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Abstract

The Internet from Space has recently attracted renewed attention
following technological developments that enable massive con-
stellations of small satellites in low Earth orbit (LEO). While LEO
satellite networks (LSNs) promise low-latency global connectivity,
they face several fundamental challenges including the need for
constant satellite replacement due to orbital decay, affecting envi-
ronmental sustainability, and increasing congestion in orbital space
from emerging players, heightening collision risks.

In this work, we propose to expand the LSN constellation design
space by including use of altitude as a flexible design parameter
to help solve the aforementioned challenges—i.e., by constructing
constellations with orbits throughout the range implied by the
classic LEO, medium Earth orbit (MEO), and geosynchronous orbit
(GEO) designators. Although altitudes above LEO induce higher
propagation latency, they also increase how much of the Earth’s
surface is visible to each satellite, thereby significantly reducing
the total number of satellites required for global coverage. Building
on this intuition, we provide an initial theoretical analysis of the
tradeoffs enabled by orbital altitudes from LEO all the way up to
GEO and conduct packet-level simulations demonstrating that MEO
constellations can achieve present-day Internet latencies while
using ~19% fewer satellites and ~14X fewer handovers than LEO.
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1 Introduction

In recent years, several efforts in industry and academia alike have
reignited global interest in the concept of providing Internet con-
nectivity from space [20, 21, 33, 36, 38]. This resurgence is largely
driven by the rapid development and deployment of low Earth orbit
(LEO) satellite constellations (LSNs), which offer the promise of
high-speed, low-latency Internet access to even the most remote
and under-served regions of the world. Companies like SpaceX [16],
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OneWeb [9], SSST [35], Telesat [19], and Amazon [11] have made
significant investments in building and launching such networks,
with the goal of closing the digital divide and enabling universal
connectivity [39, 41, 52, 56].

However, the low orbital altitudes (e.g., typically between 500 and
2,000 km) that enable LSN’s promise of low-latency, high-bandwidth
Internet access [33] also present a key design trade-off. In particu-
lar, the coverage area of each satellite is significantly smaller than
that of higher-altitude systems and atmospheric drag limits each
satellite’s orbital lifetime. As a result, global coverage and local band-
width demands necessitate the deployment of “megaconstellations”
of relatively cheap, disposable satellites. Given reduced per-satellite
launch and manufacture costs as well as performance advantages of
lower altitudes (e.g., satisfying the <~10 ms latency requirements
for present-day direct-to-cell 5G service which, in turn, requires
<~1000 km altitude [44, 46]), such low-altitude megaconstellations
make strong economic sense. However, a growing body of research
raises questions about their scalability, sustainability, and long-term
costs [5, 12, 30, 49, 53].

Although several recent efforts do tackle the issues of reducing
the number of satellites required for high-performance satellite
networking [24, 25, 40, 57], they miss the fundamental trade-offs
enabled by orbital altitude. On the one hand, efforts that seek op-
timal points in the LSN design space [24, 40] are limited by the
inherently large number of cheap, low-capacity satellites required
to meet coverage and bandwidth demands (e.g., ~1k satellites to
achieve continuous global coverage with minimal bandwidth). On
the other hand, efforts that integrate higher orbital altitudes [25, 57]
miss the nuanced interaction between altitude, coverage area, and
propagation latency, focusing instead on routing and integration
with the edge-cloud continuum.

To expand the design space, we envision a future where altitude
is treated not as a fixed parameter, but as a critical and flexible
component in constellation design [25, 26, 29]. Rather than nar-
row focus on LEO, medium Earth orbit (MEO), or GEO regimes,
we envision satellite networks that fluidly blend a wide range of
orbital altitudes while carefully balancing latency and bandwidth
requirements with the effects of orbital mechanics, coverage radius,
propagation latency, and environmental factors such as near-Earth
radiation exposure [31, 42, 47]. As an initial step towards this vision,
we present (to the best of our knowledge) the first analysis of the
networking opportunities and challenges of deploying constella-
tions at intermediate altitudes—i.e., between traditional LEO, MEO,
and GEO. We focus in particular on achieving global coverage be-
cause (i) the complex time-varying ground-tracks of LEO and MEO
satellites make coverage of fixed geographic regions nearly impos-
sible and (ii) given a constellation approach that satisfies global
coverage, additional bandwidth demand can be addressed (up to a
limit) by adding additional orbital planes with overlapping coverage
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or (in the case of longer-lived, higher-altitude orbits) by increasing
bandwidth capacity of each satellite (e.g., by adding additional spot
beams).

Our key insight is that despite their distinct challenges, altitudes
just above traditional LEO open up the possibility to significantly
reduce the total number of satellites required for global coverage
while preserving reasonable network latency. Realizing this possibil-
ity demands inter-disciplinary theoretical and empirical exploration
of the trade-offs involved. This work, in particular explores the net-
working implications of exploiting altitude as a powerful design
variable rather than as a fixed constraint through the following
three contributions. First, we present a theoretical model that quan-
tifies the minimum number of satellites required to achieve global
coverage as a function of altitude. Second, we approximate best-
case networking performance metrics such as latency and coverage
redundancy across a range of altitudes. Third, we empirically eval-
uate the impact of altitude on network behavior through realistic,
simulation-based scenarios, providing insights that are grounded
in operational parameters and practical constraints.

All scripts and NS3-based [8, 13] simulations are available at
https://github.com/chris-misa/leveraging-altitude.

2 Background & Motivation
2.1 Goals of Satellite Networking

The key promise underlying the recent resurgence of interest in
satellite networking is the ability of LEO satellite networks (LSNs)
to potentially provide low-latency high-bandwidth connectivity to
arbitrary regions of the Earth’s surface. Previous generation satellite
Internet efforts leveraged designs with small numbers of large
satellites placed in high-altitude geosynchronous Earth orbits (GEO)
that suffer from inherently high latency (e.g., ~100 ms one-way
delay due to speed-of-light limit) and are incapable of supporting
the low-latency requirements of modern web applications and real-
time communication protocols. Present-day satellite Internet efforts
embraced by the research community leverage designs with large
numbers of small satellites placed in low-altitude Earth orbits (LEO)
that satisfy lower latency requirements and raise a wide variety of
novel technical challenges rooted in their dynamism.

As a backhaul for cellular-type networks, such connectivity en-
ables expanding a wide range of latency-sensitive applications
(e.g., real-time communication, web browsing) to billions of “uncon-
nected” users anywhere on Earth [20, 24]. Moreover, as a backup
for terrestrial communication technologies, the global reach of
LSNs can potentially improve resilience of critical Internet-based
services—including emergency response coordination—in the face
of multi-hazard risks (e.g., earthquakes, wildfires, etc.) [52]. LSNs
have also been proposed for specialized ultra-low latency appli-
cations, such as high-frequency trading, due to their potential for
faster-than-fiber long-distance communication [33].

2.2 Limitations of Current Approaches

LSNs must be large. A fundamental challenge in LEO satellite
networks (LSNs) is the limited coverage area of individual satel-
lites. Due to their proximity to Earth, a single LEO satellite can
only cover a relatively small footprint on the surface at any given
time. This geographic coverage limitation necessitates deploying
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hundreds or thousands of satellites (i.e., mega-constellations) to
ensure continuous global coverage.

Furthermore, the limited bandwidth of ground-to-satellite links
(GSLs) introduces an additional constraint. In practice, a single
satellite cannot satisfy the total demand of a given region, especially
e.g., in densely populated areas. This leads to the design requirement
that multiple satellites must simultaneously cover each surface cell
to meet bandwidth needs as well as provide redundancy. As a result,
modern LSNs often incorporate overlapping satellite footprints,
driving up the number of satellites needed.

Recent efforts have proposed non-uniform LEO constellations
based on repeat ground-track orbits to optimize regional perfor-
mance. For example, the approach described by [24] suggests se-
lectively augmenting bandwidth in targeted areas through careful
orbital planning. While such strategies may provide localized per-
formance benefits, they do not eliminate the fundamental require-
ment for a larger number of satellites to ensure global coverage.
As such, the actual cost savings and satellite reductions from these
approaches remain uncertain in real-world conditions.

Satellites require continued replacements. In addition to
the aforementioned physical and technical constraints, mega-
constellations face significant sustainability challenges. Satellites
in LEO are subject to atmospheric drag, which gradually degrades
their orbits over time and ultimately causes reentry. Unlike higher-
orbit satellites, LEO spacecraft have relatively short operational
lifespans (e.g., typically on the order of 5 to 7 years) before they must
be replaced [23, 45]. This impermanence introduces a steady-state
requirement for LSNs: to maintain consistent network performance,
operators must regularly launch new satellites to replace those that
deorbit.

To quantify the impermanence, we analyze the replacement
rate required to sustain a given satellite population using empir-
ical lifetime estimates for real-world orbits. In particular, we use
STELA [18] to propagate a sample of real-world StarLink orbits (alti-
tude ~550 km, inclination 53.0 degrees) obtained from Celestrak [1]
to obtain a probability distribution (mean and 95-percent confi-
dence interval based on Monte Carlo simulation) for the lifetime of
these orbits. We then extrapolate these lifetime estimates to larger
numbers of satellites and show in Figure 1a the annual number of
replacement launches needed to maintain steady-state population
(e.g., in StarLink) as a function of the population size. Concur-
rently, Figure 1b estimates the amount of aluminum oxide (AlO)
deposited into the mesosphere by reentering satellites, based on
models from [30].

At the steady-state population of 1584 satellites, which corre-
sponds to the target in a Federal Communications Commission
(FCC) filing for one StarLink shell, the network would require the
disposal of a median of 202 satellites per year. This process would
release an estimated 6 metric tons of AlO annually. For context, this
single network layer alone would contribute approximately 35%
of the total AlO deposited from all satellite re-entries worldwide
in 2022. Given that StarLink’s full constellation includes multiple
such layers with similar orbital parameters and “growing space
race” across countries [4, 6, 7, 14], we believe the cumulative envi-
ronmental impact will be substantial if not worse.
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Figure 1: Estimated environmental cost of maintaining a
steady-state no. of satellites in one layer of StarLink.

Orbital space is getting overcrowded. As deployment of mega-
constellations has accelerated (e.g., Starlink [16], Qianfan or “Thou-
sand Sails” [35]), the resulting saturation of orbital slots introduces a
number of critical operational risks [24, 34, 45, 49]. Primary among
them is the increased probability of on-orbit collisions. To mitigate
this risk, satellites must perform active collision avoidance ma-
neuvers, which consume limited on-board fuel and thereby reduce
their operational lifespan. These maneuvers also add complexity to
inter- and intra-constellation management and require continuous
coordination with other operators and regulatory bodies.

Beyond operational concerns, the growing presence of LEO satel-
lites poses a serious threat to Earth-based astronomy. The reflective
surfaces of satellites can interfere with optical observations, while
their radio emissions can disrupt sensitive radio telescopes. Re-
cent analyses highlight that unless mitigated, the scale of current
and planned LEO deployments will significantly degrade the scien-
tific value of both professional and amateur astronomical observa-
tions [12, 53]. This adds another dimension to the environmental
and societal costs of scaling LSNs.

3 The Potential of Higher-Than-LEO Altitudes

The drawbacks of LEO mega-constellations discussed in the pre-
vious section can all be traced back to one critical defining design
decision: the choice to focus exclusively on low-altitude Earth orbits.
We investigate the decision of constellation altitude by first pro-
viding informal background on the near-earth environment above
LEO, then considering how altitude impacts the networking poten-
tial of a single satellite and how these impacts shape the properties
of a global-coverage constellation.

3.1 Near-Earth Space Radiation

Low-latency satellite networking’s near exclusive focus on LEO is
often informally justified by the need to avoid regions of near-Earth
space known as the Van Allen radiation belts [31, 47]. Although these
radiation belts are often described as fixed altitude ranges that must
be avoided, their real-world structure and dynamics are far more
complex. To illustrate, Figure 2 shows (electron) radiation intensity
observed by the CIRBE spacecraft [42, 43] for two consecutive
passes (~9 hours apart) through the Van Allen belts (on April 21,
2023).
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Figure 2: Example snapshots of radiation structure in near-
Earth space between LEO and GEO altitudes.

Although two distinct regions of higher intensity radiation are
apparent, they fluctuate significantly between observations, hinting
at the wide-ranging dynamics apparent in CIRBE data [3]. Rather
than clean “bands”, near-Earth radiation is highly dynamic and
at times (e.g., during solar storms) crosses into regions typically
considered outside of the bands (e.g., the right-hand side of Figure 2
corresponds to GEO altitude; the South Atlantic Anomaly [15]
persistently extends will into LEO altitudes below 500 km). For
the design of satellite constellations for networking, this implies
satellites will potentially need to deal with radiation no matter
their orbital altitude and hence, the satellite networking community
should not artificially limit the design space to narrow “safe” altitude
bands.

3.2 Single-Satellite Impacts of Altitude

Given a more nuanced view of near-Earth radiation at different
altitudes, we now turn to characterizing altitude’s impact on net-
working, first, from the perspective of a single satellite, and later
(§ 3.3) from the perspective of satellite constellation design.

Impact on network latency. The most widely-acknowledged im-
pact of altitude on satellite networking is on latency induced by
propagation delay. A lower-bound on this latency can be estimated
by dividing the distance of a potential communication link by the
speed of light. We visualize this relationship in Figure 3 by consid-
ering a single direction of a single ground-to-satellite radio link and
showing the theoretical minimum speed-of-light latency (y-axis)
for different altitudes (x-axis). We show this latency for both the
shortest path, when the satellite is directly overhead the ground
station (i.e., at its zenith, solid blue), as well as a more realistic
path, when the satellite is 30° above the ground station’s horizon
(dotted red). On the right of the figure, the relatively high altitudes
required for GEO (~36,000 km) directly induce the unacceptably
high network latency (>100 ms one-way) GEO has become asso-
ciated with. On the left of the figure, the relatively low altitudes
associated with LEO (e.g., ~600 km) directly enable low-latency
networking (e.g., ~2 ms one-way).
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Figure 3: Impact of altitude on minimum one-way ground to
satellite latency.

Between the extremes of LEO and GEO, Figure 3 illustrates a

wide range of intermediate altitude and latency combinations. To
contextualize, we draw horizontal bars (in green) indicating the
approximate one-way latency ranges associated with 4G and 5G
terrestrial radio links. We also draw vertical bars (in red) indicating
the approximate average locations of the Van Allen radiation belts
which increase operational costs by requiring addition shielding
of sensitive radio components. Combining these ranges yields the
insight that constellations at altitudes above the classic LEO range
but below the inner Van Allen belt can still achieve lower one-way
latency compared with 5G (e.g., <10 ms) and a limited range of
altitudes above the inner Van Allen belt can achieve lower one-way
latency compared with 4G (e.g., <40 ms).
Impact on Field-of-View. Beyond propagation latency, the next
most important consideration in the design of satellite networks is
the field-of-view (FoV), or area of the Earth’s surface, that a single
satellite can cover. Larger FoV implies a single satellite can cover
more of the Earth’s surface and hence fewer satellites are required
for global coverage whereas smaller FoV implies the opposite.

Figure 4 shows FoV measured as the radius between the satel-
lite’s nadir and the circle defined by minimum observation angle
(i.e., elevation of the satellite above the ground station’s horizon) for
several minimum observation angles. Due to curvature of the Earth,
lower-altitude satellites have smaller FoV whereas higher-altitude
satellites have larger FoV. In particular (assuming a minimum ob-
servation angle of 30 degrees), the FoV of a LEO satellite at an
altitude of ~600 km is ~800 km whereas the FoV of a GEO satellite
is nearly 6000 km. (For comparison, an orthographic vantage point
(i.e., at infinite distance from the Earth) would cover half the Earth’s
circumference or ~20,000 km.)

min obs. angle ----- 10° — — 20°

8000 Fmmm

Altitude (km)

Figure 4: Impact of altitude on Field-of-View (FoV).

Figure 4 indicates that FoV increases significantly with constel-
lation altitude. In particular, satellites above the inner Van Allen
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belt (again shown as vertical red regions) have over 2x higher FoV
compared to typical LEO satellites below the belt. (Note that be-
cause we measure FoV as radius, this implies over 4X increase in
the surface area covered.)

Impact on orbit lifetime. Finally, because LEO satellites operate
in a near-Earth domain, their orbits gradually experience non-trivial
decay due to atmospheric drag. The effects of atmospheric drag
decrease with altitude so that higher-altitude orbits are inherently
longer lived. In particular, orbits below ~1000 km may only last for
0(10) years where as higher orbits (above the influence of the at-
mosphere) last for O(100 — 1000) years and are typically considered
more-or-less permanent [23, 45].

3.3 Constellation-Wide Impacts of Altitude

We now integrate the above impacts of altitude on a single satellite’s
networking potential into the corresponding network-wide prop-
erties assuming a network that provides uniform global coverage
(for latitudes up to its inclination).

Number of satellites required for global coverage. We first
consider how designing higher altitude constellations can reduce
the number of satellites required to provide global coverage. Assum-
ing the common Walker-delta constellation geometry [27, 54] used
by most recent LEO efforts and a fixed inclination of 65 degrees,
we select orbital planes and satellites per plane in order to ensure
complete coverage with non-zero overlap between satellites for
handoffs. In particular, ascending nodes of orbital plans are sepa-
rated by 2r cos(,r/4) and satellites in each plane are separated by
2r cos(r/4)/sin(i) where r is the FoV and i is the inclination.
Figure 5 shows the total number of satellites required by this
approach (y-axis) as a function of altitude (x-axis) for several differ-
ent minimum observation angles. We observe nearly exponential
decrease in the number of satellites required as altitude increases
(note the log axes). For example, a constellation at ~600 km requires
~1k satellites whereas a constellation at ~6000 km requires only
~60 satellites (assuming minimum observation angle of 30 degrees).
This implies LEO altitudes require relatively large numbers of satel-
lites to achieve minimal global coverage whereas constellations at
higher altitudes achieve global coverage with far fewer satellites.

min obs. angle  ----- 10° — — 20° 30° —-— 40°

2N,

# satellites

1000 2 5 10k 2

Altitude (km)

Figure 5: Minimum number of satellites required for global
coverage as a function of constellation altitude.

Approximate end-to-end latency. Next, we consider the added
latency overhead associated with higher altitude constellations. In
particular, we assume per-hop overheads to be negligible and that
the signal travels an arch along the orbital path directly between
satellites. This approach approximates a low-bound on the latency



The Internet from Space, Reimagined:
Leveraging Altitude for Efficient Global Coverage

achievable by a real-world constellation by replacing the jagged
ISL paths required in topologies like +Grid [21, 36] or xGrid [48]
with a smooth arch. After summing the total distance traveled in
this way from source ground station, to the orbital altitude, and
back to destination ground station, we again divide by the speed of
light to estimate a theoretical lower-bound on the latency through
a potential satellite network.

Figure 6 shows the approximated end-to-end latency for several
different example terrestrial distances along the Earth surface. End-
to-end latency remains below 100 ms for up to 10,000 km paths for
constellations at altitudes of up to 6000 km indicating the poten-
tial for constellations above LEO to achieve usefully-low latency
(e.g., less than 100 ms). We also note that latency in such above-LEO
constellations is significantly lower for shorter distances along the
Earth surface indicating their potential use in applications like pro-
viding fiber-link backup (e.g., over hundreds rather than thousands
of km) in multi-hazard scenarios [52].

distance ----- 500 km = 1000 km = = 5000 km

E2E Latency (ms)

10k 2

Altitude (km)

Figure 6: Approximate end-to-end latency for different terre-
stiral (great circle) distances.

4 Evaluation

To demonstrate practical utility of the theoretical and best-case esti-
mates discussed above, we turn to packet-level simulation grounded
in state-of-the-art models of orbital dynamics and link media.

4.1 Methodology

We simulate satellite networks using SNS3 [13, 50], a discrete event
simulator (built on NS3 [8]) that models satellite orbital dynam-
ics, inter-satellite links (ISLs), and (radio-based) ground-to-satellite
links (GSLs). We construct example constellations at representative
altitudes for GEO, MEO, and LEO using Walker-delta geometry as
shown in Table 1. All constellations are designed to support global
coverage up to 65° latitude with 30-degree minimum observation
angle and have minimal overlap between coverage areas of adjacent
satellites. For the LEO and MEO constellations we use static +Grid
topologies with shortest-path routing. When making handovers, we
only consider ascending satellites to avoid excessive path lengths
due to the lack of (dynamic) links between satellites in opposite
directions [51].

‘ Alt. (km) ‘ # of Sats. ‘ Inc. ‘ # planes

GEO 35786 5| ~0° 5
MEO 6000 56 | 65° 8
LEO 600 1054 | 65° 34

Table 1: LEO, MEO, and GEO constellation parameters.
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For each constellation, we create two ground stations separated
by 45° longitude at 41° latitude (~3742 km great-circle distance
apart). (Note that such connections present a worst-case workload
for static +Grid topologies because of the need to leverage longitu-
dinal ISLs between planes.) We model GSLs using slotted-ALOHA
over Ka-band with custom antenna gain patterns based on con-
stellation altitude. As in recent work [40], ISLs are assumed to be
free-space optical with relatively high capacity compared to radio
up/down links (e.g., 100Mbps). Simulations and configuration files
are available at https://github.com/chris-misa/leveraging-altitude.

4.2 Initial Results

We first compare the one-way latency experienced between the
two ground stations in our simulation for the altitude domains
represented by the constellations in Table 1. Figure 7a shows time-
series of one-way latency for each constellation over one-hour of
simulation time. To illustrate the root cause of latency fluctuation,
we also show the number of ISL hops between ground stations in
Figure 7b.

Altitude —— GEO —— MEO —— LEO
m
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) -_F—.-'-_\__._b-_"-"———_——v——"'_._-_-
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(c) Handover events.

Figure 7: Comparison of one-hour simulation for example
LEO, MEO, and GEO constellations.

In alignment with the results of § 3, we observe (i) GEO is hin-
dered by high one-way latency (~255 ms), (ii) LEO (at 600 km
altitude) achieves low-latency (~30 to ~80 ms) but requires a large
number of ISL hops (up to 12), and (iii) MEO (at 6000 km altitude)
achieves slightly higher latency (~100 ms) with only two or fewer
ISL hops. On the one hand, for GEO this simulation result is very
close to the theoretical minimum estimated in Figure 3. On the
other hand, for LEO and MEO the increased latency compared to
theoretical minimum is due to the non-direct ISL paths and radio-
layer overheads of GSLs. However, our key observation is that the
latency gap between LEO and MEO is relatively small, especially
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considering the ~19x fewer satellites used in MEO and relatively
stable latency performance.

To illustrate the difference in dynamics between MEO and LEO
constellations, in Figure 7c we visualize discrete handover events as
points along the time axis. (Note that because SNS3 simulates GSLs
with multiple “spot” beams for GEO satellites, we also observe occa-
sional handover events between beams for the GEO constellation.)
Over the hour of simulated time, we observed only five handovers
in the MEO constellation compared to 70 handovers in the LEO con-
stellation (~1 every minute). As a result of the increased FoV and
decreased velocity of MEO (compared to LEO), this demonstrates
MEO networks present significantly less challenging dynamics for
networking compared to LEO.

5 Discussion and Outlook

Key Opportunities. The initial results presented in § 3 and § 4
establish the potential opportunities of considering a wider range of
orbital altitudes in the design of networking satellite constellations.
The first opportunity (enabled by increased FoV) is to reduce the
total number of satellites required to provide similar near-global
coverage compared to LEO. Although higher altitude MEO orbits
do impose higher latency overheads, these overheads are signifi-
cantly less compared to GEO and still fall within a reasonable range
(e.g., compared to present-day public Internet latencies over compa-
rable distances [17, 22, 28, 55]). The second opportunity (enabled by
longer orbit lifetimes) is to develop constellations of larger “heavy-
weight” satellites with higher networking capacity (e.g., more spot
beams) and longer mission duration (e.g., hundreds of years). This
implies a constellation design and management model closer to
GEO which has proven successful over time despite the challenges
of high latency. The third opportunity (enabled by longer duration
between handovers) is to simplify challenging networking require-
ments like routing and traffic engineering. We plan to explore joint
constellation design (e.g., LEO + MEO) by leveraging each of these
opportunities in future work.

Key Challenges. Effectively leveraging the opportunities outlined
above requires addressing several research and design challenges.
The first challenge is in understanding the implications of radiation
exposure as a function of orbit altitude and developing commu-
nication technologies that remain robust to radiation. This is not
a new problem for satellite networks (e.g., even at LEO altitudes,
satellites receive considerable radiation exposure from the South
Atlantic Anomaly [15, 32]) and real-world experimentation with
higher-altitude orbits is already underway (e.g., COSMOS-2553,
designed specifically to fly at 2000 km directly in the lower Van
Allen Belt [2, 10]). The second challenge is ensuring an optimum
cost-benefit tradeoff in order to offset higher launch costs and larger
MEO satellites (e.g., with higher throughput enabled by more spot-
beams). We again appeal to the GEO network service model here
where careful long-term planning combined with relatively sta-
ble orbital dynamics provides a key leverage. Additional research
efforts are required in this space to better understand the implica-
tions of critical constellation design parameters (e.g., selection of
Walker-delta constellation geometry vs. repeat ground-track ge-
ometry, combination of LEO and MEO altitudes [26, 29]) and their
interaction with networking concerns (e.g., exploration of dynamic
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topologies [21] enabled by the slower handover rate at higher al-
titudes). The third challenge is in optimizing ground-to-satellite
radio protocols to enable fluid transition between the latency and
power considerations of different altitudes. This can be seen as
an extension or generalization of work already underway in the
research community [44, 46] and the standards community [37].
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