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Challenges of Routing in LEO Networks

Traditional IP Routing LEO Networks
Assumes stable topology Continuously changing topology
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+ OSPF: } Topo change triggered and periodically ~ ° Satellite moves at 7.5 km/s
LSDB refresh ~* Topology changes every 10~15 seconds

* BGP: Topo change triggered flood * Tens of thousands of satellites
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® Impossible routing convergence

4 Cha"enges with ® Massive f|ooding overhead l We need a Predictable ROUting for

traditional IP routin : -
9 © Huge routing table Highly Dynamic LEO Networks.

® Complicated failure handling



Core Design Idea

Replace topology awareness with geographic awareness.

Traditional IP Routing

* Address: Destination IP

* Routing: Prefix Routing --> Next Hop

Our Proposal

—)

e Address: Destination GRC(Geographic Region
Code)

* Routing: Geographic Region -> Direction

@ Address follows geography
@ Routing follows direction
©Topology is predictable




Architecture Overview

Keep terrestrial Internet unchanged while redesigning only the satellite segment.
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Figure 1: Reference architecture
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Geographic Region Code (GRC)

GRC Address: compatible with IPv4/IPv6
inspired by Uber https://h3geo.org/
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The 32-bit structure is organized as follows:

- Bits ©-3 (4 bits): Satellite shell index (©-15).
- Bits 4-1@ (7 bits): Level-@ region index (©-121).
- Bits 11-13 (3 bits): Level-1 regicn index (@-6).
- Bits 14-16 (3 bits): Level-2 region index (@-6).
- Bits 17-19 (3 bits): Level-3 region index (@-6).
- Bits 20-22 (3 bits): Level-4 region index (@-6).
- Bits 23-25 (3 bits): Level-5 region index (@-6).
- Bits 26-28 (3 bits): Level-6 region index (@-6).
- Bits 29-31 (3

Total 122 x 7° =14,353,178 regions
Figure 2: Geographic Regilon Code

Each satellite can be map to a region/area/cell

bits): Interface index (@-5) supports 6 directions.

Satellite Address
NOT Fixed IP

Satellite » Current Region — Dynamic Address

Ephemeris-Based Pre-computation

/ |

e The routing process proceeds hierarchically from the top level down to the

bottom level, narrowing down the scope at each step.



Routing Example

3. User Terminal tunnels traffic to the @ User Ground
. Network Terminal Network Station Network
nearest Ground Station
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1. per-orbit adjacent region discovery ‘
learn available path to neighbor region
Orbit 1 Orbit 2 Orbit 3
IGP Area 1 IGP Area 2 IGP Area 3

flood within single orbit to broadcast the available path to neighbor region



Time-Sliced Routing

* Routing is compatible with Longest Prefix Match.

* Ground Controller
* Predict ephemeris
* Compute routing rable
* Download to satellite
* Convert dynamic routing into scheduled routing.
* No flooding across entire network
* No convergence problem
* No distributed SPF with large number of routes

* Only periodic table switching



Next Step

* |s this a good way forward on LEO routing?
* Seek more feedback from the community.
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