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REPORT OUTLINE 

BACKGROUND 

Highlights of the presentations made by the Speakers during The Digital Dialogues session held on “5G opportunities with 
Satellite Broadband” on 17th November 2020 

INTRODUCTION 

• Satellites as a medium of connectivity and broadcast 
• Use of Satellites in India so far 
• Need for higher bandwidth as demand for data increases 

AIM OF THE WHITE PAPER 

Highlight the role of Satellite Communications in the 5G Ecosystem with special emphasis on serving the rural and remote 
areas 

4G, 5G AND THE ENHANCED REQUIREMENTS FOR BACKHAUL FOR THESE TECHNOLOGIES 

• Some basics of 5G and the requirements of backhaul in terms of speed, latency and reliability 
• Need to connect the underserved and unconnected people 
• Role of satellites in meeting this requirement 
• Requirements of operators (MNOs) from Satellite for 5G connectivity 

3GPP- PROGRESS TOWARDS INTRODUCTION OF ROLE OF SATELLITE INTO 5G SPECIFICATIONS 

• Current status 
• What all would be included in Release 17 
• Likely date for finalisation of Release 17 
• Impact on 5G specifications due to Satellite connectivity 
• Availability of handsets and launch of Satellite based 5G based on Rel 17 
• Ecosystem growth – demand and affordability 

ADVANCEMENTS IN SATELLITE TECHNOLOGIES 

• Limitations of Satellites for Data Connectivity 
• Improvements in Satellite technologies in past few years 
• LEO & MEO Constellations 
• HTS 
• Reduced cost of Satellite manufacture and launch 

USER REQUIREMENTS FROM SATELLITE TECHNOLOGY 

• Need for manufacturer/operator agnostic Standardisation of interfaces between ground station and Satellites 
• Network agnostic Standardisation of Satellite handsets like in Mobile communications 

VARIOUS USE CASES FOR SATELLITES 

In flight Communications; Rural Connectivity; Maritime connectivity; Disaster Management; IOT 

WAY FORWARD FOR INDIA 

CONCLUSIONS & POLICY IMPLICATIONS 
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BACKGROUND 
This paper was conceived out of one of The Digital 
Dialogues sessions held by Broadband India Forum on 
‘5G Opportunities with Satellite Broadband’. The program 
witnessed excellent contributions from a number of 
eminent speakers viz. Mr. Nicholas Chuberre, 3GPP Satcom 
Rapporteur; Mr. Rajesh Mehrotra (of ex-ITU Geneva and a 
renowned expert in Satcom); Mr. Anil Tandan, former CTO, 
Idea Cellular; Mr. K. Krishna, VP –Govt. Affairs & CTO, Hughes 
India; and Mr. R. Shakya, DDG, Satellite, DoT. 
Presented below are brief highlights of the respective 
presentations made by the speakers: 

MR. ANIL TANDAN 

• 5G is enabling new services and new Use Cases. 
• 5G will be a flexible network. 
• There is a need for Non-Terrestrial Networks (NTN) 

for reaching the underserved or unserved areas. This 
includes GEO Stationary Satellites, MEO Satellites, LEO 
Satellites, HAPS (High Altitude Platforms). 

• A satellite in a 5G Satellite access networks will have two 
architectures: Bent Pipe gNB and Regenerative gNB 

• There is a goal for “plug and play” capacity for the 
satellite network to support 5G through satellite network 
virtualization, allowance of the cellular networks to 
control satellite radio resources, development of link 
aggregation for small cell connectivity, optimized security 
through key management and authentication between 
cellular and satellite across technologies and integration 
of the multicast benefits of satellite technologies. 

• There are various use cases like for agriculture, shipping 
companies, wind power plant communication network, 
IoT with satellite network. 

• 5G and beyond 5G satellite systems have to meet the 
KPIs in terms of peak data rates, spectral efficiency, 
connection density, e2e latency, delay jitter, and mobility. 

• Satellite communication will play a significant role in 5G 
and beyond as a complementary solution for ubiquitous 
coverage, emergency/disaster recovery and remote rural 
areas coverage. 

MR. RAJESH MEHROTRA 

• There is a clear trend towards integration/convergence 
between satellite and terrestrial, fixed and mobile. 

• Next generation N-GSO space constellations to: 
• provide global broadband delivery 
• serve as a backhaul platform for 5G networks 

• For GSO networks, latency is not the only metric that is 
important. 

• New trends in GSO networks: 
• Software defined satellites (SDS): In Q, V, Ku and Ka 

bands- for fulfilling short term commitments and 
needs, improving dynamic service area offerings 
as per mobility segment demands, plug and play 
approach. 

• Mission Extension Vehicles (MEV): for extension of 
satellite life by refuelling satellite propellant. 

MR. NICOLAS CHUBERRE 

• The Integration of Satcom in 5G and the new evolving 
Architecture in 3GPP Rel. 17. 

• Once 3GPP standard is defined, all countries including 
India would need to adapt their national standards 
to accept the architectural changes to reflect the 
convergence of terrestrial and satcom technologies. 

MR. K. KRISHNA 

• With all the developments the industry has gone through, 
the Satellite is very essential and can overlap with the 
current medium of services provided especially in rural 
and semi urban areas. 

• Satellites can provide much higher speeds to almost 
100s of MBits to a terminal today. 

• The capacity is doubling every two years and the price 
of satellite capacity is also falling in the conventional 
satellites, which is a good sign. 

• LEO NB systems will provide ubiquitous coverage 
but also as a result one can have IoT, mobile devices 
directly communicating to the satellites. They have high 
throughput and bring down the latency. 

• With the advent of new satellites, there is a huge 
potential to disrupt the market. There are some satellite 
‘Sweets Spots’ in 5G like resorts, remote colonies, cell on 
wheels, etc. 

• Satellite has a complementing role to play in the 5G 
ecosystem. 

• A big reduction in the cost of satellite bandwidth is a big 
driver for satellite adoption for 5G. 

• Satellite Broadband is rightly poised for a mainstream 
play in delivering 5G to the ‘unserved’ and ‘underserved’ 
areas. 

MR. R. SHAKYA, DDG (SATELLITE), DOT 

• 5G will lead to many use cases and applications to have a 
connected ecosystem. 

• The connectivity today should not be only on IMT 
services or Fibre. The geography we have definitely 
requires satellite coverage. 

• The government under USOF has taken initiatives to 
connect many villages, GPs through BSNL/BBNL. 

• The participation of the private industry will be opened 
through the recent announcement of the government in 
terms of the global activity. 

• There are some regulatory provisions required in India 
for attracting FDI investments in India. 

• We would like to change our interface requirement 
document towards the inter-operability needs. As on 
day, our interfaces requirements are generally focused 
to take care of the interferences with the other users of 
the similar frequency or other services on the satellite/ 
non-satellite. 

• We need to work together to ensure that the technical 
documentation coming out from 3GPP  is a globally 
accepted document and is in sync with the TEC defined 
document. 

We acknowledge the inspiration provided by those excellent contributions made by the erudite speakers which formed the 
genesis of this paper. 
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INTRODUCTION 
SATELLITES FOR CONNECTIVITY 

Satellites as a medium of connectivity, 
broadcast 

Use of Satellites in India so far 

Need for higher bandwidth as demand for 
data increases 

In an era when one can send a video around the globe in the 
blink of an eye, it seems quaint to recall that just about 55 
years ago, satellites carried the first-ever live international 
video broadcasts. The first live broadcast of Olympics in 1964 
and the Man on the Moon broadcast in 1969 are events that 
remain etched in our memories, thanks to satellites. 
Satellite communications has come a long way since then, 
with huge transformation in technology and user applications. 
Starting with broadcast video, which continues to remain 
one of its key applications, satellite technology has found 
use into telecommunications. Especially when it comes to 
connectivity in far-flung areas, inaccessible terrains, for 
disaster management and as a backup connectivity link for 
resilience. More recent uses of satellite communications can 
also be seen in delivery of broadband directly to consumers 
at home as well as on moving platforms like airplanes and 
ships, and also in Cellular Backhaul networks enabling the 
last-mile delivery of basic telecommunications services. 
India too has its fair share of satellite communications, 
driving several applications over the last 3 decades. 
• VSAT Network Services being provided across closed-

user enterprise networks, supporting varied enterprise 
applications like Bank ATMs, Core Banking, Corporate IT 
Applications, etc. 

• VSAT Services for broadband delivery to different 
industries, like Oil and Gas, for Distance Education and 
delivery of Digital Cinema, etc. 

• Stock Exchange networks in India for secure online 
trading, providing the necessary security and resilience 
needed for such an application. 

• Cellular Backhaul networks as well as trunking 
applications for Mobile Network Operators and Telcos, 
providing connectivity to far-flung areas as well as for the 
island States/Union Territories. 

• Broadcasters beaming close to 900 registered TV 
Channels through Teleports, for distribution to millions of 
Indian households, and abroad too. 

• DTH and HITS Services distributing TV Channels to 
millions of households; with DTH being a consumer-
grade service taking the satellite feed directly to the 
households. 

• Satellite News Gathering for content contribution for 
digital media services. 

• Content contribution from Events and Live Sports feeds 
that cater to India’s entertainment and sporting culture. 

• A host of Government and Strategic networks. 
• Lately, Maritime and Inflight connectivity for broadband 

access for passengers and for crew welfare applications. 
While satellite communications in India has grown steadily 
in its base and applications, it pales in comparison to the 
cellular industry. The GSM industry has grown by leaps and 
bounds, having gone through delivering early-generation 
voice telephony to the more advanced generations of 3G, 4G/ 
LTE and now 5G, delivering high speed data access as well. 
With the advent of smart phones, social media and the app-
based economy, the demand for higher speed access to the 
internet and greater data and video downloads seems to be 
limitless. That has been one of the driving factors in creating 
the new 5G Cellular technology and standard. This is also 
now driving newer technologies in the satellite sector. 

AIM OF THE WHITEPAPER 

Satellite, despite its various applications and uses, remains a 
fringe technology for communications, especially considering 
its long gestation from design to execution, as well as the 
relative difficulty of upgrading the satellite payload once 
deployed in space. The Satellite communications industry is 
less than 3% of the overall telecommunications industry and 
has been mostly relegated to connectivity in rural and remote 
geographies, as a medium of last resort. 
In light of this, it is important to analyze the role of Satellite 
in the upcoming 5G era, and to evaluate whether it remains 
on the fringe of the telecom sector or enters the mainstream 
and core of 5G networks in delivering high-speed broadband 
access to users. 
To meet up to the demands of a connected and converged 

Introduction of 4G and 5G and the enhanced 
requirements for backhaul for these technologies 

Some basics of 5G and the requirements of backhaul 
in terms of speed, latency and reliability 

Need to connect the underserved and unconnected 
people 

Role of satellites in meeting this requirement 

Requirements of operators (MNOs) from Satellite for 
5G connectivity 

world is a formidable challenge that telecom infrastructure 
across the world needs to live up to. This is pushing the 
development of the new 5G networking architecture. 
The 5G standard promises blistering broadband speeds of 
up to 1 Gbps and beyond, exponential efficiencies, massive 
scalability, and all this at significantly lower costs for mobile 
and fixed networks, while also allowing for ultra-low latency 
applications such as connected cars, and massive M2M and 
IoT applications. 
5G is not just a faster version of the 4G/LTE standard, with 
latency in the range of less than a few milliseconds, it is 
an entirely new networking architecture, “a network of 
networks” — with multiple access technologies such as Wi-Fi, 
small cells, along with traditional mobile wireless networks 
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as well as terrestrial and satellite. It is being designed to 
virtualize, automate and streamline service delivery. It brings 
technology together from three main areas: Evolved Packet 
Core (EPC/5G Core) from 3GPP and the cellular industry; 
Network Function Virtualization (NFV) and Software Defined 
Network (SDN) from the networking industry; and the 
Virtualization and Cloud Computing technologies. 
These technologies, defined by the new 5G standard, 
will prompt network-wide innovations across telco, 
mobile and satellite networks. It is expected to transform 
communications and enrich user experience as it ushers 
in new services and applications. Some of these new user 
experiences will require ultra-high speeds (e.g., broadband, 
gaming), some will require quasi-real-time connections (e.g., 
autonomous cars), and some may require massive scale for 
big data connecting millions of endpoints (e.g., M2M/IoT 
applications). 
The evolution of cellular standards may help understand 
this technology transformation. Initially, the early 2G voice 
networks consisted of a switch with centralized functions 
and a hierarchical Radio Access Network (RAN). In 3G, 
these became less hierarchical to handle basic packet 
data. To handle data services through packet data better, 
more distributed RAN elements became prevalent. 4G/LTE 
networks today are concentrated around a centralized EPC 
core with distributed network components in a flat RAN 
architecture. In comparison, the new 5G standard is evolving 
this structure even further by virtualizing individual EPC 
functions and then dynamically distributing them across the 
core and to the edge of the network - governed by concepts 
such as Network Slicing and Multi-access Edge Computing 
(MEC). 
Despite all the effort on creating the next generation 5G 
standards, one key question still remains whether 5G would 
be the panacea for connecting the last citizen and providing 
him/her basic broadband connectivity. Unfortunately, that 
would still remain a distant dream. The advent of 3G, 4G 
and now 5G terrestrial GSM solutions may be increasing the 
plethora of applications and services being delivered, but 
they are unable to bridge the Digital Divide at the rate that 
India or the World would have wanted. 
A recent ITU report from Aug-2020, on ‘Connecting Humanity 
– Assessing Investment Needs of Connecting Humanity to the 
Internet by 2030’ talks about the “shock to learn that nearly 
half the global population aged 10 years and over – equating 
to some three billion people – have never used the Internet.”  
As per the report, India has the largest number of “total 
users not connected to a 4G or equivalent connection (for 
mobile and fixed broadband)”, and would need the largest 
investments in the world, close to $95Bn over the next 10 
years, to extend its telecom infrastructure to fully connect 
all its population to the internet. A substantial part of this 
investment would go into satellite-based Network Backhauls 
as well as satellite-based broadband access to the remote 
and rural populations of India. 
The GSMA forecasts that by 2025, 5G networks will cover 
one-third of the world’s population and support as many as 
1.2 billion connections. Forecasts also estimate a $256 billion 
connected car market by 2023. More importantly though, the 
connected vehicle market – cars, trains, farming and mining 
equipment, airplanes, and ships – will require continuity of 
service and connectivity far beyond the reach of urban 5G 
networks, the kind that only satellite connectivity can provide. 
There is broad and growing agreement that satellites will play 
a key role in 5G, and a significant role as a complementary 
solution. Satellite is therefore being integrated into the 5G 

ecosystem also from the standards point of view. 
The vision of 5G is driven by the increased data rates and 
connection density, significantly reduced network latency, 
and optimized network efficiency. However, there are several 
use cases where standard terrestrial coverage is either not 
present or possible. This makes satellite systems uniquely 
positioned to provide a solution to bridge this gap. 

VALUE OF SATELLITE USE CASES IN 
THE 5G ECOSYSTEM 

There are numerous uses of the satellite within an ICT 
ecosystem. Whether it is in urban, suburban or rural to 
remote areas, satellite provides connectivity for numerous 
applications including broadcast, backhaul and multicast 
applications, as well as for a closed user group or corporate 
network communications - both within fixed or mobile 
environment. Given such diversity of use, there are key 
areas in which satellite plays an important role in the 5G 
ecosystem. This includes: 
Satellite Backhaul of 5G Cell Sites - Traditionally, terrestrial 
backhaul solutions for connecting cell sites across broad 
geographic areas come with high cost and low ROI. Add 
to this the months-long delays that come with deploying 
terrestrial networks in rural and remote locations, especially 
across long distances, and the business case becomes even 
harder to justify. Cellular backhaul over satellite enables 
mobile network operators (MNOs) in more ways to provide 
uninterrupted voice and data services to customers. It 
expands their coverage into more geographic areas which 
were previously considered economically and feasibly beyond 
their reach. 
IoT over Satellites – given the expectation of a globally 
wide deployment of billions of monitoring systems as part 
of Internet of Things (IoT), these will be connected to 5G 
ecosystem using sensors and devices (M2M) to provide many 
different and diverse applications, and in many instances 
connected via satellites through bandwidth and power 
efficient terminals with an optimised air interface. 
Universal Coverage - Satellites provide a wide coverage 
to complement and to extend the dense terrestrial cells, 
which is in line with the ubiquitous coverage targeted by 5G 
networks. Satellites will continue to be the most effective 
means for reaching areas beyond terrestrial coverage as well 
as for passengers in a mobile environment such as vehicles, 
train, aircraft and vessels. Integrating satellites with the 
terrestrial system is perhaps the key area that enables many 
of the advantages. One of which is improving the quality of 
experience (QoE) by intelligently routing traffic between the 
delivery systems and caching high capacity video for onward 
transmission terrestrially. 
Resilience - Satellites will support a resilient 5G network to 
mitigate the problems of overload/congestion to meet the 
5G KPI - “ensure for everyone and everywhere access to a 
wider portfolio of services and applications at lower cost”. In 
times of terrestrial congestion and network stress (e.g., high 
load, backhaul failure), or if the user [(Radio Access Network 
(RAN)] travels out of range of its alternative terrestrial radio 
link, the traffic would flow over the satellite link in a seamless 
manner until the terrestrial connections are restored. In this 
way, satellite capacity can be shared over a large number of 
sites with a low cost per site for the satellite traffic and an 
ultra-high availability from the point of view of the end-user 
within a 5G network. 
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Reliability – given that satellite also operates in the 
lower frequency bands, these are ideal for high-reliability 
applications, including safety services. 
Latency – although satellites naturally have a longer latency 
than terrestrial systems, nevertheless there are constellations 
of satellites in a different orbital plane such as LEO that will 
have lower latency. It is, however, important that the design 
of 5G air interface be universal to support varying level of 
latencies through seamless management and orchestration 
of heterogeneous satellites and terrestrial network elements 
in order to support a variety of user applications with their 
unique requirements. 
Capacity – satellite networks will continue to evolve to 
keep up with user expectations and demand with increased 
throughput (in Tbps) utilising more powerful spacecrafts and 
use of higher frequencies for feeder links to free up lower 
spectrum bands for service links – thereby reducing the cost 
per bit of data communications. 
Content Multicast – satellites will play a major role in 
content caching near the edge, bringing content closer to 
the user. Satellites’ natural capability to multicast data over 
a wide geographic region can be integrated into the Content 
Delivery network (CDN) closer to the user as part of providing 
information-centric networks (ICN). With efficient satellite 
multicast delivery, this will help to improve user QoE and 
reduce backhaul traffic load and provide immediate and on-
demand content access. 
Software networking across satellite /terrestrial interfaces 
– it is quite likely that 5G networks will include innovative 
platforms incorporating mobile soft core networks to provide 
seamless management of satellite and terrestrial network 
elements, and virtualise satellite gateway functions. 
Spectrum – in order to utilise this scarce resource, a more 
globally harmonised approach to spectrum allocation has to 
be taken into consideration, so as to accommodate satellite 
industry requirement to provide high throughput capacity and 
complement the terrestrial mobile industry requirements to 
benefit from the economies of scale. 

3GPP -PROGRESS TOWARDS 
INTEGRATION OF SATELLITE INTO 5G 

SPECIFICATIONS 

Current status 

What all would be included in Release 17 

Likely date for finalisation of Release 17 

Impact on 5G specifications due to Satellite 
connectivity 

Likely dates for availability of handsets and 
launch of Satellite based 5G based on Rel 17 

Ecosystem growth – demand and 
affordability 

The 3rd Generation Partnership Project (3GPP) have been 
working on Non-Terrestrial Networks (NTN) through its 
Release 16 going into Release 17. The idea being to specify 
how a non-3GPP access network could be used to access the 

5G core network, allowing for traffic offload of the 5G access 
network in particular. 
Under Release 17, 3GPP has agreed to define satellite-
integration specifications.  The consensus that satellite 
should be part of the 5G standards, at this early and defining 
stage of the process, is a significant milestone for both the 
cellular and the satellite industries. Of course, 5G satellite 
systems have to meet the KPIs in terms of peak data rates, 
spectral efficiency, connection density, e2e latency, delay 
jitter, and mobility, as part of the standards. 
The Non-Terrestrial Network (NTN) 5G Working Group 
has generated aligned technical proposals between the 
satellite community and major terrestrial 3GPP ecosystem 
contributors – terrestrial network operators, radio access 
network (RAN) suppliers and chipset vendors. The goal is 
to ensure an end-to-end ecosystem standard for unified 5G 
networks. 
The technical specification group (TSG) of 3GPP froze its 
NR Radio (5G) functional design and adopted advanced 
radio interface which has been qualified since as an ITU-R 
standard. The TSG has developed specifications covering 
radio access network (RAN), services and systems (SA) and 
core network and terminals (CT). 3GPP as an input into 5G 
requirements, has identified a range of service categories 
and possible deployment services scenarios that can be 
efficiently supported by satellite networks. These include, 
for example - multimedia delivery, broadband, M2M, critical 
communications and vehicular communications through 
either mobile broadcast or content caching to potential users 
for vehicular internet/infotainment or backhaul connectivity, 
or wide area sensor management or disaster management to 
traffic or emergency updates, etc. 

INTEGRATION OF SATELLITE WITHIN 5G ECOSYSTEM 

This paper seeks to correct the often mis-understood and 
mis-represented view that Satcom and 5G are conflicting in 
position. Actually, for providing digital inclusivity, it has been 
realised that Satcom and 5G need to go beyond being just 
complementary and have to be included in each other. Global 
standardisation bodies viz. 3GPP and ITU are already working 
towards this goal of convergence between terrestrial and 
satellite technologies. 
Given the rapid deployment of digital technologies, 
particularly over the last decade, there is now a convergence 
of both terrestrial and satellite technologies to bring about 
more heterogeneous networks for seamless handover, and 
to simultaneously  adopt radio-based access technologies 
to increase reliability and availability, such that future 5G 
networks encompass both cellular and satellite solutions. 
The 5G ecosystem now, with its convergence requirements, 
provides a unique opportunity to overcome some of 
the integration barriers that existed in the past through 
development of a single environment from the initial 
development stages for both satellite communications and 
terrestrial mobile systems. At the same time, it provides a 
way in order to enable two parts of the telecommunication 
industry to work together to define and specify a single 
5G system with a holistic perspective. This ensures 
that satellite communications can address some of the 
potential challenges in supporting the different envisaged 
requirements for 5G networks. 
An integrated network 5G ecosystem, will have integration 
of RAN as well as the core network. As satellite provides the 
coverage extension to sea and air, the network will include 
mobile RAN’s as well. This ecosystem could provide the 
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following use cases: 5G connectivity even in the remote regions. 
• Remote IoT System with Satellite Integration; 
• Entertainment Update with Satellite Integration for air 

(Connected Aircraft) and sea (Connected ships); 
• Monitoring of Transport/Freight vehicles and 

communications – dual mode terrestrial and satellite; 
• Dual mode IoT sensors using terrestrial networks when 

connectivity is available and switch to satellite when out 
of reach. 

5G standards define a common network architecture to 
which all access technologies can adhere. As such, 5G 
will dramatically change how satellite is integrated into 
mainstream, achieving full interoperability within the end-
to-end 5G network. In the past, the satellite industry has 
played catch-up, spending extra time on the backend to 
find ways to integrate satellite technology into the prevalent 
standards and technologies. With 5G, the satellite network 
will be developed from get-go to interoperate within a 5G 
architecture. 
5G provides the ultimate opportunity for the satellite industry 
to break out of its niche. The opportunities for satellite 
would be enormous. Satellite service providers could offer 
a much wider range of services, while enabling mobile and 
fiber operators to leverage satellite connectivity to expand 
their coverage.  Mobile network operators will be able to 
complement their 5G services with satellite connectivity by 
taking advantage of – 
• Satellites’ inherent multicast/broadcast functionality for 

new use cases, such as delivery of content closer to the 
edge or for the connected car, while preserving high-
value wireless spectrum for latency-sensitive services. 

• Satellites’ ubiquitous coverage and range to complement 
the buildout of 5G in remote areas where building 
terrestrial networks for enhanced broadband services is 
simply too cost prohibitive. 

• Satellite networks to offload their traffic through such 
critical functionalities like multicasting, backhauling, and 
access on moving platforms 

Satellite communications will play an important role in the 
extension of 5G cellular networks to rural and hard-to-reach 
areas, including aeroplanes, trains, boats and other vehicles, 
especially in regions of the planet traditionally beyond the 
reach of cellular service providers. 
For 3GPP Release 17, satellite will be specified as a 
transparent link between the UE and the 5G base station 
(gNodeB): it will implement frequency conversion and a 
Radio Frequency amplification in both up link and down 
link direction, corresponding to an analogue RF repeater. In 
following releases, satellite may take over certain gNodeB 
functions as well. 
This would enable the extension of 5G Coverage by using 
advantages offered by satellite distribution such as: large 
coverage footprint, service reliability and service availability. 
It would allow for: 
• Terminals to roam between terrestrial and non-terrestrial 

networks. This enables one to offer full global seamless 

• Service delivery to several different sectors, e.g. 
maritime, agriculture, critical infrastructure, or oil and 
gas industry, which will benefit greatly from a seamless 
solution. 

• Satellite systems are integrated as an intrinsic part of 
the 5G ecosystem, in order to support highly available 
and reliable connectivity using satellites for use in cases 
such as ubiquitous coverage, disaster relief, public safety 
requirements, emergency response, remote sensor 
connectivity, broadcast service, etc. 

The 3GPP Plenary has approved of a firm Release 17 timeline 
recently, based on which the schedule for the Technical 
Specification Groups (TSG) to come out with the final versions 
would be as below: 
• Rel-17 Stage 2 Functional Freeze, June 2021 
• Rel-17 Stage 3 Protocol Freeze, March 2022 
• Rel-17 Protocol coding Freeze (ASN.1, OpenAPI), June 

2022 

EVOLUTION OF SATELLITE 
TECHNOLOGY 

It is now well established and accepted that satellites will 
bridge the blind spots in traditional terrestrial networks, 
bringing 5G connectivity to more people, and can be a cost-
effective solution to 5G’s coverage woes. 
Hence, it becomes imperative to analyze the traditional 
satellite technology versus what may be required in the 5G 
era, and if the satellite technology is ready to adapt to this 
emerging future. 
Traditionally, satellites are known to be inadequate for some 
use cases, such as high data throughput video streaming. 
Besides, typical satellite service using Geo-Stationary Orbit 
(GSO) satellites, have latency of more than 300ms, making 
them unsuitable for fast-response applications and services. 
However, Satellites being unaffected by the disasters that 
terrestrial networks are vulnerable to, such as typhoons and 
earthquakes, provide this ingredient of resiliency on new 
generation networks. 
Recent years have also seen several advances in satellite 
systems and networks, allowing better efficiency, reliability, 
increased data rates, and new applications. High Throughput 
Satellite (HTS) systems using Geostationary (GEO) orbits 
are already in vogue. These HTS Systems employ new 
technologies like frequency reuse, high-powered spot 
beams, regenerative payloads, etc., that provide for more 
efficient use of spectrum as well as delivery of higher bits of 
information at lower costs. 
Overall, these technology advancements have paved the 
way for higher throughputs and better robustness on 
Geostationary (GEO) orbit satellites. 
Today’s GEO Satellites can effectively contribute to all three 
5G scenarios: 

UE gNodeB 
5G core 
Network 

Data 
Network 

Courtesy: Enensys 
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• Enhanced Mobile Broadband (EMBB): Satellites have 
been providing backhaul for four generations of mobile 
technology and 5G is no exception. Satellites today can 
support high data throughput applications such as video 
streaming. 

• Massive Machine-Type Communications (MMTC): 
Satellites’ wide coverage finds the best use case in 
massive-scale connectivity, such as industrial internet of 
things, connected vehicles — especially in remote areas 
— and connected sensors. 

• Ultra-reliable and Low Latency Communications 
(URLLC): Satellites may not play a direct role in such low 
latency communications but still have a substantial role 
to play in this. The key concept of 5G is edge computing 
that brings networks closer to the end user, effectively 
cutting latency. The role of satellites in distributing 
content to these edge networks, which will then deliver 
low latency to end users, could be very important since 
satellites provide the ability to deliver content to the 
edge in a broadcast/multicast architecture that no other 
medium can. 

The future seems even brighter in the Non-Geostationary 
space (NGSO) with mega-constellations of Low Earth Orbit 
(LEO) and Medium Earth Orbit (MEO) satellites, promising to 
deliver multiple Terabit per second (Tbps) capacity across the 
world. The new systems will encompass a multi-layer aerial 
component with GEO, MEOs/LEOs, HAPs, UAVs, and drones. 
The satellite ecosystem is evolving. New developments in 
the satellite communications eco-system have overcome 
previous limitations and improved the overall economics as 
well as performance of the sector – 
• new generation of LEO/MEO constellations reducing 

latency significantly in satellite communications. 
• the time and cost of manufacturing satellites has 

been reduced with mass production and design 
standardization coming into play. 

• the economics to launch them into space is dramatically 
falling, with technologies like reusable launch vehicles 
getting more successful. 

• the operational cost of satellites have come down with 
new propulsion techniques like chemical propulsion. 

• satellite life has been prolonged using mission extension 
vehicles that dock to satellites in orbit to re-fuel them 
and inject life into services on ground. 

• software defined payload design is the next big thing 
that would maximise use of power and spectrum across 
different spot beams. 

• ground technologies in terms of beam-shaping antenna 
systems based on active and passive materials so as to 
enable services using planar antennas moving away from 
the parabolic reflectors. 

With these technologies deployed, today’s satellites make 
use of the available spectrum in space in the most efficient 
manner. The effective utilization of the spectrum across the 
geographical coverage of the GSO or NGSO Satellite has 
started creating huge amounts of capacity that was once 
unheard of in satellites. Conservative estimates show that 
while 2000 Gbps of satellite capacity existed in 2020, this 
would grow by about 20X in the next 5 years. 

WAY FORWARD - USER 
REQUIREMENTS FROM SATELLITE 

TECHNOLOGY 

Need for Standardisation of interfaces 
between ground station and Satellites 

irrespective of the manufacturer/Satellite 
operator 

Similarly, capability of Handsets to be able 
to connect to any Satellite network like in 

Mobile communications 

Innovation in technology is happening rapidly. Advancements 
in Satellite technology has picked up pace and there is more 
coming. New age satellites will have increased capability and 
flexibility 
• With new technology for materials such as flexible 

photovoltaic and lightweight composite structures; 
• Together with virtualised network functions and software 

radio platforms. 
And yet, there are still newer concepts that need to be 
properly understood and considered. 
• The use of Multi-Access Edge Computing (MEC) in 

satellite systems, especially for boosting the access to 
content still needs evaluation. 

• Besides, the advent of 3D satellite networks with 
several space objects possibly interconnected would 
dramatically multiply connectivity opportunities. 

There is also the wish list that satellite networks would 
someday have standardization of network devices and 
interfaces – something that the industry has been seeking for 
a long time to bring in economies of scale. This would allow 
any satellite modem to work with any satellite regardless of 
the Gateway Hub system and technology. 
All these potential advancements augur well for many 
futuristic services based on Internet which could move over 
to satellite constellations in years to come. 

CONCLUSIONS - FUTURE POLICY 
IMPLICATIONS 

The evolution of 5G networks aims to digitally transform 
every area of work and life, governance and industry 
by not just connecting human beings together but also 
by connecting machines together and human beings to 
machines. Its impact is likely to be felt in all areas of our 
life - be it from education to finance, from politics to health, 
or from entertainment to environment protection. The next 
generation network communication infrastructure is called 
to support this increasing demand of connectivity of billions 
of machines besides human beings, by enforcing energy and 
cost efficiency to guarantee environmental and economical 
sustainability, scalability, flexibility, and adaptability to ensure 
support to the heterogeneity of the service characteristics 
and constraints, as well as the variety of equipment and 
machines. It will also have reliability and dependability to 
fulfil its role of critical infrastructure with its ability to provide 
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global seamless connectivity, no matter the social, political, 
or environmental situation. 
It is envisaged that the 5G ecosystem will bring about this 
convergence of terrestrial mobile and satellite systems in 
order to deliver a high speed, robust, inclusive 5G ecosystem. 
As substantial R&D investment is being made on 5G 
architecture and systems, similarly billions of dollars are 
being invested in satcom technology such that by 2024, over 
100 geostationary high throughput satellites (HTS) systems 
as well as several non-geostationary HTS constellations 
using Ku and Ka bands below 31GHz will be deployed and 
available worldwide. It is expected that 5G will require large 
blocks of contiguous spectrum to support high bandwidth 
applications, typically greater than 1GHz per carrier on a 
globally harmonised basis.  Both the satellite industry and 
terrestrial mobile industry are working together to deliver an 
integrated 5G ecosystem. 
In this framework, non-terrestrial networks (NTN), like 
Satellites, are recognized to play a crucial role in framing 
the technical specifications and the architecture for future 
releases of 3GPP. It is generally understood that the 
terrestrial network alone cannot provide the flexibility, 
scalability, adaptability, and coverage required to meet 
the above requirements, and the integration of the NTN 
component into the mix is a key enabler. It is no surprise that 
global standards bodies like 3GPP have embraced the entry 
of Satellite Communications into the development of the 5G 
standard. Rel. 17 & 18 are likely to see induction of Satcom 
into 5G in a seamless manner. 
The new 5G architecture and systems are not only new 
protocols but, more importantly, they provide a new 
telecommunication infrastructure, through a sound 
integration between the terrestrial and the non-terrestrial 
segments. Since communication satellites offer large-scale 
broadcasting capability and global coverage, they present 
effective communication means for 5G based networks, for 
various applications. Satellites in particular, along with other 
non-terrestrial platforms, will improve 5G systems by making 
them more agile, smart and robust. These would provide 
reach to many more users and use cases that were hitherto 
outside the ambit of mobile network operators. 
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