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Abst ract

Deploying a lowEarth orbit (LEO satellite network typically
requires substantial financial investnment and | ong devel opnent
cycles. To shorten deploynent tinmelines and alleviate econonic
burdens, coll aborative constellation depl oynent has gained attention
In such a nodel, multiple satellite network operators (SNOs)
contribute their respective constellations to jointly deliver LEO
connectivity services. Despite these potential benefits, the high
mobility of LEO satellites introduces operational complexity. As
satellites nove rapidly across coverage regions, terrestrial users
are frequently reassigned to different access satellites, which may
be connected to distinct SNO core networks. These cross-operator
handovers, referred to as inter-SNO handovers, can negatively affect
service continuity and overall network robustness. To address these
chal | enges, this docunment outlines a nmobility management framework
ai med at supporting cooperative LEO constellation operation. The
framework separates the satellite access |layer fromindividual SNO
core infrastructures, thereby permtting flexible mapping between
shared access satellites and multiple operator cores. Through this
decoupl ed architecture, user sessions can remain associated with
their original SNO core networks whenever operational conditions
permt. The framework incorporates a dynanmi c SNO associ ation
strategy that seeks to linit the frequency of inter-SNO handovers.
Furthernore, in scenarios where such handovers cannot be avoi ded, a
proactive optim zation procedure is enployed to shorten interruption
duration and enhance the efficiency of the handover process.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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1. Introduction

Over the past few years, a nunmber of energing comercial space
enterprises have initiated the depl oyment of Low Earth orbit (LEO
satellite constellations. Representative exanples include SpaceX s
Starlink, Eutelsat OneWhb, and Amazon's pl anned LEO constellation
These constellations rely on satellites operating at high orbita
speeds relative to the Earth’'s surface, typically around 8 km's. As
aresult, a single satellite remains within the visibility range of a
specific terrestrial location only for a linmted duration, often on
the order of several mnutes. To provide continuous and gl oba

I nternet connectivity under such nmobility constraints, operators nust
depl oy constellations with a |arge nunber of satellites distributed
across multiple orbital planes. Achieving this scale of deploynent
is operationally demanding. It requires conpletion of multiple

regul atory and engi neering processes
[satellite_constellation_|launch], including orbital slot

coordi nation, spectrum authorization, nmanufacturing, and repeated

| aunch canpai gns. Even for established operators such as Starlink
and OneWeb, several years, typically between three and six, are
required before global service availability can be realized

In order to shorten deploynent tinelines and control operationa
expenditures, constellation-|level cooperation anong satellite network
operators (SNOs) has recently attracted increasing attention
[decentralized satellite networks]. Under this nodel, nultiple SNGCs
share selected infrastructure resources and jointly provide LEO
connectivity services to terrestrial users. The underlying concept
is simlar to infrastructure sharing practices in terrestrial nobile
net wor ks, where operators co-utilize physical facilities or network
conponents to inprove resource efficiency and reduce capita
investment. Al though such coll aboration can | ower entry barriers and
accelerate rollout, its application to LEO constellations introduces
additional conplexity. Unlike terrestrial networks, LEO
constell ati ons exhibit strong infrastructure-|evel dynam cs due to
rapid satellite novenent. Consequently, users may be frequently
reassi gned across access satellites that are connected to different
SNO core networks. These repeated inter-SNO handovers pose
substantial challenges to maintaining service continuity and overal
network stability in a shared LEO environnent.

To address the service disruptions introduced by inter-SNO handovers

and to support stable constellation cooperation, this docunent
specifies an inter-networking architecture for collaborative SNO
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operation. At the architectural |evel, the framework separates the
satellite access layer fromindividual SNO core infrastructures.
This separation permts shared access satellites to be dynanmically
mapped to different operator core networks, rather than being
permanently bound to a single SNO. As a result, user sessions can
continue to be served by their original SNO core networks whenever
network conditions allow. The framework is realized through two
compl enentary nechani sns. The first mechani sm governs dynani c SNO
associ ation, enabling access satellites to be selectively connected
to appropriate core networks in order to limt unnecessary inter-SNO
handovers. The second nechani sm focuses on optim zi ng the handover
procedure itself. |In scenarios where inter-SNO handovers cannot be
avoi ded, a prediction-assisted proactive process is applied. By
utilizing pre-established SNO associ ation information, the network-
| evel handover operations can be prepared in advance, thereby
shortening service interruption duration and inproving handover
efficiency.

The aimof this docunment is to describe the chall enges posed by
inter-constellation sharing in emerging LEO satellite networks,
particularly the frequent inter-SNO handovers caused by
infrastructure-level dynam cs, and to describe a nobility nmanagenent
franmework to mtigate their negative inpacts. Based on our analysis
of collaborative SNO depl oynents and handover behaviors, we provide
design insights and architectural considerations for enabling

seam ess inter-constellation sharing. W hope this docunent will
serve as a useful reference for future standardization efforts on
inter-SNO inter-networking mechanisns in shared LEO satellite

net wor ks.

2. Characteristics of LEO Satellite Networks

e L L + LEO access network
--| Satellite |--| Satellite |--| Satellite |--(altitude <= 2000 kn)
+--m o= +--m o= + H------ S +--m o= +
/ I\
/ [\
/ / \
/ / \
B e e T S S e - - +
| Remote| | Residential| |G ound |-->] SNO Core|-->| Point-of Presence|
| Users | | Users | |Station]|<--|Network |<--]| and Internet |
R T I I e S e e SIS S o oo - oo - +

Figure 1: Networking architecture of operational LEO networKks.
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3.

1. LEO satellite networks

Figure 1 illustrates a representative networking structure adopted by
contenporary LEO satellite network operators (SNOs)
[denocratizing |l eo_satellite network measurenent]. A typical LEO
constellation can be divided into two primary conponents. The first
component is a satellite-based access segnment, fornmed by a | arge
constellation of LEO satellites that deliver last-mle connectivity
to terrestrial users. The second conponent is a terrestrial core

net wor k, whi ch perforns operator-specific control and nanagenent
functions, including user authentication, billing, |IP address
managenent, and traffic exchange with the public Internet. Wen a
user connects to the Internet via a satellite terminal, the data path
generally proceeds as follows. User traffic is transmtted through
one or more LEO satellites to a ground station, forwarded to the
correspondi ng SNO core network for processing, and then routed to the
broader Internet. The reverse path follows a simlar sequence. In
geographically renote regi ons where direct satellite-to-ground
visibility may be limted, inter-satellite links (1SLs) enable
traffic to be relayed across nultiple satellites before reaching an
appropri ate ground gateway.

2. Constructing an LEO network is costly and tine-consum ng

Since LEO satellites travel at high speeds relative to the Earth,
sustai ned service availability in any given region requires
continuous satellite replacement within the coverage footprint. To
achieve this |level of persistence, an SNO nust deploy a sufficiently
| arge constellation before commercial operation can begin. In
practice, this inplies the construction of a globally distributed
satellite network. Reaching such deploynent scale is neither
straightforward nor rapid. Establishing a nega-constellation
involves multiple regulatory, technical, and |ogistical steps
[satellite _constellation_|launch]. Operators are required to obtain
approval for orbital configurations fromnational regulators, such as
the Federal Communi cations Conmi ssion, and to secure spectrum usage
rights across different jurisdictions. |In parallel, satellite
production, integration, and |launch scheduling nmust be coordi nated,
each of which introduces additional lead tinme. Consequently, SNOs
of ten experience an extended pre-operational phase, which may span
several years before full commercial services becone avail abl e.

I mpacts of LEO Mobility on Infrastructure Sharing
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3.1. Telecominfrastructure sharing

Infrastructure sharing anong operators has | ong been adopted in
terrestrial nobile systens as a neans of inproving depl oynent
efficiency. Through infrastructure sharing arrangenents, nultiple
operators can jointly utilize assets such as spectrumlicenses and
access facilities to expand coverage, |ower capital expenditures, and
accel erate network rollout. Such cooperation has been inplenmented in
various markets. For exanple, T-Mbile Poland and PTK Centert el
entered into a |l ong-term agreenent, |asting approxinately fifteen
years, to jointly operate portions of their nobile access network

[ comarch-orange-T-Mbile]. [In another case, nmgjor South Korean
operators including LG Uplus, KT, and SK Tel ecom reached an agreenent
to share 5G network infrastructure in sparsely popul ated coastal and
agricultural regions [anal ysysnmason-network-sharing].

3.2. Collaboration in LEO networks

Drawi ng on the experience of infrastructure sharing in terrestrial
mobi | e systens, simlar concepts are now being considered in the
context of satellite Internet. G ven the substantial financia
investrment and lengthy tinelines required to deploy LEO
constellations, both satellite network operators (SNGs) and the
research comunity have begun to investigate inter-constellation
cooperation [satellitetoday-iridiumoneweb],

[decentralized satellite_networks]. Under such arrangenents,
participating SNOs coordi nate the use of spectrum and ot her network
resources to jointly construct and operate LEO infrastructures. This
cooperative nodel offers several practical benefits. By pooling
resources, individual SNCs are no longer required to independently
deploy a fully standal one gl obal constellation, which can
significantly reduce the tine needed to reach service readiness. In
addi tion, coordinated spectrum planning and joint infrastructure
utilization may help streamine regul atory processes, thereby

accel erating overall deploynent schedul es.

3.3. New Chal |l enges of Inter-Constellation Sharing
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Figure 2: Current constellation sharing.

Figure 2 illustrates a representative constellation-sharing
architecture as described in [decentralized_satellite_networks]. In
this nmodel, collaborating operators such as SNO A and SNO B retain
primary control over their respective user bases. Users of SNO A
preferentially access satellites owed by SNO A, and only associate
with satellites of SNO B when | ocal coverage from SNO A is
tenmporarily unavailable. In such deploynments, the satellite access

| ayer remains tightly bound to the correspondi ng operator’s core
network. Due to the rapid orbital novement of LEO satellites,
satellite visibility for each operator fluctuates over time across a
gi ven geographic region. Consequently, users nay repeatedly handover
between satellites affiliated with different SNOs. These handovers
give rise to inter-SNO handovers at the network level. Conpared with
handovers occurring within a single operator domain, inter-SNO
handovers invol ve additional signaling and control operations.
Procedures such as user re-registration, authentication re-
establ i shnent, and reassi gnnent of | P addresses nust be executed
before service can resune. These extra steps introduce short-term
service interruptions, which can degrade session continuity and
reduce the perceived stability of the shared LEO net work.
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3. 4.

4.

Limitati ons of existing handover optimn zations

From a network perspective, repeated inter-SNO handovers can be
interpreted as users continuously alternating between their home LEO
network and a partner operator’s infrastructure. Such behavi or
resenbl es roam ng across admni strative domai ns, but occurs at a much
hi gher frequency due to the orbital dynami cs of LEO constell ations.
Mobi lity managenent has been extensively studied in the broader
mobi | e networking conmunity. Prior efforts include the design of
mobi | ity managenent protocols, proxy-assisted handover accel eration
techni ques, and adaptations of nobility mechanisnms for LEO
environments. For instance, protocols such as [RFC6275] and

[ RFC5944] are primarily concerned with m ninizing service

i nterruption during individual handover events. However, these
mechani sms general |y address the | atency of a single handover and do
not attenpt to reduce how often such handovers occur. Proxy-based
optinm zation approaches, including those described in

[practical traffic_managenent Ite wifi], typically depend on statefu
proxy entities deployed at relatively stable access points in
terrestrial networks. |In contrast, access satellites in LEO
constellations are inherently nobile. As user attachnent points
conti nuously change, mmintaining persistent proxy state becones
impractical, which limts the applicability of such designs in
satellite scenarios. Mre recently, nobility schenes tailored for
LEO networ ks have been proposed, such as [skycastle_leo_nobility].
These sol utions focus on addressing mobility within a single
operator’s constellation. Wen extended to inter-constellation

col | aboration environments, however, they remain vulnerable to
frequent cross-operator handovers and the associated di sruptions.
Taken together, the high frequency of inter-SNO handovers and the
constraints of existing nobility optim zation nechani sns hi ghli ght
the need for approaches specifically designed to support seam ess
operation in shared LEO constell ations.

The Proposed Mbility Managenent Franmework
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flexi bl e and dynami ¢ SNO associ ati on
Figure 3: The proposed nobility managenent framework overvi ew.

Thi s docunent outlines an architectural approach for constellation
cooperation that ains to limt the operational inpact of recurrent

i nt er- SNO handovers and to support stable inter-constellation service
integration. At a conceptual level, the architecture is conposed of
two principal elements: a common LEO based access | ayer shared anobng
participating operators, and a set of autononmous SNO core networKks.
The overall structure of this arrangenment is depicted in Figure 3.

4.1. Shared LEO access network

Wthin this architecture, participating SNCGs nake their satellite
resources and associ ated spectrum bands nutual | y avail abl e,
potentially | everagi ng techniques such as those described in
[spectrumsharing leo]. Collectively, these satellites forma

uni fied LEO access |layer that is shared across operators. Satellites
in this shared | ayer operate in a statel ess forwardi ng node, allow ng
a single satellite to sinultaneously provide access services to users
subscribed to different SNOs. Because a variety of established
mechani sns al ready exist for assigning satellite access points to
terrestrial users, the framework does not nmandate a specific
selection policy. Instead, it permts collaborating SNOs to jointly
determ ne a conmon satellite allocation strategy, which nmay consi der
factors such as signal quality, instantaneous traffic |oad, or other
operational netrics. The resulting allocation decisions are then
enforced at the satellite termnal |evel
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4.2. Independent SNO cores

Wthin each operator domain, the SNO core network continues to handl e
functions that are specific to that operator, including user

aut henti cati on, address assignnent, and other control-plane
responsibilities. Accordingly, the architecture preserves the

adm ni strative i ndependence of participating SNO core networks. To
support inter-operator coordination, secure connectivity is

est abl i shed between the core networks of different SNOs over the
terrestrial Internet. These protected tunnels provide a

conmuni cati on channel for exchangi ng signaling information and

al i gni ng operational decisions across domains. Each SNO nmintains a
set of geographically distributed ground stations that serve as

gat eways between its core infrastructure and the satellite |ayer.
Bui l ding on this foundation, the franework enables dynanmic satellite-
to-operator mapping. At any given tine, a satellite within the
shared access |ayer may attach to the ground station and core network
of a selected SNO allow ng association relationships to evolve in
response to operational conditions.

4.3. Adaptive space-ground associ ations

In contrast to conventional collaboration nodels, such as the one
shown in Figure 2, where an operator’s LEO access segnent remnains
tightly bound to its own core infrastructure, the proposed
architecture separates these two layers. By renoving the fixed

coupl ing between access satellites and specific SNO cores, the
framework all ows connection rel ationships to be adjusted dynanically,
with the objective of linmting unnecessary inter-SNO handovers
experienced by end users. As depicted in Figure 3, users bel onging
to different SNOs attach to a conmon LEO access layer that is shared
anong participating operators. Because satellites nove rapidly al ong
their orbital paths, user term nals inevitably handover between
different access satellites over tine. To preserve continuity at the
operator |evel, the framework continuously adapts the mappi ng bet ween
access satellites and SNO core networks. Through this adaptive
associ ati on, user sessions are maintained with their original SNO
whenever feasible, thereby reducing cross-operator handovers. In
situati ons where a handover between SNO cores cannot be avoi ded, the
architecture relies on inter-core tunneling nechanisns to forward
user traffic back to the original SNO core network, nitigating the

i npact of the handover on ongoi ng sessions.
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4.4. Key techni ques behind the proposed framework

To mitigate the service degradati on caused by inter-SNO handovers,
the architecture incorporates two conpl enmentary mechani sns. The
first mechani smregul ates SNO associ ati on by dynam cal ly assi gni ng
statel ess access satellites to suitable core networks. Through
adaptive satellite-to-core nmapping, the frequency of cross-operator
handovers experienced by terrestrial users can be effectively
constrai ned. The second nmechani sm focuses on accel erating the
handover procedure itself. By taking satellite trajectory
informati on into account, a fast handover schene is applied to
shorten the duration of network-layer interruption during inter-SNO
handovers.

5. Reducing Disruption Time During Handovers

By taking advantage of the determnistic nature of satellite orbita
motion, the architecture conputes in advance the nappi ng between

i ndividual satellites and participating SNO core networks. This
advance pl anni ng reduces the likelihood of unnecessary cross-operator
handovers. Building on these pre-established association results,
the framework further inplenents an expedited inter-SNO handover
procedure. Because the target operator relationship is known ahead
of time, network-layer preparation can be initiated prior to the
actual handover, thereby shortening service interruption during

i nt er- SNO handovers.

5.1. Baseline inter-SNO handover optim zer
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satellite, while link-layer mechanisnms handl e the physica

di sconnecti on and subsequent link setup. Once the new |ink becones
operational, the user broadcasts a core discovery nessage containing
its unique identifier. After receiving this identifier, core B
determnes that the user is originally associated with SNOA Core B
forwards the identifier to core A over the terrestrial network,
allowing core Ato authenticate the user. Follow ng successfu

aut hentication, core B allocates a care-of address (CoA) for the user
and sets up a secure tunnel between the two core networks. Core B
then informs the user that registration has been conpleted. At this
stage, the user regains Internet connectivity wthout changing its
original IP address. During subsequent data exchange, packets
transmtted fromthe user toward an external server are first routed
through core B, then tunneled to core A, and finally delivered to the
destination. In the reverse direction, because the destination IP
corresponds to SNO- A, incomng packets are directed to core A. Core
A encapsul at es each packet with a CoA associated with SNO B and
forwards themthrough the inter-core tunnel. Core B decapsul ates the
packets and delivers themto the user.

Optim zi ng handovers by proactive authentication and tunneling

S + S + S +
| User A | Cor e- B| | Core- A

oo + oo + oo +

| Core disconnect | handover start|

R oo >|

| | disconnection ACK

R I

| | proactive auth(I1D)]|

| l'ink handover I |

| | CoA, Tunnel Req

| L >

| | Tunnel ACK |

| | <o |

| | new I'ink formation|

| Core discovery|------------------ |

|- >| |

| regi strati on done| |

I | handover done| Proactive authentication and
| Pkt . | P. dst =server| | tunneling-based on
I >| Pkt .| P. dst=server | pre-calculated SNO core

| R >| associations

Figure 5: Optinized inter-SNO handover
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The basel i ne network-1ayer recovery procedure may introduce severa
seconds of service interruption. To further shorten this
interruption interval, the architecture refines the baseline process
by utilizing advance know edge of satellite-to-SNO associ ations.
Because t hese associ ations are conputed ahead of tine, the
correspondi ng inter-SNO coordi nati on steps can be partially prepared
before the actual handover occurs. An overview of the enhanced
handover procedure is provided in Figure 5. Wth the association
results already avail able, core A can determ ne in advance the target
core network to which the user will attach after the handover. Once
the user detaches fromcore A core Aimediately transmts the user
identifier to core Bto initiate |ocal authentication procedures. In
parallel with the Iink-layer switching process, core B allocates a
care-of address (CoA) and establishes the required inter-core tunnel
After the physical link to the new satellite beconmes operational, the
user issues a core discovery nessage. Core B validates the
identifier and finalizes the registration with nmininal additiona

del ay. Because inter-core signaling and tunnel setup are executed
concurrently with the underlying |Iink-Iayer handover, the overal
service disruption experienced during the inter-SNO handover can be
significantly reduced.

6. Concl usion

Thi s docunent presents an architectural nodel for cooperation anong
multiple SNOs with the objective of strengthening service continuity
and operational stability in LEO environnents. The design addresses
inter-SNO nobility fromtwo conplenentary perspectives: limting the
occurrence of cross-operator handovers and accel erating the handover
process when such handovers are unavoi dable. Through this conbined
strategy, the disruptive effects comonly associated with frequent

i nt er- SNO handovers can be substantially alleviated. By outlining
mechani sms that coordi nate shared access infrastructure with

i ndependent core networks, the architecture establishes a technica
basis for interoperable inter-SNO operation within collaborative LEO
constellations. The concepts and procedures described herein are
intended to contribute to ongoing and future discussions on
standardi zi ng i nter-SNO i nter-networking sol utions.

7. | ANA Consi derations
Thi s docunent includes no request to | ANA
8. Security Considerations
Thi s docunent does not represent a change to any aspect of the TCP/IP

protocol suite and therefore does not directly inmpact Internet
security.
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