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ABSTRACT
Low Earth Orbit (LEO) satellite networks are emerging as
the next-generation communication and compute infrastruc-
ture. Despite their wide utility, they are fragile. The July 2025
Starlink outage exposed that a single failure on its centralized
control plane has a constellation-wide blast radius and long
recovery times. Resilient designs for terrestrial control planes
are not suitable for LEO networks due to fundamental dif-
ferences in the infrastructure. In LEO network infrastructure,
control ground station (GS) are geodistributed and satellites
are constantly moving, requiring them to change their config-
uration every few minutes. If not done correctly, it leads to
loss of connectivity and can take down the entire cluster.

To address this, we present StarLoom, a resilient control
plane design for LEO networks that minimizes the blast radius
of control plane failures by leveraging the principle of disag-
gregated federation – a new principle we formulate based on
observed properties of the state manipulated in the LEO con-
trol plane operations. StarLoom realizes the principle through
a disaggregated coordination service that separates global
liveness tracking from local configuration management, mak-
ing it feasible to ensure resilience (consistency in the con-
trol plane) while avoiding the need for untenable consensus
across all GSs. In addition, StarLoom introduces a configu-
ration management layer spanning both GSs and satellites,
which enables seamless configuration changes such as updat-
ing satellite-GS mappings as satellites move. Together, these
mechanisms reduce the blast radius from the entire constella-
tion with 1 failure to less than one-third with 10 concurrent
failures while ensuring recovery can happen up to 300× faster
than the current centralized baseline.

1 INTRODUCTION
In July 2025, Starlink suffered a global multi-hour outage that
disrupted broadband and cellular backhaul services world-
wide. Users experienced packet loss, high latency, and ses-
sion resets across regions, effectively rendering the system
unreachable [40, 70]. The severity of this incident is ampli-
fied by the fact that Low Earth Orbit (LEO) satellite mega-
constellations [7–10, 13] are no longer just communication
infrastructures, but are rapidly evolving into a LEO Compute
Cloud. These constellations now support not only broadband
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Figure 1: Map of North Dakota with the three Starlink ground
stations. The ground stations and satellites are color coded to
depict the ground stations managing the satellites.

Internet and cellular connectivity [33, 42, 49, 52, 54, 73, 74],
but also IoT services [5], machine learning inference [26, 27],
with the goal of eventual space datacenters [6, 21, 56].

Despite its wide utility, the infrastructure remains fragile.
The attribution of the July 2025 outage to a faulty update to
the centralized control plane by both Starlink [50] and an inde-
pendent third-party analysis [70] exposes the lack of resilient
control plane systems that underpin this new generation of
LEO infrastructure, a problem that has been explored across
multiple contexts in terrestrial systems.

The currently employed centralized control plane has its
roots in the legacy mode of mission-specific, a priori estab-
lished control plane [34, 63] in traditional satellite systems.
They were designed for scheduling satellite-ground station
(GS) contacts (time windows when a satellite can commu-
nicate with a GS) with a handful of satellites and GSs in
specific geographical regions. The same approach is now be-
ing retrofitted to handle thousands of satellites, hundreds of
GSs and millions of user terminals (UTs), worldwide. Current
LEO networks rely on automation while keeping the same
centralized control plane. A concrete example is Starlink
employing centralized coordination to manage satellite-GS
contacts across the constellation [37, 53, 67]. Prior work on
scheduling applications [19] and their state [60] also assume
a centralized control plane. While such a design has worked
so far, a single failure in the centralized control plane leads to
a global outage like what we observed in the 2025 outage.

Terrestrial systems have explored multiple approaches to
mitigate the shortcomings of centralized control planes at
scales that are multiple orders of magnitude larger than LEO
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networks. Resilience in terrestrial control planes is achieved
by dividing the cluster management functionality among mul-
tiple control nodes. For instance, systems such as Twine [66]
and Kubernetes federation [28] operate statically-defined dis-
jointed, federated clusters and thus limit the blast radius of
failures. This assumption fails for LEO networks where satel-
lites change their control GS every few minutes/seconds. Cur-
rent systems would treat each such change as a join/leave
event resulting in multiple seconds of downtime for every
satellite. While prior work [18, 19] has looked at addressing
this downtime for applications in LEO network nodes using
handovers, satellite configuration changes such as changing
the control GS for a satellite are much different. Unlike ap-
plication handovers that rely on a stable underlying network
topology and control plane, configuration update of a satel-
lite’s control node requires physically changing the control
node that results in an updated topology and rearchitected
control plane. These changes make the approaches taken to
hide application unavailability such as provisioning a new ap-
plication instance infeasible. Further, the availability impact
in the application scenario is restricted to just that particular
application. Changing the control node of a satellite affects
all the network functions running on the satellite. This makes
existing solutions unsuitable for LEO networks.

The lack of a suitable approach is due to the drastically dif-
ferent infrastructure of a LEO network. Unlike terrestrial
cloud systems, LEO satellites are moving at speeds over
27,000 km/h with their control nodes (GSs) geodistributed
across the Earth, i.e., not collocated with satellite – a key
design assumption in terrestrial systems. Consider the exam-
ple illustrated in Figure 1 with three Starlink GSs in North
Dakota. As the satellite moves over the state, it is managed
by different GSs starting with the Slope Country GS, then
the Rollette GS and finally the Cass County GS. However,
in the intermediate cases, the satellite can very well be man-
aged by either of the two nearby GSs, requiring coordination
between them to avoid any conflicting decisions. Consensus
protocols such as Raft, Paxos, or even optimized approaches
like TAPIR [76] or EPaxos [55] incur significant coordina-
tion delays making them unsuitable for LEO networks where
these configurations change in minutes (or even seconds).

Addressing this requires a new control plane design used
to manage a LEO network that allows seamless configuration
updates enabling the satellite compute nodes to dynamically
change their control GS nodes. A key insight is to align con-
trol plane configuration updates with application and state
handovers. Starlink, for example, reevaluates scheduling deci-
sions for applications (and their state) approximately every 15
seconds [37, 67]. Synchronizing configuration updates to this
boundary avoids replication of the dynamic application and
satellite control state, since it gets flushed and rebuilt at this
interval, thus providing a natural checkpoint for deterministic

reconfiguration. However, this necessitates the existence of
uniform configuration management so that the configuration
across all the GSs is consistent to avoid any conflicting con-
trol decisions being sent to the satellites. We observe that the
frequently changing satellite-GS mapping can be computed
locally and deterministically leveraging the predictable or-
bital motion and thus avoiding replication. On the other hand,
the less frequently changing state such as GS liveness can
be centrally replicated, using a ZooKeeper [35] like service.
Further, even if this uniform configuration is achieved, such a
control plane requires mechanisms that enables satellites to
physically update their control nodes without any downtime
for the network functions running on the satellite.

In response, we present StarLoom, a resilient control plane
system specifically designed for the LEO network infrastruc-
ture. StarLoom introduces a novel disaggregated federation
principle and a new LEO control plane architecture that re-
duces the blast radius of control plane failures by dynamically
distributing the satellite nodes among all the GSs and dynami-
cally changing their affinity to GSs along with satellite motion.
StarLoom uses a disaggregated configuration service made
up of a globally replicated GS liveness service tracking (and
sharing) GS availability and a local deterministic configura-
tion mapper computing the same satellite-GS mapping every-
where without any coordination. Finally, StarLoom incorpo-
rates a configuration management layer that enables satellites
to seamlessly switch their control node without any downtime
to the satellite or the onboard network functions. StarLoom
achieves this using a lightweight configuration manager that
runs on every satellite that preloads the necessary identities
and credentials that enable the satellite’s node agent (such
as kubelet) to switch to the new GS without affecting the
existing network functions.

The outcome is a control plane for LEO networks that
limits the blast radius due to any control plane failures to
only the satellites managed by the failing control nodes. In
summary, this paper makes the following contributions:
∙ Introduces the principle of disaggregated federation to

provide resiliency to LEO networks control plane systems
(§3) and introduces a new LEO control plane architecture
manifesting that principle.
∙ Presents the design for a new control plane system enabling

the new architecture using a disaggregated coordination
service and a lightweight configuration management layer
on both the satellites and the GSs (§4).
∙ Experimental evaluation shows the resiliency of StarLoom

in reducing the blast radius to less than a third of the con-
stellation even with 10 concurrent failures, compared to the
entire constellation affected with centralized designs, while
mitigating any such failures in under 25 seconds (§6).
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2 BACKGROUND AND MOTIVATION
LEO Networks Primer. LEO satellites orbit around the Earth
at altitudes in the range 200-1600 km [25]. To maintain this
lower orbit, these satellites travel at high speeds over 27,000
km/hr and hence are only accessible for 3-4 minutes from any
point on Earth [20]. Recent advancements in manufacturing
and launching of satellites [2, 16, 31] have led to a meteoric
rise in the number of LEO satellites planned and deployed.
Today, there are multiple LEO networks ranging from a few
hundred to tens of thousands of satellites by different commer-
cial players such as Starlink [10], Planet Labs [8], Kuiper [9],
etc. These satellites are used for broadband internet, serving
disaster affected areas, maritime and in-flight internet, cel-
lular connectivity, IoT connectivity, disaster monitoring, etc.
For most of our discussions in this paper, we use the Starlink
constellation operating over 6700 satellites [11] along with
more than 170 ground stations [3, 41].
Operating Model. The LEO networks consist of the satellites,
ground stations (GS), and user terminals (UT). The satellites
communicate with the GSs using Ka-band and with the UTs
using the Ku-band wireless radio links, also called as Ground
Satellite Links (GSLs) with 18-23 Gbps capacity per satel-
lite [65]. Satellites also have inter-satellite links (ISLs) with
100-200 Gbps capacity [12]. A satellite is always connected
to some GS (s) to provide connectivity as per the bent-pipe
model [47] either directly using the GSLs or via the ISL hops.
For instance, Starlink users in central/south Africa connect to
GSs in Europe [39, 53]. Starlink divides its coverage region
into hexagons of size 20 km, similar to Uber’s H3 cells and
makes orchestration decisions for a cell as a whole. Recent
Starlnk patent approval [38] indicates the use of a global
scheduling system which reevaluates connectivity decisions
every 15 seconds, which has also been confirmed by network
measurements [36, 39, 53, 67]. This is in contrast to the ini-
tial days of Starlink where GSLs were active as long as the
satellite was within the elevation angle constraints [43].
July 2025 Outage. Starlink experienced a global 2.5-hour
outage that left its services entirely inaccessible [40, 70].
Users worldwide reported severe packet loss, elevated end-
to-end latency, and frequent session resets across both broad-
band and cellular backhaul links. These symptoms revealed
that the disruption was not confined to particular regions or
links but stemmed from a systemic failure affecting the en-
tire constellation. The fact that the outage lasted longer than
a satellite’s orbital period strongly suggests a control plane
failure, as the network was unable to direct or route traffic
effectively. The recovery phase further reinforced this view,
with user terminals reconnecting gradually in a staggered,
region-independent manner [70].

Starlink later attributed the incident to a faulty software
update in its centralized control plane [62], which manages

real-time orchestration of handoffs and connections among
UTs, satellites, and GSs, as well as overall traffic engineering
and load balancing [37, 67]. While this architecture enables
dynamic routing and seamless mobility, it also creates a sin-
gle point of failure: a software bug or misconfiguration in
the control plane can cascade rapidly across the entire sys-
tem, producing the widespread packet loss and session churn
observed during the outage.

3 DISAGGREGATED FEDERATION
Need for Disaggregated Federation. Centralized control
planes, while effective in early LEO deployments, funda-
mentally introduce a single point of failure as seen in the
July 2025 Starlink outage. Terrestrially, resiliency is achieved
using federated (or decentralized) control planes, where clus-
ters operate semi-independently and periodically reconcile
global state. However, this approach is unsuitable for LEO
networks where satellites continuously move and therefore
change their control GS frequently. Even systems such as
Twine [66] which support dynamic reconfigurations rely on
manual triggers and thus do not scale for LEO networks’
dynamism. Moreover, control plane configuration updates dif-
fer fundamentally from connection or application handovers
studied in cellular [14, 69] or LEO cloud systems [18, 19].
Applications can mask downtime by spinning up new repli-
cas, but a control plane update cannot tolerate ambiguity:
each satellite must always be managed by exactly one GS.
Therefore, prior work on hiding application unavailability
isn’t applicable for satellite configuration updates.

This design space reveals a fundamental tradeoff. While
federation reduces the blast radius of failures, it imposes
heavy coordination overhead. To keep a consistent view of
satellite-GS assignments across nearly 200 geodistributed
GSs, naive federation requires frequent coordination due to
the rapidly changing configurations. Without the coordination,
multiple GSs could attempt to manage the same satellite, issu-
ing conflicting commands. These coordination requirements
make existing designs infeasible for LEO networks.
Key Insight. We observe that the control state can be dis-
aggregated into two components – the liveness state of the
GSs which changes less frequently and the much more dy-
namic satellite-GS mappings. The satellite-GS mappings can
in fact be deterministically computed based on the satellite
position and the state of the available GSs. Therefore, instead
of globally coordinating the consistent propagation of the
updates, which becomes infeasible at scale, resiliency can
be achieved by exploiting the determinism in this frequently
changing state that allows each participating node to locally
recompute its correct values. At the same time, state such as
GS liveness is relative stable and can be replicated centrally
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using a service similar to ZooKeeper [35]. These insights lead
to the following principle:

Disaggregated Federation Principle: When frequently
changing state can be deterministically computed using
a shared source of truth, consistency can be preserved
while requiring global coordination only for the (less
frequently changing) shared source of truth.

Conditions for DFP Applicability. The disaggregated feder-
ation principle applies under the following conditions:
∙ The frequently changing state can be rebuilt deterministi-

cally at each node using a shared source of truth.
∙ The shared source of truth can be efficiently coordinated.

Application of DFP to LEO Networks. Building on disag-
gregated federation, the LEO control plane provides resiliency
from control plane failures in LEO networks. It does so by
splitting the control state into two components: the less fre-
quently changing state i.e., GS liveness is non-deterministic,
but it updates slowly, hence it can be replicated centrally with
low overhead while the frequently changing satellite-GS map-
pings state can be locally computed deterministically as it
changes every few minutes/seconds. Ensuring that the compu-
tations are deterministic requires a consistent view of the GS
liveness state, as well as the current position of the satellites.
The satellite orbital parameters, which only update roughly
once per day, allow nodes to predict satellite positions pre-
cisely at any instant and together with the centrally replicated
GS liveness information, each GS can independently and de-
terministically compute consistent satellite-GS assignments.
We present a deterministic algorithm for computing these
satellite-GS assignments in Algorithm 1 using the set of live
GSs and the satellite orbital parameters. This avoids global
consensus on the frequently changing state, while ensuring
correctness on all state.

Simply precomputing all possible mappings a priori is not
feasible, as this requires an accurate and consistent view of
the live GSs. Furthermore, with hundreds of GSs, the permuta-
tions of potential failures grow exponentially and distributing
precomputed schedules slows down recovery after an outage.

In the context of LEO networks, this principle is quite
powerful. By separating the less frequently changing state
(e.g., GS liveness) from the one changing frequently (e.g.,
satellite-GS mappings) and treating each appropriately, the
LEO control plane can maintain global consistency without
relying on global consensus.

4 STARLOOM DESIGN
StarLoom is a LEO control plane system designed on the
principle of disaggregated federation to minimize the blast
radius of control plane failures in LEO networks. Instead
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Figure 2: StarLoom Design.

of concentrating control in a single logical entity, StarLoom
federates it across GSs while ensuring consistency in control
operations using a lightweight global service (§4.1) and de-
terministic local decisions (Algorithm 1). It is designed to
be integrated in existing LEO Network orchestration systems
such as Kubernetes1, allowing it to leverage the broad ecosys-
tem of systems innovations from the Kubernetes community
such as orchestration, scheduling, and workload management,
while extending these mechanisms to support control plane
systems for LEO networks.

Figure 2 illustrates the overall system design and its in-
teraction with existing orchestration layers. At a high level,
StarLoom consists of two components. (i) A new Decen-
tralized Configuration Service that tracks and updates the
satellite-GS mapping. It uses a Loom agent to centrally repli-
cate the GS liveness using a ZooKeeper-like service, and
a local deterministic mapper that uses the GS liveness to
generate the satellite-GS mapping. (ii) A new configuration
management layer enables satellites to frequently switch GSs
in a seamless manner. Together, these components confine the
impact of failures to the affected GSs rather than the entire
constellation.

A central challenge in this design lies in the management of
both satellite configuration and network function control state.
Whenever a satellite changes its GS, the associated control
state for onboard network functions (e.g., routing, schedul-
ing) must also migrate to the new GS. However, doing so
without affecting the network function availability requires
coordination between the two GSs to ensure a seamless tran-
sition. Because different satellites from one GS may switch to
multiple neighboring GSs simultaneously, these dependencies
quickly cascade, necessitating every GS to share its control
state with all its neighbors, and them, in turn, with all their
neighbors. In practice, this would require global replication

1To the best of our knowledge, StarLink uses a custom orchestrator loosely
based on Kubernetes [1] / Borg [72] to operate its control plane.
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across hundreds of GSs with strong consistency, which is
infeasible with the dynamic LEO networks.

To overcome this, StarLoom aligns configuration updates
with the frequency of current state handovers used in practice.
One such concrete data point is Starlink’s remapping of satel-
lites to new cells every 15 seconds. This has been empirically
confirmed by multiple measurement studies [36, 39, 53, 67].
Aligning control plane updates with this interval ensures that
the satellite’s and its onboard network functions’ control state
does not need to be replicated at all. It is rebuilt determinis-
tically at the next configuration update as part of the exist-
ing scheduling cycle. It’s important to note here that while
StarLoom performs the configuration updates every 15 sec-
onds, it can be configured to be used with other update inter-
vals as long as the configuration updates align with network
function state updates.

StarLoom operates under a network model where satellites
are reachable from GSs via a combination of GSLs and ISLs.
If a satellite is within the line-of-sight of a GS, communication
occurs directly over the GSL. For satellites not directly visi-
ble, connectivity is relayed through ISLs across neighboring
satellites. In normal operation, only the GS currently assigned
to manage a satellite communicates with it directly. However,
in the event of a GS failure, the satellite remains accessible
through an alternate GS (i.e., a DCS replica) via ISLs, ensur-
ing continued reachability despite localized control failures.
Further, StarLoom assumes that all the GSs and satellites syn-
chronize their clocks using a time synchronization protocol
like NTP [51]. Time synchronization is especially important
here since the path models to predict a satellite’s position re-
quire time as an input. While NTP protocol also experiences
drift in the order of 100 ms, StarLoom operates at granularity
of seconds, so this drift has minimal impact on its operation.

StarLoom is designed based on DFP, which ensures that
only infrequently changing global state (such as GS liveness)
is replicated. Frequently changing configuration state is ei-
ther rebuilt or deterministically computed locally, thereby
remaining consistent at each GS. By decoupling infrequent
from frequent state, StarLoom avoids costly global coordina-
tion, stays within the sub-15s budget, while providing robust,
failure-resilient operation. This is achieved through its two
key components, described next.

4.1 Disaggregated Configuration Service
StarLoom introduces a Disaggregated Configuration Service
(DCS) for resilient LEO control plane. At a high level, DCS
maintains a consistent view of ground station availability
and performs satellite-GS mapping locally. This prevents
conflicting assignments, enables effective federation, and thus
improves resiliency during failures.

A configuration update involves GSs recomputing which
satellites they should manage. A common approach is for
each GS to assign itself to the satellites that it can see. How-
ever, this leads to a lot of satellites that are not directly visible
to a GS, but still need to be managed using ISLs, not having a
control node. Alternately, GSs can claim responsibility to the
k nearest satellites balancing the load. Both these approaches
often result in conflicting mappings and hence require con-
sensus mechanisms to resolve them. More importantly, this
consensus step is one of the many steps that need to be fin-
ished within 15 seconds for all the sat-GS decisions to align
configuration updates with network function state updates.

Traditional replication-based coordination protocols, such
as Raft [58] and Paxos [46], ensure strong consistency but
incur high latency when every configuration update must pass
through a quorum. Even optimizations like Autobahn [32],
TAPIR [76, 77], or EPaxos [55] still require coordination on
overlapping or frequent updates, making them unable to meet
the sub-15 second deadlines of LEO networks with hundreds
of GSs. The large number of GS participants further amplifies
these costs, as quorum sizes grow and coordination overhead
scales poorly in such highly dynamic settings.

StarLoom instead introduces a disaggregated Zookeeper
-like service. The key insight is that not all state changes in the
LEO control plane are equally dynamic. Some state changes
occur relatively infrequently (e.g., global GS liveness) and
can be replicated centrally using existing mechanisms such as
using a ZooKeeper service, while other state (e.g., satellite-GS
configuration updates) needs to be updated every few seconds.
Requiring consensus on these fast-changing updates would
be prohibitively expensive. Therefore, StarLoom leverages
deterministic orbital motion to compute mappings locally and
consistently at every GS without coordination. Separating the
global liveness state from the local mapping logic reduces the
total latency in propagating updates. Maintaining consistent
view of the GS liveness to all GSs, ensures mapping logic is
executed deterministically everywhere. Mapping decisions
are made locally, so failures in the liveness service affect only
availability information and not every reassignment. This
limits the blast radius in case of failures by enabling quicker
detection and remedial actions, that can be synced with next
update cycle in the worst case. Further, even in case of the
failure of the liveness service, the blast radius is limited to
concurrent GS failures rather than the entire constellation.

This design yields a centralized coordinated state while
disaggregating decisions. Unlike centralized coordination
systems such as ZooKeeper [35], which store all the state cen-
trally, this approach avoids placing expensive coordination
on the critical path. By centralizing only the less frequently
changing GS availability while letting the mapper compute
deterministic local decisions, the hybrid structure retains con-
sistency without consensus on the critical path.

5



XXXX, ,

Vaibhav Bhosale, Ada Gavrilovska, Ketan Bhardwaj
Georgia Institute of Technology

Under submission at ACM Eurosys 2026 – Do not distribute

GS 
Heartbeats

GS 
Heartbeats

GS 
Heartbeats

GS 
Heartbeats

GS 
Heartbeats

Configuration
Updates

Liveness
Replication

Share Updated 
Live Set 

55 0 5 10 1551

Configuration
Updates

Share Updated 
Live Set 

Timeout Detection

Figure 3: Illustrating the timeline of events happening driven by
the GS liveness service.

GS Liveness Service. The liveness service is responsible
for maintaining a globally consistent view of which GSs are
alive. This service replicates its state globally, i.e., the state is
geodistributed to ensure independent failure modes for all the
replicas. This is similar to ZooKeeper’s role in providing a
reliable membership service, however, this is strictly limited
to GS liveness.

As mentioned earlier, StarLoom performs the configuration
updates in a 15 second cycle to align it with Starlink’s network
function state updates. Therefore, the rest of the values in this
section are based on this 15 second interval and may need
to be adjusted if the update interval changes. Each GS sends
periodic heartbeats every five seconds to the nearest replica
of the GS liveness service. These heartbeats are aggregated
locally by the replica with failure detected when a GS misses
two consecutive heartbeats. We illustrate the sequence of the
events in Figure 3. GSs sends updates at times 1, 6, 11, and so
on while the configuration updates are at times 15, 30, and so
on. The liveness service replica waits for one second before
timing out on the heartbeats. Further, in every 15-second
cycle, the liveness service initiates replication with its other
replicas at the five second mark and further shares the updated
live GS set to all the GSs and satellites at the ten second mark.
This ensures that there is sufficient time to perform the global
replication of the liveness state and to share this updated state
to all the GSs and satellites.

All the heartbeat messages as well as the messages shar-
ing the liveness state are epoch’d based on current time. The
liveness service responds to the heartbeat messages with ac-
knowledgements to let the GSs and satellites know its liveness
status. Further, it also has a retry mechanism if the liveness
update messages to any GS or satellite are lost to ensure reli-
able delivery of these messages. Note that the messages used
for both replication and sharing of liveness state are usually
very small since only the delta is shared.

Since control plane failures are inherently rare, only failure
detection state (and subsequent recovery) is replicated with
all other GSs assumed to be alive. This ensures that updates
to the GS liveness state are infrequent, ensuring enough time
for sharing the updated state with the GSs and the satellites
as well as computation of the sat-GS mapping.

Algorithm 1 StarLoom deterministic algorithm for comput-
ing the Satellite-to-GS mapping ensuring that no GS has more
than an upper threshold 𝑇𝑚𝑎𝑥 or fewer than a lower threshold
𝑇𝑚𝑖𝑛 satellites, while prioritizing nearby GSs.

Require: 𝐺𝑆_𝑎𝑙𝑖𝑣𝑒, 𝑆, TLEs for 𝑆, thresholds
𝑇_𝑚𝑖𝑛, 𝑇_𝑚𝑎𝑥

Ensure: Mapping 𝑀 : 𝑆 → 𝐺𝑆
1: Compute distance(𝑠, 𝑔) for all 𝑠 ∈ 𝑆, 𝑔 ∈ 𝐺𝑆_𝑎𝑙𝑖𝑣𝑒
2: for each satellite 𝑠 do
3: 𝑔_1← argmin _𝑔 distance(𝑠, 𝑔)
4: 𝑀 [𝑠]← 𝑔_1
5: end for
6: Initialize load counters for all 𝑔
7: Identify overloaded and underloaded GS sets
8: Compute total deficit 𝐷 =

∑︀
𝑔 max(0, load[𝑔]−𝑇𝑚𝑎𝑥)+∑︀

𝑔 max(0, 𝑇𝑚𝑖𝑛 − load[𝑔])
9: for each overloaded 𝑔 do

10: for each excess satellite 𝑠 of 𝑔 do
11: Build candidate set 𝐶 from backup list with load<

𝑇𝑚𝑎𝑥

12: Prioritize underloaded GSs, else choose nearest
13: for each 𝑔′ in 𝐶 do
14: If moving 𝑠 to 𝑔′ reduces 𝐷: reassign and update

loads
15: end for
16: end for
17: end for
18: return 𝑀

Local Deterministic Mapping. Once the GSs and satellites
receive the updated set of live GSs, they independently com-
pute the correct satellite-GS mapping. The inputs are the
current time, alive GS set, and satellite configurations for pre-
dicting their positions, all of which are globally known to all
the satellites and GSs. Because the algorithm is deterministic,
all participants converge to the same assignment without any
need for explicit coordination. It is important to note that
while the algorithm is deterministic, it still depends on the GS
liveness set which is fetched from the centralized GS liveness
service. And since the mapping runs locally, it operates at
sub-second timescales.

Algorithm 1 shows the mapping algorithm used by StarLoom
to assign satellites to GSs. The mapper enforces both an upper
bound 𝑇𝑚𝑎𝑥 and a lower bound 𝑇𝑚𝑖𝑛 on the number of satel-
lites per GS. The upper bound prevents overload on any single
GS, while the lower bound ensures that each GS has at least
some satellites assigned, avoiding cases where some GSs are
left idle. This minimum threshold is critical for maintaining
balanced utilization and ensuring that GS infrastructure is not
stranded without traffic. It also provides a useful knob when
deciding where to deploy new GSs. To maintain determinism
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Figure 4: At every 15-second cycle, there are nearly 700 satellites
that change their control node.

and fast convergence, the algorithm performs only a single
cleanup pass. Mapping updates are accepted only if they
strictly reduce a global deficit metric, and each satellite can
be moved at most once per epoch. These constraints eliminate
oscillations where mappings might otherwise bounce back
and forth. Importantly, computing the nearest GS is not based
on Euclidean distance but on actual routing paths through
GSLs and ISLs [20, 44]. The framework can also incorporate
additional policy constraints such as data sovereignty.

In summary, employing DCS reduces the burden of satel-
lite reassignment by limiting global coordination and using
satellite prediction to compute consistent, deterministic map-
pings. Next, we look at the system level mechanisms required
to support these updates on both the satellite (compute node)
and GSs (control nodes).

4.2 Configuration Management Layer
StarLoom introduces a configuration management layer atop
DCS to enable satellites to switch their controlling GS ev-
ery fifteen seconds as per LEO control plane design without
incurring any satellite or application downtime. This layer
provides the missing systems mechanisms necessary for con-
tinuous, dynamic reconfiguration. This is a sharp departure
from state of the art terrestrial control plane systems where
such configuration updates are rare and disruptive.

Terrestrial systems such as Kubernetes federation and Twine
operate statically-defined disjointed, federated clusters that
help limit the blast radius. While Twine in principle supports
the idea of moving logical resources such as CPU/memory,
it is a simple metadata change rather than the physical con-
trol node change required by LEO networks. In contrast, the
LEO control plane demands configuration updates every 15
seconds, with nearly 700 satellites simultaneously switching
their GSs (fig:mappingUpdates). Therefore, this necessitates
that these configuration updates incur minimal overhead on
the satellite as well as its onboarded network functions.

The limitations of existing mechanisms stem from assump-
tions in terrestrial systems. Node agents such as kubelet are

Terminate
Control Sessions

Stop heartbeats/watches

Wipe local
orchestration state

delete workloads

Delete local
credentials, configs

(a) Steps for leaving a cluster.

Retrieve New Root
CA/Config

Obtain
Credentials

Establish Control
Sessions

start watches/heartbeats

Initialize local
data plane

(b) Steps for joining a new cluster.

Figure 5: Showing the steps required for a node to leave an
existing cluster and then join a new one. The highlighted steps
are the only ones that StarLoom needs to perform since the
credentials are locally available.

bound to a single, immutable control node at join time. Up-
dating this control node association requires the node to first
leave its current cluster, since it can only connect to one con-
trol node at a time. Leaving the cluster entails several steps
– terminating control plane sessions (watches, heartbeats),
wiping local workloads and orchestration state, and deleting
credentials and configs with the control node. Joining a new
cluster is equally expensive. The node agent first retrieves the
new cluster’s root CA and configs, provision node credentials
with the new root CA, starts control-plane sessions (watches/-
heartbeats), obtains a Node Lease and creates a Node object
(CSR submit/approve if required), and initializes CNI/kube-
proxy state for the new cluster. In Kubernetes, node identity
is tied to certificates that typically remain valid for up to a
year [45], reinforcing the assumption of infrequent change.
This combination of leave and join operations makes existing
mechanisms infeasible for the rapid configuration updates
demanded by the LEO control plane.

To address this, StarLoom runs a configuration manager on
each satellite. The configuration manager is responsible for
preloading and managing credentials as well as dynamically
swapping them on the critical path of GS changes. Rather than
regenerating identities at every reconfiguration, the satellite
reuses prevalidated certificates and simply redirects its node
agent (kubelet) to the new GS. The mapping algorithm from
DCS helps compute the next GS deterministically and the
configuration manager updates the identity of the control node
at the node agent.

An important implication of this approach is its effect on
the security perimeter. Because credentials are pre-generated
for all satellite-GS pairs and stored onboard all satellites, the
system shifts from per-update trust establishment to a model
of pre-distributed trust. This reduces the overhead of certifi-
cate issuance on the critical path but also requires robust
mechanisms for secure storage, rotation, and revocation of
these credentials to ensure that a compromise of one satellite
does not weaken the integrity of the broader constellation.
Some approaches that can potentially help reduce the impact
include provisioning certificates for only the next few poten-
tial GSs or only generating and storing certificates on each

7
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satellite for a subset of GSs and use this static knowledge
while making the mapping decisions. However, this requires
efforts in ensuring that enough certificates are provisioned
and are available ahead of time. We leave the exploration of
this tradeoff for future work.

These new mechanisms make it feasible for configuration
updates to occur transparently and deterministically every
15 seconds while avoiding any satellite downtime as well as
expensive identity regeneration.

4.3 StarLoom Implementation
The current prototype implementation of StarLoom is built
on top of Kubernetes. It uses the configuration parameters
of all the satellites as two-line elements (TLEs) to predict
the position of a satellite in the True Equator Mean Equinox
frame. StarLoom is implemented as a Python package. The
entire Python package consists of about 1200 lines of code.
We will open-source StarLoom at the time of publication.

5 EVALUATION METHODOLOGY
The primary goal of our evaluation is to establish the effective-
ness of StarLoom in reducing the blast radius during control
plane failures. Our evaluation is structured around three key
questions:
∙ How does StarLoom help reduce the blast radius during

control plane failures (§6.1)?
∙ How long does StarLoom take to mitigate a control plane

failure (§6.2)?
∙ How effective are the design choices made by StarLoom

in enabling these benefits (§6.3)?
∙ What is the operational impact of using StarLoom in prac-

tice (§6.4)?
Key Metrics and Baselines. We focus on two core metrics.
Blast radius defined as the number of satellites affected dur-
ing a control plane failure and recovery time as the time taken
for the system to recover from a failure and restore full con-
trol plane functionality. We compare the LEO control plane
implemented by StarLoom against a centralized control plane
design, which represents the existing approach in current LEO
constellations such as Starlink.
Experimental Methodology. We combine controlled fault
injection and trace-driven simulation, where the simulation
is driven by real satellite orbital traces generated via the
SGP4 model. We construct a model of the currently deployed
Starlink constellation consisting of 6,400 satellites and 198
ground stations, with satellite trajectories computed using
the standard SGP4 orbital model, as has been used in prior
work [19, 27, 44]. We inject representative control plane
faults (both ground station failure and coordination service
crash) and measure their impact under both centralized and
StarLoom deployments. We repeat these experiments across
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Figure 6: CDF of the number of satellites affected by different
number of control plane failures with StarLoom. We compare
the blast radius with the Starlink July 2025 outage that had a
global outage.

0 2000 4000 6000 8000 10000 12000 14000
Satellites Affected

0.0

0.2

0.4

0.6

0.8

1.0

CD
F

Centralized
Control Plane

1 failures
5 failures
10 failures
50 failures
100 failures

(a) 14000 satellites, 198 GSs.
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Figure 7: CDF of the number of satellites affected by varying
number of control plane failures with StarLoom in a future state
with an increased number of satellites and GSs.

different constellation scales to evaluate sensitivity to constel-
lation size and density.

6 EVALUATION
6.1 Reduction of Blast Radius Using

StarLoom
We first evaluate how StarLoom reduces the blast radius of
control plane failures. We generate these plots using a trace-
driven simulation of the deployed Starlink constellation. From

8



StarLoom: Resilient Control Plane for LEO Satellite Constellations XXXX, ,

these traces, we compute the satellite-GS mappings using
StarLoom design (from Algorithm 1) with each GS managing
at most 200 satellites and minimum 5 satellites. We then in-
ject concurrent failures at randomly selected GSs to measure
how many satellites lose their active controller. To generate
the CDFs, we compute the sum of affected satellites in all
permutations of the number of failures. Note that this number
represents the maximum number of satellites concurrently af-
fected by the failure. A smaller blast radius indicates stronger
fault isolation and reduced systemic disruption.

Figure 6 shows the CDF of the number of satellites affected
under different numbers of concurrent GS control plane fail-
ures. We compare these results with the Starlink July 2025
outage, which resulted in a global outage due to the failure
of a centralized control plane. The contrast highlights the
benefit of StarLoom: instead of a single failure impacting the
entire constellation, failures are spatially and temporally lo-
calized, affecting only a small subset of satellites at any given
time. We observe that even with multiple concurrent control
plane failures, the proportion of satellites affected remains a
small fraction of the constellation. For example, even with
10 concurrent failures, fewer than 2000 satellites experience
disruption, compared to all the 6400 satellites impacted dur-
ing the real-world Starlink outage. This demonstrates that
StarLoom reduces the systemic blast radius by more than a
factor of three even under worse conditions.

We further extend our analysis to a future state with larger
constellations and expanded GS deployments, as shown in
Figure 7. Even with 14,000 satellites, the distribution of af-
fected satellites maintains the same trend. The blast radius
grows gradually with more failures, rather than exhibiting cat-
astrophic, system-wide collapse. Note that, since the number
of satellites are nearly doubled with GSs staying the same
(Figure 7a), StarLoom mapping caps each GS to 400 satellites
compared to the earlier 200 satellites. Notably, scaling the
number of GSs enhances resilience by distributing control
responsibilities more evenly, thereby containing the impact
of any localized failure (Figure 7b).
Impact of GS Liveness Service. An important aspect is the
potential failure of the GS liveness service itself. Because
this service is disaggregated from the local deterministic map-
ping, its failure only exposes the system to the concurrent
GS failures already in progress. Essentially, the blast radius
is still bounded by the number of GSs that simultaneously
fail. Without such disaggregation, a liveness service failure
would cascade globally, causing an outage across the entire
constellation.

In summary, these results demonstrate that the design of
StarLoom significantly limits the blast radius of failures, pro-
viding robust fault isolation and ensuring that localized fail-
ures do not escalate into global outages.
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Misses
Heartbeat

Misses
Heartbeat

Misses
Heartbeat

Misses
Heartbeat

GS Failure Satellite
Switches GS

DSC detects
GS failure

Liveness
Replication

Updated Live
Set Shared

59:55 00:00 00:05 00:10 00:15

Figure 8: Showing how StarLoom helps mitigate a control plane
failure within 25 seconds.

6.2 Effectiveness of StarLoom in Mitigating
Control Plane Failures

We evaluate how quickly StarLoom recovers from a ground
station (GS) failure. Our emulation (similar to Celestial [59]
and Krios [19]) uses a CloudLab cluster of m510 nodes
equipped with eight-core Intel Xeon 2.0 GHz processors and
64 GB of memory [4]. Three nodes host replicas of the Dis-
aggregated Configuration Service (DCS), placed in Ashburn,
Virginia (US), Frankfurt, Germany (Europe), and Singapore
(Asia) to achieve geodistribution. We emulate three GS con-
trol nodes located in Slope County, Rollete, and Cass County
in North Dakota, each running the Kubernetes control plane
stack. A separate node acts as a satellite, provisioned in ad-
vance with certificates from all three GSs.

To model realistic network conditions, we assign wide-
area latencies between GSs and DCS replicas as twice the c-
latency (the time light takes to traverse a geodesic fiber link),
consistent with empirical Internet measurements [17, 22].
Satellite-GS latencies are continuously updated using the
SGP4 orbital path model, and GSL or GSL-ISL delays are
generated in line with prior work [19, 59].

Figure 8 shows the timeline of events when the Slope
County GS fails. At 59:51, the GS sends its last heartbeat
to its DCS replica in Ashburn, but experiences a failure soon
after. By 59:56 the node has stopped sending heartbeats, and
within the next 6 seconds the Ashburn replica detects the
failure after two consecutive missed heartbeats. At 00:05, the
Ashburn replica replicates the updated liveness to Frankfurt
and Singapore. At 00:10, the DCS service disseminates the
updated live set to all GSs and satellites, and by 00:15 the
satellite reassigns itself to a neighboring GS. The end-to-end
recovery from GS failure to satellite reconnection completes
in 25 seconds.

This is in sharp contrast to the July 2025 Starlink outage,
where a faulty update to a centralized control plane left the
system globally unreachable for 2.5 hours. While Starlink’s re-
covery mechanisms remain proprietary, the scale of disruption
is consistent with centralized architectures. A single failure
must propagate changes globally before service can resume.
In contrast, StarLoom relies on disaggregated federation and
deterministic local mapping, ensuring that GS failures remain
locally scoped and are masked by rapid reconfiguration.
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Approach # Consensus Decisions

Classical Consensus (e.g., Paxos) 6400
Optimized Consensus (e.g., EPaxos) 1205
StarLoom Deterministic Mapper 0

Table 1: Comparison of consensus decisions required for satellite-
GS mapping updates during every 15-second cycle across differ-
ent approaches.

It is also important to note that not all satellites mapped to
the Slope County GS experience the full 25 second disruption.
Satellites already scheduled to switch GSs at 18:00:00 would
have transitioned seamlessly to another GS and seen just
8 seconds of disruption. Similarly, satellites expected to be
managed by Slope County starting at 18:00:15 would have
already received the updated liveness information and chosen
a different GS. Thus, the 25-second delay represents the upper
bound, corresponding to the worst-case scenario of a satellite
actively managed by the failed GS at the time of failure.

Another non-intuitive aspect of the recovery process is that
the 25 second recovery time is constant per failure event, and
does not grow linearly with the number of failures. For exam-
ple, if several GSs fail simultaneously, all affected satellites
recover within the same 25 second window. However, if these
failures are staggered, the recovery time depends on their
with the 15-second cycle. Even then, each affected satellite
reconnects to another GS within 25 seconds of its own failure
event. In the worst case of chained failures, where the fallback
GS fails as satellites attempt to join, and the next fallback fails
too, the recovery time scales linearly. Yet even under such
an extreme scenario with ten consecutive chained failures,
recovery completes within 250 seconds. This bounded behav-
ior is crucial for limiting overall service disruption during
large-scale outages.

In summary, this experiment shows that StarLoom restores
satellite connectivity to a healthy GS within 25 seconds of
a control-plane failure. More importantly, combined with
the blast radius observed in §6.1, StarLoom results in much
smaller blast radius while recovering nearly 300 times faster
compared to existing centralized solutions.

6.3 Effectiveness of StarLoom Design
Effectiveness of StarLoom in Reducing Configuration Up-
dates Requiring Consensus. In classical consensus proto-
cols, every satellite-GS mapping update requires coordination,
resulting in 6400 consensus decisions per 15-second cycle.
Optimized protocols such as EPaxos reduce this overhead
by requiring consensus only for conflicting updates, thereby
bringing the number down to 1205 satellites that are visible
to multiple GSs. We assume that these conflicts would not
exist for satellite managed using ISLs as the ordering them

0 2 4 6 8 10
Time for Configuration

Change (seconds)

StarLoom
Node

Rejoin

Figure 9: Comparing the time taken for configuration change
for a single satellite by StarLoom with the traditional node
leave/join latency in Kubernetes. Importantly, StarLoom im-
plements this change without impacting onboard applications.

by path distance would always give a single GS. StarLoom
goes further by using a deterministic mapper that computes
this mapping locally and consistently across GSs and thus
eliminating the need for consensus for making configuration
updates. Note that all the three scenarios still require addi-
tional mechanisms to share the liveness state on which the
satellite-GS mapping depends which is not included in this
benchmark. We show the results in Table 1.
Effectiveness of StarLoom Configuration Change Mech-
anisms. We evaluate the latency of reconfiguring a satellite
node to switch from one control node to another. We compare
StarLoom mechanism with the conventional approach where
a worker node (in this case, a satellite) explicitly leaves one
cluster and rejoins another involving a full node teardown and
bootstrap, including certificate verification and state reconcil-
iation, while StarLoom exploits the fact that the satellite al-
ready holds valid credentials trusted by both the control nodes.
We perform both sets of measurements thrice and present the
averages in Figure 9. The leave/join approach incurs ∼11
seconds of downtime, whereas the StarLoom reduces this
to under half a second. More importantly, the leave/join ap-
proach requires terminating existing applications on the satel-
lite while StarLoom’s minimal approach does this without
affecting the onboard applications.
Effectiveness of StarLoom Mapping. Figure 10 illustrates
the coupled tradeoff that StarLoom makes in bounding fail-
ure impact while preserving proximity. The blast-radius CDF
(Figure 10a) shows that a purely nearest-based assignment
creates highly skewed load, with some GSs managing hun-
dreds of satellites. Failures at those GSs translate into very
large outage radii. By introducing a load threshold, StarLoom
redistributes satellites more evenly, sharply cutting off the
heavy tail of failures. With thresholds of 200 or 300, over
90% of single failures impact fewer than 100 satellites.

The cost of this load balancing is visible in the rank-CDF
(Figure 10b). When thresholds are tighter (e.g., 100), many
satellites can no longer be served by their nearest GS and are
reassigned to their 2nd or 3rd ranked choice. As this threshold
increases (200-300), the assignment approaches the nearest-
only case, reducing the fraction of satellites managed by non-
nearest GSs, but at the expense of allowing somewhat larger
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Figure 10: Comparing the different sat-GS mappings. If only
the nearest satellite is chosen, the effect of the failure

blast radii. Taken together, the two plots highlight the design
tradeoff. Reducing the blast radius requires capping per-GS
load, but this necessarily shifts some satellites away from
their closest GS. StarLoom explicitly exposes and manages
this tradeoff, choosing a threshold of 200 satellites per GS,
achieving bounded failures while still keeping most satellites
close to their top-ranked ground stations.

In summary, these results show that StarLoom substantially
improves control-plane effectiveness by eliminating consensus
from frequent mapping updates, enabling sub-second recon-
figuration updates, and bounding the blast radius of failures
through load-aware satellite-GS assignments.

6.4 StarLoom Overheads
Overheads on Satellite. While StarLoom enables seamless
configuration updates for satellites update their GS, it does
incur modest overheads on the satellite itself. The determinis-
tic mapper, which runs locally to avoid coordination delays,
takes on average 0.79 seconds per epoch to compute a new
mapping. During this period, this process requires 1.69 cores
on average while the maximum memory used is about 146
MB. This is well within the 15-second scheduling interval
but still represents additional compute cost on a typically
resource-constrained node. However, modern satellites have
much larger compute resources available with each Starlink
v2 satellite having upto 250 computer nodes [15].

In addition, storing the credentials and configuration arti-
facts required for switching across multiple GSs adds storage
overhead. A satellite maintains a handful of kubelet client and
serving certificates, along with their rotated copies, which in
aggregate amount to about 16 KB per GS. For all the 198
GSs, this comes out to be 3 MB of storage overhead. Note
that this overhead is much lower than the available storage on
satellites that ranges in the order of hundreds of GBs or a few
TBs [29, 61].

Overheads on Ground Stations. StarLoom introduces ad-
ditional overheads on GSs too stemming from their expanded
role in the control plane. Each GS hosts the entire control
plane stack which incurs significant CPU (about 0.16 cores
on average) and memory consumption (486 MBs on average).
The GSs also send in heartbeat messages every five seconds
and like satellites compute the satellite-GS mapping every
15 seconds. While these functions collectively increase the
load on every GS, GSs are well-equipped to add some extra
resources unlike satellites which have inelastic compute.

In summary, StarLoom provides resiliency to LEO net-
works while incurring minimal overhead on the satellites
and GSs.

7 DISCUSSION
Need for Separate Service for Managing Liveness State.
Instead of a centralized liveness service as part of DCS, one
might consider a simple peer-to-peer mesh where GSs directly
exchange heartbeats with one another. While this design may
work with a small number of GSs, it does not scale to the
increasing number of GSs (already in hundreds and still grow-
ing) that modern LEO networks require. The number of mes-
sages in such a mesh grows quadratically with the number of
GSs, leading to excessive network chatter and wasted network
capacity. By decoupling liveness into a lightweight global ser-
vice, StarLoom ensures that the dissemination of availability
updates remains efficient, scalable, and fault-tolerant, while
avoiding the bottlenecks and fragility of full-mesh exchanges.
Other Control States Shared using DCS. Similarly, there is
other control state that changes less frequently and can also be
managed centrally without incurring high coordination costs.
A good example is the load of all the workloads on a GS.
This is particularly important if a GS is nearing the compute
capacity on all the satellites it is managing and thus requires
more number of satellites. While this will require some form
of a resource negotiator [71], some simpler versions can be
achieved by sharing such aggregate load information through
the DCS to enable more informed mapping decisions without
requiring to share this state on the critical path.
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8 RELATED WORK
LEO Satellite Infrastructure. In addition to serving as the
next generation communication infrastructure, recent work
has explored using LEO satellite constellations as a compute
infrastructure. This includes their deployment as space micro-
datacenters [21], compute cloud [19], as well as proposals for
a constellation-as-a-service [48] and a decentralized constel-
lation [57]. Other efforts are targeted at specific application
use cases, such as Content Delivery Networks (CDNs) [78],
observational services and visual analytics [24, 26, 27], ma-
chine learning [68] and data compression [30]. Collectively,
these systems highlight the need for resilient operations in
control plane that StarLoom is designed to provide.
Orchestration Systems. Early cluster managers such as Borg
[72] relied on centralized scheduling at scale. Twine [66] uni-
fied Facebook’s fleet via global optimization across clusters,
and Godel [75] presented production-scale unified resource
management at ByteDance. Omega [64] introduced optimistic
multi-scheduler concurrency over shared state, while Kuber-
netes generalized declarative control with reconciliation and
extensibility [23]. All of these systems, however, target rela-
tively stable datacenter environments with low-latency, high-
bandwidth connectivity and thus, leveraged centralization as
means to achieve resilience. For LEO settings, Krios [19] pro-
vides centralized scheduling mechanisms tailored to satellite
motion, while Komet [60] coordinates frequent live service
migrations but relying on underlying logical centralization
for resilience. StarLoom presents an alternative, the first to
best of our knowledge, demonstrating a resilient control plane
using disaggregated federation as a principle.
Consensus Protocols. Replication-based coordination such
as Paxos [46] and Raft [58] enforce strong consistency via
quorum agreement per update, which we show is untenable
for frequently changing satellite-GS mappings across hun-
dreds of GSs. Even other approaches to reduce the cost of
consensus fail for LEO networks. Autobahn [32] reduces coor-
dination costs through speculative execution and splits replica-
tion into two logically distinct layers, but the consensus-based
validation layer still introduces latency that cannot meet the
sub-15 second deadlines of LEO configuration updates, par-
ticularly when hundreds of GSs simultaneously recompute
assignments. TAPIR [76, 77] avoids consensus on some non-
overlapping operations through weaker consistency semantics.
However, in LEO networks, most updates are overlapping as
multiple GSs target the same satellite and thus these updates
force coordination almost every time, eliminating this ad-
vantage. EPaxos [55] exploits dependency tracking to avoid
some quorum steps, but given that multiple GSs might end
up claiming a given satellite, EPaxos requires consensus to
avoid them causing delays. Consequently, while effective in

datacenters, these protocols remain mismatched for LEO net-
works’ rapidly changing updates. In that sense, StarLoom
approach is unique design point in that space.

9 CONCLUSION
This paper presents StarLoom, a system designed to pro-
vide a resilient control plane for LEO satellite constella-
tions. By leveraging the principle of disaggregated federation,
StarLoom effectively minimizes the blast radius of control
plane failures. The system introduces a disaggregated coor-
dination service that separates global liveness tracking from
local configuration management, enabling resilience without
the need for untenable consensus across all ground stations.
Additionally, StarLoom incorporates a configuration man-
agement layer that spans both ground stations and satellites,
facilitating seamless configuration changes as satellites move.
Our evaluation shows that StarLoom significantly limits the
impact of failures, while recovering nearly 300 times faster
than existing centralized solutions. The outcome is a system
with robust fault isolation, where localized failures do not
escalate into global outages. On a broader scope, StarLoom
demonstrates the need for a fundamental rethink of the princi-
ples of system design when applied to the unique challenges
of the LEO and space computing infrastructure.
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