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Satellites offer the exciting new prospect of covering remote
areas — such as mountaintops and oceans - with cellular coverage.
With multiple companies launching thousands of satellites—and
launching trillion-dollar IPOs—the sci-fi prospect of direct
satellite-to-phone links has come into the spotlight.

But can satellites handle the traffic in more populated areas? Can they support
smartphones that are indoors or in vehicles? This report provides a reality check based
on physics, and some insight into the economic issues in play.

Direct-to-device cellular services (D2D services) operate in similar frequency bands as terrestrial
cellular services, so many people refer to the satellites as “towers in the sky”. However, multiple
technical differences make D2D operation very different.

® The satellites fly overhead at a height of 200 to 550 miles. When you send a message,
it travels much farther than a terrestrial signal...so the radio waves from your phone will be
much weaker in space than at a tower only three to five miles away.

* Satellites travel at 17,000 miles per hour compared to a person standing on the ground, so
the radio waves are altered by a phenomenon called Doppler shift. Smart radio engineers
have created ways to adjust for this, but Doppler shift can make handoffs between satellite
and terrestrial networks tricky. Today, D2D services do not support handoff to ground-based
networks, and handoff between two satellites must follow specialized protocols.

e Satellites can't use all of the same spectrum as ground-based cellular. This results in lower
capacity for D2D services, compared with a typical 4G/5G network.

* From hundreds of miles up, the area covered by each satellite is huge. This means that
each satellite’s radio system is shared by a lot more people —over a wider area than terrestrial
systems. The result: capacity for each user is very low in populated areas.
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Long-range radio links with fast-moving
satellites can create challenges for the
engineers... but what does it mean for the
mobile operator and the consumer?

There are far-reaching consequences. Wealehed Signa st
reach the satellite ’

Extreme distance makes indoor satellite

operation very difficult and expensive. Your

phone transmits less than 0.5 Watts of radio

power, and unlike a satellite dish, it sends /
that signal in all directions. It's enough power
to penetrate through the walls of a typical g

home, or through the windshield of your car.
But after the signal penetrates through the
wall, its strength has been diminished by 90
percent.

Unobstructed signal
reaches farther

%

The remaining radio signal is strong enough to reach a tower three miles away, but not strong

enough to reach 400 miles into space.

Detailed link budget calculations explain the performance that we see in the field: Starlink
Mobile has a strong enough link outdoors (link margin above 0 dB) to support text and light
data. Inside residential homes and vehicles, the link margin is a negative number, so Starlink
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Because the existing 4G/5G network covers most people almost all the time, we expect the
usage on the D2D network to be pretty low. Recent data from Ookla shows that it's actually
very low.

Ookla keeps track of the number of people running its “speed test” application, and the firm
has clear statistical data showing the number of speed tests run on cellular, Wi-Fi, and other
networks. Their data over the past year show that—after the T-Mobile/Starlink service launched,
as well as services from Skylo and Lynk—the usage by American customers was only about 0.5
percent of the speed tests conducted.
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DID YOU KNOW:

Only 0.5
percent of
smartphone

usage is on
satellites so far
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Will Satellites Replace Cell Towers?

CAPACITY IS KEY

Some satellite players have bought the rights to 40 MHz or more in spectrum, but it's still much
less spectrum than the hundreds of MHz employed by mobile operators. Satellite constellations
are starting at a disadvantage in terms of capacity.

On the ground, each satellite covers as much as 8,000 square miles, compared with one to 30
square miles for a terrestrial tower (the range covers urban to rural cell deployments). In practical
terms, this means that satellite’s capacity is spread over a large number of users. In urban areas,

millions of people fall within the coverage of one satellite or even within one beam. Rural areas

are not immune to this capacity crunch, as any user within 100 miles of a city are impacted by the
capacity needs of urban users.

DID YOU KNOW:

Each D2D satellite has multiple beams, with each beam 20 miles wide or more.

Capacity is shared with everyone within that beam area.
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It's expensive to launch network gear into space, and of course the solar panels, batteries, heat
sinks, and other supporting hardware carry additional costs. The entire U.S. can be covered by a
few hundred satellites, but each one is costly.

Roughly 650 Starlink satellites cover the globe with D2D service today, and the plan is to launch
14,000 more. Compare that with 80,000 base station sites for a typical American mobile network.
Both networks involve tremendous costs, so to compare them, we need to look at the details.

Here are some of the factors that matter:

e Satellites have limited spectrum and limited capacity.

* Satellites spend a lot of time over oceans and mountains with very few users, so asset
utilization is low.

* Spectral efficiency is lower for satellites because the radio signals travel so far.

¢ Terrestrial towers can be placed precisely where people need coverage, so asset
utilization is higher.
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Cost per GB: This metric is calculated as: (CAPEX + 8 years of OPEX) / (Number of GB over 8 years)
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From a business point of view, the important point is that networks provide
inexpensive services only when they're heavily utilized. In a busy city, mobile
network operators can provide 5G data for about $0.27 per GB. But in a
rural area with two to three people per square mile, MNO cost per GB rises
to about $3.50 due to lower utilization. The cost of satellite D2D services

is astronomical today, but should drop to between $4 and $8 per GB if the
constellation is more heavily utilized in the future.

Satellites are more expensive than terrestrial base stations everywhere that
people live: in urban, suburban, and most rural communities. Satellites make
sense financially in truly remote areas, where terrestrial networks would be
under-utilized.

Comparing cost is tricky, as the cost of a satellite is averaged over all urban
and rural areas...but the cost of a fixed tower varies by location. It's pretty
expensive to bring power and backhaul to the middle of the Mojave Desert,
but in most other cases a tower is the low-cost choice.
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Will Satellites Replace Cell Towers?

CONCLUSIONS

Satellites offer a great solution to the problem of wide coverage, but a combination of technical

and business factors will prevent satellites from directly competing with terrestrial mobile
services.

People spend more than 90 percent of their time inside buildings and vehicles, and 90 percent
of people live in regions with good 4G/5G coverage. Based on those numbers alone, logic
suggests that only one percent of cellular usage would migrate to satellites. In fact, measured
data shows only 0.5 percent of usage has moved to satellites.

Poor indoor performance, high cost, and capacity limitations make satellites a poor substitute for
the terrestrial mobile network. In the end, we need both systems.

from the satellite, so it will have enough energy to penetrate

Satellites are perfect for coverage of remote areas.
Towers handle higher capacity and provide a stronger radio link.
The radio signal won't get tired, as it would hiking 500 miles

into a building.
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Will Satellites Replace Cell Towers?

APPENDIX: LINK BUDGET CALCULATION

Outdoor Indoor In-Vehicle
Starlink Starlink Starlink
Frequency 2 GHz 2 GHz 2 GHz
Bandwidth 20 MHz 20 MHz 20 MHz
Tx Power 26 dBm 26 dBm 26 dBm
Antenna Gain 0.5dB 0.5dB 0.5dB
Penetration Loss 0dB 10dB 6 dB
Path Loss 167 dB 167 dB 167 dB
Interference Margin 3dB 3dB 3dB
Antenna Gain 38 dBi 38 dBi 3 dBi
Input to Satellite Receiver | -106.5dBm | -116.5dBm -112.5dBm
Margin | 5.5dB | 4.5 dBi | 0.5 dB

Notes:

1. Uplink calculations shown here, as downlink typically has 6-10 dB higher margin.

2. Many values vary widely; typical values are shown here but we estimate at least 10 dB variation based
on body loss, interference, path distance, and penetration variations.

3. Assuming 2dB body loss from handheld device.

4.This calculation anticipates an upcoming change to upgrade handset transmitters from Power Class 3
(+23 dBm) to Power Class 2 (+26 dBm) for the 2 GHz bands in USA.

5.Sensitivity and antenna characteristics taken from FCC and ITU filings (Starlink V2 satellites).

6. Assuming 5 dB Eb/No required for text and light data (QPSK minimum) at BER of 10-5.
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