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1-1 Internet as an Information Infrastructure

Web 1.0（1990~）

Web portal, explorer
ISDN，~64Kbps 

Web 2.0（2000~）
Blog, Social media, 

Multimedia
DSL/LAN，~10Mbps

Mobile Internet（2010~）

E-commerce, Gaming, Video
WIFI+4G+，~100Mbps

Intelligent Connectivity 
of Everything（2020~）

Internet+
5G+，Industrial Internet

IP Networking QoS Guarantee
MPLS

Autonomous 
Networks 

Mobile IP、IPv6

Space-Terrestrial 
Integrated 

Networking
IPv6+

（1960’s-1990）

TCP/IP Architeture

Shared Computation
ARPANET was designed as a 

communication and compute 
resource sharing tool.

Dedicated 
Computation

Cloud 
Computation

Mobile Edge 
Computation

AI 
Computation

Application

Networking

Computation



Okun Ajah, Lekki, Lagos State, Nigeria 
Equinix Data Center

Phoenix, AZ  
Flexential Data Center

1-2 Space Internet with Terrestrial Cloud

Minneapolis-Chaska, 
Flexential Data Center

Starlink Ground Station AntennasStarlink Space Segment Starlink Bentpipe Network Architecture



Amazon AWS（World #1 Public Cloud）

1-2 Space Internet with Terrestrial Cloud
Amazon Leo (Project Kuiper)
plans 3232  LEO satellites 
(more than 200 in orbit) to be
integrated with over 300
ground stations supported
with the AWS infrastructure.

AWS starts to provide AWS Ground Station in 2018



1-2 Space Internet with Terrestrial Cloud

Blue Origin proposed project TeraWave in Jan. 2026 to place 5408
satellites in orbit as a backbone in space:
(1) 5280 satellites in LEO to provide Q/V band RF user link up to
144Gbps；
(2) 128 satellites in MEO to provide optical user link up to 6Tbps.

With its terrestrial infrastructure advantages, 
Amazon focuses on enhancing space-based network capabilities.



1-3 Cloud Network in Space
SpaceX leverages its launch capability advantages to move toward space-based cloud networks.

Jan 30, 2026, SpaceX proposed to lauch
1000,000 satellites to build orbital data
centers.



1-4 Orbital Data Centers
Google Project SunCatcher
A "satellite cluster" architecture is adopted, with Google's Tensor
Processing Unit (TPU) accelerator chips hosted on board the satellites.
A dense fleet of satellites supporting model training is deployed in a
Sun-synchronous orbit (dawn-dusk orbit) at an altitude of 650 km.
In terms of radiation tolerance, Google's Trillium TPU v6e chips
have passed simulated testing with a 67 MeV proton beam.



1-4 Orbital Data Centers
Starcloud: Obital Data Center
The space data center adopts a container-based structure, with a single container weighing up to 100
tons, designed to maximize the payload capacity of heavy-lift rockets like Starship per launch.
A single container can accommodate approximately 300 Nvidia GB200 NVL72 racks, delivering 40 MW of
computing power.
These containers are assembled in orbit, ultimately building a 5 GW space data center.

EU ASCEND（Advanced Space Cloud for European Net zero emission and 
Data sovereignty）Project 
Plans to build GW-scale large in-orbit data centers after 2035 to ensure data sovereignty.
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2-1 Applications of Orbital Data Center

Application Modle Training Space Data, Space Computing Ground Data, Space Computing

Demand Low cost energy Low latency, low bandwidth Global low-latency access
especially for undeveloped area

Forms Single AI Data Center Global Space-Based Computing 
(Storage) Network

Global Space-Based Computing 
(Storage) Network

Deployment Assembled Single node or
Satellite Cluster Distributed Distributed

Orbit Dawn-dusk orbit Dawn-dusk orbit Dawn-dusk orbit
or Inclined orbit

Challenges
Cost, Thermal management, 

Maintenance

Cost, Thermal management, 

Maintenance

Cost, Mobility, Thermal 

management, Maintenance

Examples StarCloud, SunCatcher ASCEND （Cloud Computation）, Starlink （Edge Computation）



2-2 Use Cases of Space Cloud Network

Cloud native NTN 
Core Netwok

Cloud native NTN 
Core Netwok

5G NTN基站 5G NTN基站 5G NTN基站 5G NTN基站

Global D2C Marine Aerial
Global Inter-Operator

Roaming

•AMF
•UPF
•SMF
•……

In 2023, the global number of cruise passengers reached 31 million.
In 2024, global air traffic is projected to reach 4.96 billion passengers.

Space Cloud Native NTN

Current Starlink’s
Ground-based D2C



Space-based 
CDN

AI Severice CPU-based 
Service

Bridge the 
Widening Digital 

Divide for 
Undeveloped Area

because 
Latency Matters

2-2 Use Cases of Space Cloud Network

Space based 
Cloud Service

Space based 
Cloud Service



Space based PoP

LEO Network 1 LEO Network 2

MEO Network 1 MEO Network 1

GEO Satellite 
Networks

2-2 Use Cases of Space Cloud Network
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3-1 Space Cloud Network Architecture

Wenxiao Ge, Juan A. Fraire, Xinxin Shen, and Kanglian Zhao, “Space Cloud Networks: Technologies, Architectures, and Key Enablers”, IEEE Communications
Magazine, accepted for publication.



3-1 Space Cloud Network Architecture

 Independent Configuration: SBDCs and the

access layer operate as separate

constellations, connected through inter-layer

communication links

 Embedded Configuration: SBDCs are

directly integrated into the access layer by

replacing access satellites

Organization：

Wenxiao Ge, Juan A. Fraire, Xinxin Shen, and Kanglian Zhao, “Space Cloud Networks: Technologies, Architectures, and Key Enablers”, IEEE Communications
Magazine, accepted for publication.



3-1 Space Cloud Network Architecture

 Mid-Inclined Orbit: The angle between the orbital

plane and the Sun varies periodically. SBDCs in these

orbits experience shadows due to Earth’s occlusion

 Dawn-Dusk Orbit: A special type of sun-

synchronous orbit, maintains an orbital plane closely

aligned with the Earth’s terminator, allowing SBDCs

to remain continuously illuminated by sunlight

Orbit Choice：

Wenxiao Ge, Juan A. Fraire, Xinxin Shen, and Kanglian Zhao, “Space Cloud Networks: Technologies, Architectures, and Key Enablers”, IEEE Communications
Magazine, accepted for publication.



3-2 Performance Evaluation

 The cloud layer consists of a three-plane

independent constellation with 15 SBDCs per

plane, while the access layer corresponds to

the first layer of the OneWeb

 Users experience access latency within 40ms,

with latency increasing as the user’s spatial

distance from the cloud layer increases

Wenxiao Ge, Juan A. Fraire, Xinxin Shen, and Kanglian Zhao, “Space Cloud Networks: Technologies, Architectures, and Key Enablers”, IEEE Communications
Magazine, accepted for publication.



3-2 Performance Evaluation

 48 SBDCs are embedded within the first

layer of the Starlink constellation.

 90% of users experience access latency

under 12ms, much lower than Starlink’s

20ms target when relying on GBDCs

Wenxiao Ge, Juan A. Fraire, Xinxin Shen, and Kanglian Zhao, “Space Cloud Networks: Technologies, Architectures, and Key Enablers”, IEEE Communications
Magazine, accepted for publication.
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Conclutions

 Space Cloud Network is a promising architecture to provide global low
latency network and computation services.

 Although there have been WGs working on terrestrial Computation Power
Network, space cloud network is facing very different challenges.

 It might be a good chance to start relevant research in our SPACE group.


	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23

