3GPP TR 28.808 V0.1.0 (2019-04)
3
Release 16

	[bookmark: page1]3GPP TR 28.808 V0.1.0 (2019-04)

	Technical Report

	3rd Generation Partnership Project;
Technical Specification Group Services and System Aspects
Study on management and orchestration aspects with integrated satellite components in a 5G network
(Release 16)

		

	[image: 5G-logo_175px]
	[image: 3GPP-logo_web]

	The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP.
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Specification is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.





	[bookmark: page2]
3GPP
Postal address

3GPP support office address
650 Route des Lucioles - Sophia Antipolis
Valbonne - FRANCE
Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16
Internet
http://www.3gpp.org


	Copyright Notification
No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

[bookmark: copyrightaddon]© 2019, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).
All rights reserved.

UMTS™ is a Trade Mark of ETSI registered for the benefit of its members
3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
GSM® and the GSM logo are registered and owned by the GSM Association




Contents
Foreword	5
Introduction	6
1	Scope	6
2	References	6
3	Definitions and abbreviations	7
3.1	Definitions	7
3.2	Abbreviations	7
4	Use Cases	8
4.1	Use cases related to Network Slice management	8
4.1.1	Network Slice Instance(s) associated with a Satellite RAN	8
4.1.1.1	Create a Network Slice Instance associated with a satellite RAN	8
4.1.1.1.1	Pre-conditions	8
4.1.1.1.2	Description	8
4.1.1.1.3	Post-conditions	8
4.1.2	RAN sharing of a 5G network with satellite components	8
4.1.2.1	Pre-conditions	8
4.1.2.2	Description	8
4.1.2.3	Post-conditions	8
4.1.3	Handling of latencies associated with satellite components	9
4.1.3.1	Creating and managing slicing associating with satellite components	9
4.1.3.1.1	Pre-conditions	9
4.1.3.1.2	Description	9
4.1.3.1.3	Post-conditions	9
5. 	Potential Requirements	9
5.1	Use cases related to Network Slice management	9
5.1.1	Network Slice Instance(s) associated with a Satellite RAN	9
5.1.2	Network Slice Instance(s) associated with Satellite RAN Sharing	9
5.1.3	Network Slice Instance(s) associated with Satellite component latencies	10
6	Potential Solutions	10
7	Conclusions and Recommendations	10
7.1	Conclusions	10
7.2	Recommendations	10
Annex A: Characteristics of satellite systems	11
A.1	General	11
A.2	Class of orbit	11
A.3	Geometrical coverage of satellite and propagation delay	12
A.4	Type of satellite communication payloads	13
A.5	Air interfaces	14
A.6	General considerations on the use of satellite networks	14
Annex B: Reference Models for Satellite Components Integration in the 5G System	15
B.1	Elementary satellite network architecture	15
B.2	Reference architecture with satellite enabled NR-RAN	15
Annex C (informative): Change history	18



[bookmark: _Toc6212511]Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, certain modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
NOTE 1:	The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
NOTE 2:	The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
NOTE 3:	The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
NOTE 4:	The constructions "can" and "cannot" shall not to be used as substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
NOTE 5:	The constructions "is" and "is not" do not indicate requirements.
[bookmark: _Toc6212512]Introduction
Satellite access has been included in the normative requirements for 5G (see [2]) . Satellite components have specific characteristics that have been identified in [3]), in particular:
· The altitude of the spacecraft(s) (several hundred to several tens of thousands of kilometres), leading to a regional (multiple-countries) or worldwide coverage by the satellite access network.
· The possibility to support end-end overlay access network, on a global scale basis, including with the possibility to embark gNBs, or parts of gNBs on board spacecraft. 

[bookmark: _Toc441788731][bookmark: _Toc6212513]1	Scope
The scope of this document is:
· to identify the main key issues associated with business roles, service and network management and orchestration of a 5G network with integrated satellite component(s) (whether as NG-RAN or non-3GPP access, or for transport),  and 
· to study the associated solutions. 
This study aims at minimising the impacts and the complexity of the satellite integration in the existing business model, management and orchestration of the current 5G network.

[bookmark: _Toc441788732][bookmark: _Toc6212514]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2] 	3GPP TS 22.261: “Service requirements for next generation new services and markets.”
[3] 	3GPP TR 22.822: “Study on using satellite access”
[4] 	3GPP TR 38.811: “Study on New Radio (NR) to support non-terrestrial networks”

[bookmark: _Toc441788733][bookmark: _Toc6212515]3	Definitions and abbreviations
[bookmark: _Toc441788734][bookmark: _Toc6212516]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Geostationary (GEO) satellites: located precisely in the plane of the Equator at an altitude of 35 786 km, these satellites rotate at the same rate as the Earth's rotation: a GEO satellite stands still with respect to Earth. Thanks to this property, a single GEO satellite is sufficient to create a continuous coverage.
Non-Geostationary Orbiting (NGSO) satellites: NGSO satellites do not stand still with respect to Earth. Should service continuity be required over time, a number of satellites (a constellation) is required to meet this requirement; the lower the altitude the higher the number of satellites
Low-Earth Orbiting (LEO) satellites: with altitude ranging 500 km and 2000 km, and with inclination angle of the orbital plane ranging from 0 to more than 90 degrees. These constellations are placed above the International Space Station and debris, and below the first Van Allen belt.
Medium-Earth Orbiting (MEO) satellites: with altitude ranging from 8000 to 20,000 km. The inclination angle of the orbital plane ranges from 0 to more than 90 degrees. These constellations are placed above the Van Allen belts.
Highly-Eccentric Orbiting (HEO) satellites: with a range of operational altitudes (the orbit of such satellites being designed for the spacecraft to be exploited when the vehicle is closer to its apogee - the higher part of the orbit -) between 7,000 km and more than 45,000 km. The inclination angle is selected so as to compensate, completely or partially, the relative motion of Earth with respect to the orbital plane, allowing the satellite to cover successively different parts of Northern land masses (e.g. Western Europe, North America, and Northern Asia).

[bookmark: _Toc441788735][bookmark: _Toc6212517]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
5GC	5G Core Network
CN	Core Network
GEO 	Geostationary satellites
gNB	generic Node B
gNB-CU	gNB-Central Unit
gNB-DU	gNB-Distributed Unit
HEO	Highly-Eccentric Orbiting satellites
LEO 	Low-Earth Orbiting satellites
MEO 	Medium-Earth Orbiting satellites
ms	milli-second, a thousand of a second.
NOP	Network Operator
NS	Network Slice
NSI	Network Slice Instance
NSSI	Network Slice Subnet Instance
QoS	Quality of Service
RAN	Radio Access Network
RAT	Radio Access Technology
RU	Radio Unit
TBD	To Be Defined

[bookmark: _Toc441788736][bookmark: _Toc6212518]4	Use Cases
[bookmark: _Toc492544939][bookmark: _Toc6212519]4.1	Use cases related to Network Slice management
[bookmark: _Toc492544940][bookmark: _Toc6212520]4.1.1	Network Slice Instance(s) associated with a Satellite RAN
[bookmark: _Toc492544941][bookmark: _Toc6212521]4.1.1.1	Create a Network Slice Instance associated with a satellite RAN
[bookmark: _Toc492544942][bookmark: _Toc6212522]4.1.1.1.1	Pre-conditions
A NOP wants an NSI which includes a 5GC and a Satellite RAN. The Satellite RAN is associated with either a Satellite NR-RAT, or can be non-3GPP Satellite RAT. 
[bookmark: _Toc492544943][bookmark: _Toc6212523]4.1.1.1.2	Description 
In some cases, the satellite coverage can be as large as the whole world, or can be regional (i.e. covering several countries). In some cases, the latency of the satellite RAN can be significant, from few tens of ms (for LEO) to several hundreds of ms (see Informative Annex A). Further, the description of the Satellite RAN can vary according to its characteristics.  
The NOP wants a NSI to support a communication service and the NSI to support to the description of the satellite RAN characteristics.
[bookmark: _Toc492544944][bookmark: _Toc6212524]4.1.1.1.3	Post-conditions
An NSI which includes CN part and RAN part is created, taking into account the specific characteristics of the satellite RAN.
[bookmark: _Toc6212525]4.1.2	RAN sharing of a 5G network with satellite components
[bookmark: _Toc6212526]4.1.2.1	Pre-conditions
A 5G System is composed of a satellite component, that may include:
- A number of spacecraft, each composed of RUs, possibly gNB-DUs, gNB-CUs
- A number of Earth radio stations located on ground, interconnected with the spacecrafts, each composed of RUs and possibly connected to gNB-DUs and/or gNB-CUs.
The satellite component is interconnected with 5GC.
It is specified in TS 22.261 that: “a 5G satellite access network shall support NG-RAN sharing”.
A number of NOPs want to share the 5G satellite access network and certain NOPs want to have Network Slicing enabled in the satellite components.
[bookmark: _Toc6212527]4.1.2.2	Description 
The satellite on-board resources are managed by a satellite NOP, to allow the distribution of the limited RF power and bandwidth resources (for a RU), as well as for the power consumption and network resources for the digital processing units. A satellite NOP can therefore act also as VISP (and/or a Data Center Service Provider (for the spaceborne part). A NOP that is allowed access to the satellite components will be allowed to manage slice configurations in the shared satellite RAN. 
[bookmark: _Toc6212528]4.1.2.3	Post-conditions
The satellite components are configured to support multiple NOPs and NSIs are created for each for NOP according to their requirements (bandwidth, connectivity, coverage, etc.) and according to the capabilities of each spacecraft and of the combined capabilities of the network.
[bookmark: _Toc6212529]4.1.3	Handling of latencies associated with satellite components
[bookmark: _Toc6212530]4.1.3.1	Creating and managing slicing associating with satellite components 
[bookmark: _Toc6212531]4.1.3.1.1	Pre-conditions
A 5G System is composed of a satellite component, that may include:
- a Geostationary-satellite network on the Radio Access part,
- a global LEO access network on the Radio access part, creating potentially a global overlay.
Further, satellite backhaul can be use for transport between 5G-CN functions and RAN functions.
These conditions generate latencies between UEs and the 5G-CN that can be higher or lower than those that could be met if a terrestrial networks (radio or fiber) would be used for access or transport.
[bookmark: _Toc6212532]4.1.3.1.2	Description 
In TS 22.261, it is specified that a 5G system with satellite access shall support different configurations where the radio access network is either a satellite NG-RAN or a non-3GPP satellite access network, or both.
It is further required that:
· For a 5G system with satellite access, the following requirements apply:-	The 5G system with satellite access shall support the use of satellite links between the radio access network and core network, by enhancing the 3GPP system to handle the latencies introduced by satellite backhaul.
· A 5G system with satellite access shall be able to support meshed connectivity between satellites interconnected with inter-satellite links. 
For a 5G system with satellite access, the following requirement also applies:
· A 5G system with satellite access shall be able to select the communication link providing the UE with the connectivity that most closely fulfils the agreed QoS
Operator wants an NSI to support a communication service and the associated Network Slice that offer the best service options.
[bookmark: _Toc6212533]4.1.3.1.3	Post-conditions
An NSI which includes CN part and RAN part is created, taking into account the specific characteristics of the satellite RAN and backhaul characteristics.
The performances of the satellite components are monitored to ensure that the performances of the NSI can be delivered as planned.
   
[bookmark: _Toc6212534]5. 	Potential Requirements
[bookmark: _Toc6212535]5.1	Use cases related to Network Slice management
[bookmark: _Toc6212536]5.1.1	Network Slice Instance(s) associated with a Satellite RAN
[REQ-FS_5GSAT_MO-1.01] A NSI created for the management of services of a 5G system with satellite access, shall include parameters to describe the specific characteristics of the satellite access.
[bookmark: _Toc6212537]5.1.2	Network Slice Instance(s) associated with Satellite RAN Sharing
[REQ-FS_5GSAT_MO-2.01] In a 5G network with satellite access, the satellite components shall have the capability to provide NSIs and NSSIs for each of the NOP sharing the satellite access network.
[REQ-FS_5GSAT_MO-2.02] In a 5G network with satellite access, each of the NOP sharing the satellite access shall have the capability to create, manage, monitor, activate, deactivate, terminate NSI and NSSIs.
[bookmark: _Toc6212538]5.1.3	Network Slice Instance(s) associated with Satellite component latencies
[REQ-FS_5GSAT_MO-3.01] A Network Slice created for the management of services of a 5G system with satellite access, shall include parameters to handle the latency associated with a satellite access. 
[REQ-FS_5GSAT_MO-3.02] A Network Slice created for the management of services of a 5G system with satellite transport network, shall include parameters to handle the latency associated with the corresponding satellite network. 
[REQ-FS_5GSAT_MO-3.03] A Network Slice created for the management of services of a 5G system with satellite transport network and associated with corresponding latency parameters of the satellite access network or satellite transport network shall be provided by the corresponding satellite network latency performances.

[bookmark: _Toc441788738][bookmark: _Toc6212539]6	Potential Solutions
TBD

[bookmark: _Toc441788739][bookmark: _Toc6212540]7	Conclusions and Recommendations

[bookmark: _Toc6212541]7.1	Conclusions
TBD

[bookmark: _Toc6212542]7.2	Recommendations
TBD

[bookmark: _Toc6212543]
Annex A:
Characteristics of satellite systems
[bookmark: _Toc3303408][bookmark: _Toc6212544]A.1	General
This annex describes the main characteristics of satellite systems when considering their integration with the 5G system.
[bookmark: _Toc3303409][bookmark: _Toc6212545]A.2	Class of orbit
On the one hand, our planet attracts as a main body the much smaller satellite, which motion is dictated as a consequence by the laws of Kepler. On the other hand, the environment of Earth can be also constraining: the higher density of the atmosphere, debris from launchers and former satellites in the lower altitudes, as well as higher energy particles trapped in the Van Allen belts between 2000 and 8000 km's altitudes are to be avoided. These two constraints contribute to defining several classes of orbits that are used for communication satellites:
-	Geostationary (GEO) satellites, located precisely in the plane of the Equator at an altitude of 35 786 km, these satellites rotate at the same rate as the Earth's rotation: a GEO satellite stands still with respect to Earth. Thanks to this property, a single GEO satellite is sufficient to create a continuous coverage.
-	Non-Geostationary Orbiting (NGSO) satellites: NGSO satellites do not stand still with respect to Earth. Should service continuity be required over time, a number of satellites (a constellation) is required to meet this requirement; the lower the altitude the higher the number of satellites
	Different classes of NGSO satellites are listed below:
-	Low-Earth Orbiting (LEO) satellites, with altitude ranging 500 km and 2000 km, and with inclination angle of the orbital plane ranging from 0 to more than 90 degrees. These constellations are placed above the International Space Station and debris, and below the first Van Allen belt.
-	Medium-Earth Orbiting (MEO) satellites, with altitude ranging from 8000 to 20,000 km. The inclination angle of the orbital plane ranges from 0 to more than 90 degrees. These constellations are placed above the Van Allen belts.
-	Highly-Eccentric Orbiting (HEO) satellites, with a range of operational altitudes (the orbit of such satellites being designed for the spacecraft to be exploited when the vehicle is closer to its apogee - the higher part of the orbit -) between 7,000 km and more than 45,000 km. The inclination angle is selected so as to compensate, completely or partially, the relative motion of Earth with respect to the orbital plane, allowing the satellite to cover successively different parts of Northern land masses (e.g. Western Europe, North America, and Northern Asia).
[image: ]
Figure A.2-1: Illustration of the classes of orbits of satellites
[bookmark: _Toc3303410][bookmark: _Toc6212546]A.3	Geometrical coverage of satellite and propagation delay
As depicted in the following figure, the theoretical geometrical coverage of a satellite is associated to its altitude and the minimum elevation angle under which the satellite is seen by the UE above the horizon.
[image: ]
Figure A.3-1: Illustration of the geometrical coverage of a satellite
The following figure illustrates the geometrical coverage for a LEO satellite and for geostationary-satellites:
[image: ]
Figure A.3-2: Illustration of the geometrical coverage of a LEO satellite and of GEO satellites
The following tables provide elevation, distance and geometrical coverage related figures for different classes of satellites:
[image: ]
Figure A.3-3: Geometrical coverage radius, propagation distance and delay for different orbits
NOTE:	The above figure provides only examples, some designers may decide to select lower altitudes as this contribute lowering  the propagation delay.
The following table illustrates the number of satellites that are necessary for a constellation of satellites to provide continuous coverage for an elevation angle ranging from 5 to 10 degrees. Global coverage may not be fully achieved for MEO or GEO satellite, however in this case the vast majority of the world population is covered.
[image: ]
Figure A.3-4: Illustration of number satellites in a constellation for continuous Earth coverage
[bookmark: _Toc3303411][bookmark: _Toc6212547]A.4	Type of satellite communication payloads
Communication payloads embarked on-board a satellite are of two main categories, for any type of satellite (whether GEO or NGSO):
-	Transparent payloads: the electromagnetic wave that are transmitted from Earth surface are converted by a satellite receive antenna into an electric signal which is channel filtered and amplified by low-noise amplifier (LNA). The signal is then frequency converted. A high power amplifier (HPA) delivers finally the signal to a transmitting antenna generating a re conditioned electromagnetic wave towards the Earth surface where receive station are located.
-	Regenerative payloads: an On-Board Processor (OBP), is inserted between the LNA and the HPA. This OBP allows to convert the air interface between the uplink (from Earth to satellite) and the down link (from satellite to Earth). It allows to correct bits or packet in errors before retransmitting them, or to route packet between beams. Ultimately any network function can be implemented, as the expense of power and mass, thanks to an OBP (including gNB CU's or DU's, or a any function attached to a CN).
-	Inter-Satellite Links (ISL): can also interconnect regenerative satellite payloads. Through ISL's satellites can be interconnected through a dedicated mesh-network.
[bookmark: _Toc3303413][bookmark: _Toc6212548]A.5	Air interfaces
Air interfaces can include:
-	3GPP defined air interfaces, such as the New Radio;
-	Non-3GPP defined air interfaces
Unless otherwise indicated, 3GPP NR will be assumed in this document.
[bookmark: _Toc3303414][bookmark: _Toc6212549]A.6	General considerations on the use of satellite networks
In relation to the coverage associate with Non-Geostationary Satellite Networks, or Geostationary-Satellite ones, the use of satellite networks is related to:
-	The complement of terrestrial networks where these terrestrial networks are not available, permanently for physically (maritime or aeronautical constraints) or economic reasons, or for temporary reasons associated to local a unavailability of a terrestrial of network (drought, Earth quake) or local overload of the demand;
-	Satellite networks can be used for broadcast over large areas of a same content, for multicast (with acknowledge of delivery of content), for unicast;
-	Use cases are related to the actual of altitude of the satellite platforms and the associated delay of propagation.




[bookmark: _Toc3303415][bookmark: _Toc6212550][bookmark: historyclause]Annex B:
Reference Models for Satellite Components Integration in the 5G System
[bookmark: _Toc3303416][bookmark: _Toc6212551]B.1	Elementary satellite network architecture
The physical implementation of a satellite network architecture can always be sketched as displayed in the following figure:
[image: ]
Figure B.1-1: Reference Satellite Access Network Architecture
A satellite network is always composed of:
-	One, or more, satellite(s), embarking a telecommunication payload.
-	Satellite enabled UEs, such as IoT devices, broadband vehicular or fixed terminals.
-	A Hub, including an RF Earth station, and a data centre including (co-located or not) RAN and CN related functions. The hub is also interconnected to (a) data network(s).
-	UEs interconnected to the hub through the satellite.
[bookmark: _Toc3303417][bookmark: _Toc6212552]B.2	Reference architecture with satellite enabled NR-RAN
The following figure depicts a reference architecture for a direct access with a satellite enabled NR-RAN (see below):
[image: ]
Figure B.2-1: 5GS with Satellite enabled NR-RAN
Knowing the possible nature of satellite payloads (transparent or re-generative), the instantiation of this architecture can have several forms:
In a first implementation, the satellite is transparent, the NR signals are generated from gNB's from a satellite enabled NR-RAN that are located on ground. The satellite is equivalent to a Radio Frequency (RF) Remote Unit, and is full transparent to the New Radio protocols, including the physical layer (see below).
[image: ]
Figure B.2-2: 5GS with transparent satellite enabled NR-RAN
In a second implementation, the satellite is regenerative. The satellite payload implements a gNB-DU as part of a satellite enabled NR-RAN. Some of the protocols of the NR are processed by the satellite. A Satellite Radio Interface (SRI) transports the F1 protocol between the on-ground CU and the on-board DU (it can be the NR (see below)).
[image: ]
Figure B.2-3: 5GS with regenerative satellite enabled NR-RAN and distributed gNB
In a third implementation, the satellite is regenerative. The satellite payload implements a full gNB supporting a satellite enabled NR-RAN. A Satellite Radio Interface (SRI) transports the N1/N2/N3 interfaces between the on-ground 5G CN and the on-board gNB-CU (see below).
[image: ]
Figure B.2-4: 5GS with regenerative satellite enabled NR-RAN and on-board gNB
One can note that with a regenerative implementation (either with distributed gNB or not) a 5GS can have a global coverage, providing a single 5G CN with global or regional (continental or sub-continental) coverage as well. This is valid for GEO or LEO (see below):
[image: ]
Figure B.2-5: 5GS with regenerative satellite enabled NR-RAN, with ISL for regional or global coverage
Another configuration (see below) may consist in satellites each embarking a gNB supporting a satellite enabled NR-RAN, and 5G CN's accessing these gNB's, as described in the following figure, where specific (or not) satellite radio interfaces are used to handle control and user planes:
[image: ]
[bookmark: _GoBack]Figure B.2-6: 5GS with regenerative satellite enabled NR-RAN, with ISL & multiple 5G CN connectivity
[bookmark: _Toc441788741][bookmark: _Toc6212553]
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