’s Starlink missions, which are numerous.   

While BB1 through BB5 will each be similar in size and weight to BW3, we believe ASTS will look to launch larger arrays in subsequent 
batches, starting with a next-gen or Block 2 of BlueBirds where ASTS hopes to demonstrate 1.3M GB/month of capacity from each satellite, 
and eventually building up to 2x the size of BW3 per initial BB business plans, implying a targeted endpoint of ~128-square-meter phased 
array satellites that will weigh more than 3,000 kg each. 

Landing Rights and Expansion Plans 

Once ASTS secures landing rights in a particular country, we believe it is a relatively simple matter to deploy requisite terrestrial 
infrastructure to enable service. For example, in Nigeria—Africa’s largest economy, with a ~$500B GDP and a population of 218M—ASTS 
secured landing rights in June 2021, with Q/V and 3GPP Band permits. Although we expect ASTS to roll out SpaceMobile service exclusively 
with its strategic partner Vodacom in equatorial markets including Congo, Ghana, Mozambique, Kenya, Ethiopia (more on this later), and 
Tanzania—and perhaps India as well—we believe its lead MNO customer in Nigeria will be MTN, which commands 39% of the market with 
74M subscribers, compared to 46M subscribers for #2 carrier Airtel. To serve MTN customers in Nigeria, we believe ASTS just needs to 
deploy a few handfuls of AirScale servers at two or three gateways within the country, so long as its BlueBird satellites perform as 
envisioned. 

Landing rights are permissions that satellite operators must obtain in order to deliver services via satellite in particular countries. With the 
privatization of intergovernmental systems, landing rights enable a country to allow or bar specific foreign satellites from serving its 
territory. For example, the U.S. has a “permitted space station” list, which is essentially a landing rights list, and there are similar variations 
of this around the globe. 

By the time ASTS has 20 commercial BBs in orbit, we believe in early 2025, ASTS expects to be able to deliver service to 49 countries along 
the equator, addressing an ~1.6B population. The company expects a 110-satellite constellation to be sufficient to enable full global mobile 
coverage for its roster of major MNO partners (e.g., Vodafone, Rakuten, Telefonica, AT&T, Orange, MTN, Globe, Smart, Indosat, and Tigo) 
with robust multiple input, multiple output (MIMO) functionality enabled following launch of a final 58-satellite batch, bringing the 
constellation size to 168 BBs.  

While we know ASTS and Vodafone have secured landing rights in Kenya (technically this is a test license, expected to convert to a 
permanent market access license), we believe the partners are still looking to secure official landing rights in other markets such as the 
Democratic Republic of the Congo, Ghana, Mozambique, and Tanzania, where Vodafone Group also desires to integrate the AST 
SpaceMobile technology into the services provided by its Vodacom, Safaricom, and Vodafone brands. Similarly, ASTS expects to receive a 
test license in Japan imminently. We note further in this regard that, unlike the U.S. and many other countries, Japan does not officially 
provide licenses until satellites are actually deployed (a peculiar regulatory arrangement, in our opinion). 

Early Access to Ethiopia 

We highlight Ethiopia as a probable early-access market. In May 2021, in an effort to initiate economic reform and dethrone state monopoly 
Ethio Telecom, the Ethiopian Communications Authority (ECA) offered two telecom operator licenses to private multinational operators. A 
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consortium led by Kenya’s Safaricom (a Vodafone subsidiary), Vodafone, and Japan’s Sumitomo paid $850M for the first license in May 
2021 and pledged an additional $8B investment over the next decade to develop the communications network infrastructure in Ethiopia 
and aid its 110M people. Ethiopian regulatory authorities seem to be favoring privatization over state-run entities in order to more quickly 
realize the economic and developmental potential of the nation through next-gen connectivity and digital services. Given ASTS’s commercial 
agreement with Vodafone and its involvement with the Ethiopian government in helping Vodafone structure and procure that license, we 
expect that landing rights in Ethiopia will not pose a particular challenge. Moreover, given the time and expense it will take for Vodafone 
to build out its terrestrial infrastructure in Ethiopia, we believe Vodafone will look to launch service in Ethiopia via SpaceMobile, 
jumpstarting its market entry. 

Silicon Solar Cells Enable Low Costs 

ASTS disclosed on its 2Q22 business update call that its unit costs per satellite increased ~14% (to ~$16M per satellite for its first batch of 
five BBs) because of materials and labor inflation. However, the company nonetheless has managed to engineer a relatively low-cost 
satellite. Consider, for example, that the Space Development Agency (SDA) is spending anywhere between $15k and $125k per kilogram to 
have its LEO-based Transport Layer and Tracking Layer Tranche 0 and 1 satellites developed, while ASTS requires an investment of less than 
$11k per kilogram for its first block of five BB satellites (costs which the company has indicated should come down for its next-generation 
BB satellites, despite their larger sizes). One reason for the company’s cost advantage is its ability to mass produce hundreds of thousands 
of identical microns that serve as the building blocks of each phased array. Additionally, a byproduct of the large solar array surface area 
necessitated by ASTS’s desire to deploy as large an in-space aperture as possible (to improve the link budget equation) is that the company 
has been able to design its satellites using standard silicon-based solar cells, as opposed to highly expensive, somewhat more efficient 
gallium arsenide, given that BlueBird satellites have more than enough surface area to generate requisite power via solar cells. Indeed, by 
avoiding the commonly used but expensive gallium arsenide, we estimate that ASTS may be able to realize up to a 95% reduction in power 
costs for its commercial satellites relative to most other satellites. 

Competitor Analysis 
We view private, Virginia-based, Lynk Global (formerly UbiquitiLink) as ASTS’s closest pure-play competitor given that each company has 
pursued a similar business plan to leverage MNO partner spectrum to light up previously unlit coverage zones for unmodified devices. While 
we see Lynk as behind ASTS in terms of development and as link-challenged given its undersized antenna aperture compared with family-
sized BlueBird satellites, Lynk does claim 15 commercial contracts covering 36 countries representing >240M subscribers for its planned 
satellite direct-to-handset services, as well as 30+ testing agreements with other MNOs that are said to represent another ~1.5B subscribers. 
Using its third test satellite, in February 2020, Lynk successfully sent a text message from space to an unmodified cell phone on Earth. The 
company launched its first commercial satellite this past April and planned to launch its second satellite at the same time but was booted 
off a SpaceX Transporter 4 rideshare mission when environmental concerns about Spaceflight’s Sherpa orbital transfer vehicle (OTV)—the 
space tug that would have placed Lynk’s satellite in its specific orbit—caused SpaceX to remove the OTV from the mission. This second 
satellite is now slated to fly with two additional Lynk satellites on a SpaceX Transporter 6 mission in December, and the company has cited 
plans to have 50+ satellites deployed by the end of 2023 (a timeline that we suspect will be pushed), which Lynk believes will enable revisit 
rates every 15–30 minutes. We believe Lynk has raised ~$25M in total funding to date, including most recently a $1M investment in July 
from Virginia’s non-profit equity investment arm Virginia Innovation Partnership Corporation (VIPC), which follows VIPC’s $50k investment 
in Lynk’s seed stage in 2017.  

Lynk recently announced a partnership with BICS, a wholesale provider of cellular voice and data services, in which BICS will be able to offer 
Lynk’s services to what it claims are hundreds of mobile network operator customers operating 2G to 5G networks in North America, the 
Caribbean, Latin America, Southeast Asia, and parts of rural Africa. Shortly thereafter, the company secured its first commercial license for 
a direct satellite-to-phone service from the FCC. The regulatory approval covers Lynk’s first 10 satellites, which are intended to deliver basic 
connectivity services such as text messaging and emergency alerts. However, the approval does not give Lynk exclusive spectrum rights, 
and, similar to ASTS, the company still needs to secure landing rights in any country where it plans to provide services. Lynk CEO Charles 
Miller has asserted that the company has licenses or is otherwise enabled to test its planned services in 18 countries, including the U.S., 
where the company has a MOU with one of the top four MNOs and is “talking” to two others and not engaged with the 4th. 

Skylo Technologies is another startup vying for a piece of the market—at least regarding NB-IoT connectivity—and stating that it has a 
solution that does not require new satellites to be launched in space, any modifications to existing cellular devices, or any new spectrum, 
although it is not compatible with standard cell phones. Instead, the company says a simple firmware update for devices with cellular 
Narrowband IoT chipset such as IoT sensors, industrial equipment, and logistics hardware allows those devices to connect to existing 
satellite-based internet services to relay their bandwidth, allowing for seamless transitioning between terrestrial and satellite network 
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connectivity. Skylo leverages Inmarsat’s GEO satellite network for its service through a partnership that was announced in June 2021. The 
company has raised $116M through two rounds of funding, most recently through a $103M Series B led by SoftBank Group in January 2020. 

Spanish startup Sateliot has also been focused on a solution for global connectivity of 5G NB-IoT devices but recently noted that direct-to-
cellular has always been part of its strategy. The company already has offered its solution to mobile phone manufacturers in the form of 
adding a compatible microchip into their designs, which would allow those handsets to connect to Sateliot’s proposed constellation of 250 
satellites. Earlier this year, Sateliot raised €10M ($11.4M) in a Series A funding round led by Indra and Cellnex, which it claims is sufficient 
to fund the deployment of its first five operational satellites, but the company will still need to raise an additional ~$100M to develop its 
full constellation. 

Yet another would-be satellite operator attempting to create a hybrid 5G delivery system using LEO, medium Earth orbit (MEO), and 
terrestrial technologies to connect directly to unmodified devices is Washington, D.C.–based Omnispace. One differentiator with 
Omnispace’s business plan is that it owns (near global; excluding U.S.) 2 GHz of spectrum assets that it seeks to use, as opposed to relying 
on MNOs to supply spectrum. Omnispace’s two S-band spectrum assets include the 1,985–2,015 MHz block and the 2,170–2,200 MHz block, 
which it acquired from bankrupt ICO Global in 2012, along with ICO’s F2 MEO satellite that launched in 2001 and still in operation today. 
Omnispace currently operates two smallsats in LEO that serve as prototypes of a desired future constellation. Omnispace CEO Ram 
Viswanathan estimates that the LEO constellation will ultimately consist of some 200 satellites in LEO, plus another 15 or so in MEO, which 
he has asserted will be operational in 2024 (yet we have our doubts and expect this is another timeline that could get pushed). Omnispace 
has indicated that it has signed between 15 and 20 MNO deals representing over 1B subscribers, according to its CCO, Brian Pemberton. 
These potential commercial agreements include partnerships with MNOs Smart Communications and Insignia in Southeast Asia. While 
Omnispace is thought by many to strictly provide solutions for commercial applications such as IoT solutions, asset tracking, supply chain 
monitoring, drones, and smart infrastructure, or government applications like global logistics or disaster relief, it remains on our radar as a 
potential AST SpaceMobile competitor. 

Well-funded incumbents have quietly been developing their own direct-to-cellular solutions, with T-Mobile and SpaceX declaring in August 
that Starlink’s V2 second-gen constellation will connect to T-Mobile customers over its mid-band spectrum, enabling text messaging 
including SMS, MMS, and potentially communications through participating messaging apps such as iMessage or WhatsApp. Yet, T-Mobile 
CEO Mike Sievert has explicitly stated that nothing is in the works on that end yet, and we question how much of the potential T-
Mobile/Musk collaboration is actually already engineered, vs. in very early discussions. And don’t forget Apple, a first mover in this nascent 
market, as discussed regarding its partnership with Globalstar to offer Emergency SOS. Not to be left behind, Huawei recently announced 
that its new Mate 50 series will provide limited SOS services beyond the reach of terrestrial cell towers, leveraging China’s space-based 
Beidou navigation constellation, and Iridium has said it is developing a smartphone-capable service of its own with an unnamed partner. 

Turning to the public markets, we see two relevant groups of competitors to monitor: satellite services and communication services. 
Regarding the former, we include Eutelsat Communications (EUTLF), Globalstar (GSAT), Iridium Communications (IRDM), EchoStar (SATS), 
SES S.A. (SGBAF), Sirius XM (SIRI), and Viasat (VSAT). As a group, these companies are valued at median EV/sales and EV/EBITDA multiples 
of 3.8x and 6.2x, respectively, for FY23. For communication services, we include DISH Network (DISH), Gogo (GOGO), Starry (STRY), AT&T 
(T), T-Mobile (TMUS), Vodafone (VOD), and Verizon Communications (VZ). This group is valued at median FY23 EV/sales and EV/EBITDA 
multiples of 2.3x and 6.8x, respectively. In aggregate, both groups are valued at median FY23 EV/sales and EV/EBITDA multiples of 2.8x and 
6.7x, respectively. However, given that ASTS is in the early stages of executing its business model and revenue will not likely begin to ramp 
until FY24e, we believe these relative valuations provide a glimpse into the potential value of ASTS in a future steady state and are not as 
relevant in valuing ASTS or its growth prospects today.  
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Public Satellite Services and Communications Services Comps 

 
$ in millions except per share values. 

Source: FactSet and B. Riley Securities Research 

Investment Model 
We model ASTS as recording NanoAvionics as a discontinued operation following its sale in September and thus project no GAAP revenue 
until Block 1 BlueBirds enter commercial service, which we expect in 4Q23. With this top-line vacuum period, coupled with high fixed costs 
given ASTS’s team of 300+ engineers, as well as manufacturing facility and satellite build expenditures, we model ASTS as using nearly 
$100M of cash in 2H22, plus another $280M in FY23. Additionally, ASTS desires to ramp production to its capacity of six satellites per month 
in 2024, higher than we have modeled with $274M of capex in that year, the last year of our published estimates. Such a production ramp 
would correspond to 15–20 satellites constructed overall, depending on supply chain inputs and configuration. Capital markets willing, ASTS 
could potentially get there sooner as opposed to later, but we already are modeling the company as issuing nearly $300M of equity and 
taking on $200M of debt from now through FY24. 

We also model revenue resumption in 4Q23, at $1M for initial time-limited service enabled by the Block 1 BlueBirds, and with ASTS growing 
revenue to $24M in FY24e. We believe ASTS will deploy its Block 1 Bluebirds in an orbital string, effectively increasing the periods of 
connectivity enabled when the grouping passes over service locations, with handoff from one satellite to the next as the grouping passes 
over each region. Subsequent BB batches of five can mirror this deployment strategy as ASTS starts to piece together its global network, 
reaching reasonably full equatorial coverage once 20 satellites are operating, with the service footprint expanding to North America, 
Europe, and Asia once an additional 45 BlueBirds are operating, including in inclined orbits. A conceived “Phase 3” network enabled by the 
deployment of an additional 45 satellites would provide modest global coverage, and ASTS is eyeing a final 58-BlueBird push for densification 
and full global MIMO coverage with faster data rates. Again, we see this 168-satellite number (20 + 45 + 45 + 58) as something of a moving 
target, depending in part on throughput enabled and MNO-partner spectrum accessed by each batch of BlueBirds. 

While we are comfortable with the inputs that we have considered to formulate our projections, we believe the pre-existing two-analyst 
consensus, which seems to us as both stale and too high, are likely a byproduct of analyst inertia and earlier business combination guidance 
anticipating faster constellation build and subscriber adoption. Given so many variables regarding capital markets access and capital 
spending cadence, we are not publishing official estimates beyond FY24 at this juncture. We can state, however, that ASTS in its business 
combination communications cited a $1.7B total constellation cost and target of amassing 373M subscribers by 2027. Fast forward 18 
months to the present, and rising inflation and supply chain shortages have conspired to increase initial Block 1 BlueBird build cost to a 
number closer to $16M per satellite, a value that extrapolates to $2.7B if applied to a full 168-satellite constellation. We believe, however, 
that ASTS can lower the cost per satellite build as it institutes automated production lines and runs more volume through its Midland, Texas, 
facilities, reducing fixed cost overhead per BlueBird. In this regard, the company already has established manufacturing, assembly, and 
testing capabilities for its Block 1 satellites, at both its existing and expansion sites in Midland, and plans to build out and further automate 
on a rolling basis to reach monthly production goals. That said, even if ASTS could reduce average cost per satellite to $12M, the company 
still is looking at $2B of capex just to build, launch, and deploy its constellation. 

Satellite Services Comps 10/26/2022 Market Enterprise EV/ '23E EV/ '24E EV/ '23E EV/ '24E '23E EBITDA '24E EBITDA

Ticker Name Close Cap Value 2023E 2024E 2023E 2024E 2023E 2024E Sales Sales EBITDA EBITDA Margin Margin

ETL-FR Eutelsat Communications SA 9.21$          2,122        4,896          1,159      1,199      (0.7%) 3.4% 881         823       4.2x 4.1x 5.6x 5.9x 76.0% 68.7%

GSAT Globalstar, Inc. 1.91$          3,438        3,785          131         N/A (3.2%) N/A 38           N/A 29.0x N/A 98.8x N/A 29.3% N/A

IRDM Iridium Communications Inc. 48.76$        6,294        7,664          748         801         6.4% 7.1% 447         486       10.3x 9.6x 17.1x 15.8x 59.8% 60.7%

SATS EchoStar Corporation Class A 18.50$        1,560        1,679          1,897      2,088      (3.5%) 10.1% 592         664       0.9x 0.8x 2.8x 2.5x 31.2% 31.8%

SESG-FR SES SA FDR (Class A) 6.59$          2,954        6,686          2,088      2,138      9.7% 2.4% 1,157      1,188     3.2x 3.1x 5.8x 5.6x 55.4% 55.5%

SIRI Sirius XM Holdings, Inc. 6.23$          24,951      35,073        9,342      9,745      3.3% 4.3% 2,909      3,111     3.8x 3.6x 12.1x 11.3x 31.1% 31.9%

VSAT Viasat, Inc. 39.64$        2,968        5,744          3,711      3,641      20.6% (1.9%) 932         925       1.5x 1.6x 6.2x 6.2x 25.1% 25.4%

Average: 6,327        9,361          2,725      3,269      4.7% 4.2% 994         1,199     7.6x 3.8x 21.2x 7.9x 44.0% 45.7%

Median: 2,968        5,744          1,897      2,113      3.3% 3.9% 881         874       3.8x 3.4x 6.2x 6.1x 31.2% 43.7%

Communication Services Comps 10/26/2022 Market Enterprise EV/ '23E EV/ '24E EV/ '23E EV/ '24E '23E EBITDA '24E EBITDA

Ticker Name Close Cap Value 2023E 2024E 2023E 2024E 2023E 2024E Sales Sales EBITDA EBITDA Margin Margin

DISH DISH Network Corporation Class A 15.09$        9,614        30,354        16,404    16,549    (2.5%) 0.9% 2,665      2,668     1.9x 1.8x 11.4x 11.4x 16.2% 16.1%

GOGO Gogo Inc. 13.75$        1,852        2,474          451         722         12.8% 60.2% 181         260       5.5x 3.4x 13.7x 9.5x 40.1% 36.0%

STRY Starry Group Holdings, Inc. Class A 0.33$          54             187             89           147         123.0% 65.9% (113)        (85)        2.1x 1.3x -1.6x -2.2x -127.7% -57.5%

T AT&T Inc. 18.14$        138,717    289,159       122,791   124,711   (4.3%) 1.6% 42,685    43,930   2.4x 2.3x 6.8x 6.6x 34.8% 35.2%

TMUS T-Mobile US, Inc. 140.84$       176,604    285,529       83,452    86,705    3.2% 3.9% 29,173    32,106   3.4x 3.3x 9.8x 8.9x 35.0% 37.0%

VOD Vodafone Group Plc Sponsored ADR 11.60$        33,247      94,693        46,090    46,749    1.1% 1.4% 15,124    15,489   2.1x 2.0x 6.3x 6.1x 32.8% 33.1%

VZ Verizon Communications Inc. 36.43$        153,152    324,311       138,238   140,000   1.3% 1.3% 48,738    49,470   2.3x 2.3x 6.7x 6.6x 35.3% 35.3%

Average: 73,320      146,672       58,217    59,369    19.2% 19.3% 19,779    20,548   2.8x 2.4x 7.6x 6.7x 9.5% 19.3%

Median: 33,247      94,693        46,090    46,749    1.3% 1.6% 15,124    15,489   2.3x 2.3x 6.8x 6.6x 34.8% 35.2%

Average: 39,823      78,017        30,471    33,477    11.9% 12.3% 10,386    11,618   5.2x 3.0x 14.4x 7.2x 26.7% 31.5%

Median: 4,866        7,175          2,900      3,641      2.2% 3.4% 1,045      1,188     2.8x 2.3x 6.7x 6.6x 33.8% 35.2%

ASTS AST SpaceMobile, Inc. Class A 6.14$          1,116        918             1             24           (89.6%) 2292.5% (157.2)     (152.2)   918.4x 38.4x -5.8x -6.0x -15721.5% -636.3%

Sales Sales Growth EBITDA

Sales Sales Growth EBITDA
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At any rate, potential constellation-build ROI remains stellar, in our opinion. Again, ASTS’s B2B wholesale business model with revenue 
share and links to existing, unmodified endpoints means the company spends essentially nothing on subscriber acquisition cost. We believe 
ARPU assumptions of $7–$8 per month in the U.S. and Europe, combined with a $1 cost to users in poorer equatorial regions and perhaps 
$2/month in the rest of the world, work to ASTS being able to generate over $9B revenue if it hits its 373M-subscriber number, if not by 
2027 then potentially within a few years of that target. Further, consider ASTS’s operating costs. We see little reason why cash opex should 
scale much beyond $200M given the sheer amount of manufacturing and engineering resources ASTS already has at its disposal and with 
little need for a larger sales, billing, or customer services footprint given the company’s super wholesale model. This means most of ASTS’ 
revenue, after covering fixed costs, flows straight to operating income, with the potential at scale to attain 90%+ EBITDA margins.   

Although ASTS at something approaching a steady state will start having to replace its satellites, BlueBirds currently are designed to an 
expected operational life exceeding seven years. Even if ASTS had to replace 20% of its constellation every year, this would mean building 
and launching ~37 BlueBirds per year, at around a $600M expense, plus modest manufacturing maintenance capex. 

Thus, we find ourselves at an interesting crossroads for ASTS, with investors worried whether SpaceMobile can work as advertised and from 
where and at what cost will the company obtain capital to deploy its BlueBird constellation beyond the initial Block 1 batch, not to mention 
worries about how the market will react when the consensus comes down closer to our projections, as we expect will be the case. At the 
other end of the rainbow, the company could potentially generate $8B+ in pretax cash flow and with annual capex likely below 10% of that 
number.   

As recently as August 16, 2022, ASTS shares closed at $13.93/share, and this was before the successful BW3 launch on September 10. We 
believe ASTS shares have been unduly punished and thus offer an attractive entry point for investors as the company progresses through a 
series of operational milestones, starting with successful BW3 operation, demonstrating that the company’s space-based cellular 
broadband network architecture is sound, and moving through Block 1 BlueBird deployment in FY23e as ASTS initiates SpaceMobile service. 

Management Team and Board of Directors1 
Abel Avellan, founder, chairman, and CEO. Mr. Avellan has been chairman and CEO since the company’s inception in 2017. Prior to this, 
he founded and served as CEO of Emerging Markets Communications, a satellite-based communications services provider, from 2000 until 
its sale in 2016. He has over 25 years of experience in the space industry and is an inventor on 24 U.S. patents. 

Sean Wallace, CFO. Mr. Wallace joined the company as CFO in 2022. Prior to this, he served as VP, CFO, and treasurer for Cogent 
Communications since 2020. He has over 30 years of experience in finance, telecom banking, and other public company management 
positions, including senior manager at Standard Chartered Bank and co-head of investment banking operations, APAC at JP Morgan. 

Dr. Huiwen Yao, CTO. Dr. Yao joined the company in 2018, having previously served as senior director of commercial payload/RF 
engineering in the space systems group of Northrop Grumman. He is the author of more than 55 technical papers and a book chapter in 
the fields of communications systems, antennas, microwave/RF components, and EM simulations/CAD. He has been granted two U.S. 
patents. 

Scott Wisniewski, EVP and chief strategy officer. Mr. Wisniewski joined the company in 2021, having previously advised ASTS on the $110M 
private placement in 2019 while serving as managing director of technology, media & telecommunications investment banking at Barclays, 
where he helped raise ~$3B for OneWeb. He currently oversees corporate development, treasury, investor relations, and public relations.   

Brian Heller, EVP, general counsel, and secretary. Mr. Heller joined the company in 2021 and previously served as general counsel of Castle 
Brands, Inc. until its sale to Pernod Ricard, and as SVP – business and legal affairs of Ladenburg Thalmann Financial Services until its sale to 
a portfolio company of Reverence Capital Partners. Prior to that, he served as associate general counsel of AOL Latin America. 

Shanti Gupta, SVP and chief accounting officer. Mr. Gupta joined the company in 2021 and is responsible for the company’s financial 
operations, corporate accounting, external reporting, and financial planning and analytics. He previously served as partner and managing 
director at Ernst & Young LLP and prior to that worked with Deloitte & Touche LLP and KPMG. 

Mickey (Hiroshi) Mikitani, director of AST SpaceMobile and founder, chairman, and CEO of Rakuten Group. Mr. Mikitani is the founder, 
chairman, and CEO of Internet services company Rakuten Group. He began his career in investment banking and earned his MBA at Harvard 
Business School. He was awarded the HBS Alumni Achievement Award in 2012, one of the school’s highest honors. 

  

                                                 
1 Source: Company documents 
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Luke Ibbetson, director of AST SpaceMobile, head of group research and development for Vodafone, and chairman of the Next 
Generation Mobile Networks Alliance Board Strategy committee. Mr. Ibbetson has worked with Vodafone since 1996 and has served as 
head of group research and development since 2013, responsible for all aspects of future research, including trials of emerging technologies. 
He serves on the board of several industry groups and initiatives, including as chairman of the Next Generation Mobile Networks Alliance 
Board Strategy committee. 

Adriana Cisneros, director of AST SpaceMobile, CEO of Cisneros, president of Fundación Cisneros, and director of the Board of the 
International Academy of Television Arts & Sciences. Ms. Cisneros is CEO of Cisneros, a privately held company with a global footprint and 
operations in Latin America and the U.S. focused on media, interactive, and real estate. She is also president of Fundación Cisneros, a non-
profit organization dedicated to improving education in Latin America, and director of the Board of the International Academy of Television 
Arts & Sciences.  

Tareq Amin, director of AST SpaceMobile and CEO of Rakuten Mobile. Mr. Amin is CEO of Rakuten Mobile, having previously served as its 
CTO from 2018 until 2022. He led the design and rollout of the company’s next-generation cloud-native mobile network in Japan. Prior to 
this, he served as SVP of technology development and automation for Reliance Jio, VP of carrier solutions for Huawei, and senior director 
of national planning and performance at T-Mobile. 

Ed Knapp, director of AST SpaceMobile and CTO of American Tower. Mr. Knapp is the corporate CTO for American Tower, responsible for 
leading the company’s global innovation program, technology investments, and strategy. Prior to this, he served as SVP of engineering at 
Qualcomm, SVP of product management at Flarion Technologies, CTO at Packet Video, founder and CTO of NextWave Telecom, and 
executive director at NYNEX Mobile. 

Richard Sarnoff, director of AST SpaceMobile and partner at Kohlberg Kravis Roberts & Company. Mr. Sarnoff is a partner at Kohlberg 
Kravis Roberts & Company (KKR) and leads its media, entertainment, and education investing activities for U.S. private equity. From 2014 
through 2017, he served as managing director and head of the media and communications industry group for KKR, leading investments in 
the media, telecom, digital media, and education sectors. 

Ronald Rubin, director of AST SpaceMobile, co-founder and managing director of Tower Alliance, LLC, and co-founder and managing 
director of Southcom Holdings I, LLC. Mr. Rubin is the co-founder and managing director of Tower Alliance, LLC, a provider of outsourced 
services to wireless infrastructure owners. He is also the co-founder and managing director of Southcom Holdings I, LLC, which oversees 
and implements wireless infrastructure investment and management strategies in Latin America. 

Alexander Coleman, director of AST SpaceMobile, chairman of New Providence Acquisition Corp. II, and managing partner of New 
Providence Management LLC. Mr. Coleman is currently the chairman of New Providence Acquisition Corp. II and managing partner of New 
Providence Management LLC, largely focused on investing in public and private consumer-related companies. He previously served as 
chairman of New Providence Acquisition Corp. until the closing of the initial business combination with ASTS in April 2021. 

Julio Torres, director of AST SpaceMobile, managing partner at Multiple Equilibria Capital, and CEO and director of Andina Acquisition 
Corp. III. Mr. Torres has served as managing partner at Multiple Equilibria Capital since March 2013. He previously served as CEO and a 
director of Andina Acquisition Corp. I and II, blank check companies that consummated initial business combinations with Tecnoglass Inc. 
and Lazy Days’ RV Center, Inc., respectively, and is currently CEO and director of Andina Acquisition Corp. III. 
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Valuation
We initiate coverage of ASTS with a Buy rating and a $15 PT, representing a $3.0B EV at the end of FY23e for the company, which aims to
launch its SpaceMobile service, capable of connecting the billions of people currently unable to access broadband, as well as the billions of
existing mobile subscribers moving in and out of cellular coverage zones.

Risks
History of operating losses. ASTS has a history of operating losses. Although the company is focused on achieving profitability, there are no
assurances that it will meet its goals or be able to sustain profitability in future periods.

Capital-intensive business. The company expects to incur significant expenses and capital expenditures in the future to execute its business
plan and develop its constellation of satellites, and it may not be able to raise the requisite capital and/or adequately control those expenses,
which would likely negatively affect the business.

Third-party launch providers. ASTS is dependent on third-party launch vehicles to launch its satellites into space, and any delays or price
increases from these third parties could negatively impact the company’s business and profitability.

SpaceMobile service development. The company’s SpaceMobile service is in development and not yet being commercialized. If the company
is unable to complete development on time or at all, the business could be negatively impacted.

Capital access. The company needs to raise additional funds to fully implement the planned SpaceMobile Service. If the company cannot
raise additional funds on favorable terms, or at all, when needed, the business could be negatively affected.

Regulation. The company’s business is subject to extensive government regulation, which mandates how it may operate its business, may
reduce or eliminate its business, and may increase business costs and prevent expansion into new markets.

Regulatory approvals. ASTS has not yet applied for, and may not receive, certain regulatory approvals that are necessary to its business
plans. The failure to obtain these approvals may impact its ability to provide certain goods and services.

Reliance on third-party MNOs. The company will need to reach cooperative agreements with MNOs under which they will agree to provide
the company with access to licensed spectrum, and there are no assurances that ASTS will be able to reach such agreements on favorable
terms.

Revenue generation is dependent on indirect relationships. ASTS will rely on MNO partners to market and sell its products and services to
end users and, as a result, will be dependent on the performance of its commercial partners to generate most of its revenue.

Third-party suppliers. The company relies on third parties for a supply of equipment, satellites, and other components. Any future delays
in delivery could adversely affect the business.

Industry change. The satellite communications industry is subject to rapid change and innovation, and an inability to adapt in a timely manner
could negatively affect the business.

Competition. ASTS may face increased competition from new competitors, new technologies, or new equipment, including new LEO
constellations and expansion of existing geostationary satellite systems that could eliminate the need for a satellite system.

Currency exchange risk. Upon launch of the SpaceMobile Service, the company anticipates generating a significant portion of revenue from
international MNO agreements. As a result, business operations will be highly sensitive to currency exchange risks.
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AST SpaceMobile, Inc. Model -- ASTS
B. Riley Securities Mar Jun Sep Dec
($000's) FY20a FY21a Q1a Q2a Q3e Q4e FY22e Q1e Q2e Q3e Q4e FY23e FY24e

Revenues 5,967 12,405 2,394 7,264 0 0 9,658              0 0 0 1,000 1,000              23,925            

Cost of sales 3,025 7,563 1,986 2,202 2,424 2,646 9,258              2,868 3,090 3,312 3,534 12,804            16,356            

Gross profit 2,942              4,842              408                 5,062              (2,424)             (2,646)             400                 (2,868)             (3,090)             (3,312)             (2,534)             (11,804)          7,569              

Engineering services 13,081            29,599            11,740            11,999            12,332            12,665            48,736            12,965            13,265            13,565            13,865            53,660            58,460            
G&A 12,320            35,636            11,619            13,075            13,408            13,741            51,843            14,141            14,541            14,941            15,341            58,964            65,364            
R&D 1,011              23,440            8,281              9,145              12,500            10,000            39,926            10,111            10,311            10,511            10,711            41,644            44,844            
D&A 887                 2,913              1,100              1,185              1,618              4,111              8,014              11,111            11,111            14,111            16,111            52,444            114,444          

EBIT (24,357) (86,746) (32,332) (30,342) (42,282) (43,163) (148,119)        (51,196) (52,318) (56,440) (58,562) (218,516)        (275,543)        

Nonrecurring, noncash, or unusual items -                  -                  -                  -                  

Operating income (24,357) (86,746) (32,332) (30,342) (42,282) (43,163) (148,119) (51,196) (52,318) (56,440) (58,562) (218,516) (275,543)

Interest income 67                    -                  -                  -                  -                  -                  -                  -                  -                  -                  -                  -                  -                  
Interest expense (9)                     -                  -                  -                  98                    98                    195                 98                    98                    98                    98                    390                 10,390            
Loss  (Gain)  in fair value warrant exp; transaction expense and impairment-                  (15,766)          5,482              (23,049)          -                  -                  (17,567)          -                  -                  -                  -                  -                  -                  
Other income (expense) 83                    (1,950)             15                    (679)                -                  -                  (664)                -                  -                  -                  -                  -                  -                  

Income before provision for income taxes (24,198)          (72,930)          (37,799)          (7,972)             (42,380)          (43,261)          (131,411)        (51,294)          (52,416)          (56,538)          (58,660)          (218,906)        (285,933)        
Income tax expense 131                 331                 104                 96                    (9,324)             (9,517)             (18,641)          (11,285)          (11,531)          (12,438)          (12,905)          (48,159)          (62,905)          

Income from continuing operations (24,329)          (73,261)          (37,903)          (8,068)             (33,056)          (33,743)          (112,770)        (40,009)          (40,884)          (44,099)          (45,754)          (170,747)        (223,028)        

Net (income) loss attributable to noncontrolling interest 344                 42,708            27,182            5,144              2,000              -                  34,326            -                  -                  -                  -                  -                  -                  

Net income (23,985)          (30,553)          (10,721)          (2,924)             (31,056)          (33,743)          (78,444)          (40,009)          (40,884)          (44,099)          (45,754)          (170,747)        (223,028)        

Suppl Disc:  Pro-forma pre-tax income (24,198)          (72,930)          (37,799)          (7,972)             (42,380)          (43,261)          (131,411)        (51,294)          (52,416)          (56,538)          (58,660)          (218,906)        (285,933)        

Earnings per share:
 Pro-forma EPS (0.14) (0.30) (0.16) (0.03) (0.17) (0.17) (0.54) (0.20) (0.20) (0.22) (0.22) (0.84) (1.02)
  GAAP (0.18) (0.17) (0.06) (0.02) (0.17) (0.18) (0.43) (0.21) (0.21) (0.22) (0.23) (0.88) (1.06)

Diluted shares outstanding 129,800 181,531 181,582          181,746          184,046          186,196          183,393 189,346          192,496          196,146          200,296          194,571 209,671

Common Size:
Gross margin 49.3% 39.0% 17.0% 69.7% #DIV/0! #DIV/0! 4.1% #DIV/0! #DIV/0! #DIV/0! -253.4% -1180.4% 31.6%
EBITDA margin -393.3% -675.8% -1210.4% -367.8% #DIV/0! #DIV/0! -1359.0% #DIV/0! #DIV/0! #DIV/0! -4023.7% -15721.5% -636.3%
Tax rate -0.5% -0.5% -0.3% -1.2% 22.0% 22.0% 14.2% 22.0% 22.0% 22.0% 22.0% 22.0% 22.0%
Pro-forma tax rate 25.0% 25.0% 25.0% 25.0% 25.0% 25.0% 25.0% 25.0% 25.0% 25.0% 25.0% 25.0% 25.0%

Growth Y/Y
Revenues 322.0% 107.9% 151.7% 162.0% -100.0% -100.0% -22.1% -100.0% -100.0% #DIV/0! #DIV/0! -89.6% 2292.5%
EBITDA 119.9% 257.2% 161.3% 18.1% 88.0% 42.9% 56.6% 30.7% 46.0% 3.6% 9.2% 19.8% -3.2%
FCF 282.3% 117.1% 210.0% -61.5% 4220.6% 141.9% 61.5% -15.8% 103.2% 90.2% 43.9% 45.5% 17.2%
Net income 118.4% 201.1% 213.6% -87.6% -296.7% 163.6% 53.9% 5.6% 406.7% 33.4% 35.6% 51.4% 30.6%
EPS 111.9% 115.5% 123.5% -87.8% -348.5% 236.2% 78.4% 30.1% 520.8% 25.2% 26.1% 57.0% 21.2%

Selected Financial Information
Price 6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              6.14$              
Market cap 796,972          1,114,600      1,114,913      1,115,920      1,130,042      1,143,243      1,126,030      1,162,584      1,181,925      1,204,336      1,229,817      1,194,666      1,287,380      
Cash & investments 42,777            321,787          253,731          202,371          199,466          165,715          165,715          140,031          106,899          44,719            6,242              6,242              11,813            
Debt, short and long-term -                  5,000              4,940              4,880              4,880              4,880              4,880              4,880              4,880              4,880              4,880              4,880              204,880          
Enterprise value 754,195         797,813         866,122         918,429         935,456         982,408         965,195         1,027,433      1,079,906      1,164,497      1,228,455      1,193,304      1,480,447      
Depreciation & Amortization 887                 2,913              1,100              1,185              1,618              4,111              8,014              11,111            11,111            14,111            16,111            52,444            114,444          
Share-based compensation 283                 3,736              2,254              2,441              1,948              2,214              8,857              2,214              2,214              2,214              2,214              8,857              8,857              
EBITDA (23,470)          (83,833)          (28,978)          (26,716)          (38,717)          (36,838)          (131,248)        (37,871)          (38,993)          (40,115)          (40,237)          (157,215)        (152,242)        
EBITDA (LTM) (23,470)          (80,092)          (97,981)          (102,071)        (120,191)        (131,248)        (131,248)        (140,141)        (152,418)        (153,816)        (157,215)        (157,215)        (152,242)        
EV/EBITDA (LTM) ratio (36.9) (10.0) (8.8) (9.0) (7.8) (7.5) (7.5) (7.3) (7.1) (7.6) (7.8) (7.8) (10.0)
Capital expenditures 30,381            54,792            21,567            12,033            23,333            24,333            81,266            27,000            33,573            66,906            47,159            174,638          224,191          
A/R 2,081              2,173              2,593              3,569              -                  -                  -                  -                  -                  -                  889                 889                 10,400            
DSOs, (A/R*90 / Qrev) 69 97 44 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 80 80 80
Inventory, prepaid, and other current assets 6,074              9,093              15,226            26,986            26,986            26,986            26,986            28,986            30,986            32,986            34,986            34,986            42,986            
PP&E, net (including satellites under construction) 37,070            95,942            114,850          124,309          127,809          131,309          131,309          141,309          161,309          181,309          201,309          201,309          281,309          
Accounts payable & accruals 9,212              14,107            14,212            13,827            13,827            13,827            13,827            16,827            19,827            22,827            25,827            25,827            37,827            
Deferred revenue, short and long-term 3,401              6,636              7,800              7,490              -                  -                  -                  -                  -                  500                 1,500              1,500              5,500              
Free cash flow (55,085)          (119,615)        (62,564)          (29,596)          (49,255)          (51,751)          (193,166)        (52,684)          (60,132)          (93,680)          (74,477)          (280,973)        (329,429)        
FCF (LTM) (55,085)          (119,615)        (161,995)        (114,693)        (162,808)        (193,166)        (193,166)        (183,286)        (213,822)        (258,247)        (280,973)        (280,973)        (329,429)        
EV/FCF (LTM) ratio (13.7) (6.7) (5.3) (8.0) (5.7) (5.1) (5.0) (5.6) (5.1) (4.5) (4.4) (4.2) (4.5)
Shareholders' equity 79,987 351,972 315,878 310,274 279,218 245,475 245,475 205,466 164,581 120,482 74,728 74,728 (148,300)
Price/book 10.0 3.2 3.5 3.6 4.0 4.7 4.6 5.7 7.2 10.0 16.5 16.0 (8.7)
Book value per share 0.62$              1.94$              1.74$              1.71$              1.52$              1.32$              1.32$              1.09$              0.85$              0.61$              0.37$              0.37$              (0.69)$             
P/E (43.9) (20.4) (15.1) (35.8) (14.8) (9.0) (11.4) (10.5) (8.1) (7.7) (5.2) (7.3) (6.0)



*Closing price of last trading day immediately prior to the date of this publication unless otherwise indicated.

Important Information
This report has been prepared by B. Riley Securities, Inc. (“B. Riley Securities”) and may be distributed by its affiliates and
subsidiaries as third-party research pursuant to FINRA Rule 2241. National Holdings Corporation, parent company to National
Securities Corporation (“National Securities”), is a subsidiary of B. Riley Financial, Inc., which is the parent company to B. Riley
Securities and its affiliate B. Riley Wealth Management, Inc. (“B. Riley Wealth”). As such, each of National Securities and B.
Riley Wealth may distribute B. Riley Securities research pursuant to Rule 2241 and by mutual agreement.

B. Riley Securities, B. Riley Wealth, and National Securities are broker-dealer registered with the SEC and are members of FINRA,
SIPC, and the NASDAQ stock market.

The principal business address of B. Riley Securities is 11100 Santa Monica Blvd., Suite 800, Los Angeles, CA 90025.

The principal business address of B. Riley Wealth is 40 S. Main Street, Suite 1800, Memphis, TN 38103.

The principal business address of National Securities is 200 Vesey Street, 25th Floor, New York, NY 10281.

Company-Specific Disclosures
B. Riley Securities, Inc. or any of its affiliates, expects to receive or intend to seek compensation for investment banking services
from AST SpaceMobile, Inc. in the next 3 months.
AST SpaceMobile, Inc. currently is, or within the past 12 months was, a client of B. Riley Securities, Inc. The services provided
were Investment Banking Services.

B. Riley Securities, Inc. acts as a market maker or liquidity provider for AST SpaceMobile, Inc.'s securities.

For up-to-date B. Riley Securities, Inc. company disclosures, please click on the following link or paste the URL in a web browser: 
https://brileysecurities.bluematrix.com/sellside/Disclosures.action.

General Disclosures
Information about the Research Analyst Responsible for this report:

The primary analyst(s) covering the issuer(s), Mike Crawford, certifies (certify) that the views expressed herein accurately
reflect the analyst's personal views as to the subject securities and issuers and further certifies that no part of such analyst's
compensation was, is, or will be, directly or indirectly, related to the specific recommendations or views expressed by the
analyst in the report. The analyst(s) responsible for this research report has received and is eligible to receive compensation,
including bonus compensation, based on B. Riley Securities, Inc.’s overall operating revenues, including revenues generated by its
investment banking activities.

Information about B. Riley Securities, Inc.’s Conflicts Management Policy:

B. Riley Securities, Inc.’s Research conflicts management policy is available at: https://brileyfin.com/conflicts-management-
policy/.

Information about investment banking:

In the normal course of its business, B. Riley Securities, Inc. or any of their affiliates seek to perform investment banking and
other services for various companies and to receive compensation in connection with such services. As such, investors should
assume that B. Riley Securities, Inc., or any of their affiliates intend to seek investment banking or other business relationships
with the companies covered in their research reports.

Information about our recommendations, holdings and investment decisions:

The information and rating(s) included in this report represent the long-term view as described more fully below. The analyst
may have different views regarding short-term trading strategies with respect to the stocks covered by the rating(s), options on
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such stocks, and/or other securities or financial instruments issued by the company, and such views may be made available to
all or some of our clients from time to time. Our brokers also may make recommendations to their clients, and our affiliates may
make investment decisions that are contrary to the recommendations contained in this research report. Such recommendations
or investment decisions may be based on the particular investment strategies, risk tolerances, and other investment factors of
that particular client or affiliate. From time to time, B. Riley Securities, Inc., its affiliated entities, or their respective directors,
officers, employees, or members of their immediate families may have a long or short position in the securities or other financial
instruments mentioned in this report.

We provide to certain customers on request specialized research products or services that focus on covered stocks from a
particular perspective. These products or services include, but are not limited to, compilations, reviews, and analysis that may
use different research methodologies or focus on the prospects for individual stocks as compared to other covered stocks or over
differing time horizons or under assumed market events or conditions. Readers should be aware that we may issue investment
research on the subject companies from a technical perspective and/or include in this report discussions about options on stocks
covered in this report and/or other securities or financial instruments issued by the company. These analyses are different from
fundamental analysis, and the conclusions reached may differ. Technical research and the discussions concerning options and
other securities and financial instruments issued by the company do not represent a rating or coverage of any discussed issuer(s).
The disclosures concerning distribution of ratings and price charts refer to fundamental research and do not include reference
to technical recommendations or discussions concerning options and other securities and financial instruments issued by the
company.

Our analysts’ short-term views, recommendations by our brokers, views contained in products and services provided to
customers on an individualized basis, and\or strategies, analysis, or decisions made by B. Riley Securities, Inc. or its affiliates and
their respective directors, officers, employees, or members of their immediate families may be different from those published by
the analyst in this report and could impact the price of the securities mentioned in this report.

Information about our rating system:

B. Riley Securities, Inc. uses the following three-tiered rating system for securities covered in their research reports:

• Buy: We generally expect “Buy” rated stocks to have an above-average risk-adjusted total return over the next 12 months. We
recommend that investors buy the securities at the current valuation.

• Neutral: We generally believe “Neutral” rated stocks will have an average risk-adjusted total return over the next 12 months.
• Sell: We generally expect “Sell” rated stocks to have a below-average risk-adjusted total return over the next 12 months. We

recommend that investors reduce their positions until the valuation or fundamentals become more compelling.

B. Riley & Co., LLC and FBR Capital Markets & Co. (before the merger of the broker dealers) adopted this rating system on August
9, 2017. A description of the prior ratings system for each Firm can be found at http://www.brileyfin.com/fbr-ratings-system-
from-1072002-to-882017/.

 
 Rating

.............................................................
.

B. Riley Securities, Inc. Research
Distribution 1

B. Riley Securities, Inc. Banking Services in the past
12 months1

 BUY [Buy] 80.17% 44.95%
 HOLD [Neutral] 19.83% 32.39%
 SELL [Sell] 0.00% 0.00%
 
(1)  As of midnight on the business day immediately prior to the date of this publication.

General Information about B. Riley Securities, Inc. Research:

Additional information on the securities mentioned in this report is available upon request. This report is based on data obtained
from sources we believe to be reliable but is not guaranteed as to accuracy and does not purport to be complete. Opinions are
as of the date of the report unless labeled otherwise and are subject to change without notice. Updates may be provided based
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on developments and events and as otherwise appropriate. Updates may be restricted based on regulatory requirements or
other considerations. Consequently, there should be no assumption that updates will be made. B. Riley Securities, Inc. or any
of their affiliates disclaim any warranty of any kind, whether express or implied, as to any matter whatsoever relating to this
research report and any analysis, discussion, or trade ideas contained herein. This research report is provided on an "as is" basis
for use at your own risk, and B. Riley Securities, Inc. or any of their affiliates are not liable for any damages or injury resulting
from use of this information. This report should not be construed as advice designed to meet the particular investment needs of
any investor or as an offer or solicitation to buy or sell the securities or financial instruments mentioned herein, and any opinions
expressed herein are subject to change. Some or all of the securities and financial instruments discussed in this report may be
speculative, high risk, and unsuitable or inappropriate for many investors. B. Riley Securities, Inc. or any of their affiliates make
no representation as to the suitability or appropriateness of these securities or financial instruments for individual investors.
Investors must make their own determination, either alone or in consultation with their own advisors, as to the suitability or
appropriateness of such investments based upon factors including their investment objectives, financial position, liquidity needs,
tax status, and level of risk tolerance. These securities and financial instruments may be sold to or purchased from customers or
others by B. Riley Securities, Inc. or any of their affiliates acting as principal or agent.

Securities and financial instruments issued by foreign companies and/or issued overseas may involve certain risks, including
differences in accounting, reporting, and registration, as well as foreign currency, economic, and political risks.

This report and the securities and financial instruments discussed herein may not be eligible for distribution or sale in all
jurisdictions and/or to all types of investors. This report is provided for information purposes only and does not represent an
offer or solicitation in any jurisdiction where such offer would be prohibited. Commentary regarding the future direction of
financial markets is illustrative and is not intended to predict actual results, which may differ substantially from the opinions
expressed herein.

B. Riley Securities, Inc. utilizes a tiered approach to service its clients. The services provided by B. Riley Securities, Inc.’s research
analysts to clients vary based upon a variety of factors, including, but not limited to, client preferences and the extent of a client’s
total relationship with the Firm. B. Riley Securities, Inc. does not provide any of the Firm’s clients with access to unpublished
research opinions. B. Riley Securities, Inc. provides clients across all tiers equal access to research reports.

Paired Trade Disclaimer

From time to time, B. Riley Securities, Inc. Research Analysts will offer short-term trading ideas, including identifying a paired
trade. In a paired trade, an investor buys the securities of one company and sells the securities of another company. The idea
to buy the securities of one company and sell the securities of the other company is based on the expected short-term price
move or relative value between the two companies mentioned in the paired trade, not between the companies and any other
companies. In contrast, the recommendations in a Research Analyst’s published report reflect the Research Analyst’s views
on a company over the long term (i.e., the next 12 months) relative to other companies covered by the Research Analyst. The
trade idea in a paired trade is unrelated to the Research Analyst’s long-term view of the companies as expressed in the Research
Analyst’s most recently published research report. A paired trade idea to sell a company that is rated as Neutral or higher, or to
buy a security that is rated Neutral or lower, is not inconsistent because the call to sell or buy the company is relative to the other
company mentioned in the paired trade over the short term; it is not a long-term view relative to other companies covered by
the Research Analyst.

Important information for B. Riley Securities, Inc. Clients with French Addresses and Potential Investors:

Addresses and potential investors based in France expressly acknowledge that they have not been subject to any kind of
solicitation by B. Riley Securities, Inc. or its affiliates, as defined under Article L.341-1 and seq. of the French Monetary and
Financial code.

The above analyses have not been prepared in the context of a public offering of financial instruments in France within the
meaning of Article L.411-1 and seq. of the French Monetary and Financial code and shall not be deemed to be drawn up for the
purpose of providing investment services as defined under Article L.321-1 and seq. of the French Monetary and Financial code.
In this respect, the above analyses shall not be qualified as personalized investment advice related to financial instruments under
French law and shall, therefore, not be deemed to be qualified as investment advice provided by B. Riley Securities, Inc. or its
affiliates.
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Addresses and potential investors based in France may initiate the first contact with B. Riley Securities, Inc. in order to get
additional information on financial analyses and services provided by the latter. By doing so, addresses and potential investors
based in France expressly acknowledge that the banking and financial solicitation regime as defined under Article L.341-1 and
seq. of the French Monetary and Financial code shall not be applicable.

Information for Clients of B. Riley Securities, Inc.:

This publication has been approved by B. Riley Securities, Inc. which accepts responsibility for its contents and its distribution
to our clients. Any B. Riley Securities, Inc. client who receives this research and wishes to effect a transaction in the securities or
financial instruments discussed should contact and place orders with a B. Riley Securities, Inc. Sales representative.

Copyright 2022 B. Riley Securities, Inc.
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