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Executive Summary

Globally, the satellite industry is growing by leaps and bounds. The overall space market is 
about 1Tn USD, of which nearly 40% is that of commercial communications; and Commercial 
communication satellites roughly comprise a third of the total number of satellites.. The 
strategic segments like scientific, military, navigation, earth observation constitute rest 60% 
of market share. India’s share in the commercial communications market, though growing, is 
still much less than what it needs for providing digital connectivity to all and achieving Digital 
India. As per experts, India has less than 50% of the satellite capacity it needs. While India is 
currently making excellent progress in the strategic segments, we are lagging behind in the 
commercial communications segments. 

It is a well known fact that terrestrial communication solutions costs ten to twenty times more 
to connect remote and inaccessible areas than urban and accessible areas of any country 
and same is the case in India, more so as due to the fact that it being a diverse country with 
many remote and far flung areas. Satellite communication helps connect this last 10-20% 
population in a very cost-effective way. Satellites can not only cover remote and inaccessible 
areas but can also bring reasonable Broadband services quickly to many other areas where 
Optical Fiber based services would take some time to reach. As & when Optical Fiber facilities 
reach those places, satellite capacity can act as a standby medium and provide high speed 
broadband to other areas. 

The satellite service providers have an installed base of close to 300,000 terminals. India has 
only a fraction of the Satcom penetration when compared with other global economies viz. 
US, EU, & China. The Table below illustrates that our total number of Satcom connections is 
1/10th of China, Japan & Korea, 1/7th of EU and 1/16th of US –all of which are highly fiberized 
countries. Given the fact that today we have the highest population in the world, the per capita 
satellite connections are far lower than other comparable countries/regions. Countries like US 
& EU have higher dependency on Satellites despite having higher fiber penetration than India. 

COUNTRY/
REGION

TOTAL NUMBER 
OF SATELLITE 
Connections (Direct 
Consumers) in Mn

TOTAL NUMBER 
OF SATELLITE 
Connections 
(Enterprise 
Consumers) in Mn

TOTAL NUMBER 
OF Connections 
(including Direct + 
Enterprise) in Mn 

POPULATION 
(Crores)

US 2.1 2.6 4.7 33

EU 1.0 1.1 2.1 45

ASIA (incl. 
China, Japan, 
Korea & India)

1.4 1.6 3.0 450 

INDIA NIL 0.29 0.29 140

Source: NSR 2019 www.nsr.com
& TRAI Subscription Data for India September 2022

https://www.nsr.com/
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Given the fact that fiber penetration in India is also way lower than theirs, there is a huge 
potential for growth of satcom. They serve as the communication backbone to the banking 
industry, large distributed enterprises, small and medium businesses who are dependent 
on the internet for conducting their business (including filing of GST returns), other telecom 
service providers who use satellite as a backhaul medium to expand their coverage to the 
rural, remote and difficult to reach areas and lastly the Government itself for the rollout of 
various social initiatives. 

India has reached a point of inflexion where it simply needs to accelerate the penetration of 
accessible, available and affordable broadband to all to provide the power and usefulness of 
the Internet to all its 1.4 Bn citizens so as to digitally empower them and act as a catalyst to 
transform their lives. With the present level of ~50% broadband penetration and that too with 
sketchy internet access at most places with low speeds, most of the access is far from being 
truly labelled as ‘Pure Broadband’. Our national ambitions of achieving Digital India, Smart 
Cities, 100% Financial Inclusion and others shall remain unfullfilled, if there is no availability of 
true broadband to all its 1.4 Bn citizens. Among the several areas which Govt. Policies needs 
to focus on, are the role that Satcom can play in providing affordable, accessible and always 
available broadband to not just the far flung, rural and remote areas of our country but in 
equal measure to enterprise sector and government offices. 

With new technologies and innovations in satellite communication that are currently available, 
India could leapfrog to a new broadband penetration level not just by connecting remote areas 
but also be able to offer an affordable choice of access to customers in urban areas as well. 
Also, introduction of new and innovative technologies - viz. use of Ka band, HTS satellites, LEO/
MEO Satellite constellations, technological advancements in satellite ground stations satcom 
user tariffs could be brought down by several folds. 

With the opening up of the Space Sector in the last couple of years, and with induction of the 
private sector in all areas of space activities including commercial satellite communications, 
the space sector is bubbling with new energy and enthusiasm. With the creation of the new 
regulatory and authorisation agency viz. IN-SPACe and with a number of policy and regulatory 
reforms, the sector has witnessed tremendous growth in these recent years. The Government 
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is doing its bit to un-lock the tremendous potential of this sector by tweaking its policies and 
provide the much-needed impetus to the sector

In this White Paper we examine the emerging and new trends in the satellite technologies in 
the future and the important applications & use cases which will make it enter the mainstream 
and core of 5G and the 6G networks in delivering high-speed broadband and converged access 
(broadband & broadcasting) to users. It examines aspects from a standpoint of technologies, 
standards, applications & use cases, broadcasting and associated regulatory challenges 
besides new requirements for spectrum in a holistic manner.

Chapter 1 examines some of the key emerging innovations in the satellite technologies that will 
make satellites more central to our day to day lives in the future and are broadly categorized 
in three areas-Space segment, Ground Segment & Applications. In the Space segment, 
it examines new trends like Software defined Satellites, in the Ground Segment, it looks at 
Advanced Ground systems, besides Artificial Intelligence (AI) & Cloud based Infrastructure 
while on the Applications side it looks at Satellite IoT and other applications

Chapter 2 looks at the changing Regulatory landscape in the Satcom sector, the new Space 
Policy, the reforms undertaken towards Ease of doing Business in the Sector and issues around 
Spectrum Management in the sector, keeping in view the need for more spectrum in higher 
spectrum bands and with similar requirements emanating from terrestrial technologies in 
those bands

Chapter 3 examines the standardization activity going on in global standardization bodies viz. 
3GPP on Non-Terrestrial Networks (NTN) in upcoming Software Releases (Rel. 17 onwards) 
that is likely to pave the way for future enhancements of these 3GPP defined satellite networks 
for beyond 5G and in the context of 6G

Chapter 4 examines interesting and new trends in upcoming Satellite based applications viz. 
Integrated hybrid 5G services (Direct to device), Backhaul services for 5G cellular networks, 
Direct to consumer Internet Services, Long Distance Voice Communications, Advanced 
Fisheries Applications, Defence Applications, High Speed Village Connectivity, Smart Shipping 
& Logistics & Satellite IoT based use cases. 

Chapter 5 examines new Broadcasting Trends particularly the aspect of delivery of converged 
Broadcasting & Communication Services from the same Satellite These converged applications 
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 car), 
and some may require massive scale for big data connecting millions of endpoints (e.g., M2M/
IoT applications).

The satellite world is changing rapidly. New developments and technology trends in the 
satellite communications eco-system indicate improved overall economics as well as 
performance of the next generation satellites which have opened up myriad possibilities and 
new applications. All these portend signs of satellite technology being mainstreamed which 
will help accelerate the pace of achieving Digital India where all its citizens have access to 
reliable and affordable broadband connectivity and are digitally empowered to carry out all 
their activities.
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Till recently, satellite industry was considered to be highly capital intensive, needing enormous 
planning and engineering effort. The general trend over many decades was to launch missions 
with large, customized payloads. This resulted in the perception that the pace of technological 
change in the satellite industry is slow.

All of this, though, has changed dramatically in the last few years, and will continue to change 
in the coming decade, as satellite technologies continue to evolve far more rapidly. With more 
investments coming in, especially from hyper-scalers from the digital economy, and with many 
young entrepreneurs joining in, the satellite industry is poised to see massive technological 
stride

Some of the key emerging innovations in the satellite technologies that will make satellites 
more central to our day to day lives in the future are described below, broadly categorized in 
three areas:

1. Economics of Satellites -
Smaller Satellites
Satellites are getting smaller with more compact subsystems and software enabled processing. 
With the advent of LEO constellations to provide global communications coverage with low 
latency, and better camera and radar technologies for earth-observation, smaller satellites are 
increasingly more attractive. Newer support systems assist the SmallSats with mass production 
of satellites, ridesharing with other payloads on a satellite launch, using standardized bus 
architecture, commercial-off-the-shelf (COTS) hardware subsystems.

Emerging trends in Satcom technologies 
(both GEOs & NGSOs)

C H A P T E R  1
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Even the traditional Geo-stationary satellites have also started opting for smaller satellites for 
regional coverage or country-specific payloads.

Advancement of payloads is a top satellite technology trend. Modular payloads using 
standardized bus systems are becoming a key for enhancing satellite quality and capacity, 
especially for smaller satellites and for the startup ecosystem. Moreover, sophisticated COTS 
equipment like high-resolution imaging, spectral sensors like synthetic aperture radar (SAR) 
and miniaturized transceivers including foldable or unfurlable antennas are finding a place in 
satellite payloads. 

In-Orbit Services
Due to the multifold increase in satellites being launched each year to populate constellations, 
the demand for improving the life of a satellite asset and managing space debris are coming 
up as key elements to ensure space investments remain protected.

•	 A key negative side effect of space 
exploration is the amount of debris 
created in space. Rough estimations 
claim up to 8,000 tons of debris from 
previous space missions and now-defunct 
satellites floating in earth’s orbit. These 
could potentially be catastrophic for 
future space missions, with threats for 
collisions as well as interfere with many of 
the space services that we rely on, such 
as weather forecasts, geolocation, and 
communications.

There are missions that aim to clean 
up debris using magnets to push them 
towards earth, so that they burn up in the 
outer layers of the atmosphere. A few other technology ideas too are being developed like 
using nets to capture floating junk, or creating “self-destructing robot” that destroys large 
pieces of space debris.

To ensure a sustainable future in space, debris-cleaning solutions would surely be the need 
of the hour soon.

•	 Typically, the life of a satellite in the GSO arc is about 15 years, and that in the LEO 
communications arc is about 5-6 years. The aim to reduce debris from satellites that have 
gone beyond their useful life can also be met through the concept of elongation of satellite 
life. This is a new area of development. Mission extension vehicles of various kinds would 
dock to existing satellites in space to add fuel to these aging satellites and therefore add 
additional life to the payload. 

Additionally, new techniques in the power and propulsion systems allow new age satellites to 
travel deep into space and perform complex maneuvers. Improved high-power solar arrays, 
battery improvements, lower-weight thrusters, enhancements in chemical propulsion for 
thrusters, use of electric propulsion instead of conventional systems – all help reduce the 
overall economic cost of launch and operations of satellites.
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The success of reusable launch systems for orbital 
vehicles are set to lower the cost of launch services 
even further in the future. This would open the doors to 
many exciting new space initiatives that are currently 
too expensive to be practical. It will also help make 
space missions more routine in terms of launching 
space objects for refueling existing satellites or for 
debris-removal.

Software Defined Satellites (SDS)
As the demand for satellite-based broadband 
communications surges, along with the addition of 
direct to handset connectivity services, the requirement 
for developing higher powered spot beams with higher 
capacity, but at affordable economics would increase. 

Software-defined configurations will equip both GSO 
and NGSO satellites soon, though it would be tougher 
to implement this in the NGSO world. Generic software-
defined satellites can be manufactured at scale and 
could be configured once in space for specific service 
offerings. This flexibility would help cater to fluctuating 
demands of users on the ground. This would be 
achieved through agile beam hopping, reconfiguring 
beam shapes, capacity, and power in real time for the 
coverage area on the ground.

Typically, this means that instead of fixed footprints frozen for the 15-year lifespan of a GEO 
satellite, capacity can be adapted in response to changing market demand. This would help 
address specific high-capacity users on mobile platforms like cruise liners, aircrafts, or drones. 

Even as the software defined nature of the payload would help reduce costs, the overall 
economics of providing a satellite service through such a payload would also improve as the 
fill factors increase – since the satellite resources can be ported to follow the demand.

2. Economics of the Ground Segment -
Advanced Ground Systems
Innovations in ground stations technology is equally important for the operational success of 
the satellites and constellations in GSO and NGSO orbits. Electronically steered and phased-
array antennas that can communicate with GSOs as well as NGSO satellites are the next big 
thing. These terminals would help multi-orbit communication by seamlessly switching between 
a LEO and GEO Satellite to maximize availability, even while ensuring service levels through 
adequate capacity. 

Similarly, the rise of satellite constellations requires inter-satellite links for coordinated 
constellation movement as well as for bringing back traffic to the earth without investing in 
multiple ground gateways. Optical communication for such in-orbit relays would bring in huge 
advantages. 
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In addition, ground stations are moving towards digitized interfaces so that Gateways can 
be in remote locations, while the resources needed to manage, configure, and operate these 
Gateways can be elsewhere. Many of the elements of such Gateway Systems are also being 
transformed into virtualized ground networks, made from standard compute hardware that 
can take different profiles depending on the function needed in the chain, like frequency 
conversions or demodulator etc. 

Artificial Intelligence and Cloud Services
Satellites for both communications as well as remote sensing, produce enormous amounts 
of data. This poses a challenge in merely collecting this data, besides data handling, storage, 
processing, and timely analysis to make use of it as an application resource. 

Advanced algorithms including techniques like Machine learning (ML) and Artificial intelligence 
(AI) enable the analysis of such satellite data obtained from earth observation (EO), global 
navigation satellite system (GNSS), and remote sensing. Moreover, capturing, processing, and 
analyzing such data so that it is available quickly on the cloud has made it possible for Ground-
Station-as-a-Service solutions. 

In space, AI-enabled subsystems help make critical decision on making autonomous satellite 
maneuvers relative to navigation, pre-emptive communications correction, spacecraft 
rendezvous, docking, and satellite constellation operation. AI is also used for real-time orbit 
prediction and satellite tracking for enhanced space traffic management. 
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3. Economics of Applications-
Satellite IoT
Owing to the widespread and ubiquitous coverage provided by satellites, compared to the 
existing terrestrial infrastructure, the demand for satellite-enabled Internet of Things is growing 
steadily. 

Commercial solutions for IOT include precise, real-time asset tracking, monitoring, and remote 
surveillance around the world. And there are far more devices and sensors spread out in 
remote and rural locations or on mobile platforms, than need an IOT connectivity that can 
only be provided through a satellite connection. 

Besides, advanced devices and sensor technologies in satellites also empower a new range of 
cloud and edge computing capabilities. 

Moreover, latency too is an important factor when it comes to the IoT. New satellites located 
in lower Earth orbit (LEO) provide the low latency necessary for these applications. 

5G Networks leading to Standardization
While 5G is primarily a terrestrial technology for mobile Internet access, it is largely anticipated 
that 5G and satellites will operate in harmony and with much greater synergy. 

Satellites of course will contribute towards the rollout of 5G networks. LEO and GEO satellites 
are likely to be used for backhauling scenarios as telecommunications firms build their 5G 
ecosystems.

More crucially, satellites are now a part of the 3GPP standards under the Non-Terrestrial 
Networks (NTN) and would form an integral part of the 5G ‘network of networks’. 

Once the satellite industry adopts the 5G standards, that in itself would be a giant leap for the 
industry from its so-far proprietary solutions. Standard waveforms would – 
•  not only move the industry towards mass produced Application Specific ICs (ASICs), that 

could make the satellite ground hardware more affordably, 
• but would also allow inter-operability between networks, 
• as well as seamless integration into a terrestrial 5G network 
• all of which would reduce the cost of satellite ground networks. 

Another significant advantage that 5G would bring into the satellite ecosystem would be to 
add the Network Function Virtualization, whereby standard COTS compute hardware would 
be able to function through a software profile change, either as a satellite modem or as RF 
Converters or firewalls in a network. This would make the satellite networks benefit from al 
the advantages that a 5G network would have, that of robust, non-proprietary, resilient and 
swappable hardware systems.

Add to this the OSS/BSS layers that could be adopted into the Satellite Network so as to 
manage network configurations, customer subscriptions etc. – all of which could seamlessly 
integrate into a Telco or an MNO core network. 

All of these above concepts would make the satellite networks of the future more integral to 
the roll-out of the 5G networks.
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Three things that come to mind when we talk of satellite communications are high cost, 
high latency, and low to moderate speed. The technological advancements in satellite 
communications are effectively converting the above impediments into myths. The advent 
of High Throughput Satellites (HTS) & Very High Throughput Satellites (VHTS) in the Geo 
Stationary Orbit (GSO) and Non-Geo Stationary Orbit (NGSO) are making an affordable and 
low latency high speed broadband a reality. As broadband is becoming another important 
utility, taking it to the unserved and underserved areas of the country is being effectively 
addressed by satellite communications. Governments are more and more realizing the power 
of satellite communications to bridge the digital divide and are providing the right policy 
impetus for satellite broadband to proliferate.

In a country like India where more than 70% of the population lives outside the urban areas, 
the relevance of satellite broadband is even more significant. The Government has rightly 
recognized this need and is taking a number of steps to address the policy impediments that 
are hindering the growth of satellite broadband. Some of the key policy initiatives that are 
required are as follows:

1. New Space Policy -
In the year 2020, the Government announced a need to revamp the satcom policy formulated 
in the year 1997. The greater role that can be played by the private sector was rightly identified 
as a key thrust area. From a satcom perspective, the policy is aimed to address both the 
upstream (build and launch of satellites) and the downstream (availability of satellite capacity 
and the applications that benefit from the same) areas. 

Regulatory Challenges &  
Spectrum Management 

C H A P T E R  2
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Even before the final policy is announced, we are seeing a flurry of activities on the upstream 
side. Indian startups are aiming to build and launch communication satellites indigenously. 
However, on the downstream side the situation is grim. In the global context, launch of many 
HTS/VHTS satellites have led to the supply exceeding the demand. Satellite operators are 
able to put large amounts of capacities in each launch and as a result the cost of satellite 
broadband has significantly come down making it more affordable to consumers. These global 
trends are not reflected in the Indian context as a result of a lack of policy for the last several 
years. 

There is certainly an urgent need for the new space policy to be announced after carefully 
addressing the needs of the industry. Since the gestation period for building and launching 
satellites are long, it would take four to five years for the low-cost capacity to start trickling in 
post the announcement of the policy. This is very much needed for the proliferation of satellite 
broadband to the unserved and underserved areas of the country. 

2. Satcom reforms and Ease of Doing Business –
The Department of Telecommunications (DoT) recently announced a set of reforms that are 
aimed at enhancing the ease of doing business and also to bring reduction in the regulatory 
levies that are aimed at reducing the overall cost of satellite broadband. The process of 
obtaining approvals for setting up a satellite communications network has been streamlined 
with clear timelines for the issuance of approvals (in some cases, the introduction of deemed 
approvals). The entire process has also been made very transparent through the introduction 
of an online portal. Some of the processes have been converted into self-certification instead 
of a long-drawn approval. These initiatives certainly will help in the growth of the sector and 
also help address the connectivity needs of users in the remote parts of the country. There is 
still a scope for further reforms in certain critical areas. 

A.  Blanket licensing of Satellite Terminals – The biggest benefit of satellite 
broadband is the speed at which deployments can happen. The deployment of satellite 
broadband for users do not depend on extensive infrastructure. The User Terminal (UT) 
sizes have been going down due to the use of high frequency bands and the use of 
powerful satellites. In the multi-step process of licensing UTs that includes obtaining 
SACFA and WPC License, the issuance of WPC license has been done away with as a part 
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of the recently announced satellite reforms. However, the SACFA clearance still needs 
to be obtained for every UT through an online portal. The issuance of SACFA clearance 
adds to delays in the quick rollout of UTs and also adds to the cost of UT deployments. 
The SACFA clearance is essentially a mechanism that addresses the issue of physical 
obstruction the UT antenna might cause. The HTS/VHTS deployments in the GSO/NGSO 
have UT antennas that range from a few inches to less than 2 meters (typically 1 meter) 
above the ground or the building on which the antennas are installed. To put this in 
perspective, a 1 Meter UT antenna deployed will have a height that is less than that of 
a human being standing on the ground or on top of a building as the case maybe. As 
a result, UT deployments that use antenna sizes equal to or less than 1 Meter can be 
totally exempt from SACFA approvals. 

B.  De-licensing of User Terminals – Mobile phones are today de-licensed with 
respect to dealing and possession of the same by intermediaries before they get to the 
hands of consumers. As a result, mobile phones are freely available through multiple 
channels for consumers to buy and use them. A similar approach needs to be taken for 
satellite broadband UTs as well. For easy availability of UTs to consumers, it is essential 
that the UTs are de-licensed for dealing and possession so that such UTs can be available 
to users/subscribers through multiple channels. The licensed approach to dealing and 
possession of UTs restricts the competition and thus artificially increases the price of 
UTs for the consumers.

3. Spectrum Management -
Radio spectrum is a limited national resource, which continues to fuel wireless communication 
and services including satellite communications. Its timely availability is key to foster many 
use cases. Efficient and effective spectrum management is critical to addressing the increased 
societal demands on this scarce resource. Over the past few years, many satellites, both in the 
GSO and NGSO have emerged as an alternative method to provide broadband connectivity to 
end users, especially for rural and remote areas, as well as to support terrestrial networks by 
offering backhaul services. 

In the recent times, newer approaches propose satellites in the low earth (LEO) or medium 
earth orbit (MEO), which offer low latency (due to their lower orbits) and smaller satellites 
that are cheaper to build and launch. At the same time, satellites in such lower orbits require 
many more satellites to complete a global constellation/coverage. Such satellites revolve 
around the earth and address the connectivity needs of many countries. This necessitates 
a harmonized use of spectrum across different countries and continents. Countries deviating 
from such harmonized use of spectrum will be devoid of low-cost capacities that are served by 
such constellations. In the satellite equipment context (especially, w.r.t UT), harmonization is 
essential to derive the cost benefits of global economies of scale. 

Satellite spectrum has no national territorial limits. It is coordinated and managed by the 
UN agency, International Telecommunications Union (ITU) globally, and is subject to their 
Radio Regulations for the satellite networks to operate without harmful interference. Satellite-
network operations require bilateral/multilateral coordination and cooperation. In fact, India 
is signatory to a specific treaty in place for spectrum cooperation. Spectrum for satellite 
communications services is authorised for ‘right-to-use’ by all nations across the world, and 
is allocated only by administrative process, at charges that essentially cover the cost of 
administration.
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The Satellite Spectrum bands are also quite unique compared to terrestrial bands. Spectrum 
in the C, Ku, Ka and Q&V bands are not auctioned anywhere in the world, because they are 
shared bands and are not uniquely allocated to one satellite service provider. These bands 
are pre-decided at the time when orbital filings take place, which is done in coordination with 
194 other administrations at the ITU level through the Global Filing Register (GFR). Once the 
filing is made and approval is granted, the spectrum band(s) in which the said satellite(s) will 
operate is pre-fixed. There are multiple satellites - sometimes tens, if not hundreds operating 
in the same spectrum band, albeit in different orbital slots. By giving away that spectrum band 
through an auction based mechanism, it could be used by only one service provider, whether 
for satellite use or terrestrial or mixed use case. 

From the above, it is evident that local spectrum administrations in each of the 194 nations 
like India who are signatories to ITU principles, cannot unilaterally follow sovereign spectrum 
allocation/assignment principles for satcom, which violate the same of ITU Orbital filing. 

At the national level, administrations license the use of earth stations (or UTs as the case 
may be). Administrations also are responsible for licensing/authorizing communication service 
providers who take the satellite connectivity to the users. As a result, the assignment of spectrum 
for earth stations is merely a “right-to-use” spectrum to access the satellite resources. 

The use of spectrum by satellite services is shared in nature and is very different than sharing 
of spectrum by terrestrial networks. In the case of sharing of spectrum in the provision of 
terrestrial wireless services, the spectrum that is in excess for a specific operator can be clearly 
bifurcated and shared with other operators. In such cases, if a particular operator acquires 
the exclusive right to use a certain spectrum through an auction procedure and decides to use 
only a part of it, it can then reach an agreement with any other operator to – either share the 
Radio Access Network (RAN) or can transfer/lease the unused spectrum to another operator 
to be used exclusively. In such cases, the use of spectrum is exclusive and not shared in nature. 
However, in the case of satellite services, multiple satellite operators and service providers use 
the same spectrum (as in the same frequencies) across various orbital resources. The use of 
satellite spectrum lacks exclusivity. Any attempt to divide/fragment the spectrum to create 
the exclusivity will significantly reduce the usage of spectrum by satellite operators and thus 
its value.

Globally administrations have assigned the “right-to-use” of spectrum by various satellite 
operators/service providers by limiting the cost of such assignments to the recovery of 
administrative costs. This approach greatly enhances regulatory certainty, encourages 
investment and brings about more affordable broadband alternatives to the consumers, who 
in the case of satellite are usually in remote unserved and underserved areas.
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3GPP the standardisation body responsible for the mobile communication standards namely 
3G/ 4G/ 5G had completed as part of its release 17 the definition of the necessary features 
enabling selected 4G (NB-IoT and eMTC) and 5G (New Radio) radio protocols to be used in 
satellite networks. It also defined the RF and Radio Resource management performance 
applicable for user equipment and satellite access node operating in the Mobile Satellite 
Service allocated L and S bands.

These enhancing features are addressing, specific technical issues of satellite networks 
compared to cellular networks:

• Propagation channel and link budget constraints
• Extended & variable propagation delays & Doppler
• Wider and possibly moving radio cells
• Mobility between Terrestrial Network and NTN.
•  Reliable determination of UE location to support regulatory services such as lawful 

intercept, emergency calls, public warning services etc.

Below is the list of NTN feature enhancements defined in the release 17 by the different 3GPP 
Radio Access Network working groups:

Emerging Trends in Satcom Standards

C H A P T E R  3

SA2: System level
• Mobility management with 

huge cell size
• UE location and support of 

regulated service 
• QoS class for GEO satellite links
• Impact of satellite backhauling

CT1: Network protocols
• PLMN (re)selection
• NAS timers

RAN1: Physical layer
• Timing relationship
• UL time and frequency 

synchronization
• Enhancements on HARQ
• Polarization signalling for 

VSAT/ESIM

RAN2: Access layer
• User Plane: RACH aspects, Other 

MAC aspects (e.g. HARQ), UP: 
RLC, PDCP

• System information broadcast
• Control Plane: Tracking Area 

Management, Idle/connected 
mode mobility, UE Location 
Service

RAN3: Access network architecture
• Network Identity handling
• Registration Update and Paging 

Handling
• Cell Relation Handling
• Feeder Link Switch-Over (NGSO)
• Aspects Related to Country-Specific 

Routing

RAN4: RF & RRM performance
• New bands

• TN/NTN coexistence
• Satellite Access Node, UE

• RRM: e.g. timing compensation 
(idle, connected mode), GNSS 
accuracy
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These NTN enhancements have been designed to minimise impact on the terminal and in the 
Radio Access Network while supporting the widest range of deployment scenarios

•  Non Geo Synchronous Satellites at 600 km altitude and above as well as Geo 
Synchronous Satellites

• Any bands below 7 GHz and above 10 GHz
•  Any terminals: Commercial smartphone and IoT devices with omni directional antenna 

and 200 mW Tx power up to higher performance terminals (antenna gain and Tx Power)

The following reference scenarios are being considered differentiated by the type of targeted 
terminals.

Direct connectivity (< 7 GHz) Indirect connectivity (above 10 
GHz)

Targeted terminals IoT devices handset (smart phones) and 
car/drone mounted devices

VSAT and/or ESIM

Service
Narrowband

hundreds of kbps

Wideband

few Mbps

Broadband

hundred Mbps
3GPP Radio interfaces 4G NB-IoT/eMTC 5G New Radio 5G New Radio

Example of applications

Professional : utilities (smart grids,
water distribution, oil & gas), agriculture

Consumer market

Professional markets : Automotive, 
public safety, utilities, agriculture, 

Defense

Professional markets: Telco (e.g. 
Backhaul), IPTV service providers, 
Satellite News Gathering, Transport 

(aeronautical, maritime, railway), public 
safety, defense

Release 17 Release 18

The figure below, depicts a possible roadmap of the introduction of new NTN enhancements 
in 3GPP in the successive releases of 3GPP:

• Release 17 is now completed as explained above;
• Release 18 is currently being defined with the introduction of enhancements enabling

  New Radio protocol to support satellite network operating in above 10 GHz and 
addressing mobile and nomadic Very Small Aperture Terminals (VSAT), to provide trust 
on the GNSS coordinates determined by the UE and to optimise the mobility procedures 
in both idle and connected mode;

  NB-IoT and eMTC radio protocols to optimise mobility procedures and improve the 
support of small constellation providing discontinuous coverage in a given area;

•  Release 19 would offer an opportunity to define enhancements allow satellite to embark 
some of the 5G system functions on board the satellite such as gNB, support Integrated 
Access and Backhaul (IAB) and Vehicle Mounted Relay (VMR) via satellite;

• In subsequent releases, NTN enhancements for 6G is likely to be considered.
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This standardisation effort enables to develop and deploy a new generation of satellite 
networks able to support

•  multi-vendor interoperability which all satcom users (e.g. Public safety, transport, 
automotive, drone, defence,..) are looking for to escape from the vendor lock characteristic 
of proprietary satellite communication systems ;

•  integration in the global 3GPP eco system that enables access to a wider set of vendors 
at chipset, terminal, network and service level and allowing the economy of scale to drive 
down the cost of equipment;

•  combination with terrestrial mobile network in order to offer service continuity through 
mobility procedures and/or increased reliability or resilience through multi connectivity 
procedures;

•  combination of NGSO and GSO access for enhanced Quality of Experience =>  to mitigate 
the latency of GSO and the relative reduced throughput of NGSO)

•  natively advanced 5G features such as slicing, QoS, Security, energy saving thanks to a 
common technology framework with mobile systems

In addition, the standardization activity on NTN paves the way for future enhancements of 
these 3GPP defined satellite networks for beyond 5G and 6G context.

2020 2021 2022

Release 17

5G Advanced

Release 18

5G phases 1, 2 & 3

2023 2024

Release 19

2025 2026 2027

Release 20 Release 21

(5G NR): sub-6GHz,
transparent payload

(5G-NR): in 10 GHz bands

(5G NR): Network verified UE 
location + coverage & 
mobility enhancements

(5G NR): regenerative 
payloads

+ other enhancements

6G: Study on the support 
of NTN component

6G: Define features 
for the support of 
NTN component

Assuming 18 months releases

(4G NB-IoT/eMTC): sub-6GHz, transparent 
payload

(4G NB-IoT/eMTC): 
enhancements (mobility, 

MAC, discontinuous cover.)

(4G NB-IoT/eMTC): store & 
forward + other 
enhancements

5G NR: further enhancements

6G

6G: Service 
requirements for NTN

Connectivity to “VSAT” (5G-
NR): IAB/VMR

Satellite connectivity to smart phones 

Satellite connectivity to IoT devices

Satellite connectivity to “VSAT” 

Transport networks with static bandwidth and 
latency 

Transport networks with 
variable bandwidth and 

latency 

Satellite backhaul



17

Innovative Satcom Applications &  
Use Cases

C H A P T E R  4

Satellite Communication (Satcom) is currently being used in various segments in Enterprise, 
Government, Maritime & Aircraft communications.  Satcom  offers high availability, reliability and 
consistency in the remotest corners and across land, sea as well as air. In addition, Satcom offers 
broadcast/multicast functionality which enables recipient sites to receive the communication/
information while using same frequency, thereby resulting in optimal use of satellite bandwidth. 
Due to such unique characteristics, Satcom is used in various Enterprise industry segments like 
ATM connectivity, remote Bank branch connectivity, offshore Energy, Distance education etc. 
In addition, Satcom enables communication for Defence sector in remote & difficult terrains, 
for Maritime and Aircraft communication where no other mode of communication is viable. 
Satcom plays complementary role by enabling 4G/LTS network rollout in the remote areas 
where installation and O&M of Fibre/Microwave is not commercially viable. 

With recent advancement in technology and regulations, there are multiple innovative use 
cases and applications which are expected to emerge.  We are at the cusp of transformation 
enabled by lower latency in Satcom which is comparable to fibre network, as well as availability 
of large capacities (n*100Gbps per satellites), launch of Very High Throughput (VHTS) GEO, 
MEO & multiple LEO constellation – all happening almost at same time.  

In addition to this, regulators across the world are becoming more 
industry friendly by recognizing the co-existence of multiple 
technologies to address communication needs of all three 
segments of Government, Businesses and the 
Consumers. 

As it started about three decades  ago at 
the start of cellular services (2G), multiple 
use-cases cropped up, which were not being 
thought of till then. Many new applications 
emerged which helped businesses with 
more efficient and, quality services for 
their customers and also paved the 
way for enabling new & smarter ways 
of doing things. 

Similarly, Satellite Communication 
industry is in the process of 
making significant difference to 
all the stakeholders, be it the 
Government or Businesses or 
Consumers. All of them are likely 
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to get benefitted tremendously from the evolution of the Satellite industry. Here are few 
thoughts with respect to the new use-cases/applications that may get enabled using Satcom 
in the very near future.  

i) Integrated hybrid 5G services (Direct to device)
Satellite is part of 5G standard as specified in 3GPP Rel17, which enables that overall 
eco-system includes Satellite communication as part of next line of development – be it 
equipment manufacturer, Satellite operators or the Service provider. Idea is to provide 
seamless experience to consumers irrespective if their location – be in in the metros or 
remote areas, whether on land, sea or air, or switching between areas where cellular 
network is available or unavailable. 

It is expected that the new normal after few years will be to have hybrid services which 
can utilise cellular network or satellite network when the cellular network is not available, 
seamlessly without the user requiring to do any action at their end. 

ii) Backhaul services for 5G cellular networks
As 5G becomes available in tier-1 cities, customers across India will expect the availability 
of 5G services in their respective locations. 5G will require higher speed backhauls, which 
can be enabled either by Fiber or Microwave or with high speed Satellite links.  Satcom is 
going to play complementary role to enable expanding the reach of 5G networks across 
the nation and thereby help faster roll out of these services.

iii) Direct to consumer Internet Services 
B2C satellite-based internet services are now already available in some of the developed 
economies like USA, Canada, Europe etc. However, the high-speed availability and fibre 
like latencies are going to transform the consumer experience further. 
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Subject to suitable regulatory policies, the services are expected to be available in other 
countries including India. The launch of VHTS/MEO/LEO satellites may further enable 
these services to become more acceptable in the country. 

In the not too distant a future, there will be no concept of any `remote’ location from 
the perspective of the ability of the consumers to participate in the digital economy 
by accessing information, carrying out business transaction or having high speed 
communication in a ubiquitous manner irrespective of their geographic location. 

iv) Long distance Voice communication
Long distance Voice services currently utilise Submarine cable systems. LEO satellites 
however are expected to provide similar, and in some instances better, latency and thus 
retain high quality of voice services for international calls. Moreover, it will be available 
without the challenges of laying submarine cable systems and at comparable economics. 

Satcom is likely to play complementary role to provide alternate viable option of long 
distance voice calls in many parts of the world. 

v) Advanced Fisheries applications
New Satcom technologies are expected to make the life of Fishmen much better by 
enabling high speed, low latency network for boats even in deep sea. Fishmen can 
send the video enabled inputs to ground stations w.r.t quality of catch, finalising the 
commercial transactions even before the boat reaches back to shore, and few other 
applications.  This will enable faster go to market and save cost. Overall, this will help the 
fishermen improve their business and overall life. 

vi) High Speed Village Connectivity 
Villages are expected to get connected with high bandwidth capacity links which will 
enable various government applications/utilities to be made available to villagers. It will 
improve various aspects and quality of life of villagers like 

• Better education for students
• Better prices of crops for farmers
• Accessibility of various government programs
• Alternate work (like online trainings) possibilities for villagers 

vii) Defence Applications 
Considering the terrain, Satcom has been a major source of communication for defence 
forces across the world.  Defence forces are expected to utilise the full potential of Satcom 
in multiple applications, like: 

• Remote sensing of other party (enemy) strategic locations of interest
• Satcom guided delivery of missiles at target
• High speed communication enablement at remote areas for voice & data connectivity
• Blocking communications of enemy, through newer satellite technologies.
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viii) Smart Shipping & Logistics
Government of India has recently allowed communication-on-pause and  communication-
on-the move applications using Satcom and well as portable terminals. This will lead to 
new applications around surface mobility being developed. In future allowing S-band and 
L-band satellite bandwidth will help the industry further to create even more effective 
solutions for shipping and logistic segment, like tracking their consignment irrespective 
of the path & location.

ix) Satellite IOT use cases
There are multiple use-cases w.r.t satellite IOT, which can be enabled with narrowband 
LEO services. These will be available in the near future as and when the relevant satellite 
constellations are made operational. Few of them are given here as example:

• Connected Vehicles (Cars, HGV, LCV etc)
• Agriculture use-cases like connected cattle, irrigation and forest management
• Smart buildings (like warehouse management, security alarms/cameras)
• Drones’ management
• Pipelines/Bridges/Dam sensors

Availability of the newer generation satellites will open up many more new possibilities. Coupled 
with supportive regulatory framework and more forward-looking policies, the possibilities will 
be immense, and which will further boost the growth of the country and betterment of life for 
Indian citizens. 
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The need to exchange information and ideas, be it news or entertainment in a form which 
is best understood by humans, i.e. video and audio stories, has progressed BROADCASTING 
involving a “struggle”, of constantly adjusting the Yagi antenna, to the comfort of viewing 
the content at the press of a button. Satellite technology brought in a quantum jump in the 
way content is distributed and has been the mainstream. With convergence of broadcast 
and telecom, the way content is consumed has changed and moved towards an on-demand, 
anytime & anywhere model. 

Today. the physical barriers have disappeared due to this convergence. Telecom has become 
the enabler to reach the right consumer. We are at the verge of entering into the latest, 
Metaverse, which is much hyped about as it promises the consumer to not only see but also 
experience and be able to feel as though he / she is there even though it is a virtual presence. 
It is very early to predict a trend, but the future will reveal how Metaverse will take shape 
in broadcast. Metaverse is expected to connect the physical and digital worlds even more 
closely, allowing for storytelling without boundaries. 

So, let us divert our attention to the present and near future trends in Broadcasting and how 
the convergence of Broadcast and Telecom would benefit all as consumers become more 
demanding. Their success depends on how seamlessly they can integrate in this convergence 
as the customer is not bothered today how he gets his information or entertainment. Satellite 

Future Trends in Broadcasting

C H A P T E R  5
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as an underlaying technology for broadcasting will continue to 
exists with its advantage of “one to many”. Satellite broadcast 
has the distinct advantage of distribution over a wide area, is 
highly robust, does not have choking issues, has fixed latency, 
uniform reach in a defined region (footprint), allows use of same 
frequency on different satellites without interference. Hence it 
is essential that satellite for broadcast is retained unaltered. 
Because of the capability to reuse the same frequency across 
multiple satellites in a region, there is sufficient transponder 
capacity available for broadcast within the present frequency 
allocations. Use of higher efficient encoding such as HEVC, etc. 
would further improve the efficiency of the satellite capacity. It is 
expected that this technology will be adopted in the near future.

Some of the other future trends is around the four pivotal points 
– Remote production for Broadcast, Direct to Mobile, Ad driven 
consumption, Data to drive targeted broadcast

Before I can explain the future trends further, I would like to 
just share a fact about Linear television because that normally 
is the big question in everyone’s mind when we speak about 
future trends in Broadcast. Once again, recent world events 
gives a key insight with respect to linear TV. The funeral of 
Queen Elizabeth II was watched by an estimated 37.5 million 
people in the UK, and four billion worldwide. Linear still holds 
significant power, but it is set to go through a change in how it is 
presented. Probably, the role of linear television in our everyday 
lives would change and where that sits with streaming. The 
“key” is in removing barriers, be it technology, convergence of 
Telecom and Broadcast, policy or regulatory controls. 

The value of any content is there if it is delivered to Everyone, 
Anywhere, Anyhow, Any day, Any Time, be it linear, streaming, 
sound, metaverse, 3D. 

“Remote” has changed and will continue to change the Broadcast 
world for ever. With the help of telecom, today Sports events are 
produced remotely using high performance, high throughput 
fiber links worldwide. Commentary is added by a commentator 
who is not on ground, is actually thousands of miles away, 
interviews are done with a player who is in the ground whereas 
the host is in the comfort of a well airconditioned sound proof 
studio and all in perfect sync & seamless even though it is LIVE. 
The pandemic has driven the convergence further and migration 
to cloud for post-production needs, is becoming the trend of the 
day bringing in synergies between Broadcast and Telecom. The 
last mile connectivity at home still remains a puzzle to be solved 
to make it technically viable and bring in the true “hybrid” work 
culture. Introduction of 5G will also influence the canvas and 
how broadcast content is produced. Production is moving to 
the cloud and many major suppliers of broadcast equipment 



23

have products available to offer. We are at the cusp of these 
changes and it is a matter of time, when these will become the 
norm of the day.

With more and more adoption of newer Connected TVs (CTV) 
which can connect to the internet, advertisement driven 
consumption is expected to rise. Telecom is again enabling 
the introduction of such broadcast technologies as Free Ad 
Supported TV (FAST) in the living room, a form of linear TV. OTT 
is also moving toward Ad Supported Video on Demand– AVOD 
in OTT. Providing targeted content and targeted advertisement, 
based on analytics, will drive the targeted approach on all the 
sectors of broadcast, linear, FAST as well as OTT. Policies and 
regulations have to be refined or reviewed and may be removed 
to make way for these technologies to align with the consumer 
mindset, “we need content we will choose the mode”

Terrestrial transmission doesn’t seem to be behind. DTT has never 
been able to pick up in India because when it was introduced, 
consumers already had Free DTH, PayTV, OTT, IPTV. With the 
adaptation of ATSC 3.0, technologies are soon being made 
available on the back of DTT to deliver linear television directly 
to mobile, thus reducing the load on the CDNs and solve for the 
CDN scaling when demand increases suddenly by the mobile 
consumers. These technologies can be implemented using 
LPLT (Low Power Low Tower) SFN (single frequency networks). 
The mobile handset will be designed specially to receive these 
broadcast signals from the terrestrial transmission. Since it is a 
mobile deployment, the consumer will be able to benefit from the 
linear broadcast as well as OTT on the same hand set.

Data is key for targeted delivery which may be targeted ads, 
targeted content. Rich data will be also curated, sliced and 
diced,  for generation of Immersive and interactive content 
leading to Metaverse when connected with Augmented Reality & 
Virtual Reality (AR & VR). Data of audience behaviour, customer 
consumption pattern, and their analytics will drive to determine 
how content has to be produced, which advertisements have 
to be served, what content has to be delivered to a given set 
of customers, all of these assisting in the process of making it 
more sharp and precise. Data on viewership and rich content 
metadata, can allow broadcasters to provide advertisements 
which are relevant and contextual. This would lead to higher 
personalization and better user experiences. These data and 
its analytics would be able to serve the need of all modes of 
television and OTT consumption in the years to come

So tighten your seat belts and get ready to adopt newer 
technologies which allow all forms of broadcast to serve 
the customer the content that he needs, the way he want to 
consume, when he wants to consume with some exceptions.
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1.  There is an expected exponential reduction in the cost of launching satellites due to several 
emerging trends like reusable vehicles and better propulsion techniques. With enhanced 
debris-management, a standardized payload architecture and scalable software-defined 
satellites, along with advancement in improving the life of satellites, the implementation of 
end-to-end satellite communications services is soon going to be redefined.

2.  New age satellite systems, based on these new fundamentals, are restructuring satellite 
architectures for a very different future, offering huge increments in terms of data rates, 
bandwidth, and affordability. This is unlocking much wider application advantages of 
satellites, at completely new performance points.

3.  While reliability and flexibility were always key advantages, the economics and performance 
points limited the role of satellite within the wider telecoms industry. These enabling trends 
are getting endorsements for delivery of broadband communications solutions, including 
from the established telecom operators globally.

4.  The growth of satellite communications in India is at an inflection point. The industry eagerly 
awaits the announcement of the Space Policy 2022, which is aimed to provide an impetus 
to activities not only in the upstream side, but also in the downstream to build adequate 
satellite capacities that are required to take broadband to each and every citizen of the 
country in a cost-effective manner. The Government has brought about very important 
reforms to address the ease of doing business issues of the industry.  Small additions are 
required to address the needs of the sector holistically.  Spectrum is a key resource that 
is required for the proliferation of satellite broadband services. The Government needs to 
ensure policy certainty to attract investments in this sector by harmonizing spectrum in 
line with ITU recommendations and also by using the global best practices for spectrum 
assignments for satellite services.

Conclusions
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