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Abst ract

The satellite routing is the premis to ensure that the satellite

net wor k provi des end-to-end stable service covering the whol e gl obe.
However, the mature terrestrial network technologies are difficult to
directly apply to the satellite network because of the highly dynamc
network topology and the limted on-board resources. In viewof this
chal  enge, this docunment presents a hierarchical routing architecture
for satellite networks based on the prediction topol ogy between
satellites or satellites and ground stations.
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1. Introduction

The LEO nega-constell ati on networks can overconme the limtations of
the conventional terrestial network, achieving global signa
coverage, and providing | arge broadband and | ow | atency network
services for global users. The global communicati ons ecosystem
suggests that satellite-based comruni cation will becone an inportant
part of 5G advanced and 6G

Routing issues are the prem se to ensure the stable worl dwi de end-to-
end service based on the satellite network. Compared with the
terrestial network, the satellite network has the characteristics of
hi ghl y dynam ¢ nodes, time-varying network topology, and limted on-
board resources. So the mature terrestrial nework routing technol ogy
is difficult to directly apply.

To tackl e the above issues, this docunment proposes a hierarchica
routing architecture. This architecture can be inplenmented on the
basis of existing I1GP or BGP. The details of this architecture are
as follows:

(1) Firstly, three layers in the hierarchical routing architecture
are defi ned.
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(2) Then, corresponding functions of ecah |layer are illustrated.
(3) Finally, use cases in different scenarios are described.
Further details are discussed in subsequent sections.

2. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here.

3. Term nol ogy
* SR Satellite Router
* GS: Ground Station
* VLEO Very Low Earth Orbit with the altitude bel ow 450 km
* LEO Low Earth Orbit with the altitude between 180 km and 2000 km

* MEO MediumEarth Orbit with the altitude between 2000 km and
35786 km

* GEOQ GCeosynchronous Obit with the altitude 35786 km

* Intra-satellite links: Links between adjacent satellites in the
same orbit.

* Intra-satellite links: Links between adjacent satellites in the
different orbits.

* SGP4: Sinplified Perturbations Mdels

* Lon: Longitude

* Lat: Latitude

*  BGP: Border Gateway Protocol [RFC4271]

* |1GP: Interior Gateway Protocol, examples of IGPs inculde Open
Shortest Path First (OSPF [ RFC2328]), Routing Information Protocol
(RIP [RFC2453]), Internediate Systemto Internedi ate System (1S-1S

[ RFC7142]) and Enhanced Interior Gateway Routing Protocol (EIGRP
[ RFC7868]) .
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4.

4.

Hi erarchical Routing Architecture

Thi s docunent proposes a hierarchical routing architecture which
contains three layers, nanmely the physical link layer, the |ogica
topol ogy | ayer, and the tine-varying routing layer. It should be
noted that the routing architecture is based on the link state
routing.

1. Physical Link Layer

The physical link |layer perceives the connection state of |inks
between different satellites or satellites and ground stations (GSs).
This process identifies predictable or unpredictable |ink changes,
and introduces a new interface state, nanely HOLD, to mark these
predi ct abl e changes. When the physical interface in HOLD state, the
correspondi ng link remai ns connected to shield predictabl e network

t opol ogy changes in upper layers. Nornmal interface states, including
UP and DOMN, remain valid. Descriptions of different interface
states are as foll ows:

(1) UP: If detecting the link prediction down, the interface state
switches to HOLD. The |link state remains connected and the |ink

state change isn't signaled to the |ogical topology layer. |If
detecting the unexpected failure, the interface state switches to
DOM. Both affected network nodes should update the local link state

dat abase and advertise this change

(2) HOLD: If detecting link prediction up, the interface state
switches to UP. The link state remains and the |ink state change
isn't adverteised. For the other events, the interface state stays
i n HOLD.

(3) DOMN: If detecting link up, the interface state switch to UP

The routing protocol re-establishes the nei ghbor rel ationship and
floods link state changes. For the other events, the interface state
stays in DOMN
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Figure 1: Transition process between different interface states

Figure 1 illustrates the transition process between different
interface states drived by events. Typical events are described as
foll ows:

(1) Link up: Wen the physical interface is in DOM state and the
physical link is found to be operational, a link up evnet is
triggered.

(2) Link down: When the physical interface is in UP state and the
physical link switches to down, a |link down event is triggered.

(3) Link prediction up: Wen the satellite router predicts the
physical link recovery, a link prediction up event is triggered. The
same event is raised for satellite-ground links. Upon the physica
interface | eaves HOLD state, follow ng process should be identified.

a. If the link is disconnectd when HOLD is expired, the interface
state switches to DWON and consequent actions are executed, e.qg.
generating link state information

b. If the link is connected when HOLD is expired, the interface
state switches to UP and no further action is taken

(4) Link prediction down: Wen the satellite router predicts the
physical link failure, a link prediction down event is triggered.

The sane event is raised for satellite-ground Iinks. Upon this event
i s happened, the physical interface state switches to HOLD
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4.2. Logical Topol ogy Layer

The routing protocol running on the |ogical topology |ayer is
responsible for maintaining link state information of all possible
connections between different satellites or satellites and GSs during
satellite networks operation, namely |ogcial topology. Conbining
with the HOLD state in the physical link layer, the routing protocol
achi eves insensitivity to predictable network topol ogy changes, and
ensures the stability of the |ogical topology. The details are as
fol |l ows.

(1) Generating conplete link state database

The conplete link state database describes all possible connections
during satellite networks operation. At the initial nonment, the link
state database on each satellite may be inconplete. After al
possi bl e i nks have been established at | east once, each satellite
could obtain a conplete |link state database.

(2) Advertising link state information

When predictable link interruptions or recoveries occur, the physica
interface of the corresponding satellite router is set to the HOLD or
UP state. The routing protocol detects the state change and doesn’t

trigger link state advertisenments or other routing protoco

mechani sirs.

When unpredictable link interruptions or recoveries occur, the
routing protocol detects the state change and trigger link state
advertisenments. Since comunication between different nodes through
the DOMN physical interface is unavailable, the link state

i nformati on nust be fl ooded through other UP interfaces to ensure
real-tine notifications of abrupt network topol ogy changes.

(3) Recycling link state informaiton

The 1GP recycles invalid Iink state informaiton through periodic

fl oodi ng and agi ng nechanism The periodic floodi ng nechani smof |GP
can be cancel ed when there are no changes in |link state informiton
to avoi d unnecessary bandw dth consunption

(4) Routing conputation

For predictabl e network changes, the routing conputation is triggered
by the tinme-varying routing |ayer periodically. The routing
conputation triggering interval is set by the user. For
unpr edi ct abl e network changes, the routing protocol self-triggers
routing conputation upon receiving |link state changes.
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4. 3.

5

Ti me-varing Routing Layer

(1) Response procedure of interface and routing protocol triggered by
predi ct abl e network changes.

Since the routing protocol maintains a stable |ogical topology,

predi ctabl e network changes can’'t trigger routing conputation through
link state informati on adverti sements. The tine-varying routing

| ayer needs to introduce another nethod to trigger routing

conput ation and generate routes based on the real network topol ogy.
Additionally, it must adjust the physical interface state based on
predi ct abl e net work changes.

Based on satellite orbital paraneters, longitude and | atitude of
ground nodes, satellite antenna pointing angles, and etc., conbined
with satellite trajectory prediction algorithm satellite positions
and |ink connection rel ationship between different nodes can be
predicted at a special tine. The satellite network topol ogy

predi ction nodul e running on the time-varying routing |ayer is
responsi bl e for managi ng output information. It periodically
triggers routing conputation and changes the state of physica

i nterfaces.

(2) Tinme-varing routing conputation

The routing conputation is initiated by the satellite network
topol ogy prediction nodule. The conmputation process consists of
three steps: connection relationship calculation, routing
calculation, and route entity update.

Routing calculation and route entity update can reuse the nechani sns
of existing link state routing protocols. The connection
relationship calculation is different fromthe standard practice

The conventional link state protocols run the Dijkstra algorithmon
the adverteised |ink state database.

However, the |ink state database maintained by the proposed routing
architecture covers the full |ogical topology. As building SPT based
on the Dijkstra algorithm it nust query the prediction data produced
in step (1) to decide links which could be used at the conputation
instant. Links predicted to be down are pruned fromthe | ogica

topol ogy, so the SPT is built on the true and instantaneous topol ogy.

Use Case
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5.1. Tinme-varying Routing Conputation Wthout Unexpected Fail ures

Step 1: The routing protocol mantains the
the conpl ete graph, as shown in Figure 2
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Step 2: The satellite network topol ogy prediction nodule naintains a

predi ction topol ogy.

Dongxu & Mn

Expires 7 May 2026

As shown in Figure 3.

[ Page 8]



Internet-Draft Routing Architecture for Satellite Netwo Noverber 2025

H# | NL | - ##-| N5 | - it Hi#- | NO | - it
\_J \_J \_J
VAN VAN VAN
| | |
| | |
\" \" \"
B | N2 | - i B | N6 | - i HH- | NLO| - i
\ \
~ ~ ~
| | |
| | |
\" \" \"
Bt | NB | - <> -] NT |- #HH | NLL| - ##
\ W
~ ~ ~
| | |
| | |
\" \" \"

B | NA | -8 <o-> | N8 | - #H <--> ###-| N12| - ###
\ \ v J

Figure 3: Prediction topol ogy w thout unexpected failures

Step 3: The effective topology used for routing conputation is
exactly the one shown in Figure 5. The routing conputation phase
consi sts of two sub-steps, nanely topol ogy cal cul ati on and routing
cal culation. The proposed nethod doesn’t nodify the standard routing
cal culation step but refines the topol ogy cal cul ation step. The

i npl ement ati on proceeds as foll ows:

Step 3.1: Based on the topology information in the link state
dat abase, the base topol ogy graph is generated, as shown in Figure 3.

Step 3.2: Based on the Dijkstra algorithm the satellite router
cal cul ates the shortest path tree with itself as the root. The
conputation process of the Dijkstra algorithmtraverse all nodes and
edges in the logcial topology. During this process, the connection
state of traversed edges are determned by the prediction connection
rel ati onship between satellites or satellites and GSs. Di sconnection
links are filtered and don't participate in the conputation process.

Step 3.3: The process of STEP 3.2 is executed repeatedly until the
shortest path tree is obtained.
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5.2. Tinme-varying Routing Conmputation Wth Burst Failures

Step 1: The | og
is shown in Fig
N8 is in the di
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Step 2: The prediction topology cal culated by the satellite network
topol ogy prediction nodule is illustrated in Figure 5.
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2025

Step 3: The satellite network topol ogy used for topol ogy cal cul ation

is shown in Figure 5.

Step 3 in the previous use case.

6. Ext ensi ons and Future Works

In the future work,

the extension of the current

The cal cul ati on process is consistent with

routing protocol

to

support the framework described in this docunment woul d be taken in

m nd.

7. Security Considerations

TBA

8. Acknow edgenents

TBA
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