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THE SATELLITE ECOSYSTEM IS EVOLVING

FROM EXPLORATION TO GLOBAL CONNECTIVITY

LEO CONSTELLATIONS DIRECT-TO-CELL INTEGRATED NETWORKS

A NEW LAYER OF SATELLITE CONNECTIVITY A SEAMLESS GLOBAL INTERNET
GLOBAL CONNECTIVITY TO STANDARD DEVICES
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PUSHING THE BOUNDARIES

OF SPACE COMMUNICATIONS

Optical communications
and deep space networks

Space-based networks Satellite-to-smartphone Terrestrial + non-terrestrial
providing global coveraae direct connectivity networks as one Internet
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Global connectivity is not truly global.

Internet performance depends on routing decisions,
not only on distance.

As LEO networks become part of the Internet, .
routing behavior becomes as important as radio coverage.

~300M people live outside mobile broadband coverage (GSMA). .
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Bridging the connectivity gap -
LEO as a New Connectivity Layer

LEO satellite networks provide an
additional connectivity layer.

Global coverage without dense j e
terrestrial infrastructure. R

Designed for: remote areas ® oceans ¢
low-density regions. -

Complementing terrestrial networks —
not replacing them. -

_" The key question is not whether satellites are fast — |
but how they behave as part of the global Internet routing system. . e
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FROM BENT-PIPE TO & i
SPACE-BASED NETWORKING = &

111l On-board processing

- A e o el J0E &in-space routing
How LEO satellites become active network nodes. L W (eniatblﬁs dyn;r‘nic
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| LEO satellites connect user terminals to the gIobaI Internet via dynamic, multi-hop paths.
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STARLINK GLOBAL PoP LOCATIONS

Where Starlink connects to the terrestrial Internet
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Starlink PoP / interconnection facility
(PeeringDB + Starlink information)
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e o SR | Internet infra e tructure. yl
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4 Source: PeeringDB / current public data, Sep 2026
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A PoP is a terrestrial entry point where Starlink connects
its satellite network to the wider Internet infrastructure.
The home PoP for a user can change over time (e.g. due to mobility)
and traffic may be routed to different PoPs to optimize performance.
J




Starlink LEO Connectivity - Satellite Handover Example

lllustration of two consecutive satellites sierving a user terminal in Mendoza, Argentina.

- . \ r . - ’
Simulation 1: STARLINK-3969 (V1.5) Simulation 2: STARLINK-31859 (V1 .5)
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Why RIPE Atlas?
A Global End-to-End Measurement Platform

Global coverage
Thousands of probes in > 190 countries
measure real end-to-end performance.

Diverse measurement types
Latency (ping), traceroute, DNS, HTTP(S),
SSL/TLS, and more.

Flexible and programmable

User-defined measurements, scheduling
and APls.

Ideal for terrestrial and non-terrestrial
networks

Enables comparative measurements across
mobile, fixed and satellite networks.
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RIPE Atlas provides a global, open and reliable platform for

end-to-end measurements, making it ideal for studying the integration
of terrestrial and non-terrestrial networks.

v



"'Measurement Methodology e

RIPE Atlas. T

~

Same measurement platform _ ((g) %’0 |
p . A A

Terrestrial network\\ 7 Non-terrestrial network
Same countries S £ (eg.4G/5G) N ’ (e.g. Starlink)
Overlapping coverage : i A Ro 3 e ten
(PWA & Starlink available). ' : B , AL CEEEY /
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i Same measurement types st o0, P i f o
Ping and traceroute. s s i o % < —— —————— g
: Results
.

Perspective Usar \eno-to-end d&t8)  RIPE Atlas RIPE Atlas Dl
End-to-end performance e ; Controller probe IP address)

(TCP-based measurements). : 103.3.60.20

TRACEROUTE SETTINGS (TCP) Target example: |

Destination port: 80 103.3.60.20
Port: 80

Protocol: TCP
Response timeout: 4,000 ms
Size: 48 bytes

TCP traceroute (port 80)

Used to avoid filtering and better
reflect real Internet traffic conditions.

First hop: 1
Max hops: 32

Timeout: 3 s

~8 days / 100+ measurements per probe.
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, Source Probes Access C mparlson TR
Terrestrial Mobile (FWA) gl ey .' <2 [LHEO Satelllte (Starlmk)
@ RIPE Atlas probe - LAN — 4G/5G router < A @ RIPE Atlas probe - LAN — Starlink router .
. ® Fixed user (FWA) ' b i ... ® Dynamic satellite topology e <3
® Mostly stable radio conditions, ~ -~ - - .. ® Gatellite handovers and gateway switching
with rare cell handovers i eret, v Different ® Single global AS (AS14593) '
~ © ® Multi-ISP / multi-AS environment O e ACERSS
v technology
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Micro SIM Standard SIM

AG/5G router with SIM card (FWA) - . Bl ' ) (R e * + Starlink terminal and router

@ | Unlike terrestrial FWA Starllnk operates as a smgle global AS (AS14593), -
resultlng in fundamentally dlfferent routlng behavior. * e
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¢ Satellite Communication

S
Dynamic satellite and gateway switching
Satellite handovers (~15 s)
ISL and gateway congestion
Weather-sensitive propagation

Dynamic Internet egress

NN SN

%) Terrestrial Mobile (FWA)

"Impact on Lat'eh'cy based on Radio Access Tech'nology

Stable infrastructure
Rare handovers .
Fixed Internet entry point

RAN/Core congestion

Mostly stable -




Measurement Target: 103.3.60.20 (Singapore) .

One of the longest intercontinental Internet paths -
Strong dependence on Tier-1 routing policies

|deal for exposing routing inefficiencies and detours

Using the same destination ensures a fair comparison

PR

Singapore is a major Asia-Pacific Internet hub

@ I Long-haul measurements amplify routing differences
between access technologies.
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Performance
depends on
routing
conditions —
not only on
access
technology.




Observed Routihg Paths and Latency (Bulgaria - Singaporé) .

7Route (regions)

Providers

3
|
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Variant Latency Route Type
Sofia - Vienna —» Telia Company — KDDI T Haptics
Starlink Frankfurt — Paris - Corporation - Akamai ~265 ms Transa a.r;'lc
USA — Japan — Singapore Technologies — Linode FaRSPacIlic
| : Sofia = Frankfurt (IXP) - RETN — DE-CIX - Telstra - : :
| Starlink Singapore Finode ~207 ms Direct (optimal)
. GTT Communications - KDDI
Starlink g;flaa—zrzSA g2 dapaile Corporation - Akamai ~264 ms Transpacific-heavy
9ap Technologies = Linode
: Sofia - Frankfurt - Interoute Communications - :
Starfink Singapore DE-CIX — Telstra - Linode ~204 ms N eSLOpHmE
Sofia - Frankfurt - :
FWA (41 Asia - Japan - 2l Te;lstra 7 ol ] ~365 ms Static intercontinental
~ Bulgaria) Technologies — Linode

Singapore
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We observed four distinct Internet paths within
minutes for the same user and destination,
confirming that Starlink dynamically selects
upstream providers and routing paths rather

than relying on a fixed Tier-1 transit.
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Key Insights on Long-Haul Routing: Starlink vs. Terrestrial

Internet routing decisions strongly influence end-to-end latency.

design also shape end-to-end performance.

Starlink dynamically selects gateways and Internet paths, while FWA terrestrial
networks generally follow more stable routes.

@ Access technology is one factor; routing policies, peering, and core network

IXPs and upstream routing policies play a major role in long-haul performance.




Measurement Evidence: Starlink In-Flight Connectivity
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@ | Jurisdiction in motion

v/ On the ground - local country laws

v/ Inthe air = airline’s country
of registration

+/ Jurisdiction changes during the journey




Open Questions and Future Perspective

(

If LEO networks bring the edge closer to users
and create new entry points into the backbone...

are we witnessing a fundamental shift in
how the Internet is structured?

N

If satellite networks can route traffic through
different countries before it even enters

the public Internet... who really controls

the Internet experience — the user’s country,
or the network’s point of entry?
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Space may be dark...
But the future of
satellite communication
Is bright -
where connectivity will
meet interoperability,
day and night!
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