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The
Internet
IS for
Everyone



How Do We
Connect the
Unconnected?



LEOS?
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Why the Interest in LEOs?

 Traditional satellite Internet access
provides connectivity,
but suffers from long latency and
often high cost
(“GEO”/"GSO” - geosynchronous orbits)

 LEOs offer low-latency, high-speed
connections that support real-time
communication (ex. video calls),
gaming, e-sports, virtual worlds /
metaverse

@ (“NGSO"/"Non-GSQO” - non-geosynchronous
orbits — LEO or MEO)
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2000 Km / 1243.7 mi

0 km / mi - Sea Level.

37.6 km / 23.4 mi - Self Propelled Jet Aircraft Flight Ceiling (Record Set in 1977).
215 km / 133.6 mi - Sputnik-1 The first artificial satellite of earth.

340 km / 211.3 mi - International Space Station.

390 km / 242.3 mi - Former Russian Space Station MIR.

595 km / 369.7 mi - Hubble Space Telescope.

[700 - 1700 km] - Polar Orbiting Satellites.

Sl | Phiel= Mk .2 0 Orbital Altitudes of many significant satellites of earth

35,786 km
G

(GEO) and G { y (GSO) Satellites
Geosynchronous satellites orbit the Earth at the same rate that the
Earth rotates. Thus they remain stationary over a single line of longitude.

[435 - 1056 mi] 20,350 km AR R, 5
GPS (Global Positioning System) Satelltes A geostationary satellite will remain in a fixed location as observed
These ites are on a Semi Orbit (SSO) fro‘m the ganhs st‘Jr‘iace, allowing a satellite dish to be alligned to them.
meaning that they orbit the earth in exactly 12 hours (twice per day). This particular altitude marks the border between the MEO and
HEO Zones.
SIS il
(Low Earth MEO Zone HEO Zone
(Medium Earth Orbit) (High Earth Orbit)
Orbit)
2000 Km / 1243.7 mi

600 - 800 km / 372.8 - 497.1 mi - Sun-synchronous Satellites

These satellites orbit the Earth in near exact polar orbits north to south.

They cross the equator multiple times per day and each time they are at the same angle

with respect to the sun. Satellites on these types of orbits are particularly useful

for capturing images of the Earth’s surface or images of the sun.
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The Moon
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J5¥  LEO Zone
(Low Earth Orbit)

Low Earth Orbit (LEO
< 2,000 km

Medium Earth Orbit (MEO)
2,000 km — 36,000 km

Geosynchronous Orbit (GE
36,000 km

Also “High Earth Orbit” (HE
> 36,000 km

Image credit: Rrakanishu - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=4189737







Why the Interest in LEOs?

 Advances in rocket technology
now allows less expensive
launches

 Miniaturization of components
allows mass-production of
satellites

 Rise of companies providing both
satellite and launch services



2023-2027

e Starlink Gen 1, Gen 2
* OneWeb completion
* Amazon Project Kuiper

e China’s Guowang

 EU’s IRIS?
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So Many LEO Satellites!

SpaceX Starlink Gen 1
SpaceX Starlink Gen 2
OneWeb, Phase 1
OneWeb, Phase 2
Amazon Project Kuiper
China Guowang

Astra

Boeing

Globalstar

Lynk

Telesat Lightspeed

Spin Launch
TOTAL

E-Space

4,408
29,988
718
6,372
7,774
12,992
13,620
5,842
3,080
2,000
1,969
1,190
89,953

337,323
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LEO System Components

« Satellite constellation
e The hundreds or thousands of satellites that are launched into orbit and typically arranged into different “shells” at

different altitudes

o User terminal
e Also sometimes called a ground terminal or simply an antenna or dish, this is how the users receive data from and

transmit data to the satellites. The antennas are “electronically steerable” (they do not have to physically move)
and track multiple satellites. LEO companies selling direct to consumers may also package additional equipment
with the terminal such as a Wi-Fi router.

e« Ground stations

e Also sometimes called gateways, these are the large antennas and facilities that connect the satellites to the rest
of the Internet.
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LEO System Operation
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LEO System Operation — using multiple satellites

User Ground

@ Terminal Station
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LEO System Operation — using Inter-Satellite Links (ISLs)
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Using Low Earth Orbit Satellites for Internet Access

November 2022

xecutive Summary

There’s a space race happening right now to connect the world to the Internet. Companies such as
SpaceX, OneWeb, Amazon, and Telesat, are racing to launch large constellations of low Earth orbit
(LEO) satellites to provide Internet access. They could help bridge the digital divide, particularly in rura
regions, but they could also introduce new security and privacy concerns. Will these LEO satellite
systems help us connect the unconnected and build an open, globally connected, secure, and
trustworthy Internet for everyone?

At the Internet Society, we see considerable potential in the use of low Earth orbit (LEO) satellites for
Internet access for unserved or under-served communities, especially where other ways of delivering
Internet access are not viable. We also see potential for Internet access to communities affected by
natural or human disaster, and to increase the overall resilience of Internet connectivity. But as of late
2022, most LEO constellations are in early stages of deployment and there are still many unknowns.

As the LEO-based industry matures over the next few years, there is an opportunity to guide the
discussion and shape the future of this new form of Internet access.

This document identifies some of the opportunities and the issues that need to be addressed and is
intended to start conversations that lead to sensible decisions that advance Internet access for
everyone, whether ground-based or space-based or both.

The document begins with some background about satellite Internet access in general, and some of
the terminology and components of satellite Internet systems. It then explores the many opportunities
for individuals, communities, organizations, and governments.

Next, we outline some issues to be considered, such as the affordability, spectrum allocations, space
debris, interoperability, security, privacy, and the use of open standards. We follow that with some of
the questions we just cannot know, yet we think need to be thought about, including the overall
market, sustainability of business models, and environmental concerns.

Finally, we provide some recommendations we see as necessary so that LEO-based systems can help
achieve our vision to bring the Internet to everyone, everywhere.

CCBY-NC-SA 40

Internetsociety.org/leos
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The LEO
Industry Is
only just
beginning!

Many
guestions...



LEO Opportunity Examples

Individual users
Remote, rural, underserved, mobile

Community centers
Libraries, schools

Community networks
“Backhaul”

High availability / resilience /
disaster response
Island connectivity, natural disasters

Airplanes, ships, mobile users
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LEO Challenges - Deployment

* Launch availability!
 Satellite constellation
* User terminal

* Ground stations

e Regulatory approvals
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LEO Challenges - Business

Affordability
Capacity

Competition

’ amy AR nER2LAED
A

starlink.sx
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LEO Challenges - Policy
e Spectrum allocation
 Interference

e Allocation of orbits

ITUWRC

DUBAI 2023
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LEO Challenges - Technology

* Security
* Privacy
e Open Standards

* Interoperability

e Space debris
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Questions We Cant Answer

e Sustainable business models

 Environmental impact

° Impact on astronomy
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Research Funding

* isocfoundation.org
 April and September 2023

Internet Soeiety Home About Funding Areas Resources News & stories Careers
Foundation

Application Status The Internet Society Foundation’s Research Program supports global research collaborations

Opening in April 2023 that advance understanding of the Internet and its value for all.

Program Objectives

1. Promote novel methodologies that generate solutions to Internet-related challenges
Independent researchers and 2. Identify and support a diverse and collaborative group of researchers and research

Target Audience

public research institutions institutions
3. Facilitate access to intersectional research that can be applied to decision-making in

government and industry
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SO much
potential

How do we
shape the future
of LEO Internet
access?
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xecutive Summary

There’s a space race happening right now to connect the world to the Internet. Companies such as
SpaceX, OneWeb, Amazon, and Telesat, are racing to launch large constellations of low Earth orbit
(LEO) satellites to provide Internet access. They could help bridge the digital divide, particularly in rura
regions, but they could also introduce new security and privacy concerns. Will these LEO satellite
systems help us connect the unconnected and build an open, globally connected, secure, and
trustworthy Internet for everyone?

At the Internet Society, we see considerable potential in the use of low Earth orbit (LEO) satellites for
Internet access for unserved or under-served communities, especially where other ways of delivering
Internet access are not viable. We also see potential for Internet access to communities affected by
natural or human disaster, and to increase the overall resilience of Internet connectivity. But as of late
2022, most LEO constellations are in early stages of deployment and there are still many unknowns.

As the LEO-based industry matures over the next few years, there is an opportunity to guide the
discussion and shape the future of this new form of Internet access.

This document identifies some of the opportunities and the issues that need to be addressed and is
intended to start conversations that lead to sensible decisions that advance Internet access for
everyone, whether ground-based or space-based or both.

The document begins with some background about satellite Internet access in general, and some of
the terminology and components of satellite Internet systems. It then explores the many opportunities
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debris, interoperability, security, privacy, and the use of open standards. We follow that with some of
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CCBY-NC-SA 40

Internetsociety.org/leos
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Thank you.

Dan York
york@isoc.org
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