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Integrated Terrestrial-Satellite Communication (ITSC)

Today, existing terrestrial mobile communica-
tion networks, including 3G/4G/5G, cover ap-
proximately 70% of the population. However,
achieving cost-effective coverage in areas such
as space, oceans, forests, deserts, and remote
regions remains challenging. Satellite commu-
nication presents a viable solution for wide area
coverage. Advancements in satellite technology,
such as the launch of multiple satellite within a
single rocket and the development of recoverable
launching vehicles, have significantly reduced
the cost of satellites deployment. Meanwhile,
satellite communication systems have effective-
ly addressed issues related to user access, call
quality, data transmission and construction costs.
Therefore, to meet the expanding needs of hu-
man activities and align with the vision of 6G for
“global coverage, context-aware connection”
the integration of terrestrial communication
and satellite communication (also known as
Integrated Terrestrial-Satellite Communica-
tion, ITSC) is emerging as a crucial trend ™,
Significant progress has been made to enabling
ITSC from theoretical concept to practical reali-
ty. In June 2022, the 3rd Generation Partnership
(3GPP) finalized the standardization of Non-Terres-
trial Network (NTN) “* in Rel-17, paving the way
for real deployment of NTN network. Additionally,
the concept of Direct Satellite-To-Mobile-Phone
Connectivity (DS2MPC), enabling direct con-
nectivity between satellites and mobile phones,
has garnered considerable attention from both
industry and academia due to its portability and
potential for a large subscriber base. Furthermore,
recent advancements in communication, semi-

conductor and satellite technologies have made it

feasible to integrate terrestrial and satellite com-

munication within 6G framework. This integra-
tion will employ unified radio air interface, unified
access authentication, and unified core network
to achieve seamless global coverage . Consequent-
ly, not only individual users with mobile phones
in urban, remote areas, deserts and forests, but
also industrial users utilizing various kinds of
terminals such as airborne, vehicle-mounted
or ship-mounted devices, will benefit from an
integrated communication service, facilitating
seamless handovers and free roaming between
terrestrial and satellite communication networks.

To provide a comprehensive understanding
about the ITSC, this white paper will conduct
technical analysis of the driving forces, require-
ments, application scenarios, key performance
indicators and technical challenges. Furthermore,
it will outline a roadmap for evolution of ITSC
from current 5G stage to future 6G stage. The
paper will discuss a range of key technologies
relevant to ITSC and suggest directions for future
standardization and technology verification ef-
forts. The primary objective of this white paper
is to offer essential technical insight into ITSC

and contribute to its continued development.
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Integrated Terrestrial-Satellite Communication (ITSC)

2.1 Driving force of ITSC

In the past few decades, terrestrial communi-
cation and satellite communication have un-
dergone independent developments. Terrestrial
communication has been optimized for “higher
spectral efficiency” and “higher transmis-
sion rate” to adapt to terrestrial channel and
terrestrial business models. Similarly, satellite
communication has focused on “higher power
efficiency” and “higher throughput” to cater
to satellite channel and satellite business mod-
els. However, driven by the increasing demands
of personal usage and industrial development,
ITSC has emerged as a hot research topic in
5G-Advanced and 6G. The following are some
key driving forces of ITSC.

» Popularization of satellite communica-
tion users

Satellite communication, once limited to gov-
ernment and military users, has now become
accessible to ordinary individuals. In ITSC,
mobile phones can seamlessly connect to both
satellite and terrestrial base stations, reducing
costs for users and enhancing their mobile ex-

perience.

» Seamless coverage and anytime any-
where access requirements '’

Terrestrial communication provides broadband
mobile services through dense base station de-
ployment, while satellite communication ensures
wide coverage through satellite beams. ITSC en-
ables seamless coverage and access services by

leveraging the strengths of both technologies.

» Intelligent connection of IoT devices

Internet of things (IoT) requires low-cost local
connectivity as well as economical wide-area
connectivity to facilitate rapid information ex-
change and sharing. ITSC offers technical capa-
bilities for the intelligent connection in remote
areas, medium-to-high altitude airspace, and

near space.

» Industry chain sharing between terres-
trial and satellite communication

Terrestrial communication established an open
industrial chain that serves billions of users.
ITSC presents an opportunity for operators to
leverage the industrial chain of terrestrial com-
munication and expand their services to cover

both terrestrial and satellite service.

2.2 Typical application scenarios of ITSC

ITSC encompasses a wide range of application
scenarios, offering solutions for various indus-
tries and sectors, including personal mobile
communications, transportation, aeronautical

and maritime communications, telecommuni-

cations, IoT, aerospace and emergency rescue.

» Personal mobile communication sce-
narios

Mobile phones are the primary communication
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tool for individuals. ITSC enable global seamless
coverage and uninterrupted services by allow-
ing access to terrestrial or the on-board base
station, facilitating smooth handovers between

different types of base stations.

» Transportation scenarios

ITSC supports professional communications,
data backhaul and network access for vehicles,
trains, and boats. Terrestrial mobile networks
can be utilized within their coverage, while sat-
ellite networks provide connectivity in areas be-

yond terrestrial coverage.

» Aeronautical and maritime scenes

Terrestrial communications provide services for
aircraft and ships while they are at airports or
docks, while satellite communications are used
during their journeys to enable professional

communications and data backhaul.

» Telecommunication scenarios

ITSC offers cost-effective solutions for base
station backhaul services, broadband access
and satellite relay services in remote areas,
islands, offshore platforms and mobile plat-
forms. It can also provide satellite connectivity

and data backhaul services without the need

for transforming the existing communication

networks.

» IoT intelligent connection scenarios

In order to meet the needs of large-scale and
low-cost terminal access, ITSC can provide
direct or indirect connection services for IoT
terminals on the fixed or mobile platform, such
as power grid monitoring, geological and forest
monitoring, UAV control, offshore buoy infor-

mation collection and more.

» Navigation and aerospace scenes

ITSC enhances positioning and navigation
services for individual and professional users.
Furthermore, it also supports information trans-

mission services related to aerospace activities.

» Emergency rescue
ITSC system, accessed through mobile phones,
provide natural disaster prediction services to
individual users and facilitate essential commu-
nication between victims and rescue workers
after a disaster.

These diverse application scenarios demon-
strate the versatility and potential of ITSC across
multiple industries, empowering efficient and

reliable communication in various contexts.

2.3 Vision of ITSC

The future ITSC system will encompass a
three-dimensional heterogeneous communica-
tion network ¥, as illustrated in Figure 1. From
the perspective of network element functions,
the ITSC network can be divided into three

06

main components: the Radio Access Network
(RAN), the Bearer Network (BN), and the Core
Network (CN). The RAN includes terrestrial,
near space, and satellite access. The BN com-

prises space and ground bearers, where the
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space bearer facilitates transmission between
satellites, and the ground bearer handles trans-
mission between gateway stations. The CN con-
sists of core network elements and the IP Mul-
timedia Subsystem (IMS), with core network
elements primarily deployed on the ground
(referred to as the terrestrial core network) but
with the potential for partial deployment on sat-
ellites (referred to as the satellite core network).
This unified network architecture enables the
ITSC system to leverage integrated radio access,
transmission, and network technologies, along
with satellite-terrestrial collaborative wireless
resource allocation and service management.
The objective is to provide broadband or nar-
rowband access services to various communica-
tion devices, meeting the communication needs
of space-based, sea-based, and land-based users
anytime and anywhere ®'¥. Additionally, ITSC

facilitates the deep integration of communica-

tion equipment, devices, services, and appli-
cations, resulting in significant cost reduction
and promoting the positive development of the
entire industry .

One notable application of ITSC is DS2MPC,
which necessitates the enhancement of both
terminal capabilities and network coverage.
DS2MPC represents a redefinition of traditional
satellite mobile communications, moving away
from dedicated terminals that primarily offer
voice and low-rate data services. Moreover, it
serves as a vital measure for 6G to realize on-de-
mand access and seamless coverage. Therefore,
the vision of DS2MPC revolves around enabling
terminals that are originally designed for ter-
restrial communication to access satellites and
seamlessly handover between terrestrial Access
Points (APs) and satellite APs. This seamless in-
tegration ensures global coverage and uninter-

rupted services become a tangible reality.

MEO/LEO

intelligent MANO

terrestrial cellular APs

Figure 1- A three-dimensional ITSC network
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Integrated Terrestrial-Satellite Communication (ITSC)

3.1 Key performance indicator (KPI)

To gain insights into the capabilities of satellite
communication in ITSC, preliminary estima-
tions of KPI ®* are derived by referencing KPIs
from terrestrial communication, taking into
account typical satellite constellations, fre-
quency resources, payload configurations, and
the development of satellite technologies and

devices.

> Peak data rate

The downlink peak data rate for satellite beams
can range from 10 to 50Mbps for terminals with
low-gain antennas (such as mobile phones and
IoT terminals) and from 50 to 1000Mbps for
terminals with high-gain antennas (e.g. Very
Small Aperture Terminal - VSAT). With each
satellite supporting tens to hundreds of beams,
the capacity of each satellite can be set at 10 to
100Gbps.

> Air interface delay

The air interface delay typically includes prop-
agation delay (approximately 1.1 to 11 milli-
seconds for LEO on-board processing mode
and over 100 milliseconds for GEO satellites),
processing delay from transmitters or receiv-
ers (generally 1 to 2 milliseconds at one-side),
scheduling delay from beam-hopping (limited
to within 80 milliseconds by synchronization
time), and retransmission delay from Hybrid
Automatic Repeat reQuest (HARQ) (dependent
on the number of retransmissions, propagation
delay, processing delay, and scheduling delay).

Minimizing the number of retransmissions or

avoiding the retransmission mechanism is cru-
cial when dealing with significant propagation
or scheduling delays during beam-hopping or

real-time interactive services.

» Doppler shift

Doppler shift, ranging from several tens to sev-
eral hundred kHz in different frequency ranges,
is determined by the signal frequency and the
relative radial velocity between the satellite and
the terminal or gateway station. It can signifi-
cantly impact synchronization, random access,

signal detection, and other processes.

» Terminal speed

Satellite communication supports various termi-
nal types, including mobile phones, fixed termi-
nals, vehicular terminals, ship-borne vehicles,
and airborne vehicles. Airborne vehicles, with
speeds reaching up to 1000km/h, present chal-
lenges in scheme design for synchronization,
mobility management, and constraints on beam

width and beam steering.

» Spectral efficiency

Due to limited power budget and lower linearity
compared to terrestrial communication, satellite
communication typically exhibits lower Spectral
Efficiency (SE). The peak SE for a terminal with
a high-gain antenna should exceed 3 bit/s/Hz.

» Frequency reuse
Unlike terrestrial communication, which com-

monly employs co-frequency reuse, satellite
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communication requires separate frequencies

for the service link and feeder link. The fre-
quency reuse factor for satellite communication
is generally set at 2 to 8, with a larger factor indi-

cating reduced interference from adjacent beams.

» Link availability

Radio link availability in satellite communication
is influenced by environmental factors such as the
ionosphere, atmosphere, clouds and rain. Typi-
cally, the availability for the service link should
not fall below 98%, while the feeder link should
maintain at least 99% availability. In practice,
link availability can be comprehensively consid-
ered based on factors like frequency, coverage,

customer class and cost. Meanwhile, customers

sign service level agreements with operator.

» Cell radius

Satellite beams correspond to cell radii ranging
from tens of kilometers to over a thousand kilo-
meters, resulting in coverage spanning tens of
thousands of square kilometers. This extends

beyond the coverage range of a terrestrial cell.

» Number of users per beam

Based on user distribution in typical scenarios
and design objectives of existing satellite com-
munication systems, future satellite communi-
cation will aim to support over 5000 active users
per satellite and approximately 500 active users

per beam.

3.2 Technical challenges

A series of technical challenges have been iden-
tified to meet the requirements of ITSC, includ-
ing unified design for air interface, beam design
to balance beam coverage and system capacity,
complex and dynamic interference management,
simplified protocol design, diversified termi-

nals, and dynamic huge space bearer network.

10

» Unified design for air interface

Designing a unified air interface poses signifi-
cant challenges due to the inherent differences
between satellite and terrestrial channel links.
Factors such as orbit, frequency, and terminal
antenna type can affect the satellite channel,

which typically exhibits a strong Rician-type
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channel. However, multipath effects should be
considered for terminals using omnidirectional
or low-gain antennas. The terrestrial channel,
on the other hand, experiences strong multipath
fading, leading to significant signal variations
even in adjacent time and location. Therefore,
the air interface design for ITSC must address

the variability of these application scenarios.

» Beam design to balance beam coverage
and system capacity

The limited transmitting power of satellites re-
stricts the number of fixed beams that can be
deployed. Beam-hopping is a potential solution
that allows dynamic adjustment according to
service requirements. The number of beams
affects system capacity and beam coverage.
A smaller number of beams results in wider
beam coverage but lower system capacity, while
a larger number of beams provides narrower
beam coverage but increases the hopping time.
Therefore, beam design must strike a balance

between beam coverage and system capacity.

» Complex and dynamic interference
management

In an ITSC environment with frequency shar-
ing, complex interference scenarios arise that
need to be mitigated. These include interference
avoidance between Non-Geostationary Orbit-
ing (NGSO) satellites and Geostationary Earth
Orbit (GEO) satellites, interference avoidance
between terrestrial APs and satellite APs, and
interference avoidance from systems such as
earth exploration and meteorological satellites.

Effective interference management strategies

are essential to ensure reliable communication

in the presence of these interferences.

» Simplified protocol design

Payload capacity and volume limitations neces-
sitate the simplification of on-board processing
protocols at each layer. This simplification aims
to reduce the challenges associated with imple-
menting software and firmware-based space
protection measures. By simplifying protocols,
the difficulties in realizing these measures can

be mitigated.

» Diversified terminals

Future ITSC system must support multiple
types of terminals, each with varying capabil-
ities based on deployment and usage scenar-
ios. These differences can include operating
frequency bands, bandwidth, peak data rates,
dynamic adaptability, service types, and energy
consumption. The communication protocol, re-
source scheduling, mobility management, and
service management must adapt to the needs of
these diversified terminals, which may increase

the complexity of communication payload.

» Dynamic huge space bearer network

The advancement of laser communication has
led to the prospect of Inter-Satellite Link (ISL)
in satellite communication. This development
will give rise to a dynamic topology, forming a
vast space bearer network. However, the current
device-level elasticity mechanism is relatively
weak, making it challenging to satisfy Quality of
Service (QoS) requirements in satellite commu-

nication.
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3.3 KPIs and technical challenges for DS2MPC

Key technical indicators of DS2MPC are listed as

follows:

» Peak date rate

Compared to VSAT, mobile phones in DS2MPC
operate at lower frequencies and exhibit lower
transmission power and narrower bandwidth.
As a result, the spectrum efficiency and peak
data rate of DS2MPC in ITSC will be significantly

lower than those in terrestrial communication.

» Bandwidth

DS2MPC systems typically operate in low-fre-
quency bands such as L, S, or C bands, resulting
in bandwidths generally below 20MHz. This is
considerably lower than the bandwidth availa-
ble in 5G New Radio (NR) or traditional satellite

communication.

» Spectral efficiency
The limited transmitting power of mobile
phones restricts achieving high signal-to-noise
ratio (SNR), leading to reduced spectrum effi-
ciency. Additionally, it is challenging to utilize
multiple input multiple output (MIMO) technol-
ogy to increase the capacity of a satellite.
Consequently, DS2MPC in ITSC faces specific
challenges, including low SNR affecting data rate,
frequency coordination between satellite and

terrestrial systems, and mobility management.

» Low SNR on data rate
To mitigate the impact of poor reliability and

low data rates caused by low SNR, communi-

12

cation links need to be enhanced. This can be
achieved by increasing the antenna gain from
satellites and implementing repetition transmis-

sion techniques.

» Frequency coordination between satel-
lite and ground

Sharing the low-frequency band between ter-
restrial and satellite communication presents
difficulties. Unified planning, deployment, and
management based on interference criteria
are necessary. However, achieving consensus
among all International Telecommunication
Union (ITU) participating units can be challeng-
ing, potentially resulting in limited implementa-

tion of frequency sharing in specific areas.

» Mobility management

As coverage and service areas expand, new chal-
lenges emerge, including service geographical
differentiation and regulatory constraints. Accu-
rate determination of mobile phones’ service
locations on the network side becomes crucial,
enabling the selection of the appropriate legal

CN to comply with local laws and regulations.
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Based on previous studies on NTN and present vision on 6G, ITSC is evolving from the route of “stand-

ard compatibility in 5G” toward the route of “system integration in 6G” .

4.1 ITSC’s standard compatibility in 5G

Satellite communication was not initially con-
sidered in the early stages of 5G NR develop-
ment.However, with evolving technology and
requirements, satellite communication study,
namely as NTN, was initiated during the R15
later stage at 3GPP. The first version supporting
NTN networks was completed in R17 based on

the optimization of terrestrial 5G NR, including

14

timing relationship enhancement, time and
frequency compensation, HARQ improvement
mechanism for large round-trip time, mobility
management and handover enhancement. Sat-
ellite communication, benefiting from the com-
patibility with terrestrial 5G, can leverage the
advantages of sharing the industrial chain and

scale economies of terrestrial 5G.
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4.2 ITSC’s system integration in 6G

In the 6G era, different types of access modes
from terrestrial or satellite have been fully
considered at the beginning of the formulation
of the standard. It is necessary for terrestrial
mobile communication to organically integrate
with various satellites types covering high, me-

dium and low orbits, enabling seamless global

coverage and ubiquitous network access. The
ITSC in 6G is the integration of multiple het-
erogeneous access networks, characterized by
multi-layer, three-dimensional, dynamic and
time-varying. All challenges will be thoroughly
analyzed and solved from the initial stage of 6G

design to realize the complete integration.

4.3 DS2MPC will be the key milestone applic

In current Rel-18 stage, 3GPP is actively work-
ing on further link enhancement to support DS-
2MPC. It is expected that DS2MPC will garner

more attention in 6G, enabling mobile phone

users to switch smoothly between terrestrial
APs and satellite APs without awareness of ser-

vice interruption.
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To meet the technical challenges of ITSC, several key technologies need to be studied, including net-

work architecture, wireless transmission technology, mobility management technology, network and

security technology, satellite-terrestrial spectrum sharing technology, and engineering implementa-

tion technology.

5.1 Network architecture

Figure 2 illustrates the network architecture of
the ITSC system, which enables multiple access
modes for terrestrial base stations or satellites
519 The integration of On-Board Processing
(OBP) and ISL plays a crucial role in simplifying
the deployment of gateway stations. Addition-
ally, considering technical constraints, launch

capabilities, costs, and specific requirements,

L e
gﬁ‘«”

Simplified Cloud Platform

the Transparent Processing (TP) mode presents
a viable alternative. Therefore, the future ITSC
system should support various network archi-
tecture types, including the RAN sharing net-
working mode with Multi-Operator Core Net-
work (MOCN), as well as the hybrid networking
mode encompassing TN, NTN-OBP, and NTN-
TP.

Intelligent

MANO

GEO
2, & Sensing

Light Cloud
Platform

LEO-OBP

i I

LEO -TP

Terrestrial Network .

(i[f))

: —
Terrestrial Bearer
Network

@/ gy || Simplified Cloud § Function
M) Platform

LEO-OBP

On-board BS

Cloud 0S

Computing Storage Exchange
Equipments || Equipments|| Equipments

Core Network

Figure 2- Network architecture of ITSC system
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The network architecture of the ITSC system
primarily consists of User Equipment (UE), radio
access network, bearer network, and core net-
work. The radio access network enables radio
access to satellite or terrestrial base stations, fa-
cilitates data transmission, and ensures low-la-
tency handover with uninterrupted service. The
bearer network encompasses the Space Bearer
Network (SBN) and the Terrestrial Bearer Net-
work (TBN). The SBN is composed of on-board
routers, on-board laser/microwave terminals,
feeder payloads, and on-board feeder control
functions. The TBN consists of terrestrial feeder
units, terrestrial routers, traditional IP equip-
ment, and the bearer network controller. The
core network, equipped with an IMS system,
supports authentication, session management,
mobility management, user management, bill-

ing, and other functions. The IMS system estab-

lishes multimedia channels for diverse services,
provides unified Quality of Service (QoS) and
billing policy control mechanisms, and handles
voice transcoding and interworking between
different networks.

In accordance with ITSC’ s regulatory require-
ments, gateway stations should be deployed
independently in different countries. However,
wireless resources from the RAN and the SBN
can be shared among different operators with
separate central networks. Even within the same
country, different operators can organize the
network by slicing the core network or sharing
the entire network through virtual operators,
which reduces the complexity of the RAN and
SBN. Furthermore, the core networks of the
ITSC system should be capable of intercon-
necting with each other to enable user roaming

across different core networks.

5.2 Wireless transmission technology

5.2.1 Duplex mode

Though both Frequency Division Duplex (FDD)
mode and Time Division Duplex (TDD) mode
are used in the terrestrial mobile communica-
tion system, the FDD mode is predominantly
adopted in traditional satellite communication
system,and currently, only FDD is studied in
3GPP NTN. In ITSC, FDD mode will continue to
be a typical duplex mode with some advantag-
es, such as simple synchronous design, well-de-
fined timing relationship, high transmission
efficiency """?. However,FDD mode also has
some disadvantages, such as frequency re-

sources scarcity resulting in difficulties to get

18

symmetrical frequency bands, wide frequency
protecting intervals.

TDD mode is also a viable duplex mode for
ITSC and offers some advantages, such as suffi-
cient frequency resources, convenience of real-
izing transceivers sharing the common antenna
array. Nevertheless, TDD mode also has some
disadvantages, including strict requirements
for time synchronization, complex interference
issues between the uplink and downlink, and
longer physical frame length.

In addition, half-duplex FDD mode is also a
potential solution. The advantages of this mode

can be deemed as easy to realize transmit-re-
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ceiver sharing common antenna array and
efficient to solve the problem of transceiver iso-
lation. However, it also has some disadvantages,
such as low transmission efficiency and strict
time synchronization.

In the future, these three duplex modes can
be applied in different scenarios. FDD mode is
recommended as the preferred option for most
frequency bands, while TDD mode and half-du-
plex FDD mode can be considered in specific

frequency bands.

5.2.2 Waveform and multiple access tech-
nology
For the air interface, the frame structure and
waveform of TN and NTN must be configured
uniformly. To align with 5G, Cyclic Prefix Or-
thogonal Frequency Division Multiplexing
(CP-OFDM) can be adopted for downlink with
further measures to reduce the Peak to Average
Power Ratio (PAPR), also Discrete Fourier Trans-
form-Spread-Orthogonal Frequency Division
Multiplexing (DFT-s-OFDM) can be adopted for
uplink. In addition, exploring new waveforms
such as Orthogonal Time Frequency Space
(OTFS) is also recommended for future ITSC.
Due to the large propagation delay of satellite
communication, Non-Orthogonal Multiple Ac-
cess (NOMA) technology can be introduced to
increase transmission opportunities, support
more users, as well as reduce the access and
data transmission delay. Given that satellite-ter-
restrial propagation delay significantly impacts
user experience, two-step Random Access Chan-
nel (RACH) can be adopted to reduce the access
delay.

5.2.3 Beam management

For satellite communication, beam-hopping
with spot beam or other narrow beam type is an
efficient method to improve the transmission
link. Typically, the dwell time is below 10 mil-
liseconds and the hop back period is about 20
milliseconds, which has no significant impact
on the QoS of normal services ",

To meet the coverage requirements, a simple
solution is to pre-plan beam scheduler. In this
way, the beam coverage area is planned in ad-
vance and only the users within these areas can
be served by network. Another solution is to use
the control beam to provide random access ser-

vices for users, and then invoke the data beam

according to user’s position. Generally, due to
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the non-uniform distribution of users, the data
beam usually adopts spot or narrow beam, and
works in either hopping mode or earth-fixed
mode. As for the control beam, when its beam
width is equivalent to that of data beam, it can
work in beam sweeping mode or earth-fixed
beam mode. However, when its beam width is
much bigger than that of the data beam, it main-
ly works in the earth moving mode.
Furthermore, in ITSC system, multi-beam co-
operative transmission and satellite-terrestrial
cooperative transmission can be employed in
both service link and feeder link to obtain diver-
sity gain or multiplexing gain, thereby enhanc-

ing the system’ s capacity.

5.2.4 Link and coverage enhancement

In ITSC system, especially for the DS2MPC sce-
nario, link budget is often limited or insufficient,
especially for return links. It is crucial to compre-
hensively consider the link and coverage enhance-
ment from various aspects, including air inter-
face protocol, terminal and base station wireless
capability requirements ", Key solutions involve
enhanced HARQ, signal repetition mechanism,
UE capability enhancement, satellite capability

enhancement, and reduction of signal bandwidth.

» Enhanced HARQ technology

Due to the long propagation delay of satellite
communication, more HARQ processes should-
be configured for satellite communication
compared with terrestrial communication.
Additionally, HARQ feedback can be enabled/
disabled semi-statically or dynamically based

on different scenarios. For scenarios with low

20

SNR or services insensitive to propagation delay,
blind retransmission or HARQ retransmission
can be used to realize the diversity combination
of signals and improve performance. However,
for scenarios with long propagation delay (such
as GEO satellite communication) or high da-
ta-rate transmission links or services sensitive
to delay and jitter, the HARQ feedback should be

disabled to avoid retransmission.

» Signal repetition mechanism

Signal repetition is a common mechanism to
improve the link budget, especially in DS2MPC
scenarios with low SNR. Theoretically, each rep-
etition can bring a 3dB gain for the communica-
tion link. However, due to the non-ideal channel
conditions and the increased delay caused by
repetition, the number of repetitions and the
related gain are limited. Usually the signal rep-
etition mechanism is efficient in case of link
budget improvement below 10dB, while the ef-
ficiency may be evidently reduced when the re-
quirement of link budget improvement exceeds
far more than 10dB.

» UE capability enhancementt

To support DS2MPC, the antenna gain and
transmit power of UEs need to be increased, for
example higher than Power Class 3 terminals.
The gain of the dedicated antenna designed for
the satellite communication frequency band can
be several decibels higher than that of the ordi-
nary mobile phone antenna, and the terminal
with power amplifier module can also output
more than 23dBm, serving as the default config-

uration.
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» Satellite capability enhancement

Enhancing the Equivalent Isotropic Radiated
Power (EIRP) and figure of merit G/T of on-
board base stations or transponders is the most
important way to solve the limited link budget.
The size of the satellite antenna array and ele-
ments can be appropriately increased, and the
agile hopping beam technology can be utilized
to strike a balance between antenna gain and
coverage capability. Techniques such as joint
transmit-receive array, array element gain max-
imization, and sparse array can be used to im-

prove the passive gain of the antenna.

» Reduction of signal bandwidth

For satellite communication, the signal band-
width should be matched with the transmitting
power to maintain the consistence of power
spectral density. In cases where transmitting
power is limited due to poor transmission links,
supporting lower signal bandwidth is prefer-
able. This approach enhances power spectral
density, reduces noise bandwidth, and conse-

quently improves the SNR.

5.2.5 UE positioning

Location information about satellite and UE
plays a crucial role in satellite communication,
enabling tasks such as beam search, time and
frequency synchronization, and transmission
power optimization. At present, in 3GPP 5G NTN,
UEs are assumed to have Global Navigation Sat-
ellite System (GNSS) signal reception function,
allowing them to report their location to the
network. However, there is a potential risk of

deceptive reporting from the UE side, which can

make it challenging for the network to accurately
determine the UE’ s actual location, and impact
effective supervision implementation. With the
integration of communication and navigation in
the future, UE without GNSS can also access to
the ITSC network. Depending on the navigation
enhancements, UE can perform self-positioning
based on signals from the network, and the net-
work can also locate UEs by signals from the UEs
themselves. This approach enables positioning
accuracy to reach kilometer level, meter level or
even decimeter level to meet various positioning
requirements.

Methods for UE positioning include single-sat-
ellite positioning and multi-satellite position-
ing. In single-satellite positioning, UE performs
multiple measurements from signals of the
same satellite, obtaining multiple samples in
spatial dimension to determine its location.
These measurements include specific signal
metric measurements such as time, power
and Doppler shift. Furthermore, multi-satel-
lite positioning allows the UE to make meas-
urements from signals of multiple satellites,
utilizing time division or space division tech-
niques to complete the positioning process.
While single-satellite positioning is relatively
easier to implement, it may struggle to achieve
real-time positioning and high accuracy. Mul-
ti-satellite positioning can deliver quicker results
but requires inter-satellite coordination and
synchronization. The future satellite positioning
technology will be further improved, focusing on
signal systems, positioning algorithms and posi-
tioning processes to optimize the integrated de-

sign of communication and navigation systems.
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5.3 Mobility management

5.3.1 Inter-satellite handover

Due to the movement of satellites, handover
happens frequently for both service link and
feeder link "',

Service link handover can be classified as in-
ter-beam handover and inter-satellite handover.
Since a satellite beam serves a large number of
active users, each handover may result in com-
munication interruptions lasting tens to thou-
sands of milliseconds, especially in “Break-
Before-Make” mode.So it is necessary to avoid
frequent service link handover to reduce sign-
aling overhead, consumption of on-board pro-
cessor resources, and reduce the impact on user
experience. Service link handover needs to be
optimized from the following aspects.

@ Handover judgment conditions. Factors to
be comprehensively considered include the rel-
ative position between the terminal and the sat-
ellite, interference avoidance conditions, signal
quality, target satellite load and effective service
time, terminal antenna capability, user service
level, and switching mode (Break-Before-Make
or Make-Before-Break), etc.

@ Handover mode. Conditional handover and
group handover can be employed.

@ Handover prediction. With the auxiliary
information of terrestrial feedback, Artificial
Intelligence (AI) based prediction and judg-
ment methods can be used for handover deci-
sion-making.

® Target base station selection strategy. The
satellite with the longest service time should be

chosen as the target for handover.
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® Staring beam mode. Beam toward specific
direction can reduce or even avoid inter-beam
handover.

Similarly, feeder link handover can be classi-
fied as intra-station handover and inter-station
handover. Feeder link handover causes the SBN
topology to change, altering the traffic path. To
minimize the impact of feeder link handover
on QoS, the “Make-Before-Break” switching
mode is generally adopted, and further optimi-
zation is made in combination with the routing
switching mechanism of the SBN to reduce con-
gestion, packet loss and delay jitter caused by
path changes. For the feeder link handover in
transparent mode, special consideration is giv-
en to the overall handover of access users, and
group handover can be utilized to mitigate the

impact of signaling storms.

5.3.2 UE location management and pag-
ing

Earth-Fixed Tracking Area (TA) management
is currently a common method used in satellite
communication systems. However, since the
tracking region is binding to the ground area, it
will bring challenges in terms of TA updates for
on-board base stations and significant resources
consumption of control beam. Especially for the
ITSC system, where thousands of idle terminals
exist in the coverage area of each satellite and
resources from control beams are very limited,
it is necessary to optimize the location manage-
ment method and paging mechanism.

The ITSC system can adopt a location-based



Integrated Terrestrial-Satellite Communication (ITSC)

terminal management mode. In this mode, the

terminal reports its geographic location to the
network. Only when the geographical location
changes on a large scale (much larger than the
beam position diameter) or when the idle termi-
nal has not updated its location for a long time,
the idle terminal initiates the position update
process.

After the network obtains the user’ s loca-
tion, a paging mechanism based on the user’s
geographic location can be employed. Under
the condition of meeting the interference avoid-
ance, the idle terminal can choose to camp in
the on-board base station according to the prin-
ciple of closest distance. When the core network
is paging idle terminals, it also selects on-board
base stations to page according to the principle
of closest distance. The on-board base station
needs to determine which beam position to page
according to the terminal speed class to reduce

the resource consumption of the control beam.

5.3.3 Roaming
Traditional satellite communication systems
have not supported roaming scenarios. How-

ever, for the future ITSC system, especially the

LEO and MEO satellite communication systems,
it is necessary to support roaming not only be-
tween different core networks in the system, but
also between the network of satellite communi-
cation operators and the network of terrestrial
communication operators.

For the ITSC system, user traffic supervision
is particularly important, and even becomes
a key factor affecting the possibility of over-
seas communication services. The on-board
base station should confirm the geographical
location of the terminal, and select suitable
satellites and gateway stations according to the
geographical location of the terminal, so as to
introduce signaling and user traffic into the cor-
rect visited core network, allowing the local reg-
ulatory authority to supervise the user traffic.
According to the roaming protocol, the visited
core network routes the user’ s traffic to other
local networks or the Internet (Local Break Out,
LBO), or to the home core network (Home Rout-
ed, HR), enabling the home authority to super-
vise the user traffic. In addition, both the visited
core network and the home core network need
to confirm the location and roaming restric-

tions of terminals.
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5.4 Network and security technology

5.4.1 Flexible deployment of network

functions

The network architecture of the ITSC system re-
quires flexibility, elasticity, and reconfigurability
at multiple scales to accommodate various sce-
narios and service requirements.By leveraging
slicing technology and virtualization technology,
the ITSC system can achieve “functional modu-
larization” and “functional componentization”
enabling the reconfigurability of network func-
tions.

The ITSC network is a large-scale space-time
multi-layer heterogeneous network , encom-
passing GEO/MEO/LEO satellites as well as
terrestrial base stations. Due to resource limita-
tions, the following methods can be employed
to facilitate the flexible deployment of network
functions:

@ On-board virtualization technologies can
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be utilized to virtualize infrastructure resources
on satellites, enhancing resource commonality
across different/heterogeneous nodes and ena-
bling the reconfigurability of on-board functions.

@ Customized network functions can be de-
ployed on satellites using containers or other
methods, reducing the resource costs associated
with deploying network functions.

@ Network functions can be flexibly divided
on-demand for different business scenarios, al-
lowing for customized network service capabil-
ities and improving the network’ s adaptability
across all scenarios.

®Network element functions can be pro-
cessed in a lightweight manner, strategically
deploying them between satellite and terrestrial
nodes based on network configuration, service
requirements, network resources, and node pro-

cessing capabilities. This approach enables the
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customization and on-demand reconstruction
of network functions.

By implementing these approaches, the ITSC
system can achieve a flexible and reconfigurable
network architecture that effectively meets the
diverse needs of different scenarios and opti-

mizes resource utilization.

5.4.2 Slicing technology

The high dynamic and hierarchical distribution
in satellite communication, along with the sig-
nificant network differences between terrestrial
and satellite communication, present considera-
ble challenges for end-to-end slice management
and quality of service assurance in the ITSC sys-
tem. To address these challenges, the intelligent
end-to-end network slice management architec-
ture and Al technology need to be adopted. This
will enable intelligent slice selection, full-life cy-
cle autonomous slicing management, as well as
multi-domain network coordination and unified
arrangement.

Firstly, network slice selection should consid-
er the requirements of different users and sce-
narios. By implementing a unified management
scheme for terrestrial and satellite resources,
on-demand end-to-end slicing covering the ac-
cess network, transmission network, and core
network can be selected to achieve intelligent
and accurate slice selection.

Secondly, network slice orchestration plays
a crucial role. The network slice orchestration
management and service quality assurance
system, along with the new network control
function unit, can integrate multi-domain and

heterogeneous network resources. This enables

on-demand orchestration of end-to-end slices
across terrestrial and satellite networks. Mul-
ti-domain slice management is realized through
the former, while the latter abstracts the differ-
ences between different domains, such as ter-
restrial and satellite slices, facilitating automatic
design of slice templates and arrangement of
slice resources.

Finally, network slice management encom-
passes the intelligent management of network
slices throughout full life cycle. This includes
intelligent slice deployment, selection, sched-
uling, deletion, error locating, and real-time
monitoring of slice status. These measures en-
sure the safe and healthy operation of slices.

By adopting an intelligent end-to-end network
slice management architecture and leveraging
Al technology, the ITSC system can effectively
address the challenges posed by the character-
istics of satellite communication and achieve
efficient slice management and QoS assurance

across diverse networks.

5.4.3 Network virtualization

Considering the harsh space environment,
limited on-board hardware resources, and the
impossibility of satellite equipment mainte-
nance, among other factors, satellite network
virtualization technology in the ITSC system
will be primarily based on containers. Con-
tainer technology offers advantages such as
operational speed, management convenience,
standardization, and the ability to transform
network elements into micro-services. By
leveraging cloud native technology, Virtu-
al Network Function (VNF) can be built and
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encapsulated into virtual components using
containers. These virtual component units
can then be deployed independently as mi-
cro-services. A centralized scheduling system
can be employed to dynamically manage and
schedule virtual resources, enhancing the
flexibility of the VNF based system, simpli-

fying the maintenance of the virtualization

Network RAN
Function Core Unit

Core Network
Function

platform, and improving overall service agility.
In the ITSC system, virtualization of the ter-
restrial network can also be based on container
technology. However, it should also support
Virtual Machine (VM) based virtualization due
to reasons such as relatively abundant hardware
resources, the complexity of certain network
functions, and the existence of VM-based VNF.

RAN
Core Unit

Container Container
Container Container
Infrastructure Infrastructure

Hardware Resource

Compu- Trans-

Space-based Network virtualization
infrastructure

Container
Infrastructure

Computation

Container Infrastructure Business Node
VM Management

Hardware Resource

Storage Transmission

Terrestrial Network virtualization
infrastructure

Figure 3-Cloud platform architecture of the ITSC network

The cloud platform architecture of the ITSC
network is illustrated in Figure 3. In the satellite
part, on-board base stations, feeder payloads,
space routers, on-board laser terminals and
other equipment can be virtualized using con-
tainer technology. Similarly, in the terrestrial
part, container technology and/or VM technol-
ogy can be applied to gateway station, terres-
trial-based feeder, terrestrial-based router and
other equipment. High-layer functions of RAN;
CN functions, and operation control system can

also utilize container or VM technology.
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5.4.4 Edge computing

With the emergence of new services, relying
solely on the satellite network as a relay node for
remote terrestrial data centers becomes chal-
lenging in terms of providing efficient data pro-
cessing responses. Therefore, the ITSC network
needs to incorporate edge computing functions,
allowing for flexible allocation of these func-
tions between satellites and the terrestrial net-
work.Services with globality, high complexity
and low latency requirements should be placed

on the terrestrial network platform, while ser-
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vices with high real-time requirements and low
computational complexity can be hosted on the
satellite platform. By leveraging on-orbit com-
puting services, ITSC networks can reduce la-
tency and achieve efficient service distribution.

For instance, utilizing data pre-buffering and
broadcast/multicast functions on satellites can
significantly reduce forward link traffic in ITSC
networks. Transferring the processing of cer-
tain space-based data, such as earth images and
weather observations, to satellites can reduce
the amount of data that needs to be returned
and conserve feeder link bandwidth. Moreover,
conducting processing-intensive and laten-
cy-sensitive applications on satellites can en-
hance the user experience.

To deploy an edge computing platform on
satellites with limited resources, it is essential to
incorporate lightweight cloud native container
technology into the edge computing architecture.
K3s, certified by the Cloud Native Computing
Foundation (CNCF), is a Kubernetes release spe-
cifically designed for IoT and edge computing.
It extends the benefits of Kubernetes to the field
of edge computing, enabling cloud-native, intel-
ligent, and scalable edge computing. The Edge
Computing Platform (ECP) and edge applications
can be built and deployed within containers as
microservices, greatly facilitating application
development, release, deployment, and migra-
tion. The container management orchestration
platform can monitor node resources and ser-
vice deployment, dynamically deploying and
replicating services as required at the network
edge, thus achieving elastic services for the edge

computing platform. Additionally, an OpenFlow

protocol-based Software Defined Network (SDN)
controller architecture is adopted to realize cen-
tralized network control and provide flexible

construction capabilities for the edge network.

5.4.5. Broadcast and multicast technology
In the ITSC system, broadcast and multicast
technologies offer significant advantages due to
the global coverage capability. The continuity of
services from different satellites or cells is a key
consideration for efficient broadcast service.
In an optimal broadcast scheme, a terminal
initially obtains the broadcast service configura-
tion from the application layer. It then acquires
frequency resources and bearer configuration
through real-time broadcast messages, followed
by detecting specific control scheduling infor-
mation for the broadcast. Finally, the terminal
completes the reception of the broadcast infor-
mation. The network can instruct a specific sat-
ellite or beam to transmit broadcast information
to the required terminals, and terminals can
provide feedback on the received information
content to enhance transmission reliability.

For multicast services, efficient multicast
management and multicast routing are the main
technical challenges. The network needs to
group users and establish group sessions to ena-
ble communication among users in the group. If
users in the same multicast group belong to the
same beam, only one instance of the multicast
information needs to be transmitted within that
beam. However, if these users belong to differ-
ent beams within the same satellite, multicast
information must be sent over the correspond-

ing beams. Similarly, if the users belong to dif-
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ferent satellites, multicast information should

be transmitted through the appropriate beams,

and the network must support multicast routing

to facilitate this communication.

X4
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24 -
Data Multicast/
control unit broadcast server

Figure 4-Schematic diagram of satellite broadcast and multicast network

5.4.6 Security

Compared to terrestrial mobile communica-
tion, the ITSC system faces a higher risk of
attacks due to its wide coverage and unlimited
geographical environment. Potential attacks
can target various network elements such as
inter-satellite links, satellite-ground links, sat-
ellites, gateways, core networks, and operation
control centers. Attack methods may include
illegal access, eavesdropping, information tam-
pering, replay attacks, traffic analysis, wireless
intrusion, virus infections, trojan penetrations,
backdoor injections, and etc.

The security mechanisms of the ITSC system
should prioritize the protection of three types of
wireless links: service links, inter-satellite links,
and feeder links, along with the data flows trans-
mitted through them. Access security, inter-sat-
ellite security, and feeder security capabilities

should be implemented, as depicted in Figure 5.
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In the ITSC system, the access domain security
mechanism of the Terrestrial Mobile Communi-
cation System (TMCS) can be applied to ensure
the security of connections between terminals
and on-board base stations, as well as between
terminals and the CN. Additionally, the network
domain security mechanism of the TMCS can
be employed to safeguard the security between
on-board base stations and the CN, secure the
internal network elements of the CN, and pro-
tect communication between different CNs.

Inter-satellite security in the ITSC system
should encompass two-way authentication,
confidentiality, and integrity protection of con-
trol messages. Similarly, feeder security should
include two-way authentication, confidentiality,
and integrity protection of control messages.
These security measures can be achieved by
adaptively modifying the network access secu-

rity mechanism of the TMCS. It is important to
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note that the high data flow rates on inter-satel-
lite and feeder links make “link-layer encryp-
tion and decryption” (segment-by-segment
link encryption and decryption) impractical.
Instead, network layer or application layer secu-
rity mechanisms should be adopted to minimize
the resource consumption of on-board security

functions. In any case, inter-satellite security

and feeder security in the ITSC system can refer
to the access domain security mechanism of the
TMCS and make necessary adaptations. Further-
more, the operation control system of the ITSC
system can follow the security architecture and
mechanisms employed by traditional operation

control systems.

S-gNB

Inter-satellite
Security
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Access Security
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Figure 5-Security scenario of satellite-terrestrial integration

5.4.7 Routing

In the ITSC network, the bearer network is re-
sponsible for carrying various types of data,
including user service flows, control signaling,
management messages, remote sensing data,
navigation enhancement information, Telemetry
Telecommand and Control (TTC) data, and in-
structions. From a routing perspective, the space
routers and terrestrial routers form a routing
domain and operate using Space and Space-Ter-
restrial Routing Protocols (SSTRP). Other IP net-
works on the terrestrial side constitute traditional
IP routing domains and use traditional routing
protocols. The terrestrial-based router serves as
the gateway between these routing domains and
can also achieve load balancing between different
feeders """, Packet switching mechanisms and

structured addressing methods are recommend-

ed for data plane operations in space routers to
simplify address mapping and address resolution.

SSTRP can be implemented using distance
vector algorithms, and it should adhere to a
policy of local autonomy for routing and pack-
et forwarding. SSTRP should support pre-loss
processing of links, fast interruption process-
ing, hop-by-hop forwarding, and a “label-like
switch” mode. Additionally, it should support
load balancing and flow control. Mechanisms
should be in place to handle various flow path
changes, focusing on the following aspects:

@ For service flows and control flows related
to the terminal-base station-CN communica-
tion, the selection of the terrestrial router is
automatically determined when selecting the
CN based on regulatory requirements. In cases

of switching (mainly feeder link switching and
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core network switching) or roaming, CN rese-
lection/switching is carried out using switching
message flows, and the selection of the ground-
based router is automatically performed.

® For flows between the satellites and ground
segments, such as network management flows,
network control flows, TTC flows, remote sens-

ing data flows, and navigation enhancement

information flows, default and standby ground
segment destinations can be preconfigured.
Alternatively, terrestrial router selection and
switching strategies can be planned using mul-
ti-homing mechanisms, and the terrestrial
router and path changes can be implemented

through special messages.

5.5 Satellite-terrestrial spectrum sharing and i

In sight of the increasing scarcity of frequency
resources in future, it’ s advisable to explore
spectrum sharing and frequency multiplexing
between satellite communication and terrestrial
communication. This can be achieved through
approaches such as space/time isolation, space
division multiplexing and sophisticated spec-
trum management techniques.

For high-frequency bands, where high-gain
directional antennas are typically used for
both base stations and terminals, it is relatively
straightforward to separate co-frequency signals
from the terrestrial and satellite sources based
on signal directions. However, in the case of
low-frequency bands, particularly in DS2MPC
scenario, frequency multiplexing between satel-
lite and terrestrial links becomes more challeng-
ing due to terminals usually using omnidirec-
tional or low-gain antennas. It’ s very difficult
to distinguish signals between satellite and ter-
restrial links, leading to potential interference
issues. Therefore, comprehensive consideration
of interference resistance is crucial, taking into
account various factors such as the constella-
tion, multi-frequency multiplexing schemes,

satellite antenna modes, side-lobe suppression

30

technology, and terminal power control tech-
nology. Advanced algorithms and mechanisms
can be employed to achieve effective spectrum
sharing between satellite and terrestrial sys-
tems. For example, Al can be leveraged at termi-
nals to better discriminate signals from satellite
and terrestrial communication sources. The
coverage area disparity between satellite beams
and terrestrial cells can also be utilized for soft
frequency multiplexing. Additionally, Machine
Learning (ML) techniques can be employed to
predict frequency usage trends and optimize
spectrum utilization.

Furthermore, in compliance with regulations
set by ITU, NGSO system shouldn’ t cause
interference to GEO system. Constraints on
Power Flux Density (PFD) or Equivalent Power
Flux Density (EPFD) are enforced. Under the
constraints of PFD, the EIRP of a satellite beam
can be designed based on factors such as or-
bit height, inclination and bandwidth. EPFD
constraints are more complex and may require
additional considerations in beam design, in-
cluding coverage area, interference avoidance
angle, antenna side-lobe suppression level, orbit

height, inclination, and bandwidth.
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5.6 Implementation specific optimization techn

To enhance the application of ITSC, several key
implementation-related technologies can be
optimized or developed further. These technol-
ogies aim to overcome limitations related to the
satellite implementation and improve overall
system performance. Here are some important
aspects:

The first matter is enhancing mobile phone
EIRP. The EIRP of mobile phones is critical
factor that impacts the design of on-board an-
tennas and even the entire constellation. The
improvements can be made by selecting appro-
priate low frequency band and narrow interval
of uplink to downlink frequency. Dedicated high
gain antennas can be designed to increase EIRP.
Additionally, reducing pointing loss of antennas,
designing high efficiency power amplifier mod-
ules can further enhance mobile phone EIRP.

The second matter is improving on-board
phased array antennas. Phased array antennas
pose challenges in terms of power consump-
tion and size. Multi-Beam Phased Array (MBPA)

has two important development directions,

one is digital MBPA based on low-bit-wide Ana-
logue-to-Digital Conversion (ADC)/Digital-to-An-
alogue Conversion (DAC), and the other is MBPA
based on new materials. Sparse array technolo-
gy can be utilized to reduce power consumption.
Breakthroughs are needed in array formation
technology and on-orbit calibration for folded
large phased arrays. Designing efficient power
amplifiers in the S/C band based on suitable ma-
terials is also crucial.

The third matter is leveraging auxiliary infor-
mation from terrestrial equipments. To reduce
the complexity of the on-board processing,
auxiliary information from terrestrial equip-
mens can be used effectively. For example, user
motion trajectory can be predicted based on the
information reported by the user, enabling op-
timized beam scheduling. Complex calculation
can be offloaded to the terrestrial control center,
reducing the computational load on the satellite.
Beam management information can be upload-
ed to the satellite based on the preprocessed

data received from terrestrial equipments.
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Promotion of stand-
ardization and techni-
cal verification

In June 2022, the first NTN standard version
with low-band and transparent mode was
completed as Rel-17 in 3GPP. Currently, in the
Rel-18 stage, the onboard deployment of User
Plane Function (UPF) is being discussed in
CN, and the link transmission enhancement
required for DS2MPC is promoted in RAN.
Looking towards the future Rel-19 version,
3GPP is expected to further consider stand-
ardization work in on-board processing mode,

beam-hopping technology enhancement, etc.,

so that ITSC can enable diversified networking
modes and realize 6G ITSC network by 2030.

In addition to standard work, the development

and verification of ITSC can be roughly divided
into three stages.

First stage will cover period from year 2023
to 2025. During this period, the focus is on the
technical verification and commercial network-
ing of DS2MPC based on the 5G Rel-17 version
of NTN standard.

Second stage will cover period from year 2025
to 2030. In this stage, the technical verification
and commercial networking of DS2MPC will
continue, taking advantage of advancements in
satellite capabilities. Later versions of 5G NTN
standard will be used to further enhance the
performance and capabilities of ITSC. This stage
will focus on improving the link transmission,
on-board processing, beam-hopping technol-
ogy, and other enhancements to support more
diversified networking modes.

Third stage will cover period from year 2030
and beyond. By this stage, the focus will shift
to the development and verification of 6G ITSC
technologies. The goal is to realize advanced
networking technologies and commercial ap-
plications that leverage the capabilities of 6G
networks. This stage will involve exploring new
standards, technologies, and use cases to realize
the full potential of ITSC in the 6G era.
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Summary and prospect

This white paper provides a comprehensive
overview of ITSC, focusing on its application
scenarios, network capability, challenges, and
key technologies. ITSC is regarded as a signif-
icant future developing trend for integrating
terrestrial mobile communication and satellite
communication. It envisions the evolution from
achieving compatibility between the 5G NTN
standards for satellite and terrestrial commu-
nication to realizing a unified 6G system that
incorporates both communication modes. This
integration will become a distinguishing feature
of 6G compared to previous terrestrial mobile
communication systems. The paper emphasizes
that realizing ITSC requires not only technical

optimizations and improvements in the air

interface, network architecture, and mobility

management but also breakthroughs in on-
board phased array antennas and space routing
technologies.

As an active participant and promoter in the
field of ITSC, China Information Communica-
tion Technology Group (CICT) hopes that this
white paper will serve as a valuable reference
for the subsequent research, standardization,
technical verification and industry promotion of
ITSC. CICT is committed to collaborating with
industry partners and academia to accelerate
the development of ITSC. Overall, the white
paper provides valuable insights into ITSC and
sets a direction for further research and devel-
opment. It highlights the importance of techno-
logical advancements and collaborative efforts

to drive ITSC's progress in the future.
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Abbreviations
Abbreviation ‘ Multi-Beam
3GPP 3" Generation Partnership Project
5GC 5G Core network
6GC 6G Core network
Al Artificial Intelligence
ADC Analogue-to-Digital Conversion
BN Bearer Network
CP-OFDM Cyclic Prefix Orthogonal Frequency Division Multiplexing
DAC Digital-to-Analogue Conversion
DFT-s-OFDM ﬁzlctlig‘[lee;%%rier Transform-Spread-Orthogonal Frequency Division
DS2MPC Direct Satellite-To-Mobile-Phone Connectivity
EIRP Equivalent Isotropic Radiated Power
EPFD Equivalent Power Flux Density
FDD Frequency Division Duplex
GEO Geostationary Earth Orbiting
GNSS Global Navigation Satellite System
G/T Gain-to-noise Temperature ratio
HARQ Hybrid Automatic Repeat reQuest
HR Home Routed
IP Internet Protocol
IoT Internet of Things
ISL Inter-Satellite Link
ITU International Telecommunication Union
IMS IP Multimedia Subsystem
ITSC Integrated Terrestrial-Satellite Communication
KPI Key Performance Indicator
LBO Local Break Out
LEO Low Earth Orbit
MANO Management and Network Orchestration
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Abbreviation ‘ Multi-Beam
MBPA Multi-Beam Phased Array
MEO Medium Earth Orbit
MIMO Multiple Input Multiple Output
MOCN Multi-Operator Core Network
NGSO Non Geostationary Satellite Orbit
NOMA Non-Orthogonal Multiple Access
NTN Non Terrestrial Network
OBP On-Board Processing
OTFS Orthogonal Time Frequency Space
QoS Quality of Service
PAPR Peak to Average Power Ratio
PFD Power Flux Density
PTM Point To Multipoint
RACH Random Access Channel
S-gNB Satellite borne gNB
SBN Space Bearer Network
SDN Software Defined Network
SE Spectral Efficiency
SNR Signal-to-Noise Ratio
TA Tracking Area
TBN Terrestrial Bearer Network
TDD Time Division Duplex
N Terrestrial Network
TP Transparent Processing
TTC Telemetry Telecommand and Control
UPF User Plane Function
VM Virtual Machine
VNF Virtual Network Function
VSAT Very Small Aperture Terminal
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