
A pitched contest is playing out in the skies above us, and in board rooms and R&D labs
across the globe.  It’s a battle for the privilege of connecting your phone directly to a 
satellite for text, voice, and maybe even broadband data.  For me, the two most interesting 
contenders – the ones with the biggest, most audacious plans – are AST SpaceMobile and 
SpaceX, with its Starlink constellation.  Let’s take a closer look direct-to-cell 
communications.
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Here is AST SpaceMobile’s pitch, taken directly from their website.  Notice their explicit 
reference to broadband and connectivity at 4G/5G speeds.
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SpaceX’s Starlink pitch for D2C is more circumspect, which is surprising for a company 
headed by Elon Musk.  
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Let’s take a step back and see how this new direct-to-cell service fits into the general 
architecture of low-Earth-orbit satellite communications. 
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Every broadband LEO network has various points of presence where the satellite network 
connects to the terrestrial Internet.  These POPs are connected to Gateways whose links to 
overhead satellites are like the wideband backhaul links for terrestrial cell towers.  The 
satellites themselves may be linked in a mesh with their nearest neighbors in the 
constellation via high-bandwidth optical inter-satellite links.  User terminals near the 
ground are phased arrays with fixed locations, such as a house, or are attached to vehicles, 
such as an airplane.  Connections with less than 30 ms latency to the POP and greater than 
100 Mbps throughput are by now common.  Fixed or mobile terminals can in turn deliver 
network access to handsets and other devices over a local wireless network.  A promising 
use case for broadband LEO comms is providing backhaul to cell towers in remote locations 
where fiber or terrestrial microwave connections are impractical, permitting these towers 
to service handsets or devices over standard cellular links.  The most ambitious proposals 
for broadband LEO call for direct to handset links with global coverage, low latency, and 
rates beyond 2 Mbps.  
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SpaceX already has around 650 D2C-capable SVs (Oct. 2025).
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64 square meters.  Bluewalker 3.  Size of first gen Bluebird.  And this is the small one!  

8



The big one – Block 2 Bluebird -- is 220 m^2, about half the size of a regulation basketball 
court!  I’ll admit to feeling proud of the Texas swagger.  In what other state of the union 
could you build a 64-meter-square phased array and have it be the miniature prototype!  

But the large size isn’t just to show off.  There is a sound scientific reason why you want to 
make the array as big as possible.  We’ll get to that later on.
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Map is outdated, but make my point that the boundary between the haves and the have-
nots is highly irregular.
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The ragged edge of terrestrial coverage
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Power flux density limits are the constraint.  How much power per kHz per square km?
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The notion of effective power flux density, where directivity of the handset it taken into 
account, is irrelevant in this context:  the handsets have such low directivity that good old 
aggregate power flux density is all that matters.
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Who wants to play half court ball?  What prevents us from going to a full basketball court 
size?  

And since it’s Texas, let’s play football.  What about football field size antenna?
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New Glenn is big enough to deploy 8 Block 2 BlueBird SVs at a time.  On Falcon 9 (not 
pictured), with the 5.2 meter fairing diameter,  they can fit 4 Block 2s at a time.   Starship 
could fit 16 if all 1000 m^3 were devoted.
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Would be ¾ size of football field (excluding end-zones)!
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You will not break this limit. Not with end-to-end AI.

Not by increasing tariffs.  

NOT IN A BOX. NOT WITH A FOX. NOT IN A HOUSE. NOT WITH A MOUSE.

You might object, saying:  “But the signals are coming from different directions!  We can 
exploit spatial diversity!”  Not with a phone’s antenna.  You’d need higher frequencies to 
support directivity.
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Perhaps most interesting:  

* 7.125 – 8.4

* 12.7-13.5, currently controlled by NASA, FCC is considering for expanded use, including 
mobile broadband.
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Aurora Insights:  The joint announcement by the two companies also included 
an open invitation to cell carriers around the world to join the program. While 
T-Mobile owns exclusive rights to the 1910-1915/1990-1995 MHz band in the 
U.S., neither T-Mobile nor Starlink currently have a license to operate in this 
band in other countries. Following the announcement by T-Mobile and 
SpaceX, our satellite data confirmed that this frequency band (1910-
1915/1990-1995 MHz) is currently being used in other areas of the world.
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We assume FDD for both TN and SN.
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As with femtocells: “For 3G CDMA femtos, the dominant method for interference 
coordination has been power control strategies [77]–[79] and/or reserving a “femtofree” 
band where macrocell users can go to escape cross-tier interference when it arises. “

Might have to reserve D2C-free bands too.  

“4G LTE femtocells offer more tools for interference coordination including backhaul-based 
coordination, dynamic orthogonalization, subband scheduling, and adaptive fractional 
frequency reuse. How to best exploit these techniques is an active area of research [28], 
[80]–[83] and is the subject of two papers in this special issue [41], [84].”

Orthogonal resources to macrocell.  

Working with D2C is arguably easier than working with femtocells.

“Perhaps the most difficult aspect of femtocell mobility is that femtocells are not typically 
directly connected into the core network where mobility procedures are usually 
coordinated. The lack of a low delay connection to the core network can result in significant 
handover signaling delays.”  Would be same for D2C – maybe even worse!
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“Ralph de la Vega, AT&T President, reported in June 2011 they recommended against 
using femtocells where signal strength was middle or strong because of interference 
problems they discovered after widescale deployment.[16]”

And remember, Femtos were pretty strong relative to D2C, which needs whisper quiet.  

Separate channels obviously.  

Wifi offloading killed the femtocell it seems.  Especially with Wifi 7.  

The UE tells the BS what satellites it can sense on separate channels.  The UE hears the 
satellites’ synchronization bursts.  Has some sort of identifier.  The UE has to report the 
identity of the satellite it can hear.  

In the other direction, it must report the identity of the tower it can hear.  There will have to 
be orthogonal components for the towers and the SVs.  
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