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Abstract: In the new radio (NR) access technology, non-terrestrial networks (NTN) are intro⁃
duced to meet the requirement of anywhere and anytime connections from the world market.
With the introduction of NTN, the NR system is able to offer the wide-area coverage and en⁃
sure the service availability for users. In this paper, the general aspects of NTN are intro⁃
duced, including the NTN architecture overview, the impact of NTN on next-generation radio
access network (NG-RAN) interface functions, mobility scenarios and other NTN related is⁃
sues. The current progress in 3GPP Release 17 is also provided.
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1 Introduction

In a non-terrestrial network (NTN), the satellite or airbornevehicle is able to perform as either a relay node or a base
station in the wireless communication system. The NTN
can provide much larger area coverage than a traditional

terrestrial network; in addition, the NTN is able to ensure the
connectivity in regions where current terrestrial networks are
difficult or costly to cover, such as airplanes, vessels and re⁃
mote rural areas[1–2]. Therefore, the NTN could be an appro⁃
priate solution to complementing the current terrestrial net⁃
work to provide the service for users in the specific regions. In
January 2020, the 3rd Generation Partnership Group (3GPP)
completed a study project for this purpose named“Solutions
for NR to support non-terrestrial networks (NTN) ”. In addi⁃
tion, a new working project with the same name has started
from August 2020. In this paper, we provide a review of NTN,
NTN based next-generation radio access network (NG-RAN)
architecture, the impact of NTN on NG-RAN interface proto⁃
col, and the current progress of the 3GPP Release 17 phase.
At the end of the paper, conclusions are proposed.

2 NTN Overview and Scenarios
An NTN refers to a network or segment of a network using

Radio Frequency (RF) resources on board a satellite or an un⁃
manned artificial system (UAS) platform. In detail, the NTN
architecture can be divided into two cases with transparent
payload and regenerative payload respectively. And the NTN

reference scenarios can be classified into six cases[3].
2.1 NTN Architecture
Typically, the NTN architecture comprises of the following

elements:
• One or several satellite gateways that connect the NTN to

a public data network;
• A feeder link or radio link between a satellite gateway

and the satellite or the UAS platform;
• A service link or radio link between the user equipment

(UE) and the satellite or the UAS platform;
• A satellite or a UAS platform which may implement either

a transparent or a regenerative (with on board processing) pay⁃
load. The satellite or the UAS platform typically generates sev⁃
eral beams over a given service area bounded by its field of
view. The footprints of the beams are typically of an elliptic
shape. The field of view of the satellite or the UAS platform de⁃
pends on the on board antenna diagram and the minimum ele⁃
vation angle.
• Inter-satellite links (ISL) that optionally exist in a constel⁃

lation of satellites. This will require regenerative payloads on
board the satellites. The ISL may operate in RF or optical
bands.
• UE is served by the satellite or the UAS platform within

the targeted service area.
As shown in Fig. 1, a transparent payload is the payload

that changes the frequency carrier of the uplink RF signal, fil⁃
ters and amplifies it before transmitting it on the downlink.
Therefore, the waveform of the signal repeated by the transpar⁃
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ent payload is not changed; in other words, the NTN with the
transparent payload can be regarded as a relaying node at the
network side.
As shown in Fig. 2, a regenerative payload is the payload

that transforms and amplifies an uplink RF signal before trans⁃
mitting it on the downlink. Further, the signal transformation
is the digital processing of the signal, such as demodulation,
decoding, re-encoding, re-modulation and filtering. With all
these equivalent or similar functions as the base station, the
NTN with the regenerative payload can be regarded as a base
station at the network side.
In the NTN, there are several platforms with different attri⁃

butes, and the different NTN platforms can provide different
services based on their own attributes. Table 1 shows the de⁃
tails of these NTN platform types.
The geostationary earth orbit (GEO) satellite and UAS plat⁃

form are used to provide continental, regional or local service
because of the relatively fixed position with respect to a given
earth point. While, the low-earth orbit (LEO) and medium-

earth orbit (MEO) satellites are in the relatively moving posi⁃
tions with respect to a given earth point; hence, the constella⁃
tion of the LEO and MEO satellites is used to provide services
in both Northern and Southern hemispheres. In some cases,
with appropriate allocation and planning, such as optimized or⁃
bit inclination, beams and ISL, the constellation is able to pro⁃
vide global coverage including the Polar Regions. However,
the coverage of the high elliptical orbit (HEO) satellite is limit⁃
ed, so the HEO satellite system is not considered in this paper.
In addition, as the GEO satellite is served by the satellite

gateway that is located across the fixed regional area covered
by the GEO satellite, it can be assumed that the UE in a cell
is served by only one satellite gateway, just as the normal case
in the traditional terrestrial network. However, for the non-
GEO satellite, it is served successively by one or several satel⁃
lite gateways at a time. In this case, the system should ensure
the continuity of service links and feeder links between the
successive serving satellite gateways within the time duration.
2.2 NTN Reference Scenarios
According to different criteria, the NTN system supporting

UE access can be classified into six reference scenarios,
which are shown in Table 2.
In short, considering the criteria, the first one is whether

the satellite is a circular orbiting platform or a notional station
keeping platform, i.e., the satellite could be LEO or GEO sat⁃
ellite. The second one is whether the satellite is with transpar⁃
ent payload or regenerative payload. The third one is whether
the satellite beam is fixed or steerable, which results in mov⁃
ing or fixed beam foot print on the ground respectively.

3 NTN Based NG-RAN Architecture
The NG-RAN logical architecture described in TS 38.401

is used as baseline for NTN scenarios[4]. The NTN based NG-
RAN architecture can be divided into the transparent satellite
based NG-RAN architecture and regenerative satellite based
NG-RAN architecture.
3.1 Transparent Satellite Based NG-RAN Architecture
In this architecture, the satellite payload performs the func⁃

tion of frequency conversion and RF amplification in both
downlink and uplink, which means that the satellite plays a
role of a relay node in the network.
As shown in Fig. 3, the satellite repeats the NR-Uu radio in⁃

▼Table 1. Types of NTN platforms
Platform

LEO satellite
MEO satellite
GEO satellite

UAS platform (including HAPS)
HEO satellite

Altitude Range/km
300–1 500
7 000–25 000

35 786
8–50 (20 for HAPS)

400–50 000

Orbit
Circular around the earth

Notional station keeping position fixed in terms of elevation/azimuth with respect
to a given earth point

Elliptical around the earth

Typical Beam Footprint Size/km
100–1 000
100–1 000
200–3 500
5–200

200–3 500
GEO: geostationary earth orbit HAPS: High Altitude Platform Station HEO: high elliptical orbit LEO: low-earth orbit MEO: medium-earth orbit UAS: unmanned artificial system

UAS: unmanned artificial system
▲ Figure 1. Typical scenario of non-terrestrial networks based on
transparent payload

▲Figure 2. Typical scenario of non-terrestrial networks based on re⁃
generative payload

ISL: inter-satellite links UAS: unmanned artificial system
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terface from the feeder link to the service link in the downlink
communication and repeats the NR-Uu radio interface from
the service link to the feeder link in the uplink communica⁃
tion. Thus, the satellite does not terminate the NR-Uu radio in⁃
terface. The Satellite Radio Interface (SRI) on the feeder link
is also the NR-Uu interface.
Furthermore, the NTN gateway receives the signal via NR-

Uu from the satellite and transmits the signal to the“on
ground”gNB in the uplink communication and vice versa.
Hence, the function of the NTN gateway is just to forward the
NR-Uu signal. Generally, different transparent satellites could
be connected to the same gNB on the ground.
For the LEO satellite with transparent payload, the“on

ground”gNB transceives the NR-Uu signal to/from the earth
fixed NTN gateways in a planned and delicate way, e.g. via op⁃
erations, administration, and maintenance (OAM) provision,
and then the NTN gateway further transcevies the NR-Uu sig⁃
nal to/from the target LEO satellites according to Ephemeris

information in a planned way. To be more specific, the Ephem⁃
eris information describes the orbital trajectory information or
coordinates for the NTN vehicles, and such information is pro⁃
vided on a regular basis or upon demand to the gNB.
3.2 Regenerative Satellite Based NG-RAN Architecture
In this architecture, the satellite payload performs the function

of regeneration of the signals from the earth, which means that
the satellite plays a role of the whole or part of a base station.
In detail, the regenerative satellites can be divided into the

regenerative satellite with gNB on board and that with gNB-
DU on board. Further, the regenerative satellite with gNB on
board can be divided into the regenerative satellite with and
without ISL.
3.2.1 Regenerative Satellite with gNB on Board
As shown in Fig. 4(a), the satellite performs the function of

a gNB, and the SRI on the feeder link is the NG interface.
And the NTN gateway is a Transport Network Layer (TNL)
node.
As shown in Fig. 4(b), in addition to the features in Fig. 4(a),

the satellite payload provides ISL between the satellites, and
the ISL could be a radio interface, such as the Xn interface.
The UE served by a gNB on the satellite could access the

5G core network (CN) via ISL, which means the gNBs on the
different satellites could be connected to the same 5GCN on
the ground. If the satellite hosts more than one gNB, the same
SRI will transport all the corresponding NG interface instances.

▼Table 2. Reference scenarios

Non--Terrestrial Access Network

GEO based non-terrestrial access network
LEO based non-terrestrial access network:

steerable beams
LEO based non-terrestrial access network:

beams moving with the satellite

Transparent Sat⁃
ellite

Scenario A
Scenario C1

Scenario C2

Regenerative Sat⁃
ellite

Scenario B
Scenario D1

Scenario D2
GEO: geostationary earth orbit LEO: low-earth orbit

▲Figure 3. Transparent satellite, without gNB on board

AMF: access and mobility management functionCN: core networkgNB: next-generation NodeBNG: next-generation (interface)NR: new radio

NTN: non-terrestrial networkRAN: radio access networkUE: user equipmentUPF: user plane function
▲Figure 4. Regenerative satellite with gNB on board: (a) without ISL;
(b) with ISL

(a)

(b)
CN: core networkgNB: next-generation NodeBISL: inter-satellite linksNG: next-generation (interface)

NG-RAN: next-generation radio access networkNTN: non-terrestrial networkSRI: satellite radio interfaceUE: user equipment
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As the Xn could exist over the ISL, the interface manage⁃
ment functions over Xn in the Terrestrial Network should also
be applied on board, e. g. Xn setup, Xn reset, cell configura⁃
tion information exchange.
3.2.2 Regenerative Satellite with gNB-DU on Board
For the regenerative satellite with gNB-DU on board as

shown in Fig. 5, the difference with the case in Fig. 4(a) is that
the gNB-CU is located on the ground and the SRI is the F1 in⁃
terface.
Similar with the case in Fig. 4(b), the gNB-DU on different

satellites could be connected to the same gNB-CU on the
ground. If the satellite hosts more than one gNB-DU, the same
SRI will transport all the corresponding F1 interface instances.
3.3 Multiple Connectivity with NTN Based NG-RAN
In this paper, we focus on the dual connectivity involving the

terrestrial network based NG-RAN and the non-terrestrial net⁃
works based NG-RAN for UE. For the NTN based NG-RAN,
the transparent and regenerative satellites with gNB or gNB-
DU on board are considered. The combination of the two net⁃
work access modes is able to meet the requirement of many
communication scenarios (e.g. users in the highway, high speed
train or the airplane) and improve the service performance[5].
The UE could be served by one NTN based NG-RAN and

one terrestrial network based NG-RAN at the same time (Ac⁃
cess Mode 1). Meanwhile, the UE could also be connected by
two NTN based NG-RANs at the same time (Access Mode 2).
To be more specific, Access Mode 1 can be further divided in⁃

to the transparent satellite scenario and the regenerative satellite
scenario, which are shown in Figs. 6(a) and 6(b) respectively.
In Fig. 6(a), for the transparent satellite, the same gNB

could serve the NR cells by both the terrestrial access network
and the non-terrestrial access work. In Fig. 6(b), the regenera⁃
tive satellite could be gNB or gNB-DU on board.
Access Mode 2 can also be further divided into the transpar⁃

ent satellite scenario and the regenerative satellite scenario,
which are shown in Figs. 7(a) and 7 (b) respectively.
The case of the combination of two transparent satellites

with either GEO or LEO is beneficial to provide services to
the UE in rural areas. The LEO satellite can be used to pro⁃

vide the delay sensitive traffic, while the GEO satellite can be
used to provide the additional bandwidth to meet the through⁃
put requirements from users. The combination of the two re⁃
generative satellites could bring similar benefits.

4 Impact of NTN on NG-RAN Architecture
and Interface Protocol

4.1 Tracking Area Management
The concepts of registration and tracking areas of NTN are▲Figure 5. Regenerative satellite with gNB-DU on board

CN: core networkCU: central unitDU: distributed unitgNB: next-generation NodeBNG: next-generation (interface)

NG-RAN: next-generation radio access networkNTN: non-terrestrial networkSRI: satellite radio interfaceUE: user equipment

▲ Figure 6. Dual connectivity involving (a) transparent NTN-based
NG-RAN and cellular NG-RAN and (b) regenerative NTN-based NG-
RAN (gNB-DU) and cellular NG-RAN

CN: core networkCU: central unitDU: distributed unitgNB: next-generation NodeB

NTN: non-terrestrial networkSRI: satellite radio interfaceUE: user equipment

(a)

(b)

▲Figure 7. Multi-connectivity between (a) two transparent NTN-based
NG-RANs and (b) two regenerative NTN-based NG-RANs (gNB on
board)

CN: core networkgNB: next-generation NodeB NTN: non-terrestrial networkSRI: satellite radio interface UE: user equipment

(a)

(b)
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similar to those in the NR terrestrial network. To be more spe⁃
cific, a tracking area (TA) corresponds to a fixed geographical
area, which is used for UE access control, location registra⁃
tion, paging and mobility management. A registration area can
comprise of one or several TAs.
As discussed in Section 2.2, for the NTN scenarios A, B, C1

and D1, the NTN cells are relatively fixed on the ground.
Therefore, a TA could correspond to one or several NTN cells,
and it can be applied in tracking area management and paging
procedures. For the scenarios C1 and D1, the beam footprints
of the LEO satellites are temporarily earth fixed, and the beam
footprints over a given NTN cell on the ground are stationary
within a time period before the satellites switch to another
NTN cell. In this case, a TA could be assigned to each NTN
cell, and the satellites should change the broadcast Tracking
Area Code (TAC) between two successive NTN cells. For the
NTN scenarios C2 and D2, the NTN cells are relatively mov⁃
ing on the ground, and some adaptations are needed in track⁃
ing area management and paging procedures. Two options can
be considered as follows.
Option 1 is TA defined on the satellite. In this option, an

NTN cell only has one Tracking Area Identity (TAI) per Pub⁃
lic Land Mobile Network (PLMN) ID, which is the same as the
terrestrial cell. However, for the NTN scenarios C2 and D2, as
the LEO satellite moves around the orbit, the coverage of the
TAI also changes. In this case, from the prospective of a sta⁃
tionary UE, the TAI changes accordingly.
Option 2 is TA defined on the ground. In this option, the

TAI corresponds to a specific geographical area. In this case,
an NTN cell may need to broadcast multiple TAIs per PLMN
ID, which is not aligned with the common principle in the ter⁃
restrial network that one cell only has one TAI per PLMN ID.
As the details of this topic are still under study, the choice

of the option should be further decided with the progress of
the NTN work item in 3GPP.
4.2 Mobility Scenarios in Connected Mode
In an NTN, some mobility scenarios in a connected mode

can be considered, including the intra-satellite handover, the
inter-satellite handover and the inter-access handover. In de⁃
tail, the intra-satellite handover is the case between cells
served by the same satellite, the inter-satellite handover is the
case between cells served by different satellites, and the inter-
access handover is the case between the cellular access and

the satellite access. Based on the types of the serving satellites
(i. e., with transparent or regenerative payload), the different
types of the NTN handover are able to correspond with the ap⁃
plicable NG-RAN handover procedures in 3GPP, and the de⁃
tails are shown in Table 3.
4.3 Network Identities
As GEO satellites are relatively fixed with respect to a cer⁃

tain point on the ground, the current network identities in the
terrestrial RAN, such as gNB IDs, cell IDs and TAC, could be
reused.
While for the non-GEO satellites including LEO and MEO,

as the satellites move across the geographical area of interest,
their satellite beams also cover different parts of the area.
Hence, the association between the logical cells and the physi⁃
cal satellite beams should be clarified.
If the association between the logical cells and the physi⁃

cal satellite beams is continuously reconfigured, the same
network identities are also associated with the same geo⁃
graphical area. This scenario can be identified as“stationary
identifiers on ground”. In this case, stationary UE on the
ground will always be covered by the same cell identifier in
the same position.
If the association between the logical cells and the physi⁃

cal satellite beams is fixed, the network identities will sweep
across the coverage area with the satellite beams. This sce⁃
nario can be identified as“moving identifiers on ground”. In
this case, stationary UE on the ground will be covered by dif⁃
ferent cell identifiers in the same position. The multiple
cells within one moving satellite will move together. Hence,
the neighbor relations will keep unchanged with the satellite
motion.
For both the cases, once a satellite moves out of the cover⁃

age, the corresponding cell network identifier will become un⁃
available in the coverage area, which could trigger the RAN
interface (e.g. NG or Xn interface) setup and configuration up⁃
date procedures. The Ephemeris information could help the
RAN side to make the decision for the procedures.
Considering the impact on the interface protocol over NG

and Xn, the access restriction for all types of NR RATs based
on satellite constellations should be explicitly introduced, i.e.,
the NR for LEO, MEO, GEO and other SAT should be used as
3GPP access in 5G system. If supported, the access restriction
should apply on initial access, i. e. the access and mobility

▼Table 3. NG-RAN procedures versus NTN handover scenarios
NTN Handover Scenario
Intra-satellite handover

Inter-satellite handover

Inter-access handover

Transparent Satellite
Intra-gNB handover procedure
or inter-gNB handover procedure

Inter-gNB handover procedure or intra-
gNB handover procedure

Regenerative Satellite (gNB on Board)
Intra-gNB handover procedure

Inter-gNB handover procedure
Inter AMF/UPF handover procedure or intra AMF/UPF

handover procedure (out of RAN scope)

Regenerative Satellite (gNB-DU on Board)
Intra-gNB-CU mobility/intra-gNB-DU handover or

inter-gNB-CU handover
Intra-gNB-CU mobility/inter-gNB-DU mobility or

inter-gNB-CU handover
Intra-gNB handover procedure or inter-gNB ha⁃

nover procedure
AMF: access and mobility management function CU: central unit DU: distributed unit gNB: next-generation NodeB RAN: radio access network UPF: user plane function
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management function (AMF) should be aware of the satellite
access type; and the access restriction should also apply on
the RAN mobility in a connected mode, i. e., the RAN node
should be aware of the access restrictions.
From the aspect of RAN, only the serving NTN Uu cell ID

(broadcast cell ID of the serving cell) and the broadcast TAC(s)
would be available at initial access. As a consequence, it as⁃
sumes that at initial access the gNB is typically not able to pro⁃
vide a Cell Global Identity (CGI) with location granularity to the
User Location Information (ULI) similar to the ULI provided in
terrestrial network; also at initial access, the CGI provided in the
ULI may represent a geographical area spanning multiple TACs.
After Access Stratum (AS) security is setup, it assumes that

the NG-RAN will be able to obtain UE’s location information
(e. g. Global Navigation Satellite System (GNSS) information),
and thereby construct a CGI for the ULI, satisfying accuracy
requirements comparable to those for terrestrial networks.
4.4 Feeder Link Switch-Over
During the satellite movement in the NTN, the switch-over

of the feeder link between the different NTN gateways could
not be avoided, especially for non-GEO satellites. The switch-
over could happen when the satellite moves out of the vision of
the current NTN gateway[6]. In a nutshell, a feeder link switch-
over is the procedure where the feeder link is changed from a
source NTN Gateway to a target NTN Gateway for a specific
NTN payload. The feeder link switch-over happens at the
transport network layer.
A feeder link switch-over may result in transferring the es⁃

tablished connection for the affected UE between two gNBs.
For soft feeder link switch-over, an NTN payload is able to
connect to more than one NTN gateway during a given period,
i.e., a temporary overlap can be ensured during the transition
between the feeder links. For hard feeder link switch-over, an
NTN payload only connects to one NTN gateway at any given
time, i.e., a radio link interruption may occur during the transi⁃
tion between the feeder links. Figs. 8 and 9 show two kinds of
feeder link switch-over.
In soft feeder link switch-over (Fig. 8), at time T1, the satel⁃

lite is approaching the geographical location where the transi⁃
tion served by next gateway (GW) will happen. At time T1.5,
the satellite is served by two GWs and at time T2, the transi⁃
tion to next GW is finished.
With the switch-over of a feeder link, the handling of the ar⁃

ea covered by the satellite through this gateway (GW1) will
move to another gateway (GW2). The UE served in this area
that is connected through this GW will have to be handed over
to the new GW. During the switch-over, the satellite will estab⁃
lish a connection with the new GW while maintaining the con⁃
nection with the current GW within a short time period. It will
setup new cells through the new GW to cover the area, allow⁃
ing the UE located in the concerned area to be moved to the
new cells before disconnecting the feeder link with the old

GW, without service interruption for the UE[7].
In hard feeder link switch-over (Fig. 9), at time T1, the sat⁃

ellite stops to transfer the signaling from the serving GW1. At
time T2, the satellite starts to transfer the signaling from the
target GW2.
In case the satellite does not have two feeder links estab⁃

lished at the same time, a hard switch-over must be performed
to change the gateway. In this case there is no overlapping
time between GW1 and GW2. For the switch-over, the gNB1
connected with GW1 will delete the old cell while the GW1 re⁃
leases the feeder link and then the GW2 will establish a new
feeder link, which will allow the gNB2 connected with GW2 to
establish a new cell with the same coverage as the old cell.
The UE served by the old cell should be moved to the new cell.
A potential non-UE-associated procedure could be intro⁃

duced over Xn. With this procedure, the new gNB is able to
get the information of the satellite it should be connected to
and the served cell information from the old gNB. In this pro⁃
cedure, the satellite needs to connect two NTN gateways at the
same time within a certain time period, which means that only
the soft switch-over could be applied. To achieve a unified
feeder link switch-over procedure for both the soft and hard
switch-over, this procedure could be reused with some en⁃
hancements, e.g., introducing the ephemeris data and accurate
time information as the assistance information to prepare and
execute the hard switch-over. With the information, the new
gNB on the ground could be aware of which LEO satellite it is
connecting to via its NTN gateway at certain a time period. It
is feasible for the new gNB to predict the LEO satellite which
will connect to the NTN-GW in the future time. Thus, the new
gNB could be aware of the scheduling of switch-over events to
minimize the radio link interruption delay.

5 Current Progress in 3GPP Release 17
After August 2020, the 3GPP has started the work item of

▲Figure 8. Soft feeder link switch-over

▲Figure 9. Hard feeder link switch-over

GW: gateway

GW: gateway

T1 T1.5 T2Transitionthreshold Transitionthreshold Transitionthreshold

GW1 GW2 GW2GW1 GW1 GW2Cell ID 1 Cell ID 1Cell ID 2
Cell ID 2

TransitionthresholdTransitionthreshold

GW1 GW2 GW1 GW2

T1 T2

PCIgNB1 PCIgNB2
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the NTN, and it is agreed that only the transparent satellite is
studied in Release 17[8–9].
For network identities, the current NG-RAN identities are

reused for NTN, including AMF name, NR Cell Global Identi⁃
fier (NCGI), gNB ID, global gNB ID, TAI and Single Network
Slice Selection Assistance Information (S-NSSAI). There is no
need to identify the LEO satellite and NTN gateway. In addi⁃
tion, a cell ID provided to the 5GCN within the user location
information corresponds to a fixed geographical area.
For the feeder link switch-over, the existing per-UE Xn and

NG handover functions are used to support the switch-over. It
is assumed that the information exchanged in existing hando⁃
ver procedures can be used for NTN purposes. 3GPP supports
NTN with central coordination of switch-overs. In case of cen⁃
trally coordinated switch-over, no signaling is needed on Xn/
NG to coordinate the actual switch-over.
In addition, the existing paging mechanism in the terrestrial

network can be reused for NTN and there is no need for en⁃
hancement on paging. The current Automatic Neighbor Rela⁃
tion (ANR) mechanisms are applicable for NTN. There is no
need of enhancements for solving the Physical Cell Identity
(PCI) conflict with satellites in Release 17.

6 Conclusions
In this paper, we introduce the NTN, including the NTN ba⁃

sic architecture and reference scenarios. The NTN based NG-
RAN architectures with transparent satellite and regenerative
satellite are also presented. In addition, we discuss the impact
of NTN on NG-RAN architecture and interface protocol, and
propose some solutions to different related issues. In the end,
the current progress of 3GPP Release 17 is provided.
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