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Abstract—The present paper describes the project 
5G4SPACE which aims to find solution to meet ESA ARTES 
tender “Spin-in of 3GPP terrestrial radio access technology for 
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I. INTRODUCTION 

This activity develops the necessary adaptations of 3GPP 
terrestrial radio access technologies with potential use in 
satellite communications. Examples of such technologies are 
modulations, forward error correction coding techniques, 
multiple access schemes and interference management 
techniques. The development of a combined 
hardware/software verification platform allows assessing 
their performance in a set of satellite related scenarios. 

II. PROJECT DESCRIPTION 

A. Project Objectives 

In the past three years, the wireless world put a yet 
unforeseen coordinated effort in the definition of what is 
worldwide known as 5G. The principal arena where this 
effort has been worldwide coordinated is the 3rd Generation 
Partnership Project (3GPP) that has recently standardized its 
release 15 containing the first phase of 5G, dubbed as New 
Radio (NR) by 3GPP. The first phase addressed mainly the 
so called eMBB (enhanced Mobile Broadband) scenario 
through its standalone and non-standalone modes. The 3GPP 
activity is nonetheless progressing at full speed towards the 
definition of the second phase of 5G that will be contained in 
release 16 and 17, respectively foreseen by the end of 2019 
and the end of 2020.  

For the first time since the development of the terrestrial 
cellular systems, the Satcom community aims at identifying 
scenarios and technology adaptations allowing the inclusion 
of a Non-Terrestrial Network (NTN) component into the 5G 
ecosystem [1, 2,  3, 4, 5].  

This study contributes to the standardization of the NTN 
component in release 17. 

B. Scenarios 

The use of the satellite segment, in addition to the 
physical layer aspects dealt in this project, is subject to the 
analysis and definition of upper layer aspects. In particular, 

the interaction with terrestrial segments has been addressed 
in [6] while an accurate analysis on generated traffic useful 
for network dimensioning is addressed in [7]. 

Moreover, efficient protocols at transport layer must be 
conceived and developed in order to counteract the intrinsic 
characteristic due to the huge delay which limit the 
performance of internet-based applications. These aspects are 
well addressed in [8] and [9]. 

III.  CHALLENGES 

5G4SPACE study contributes in: 

• assessing the impact of the non-terrestrial 
environment on the technologies already developed 
for the terrestrial component;  

• spin-in terrestrial technologies in order to make 
them operate in the non-terrestrial component  

• developing a suitable platform for the spin-in 
assessment and for future standardization. 

This study focuses on the adaptation of terrestrial 
technologies developed and studied within 3GPP for 5G 
systems to satellite scenarios and their implementation on 
HW and SW platforms. 

A. Benefits 

The verification platform emulates the expected satellite 
scenarios, allowing the operator configuring the typical 
parameters of the chosen satellite channel and evaluate the 
performances by analysing the data received at MAC 
(Medium Access Control Layer) level [10, 11, 12, 13, 14,  
15, 16].  

Thanks to the adaptation and reuse of the 3GPP (Release 
13 and beyond) terrestrial radio access technologies in 
satellite systems, a significant simplification in the 
implementation of the emerging satellite networks and the 
integration of satellite and terrestrial networks can be 
obtained. This activity strongly increases the trust in the 
newly developed 5G technologies and fosters their rapid 
adoption, by contributing also to standardization fora [17, 18, 
19, 20]. 

B. Product Features 

The project results include:  



• thorough investigation of the constraints that 
satellite links impose on the PHY and MAC layers. 
Potential areas of impact are identified in order to 
select a set of 3GPP technologies to focus on for 
further testing and for adaptation on the identified 
satellite scenarios and corresponding channel 
models [20, 21, 22, 23]. 

• PHY/MAC Verification Methodology Definition 
and Verification Platform, with clear specification 
of the protocols used, the functionality provided and 
of the HW/SW selection implementation strategy 

• The platform is able to interface with external units 
in order to potentially validate end-to-end 
performance. A documented reference PHY 
performance of the selected 3GPP technologies 
under ideal conditions (i.e. AWGN - Additive 
White Gaussian Noise) is implemented 

• Test campaign on the platform in order to assess the 
compliance with the requirements and for the 
optimization of the features under test. A 
documented specification of the proposed air-
interface is also foreseen. 

• The document findings and test results are reported 
to standardization fora in agreement with ESA and 
drive the design choices and trade-offs of the 
PHY/MAC techniques implementation. The 
equations are an exception to the prescribed 
specifications of this template. You will need to 
determine whether or not your equation should be 
typed using either the Times New Roman or the 
Symbol font (please no other font). To create 
multileveled equations, it may be necessary to treat 
the equation as a graphic and insert it into the text 
after your paper is styled. 

IV.  SYSTEM ARCHITECTURE 

The proposed solution for the above needs is described in 
the following system architecture (Figure 1). 

 

 

Fig. 1. 5G4Space PHY/MAC Verification Platform - Preliminary 
Architecture 

 

We can recognize four applications (Figure 2):  

• Monitor and Control Server, which implements all 
local functionalities   

• GUI, which interacts with the MC Server and 
provides a user interface application to the 
operators. 

• An External Adapter, which is able to interface with 
external units in order to potentially validate end-to-
end performance 

• A Device Interface, able to adapt to the various sub-
systems interfaces with the M&C Server. 

The M&C Server (Figure 2) is composed of: 

• Configuration Data: the configuration data set will 
be included in a SQLite database or in files with the 
configuration of the different scenarios envisaged. 

• Log Files: they contain information related to the 
M&C operations. These log data will be recorded in 
a file. 

• Access Manager DB: it is an authorized users’ 
database in which the operations permitted to the 
individual user are also defined. 

• Server: it is the executable running on the PC 
hosting the M&C. It implements the functionalities 
provided by a three layered server, including: 1) 
Core, which implements all the functionalities 
provided by the M&C Server; 2) Broker, which is 
the SW layer exposing the control interface of the 
M&C; 3) Controller, which is a SW layer 
decoupling the core implementation from the 
broker. 

 

 

Fig. 2.  M&C Server and related applications 

V. PLANNING 

The main planning of the general tasks assumes a classic 
path that starts from the scenario selection, continues with 
the preliminary and the final design, and ends with the 
testbed validation and related dissemination (figure 3): 
 



 
Fig. 3. 5G4Space Gantt 

 
The above plan foresees the following four relevant 
milestones: 

 MS1: System Design Review [“SDR”] and 
acceptance of all related deliverables. Foreseen by 
mid-October 2019  

 MS2: Critical Design Review [“CDR”] and 
acceptance of all related deliverables. Foreseen by 
mid-May 2020 

 MS3: Test Readiness Review [“TRR”] and 
acceptance of all related deliverables. Foreseen by 
mid-September 2020 

 MS4: Final Review [“FR”] and Contract Closure 
Documentation. Foreseen by January 2021 

 

ACKNOWLEDGMENT 

 
This research was supported by ASI (Italian Space 

Agency) and ESA (European Space Agency) under contract 
n. 4000126772/19/UK/ND. 

We thank CNIT, NITEL and Airbus Italia S.p.A 
(formerly Space Engineering) for assistance, and for 
comments that greatly improved the manuscript. 

REFERENCES 

 
[1] RP-171450 “NR to support Non-Terrestrial Networks”, 3GPP 

RAN#75, Dubrovnik, March 6-9, 2017 

[2] RP-181370, Study on solutions evaluation for NR to support Non 
Terrestrial Network, 3GPP RAN#80, La Jolla, USA, June 11-14, 
2018 

[3] 3GPP R1-1813364, “NTN Overview”, Spokane, USA, Nov.12-16, 
2018 

[4] 3GPP R1-1813527, “NTN issues and potential solutions”, Spokane, 
USA, Nov.12-16, 2018 

[5] 3GPP R1-1813662, “Discussion on data transmission related 
procedures for NTN”, Spokane, USA, Nov.12-16, 2018 

[6] M. Luglio, C. Roseti, G. Savone, F. Zampognaro (2009). Cross-Layer 
Architecture for a Satellite-WiFi Efficient Handover. IEEE 
TRANSACTIONS ON VEHICULAR TECHNOLOGY, vol. 58, p. 
2990-3001, ISSN: 0018-9545, doi: 10.1109/TVT.2008.2011274. 

[7] L. Carniato, F. Fongher, M. Luglio, W. Munarini, C. Roseti, F. 
Zampognaro, Traffic analysis and network dimensioning through 
simulation and emulation for Ka band high capacity satellite systems, 
IEEE 18th International Workshop on Computer Aided Modeling and 
Design of Communication Links and Networks (CAMAD), 2013. p. 
223-227, Berlin, 2013, doi: 10.1109/CAMAD.2013.6708121. 

[8] A. Abdelsalam, M. Luglio, C. Roseti, F. Zampognaro, A burst-
approach for transmission of TCP traffic over DVB-RCS2 links, 20th 

International Workshop on Computer Aided Modelling and Design of 
Communication Links and Networks, CAMAD. p. 175-179, 
Guildford, UK, 7-9 September 2015, doi: 
10.1109/CAMAD.2015.7390504. 

[9] A. Abdelsalam, M. Luglio, ROSETI C, F. Zampognaro, TCP Wave 
resilience to link changes – A new transport layer approach towards 
dynamic communication environments, 7th International Conference 
on Data Communication Networking, DCNET2016. ISBN: 978-989-
758-196-0, Lisboa, Portugal, July 2016, doi: 
10.5220/0005966700720079. 

[10] Guidotti A., Vanelli-Coralli A., Foggi T., Colavolpe G., Caus M., Bas 
J., Cioni S., Modenini A., “LTE-based satellite communications in 
LEO mega-constellations,” International Journal of Satellite 
Communications and Networking, vol. Special Issue, pp. 1-15, ISSN: 
1542-0973, doi: 10.1002/sat.1258 

[11] Guidotti A., Vanelli-Coralli A., Conti M., Andrenacci S., Chatzinotas 
S., Maturo N., Evans B., Awoseyila A., Ugolini A., Foggi T., Gaudio 
L., Alagha N., Cioni S., “Architectures and Key Technical Challenges 
for 5G Systems Incorporating Satellites,” accepted for publication on 
IEEE Transactions on Vehicular Technology, Nov. 2018. arXiv: 
https://arxiv.org/abs/1806.02088  

[12] Guidotti A., “Beam Size Considerations for New Radio Satellite 
Communications Systems,” Letter submitted to IEEE Transactions on 
Vehicular Technology, Dec. 2018. 

[13] Guidotti A., Vanelli-Coralli A., Caus M., Bas J., Colavolpe G., Foggi 
T., Cioni S., Modenini A., Tarchi D, “Satellite-enabled LTE systems 
in LEO Constellations,” ICC2017: WT05-1st International Workshop 
on Satellite Communications - Challenges and Integration in the 5G 
ecosystem. pp. 1-6, Paris, May 2017. 

[14] Kodheli O., Guidotti A., Vanelli-Coralli A., “Integration of Satellites 
in 5G through LEO Constellations,” Proceedings of the IEEE Global 
Telecommunications Conference 2017. pp. 1-6, ISBN: 978-1-5090-
5019-2, Singapore, Dec. 2017. 

[15] Guidotti A., Evans B., Di Renzo M., “Integrated satellite-terrestrial 
networks in future wireless systems,” International Journal of Satellite 
Communications and Networking, vol. 1, pp. 1-3, ISSN: 1542-0973, 
doi: 10.1002/sat.1292  

[16] ESA Project Satellite Network of Excellence (SatNEx) IV CoO1-
Part2 Work Item 7 “Air Interface Development for LEO 
Constellations,” Feb. 2016 – Jan. 2017. 

[17] ESA Project OPTIMUS (OPtimized transmission TechnIques for 
satcoM UnicaSt interactive traffic, A0/1-8332/15/NL/FE), Feb. 2016 
– Jul. 2018. 

[18] ESA Project Satellite Network of Excellence (SatNEx) IV CoO2-
Part1 Work Item 1 “5G Access Solutions Assessment for Satellite 
Scenarios,” May 2017 – Jun. 2018. 

[19] ESA Research Exchange in Satellite Network of Excellence (SatNEx) 
IV CoO2-Part2 “3GPP New Radio SW Implementation and 
Performance Assessment for Satellite Networks,” on-going from Sep. 
2018. 

[20] RP-182443, Rational for updating the FS_NR_NTN_solutions study 
item description, 3GPP RAN#82, Sorrento, Italy, December 10-13, 
2018 

[21] 3GPP TS 38.212 “NR Multiplexing and channel coding”  

[22] QuaDRiGa, Channel Model, http://quadriga-channel-model.de/ 

[23] DVB-S2X Implementation Guidelines 


