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Abstract

Low-Earth orbit (LEO) satellite networks (LSNs) have be-
come one of networking’s most exciting new frontiers. Yet
much of the field rests on a fragile foundation: simulations
and modeling assumptions that are rarely scrutinized against
the physical, operational, and environmental realities of the
near-Earth space environment. As researchers increasingly
move beyond today’s commercial deployments to propose
entirely new satellite constellations custom-built for specific
applications, we risk drifting into physical fiction, producing
designs that satisfy communication objectives while violat-
ing fundamental constraints of orbital mechanics, spacecraft
operations, or the space environment. We argue that this is
not an isolated problem, but an emerging methodological
gap in LSN research. In this perspective paper, we illustrate
through representative examples from recent literature, ar-
gue for a stronger interface between the networking and
space science communities, and propose an initial set of prin-
ciples to ensure future LSN research is both ambitious and
physically realizable.
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1 Introduction

Low-Earth orbit (LEO) satellite networks (LSNs) have
emerged as a technology poised to enable novel solutions to
a variety of persistent Internet connectivity challenges. The
potential of LSNs to provide low-latency, high-bandwidth,
and reliable connectivity nearly anywhere in the word implies
a tantalizing set of high-impact applications including direct-
to-consumer wireless in regions where terrestrial infrastruc-
ture is economically infeasible to realize [4, 44, 55], high-
performance uplink for long-distance transportation (e.g., air-
lines, shipping, trucking) [8, 14, 40], and reliable backup in
regions affected by war or natural disasters [5, 52, 60]. Ac-
cordingly, networking research efforts have tackled ques-
tions of how best to leverage inter-satellite topologies and
routing [7, 13, 25, 35, 56, 60], how to optimize radio network-
ing technologies for satellite connectivity [38, 41-43, 57], and
how to design constellation geometries that put satellites
where and when they are most needed [20, 32, 37, 50].

Despite the promising applications, LSNs force the net-
working research community to reckon with a fundamental
tension between creatively dreaming up space-based solu-
tions to networking problems and pragmatically ensuring
these solutions remain grounded in real-world constraints.
Unlike terrestrial infrastructure, space-based platforms are
constantly in motion, subject to complex physical constraints,
and exposed to a harsh radiation environment. Networking
research that fails to demonstrate a feasible path to realiza-
tion through this maze of space-specific constraints should
be dismissed as unrealistic.

It is typically also impractical for networking researchers
to directly run experiments atop the space-based platforms
leveraged by LSNs, leading to reliance on intuition and
simulation-based evaluation techniques. Moreover, limited
publicly available data about the very small number of space-
based systems actually deployed in the real world (typically
large-capital, for-profit operations like Starlink [3]) does not
provide a sufficiently rich sample of the full design space for
true scientific study of the complex tradeoffs involved. We
argue that this has created a methodological blind spot in LSN
research: proposals are often evaluated primarily through
the lens of networking performance, with comparatively
little attention paid to whether the underlying space-based
infrastructure is physically valid.
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Ironically, the networking community has largely navi-
gated this challenge by tightly coupling research proposals
to carefully gleaned facts about technologies deployed in
present-day systems such as Starlink.! This strategy builds
LSN research “directly atop” existing constellations by lever-
aging publicly available artifacts, such as ephemeris data
(e.g., [1]) and FCC filings (e.g., [21]), that capture fragmen-
tary facts about deployed systems. Rather than explicitly
reasoning about the physical constraints of the near-Earth
space environment or design tradeoffs in the engineering of
satellites themselves (e.g., the number of ISLs a satellite can
form as discussed in § 2.1), proposals inherit their realism
from the systems they emulate. Although it has proven re-
markably effective for studying networking questions within
the context of today’s deployments, this strategy begins to
break down rapidly once research moves beyond existing
constellations and starts projecting networking concerns
into design of the underlying space infrastructure itself.

Recently, the breakdown of this strategy has become strik-
ingly evident through a new thread of research that inves-
tigates how to optimize constellation designs for network-
ing requirements [20, 32, 37, 50]. In particular, motivated
by recent results (from outside the networking commu-
nity) that demonstrate dire environmental consequences of
unchecked proliferation of massive-scale satellite constella-
tions [2, 22, 48], these efforts primarily ask how to minimize
the total number of satellites required to still meet the tar-
geted networking goals. Addressing this question, by defini-
tion, requires proposing constellations that do not yet exist.
This, in turn, requires networking proposals to account for
a wide range of unexpected tradeoffs, constraints, degrees
of freedom, and other factors inherent in the design and
implementation of space-based infrastructure.

Despite initial promising results, many proposals in this
new thread of networking-informed constellation design
(published in top-tier networking venues) violate basic facts
about space-based infrastructure, providing illusory solutions
to complex interdisciplinary problems. As an illustrative
example, a recent SIGCOMM publication [37] demonstrates
how to reduce the number of satellites required for an LSN
like Starlink by up to ~ 7.9%, but, in doing so, requires a
physically infeasible constellation where satellite trajectories
run into each other on a regular basis (e.g., every day) with
high probability (as we demonstrate in § 2.3).

Motivated by these limitations, the primary objectives of
this perspective paper are to explicitly bring the fundamental
tension—i.e., between real-world applicability and creative

!n fact, this has led to a whole new line of research dedicated to inferring the
system constraints, design decisions, and operational policies of real-world
LSN deployments [11, 18, 51, 61, 69].
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freedom—to the attention of the networking research com-
munity and to outline a set of principles that can serve as an
initial interface to bridge the tension in future research. We
seek to establish a “knowledge hub”? and set of methodolog-
ical checks (e.g., simulation platforms, review criteria) that
can free future LSN research from the constraints of present-
day deployments while simultaneously ensuring networking
proposals are consistent with physical (non-networking) con-
straints. As a first step, we propose in § 3 a non-exhaustive
set of critical principles that future LSN research should ad-
here to, especially efforts in directions that inherently extend
beyond the set of possibilities captured by present-day de-
ployments like Starlink. These initial principles imply that
LSN research cannot continue solely in the context of the
networking community (based on carefully gleaned facts
from large corporations like SpaceX), but requires interdisci-
plinary collaboration across networking research, the space
physics community, and present-day LSN operators like Star-
link.

What makes this work both timely and provocative is our

observation that LSN research has reached a critical inflec-
tion point. As the community moves beyond studying exist-
ing constellations toward inventing entirely new space-based
infrastructures (e.g., demand-tailored networking constella-
tions [37, 50], space-based CDNs and VNFs [23, 70], etc.),
realism can no longer be inherited from deployed systems
or established through networking expertise alone. Instead,
advancing the field (or determining if new proposals are at
all feasible in the first place [10, 53]) requires a new research
paradigm built on explicit connections between networking,
orbital mechanics, spacecraft engineering, and space physics.
By establishing an initial collection of such connections,
we aim to enable a future where networking researchers
can explore ambitious constellation designs, without being
constrained by today’s deployments, while avoiding getting
“burned” by the trap of proposals that are elegant in simula-
tion but impossible in space.
Disclaimers. Our focus in this work is on the interface be-
tween networking system design and the realities of space-
based infrastructure. We explicitly do not consider the wide
range of higher-level considerations (e.g., authentication and
trust, virtualization and resource sharing, etc.) that accom-
pany the emergence of space-based infrastructure as a plat-
form for Internet connectivity and other services beyond
forwarding. These other considerations may themselves re-
quire parallel effort to organize defining principles, but such
effort is beyond the scope of this present work.

We also emphasize that, although we cite specific prior
works to illustrate our arguments, we do not intend to single

2To enable growth beyond this paper, we also establish an open-source
online resource at https://spacenet-hub.github.io/.
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these works out or to detract from the important contribu-
tions they have made to the field. The issues we identify here
are (to the best of our knowledge) prevalent across the field
(including in our own previously published works) and our
focus is on enabling future research and real-world impact.

2 Example Challenges of LSN Research

To motivate the need for a new “knowledge hub” for LSN
research, we consider how gleaning from limited publicly-
available data about present-day LSN deployments funda-
mentally limits LSN research (§ 2.1), the challenges of build-
ing intuition about the complex dynamics of satellite-based
infrastructure required to go beyond these limits (§ 2.2), and
then an example of the unfortunate results when the com-
munity ignores these intuitions (§ 2.3).

2.1 Carefully-Gleaned Facts: How Many
“Ports” Should a Satellite Have?

A key aspect of LSN’s promise to provide connectivity solu-
tions in scenarios where terrestrial technologies struggle is
the ability of satellites to form direct peer-to-peer links with
other satellites. By leveraging high-capacity free-space op-
tics, inter-satellite links (ISLs) can achieve bandwidths com-
parable to terrestrial fiber (e.g., up to 200 Gbps per ISL [58])
thus enabling high-capacity, low-latency connectivity be-
tween nearly any two points on the Earth’s surface. Sig-
nificant research effort has explored the potential benefits
and challenges of ISL-based networking in LSNs [7, 11-
13, 25, 35, 37, 66]. In this research direction, satellites es-
sentially become space-based routers with (wireless) “ports”
for access links and (optical) “ports” for forming ISLs.

As with terrestrial routers, a key engineering considera-
tion is the number of links a satellite can form with other
satellites, or the number of (non-access) ports. In particular,
each ISL requires a distinct laser or radio transceiver on both
connected satellites. Intuitively, adding more transceivers
on the one hand enables more sophisticated topologies
(e.g., with higher redundancy or more direct paths), but on
the other hand increases a satellite’s mass, cost, and com-
plexity (and hence the capital and operational expenditure of
the LSN). Accordingly, constellation design decisions should
exploit a tradeoff between adding more ISL transceivers per
satellite to increase connectivity potential while minimizing
the associated capital, operational, and environmental costs.

Given the inherent tradeoff in how many ISL-forming
“ports” each satellite is equipped with, a natural direction for
LSN research would be to first characterize this tradeoff, then
leverage it in the design of constellation geometry, topology,
and routing in order to meet specific networking objectives
(e.g., latency, throughput, path redundancy) with minimal
overheads.
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Unfortunately, the LSN research community has taken a
rather different direction, following breadcrumbs inferred
from limited and incomplete information about planned
and existing LSN deployments on an implicit search for the
“correct” number of ISLs per satellite. As shown in Table 1,
the community developed a rough consensus that four ISL
transceivers per satellite is an appropriate choice. Some pro-
posals assume more transceivers are available (up to 12 per
satellite [12]). Most significantly, this consensus lead to the
development of the +Grid [7] ISL topology which was then
assumed as a default for constellations like Starlink in sub-
sequent research. Proposals for going beyond +Grid also
typically assume four transceivers per satellite as a mini-
mum specification [7, 47].

Year ‘ Proposal ISLs / Sat. ‘ Breadcrumbs

1998 | Werner et al. [66]
2002 | MLSR [6]

2018 | Handley et al. [25]
2019 | Motif [7]

2020 | Hypatia [28]

Dai et al. [19]
2021 | Leyva et al. [35]
Chen et al. [13]
Chaudhry et al. [11]
Qi et al. [54]

2022 | SMTSN [17]
OWSN [12]

Gao et al. [23]
2023 | Liu et al. [43]
pLEO [56]
StarryNet [30]
xGrid [47]

2024 | SatGuard [36]
SpaceRTC [31]
MegaReduce [33]
MTDA [68]

2025 | SaTE [67]
TinyLEO [37]
Table 1: A sample of LSN publications showing how
many ISL transceivers were assumed to be realistic.

« SpaceX FCC
filing mentions 4
potential ISL
transceivers per
satellite [26].
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« Starlink progress
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mentions three ISL
transceivers per
satellite.
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Although supporting assumptions by referencing exist-
ing systems is generally a solid research practice, in this
case it has lead to a somewhat futile quest to figure out
existing deployments rather than investigating the network-
ing implications of the underlying tradeoff space. For ex-
ample, as pointed out by [26], the rough consensus hold-
ing until around 2025 was based on speculation around a
first-generation Starlink proposal that was never actually
deployed. Present-generation Starlink satellites (V2 Mini)
actually have three laser-based ISL transceivers [58, 59].
This implies that the vast body of LSN research assuming
+Grid or other 4-transceiver topologies atop the Starlink
constellation would actually require replacing all existing
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Starlink satellites. Moreover, Starlink did not actually start
launching satellites equipped with laser ISL tranceivers un-
til 2021 [27, 71] and it is unclear exactly how many ISLs
are launched and how they are currently being used.® Re-
cent research (e.g., TinyLEO [37]) appears to be “correcting”
this trend towards what Starlink has now published (3 per
satellite), but still misses the underlying design tradeoff.

Ultimately, the question of how many links should each
satellite be able to form requires interdisciplinary investiga-
tion of the tradeoff space induced by the choice of how many
ISL transceivers are deployed in which particular LSN orbits.
Just like how designers of terrestrial routers engineer prod-
ucts based on a combination of networking demands and
physical constraints, so to must designers of space-based sys-
tems engineer satellites based on a combination of network-
ing demands and physical constraints. Rather than limiting
ourselves to unreliable estimates of existing deployments,
the networking community should investigate the number
of ISLs each satellite forms as a critical tradeoff. For example,
we can adopt and refine an abstract cost model in collabora-
tion with space technology engineers and work to identify
potential “sweet spots” such that the number of ISLs is most
effective for satisfying networking objectives while minimiz-
ing constellation-wide costs.

2.2 Where and When Are Your Routers?

Beyond uncertainty about realistic capabilities of network-
ing satellites, the next most cited (and yet still poorly under-
stood) challenge in LSN research is the “extreme mobility” of
satellites compared to traditional networking infrastructure.
Understanding the extreme mobility is particularly critical
for recent efforts that go beyond the designs and ephemeris*
of real-world deployments (e.g., [32, 37, 50]). Unlike terres-
trial networks, where nodes are largely stationary and links
are relatively stable, satellites move at high velocities along
continuously changing orbital trajectories. As a result, net-
work topology evolves rapidly over time, leading to intermit-
tent connectivity, frequent handovers, and highly dynamic
routing conditions.

Developing a comprehensive intuition for satellite mobil-
ity is particularly challenging because it requires not only
understanding orbital dynamics, but also how the trajecto-
ries of satellites relate to the trajectories of points on the
(spinning) Earth surface. To illustrate this challenge, we con-
sider three different ways to visualize two orbits (a direct
orbit at moderate inclination of 55° and a retrograde orbit
at high inclination of 97.7°) over the course of one day. (For

3The most likely possibility is that ISLs in Starlink serve to enable an
“extended bent-pipe” configuration rather than as a global backbone net-
work [37, 41, 51].

4Ephemeris are publicly-available records of where the satellites in existing
deployed constellations are and their current trajectories.
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simplicity, we tune the altitude to the spin of the Earth such
that both orbits are repeat ground-track (RGT) [63].) First,
in Figure 1, we show the latitude and longitude trace on
the Earth surface of each orbit over time. Second, Figure 2
shows the “ground track” of the same orbits—i.e., the set of
points on the Earth surface, visualized geographically, that
the orbits pass above as time progresses. Finally, Figure 3
shows the positions traced by the same orbits in absolute
three-dimensional space around the Earth.
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& o & o
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180 36 91215182124 %% 3 6 9 1215182124
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(a) Inclination 55° (b) Inclination 97.7°

Figure 1: Example time series of satellite positions in
~550 km altitude RGT orbits.

(a) Inclination 55° (b) Inclination 97.7°

Figure 2: “All-times” visualization of the same trajecto-
ries shown in Figure 1 on a equirectangular projection.

(b) Inclination 97.7°

(a) Inclination 55°

Figure 3: “Fixed-globe” visualization of the same tra-
jectories shown in Figure 1 in 3-dimensional space.

Each visualization captures different intuitions about satel-
lite mobility, illustrating the challenges of “dreaming” accu-
rately about the positions of LSN infrastructure, and hence
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the ability of this infrastructure to meet Earth-based network-
ing demand. Figure 1 captures most of the relevant spatiotem-
poral dynamics, however, it is nearly impossible to connect
the satellite’s position to specific geographic concepts and
adding the trajectories of more than a single satellite quickly
yields an incomprehensible plot. Figure 2 explicitly connects
the satellite’s trajectory over time to particular geographies,
however, it is nearly impossible to reason about when the
satellite is over (and hence in-range) of these geographies
and again adding more than a single satellite quickly makes
the plot incomprehensible. Figure 3 is in many ways the
simplest representation (e.g., circular orbits appear more-or-
less as circles) and allows visualizing multiple independent
satellite orbits simultaneously (e.g., see Figure 11 in [28]),
however, it provides a false sense of connection to geography
because in reality the satellite is only at one point on its orbit
at a time and the Earth spins continuously underneath it.
Moreover, space-time relationships gradually change as the
Earth orbits the Sun making it challenging to reason about
the local time-of-day at the points the satellite passes over.

Ultimately, the challenge of extreme mobility requires LSN
researchers—and, critically, reviewers of LSN proposals—to
develop accurate mental models of orbital dynamics by care-
fully inspecting multiple forms of visualization (and possibly
animations and/or other interpretive tools). The form of men-
tal gymnastics required is similar to the classic computer
science exercise of thinking through all the possible interleav-
ings of parallel threads of execution. In particular, imagining
the trajectories of satellites in an LSN requires considering
the concurrent motions of the Earth around its axis, the satel-
lites around their orbits, the orbits themselves (as they are
dragged around by Earth’s oblateness among other pertur-
bations), and the motion of the whole system around the
Sun (which critically determines what time it is at points on
the Earth surface). The field of orbital dynamics has already
developed some relevant proofs and properties (e.g., repeat
ground-track orbits, Sun-synchronous orbits, etc.) that LSN
researchers can use to simplify this and some initial propos-
als foreshadow the potential of this direction [63].

2.3 When Your Routers Are in the Same
Place at the Same Time

To illustrate the extent of what can go wrong when LSN
proposals miss a constraint imposed by satellite’s extreme
mobility, we consider a constellation geometry proposed
by TinyLEO [37] that reduces the number of satellites re-
quired by leveraging tight matching of orbital parameters
with terrestrial networking demand. TinyLEQ’s constellation
geometry inherently departs from the common Walker-delta
model [64, 65] and hence cannot be evaluated in terms of
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well-known constellation constraints or existing real-world
ephemeris.

To demonstrate how TinyLEO actually violates basic phys-
ical constraints, we estimate the Euclidian distance (in three-
dimensional space) between all satellites every ~5 minutes
over the course of one day in the proposed constellation.
Figure 4 shows where two satellites pass within 10 km of
each other projected down onto latitude, longitude, time
coordinates. (Note that because of numeric error in orbit
propagation algorithms, 10 km is considered an informal
minimum safe distance between objects in space opera-
tions [15, 16, 39].) As shown by the darker-colored points,
close passes down to less than 1 km occur regularly over
the course of the day, especially at latitudes near the “top”
or turnaround point (many orbits in this constellation have
inclination between 50° and 60°).
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Figure 4: Location of instances where two satellites pass
within 10 km of each other over a 24-hour simulation
of a TinyLEO constellation.

Although LSN satellites may be small and each particu-
lar close encounter may represent a relatively low collision
probability, because uncontrolled close encounters are built
into TinyLEO’s geometry, the cumulative probability of colli-
sion over a full constellation deployment lifetime approaches
100%. Moreover, collision avoidance maneuvers would have
to be computed on-line and on an ad-hoc basis for each close
encounter, reducing the constellation’s ability to perform
avoidance maneuvers in the face of close encounters with
external objects. As such, the ability of TinyLEO to reduce
the number of satellites required compared to other Walker-
delta alternatives represents an illusory result that is not
feasibly attainable in practice.

3 Principles for LSN Research

In order to address the emergent set of research problems
(e.g., minimizing environmental and economic costs while
meeting networking requirements), future LSN research
must inevitably explore possibilities of new satellite constel-
lations that do not yet exist. As illustrated by the examples
above, doing so will require the community to build new
intuitions about how space-based infrastructure operates. As



HotNets "26, November 16-17, 2026, Salt Lake City, UT, USA

an initial step towards building the new intuitions—i.e., the
“knowledge hub”—we collect a set of organizing principles
that LSN researchers must be aware of as we go forward.
Though not all LSN research will require the same level of
engagement with each principle, we contend that for most
efforts, adherence to one or more of these principles will be
critical to ensure future research creativity does not fall into
physically-impossible regions of the design space. Ultimately,
we hope this approach will allow researchers to dream “cor-
rectly” so that research effort can eventually translate into
real-world impact.

3.1 Principle 1: Avoiding
Intra-Constellation Collisions

Definition. Because propagation of satellite positions are
approximate, avoiding collisions requires ensuring that the
approximate locations of any pair of satellites (in the con-
stellation) always exceeds a minimum “collision avoidance”
threshold (see § 2.3). Note that this is a design-time consid-
eration that is separate from the runtime consideration of
avoiding collisions with external objects (e.g., rocket debris,
satellites from other constellations, etc.). Constellation de-
signs that violate this principle will incur disproportionately
high runtime overheads to avoid internal collisions, as well
as the naturally occurring potential for external collisions.
Failure to keep collision rates below a certain threshold is
known to lead to catastrophic consequences that may limit
humanity’s future access to space [29].

Takeaways. LSN proposals must prove that their proposed
orbits do not collide with each other at any point in time.
Note that this principle has been automatically realized in
many prior efforts due to use of well-studied orbital geome-
tries like Walker-delta, but does not hold by default in recent
proposals that target novel networking-specific geometries.

3.2 Principle 2: Near-Earth Hazards

Definition. Near-Earth space is not completely empty, but
filled with several classes of charged particles that get
trapped by the Earth’s magnetic field [24]. These particles
form distinct fields in 3-dimensional space around the Earth
(ak.a. Van Allen radiation belts [45, 49]) that vary in location
and density over time as the Earth’s magnetic field interacts
with the Solar wind. When satellites pass through these fields
of charged particles, their payloads are exposed to ionizing
radiation that can cause temporary failure or permanent
damage to sensitive electronic components.

Takeaways. The key takeaway for LSN research is to ac-
knowledge that different orbits have different baseline cost
profiles. Orbits that encounter more radiation over their life-
times require more expensive satellite payloads with extra
shielding (e.g., carbon fiber, aluminum [34, 46]). Orbits that
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encounter less radiation can get by with cheaper payloads
with less shielding.

3.3 Principle 3: Satellite Power Dynamics

Definition. Satellites are typically equipped with solar pan-
els to power their on-board electronic components (e.g., radio
transceivers, network processors, etc.) as well as batteries to
smooth over interruptions in solar power supply. Batteries
on LEO satellites may be exposed to extremely challenging
power dynamics over the course of their lifetimes, charging
for ~45 minutes when the satellites is in Sun light and dis-
charging for ~45 minutes when the satellite is behind the
Earth (e.g., consider that Li-ion batteries typically used in
satellites only last O(1k) charge cycles [62]).

Takeaways. LSNs should be careful about the power de-
mands of proposed networking processing and other com-
putational functions. Importantly, proposals seeking to of-
fload significant computation to satellite payloads (e.g., CDN
and/or Al workloads) must carefully consider the spatiotem-
poral dynamics of their power requirements.

3.4 Principle 4: ISL Constraints

Definition. A significant theme in LSN research has been
how to leverage the potential of inter-satellite links (ISLs) as
an alternative to terrestrial wide-area network infrastructure.
ISLs escape common vulnerabilities of terrestrial fiber-optic
infrastructure (e.g., fiber cuts, Earthquakes) and, in the case
of free-space optic ISLs, potentially enable faster-than-fiber
connectivity over long-distance links. However, effectively
leveraging ISLs requires careful consideration of per-satellite
cost tradeoffs (as discussed in § 2.1), link feasibility (based
on line-of-sight between satellites), and link setup latency
(potentially up to 30 seconds [9]).

Takeaways. The safest approach is to assume each satellite
can only form a small number of links (e.g., three links) and
to assume that ISLs are static and do not change as satellites
proceed through their orbits. Any proposal that seeks to
leverage complex topologies with larger numbers of links
per satellite or dynamic ISLs to take advantage of changes in
relative position between satellites (e.g., at different latitudes)
must carefully account for ISL cost tradeofts, visibility, and
setup time latency constraints.

3.5 Principle 5: Incremental Deployment

Definition. Unlike terrestrial network infrastructure, the de-
ployment stage of LSNs faces complex costs and constraints.
In particular, satellites must be be launched atop booster
vehicles and maneuvered into the desired orbital trajectories.
This implies LSN operators must carefully decide when and
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from where to schedule launches and how to maneuver satel-
lites from the initial launch orbit into their specified orbits
in the constellation geometry.

Takeaways. Deployment overheads should be included
in consideration of aggregate LSN costs. For example, cer-
tain constellations may be less expensive to deploy while
achieving slightly lower networking performance and hence
achieve a better overall cost-benefit tradeoff compared to con-
stellations that are more expensive to deploy while achieving
better networking performance.

3.6 Principle 6: Orbital Dynamics

Definition. In this context, orbital dynamics refers to the
systems of equations that determine where particular or-
bital bodies, in particular satellites, will be at all times. As
discussed in § 2.2, reasoning about how orbital dynamics im-
pact satellite mobility from the perspective of distinct points
on the Earth surface requires understanding complex multi-
body dynamics in three-dimensional space. When an LSN
proposal fails to correctly account for orbital dynamics, any
assumptions made about where satellites will be at particular
points in time may be invalid.

Takeaways. LSN researchers must develop a basic under-
standing of common orbital dynamic concepts including the
intimate relationship between space and time and specific
forces that impact both short and long term evolution of
orbital parameters (e.g., nodal regression).

4 Discussion

This paper represents an initial step toward a broader reori-
entation of LSN research. In particular, it places networking
innovations in the context of the physical and operational
constraints of space-based infrastructure. The principles pre-
sented in § 3 reflect our current understanding and expe-
rience, but they are neither exhaustive nor intended to be
definitive. As satellite technologies evolve and new applica-
tions emerge, three aspects need to be evolved: (1) additional
constraints will become relevant, (2) existing assumptions
will need to be revisited, and (3) some of the principles pro-
posed here may require refinement.

To support this continuing effort, we have established
SpaceNet Hub (https://spacenet-hub.github.io/). Our vision is
to bootstrap an open-source set of resources and community-
of-practice for space networking research. Our hope is that
the website serves as a living knowledge hub that organizes
the principles introduced in this paper (and additional prin-
ciples that we may not be aware of yet), provides supporting
references and resources, and invites contributions from re-
searchers across networking, aerospace engineering, and
related disciplines. Community members can propose new
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principles, challenge or refine existing ones, contribute rele-
vant literature, and discuss how space-specific constraints
should inform networking research. By maintaining these
resources openly, we aim to make knowledge from outside
the networking community more accessible and encourage
researchers to critically examine the assumptions underlying
their system designs.

We envision SpaceNet Hub as a resource that grows along-
side the field, rather than a fixed collection of design rules.
For example, growing interest in deploying CDNs and data
centers in space raises questions about how orbital altitude,
satellite power dynamics (Principle 3), communication la-
tency, and network connectivity jointly constrain infrastruc-
ture placement and operation. Addressing such questions re-
quires more than optimizing individual networking metrics;
it requires understanding how networking decisions inter-
act with spacecraft design, mission feasibility, and business
objectives. We hope the principles developed here, together
with their continued refinement through SpaceNet Hub, will
help researchers formulate more realistic problems, evaluate
proposed solutions against near-Earth space constraints, and
identify new opportunities at the intersection of networking
and space systems.
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