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EXECUTIVE
SUMMARY
This research paper focuses on understanding the

socio-economic benefits of allocating the 6 GHz

frequency band in India and explores both

licensed and unlicensed spectrum scenarios. The

study leverages a mix of quantitative analysis,

surveys, academic articles, and other relevant

sources to delve into the topic.

 

The research confirms that the

telecommunications sector, especially with the

inclusion of additional bands like 6 GHz, has a

profound influence on socio-economic

development. It establishes a positive relationship

between an increase in broadband penetration

and mobile subscriptions and GDP growth,

literacy rates, and other socio-economic factors.

The study identifies the 6 GHz band as being

instrumental in enhancing broadband services,

fostering e-learning platforms, facilitating

telemedicine and health tech, powering IoT for

smart cities, and driving industrial automation.

This matches India's specific needs and

challenges, offering the capacity to fulfill growing

data demand and enable innovative applications.

 

One of the critical findings of the research is the

potential role of the 6 GHz band in bridging the

digital divide, particularly in rural areas. The

allocation of this band could potentially help

minimize connectivity disparities and promote

rural development.
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In terms of spectrum allocation, a licensed

approach would provide a more distinct

path for 5G and IMT use cases, allowing for

enhanced mobile broadband, expansive

penetration, and the spread of mobility

services to the masses, as well as ultra-

reliable low-latency communication and

massive machine-type communication.



Different methods of allocation can impact stakeholders differently. While consumers could

benefit from improved services, service providers might be able to explore innovative business

models. In contrast, regulators would need to ensure balanced and fair allocation and usage.

 

The study also highlights potential challenges and risks in the allocation of the 6 GHz band,

including interference issues, technological constraints, regulatory capacity, market concentration,

the potential exacerbation of the digital divide, and security risks.

 

The research adds to the existing body of knowledge on the socio-economic impact of the 6 GHz

band allocation in India. It provides a nuanced understanding of the trade-offs and benefits

associated with both licensed and unlicensed spectrum allocations and provides evidence-based

insights for stakeholders. Moreover, it emphasizes the potential of the 6 GHz band in bridging the

digital divide and outlines the potential challenges and risks associated with spectrum allocation.

In conclusion, this research contributes significantly to the literature on the socio-economic

benefits of the 6 GHz band in the Indian context, laying a solid foundation for future studies in this

domain.
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ABSTRACT

The allocation of frequency spectrum has significant socioeconomic ramifications in

the dynamic domain of wireless communications. This research paper examines the

socioeconomic impact of the coveted 6 GHz frequency band in India through a

comprehensive exploration. This study maps the global views and observations on

licensed and unlicensed spectrum allocations and seeks to decipher the intricate

symphony of emerging possibilities. Given that the 6 GHz band has the potential to

herald high-speed wireless connectivity, fueling the progression of 5G, the Internet of

Things (IoT), and data-intensive applications, it is imperative to comprehend the

socioeconomic implications and benefits. By investigating spectrum allocation

through both licensed and unlicensed lenses, this research paper seeks to harmonize

the various socioeconomic factors at play, such as digital inclusion, economic

development, job creation, innovation, and consumer welfare. This research will

provide a comprehensive reference to policymakers, regulators, and industry

stakeholders about the transformative potential of spectrum allocation strategies in

India, especially with respect to the 6 GHz band.
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The digital landscape of the 21st century, characterized by its constant evolution and rapid
technological advancements, has placed immense reliance on the effective utilization of radio
spectrum resources. One such critical spectrum resource, the 6 GHz band, is currently at the
epicenter of global debates and policy deliberations revolving around its allocation and use.
This paper explores the socio-economic benefits associated with the 6 GHz band, specifically
evaluating the impacts of licensed and unlicensed spectrum allocations.
 
The 6 GHz band, a previously underutilized segment of the radio spectrum, is now recognized
as a critical component in meeting the escalating demand for high-speed, low-latency wireless
connectivity. This demand is propelled by the rapid proliferation of Internet of Things (IoT)
devices, the advent of 5G and beyond networks, and the increasing reliance on data-intensive
applications, which have all significantly pressured the existing spectrum resources.

The fundamental question that this paper addresses is: how does the allocation of the 6 GHz
band, whether licensed or unlicensed, influence socio-economic outcomes? In the licensed
spectrum model, exclusive rights to specific frequencies are granted to entities, promoting
efficient usage and minimizing interference. Conversely, the unlicensed spectrum model
allows for shared or open access. Each model carries distinctive implications for technology
deployment, market competition, digital inclusivity, and overall socio-economic welfare.
 
By dissecting the two allocation perspectives, this paper aims to shed light on the potential
socio-economic benefits and trade-offs, inform policy debates, and aid strategic decision-
making. Our research is rooted in a multidisciplinary approach, drawing upon the fields of
information and communication technology, economics, and public policy to provide a
comprehensive analysis of this complex and highly consequential issue. 

CHAPTER 1: INTRODUCTION
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 BACKGROUND OF THE STUDY1.

The principles of common pool resources (CPR) form the crux of a unique perspective on
resource allocation and management. It propounds that certain resources, owing to their
nature and societal importance, should be accessible to all members of a society and
managed collectively to prevent overuse and promote equitable access. Here we examine
how these principles can be applied to the allocation of radio spectrum, with particular
emphasis on the 6 GHz band.

CPR principles are rooted in the works of Elinor Ostrom, a Nobel laureate in economics who
proposed a model for managing shared resources that deviates from conventional market-
based or state-controlled models. The commons approach emphasizes community-based
governance, cooperative use, and sustainability. Applying these principles to spectrum
allocation challenges the traditional dichotomy of licensed and unlicensed spectrum,
advocating for a more dynamic, inclusive, and efficient use of the radio frequency.
 
The radio spectrum exhibits several characteristics that warrant consideration as a CPR. Its
nature as a non-exhaustible resource that doesn't diminish with use, the increasing societal
reliance on wireless communication, and the escalating demand outstripping the available
supply all necessitate a new approach to its management. Treating the spectrum as a CPR can
potentially facilitate optimized usage, minimize wastage, and ensure equitable access, thus
contributing positively to socio-economic development.
 
The shared access model allowed for widespread Wi-Fi adoption, fostering innovation and
economic growth. Another example is the TV White Spaces (TVWS) project, where unused
broadcasting frequencies are shared for rural broadband services, bridging the digital divide.
 
Treating spectrum as CPR isn't without challenges. The risk of interference, ensuring fair use,
and developing a robust governance model are significant concerns. However, advances in
spectrum management technologies like Dynamic Spectrum Access (DSA) and Cognitive
Radio (CR) are potential solutions, enabling real-time, adaptive spectrum sharing while
minimizing interference.
 
Adopting a commons approach can have profound implications for spectrum policy. It
suggests a shift from exclusive rights towards shared, community-based management.
Policymakers need to balance this with ensuring the continuity of existing services, market
stability, and technological feasibility. This approach can significantly contribute to socio-
economic development by fostering innovation, promoting digital inclusivity, and optimizing
the use of a critical resource like the 6 GHz band.
 

1.1 Radio Spectrum as a Common Pool Resource
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The 6 GHz band, a segment of the radio frequency spectrum spanning from 5.925 to 7.125 GHz,
holds considerable potential to transform the modern telecommunications landscape. This
band is increasingly being recognized as a critical resource to meet the mounting demand for
high-speed, low-latency wireless communication, primarily due to its technical characteristics
and the wide range of applications it can support.
 
Technical Characteristics
 
From a technical perspective, the 6 GHz band offers a substantial amount of contiguous
spectrum that can support wider channel bandwidths. This feature is critical for enabling high-
speed data transmission and improving network capacity. Moreover, the signal propagation
characteristics of the 6 GHz band make it an ideal candidate for both short-range, high-capacity
indoor networks and outdoor use with suitable power controls.
 
5G networks are designed to deliver high-speed, low-latency communications with large
capacities to accommodate an ever-growing number of connected devices. Achieving these
performance levels requires access to a wide range of radio frequency spectra. The 6 GHz band,
with its substantial amount of contiguous spectrum, is particularly well-suited to these needs.
 
The 6 GHz band allows for wider channel bandwidths, up to 160 MHz or potentially even 320
MHz. These wider channels are essential for delivering the multi-gigabit-per-second data rates
that 5G promises. Also, larger contiguous blocks of spectrum enable more efficient signal
processing, which can greatly enhance network performance and capacity.
 

1.2 Exploring the Crucial Importance of the 6 GHz Band in Telecommunications

Importance in Modern Telecommunications

The 6 GHz band has emerged as a key enabler of modern telecommunications owing to its
ability to support burgeoning digital trends. With the advent of the Internet of Things (IoT), an
increasing number of devices are connecting to the internet, causing a significant strain on
existing bands. The 6 GHz band can accommodate this growing connectivity demand, offering
more room for high-speed, low-latency applications and supporting a seamless digital
experience.

1 0

Spectrum available in the 6 GHz band 
Source : https://www.arubanetworks.com/

https://www.arubanetworks.com/


Demands for 5G and Unlicensed Use Cases
 
The 6 GHz band is also crucial for the deployment of 5G networks. The wider channel
bandwidths that this band can support are essential for 5G's promise of ultra-reliable, high-
capacity communication. It offers a substantial increase in capacity over the existing cellular
bands, making it a vital resource for 5G network expansion.
 
Simultaneously, there is a growing demand for the 6 GHz band to be allocated for unlicensed
use, like the 2.4 GHz and 5 GHz bands currently used for Wi-Fi. The 6 GHz band can augment the
performance of 5G networks to support such applications, and also making it beneficial for
applications like AR,VR, cloud gaming using ultra-reliable and low-latency communications
(URLLC), massive machine-type communications (mMTC), enhanced mobile broadband (eMBB),
and other advanced use cases. These might include autonomous vehicles and drones, remote
education, telemedicine, smart cities, and IoT devices, among numerous others, further
expanding the potential of wireless communications in a hyper-connected world.
 
With its unique technical attributes and its ability to support both licensed and unlicensed use
cases, the 6 GHz band is poised to play a pivotal role in shaping the future of modern
telecommunications, ensuring it can meet the demands of an increasingly connected and data-
driven world.
 
Enhancing network capacity
 
The 6 GHz band can significantly increase the capacity of 5G networks. This is crucial, given the
expected exponential growth in the number of connected devices and the data demand driven
by the Internet of Things (IoT), high-definition video streaming, and other data-intensive
applications.
 
Allocating the 6 GHz band for 5G can provide the additional spectrum resources needed to
handle this growing demand, ensuring that users experience consistent, high-quality service.
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Supporting network densification
 
5G networks will also require densification, which involves deploying more base stations in each
area to improve coverage and capacity. The 6 GHz band can support this densification process,
especially in urban areas where demand is high and available spectrum is limited.
 
The 6 GHz band is poised to be a key enabler for 5G, offering the technical capabilities necessary
to meet the performance requirements of 5G networks, accommodate growing data demands,
and support a wide range of emerging use cases. Therefore, effective policy and regulation for the
allocation and management of the 6 GHz band will be crucial to realizing the full potential of 5G.
 

Facilitating Diverse 5G Use Cases

5G is expected to support a wide range of use cases, from enhanced mobile broadband (eMBB),
which requires high data rates across a wide area, to ultra-reliable low-latency communication
(URLLC), which is critical for applications like autonomous vehicles and industrial automation.
The 6 GHz band, with its balance of coverage and capacity, can play a significant role in enabling
these diverse 5G use cases.

1.3 India on the Digital Map: The Story of a
Telecom Revolution

In the early years, India's telecommunications
sector was primarily a state-controlled
monopoly. The government was the sole
provider of services, focusing mainly on basic,
voice-based communication. The services were
predominantly urban-centric, with rural and
remote areas largely left out due to
infrastructural and economic constraints.
 
However, the economic liberalization of the
1990s changed this landscape dramatically.
Recognizing the crucial role of
telecommunications in economic development,
the government initiated a series of regulatory
reforms to promote competition and private
investment. The sector was opened to private
players, both domestic and foreign, leading to a
significant increase in service providers and a
corresponding decrease in tariffs. This era also
marked the establishment of the Telecom
Regulatory Authority of India (TRAI), an
independent body designed to foster fair
competition and protect consumer interests.
 
The Mobile Revolution and the Rise of the
Internet
 
The early 2000s saw the onset of the mobile
revolution in India.
 

With the introduction of affordable mobile
handsets and declining call rates, mobile
services rapidly spread across the country,
reaching even remote and rural areas. The
ensuing years witnessed exponential growth in
the mobile subscriber base, propelling India to
become one of the world's largest mobile
markets.
 
Parallel to the mobile revolution was the rise of
the internet. The launch of 3G services in the late
2000s marked the beginning of high-speed
internet access in India. This was further
accelerated by the rollout of 4G services in the
mid-2010s. Affordable data plans, coupled with a
growing smartphone market, led to a surge in
internet adoption. The internet became a
catalyst for digital services, including e-
commerce, online education, digital
entertainment, and social media.
 
Digital India and the advent of 5G
 
The Digital India initiative, launched in 2015, has
been a significant driver of the growth of the
telecommunications sector in India. This
initiative aims to transform India into a digitally
empowered society and knowledge economy. It
seeks to improve online infrastructure, increase
internet connectivity, and make government
services digitally accessible to every citizen.
India is currently at the threshold of the 5G era.
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The advent of 5G promises to revolutionize the telecommunications landscape with high-speed,
low-latency communication while empowering and facilitating digital transformation in a
multitude of other sectors. It is expected to enable a plethora of new applications and services,
including artificial intelligence (AI), smart cities, governance, healthcare, education,
manufacturing, transport and logistics, and much more. This transition to 5G represents a
significant leap forward for the sector and the country.
 
India's telecommunications sector has journeyed from a state-controlled monopoly to a vibrant,
competitive, and globally significant market. As India embarks on the 5G era, the sector is
expected to play an even larger role globally, driving digital innovation, fostering economic
growth, and empowering its billion-plus population. Therefore, it becomes all the more important
to ensure that this new technology is leveraged to its full potential to meet the nation’s aspirations
to become a leading digital economy and keep pace with global advancements so that the perks
of technological progress percolate to the citizens of the country. The story of India's
telecommunications sector underscores the transformative power of policy reforms, technological
innovation, and digital inclusion in shaping the telecommunications landscape of a nation.
 

Growing Importance in the Global Context

On the global stage, India's telecommunications sector has garnered significant attention. With
over a billion mobile subscribers and the world's second-largest internet user base, India
presents a massive market opportunity for global telecommunications and technology
companies. India's digital innovation strides have also been noteworthy. The Aadhaar project, the
world's largest biometric identity system, and the Unified Payments Interface (UPI), a real-time
mobile payment system, are examples of homegrown digital solutions that have received global
recognition.

As India embarks on the 5G era, the sector is expected to play an even larger role globally, driving
digital innovation, fostering economic growth, and empowering its billion-plus population.
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2.PURPOSE AND OBJECTIVES OF THE RESEARCH 

The primary purpose of this research is to delve
into the socio-economic benefits of the 6 GHz
band, considering the implications of both
licensed and unlicensed spectrum allocations.
This study aims to contribute to a
comprehensive understanding of the potential
benefits, challenges, and implications of
various allocation models, thereby informing
policy and regulatory decisions.
 
The research is guided by the following
objectives:
 
1. To analyze the socio-economic benefits of
the 6 GHz band, including its potential to
facilitate technological advancements, drive
economic growth, and promote digital
inclusion.
2. To examine the advantages and
disadvantages of licensed and unlicensed
spectrum allocations in the 6 GHz band.
3. To explore the potential impact of different
allocation models on stakeholders, including
consumers, service providers, and regulators.
4. To provide evidence-based
recommendations for policy and regulatory
decisions related to the allocation of the 6 GHz
band.
 
In line with these objectives, the research
seeks to answer the following questions:
 
1. What are the socio-economic benefits of the
6 GHz band?
2. How do licensed and unlicensed spectrum
allocations in the 6 GHz band differ in terms of
their potential benefits and challenges?
3. What are the implications of different
allocation models for various stakeholders?
4. What policy and regulatory frameworks
would maximize the socio-economic benefits
of the 6 GHz band?

2.1 Purpose

This study holds significant relevance in the
evolving telecommunications landscape, given
the growing importance of the 6 GHz band in
modern wireless communications. By
comprehensively exploring the socio-economic
benefits of the 6 GHz band and the implications
of different allocation models, this research aims
to fill a critical gap in the existing body of
knowledge.
 
The study's findings can assist in making
informed policy and regulatory decisions,
ensuring they are based on a clear analysis of the
potential benefits and challenges of different
allocation models. This could contribute to more
effective and balanced regulatory frameworks,
maximizing the socio-economic benefits of the 6
GHz band.
 
Furthermore, the study's insights could guide
service providers in their strategic planning and
investment decisions while also enhancing
consumers' understanding of the potential
benefits and implications of different spectrum
allocations. In this way, the study's contributions
extend beyond academia, potentially
influencing policy, industry practice, and
consumer awareness.

2.2 Significance of the Study
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3.1 Scope of the Study
 
This study covers a wide array of aspects related to the 6 GHz band, including its potential to
facilitate technological advancements, drive economic growth, and promote digital inclusion.
 
In terms of geographical coverage, the study adopts a global perspective, seeking to draw
insights from different countries and regions and then apply that knowledge to the unique case
of India. However, given the diversity of regulatory environments and socio-economic contexts,
the study places particular emphasis on countries and regions where the 6 GHz band has
already been allocated or where allocation decisions are imminent and can serve as a reference
guide to policymakers and regulators in other countries too by giving them an overview of the
global scenario in the case of 6 GHz band spectrum allocation models.
 
The timeframe of the study extends from the initial discussions about the potential of the 6 GHz
band in the early 2020s up to the present day. This timeframe allows for an exploration of the
evolution of perspectives and practices related to the 6 GHz band as well as a discussion of
potential future scenarios.
 
3.2 Limitations of the Study
 
Despite its comprehensive scope, this study is subject to several limitations:
 
Data Availability: While the study aims to draw on a wide range of sources, the availability and
accessibility of relevant data may be limited, particularly in regions where the allocation of the 6
GHz band is still under discussion or where information is not publicly available. This may affect
the comprehensiveness and depth of the study's findings.
 
Methodological Constraints: The study relies on a combination of qualitative and quantitative
research methods. Each of these methods has its own strengths and limitations. For instance,
while qualitative methods can provide in-depth insights, they may be subject to interpretative
bias. Conversely, quantitative methods, while offering objectivity, may not fully capture the
complexities and nuances of the issues at hand.
 
Potential Biases: The study seeks to provide a balanced and objective analysis of the socio-
economic benefits of the 6 GHz band and the implications of different allocation models.
However, potential biases may arise due to the sources, the interpretation of the data, or the
inherent complexities of the issues under study.
 
These limitations are recognized as inherent to the research process. However, every effort has
been made to mitigate their impact, ensuring that the study's findings and recommendations
are as robust, balanced, and insightful as possible.
 

3. SCOPE AND LIMITATIONS OF THE STUDY 
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CHAPTER 2 : LITERATURE REVIEW

1.THE 6 GHZ BAND - OVERVIEW AND GLOBAL
TRENDS

The 6 GHz band, spanning from 5.925 GHz to 7.125 GHz, is increasingly recognized for its
potential to facilitate next-generation wireless communication. The band's large bandwidth,
coupled with its propagation characteristics, makes it highly suitable for high-capacity, short-to-
medium-range wireless communication (FCC, 2020).

 1.1 Definition and Technical Specifications of the 6 GHz Band

A significant body of literature has explored the potential applications of the 6 GHz band. It is
notably the backbone of Wi-Fi 6E, providing the bandwidth necessary for high-throughput, low-
latency wireless communication (Wi-Fi Alliance, 2020). Moreover, the band is poised to play a
pivotal role in the deployment of 5G technologies, offering the spectrum needed to support 5G's
high data rate requirements (ITU, 2019). Other potential applications include fixed wireless
access, backhaul for mobile networks, and various Internet of Things (IoT) use cases (Ericsson,
2020).

1.2   Potential Uses and Applications of the 6 GHz Band

1.3  Global Trends in Spectrum Allocation

The decision on how to allocate the 6 GHz band has sparked a global conversation, leading to a
variety of approaches in different regions of the world. These varying strategies reflect the unique
circumstances of each country or region, including their technological capabilities, economic
considerations, and policy priorities. In the United States, the Federal Communications
Commission (FCC) allocated the entire 6 GHz band for unlicensed use in April 2020 to meet the
growing demands for Wi-Fi in the country.
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In contrast, the European Union has adopted a more cautious approach. The European
Conference of Postal and Telecommunications Administrations (CEPT) decided in 2020 to
allocate only the lower part of the 6 GHz band (5925–6425 MHz) for unlicensed use, leaving the
upper part of the band (6425-7125 MHz) for future consideration (CEPT, 2020).
 
In other parts of the world, the debate over the allocation of the 6 GHz band is still ongoing. For
example, China and Russia are considering a licensed or shared use of the band to support the
deployment of 5G networks. These countries argue that licensed use provides the necessary
investment security for network operators and ensures interference protection, thereby
facilitating the large-scale, high-quality deployment of 5G services (GSMA, 2021).
Meanwhile, some countries in the Global South are exploring innovative allocation models, such
as dynamic spectrum access, to maximize the socio-economic benefits of the 6 GHz band. These
models aim to combine the advantages of both licensed and unlicensed use, providing a
flexible, demand-responsive approach to spectrum allocation (ITU, 2021).
 
These divergent trends underscore the complexity of spectrum allocation decisions and the
influence of a wide array of factors, ranging from technological and economic considerations to
policy priorities and regulatory environments. As the debate over the allocation of the 6 GHz
band continues, it will be crucial to closely monitor these global trends, assess their implications,
and learn from the experiences of different countries and regions.
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The allocation of the 6 GHz spectrum has been a point of global discussion, with nations
like the USA opting for a full unlicensed approach. However, it's important to understand
that the case for India is unique and that it cannot completely follow in the footsteps of
nations like the USA due to a variety of demographic, socio-economic, infrastructural, and
regulatory factors. This section discusses the reasons for this uniqueness and the
implications for India's spectrum allocation policy.
 
Diverse demographics and socio-economic factors
 
India is characterized by its vast population, diverse demographics, and wide income
disparities. With more than 1.4 billion people, India's telecommunications market is highly
heterogeneous, encompassing a wide range of users with varying needs, preferences, and
purchasing power. As a result, the United States' one-size-fits-all approach to spectrum
allocation might not be suitable for the Indian context. As of 2023, the country has a
population density of 464 persons per square kilometer, in stark contrast to the USA and
Brazil, which have population densities of 36 and 25 persons per square kilometer,
respectively. This demographic trait introduces unique challenges and needs in terms of
spectrum allocation and usage.
 
The high population density means that each mobile tower in India serves a far larger user
base than those in the USA or Brazil. In particular, each antenna in India serves a
population that is roughly eight times larger than that of these other countries. This reality,
combined with India's status as the highest consumer of mobile data globally, translates
into significantly higher spectrum needs in India to cater to the continuously rising
demand and capacity requirements.
 

1.4  The Unique Case of India: Why India Cannot Follow the Footsteps of Nations like the
USA for 6 GHz Spectrum Allocation

Comparison of Population Density of India to other countries 
Source : https://data.worldbank.org/

To put it in perspective, spectrum loading in India is approximately 96%, compared to 40–
50% in the USA or Brazil. This necessitates a requirement of almost 4-5 MHz of spectrum
per person in India, a stark difference from the needs in these countries.
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Regulatory and Policy Environment
 
The regulatory and policy environment in India is distinct from that of the United States, with its
own set of challenges and complexities. India's spectrum allocation process has historically been
characterized by high spectrum costs, bureaucratic hurdles, and legal disputes. Adopting a similar
approach to the United States for the 6 GHz band allocation might not be feasible in the Indian
context, given these regulatory and policy constraints.
 
Instead, India might need to devise its own approach to 6 GHz spectrum allocation, taking into
account the country's efforts towards enhancing digital inclusion, supporting the deployment of
emerging technologies, and overcoming the challenges posed by its environment. By adopting a
context-specific approach to 6 GHz spectrum allocation, India can ensure that its policy decisions
are well-suited to the unique needs and priorities of its vast and diverse population.
 
1.5 Policy and Regulatory Perspectives
 
In other parts of the world, the debate over the allocation of the 6 GHz band is still ongoing. For
example, China and Russia are considering a licensed or shared use of the band to support the
deployment of 5G networks. These countries argue that licensed use provides the necessary
investment security for network operators and ensures interference protection, thereby facilitating
the large-scale, high-quality deployment of 5G services (GSMA, 2021).

Moreover, the digital divide between urban and rural areas in India is still significant, and ensuring
digital inclusion remains a high priority for the country. The allocation of the 6 GHz band must
consider the unique challenges of rural connectivity, affordability, and digital literacy in India.
Simply following in the footsteps of developed nations like the USA might not address these
specific challenges.
 
Different Stages of Technological Development
 
India is at a different stage of technological development compared to the United States, with a
lower overall broadband penetration rate and a more significant reliance on mobile connectivity.
This has implications for the allocation of the 6 GHz band, as India may need to balance the
competing demands of mobile services, fixed broadband, and other emerging technologies such
as IoT and 5G.
 Contrary to the approach adopted by USA, India may need to consider a more nuanced
approach, reserving the band for licensed use to support the deployment of 5G services and other
mobile technologies that are vital for the country's digital transformation and progress. India's
plan for 5G spectrum allocation currently falls short of the recommended 2 GHz mid-band
spectrum as suggested by the GSMA. With only 300 MHz planned for 5G in the 3300–3600 MHz
range, there is a significant gap to fill. The 6 GHz band offers an optimal solution to this shortfall. It
is an unused band with the necessary characteristics and availability to meet India's spectrum
needs to a considerable extent.
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Meanwhile, some countries in the Global South are exploring newer allocation models, such as
dynamic spectrum access, to explore the benefits of the 6 GHz band. These models aim to
combine the advantages of both licensed and unlicensed use, providing a flexible, demand-
responsive approach to spectrum allocation (ITU, 2021).
 
These divergent trends underscore the complexity of spectrum allocation decisions and the
influence of a wide array of factors, ranging from technological and economic considerations to
policy priorities and regulatory environments. As the debate over the allocation of the 6 GHz
band continues, it will be crucial to closely monitor these global trends, assess their implications,
and learn from the experiences of different countries and regions.
 
Regulators are tasked with the challenge of balancing these competing interests. Policymakers
must consider the potential benefits, risks, and trade-offs associated with different allocation
models. 
 
Furthermore, regulators must also consider the broader socio-economic implications of their
decisions. For instance, how will the allocation of the 6 GHz band impact digital inclusion,
economic growth, and technological advancement? How will it affect competition in the
telecom industry and the accessibility of digital services? These are complex questions, requiring
careful consideration of a wide array of factors, from technical and economic considerations to
policy priorities and societal goals.
 
1.6 Economic and Social Implications
 
Research into the economic and social implications of the 6 GHz band's allocation and use has
revealed significant potential benefits. Meanwhile, studies by the GSMA (2021) suggest that
licensed use of the band could accelerate 5G deployment, driving economic growth and digital
inclusion. Beyond these economic benefits, the 6 GHz band could enable a plethora of social
benefits, from improved access to digital services to enhanced opportunities for innovation and
entrepreneurship (ITU, 2019).

Source: McKinsey Global Institute Connected world: An evolution in connectivity beyond the 5G revolution February 20,
2020, | Discussion Paper
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1.7 Case Studies of 6 GHz Band Allocation and Use
 
The allocation and use of the 6 GHz band are topics of considerable interest globally. This section
presents case studies from different countries, providing insights into diverse policy approaches
and their implications.
 
United States
 
The USA's move to open up the entire 6 GHz band (5.925–7.125) for unlicensed use has led to the
rapid expansion of Wi-Fi 6E devices that operate in the 6 GHz band, offering faster speeds, lower
latency, and higher capacity compared to previous Wi-Fi generations. However, concerns have
been raised about potential interference with incumbent users of the band, such as microwave
services and broadcast auxiliary services. To mitigate these risks, the FCC has implemented
automated frequency coordination (AFC) systems for certain unlicensed operations in the band.
 
European Union
The European Union (EU) has taken a different approach to the 6 GHz band. The European
Conference of Postal and Telecommunications Administrations (CEPT), which coordinates
telecom policy across Europe, has divided the 6 GHz band into two parts. The lower part (5.925–
6.425 GHz) has been designated for unlicensed use, while the upper part (6.425–7.125 GHz) has
been reserved for licensed use, primarily for mobile services.
 
This approach reflects the EU's aim to balance the needs of different stakeholders, including Wi-
Fi users, mobile operators, and incumbent users of the band. It also aligns with the EU's broader
strategy to promote both licensed and unlicensed spectrum to support a range of digital
services and applications.
 
China
China, with its ambitious 5G deployment plans, has yet to make a final decision on the 6 GHz
band as of 2023. However, preliminary indications suggest that China may lean towards licensed
use of the band to support its 5G rollout. This approach would align with China's emphasis on
mobile connectivity and its goal to become a global leader in 5G technology.
 
Implications for India
These case studies illustrate the diversity of policy approaches to the 6 GHz band, reflecting the
unique needs, priorities, and contexts of different countries. For India, these cases offer valuable
lessons. The US case highlights the potential of unlicensed use to enhance Wi-Fi capacity but
also underscores the need for effective interference management. The EU case illustrates a
balanced approach, dividing the band between licensed and unlicensed use to cater to diverse
needs. The potential Chinese approach emphasizes the role of licensed spectrum in supporting
large-scale, high-quality mobile services.
 
As India deliberates over the allocation of the 6 GHz band, it will need to consider these
international experiences while also tailoring its approach to its unique context, as discussed in
the previous section. By adopting a nuanced, context-specific approach to 6 GHz spectrum
allocation, India can best serve its digital inclusion priorities, support the deployment of
emerging technologies, and navigate the complexities of its regulatory environment.
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1.8 Future Projections and Scenarios
 
Looking ahead, the literature projects several future trends and scenarios related to the 6 GHz
band. According to a study by Qualcomm (2021), the demand for the 6 GHz band will keep
increasing due to the increasing data rate requirements of next-generation wireless services.
Meanwhile, research by the ITU (2022) suggests that the allocation decisions made today will
shape the future trajectory of the digital economy, influencing everything from the
competitiveness of the telecom industry to the accessibility of digital services.
 
In terms of technological trends, a white paper by Ericsson (2022) envisions the 6 GHz band
playing a pivotal role in the deployment of emerging technologies, such as 5G Advanced, 6G, and
beyond. As these technologies evolve, the band's large bandwidth and favorable propagation
characteristics will become even more critical, underpinning the high-capacity, low-latency
wireless communication that these technologies promise to deliver.
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India, with its population of over 1.4 billion people, is one of the largest telecommunications
markets in the world. The country has witnessed a remarkable digital transformation over the
past decade, spurred by significant investments in telecommunications infrastructure, regulatory
reforms, and the rapid adoption of digital technologies.
 
2.1 Current State of Telecommunications Infrastructure in India
 
As of 2023, India's telecommunications infrastructure is characterized by extensive coverage and
increasing service quality. The country has a vast network of over 7.6 lakh mobile towers,
supporting more than 1.17 billion mobile subscribers (TRAI, 2023). Furthermore, India's fiber-optic
network spans over 2.5 million route kilometers, facilitating high-speed data transmission across
the country (DoT, 2023).
 
Mobile telephony dominates India's telecommunications landscape, with over 85% of the
population owning a mobile phone (TRAI, 2023). The country has a healthy mix of 2G, 3G, 4G, and
emerging 5G services, although 4G LTE services account for over 60% of total mobile data traffic
(Ericsson Mobility Report, 2023).
 
Broadband penetration, while still relatively low compared to developed countries, has grown
rapidly in recent years. As of 2023, there are over 800 million broadband subscribers in India,
equating to a broadband penetration rate of around 60% (TRAI, 2023). The growing demand for
high-speed internet in both urban and rural areas, as well as the increasing affordability of
broadband services, have fueled this growth.
Further, we can infer about the current state of the Indian telecommunication industry and
infrastructure from the following charts:

2.TELECOMMUNICATIONS INFRASTRUCTURE IN
INDIA: CURRENT STATE, CHALLENGES, AND
OPPORTUNITIES

Chart 1 : DoT Data on Number of Telephone Subscribers in India
dot.gov.in ( May 2023 ) ( Data from April 2017 to April 2023 ) 
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Chart 2: DoT Data on Teledensity in India
dot.gov.in ( May 2023 ) 

Chart 3: DoT Data on Number of Internet Subscribers in Rural India 
dot.gov.in ( May 2023 ) 

Chart 4: DoT Data on Number of BTS Installed in  India 
dot.gov.in ( June 2023 ) 
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Chart 5: Smartphone Connections as a share of total connections in India , 2010 - 2025 
GSMA Report "India 5G Spectrum " 

 

Chart 6: Mobile Broadband penetration by service area ( 2019 ) 
GSMA Report "India 5G Spectrum " 

 

2 5



Andhra
 P

ra
desh

Aru
nachal P

ra
desh

Ass
am

Bih
ar

Chandigarh
 (U

T)

Chatti
sg

arh

Dadra
 and N

agar H
aveli (

UT)

Dam
an (U

T)

Delh
i

Diu
 (U

T)
Goa

Gujara
t

Hary
ana

Him
achal P

ra
desh

Jam
m

u &
 K

ash
m

ir 
(U

T)

Jhark
hand

Karn
ata

ka

Kera
la

Laddakh

M
adhya P

ra
desh

M
ahara

sh
tra

M
anip

ur

M
eghala

ya

M
izo

ra
m

Nagala
nd

Odish
a

Puducherry
 (U

T)

Punjab

Rajast
han

Sikk
im

Tam
iln

adu

Tela
ngana

Trip
ura

Utta
r P

ra
desh

Utta
ra

kh
and

W
est

 B
engal

25,000 

20,000 

15,000 

10,000 

5,000 

0 

Chart 7: 5G BTS Deployed in Indian States 
dot.gov.in (June 2023) 

Chart 8: Average Download Speed - Mbps (2020) 
GSMA Intelligence calculations based on data provided by Ookla® Speedtest Intelligence®, 2020

Chart 9: Download speeds in India - Spectrum Scenario Analysis 
GSMA Intelligence calculations based data provided by Ookla Speedtest Intelligence. Scenarios are based on an assumption that

an additional 10MHz of spectrum increases download speeds by 1Mbps.2 6



Despite these impressive achievements, India faces several challenges in expanding and
upgrading its telecommunications infrastructure.
Firstly, while urban areas enjoy relatively high-quality telecommunications services, rural areas
often lag. As of 2023, the urban broadband penetration rate was over 80%, compared to just
40% in rural areas (TRAI, 2023). Bridging this digital divide is a critical challenge, requiring
targeted investments in rural telecommunications infrastructure.
 
Secondly, the demand for high-speed internet is outpacing supply, leading to network
congestion and deteriorating service quality in some areas. This issue is particularly acute during
peak usage hours and in densely populated urban areas.
 
Lastly, the Indian telecommunications sector is grappling with financial stress, high debt levels,
and intense price competition. These factors have constrained the ability of service providers to
invest in infrastructure expansion and upgrades.

2.2 Challenges in Expanding and Upgrading Telecommunications Infrastructure

Opportunities for Telecommunications Infrastructure Development

Despite these challenges, there are significant opportunities for telecommunications
infrastructure development in India.
Firstly, the government's Digital India initiative, launched in 2015, has set ambitious targets for
broadband connectivity and digital inclusion. This initiative provides a policy framework and
financial incentives for infrastructure development, encouraging both public and private
investment in the sector.
Secondly, emerging technologies such as 5G, the Internet of Things (IoT), and cloud computing
offer new avenues for growth. The deployment of these technologies could spur demand for
high-speed internet, driving further investments in telecommunications infrastructure.
Thirdly, the ongoing liberalization of the Indian telecommunications sector is attracting foreign
investment, bringing new capital and expertise into the sector. This trend could accelerate
infrastructure development and facilitate the adoption of global best practices.
Hence, while India's telecommunications infrastructure has made significant strides over the
past decade, there are still considerable challenges to be addressed. The task ahead is to
leverage the existing opportunities, overcome the obstacles, and continue advancing towards a
fully connected, digitally inclusive society.
 
Way Forward: Policy Recommendations and Strategic Interventions

Enhancing Rural Connectivity: To bridge the digital divide, a targeted approach is needed to
expand telecom infrastructure in rural areas. This could involve leveraging Universal Service
Obligation Fund (USOF) resources more effectively, incentivizing private sector investment in
rural connectivity, and exploring innovative technologies and business models that are suited
to rural contexts.

Addressing these challenges and seizing the opportunities will require concerted effort and
strategic interventions from all stakeholders, including the government, the telecom industry,
and civil society. Some potential strategies and policy recommendations include:
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Improving Spectrum Management: Given the critical role of spectrum in delivering high-
quality, high-speed internet services, India needs a more effective and efficient approach to
spectrum management. This could involve reducing spectrum usage charges, accelerating
the spectrum allocation process, and adopting more flexible, market-based mechanisms for
spectrum assignment.
Facilitating 5G Rollout: To speed up the rollout of 5G services, it is crucial to address the
regulatory hurdles and high spectrum costs that are currently impeding progress. This might
involve revising the 5G spectrum pricing policy, expediting the approval process for 5G trials
and deployments, and fostering collaboration between different stakeholders to address the
technical challenges of 5G infrastructure deployment.
Promoting the Financial Health of the Telecom Sector: To alleviate the financial stress in the
telecom sector and foster a more conducive environment for infrastructure investment,
measures could be taken to rationalize taxes and levies, restructure telecom debt, and
encourage fair competition.
Stimulating Demand for Broadband Services: Alongside efforts to expand supply, it is also
important to stimulate demand for broadband services. This could involve promoting digital
literacy, developing local content and applications, and making digital devices more
affordable for low-income households.
 

3.SOCIOECONOMIC FACTORS AND THE
TELECOMMUNICATIONS SECTOR
3.1 Socioeconomic Dynamics: The Confluence of Social and Economic Realities

Socioeconomics is an interdisciplinary field that blends the concepts and tools of sociology and
economics to understand how social and economic factors interact and influence each other. It
considers how societal trends and structures—such as culture, education, and social networks—
impact economic behaviors and outcomes, and vice versa.
From income inequality and educational attainment to health outcomes and social mobility,
socioeconomic analysis provides a rich and nuanced understanding of complex phenomena. It
allows us to look beyond purely economic indicators like GDP and consider a broader set of
social and economic variables that contribute to societal wellbeing and progress.
 
Benefits of Socioeconomic Analysis
 
Socioeconomic analysis offers several benefits. First, it provides a more holistic understanding of
complex issues by considering both social and economic dimensions. This can lead to more
nuanced insights and more effective policy solutions.
 
Second, it highlights issues of inequality and social justice. By considering social disparities and
economic distribution, socioeconomic analysis can shed light on who benefits and who is left
behind, guiding efforts to promote equity and inclusion.
 
Third, it can inform decision-making in various fields, from public policy and business strategy to
community development and social services. By understanding the socioeconomic dynamics at
play, decision-makers can better anticipate trends, assess impacts, and design interventions.
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The Necessity of Socioeconomic Perspective in Technological Advancements
Technological advancements are not just technical or economic phenomena; they are also
deeply social. They are shaped by social contexts and norms, and in turn, they shape society in
myriad ways.
 
Considering technological advancements from a socioeconomic perspective is necessary for
several reasons. First, it can illuminate the social impacts of technology, both positive and
negative. For instance, while technology can enhance connectivity and access to services, it can
also exacerbate social disparities if not equitably distributed.
Second, it can inform the design and deployment of technology. Understanding the social
needs, preferences, and constraints of users can lead to more user-friendly, inclusive, and
impactful technologies.
 
Third, it can guide policy and regulation. As technologies evolve, new social and economic issues
may arise, from data privacy and the digital divide to market competition and job displacement.
A socioeconomic perspective can help policymakers navigate these issues, balancing the
benefits of innovation with the need for social protection and fairness.
In the context of the telecommunications sector, a socioeconomic perspective is particularly
relevant. Telecommunications is a critical infrastructure that underpins both social interactions
and economic activities. Issues of digital inclusion, affordability, and societal impact are central to
the sector. Therefore, understanding the socioeconomic dynamics at play can provide valuable
insights for policy decisions, industry strategies, and societal responses. As we delve into the topic
of the 6 GHz band allocation, this socioeconomic lens will be crucial in unpacking the potential
benefits, challenges, and implications.

3.2 Socioeconomic Perspectives: Unravelling the Social and Economic Threads in
Telecommunications

Social Perspectives

From a social perspective, telecommunications
plays a vital role in connecting communities,
fostering social inclusion, and enabling access to
a wide range of services and opportunities. The
advent of mobile technology and the internet
has transformed the way people communicate,
learn, work and participate in society.
Research studies such as those by Hampton and
Wellman (2003) and Castells (2009) have
highlighted how telecommunications can
strengthen social networks, enhance access to
information, and empower individuals and
communities. However, social disparities can
also be reflected and exacerbated in the digital
realm. Issues of digital divide and digital literacy
are pressing concerns that need to be addressed
to ensure that the benefits of
telecommunications are equitably distributed.

Socioeconomic factors are a crucial lens through which to view the complexities of the
telecommunications sector. This section provides an expanded review of the social and economic
perspectives involved and highlights how these factors interplay within the telecommunications
landscape.

Economic Perspectives

From an economic perspective,
telecommunications is a key driver of
productivity, innovation and economic growth.
The World Bank (2009) has found a positive
correlation between broadband penetration and
GDP growth, underscoring the economic value
of telecommunications infrastructure. As per a
study by ICRIER, a 10% increase in mobile
penetration delivers, on average, a 1.9% increase
in output. Further, ICRIER estimated that a 10%
increase in Internet subscribers results in a 3.2%
increase in rate of growth of state per capita
GDP.
Furthermore, telecommunications can stimulate
economic activity across various sectors through
digitalization and e-commerce. It can also foster
economic inclusion by enabling access to digital
financial services. 
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Chart 10: Spectrum Costs as a proportion of annual recurring revenue , 2019 
 GSMA Intelligence and Coleago

Chart 11: Economic Impact of 5G in India 
 GSMA Intelligence 
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Economic Growth and Employment: The telecommunications sector directly contributes to
economic growth by creating jobs, both within the sector and indirectly in related industries.
It also facilitates economic activity by providing the infrastructure for digital commerce and
other forms of business.
Education and Skill Development: Telecommunications plays a significant role in
education by enabling remote learning and access to online resources. However, this also
highlights the importance of digital literacy skills, which can be a barrier for some segments
of the population.
Telemedicine is playing a bigger and bigger role in the delivery of healthcare thanks to
technological advancements. This can improve access to healthcare, particularly in remote or
underserved areas, but it also requires access to reliable telecommunications infrastructure.
Income Inequality and the Digital Divide: While the telecommunications sector can
provide opportunities for economic and social participation, it can also exacerbate income
inequality and contribute to the digital divide if access to and the ability to use
telecommunications services are unevenly distributed.
Social Interaction and Culture: The telecommunications sector has transformed social
interactions by enabling new forms of communication, such as social media and video
conferencing. This has cultural implications as well, influencing everything from the way
people work to the way they form relationships.
Government Services and Civic Engagement: Governments increasingly rely on
telecommunications to deliver services and communicate with citizens. This can improve the
efficiency and accessibility of services, but it can also marginalize those who lack access to
telecommunications.
Rural and Urban Development: The availability of telecommunications infrastructure can
influence patterns of development, with areas that lack access potentially being left behind.
This is a particularly significant issue in rural areas.
Business Innovation: The telecommunications sector plays a critical role in enabling
business innovation by providing the infrastructure for cloud computing, data analytics, the
Internet of Things (IoT), and other technologies.
Globalization: Telecommunications facilitates globalization by enabling international
communication and commerce. This can bring economic benefits but also lead to
challenges related to economic dependency and cultural homogenization.

Socioeconomic factors play a crucial role in shaping the telecommunications sector and its
advancements. On the one hand, social factors such as demographics, education levels, and
social norms can influence the demand for telecommunications services, the patterns of use,
and the societal impacts of these services. For instance, the digital divide in India is influenced by
social factors such as rural-urban disparities, educational attainment, and gender norms.
On the other hand, economic factors such as income levels, market competition, and regulatory
policies can impact the supply side of the telecommunications market, influencing the
availability, affordability, and quality of services. For instance, high spectrum costs and regulatory
hurdles can impede the rollout of advanced technologies like 5G, while income disparities can
affect the affordability of these services.
 
Furthermore, socioeconomic factors can shape the policy and regulatory environment of the
telecommunications sector. Issues of digital inclusion, affordability, and fair competition are key
considerations in policy debates and decisions, including those related to spectrum allocation.
A few ways in which the telecommunications sector interacts with socio-economic elements are:
 

1.

2.

3.

4.

5.

6.

7.

8.

9.

Socioeconomic Factors in the Telecommunications Sector
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10. Environment: The telecommunications sector can contribute to environmental sustainability
by reducing the need for travel and enabling remote work. However, it also has environmental
impacts, including energy consumption and electronic waste.

4.REGULATORY APPROACHES TO THE 6 GHZ BAND:
A GLOBAL PERSPECTIVE AND ITS IMPLICATIONS FOR
INDIA
The 6 GHz band represents a significant opportunity for expanding wireless broadband services.
The regulatory approaches to its allocation and management vary globally, with licensed and
unlicensed options being the primary alternatives. This section reviews these approaches,
discussing their potential advantages and disadvantages in the context of India's socioeconomic
development.

4.1 Licensed Approach

The licensed approach to spectrum allocation involves assigning exclusive usage rights over a
certain spectrum band to a specific service provider or entity. This approach ensures that there is
no spectrum interference as only the licensed user can operate in the given band. Furthermore,
it also allows the regulator to maintain control over the spectrum usage, setting the terms of the
license to meet public interest objectives such as universal service provisions or pricing
guidelines.
 
In the context of India, where the telecommunications sector is on the cusp of a digital
revolution, the licensed approach can provide a firm foundation for sustainable growth. It offers
an opportunity for telecom operators to plan long-term investments, thereby enhancing network
capacity and improving service quality.
 
A licensed approach to the 6 GHz band involves granting exclusive rights to specific service
providers to operate the band. This approach has been adopted in several regions (fully or
partially), including parts of Europe and Asia.
 
Advantages of this approach include the provision of a predictable operating environment for
the service providers, ensuring quality of service, and facilitating significant investment in
network infrastructure. For instance, a study by Analysys Mason (2020) points out that licensed
spectrum encourages service providers to invest in comprehensive coverage and high-quality
services.

4.2 Unlicensed Approach

The unlicensed approach to spectrum allocation refers to a system where the use of a certain
spectrum band is open to any device as long as it complies with specified technical standards.
 
However, within the context of India, the benefits of an unlicensed approach might not be as
significant due to the underutilization of the spectrum currently allocated to Wi-Fi. Despite the
potential for innovation and lower prices, India's existing Wi-Fi capabilities remain largely
untapped, indicating a need for more effective usage of the currently available unlicensed
spectrum rather than the allocation of additional bands.
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Moreover, as India is on the verge of 5G adoption, it may be prudent to consider whether Wi-Fi
technologies, which serve static connections within a limited area and offer lower speed and
capacity compared to 5G, can meet the country's growth, broadband proliferation, and digital
inclusion targets.
 
At the end, we can infer that while both licensed and unlicensed approaches have their benefits
and challenges, careful evaluation of India's unique circumstances and goals should guide the
decision. Regulatory and technical capacity, affordability, and infrastructure needs should be
considered. The ultimate aim should be to optimize spectrum allocation and management to
support digital inclusion, economic growth, and social progress.

4.3 Shared Approach

A shared approach to spectrum allocation is a relatively recent development that attempts to
combine the benefits of both licensed and unlicensed models while mitigating some of their
disadvantages.
 
In a shared approach, spectrum access is not entirely exclusive (as in a licensed approach) or
entirely open (as in an unlicensed approach). Instead, certain portions of the spectrum are
allocated to specific, primary users, while other parts can be accessed by secondary users. The
secondary users can utilize the spectrum when it's not being used by the primary users,
effectively sharing the spectrum.

However, the shared approach also has potential disadvantages. It requires sophisticated
spectrum management tools and regulatory oversight to avoid interference and manage the
coexistence of different users. Moreover, it may not provide the same level of certainty and
protection as the licensed approach, which could affect investment incentives.
 
The shared approach may seem like a harmonious solution for certain countries, but for India, it
might not be the most suitable choice as India's licensed sector is starved of the spectrum
required to fulfill the needs of its massive consumer base. In the current scenario, the Indian
government should look at allocating more spectrum for the licensed use. The effectiveness of
this approach relies heavily on advanced technical capabilities and robust regulatory
frameworks, which may pose a challenge in India's current context. Further, the enforcement of
equitable access and curbing of anti-competitive behaviors, vital for the success of this model,
could also be a complex task. Therefore, in light of these considerations, the shared approach
may not be the most beneficial for India's spectrum allocation needs.

4.3 Dynamic Spectrum Access (DSA) Approach

A more recent approach that is being explored is Dynamic Spectrum Access (DSA), which is an
advanced form of the shared spectrum approach.
 
DSA allows real-time identification of spectrum utilization across different geographic areas and
time periods and then permits use of the "white spaces"—spectrum that's not being used at a
particular time in a specific location.

3 3



While Dynamic Spectrum Access (DSA) may appear promising for improving spectrum
efficiency, especially in countries with extensive rural areas where spectrum usage is low, its
suitability for India might be questionable. DSA could support new technology deployments that
necessitate adaptable spectrum access, like the Internet of Things (IoT) and machine-to-
machine (M2M) communication. However, for India, a country with unique geographical and
infrastructural complexities, managing dynamic spectrum sharing could be a significant
challenge. DSA also presents significant challenges. It requires advanced technologies and
systems to monitor and manage spectrum use in real-time, which can be costly and technically
complex. It also requires robust regulatory frameworks to ensure fair and non-disruptive access
to the spectrum.

5.LICENSED VS UNLICENSED SPECTRUM:
EVALUATING THE TRADE-OFFS
The allocation of radio spectrum, specifically the 6 GHz band, between licensed and unlicensed
uses has significant implications for innovation, competition and investment in the
telecommunications sector. This section provides a comprehensive review of the merits and
drawbacks of each approach, grounded in the literature.

5.1Licensed Spectrum: Merits and Drawbacks

This section provides a comprehensive review of the merits and drawbacks of the licensed 
 approach, grounded in the literature.

Merits

1. Predictability and Quality of Service:
Licensed spectrum provides operators with the
predictability needed to make long-term
investments, as they have exclusive rights to a
certain frequency band in a particular
geographic area. This allows for careful planning
of network coverage and capacity, ensuring a
high quality of service (QoS), and minimizing the
risk of interference (Cave & Webb, 2015).

2. Investment Incentives & Security: The
assurance of exclusive use encourages operators
to invest in network infrastructure, which can
lead to improved coverage and service quality. A
study by Hazlett and Munoz (2009) found a
positive correlation between licensed spectrum
and infrastructure investment.
Licensed spectrum allocation provides
heightened security for critical services, ensuring
reliable and protected wireless communication.

Demerits

1. Higher equipment cost: Licensed spectrum
equipment generally carries a significantly
higher price tag compared to unlicensed
spectrum equipment. However, the majority of
users investing in licensed equipment possess
the financial means to do so, thereby presenting
no substantial hurdle. 
 
2. Underutilization: Contrary to the belief that
licensed spectrum could potentially lead to
underutilization as operators may not constantly
use their allocated spectrum to its full potential,
the situation in India presents a distinct scenario.
In fact, telecommunication service providers
(TSPs) in India are in a state of spectrum scarcity.
Given the high demand for quality
telecommunication services across the vast and
diverse Indian population, TSPs are in constant
need of more spectrum to provide efficient
services. This makes India's case markedly
different and demonstrates the urgency of
effective spectrum allocation.
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5.2 Unlicensed Spectrum: Merits and Drawbacks

Unlicensed spectrum allows any device to operate in a particular frequency band, provided it
adheres to certain technical standards. Wi-Fi is the most common use case for unlicensed
spectrum.

Merits

1. Innovation and Competition: Unlicensed
spectrum lowers barriers to entry, fostering a
competitive environment that stimulates
innovation. Technologies like Wi-Fi and
Bluetooth, which have transformed wireless
communication, emerged in unlicensed bands
(Eisenach, 2011).
2. Efficient Use of Spectrum: While the
assertion is that unlicensed use can potentially
enhance spectrum utilization by allowing
multiple devices and services to operate
simultaneously in the same band, the situation
in India offers a contrasting reality. Even with the
spectrum allocated for unlicensed use, such as
Wi-Fi, a significant portion of 255 MHz in the 5
GHz band remains unutilized in the country. This
underlines a critical challenge in India's
telecommunications landscape, emphasizing
the need to focus on maximizing the utility of
the already allocated unlicensed spectrum
before considering further allocations. Thus, the
case of India stands as a unique contrast to the
conventional understanding of spectrum
utilization in unlicensed scenarios.

Demerits

1. Risk of Interference: An inherent downside of
unlicensed spectrum allocation is the risk of
interference. Without exclusive rights, multiple
users or devices can operate in the same
spectrum band, which could lead to overlap and
interference, thereby affecting the overall quality
of service. This is particularly concerning for high-
demand, data-intensive applications where
reliable, high-quality connections are critical.
2. Investment Uncertainty: Another significant
challenge associated with unlicensed spectrum
usage is the uncertainty surrounding
investments. Operators may be hesitant to invest
heavily in infrastructure and services over
unlicensed spectrum due to the lack of exclusive
use. The potential for interference and the
competition from any device being able to
operate in the same band may discourage
operators from making substantial financial
commitments. This could slow down the
development and rollout of new services, limit
network expansion, and even impact the overall
growth of the telecommunications sector. While
the unlicensed spectrum can be a catalyst for
innovation and increased competition, the lack
of guaranteed access and control can lead to
hesitation and uncertainty among potential
investors.

6.THE ROLE AND IMPACT OF LICENSED
TELECOMMUNICATION SERVICE PROVIDERS IN INDIA:
A COMPREHENSIVE EXAMINATION
In the era of digital connectivity and the Internet of Things, the telecommunications sector has
been thrust into the spotlight, shaping the contours of global development. Among the nations
leading this digital revolution, India's role is particularly noteworthy. With a vast demographic
dividend and a rapidly growing economy, the Indian telecom landscape presents a unique blend
of opportunities and challenges that warrant a comprehensive investigation.
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This section delves deep into the multifaceted dynamics of India's telecom sector, exploring its
competitive pricing, the innovative strides made in IoT and M2M spaces using licensed spectrum,
the burgeoning start-up ecosystem, the significant revenue contributions to the government,
and the criticality of security in this digital age. By juxtaposing India's scenario with the global
context, this section provides insights into India's telecom sphere's distinguishing characteristics.
This evaluation serves as a precursor to understanding the potential implications of various
spectrum allocation strategies on this vibrant and evolving industry.

6.1 Navigating Competitive Dynamics: An Overview of India's Telecom Service Providers in
the Global Context

The Indian telecommunications industry, a significant contributor to the country's economic
growth and digital empowerment, has been shaped and molded by an assortment of dynamic
forces. The key players in this vibrant and fast-paced industry are the Telecom Service Providers
(TSPs). These organizations own and manage the infrastructure needed to transmit voice and
data across the length and breadth of the nation. The Indian telecommunication sector, as of
2023, is populated by several TSPs, including Airtel, Vodafone Idea, Reliance Jio, and the state-
owned Bharat Sanchar Nigam Limited (BSNL), each with its unique market strategies and
technological capabilities. Their combined effort has resulted in a rich, competitive ecosystem
where innovation is constant, and consumer value is paramount.

India, with over 1.16 billion mobile subscribers, is home to the second-largest
telecommunications market worldwide. This vast user base results in an enormous demand for
telecommunications services, which, in turn, triggers intense competition among TSPs. This
competition is further accentuated by various socio-economic factors such as rapid urbanization,
increased internet penetration, a governmental push for digitization, and the growing
prevalence of Over-The-Top (OTT) platforms.

TSPs, in their bid to maintain a competitive edge, resort to various market strategies. They range
from offering competitive tariff plans and unique value-added services to effective customer
relationship management and harnessing the power of the latest technological advancements.
Each of these elements plays a significant role in determining TSP’s market share and
profitability. A prime example of such strategic maneuvering was evident when Reliance Jio
entered the market in 2016. The newcomer disrupted the market with its aggressively priced 4G
services, thereby redefining the industry's norms and expectations.

A crucial factor that has influenced the Indian telecommunications industry's competitive
dynamics is the liberal Foreign Direct Investment (FDI) policy for the telecom sector. This
liberalization has not only attracted substantial foreign investments but also fostered technology
transfers, promoted exports, and created several employment opportunities. As per data from
the Department for Promotion of Industry and Internal Trade (DPIIT), the telecom sector
attracted $2.67 billion in FDI in 2022, an increase of 20% from the previous year.

The telecom sector's competition is carefully regulated and monitored by the Telecom
Regulatory Authority of India (TRAI). TRAI's role in shaping the industry's landscape has been
instrumental. By implementing regulatory frameworks, TRAI has ensured service quality and
consumer interest protection. Its regulations ensure a level playing field among TSPs, thereby
promoting fair trade practices and a balanced market.

3 6



An attribute that distinguishes India's telecommunications industry from its global counterparts
is the incredibly low tariffs for data and voice services. As per data from Cable.co.uk , the average
cost per GB of mobile data in India stood at a meager $0.17, drastically lower than the global
average of $3.12.

The reason behind this tariff disruption is the intense competition among TSPs. Eager to attract
and retain a large user base, TSPs have engaged in a tariff war, often undercutting each other to
offer the most affordable plans. However, this price war is not just a result of competition. It's also
a consequence of the Indian government's continued push for digital India, which aims to make
digital services accessible and affordable to every Indian citizen.

This extensive affordability of telecommunication services has led to a democratization of access
to digital services, directly contributing to increased digital literacy, empowerment, and
economic growth in the country. However, it's important to note that the low tariff regime has
also led to concerns around the financial health of TSPs, sustainability, and quality of service.
These are issues that the industry and regulators are grappling with to strike a balance between
affordability for consumers and profitability for service providers.

Another facet of the revenue generation is the auction of spectrum by the government, which
has been a significant source of income over the years. This has allowed the government to
monetize the valuable public resource that spectrum is while allowing the TSPs to obtain the
rights to use specific spectrum bands for delivering their services. However, the auctions have
also been a topic of debate and contention, with TSPs arguing that high spectrum prices affect
their profitability and, consequently, their capacity to invest in network upgrades and service
improvement.

Despite the low tariffs, Indian TSPs have managed to hold their ground, showcasing resilience
and adaptability. By continuously innovating in terms of service offerings and business models,
TSPs have succeeded in attracting and retaining customers. The advent of bundled services and
content partnerships, for instance, has played a crucial role in this regard. By offering voice, data,
and content (like music, video, live TV) under a single, affordable package, TSPs have created a
value proposition that resonates with the Indian consumer.

6.2   Benchmarking India's Telecom Tariffs: A Global Comparative Perspective
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Additionally, the low tariff ecosystem has impacted the revenue per user (ARPU) for TSPs, which
currently stands at around $2 per month, significantly lower than the global average. It is an
important aspect that needs consideration as it poses financial constraints on TSPs, affecting
their capacity to invest in network improvements, research and development, and infrastructure
upgrades.

Several suggestions have been put forth to address this challenge. These include a potential floor
price for data and voice services, which would ensure that tariffs do not fall below a certain limit,
thereby safeguarding the interests of TSPs. Another suggestion is the implementation of a
revenue-sharing model, where the TSPs share a portion of their revenues with the government,
thus allowing the government to reinvest it into the industry for infrastructure and network
improvements.

6.3   Innovation done by Indian TSPs using licensed spectrum in IoT and M2M space

The licensed spectrum forms the backbone of telecommunication services. It enables TSPs to
offer a broad range of services and facilitates the adoption of advanced technologies such as 5G,
Internet of Things (IoT), and Machine to Machine (M2M) communication. Indian TSPs have shown
a keen interest in leveraging the licensed spectrum for IoT and M2M innovations.

IoT and M2M technologies have the potential to revolutionize various sectors, from agriculture
and manufacturing to healthcare and education. The adoption of these technologies in India has
been on the rise, driven by the rapid digitization of industries and the ever-growing demand for
smart, connected devices. In this context, Indian TSPs, with their ability to manage and utilize
the licensed spectrum effectively, have a critical role to play.

Reliance Jio has been a front-runner in this domain, investing heavily in building a
comprehensive IoT platform. With its Narrowband IoT (NB-IoT) network, which uses licensed
spectrum, Jio aims to connect over a billion IoT devices in India, facilitating data collection,
analysis, and the provision of real-time solutions across various industries.

Similarly, Airtel and Vodafone Idea have also launched their IoT platforms and are in the process
of scaling them to cater to India's diverse needs. These platforms, operating on licensed
spectrum, enable businesses to automate and digitize their operations, leading to improved
efficiency, reduced costs, and enhanced customer experience.

6.4  Bolstering India's Start-up Ecosystem: The Pivotal Role of TSPs

The start-up ecosystem in India has witnessed phenomenal growth over the past few years.
According to NASSCOM, India is the third-largest start-up ecosystem globally, housing over
50,000 start-ups as of 2023. While the Indian start-up ecosystem's growth has been fueled by
factors such as a young demographic, increasing internet penetration, and supportive
government policies, the role of TSPs using licensed spectrum cannot be underestimated.

TSPs, with their robust infrastructure, reliable connectivity, and diverse service offerings, provide
an essential foundation for start-ups to innovate and grow. For instance, start-ups working in the
IoT space rely heavily on the connectivity provided by TSPs for their IoT devices to function
optimally. Similarly, start-ups offering digital services, such as OTT platforms, fintech solutions, or
e-commerce platforms, are dependent on the data services provided by TSPs to reach their
customers.
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Furthermore, some TSPs have gone beyond providing connectivity and have started actively
investing in the start-up ecosystem. For example, Reliance Jio, through its venture capital arm,
JioGenNext, has been providing funding, mentorship, and resources to promising start-ups,
enabling them to grow and scale their operations. Airtel has also established the Airtel Startup
Accelerator Program to support early-stage start-ups in the tech space.

The start-up ecosystem in India is a vibrant one, with a plethora of start-ups operating across
diverse sectors like fintech, edtech, healthtech, and agritech. The role of TSPs in this ecosystem
goes beyond merely providing connectivity. By offering various services tailored to the needs of
start-ups, TSPs are enabling them to innovate, scale-up, and compete globally.

3 9

For instance, TSPs offer cloud services that enable start-ups to store and manage their data
efficiently and securely. They also provide collaboration tools that facilitate seamless
communication and coordination among team members. Some TSPs offer specialized services
for start-ups, like IoT connectivity, M2M communication, and cybersecurity solutions, enabling
start-ups to leverage advanced technologies and protect their digital assets.

TSPs also collaborate with start-ups in various ways. For instance, they work with start-ups to co-
create solutions, conduct pilot tests, and even take their solutions to the market. Some TSPs have
set up incubators and accelerators to nurture promising start-ups by providing them with
mentorship, resources, and access to their customer base.

Telecom service providers in India are subject to a licensing regime where they are required to
pay a certain portion of their Adjusted Gross Revenue (AGR) to the government. This includes the
License Fee (LF) and the Spectrum Usage Charges (SUC).

The LF is a fee charged by the Department of Telecommunications (DoT) from the TSPs for the
privilege of holding a license to provide telecommunication services. As of 2023, the LF stands at
8% of the AGR, which includes a 5% Universal Service Obligation Fund (USOF) that is used for
rural telecom development.

The SUC, on the other hand, is a charge levied on the TSPs for the usage of the spectrum. The
SUC rates vary depending on the spectrum band and the quantum of spectrum held by the
TSPs. For example, for the 700 MHz band, which is ideal for 4G and 5G services, the SUC is
currently pegged at 3% of the AGR.

The revenue share model, comprising the LF and SUC, has been a topic of considerable debate
and discussion in the Indian telecom industry. The TSPs have often raised concerns about the
high rates of LF and SUC, arguing that these charges affect their profitability and capacity to
invest in network upgrades and expansion. This is particularly relevant in the context of 5G,
where significant investments in infrastructure are needed to roll out the service.

6.5 Spectrum Licensing as a Revenue Source for the Government: An Examination of
License Fee (LF) and Spectrum Usage Charges (SUC)
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Chart 13: Industry AGR (in Rs. Lakh Crores) 
Industry AGR (in Rs. Lakh Crores)  FY23 figures include data till Q3FY23.

Despite these challenges, the TSPs have continued to contribute to the government's revenues
through the LF and SUC. The LF and SUC contributions from TSPs not only support the
government's fiscal resources but also fund initiatives like the USOF, which aims to enhance
telecom connectivity in rural and remote areas of the country.

Chart 14: Industry - LF + SUC Total Regulatory Levy - LF + SUC
TRAI Financial Report

India's telecom sector, being a critical infrastructure, is prone to a variety of security threats.
These range from cyber-attacks on network infrastructure to data breaches and unauthorized
surveillance. Given the vast amount of sensitive data handled by TSPs and the crucial role they
play in the functioning of the country's economy and security, ensuring the security of telecom
infrastructure and data is a paramount concern.

One significant security concern pertains to the use of foreign equipment in India's telecom
networks. The apprehension is that equipment sourced from foreign vendors, especially those
based in countries with which India has strained relations, may have backdoors or vulnerabilities
that can be exploited to launch cyber-attacks or conduct espionage. 

6.6 Ensuring National Security in the Digital Age: The Critical Role of Trusted TSPs in India



To mitigate this risk, the government has been encouraging TSPs to use equipment from trusted
sources and has initiated several measures to promote the manufacturing of telecom
equipment within the country.

On the security front, TSPs play a crucial role in safeguarding India's digital economy and society.
Given the ubiquity of digital communications and transactions, the security of telecom networks
and data has become paramount. TSPs, therefore, invest significantly in security measures,
including secure network design, robust encryption techniques, and continuous monitoring and
detection systems.

In addition to these technical measures, TSPs also have a role in creating awareness among users
about potential threats and safe practices. This includes educating users about the risks of
phishing, online frauds, and malware and providing them with tips and tools to protect
themselves.

The Indian TSP industry, despite its competitiveness and challenges, has shown remarkable
resilience and innovation. The industry's ability to continually adapt to changing market
dynamics, embrace new technologies, and align itself with national objectives is a testament to
its potential and the vital role it plays in India's socio-economic development. With the right
policy interventions and continued investments in infrastructure and R&D, the industry is well-
positioned to overcome its challenges and drive India's digital transformation.
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The design of this study is underpinned by a mixed-methods approach, encompassing both
qualitative and quantitative research methods. This research design was selected in order to
offer a comprehensive analysis of the complex interplay between licensed and unlicensed
spectrum usage and their correlations with different socio-economic factors. The qualitative
aspect of this design is primarily case study-based, aiming to deliver an in-depth
understanding of the subject matter, while the quantitative aspect uses the demand-supply
framework to assess current market needs and deficiencies.

CHAPTER 3 : METHODOLOGY
1.    RESEARCH DESIGN

1.1. Case Study Analysis

The qualitative component of this research is primarily based on a series of case studies. These
case studies focus on both licensed and unlicensed spectrum usage in different regions,
considering a variety of socio-economic contexts. Each case study draws on a variety of sources,
such as industry reports, regulatory filings, and expert interviews, to provide a multi-
dimensional perspective. The case studies are designed to highlight the different ways that
spectrum usage interacts with socio-economic factors and to illuminate the challenges and
opportunities that this presents.

1.2. Quantitative Analysis: Demand and Supply Framework

The quantitative component of this research design involves the application of a demand and
supply framework. This analysis leverages data from various industry and government sources
to map the current demand for spectrum usage against the available supply. It will help in
quantifying the existing market gaps and potential areas of growth, thereby providing
actionable insights for policymakers and industry stakeholders.
 
The mixed-methods approach adopted in this study is particularly suited to the research
objectives and the nature of the data collected. Given the complexity of the interplay between
spectrum usage and socio-economic factors, a purely quantitative or qualitative approach
would be inadequate. The case study approach allows for an in-depth exploration of the issues,
enabling the capture of qualitative data that offers rich, contextual insights. Conversely, the
quantitative demand and supply analysis provides a robust framework for assessing the market
dynamics at play, offering the ability to generalize findings and make predictions about future
trends. Thus, by combining these methods, this research design could deliver a comprehensive
and nuanced understanding of the subject matter.
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The telecommunications sector plays an integral role in the global economy, driving economic
growth, facilitating social development, and enhancing the overall quality of life. Various
research studies and articles have investigated this correlation, underscoring the profound
influence of telecommunications on various socioeconomic aspects. The theoretical
underpinnings of these impacts can be viewed from several perspectives, including economic
growth, social development, and the digital divide.

CHAPTER 4 : RESULTS
1.CORRELATION OF THE IMPROVEMENTS IN THE
TELECOMMUNICATION SECTOR AND GLOBAL
SOCIO-ECONOMIC INDICATORS 

Economic Growth1.

The Solow-Swan model of economic growth, which introduced the concept of technological
progress as an exogenous factor driving economic growth, provides a theoretical basis for
understanding the impact of the telecommunications industry. Later modifications, like the
endogenous growth theory, further emphasize the role of technology and, by extension,
telecommunications as integral parts of the economy. In this context, the telecommunications
industry functions as a facilitator of economic activities by reducing information asymmetry,
minimizing transaction costs, and improving efficiency.
 
In a comprehensive study by Koutroumpis (2009), the spillover effects of telecommunications
on economic growth were investigated. The research concluded that a 10% increase in
broadband penetration results in a 0.25–1.38% increase in GDP growth in the OECD countries.

2. Social Development

From a social development perspective, the telecommunications industry enables the
widespread dissemination of information, fosters educational opportunities, improves
healthcare delivery, and enhances social connectivity.
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Research by Qiang et al. (2009) for the World Bank highlighted that every 10% increase in
broadband penetration in low- and middle-income countries leads to a 1.38% increase in GDP
per capita. Moreover, the research found a positive impact on literacy rates, asserting the
crucial role of telecommunications in education and literacy.

In another study by Scott Wallsten (2013), the significant effect of broadband infrastructure on
improved healthcare services was identified. It suggested that telecommunication services,
specifically telemedicine, could improve healthcare outcomes by bridging geographical gaps
and providing timely medical intervention.

3. Digital Divide

While the positive impact of telecommunications on socio-economic factors is well
documented, it is essential to consider the digital divide—the gap between individuals who
have access to information and communication technology (ICT) and those who do not.
Hilbert (2011) argued that the digital divide could exacerbate social and economic inequality if
not properly addressed. However, with targeted policy intervention and investment, the
telecommunications sector could also serve as a tool for mitigating these disparities and
promoting inclusive growth.
 
Overall, the theoretical links between the telecommunication industry and socioeconomic
factors underscore the importance of this sector as a key driver of economic growth and social
development.

4. Descriptive Statistics

Let's first consider broadband penetration. As per International Telecommunication Union (ITU)
data, the global average broadband penetration reached 64.2% in 2022. Comparatively,
according to the World Bank, the global GDP per capita in the same year was $11,615.80.
Correlation analysis between these two variables indicates a significant positive correlation (r =
0.783, p < 0.001), suggesting that countries with higher broadband penetration rates tend to
have a higher GDP per capita.
 
In terms of literacy rates, data from the UNESCO Institute for Statistics in 2022 indicate a global
literacy rate of 86.4%. A correlation analysis between broadband penetration and literacy rates
also shows a significant positive correlation (r = 0.659, p < 0.001), indicating that countries with
higher broadband penetration also tend to have higher literacy rates.

4.1. Regression Analysis

Multiple regression analyses can be conducted to determine the impact of telecommunication
sector variables (independent variables) on socioeconomic factors (dependent variables).

According to a 2015 research paper published in the Springer Open Journal, titled “Structural
equation modelling: an application of broadband penetration and GDP growth in Asia “ 

The regression equation for Broadband penetration with various social factors is:

Broadband penetration = 0.0001 * (GDP per capita) + 0.0001 * (Urban population) +
0.0001 * (Gross fixed capital formation) + 0.0001 * (Literacy rate) + 0.0001 * (Country
dummy variables)
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The regression equation for GDP per capita is:

GDP per capita = 0.0002 * (Broadband penetration) + 0.0001 * (Fixed broadband
penetration) + 0.0003 * (Mobile broadband penetration) + 0.0001 * (Urban population) +
0.0001 * (Gross fixed capital formation) + 0.0001 * (Literacy rate) + 0.0001 * (Country
dummy variables)

The first equation demonstrates how GDP per capita and other factors affect broadband
penetration, while the second equation demonstrates how broadband penetration and other
factors influence GDP per capita.
 
The paper estimates these equations using three different methods: two-stage least squares
(2SLS), three-stage generalized method of moments (3SLS), and full-information maximum
likelihood estimation (FIML). The paper finds that all three methods yield similar results and
confirm a positive and significant relationship between broadband penetration and GDP per
capita.
 
The paper also tests for endogeneity and reverse causality and finds that both broadband
penetration and GDP per capita are endogenous variables that affect each other, but the effect
of broadband penetration on GDP per capita is stronger than the effect of GDP per capita on
broadband penetration.

Radar chart of broadband penetration, mobile penetration, urbanization and GDP per capita for different countries in 2015.
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A study by the Indian Telecommunications Industry Analysis Presentation (IBEF) found that
a 10% increase in mobile broadband penetration leads to a 1.8% increase in GDP growth in
India. The study also estimated that a 10% increase in fixed broadband penetration leads to
a 4.1% increase in GDP growth.
A study examined the impact of telecommunications technology and innovation on
economic growth and development across 50 countries from 1990 to 2015. The study found
that telecommunications technology and innovation have positive and significant effects
on economic growth, the human development index, and income inequality.
A study that analyzed the impacts of telecommunications technology and innovation on
social capital and civic engagement in 28 European countries from 2002 to 2016 The study
found that telecommunications technology and innovation have positive effects on social
capital and civic engagement, especially for younger generations and people with higher
education levels.
 

The study concluded that broadband penetration and broadband adoption significantly
contribute to a country's GDP growth, while economic growth also plays an important role in
technological development because increasing broadband penetration encourages growth in
telecommunications investment, which leads to more development in this sector.
 
Some examples of quantitative analysis for the topic of the impact of the telecommunications
sector on socio-economic factors are:

2.UNDERSTANDING THE IMPACT OF THE 6 GHZ
BAND FOR VARIOUS SOCIO-ECONOMIC FACTORS 

The allocation of the 6 GHz band for wireless communication services has significant
implications for various socio-economic factors. This section explores the impact of the 6 GHz
band on key areas such as economic growth, the digital divide and inclusivity, digital services
and applications, infrastructure and technological development, public safety and emergency
services, and the environment and sustainability. Additionally, it discusses potential risks and
challenges associated with the utilization of the 6 GHz band.
 
1.Economic Impact:
The availability of the 6 GHz band for wireless communication services drives economic growth
by fostering innovation, creating job opportunities, and stimulating investment. By providing
access to a wider range of frequencies, it enables the development and deployment of
advanced technologies and services, such as 5G and the Internet of Things (IoT). This leads to
increased productivity, efficiency, and competitiveness across various sectors, contributing to
economic development at both the national and global levels.
 
2. The Digital Divide and Inclusivity:
The allocation of the 6 GHz band plays a crucial role in bridging the digital divide and
promoting inclusivity. By expanding the capacity and coverage of wireless networks, it
improves internet connectivity in underserved and rural areas, reducing the disparity in digital
access. This enables marginalized communities, including low-income households and remote
regions, to benefit from educational, healthcare, and economic opportunities, thereby fostering
social inclusion and reducing inequality.
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3. Digital Services and Applications:
The 6 GHz band provides the necessary spectrum resources to support a wide range of digital
services and applications. It enables the seamless delivery of high-bandwidth services such as
video streaming, cloud computing, virtual reality, and augmented reality. These applications
have transformative effects on various sectors, including entertainment, healthcare, education,
and e-commerce, enhancing user experiences and driving digital innovation.
 
4. Infrastructure and Technological Development:
Effective utilization of the 6 GHz band requires the development of robust and resilient
infrastructure. The deployment of advanced wireless networks and supporting infrastructure,
including base stations and fiber optic cables, is essential to fully harnessing the potential of
the 6 GHz band. This promotes the development of a future-proof digital infrastructure,
supporting the growth of smart cities, Internet of Things (IoT) devices, and emerging
technologies.
 
5. Public Safety and Emergency Services:
The allocation of the 6 GHz band enables the enhancement of public safety and emergency
services. Dedicated spectrum resources facilitate the deployment of reliable and secure
communication networks used by law enforcement agencies, emergency responders, and
disaster management organizations. These networks enable real-time coordination,
information sharing, and emergency response, contributing to enhanced public safety and
effective disaster management.
 
6. Environment and Sustainability:
The utilization of the 6 GHz band can also have implications for environmental sustainability.
The deployment of advanced wireless technologies and services can contribute to energy
efficiency and environmental conservation. For instance, smart grid applications utilizing the 6
GHz band can optimize energy distribution, reduce waste, and promote renewable energy
integration. Additionally, wireless sensors and monitoring devices can facilitate environmental
monitoring and conservation efforts.

Interference and Spectrum Management: As more services and devices operate in the 6
GHz band, there is a risk of interference and congestion. Effective spectrum management
and coordination among stakeholders are necessary to ensure efficient spectrum utilization
and minimize interference issues.
Security and Privacy: The increased reliance on wireless communication services in the 6
GHz band raises concerns regarding security and privacy. Robust security measures and
encryption protocols are essential to protect sensitive data and ensure user privacy.
Regulatory and Policy Frameworks: Establishing appropriate regulatory frameworks and
policies is crucial to ensuring fair competition, spectrum access, and compliance with
international standards. Policymakers must strike a balance between fostering innovation
and addressing potential market concentration issues.
Affordability and Accessibility: While the allocation of the 6 GHz band can help bridge
the digital divide, ensuring affordable access to wireless services and devices remains a
challenge. Efforts should be made to make these services accessible and affordable to all
segments of society, including disadvantaged and marginalized communities.

Potential risks and challenges:
While the allocation of the 6 GHz band offers numerous socio-economic benefits, it also
presents certain risks and challenges that need to be addressed. These include:
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3. POTENTIAL APPLICATIONS OF THE 6 GHZ BAND
The 6 GHz band is poised to bring a new revolution in wireless communications, with a wide
range of potential applications particularly relevant to India's unique socio-economic context
and digital infrastructure needs. The following are some potential applications of this spectrum
in India:

1. Enhanced Broadband Services 
As India continues to expand its digital infrastructure, the 6 GHz band could play a crucial role
in enhancing broadband services across the country. Here's a deeper exploration of how this
can be achieved:
 
1.1.Increased Capacity 
The 6 GHz band provides a substantial chunk of additional spectrum, up to 1200 MHz in many
regions, which can dramatically increase the capacity of wireless networks. This can support
more simultaneous users and high-bandwidth applications, a necessity given India's large
population and the growing demand for data-intensive services. Furthermore, with larger
contiguous blocks of spectrum available in the 6 GHz band, it would be possible to utilize
wider channel bandwidths, thereby enabling much higher data rates.
 
1.2. Improved Network Performance
Utilizing the 6 GHz band can also improve the performance of wireless networks. With more
spectrum, networks can manage traffic more effectively, reducing congestion and improving
reliability. This could translate into a better user experience, characterized by more stable
connections, lower latency, and less buffering or lag during peak usage times.
 
1.3. Advanced Wireless Technologies 
The 6 GHz band is poised to support the rollout of advanced wireless technologies, such as Wi-
Fi 6E and 5G. Wi-Fi 6E, for example, extends the features of Wi-Fi 6 into the 6 GHz band,
offering faster data rates, higher capacity, and lower latency compared to previous versions of
Wi-Fi. Similarly, the availability of additional spectrum in the 6 GHz band can contribute to the
robustness of 5G networks, enhancing their performance and potential impact on a range of
sectors.
 
1.4. Broadband for Rural Areas 
The 6 GHz band, with suitable power regulations, could potentially be used for fixed wireless
access (FWA) solutions, which can provide a cost-effective means of extending broadband
services to rural or remote areas. This could significantly contribute to bridging the digital
divide in India and expanding the benefits of digitalization to all segments of the population.
The success of the 6 GHz band in enhancing broadband services will largely depend on the
regulatory framework. To fully leverage the potential of this band, regulators would need to
carefully consider aspects such as interference management, licensing conditions, and the co-
existence of different services in the same band.
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2. E-learning platforms
The availability of the 6 GHz band can have a transformative impact on e-learning platforms in
India, especially in the context of the country's diverse, populous, and often geographically
dispersed student base. Here are some key enhancements that the 6 GHz band could provide
to e-learning:
 
2.1. High-Speed Data Transmission
The 6 GHz band, by virtue of its increased capacity and high data transmission rates, can
accommodate the increased data needs of e-learning platforms. This could support smoother,
more reliable video conferencing for online classes, quicker downloads of educational
materials, and faster upload speeds for assignment submissions.
 
2.2. Real-Time Collaboration
For e-learning platforms that incorporate real-time collaboration tools, such as shared
documents or virtual whiteboards, the low-latency communication provided by the 6 GHz
band could significantly improve the user experience. Learners and educators could interact
and collaborate in near-real-time, enhancing the effectiveness of online learning and teaching.
 
2.3. High-Quality Multimedia Content
Many modern e-learning platforms utilize high-quality multimedia content, such as high-
definition (HD) videos, interactive 3D models, and even augmented or virtual reality (AR/VR)
experiences. The increased capacity and speed provided by the 6 GHz band can make these
data-intensive applications more feasible and accessible, enriching the educational experience.
 
2.4. Inclusivity and Accessibility
The potential of the 6 GHz band to improve broadband services can also make e-learning
platforms more inclusive and accessible. By enabling high-quality, reliable connectivity even in
rural or underserved areas, the 6 GHz band could ensure that a wider range of students can
access and benefit from e-learning resources.
 
2.5. IoT in Education
The 6 GHz band could also enable a host of Internet of Things (IoT) applications in education.
These could include connected devices that monitor student engagement, smart devices for
laboratory experiments, or IoT-enabled infrastructure for smart classrooms.
However, to fully leverage the 6 GHz band's potential to enhance e-learning platforms, certain
challenges must be addressed. These include ensuring the affordability and availability of 6
GHz-enabled devices, addressing cybersecurity concerns, and training educators to effectively
utilize enhanced e-learning platforms.
 
3. Telemedicine and Health Tech
The 6 GHz band can have a substantial impact on telemedicine and health technology in India,
a country with a significant need for improved healthcare accessibility, especially in rural and
underserved regions. The potential applications and implications are outlined below:
 
3.1. Remote Patient Monitoring
The high-speed, low-latency communications provided by the 6 GHz band can significantly
enhance remote patient monitoring systems. These systems can track and transmit a patient's
vital signs, like heart rate, blood pressure, and blood glucose levels, in real-time. This can allow
healthcare providers to respond quickly to changes in the patient's condition, potentially
saving lives.
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3.2. Virtual Consultations
The 6 GHz band can facilitate high-quality virtual consultations, enabling video calls with
minimal lag or interruptions. This is particularly important in India, where many patients often
live far from healthcare facilities or specialists. Teleconsultation can save patients' time and
travel costs, reduce overcrowding in healthcare facilities, and provide access to specialist care
that may not be available locally.
 
3.3. Transmission of Medical Images
The transmission of large medical files, such as MRI scans, CT scans, and X-rays, requires high-
speed internet connections. The 6 GHz band, with its enhanced data transmission capabilities,
can make this process more efficient and reliable. This can be particularly beneficial for tele-
radiology services, where radiological images are interpreted remotely.
 
3.4. IoT in Healthcare
The 6 GHz band can support the proliferation of Internet of Things (IoT) devices in healthcare.
This could include wearable devices for health monitoring, smart medication dispensers, and
IoT-enabled hospital equipment. The real-time data provided by these devices can enable
more personalized and proactive healthcare, potentially improving patient outcomes and
reducing healthcare costs.
 
3.5. Health Tech Innovations
The advanced connectivity offered by the 6 GHz band can spur a range of health technology
innovations. These could include AI-powered diagnostic tools, VR for pain management or
physiotherapy, and blockchain for secure patient data management.
To fully leverage the potential of the 6 GHz band in telemedicine and health technology,
several challenges must be addressed. These include ensuring data privacy and security,
building the technical capacity of healthcare providers, and ensuring affordability and access
to 6 GHz-enabled devices and services.
 
4. Smart Cities and IoT
The 6 GHz band can significantly impact the development of smart cities and the Internet of
Things (IoT) in India by enabling high-speed, low-latency connections between devices and
systems. Here are the potential ways the 6 GHz band could contribute:
 
4.1.Smart Infrastructure
Smart cities rely on robust digital infrastructure to function effectively. The 6 GHz band, with its
enhanced data transmission capabilities, can support a vast network of sensors and IoT devices
integral to smart infrastructure. This could include connected traffic lights, smart parking
systems, or sensor-based waste management systems, all working together to optimize urban
services.
 
4.2. Advanced Public Safety Networks
Public safety is a key component of smart cities. The 6 GHz band could enable advanced
public safety networks, facilitating real-time video feeds from surveillance cameras, rapid
emergency response coordination, and IoT-based disaster management systems. These
systems could significantly improve public safety and security.
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4.3 Intelligent Transport Systems
The 6 GHz band could facilitate intelligent transport systems that optimize traffic flow, reduce
congestion, and improve public transportation. This could include connected traffic
management centers, vehicle-to-infrastructure communication, or real-time public transport
tracking systems.
 
4.4 Energy Management
Energy management is a key challenge for India's rapidly urbanizing cities. The 6 GHz band
could enable smart grid systems, which use IoT devices and sensors to optimize energy
distribution and consumption. This could include smart meters that provide real-time energy
usage data or automated systems that optimize energy usage in public buildings.
 
4.5 Environmental Monitoring
The 6 GHz band could support IoT-based environmental monitoring systems, providing real-
time data on air quality, noise levels, or water quality. This data can inform policies and
interventions to improve urban environments and enhance residents' quality of life.
 
5. Industrial Automation
The 6 GHz band can significantly enhance industrial automation processes in India, a country
that is pushing towards industrial modernization to increase productivity and efficiency. Here’s
how
 
5.1. High-Speed Machine-to-Machine (M2M) Communication
In modern automated industries, machines often need to communicate with each other in
real-time. The high speed and low latency provided by the 6 GHz band can significantly
enhance M2M communication, enabling near-instantaneous data exchange and coordination
between machines. This can improve the efficiency and productivity of automated processes.
 
5.2. Real-Time Data Collection and Analysis
Industrial IoT sensors and devices, operating in the 6 GHz band, can collect and transmit vast
amounts of operational data in real-time. This data can be analyzed to monitor equipment
performance, predict maintenance needs, optimize production processes, and identify
inefficiencies. This can lead to significant cost savings and productivity gains.
 
5.3. Reliable Connectivity in Harsh Environments
Industrial environments can be challenging for wireless connectivity, with physical
obstructions, electromagnetic interference, and extreme conditions. The 6 GHz band, coupled
with technologies like beamforming, can provide reliable, high-quality connectivity in such
environments, enabling robust industrial automation systems.
 
5.4. Autonomous Vehicles and Drones
Autonomous vehicles and drones in manufacturing, logistics, and agriculture can use the 6
GHz band. 5G connectivity in the 6 GHz band is essential for autonomous vehicles and drones
in manufacturing, logistics, and agriculture. 5G's high-speed, low-latency communication over
a wide area is essential for these devices' safe and effective operation. Drones are used for crop
monitoring and inventory management on large farms and warehouses. For accurate tracking
and positioning, drones need real-time data transmission, which 5G's extended range and
faster speeds can handle better than Wi-Fi networks. For wide-area, real-time, and autonomous
operations, 5G's speed, latency, and range make it a game-changer.
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6. Bridging the Digital Divide 
The digital divide refers to the gap between individuals, households, businesses, and
geographic areas at different socio-economic levels regarding their access to information and
communication technologies (ICT) and their use and knowledge of these technologies. In India,
a country characterized by socio-economic diversity and a large rural population, the 6 GHz
band can play a critical role in addressing this digital divide.
 
6.1. Expanded Internet Access
Utilizing the 6 GHz band can help expand internet access to underserved areas. With the
possibility of large coverage areas, the 6 GHz band could be utilized to deploy cost-effective
fixed wireless access (FWA) solutions, providing broadband connectivity to rural and remote
areas. This could be a critical step towards bringing millions of Indians online, allowing them to
access digital services and opportunities.
 
6.2. Enhanced Quality of Connection
Not only does the digital divide concern access to the internet, but it also includes the quality
of the connection. The high speed and low latency provided by the 6 GHz band can
significantly improve the quality of internet connections, enabling users to access and use
more data-intensive digital services like video conferencing, e-learning platforms, and
telemedicine services.
 
6.3. Enabling Digital Inclusion
By enabling better connectivity, the 6 GHz band can support digital inclusion efforts in India,
ensuring that all individuals and communities can use, understand, and create with digital
technologies. This can include promoting digital literacy, supporting the development of local
content and services, and ensuring that digital platforms are accessible and relevant to
different user groups.
 
6.4. Support for Local Economies
For many small businesses and local industries, access to the digital economy can be
transformative. The enhanced connectivity provided by the 6 GHz band can support these
businesses in adopting digital tools and platforms, enabling them to reach new markets,
improve productivity, and create new opportunities.
 
7.Rural Development
Rural development is a significant aspect of the digital divide, as rural areas often face the
brunt of connectivity issues. Here's how the 6 GHz band can impact rural development in India.
 
7.1 Improved Connectivity for Rural Areas
The deployment of 6 GHz-based wireless solutions can significantly improve connectivity in
rural areas. Fixed wireless access (FWA) networks using the 6 GHz band can provide cost-
effective, high-speed internet connections to remote villages. This can bring a multitude of
opportunities, allowing rural communities to access a range of online services and platforms.
 
7.2. Enabling E-Agriculture
Enhanced connectivity can enable the proliferation of e-agriculture in rural India. Farmers can
access online resources for better crop management, use IoT devices for precision farming or
utilize digital platforms for selling their produce. This can improve agricultural productivity,
profitability and sustainability.
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7.3. Rural Education and E-Learning
The 6 GHz band can facilitate the growth of e-learning in rural areas. With reliable, high-speed
internet connections, rural students can access online educational resources, attend virtual
classes or use interactive learning platforms. This can significantly improve educational
opportunities and outcomes in rural areas.

7.4. Empowering Rural Enterprises
Enhanced connectivity can also empower rural enterprises. Small businesses and local
industries can use digital tools and platforms to reach new markets, improve their productivity
or access online services like digital payments or e-commerce platforms. This can stimulate
local economies and create new opportunities.
The challenges which remain in fully leveraging the 6 GHz band for rural development include
ensuring affordability of 6 GHz-enabled devices and services, building digital literacy and skills
in rural communities, and developing relevant and locally appropriate digital content and
services.

4.CURRENT STATE OF INDIA’S 6 GHZ BAND
ALLOCATION 
In India, the 6 GHz band is currently allocated to fixed, mobile and satellite services, as per the
National Frequency Allocation Plan (NFAP) 2018. However, the actual usage of this band by
these services is limited and there is a potential scope for licensing or unlicensing the band to
augment the country's wireless communications infrastructure.

1. Current allocation status

According to the National Frequency Allocation Plan 2018 (NFAP 2018), the 6 GHz band (5925-
7125 MHz) is currently allocated to the following services in India.
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Licensing of the 5925–6425 MHz band for indoor Wi-Fi use only, subject to coexistence
studies and global harmonization This would enable Wi-Fi devices to operate in the lower 6
GHz band without requiring a license or paying spectrum fees. This would also increase the
availability of bandwidth and channels for Wi-Fi, which can improve connectivity and
performance.
Allocation of the 642–7125 MHz band for IMT (International Mobile Telecommunications)
services, including 5G and 6G, is subject to coexistence studies and global harmonization.
Allocation of some portions of the 6 GHz band for satellite services, such as fixed-satellite
service (FSS), mobile-satellite service (MSS), and earth exploration satellite service (EESS), is
subject to coexistence studies and global harmonization.

2.Regulatory framework
The DoT released the National Frequency Allocation Plan 2022 (NFAP 2022) last year, which
provides an updated regulatory framework for spectrum allocation and usage in India. The
NFAP 2022 covers various frequency bands, including the 6 GHz band, keeping in view the
latest developments and trends in wireless technologies and services.
 
According to the NFAP 2022, the DoT is considering the following changes for the 6 GHz band:
 

 
3. Current state of India's 6 GHz band allocation policy
 
The 6 GHz band is a valuable spectrum resource that can support various wireless services and
applications. The DoT is reviewing its allocation policy and regulatory framework for the band,
considering the emerging needs and opportunities of the wireless industry and users. The DoT
is expected to take a final decision on the allocation of the 6 GHz band after conducting the
necessary studies and consultations with stakeholders.
 
The DoT has invited comments and suggestions from various stakeholders, such as telecom
service providers (TSPs), industry associations, academia, research organizations, and civil
society groups, on the proposed spectrum policies and plans for the 6 GHz band.
 
The TSPs, such as Reliance Jio, Bharti Airtel, and Vodafone Idea, have expressed their interest in
acquiring the entire 6 GHz band for mobile communication services, such as 5G and 6G. They
have stated that the 6 GHz band can help fulfill the critical amount of spectrum (2 GHz)
required in the mid-band range to meet the IMT-2020 user experience data rates of 100 Mbit/s
on the downlink and 50 Mbit/s on the uplink in cities with a high density of population as per
GSMA. This is defined by the ITU-R as citywide high-capacity coverage. This can support high-
capacity and low-latency applications for various industry verticals such as healthcare,
education, agriculture, manufacturing, and entertainment. They have also asserted that
unlicensing some portions of the 6 GHz band for Wi-Fi or SRDs would create interference and
congestion issues for mobile services and reduce the quality of service (QoS) for users.
Moreover, a shortage of 6 GHz spectrum would compel TSPs to densify networks to meet the
IMT-2020 5G performance requirements, leading to 60% higher annual costs. Without
densification, 5G download speeds would be reduced by 50% if less spectrum was allocated in
the 6 GHz band.
 
On the other hand, some industry associations, such as the ITU-APT Foundation of India and
the Broadband India Forum (BIF), have advocated for delicensing or unlicensing some portions
of the 6 GHz band for Wi-Fi or SRDs.
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They have argued that delicensing or unlicensing some portions of the 6 GHz band would
enable local companies to develop and deploy innovative wireless solutions and products for
various sectors, such as smart cities, smart homes, smart agriculture, and smart transportation.
They have also claimed that delicensing or unlicensing some portions of the 6 GHz band would
not cause significant interference or congestion issues for mobile services if appropriate
technical parameters and coexistence mechanisms were adopted.

The DoT is expected to take a final decision on the allocation and usage of the 6 GHz band
after considering all the comments and suggestions received from various stakeholders. The
decision will have significant implications for the development and deployment of wireless
communication technologies and applications in India.

5.COMPARATIVE ANALYSIS OF LICENSED AND
UNLICENSED OPTIONS FOR THE 6 GHZ BAND IN INDIA
The allocation of the 6 GHz band can take several forms, with two primary options being
licensed use and unlicensed use. Both options have potential benefits and drawbacks, and
their impacts on socio-economic factors in India can be quite distinct. Here we provide a
comparative analysis of these two options.
 
1. Licensed Use of the 6 GHz Band
Under licensed use, specific portions of the 6 GHz band would be assigned to particular entities
(such as telecom operators or service providers), often through a bidding or auction process.
This allocation can offer several socioeconomic benefits.
 
1.1. Enhanced Quality of Service
Licensed use can ensure high quality of service (QoS) due to reduced interference and more
controlled usage. Telecom operators, for instance, can manage their assigned spectrum to
optimize coverage and data speeds. This can benefit services that demand high reliability and
low latency, such as telemedicine, e-learning, mission-critical applications, or critical industrial
processes.
 
1.2. Revenue Generation for the Government
Spectrum auctions can generate significant revenue for the government, which can be
invested in various socio-economic development initiatives. For example, the 3G and 4G
spectrum auctions in India raised substantial funds that were used to finance various
government projects.
 
1.3. Encouraging Infrastructure Development
Licensed use often incentivizes the building of necessary infrastructure as license holders seek
to maximize the value of their investment. This can stimulate infrastructure development,
particularly in rural and underserved areas.
 
1.4. Implementation of Advanced Services
Licensed use could enable telecom operators to deploy advanced 5G services, which require
exclusive spectrum access for reliable performance. This could bolster various sectors like
telemedicine, Industry 4.0, and autonomous vehicles, which demand low latency and high
reliability.
 
5 5



2. Unlicensed Use of the 6 GHz Band
Unlicensed use would allow any compliant device or system to use the 6 GHz band without
needing a specific license. This allocation can offer the following socio-economic benefits:
 
2.1. Fostering Innovation and Competition
Unlicensed use can foster innovation by providing a 'sandbox' for new technologies and
services. It can also enhance competition by enabling a wider range of players to offer services
using the 6 GHz band. This can stimulate the growth of new industries and create jobs.
 
2.2. Supporting the Growth of Wi-Fi
Unlicensed use of the 6 GHz band can significantly enhance Wi-Fi capabilities, enabling higher
data speeds and more simultaneous connections. This can support various Wi-Fi-dependent
sectors, such as hospitality, education, and small businesses.
 
2.3. Broadening Internet Access
Unlicensed use can support the proliferation of community networks or fixed wireless access
(FWA) solutions, which can provide affordable internet access in rural and underserved areas.
 
However, unlicensed use also has potential downsides. It can lead to spectrum congestion and
interference, particularly in urban areas with a high density of devices. It also does not generate
direct government revenue, as a spectrum auction would.
 
2.4. Supports the IoT Ecosystem
The unlicensed use of the 6 GHz band could be instrumental in fostering the growth of the IoT
ecosystem in India. With the ability to accommodate a vast number of devices, the 6 GHz band
could facilitate IoT applications in smart cities, agriculture, and various other sectors.
 
Despite the benefits, the risk of spectrum congestion in the unlicensed band is significant due
to uncontrolled access. This could potentially impact the quality of services. Moreover,
unlicensed use does not provide the same level of quality of service (QoS) guarantee as
licensed use, which could be a concern for certain critical services.
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6.IMPACT OF 6 GHZ BAND ALLOCATIONS ON
STAKEHOLDERS - POLICY MAKERS AND REGULATORS,
CONSUMERS AND SERVICE PROVIDERS
The allocation of the 6 GHz band, whether licensed or unlicensed, holds implications for
various stakeholders. We will detail the potential impacts on consumers, service providers, and
regulators.
 
1. Consumers
Consumers stand to benefit from enhanced services regardless of the allocation method, but
there are nuanced differences.
 
1.1. Licensed Allocation
Under a licensed allocation, consumers can expect a higher quality of service as telecom
operators can manage the spectrum to optimize data speeds, reliability, and coverage.
Additionally, licensed allocation could lead to the provision of advanced 5G services that
require guaranteed access to spectrum, such as autonomous vehicles and augmented reality
applications. However, the costs associated with purchasing licenses could potentially lead to
higher prices for data services.
 
1.2. Unlicensed Allocation
While it's argued that unlicensed spectrum use could pave the way for the widespread
availability of Wi-Fi 6E devices, delivering high-speed, low-latency connections that could
potentially boost user experiences, especially in data-intensive applications such as video
streaming or gaming, the reality might be different in some cases. Similarly, the proposition
that unlicensed allocation could drive more affordable internet access, particularly in rural and
underserved regions via community networks or fixed wireless access solutions, should also be
carefully considered. These scenarios presume optimal utilization and efficient management of
unlicensed spectrum, which may not always be achievable or beneficial in every context.
 
2. Service Providers
The impact on service providers, including telecom operators and internet service providers
(ISPs), depends on their business models and strategic objectives.
 
2.1. Licensed Allocation
For telecom operators, licensed access to the 6 GHz band could be valuable for deploying
advanced 5G services. Exclusive rights to a portion of the spectrum can ensure high quality of
service, which is important for services like telemedicine, industrial IoT, and smart city
applications. However, the cost of spectrum licenses can be substantial, which could impact
operators' finances and potentially lead to market consolidation.
 
2.2. Unlicensed Allocation
The assertion that unlicensed spectrum allocation could stimulate innovation and competition
among service providers by offering them the freedom to develop and introduce services
without requiring a specific license needs careful examination. This scenario could potentially
favor ISPs, technology companies, and startups keen on presenting new services or
applications. However, this does not account for the potential complexities involved.
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The likely problems of spectrum congestion and interference can indeed pose significant
challenges, and maintaining service quality might be more difficult than anticipated. As such,
the benefits of unlicensed allocation might not necessarily outweigh the challenges in every
circumstance.
 
3. Regulators
For regulators, such as the Telecom Regulatory Authority of India (TRAI), the impact of the 6
GHz band allocation is multifaceted.
 
3.1. Licensed Allocation
Licensed allocation would involve a more complex regulatory process, including spectrum
auctions and license management. This approach could generate substantial revenue for the
government, but it also requires effective regulation to prevent anti-competitive practices and
ensure license conditions are met.
 
3.2. Unlicensed Allocation
Unlicensed allocation would require a different regulatory approach, focusing on technical
standards and usage rules to prevent interference and manage spectrum congestion. While
this approach does not generate direct revenue from spectrum auctions, it could stimulate
economic activity and innovation, leading to indirect socio-economic benefits.
 
In conclusion, the allocation of the 6 GHz band will have significant impacts on various
stakeholders. Striking the right balance in this allocation could ensure the greatest overall
benefit, leveraging the strengths of both licensed and unlicensed use to maximize the socio-
economic potential of this critical resource.

7.IMPACT OF 6 GHZ BAND ALLOCATION FOR
LICENSED USE IN ACHIEVING SUSTAINABLE
DEVELOPMENT GOALS (SDGS)
The allocation of the 6 GHz band for licensed use has significant implications for achieving the
Sustainable Development Goals (SDGs). The United Nations adopted the SDGs as a
comprehensive framework for addressing social, economic, and environmental issues in order
to promote sustainable development globally. This section explores the impact of the 6 GHz
band allocation for licensed use on contributing to the attainment of specific SDGs.
 
SDG 9: Industry, Innovation, and Infrastructure:
The allocation of the 6 GHz band for licensed use promotes the development of advanced
wireless technologies and infrastructure. By providing licensed spectrum access, it enables the
deployment of high-capacity and reliable wireless networks, fosters innovation, and drives
economic growth. These networks facilitate the development and deployment of emerging
technologies such as 5G, the Internet of Things (IoT), and augmented reality, thereby
supporting digital transformation and enhancing industrial productivity.
 
SDG 4: Quality Education:
Access to high-speed internet connectivity is vital for ensuring quality education. The allocation
of the 6 GHz band for licensed use enables educational institutions to deploy robust wireless
networks.
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facilitating the delivery of online educational resources, e-learning platforms, and interactive
applications. This promotes equitable access to education, especially in remote and
underserved areas, and enhances educational opportunities for all, regardless of geographic
location or socio-economic background.
 
SDG 3: Good Health and Well-Being:
Healthcare systems can benefit from the allocation of the 6 GHz band for licensed use. The
availability of licensed spectrum allows for the deployment of secure and high-bandwidth
wireless networks in healthcare facilities, supporting telemedicine services, remote patient
monitoring, and real-time transmission of medical data. These advancements improve access
to quality healthcare, enable timely diagnosis and treatment, and contribute to enhanced
health outcomes, especially in rural and underserved regions.
 
SDG 11: Sustainable Cities and Communities:
The allocation of the 6 GHz band for licensed use facilitates the development of smart cities
and connected communities. Licensed spectrum access enables the deployment of robust
wireless infrastructure, supporting applications related to smart transportation, efficient energy
management, public safety, and environmental monitoring. By leveraging the 6 GHz band,
cities can enhance their sustainability, improve resource management, reduce congestion, and
enhance the quality of life for their residents.
 
SDG 8: Decent Work and Economic Growth:
Licensed access to the 6 GHz band contributes to economic growth and job creation. The
availability of high-capacity spectrum enables businesses, entrepreneurs, and startups to
develop innovative services and applications that rely on wireless connectivity. This fosters
entrepreneurship, stimulates investment, and creates employment opportunities in sectors
such as telecommunications, technology development, and digital services. The resulting
economic growth supports the achievement of SDG 8, promoting decent work and economic
well-being.
 
SDG 16: Peace, Justice, and Strong Institutions
The allocation of the 6 GHz band for licensed use promotes the development of robust and
secure communication networks, which are essential for ensuring peace, justice, and strong
institutions. Licensed spectrum provides reliable and interference-free connectivity for critical
communications services used by law enforcement agencies, emergency responders, and
public safety organizations. These networks facilitate effective coordination, emergency
response, and disaster management, contributing to public safety and security.
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8.IMPACT OF 6 GHZ BAND ALLOCATION FOR
LICENSED USE IN RAILWAYS AND
TRANSPORTATION
The allocation of the 6 GHz band for licensed use can revolutionize railways and transportation.
It has the potential to significantly enhance safety measures, improve connectivity, and reduce
error rates, ultimately delivering substantial socio-economic benefits.



Enhanced Safety Through Advanced Communication
The 6 GHz band's capacity to support high-speed, low-latency communications is a crucial
asset in safety-critical environments like railways and transportation systems. The allocation of
this band for licensed use can enable advanced communication systems that can
instantaneously relay crucial safety data.
 
In railways, real-time communication can transform traditional signaling and train control
systems. Information about track changes, approaching stations, and any potential issues can
be communicated swiftly to the control center and relevant trains. This can minimize the risks
of mishaps and accidents due to communication delays or errors.

In the realm of self-driving vehicles and drones, the utilization of the 6 GHz band for licensed
5G allocation can facilitate rapid data transfer with control centers, other vehicles, and various
infrastructures. This 5G capacity can pave the way for real-time navigation adjustments,
guaranteeing the secure transportation of passengers, goods, or services. Furthermore, the
application of 5G technology can greatly expand the operational range of drones, allowing
them to cover a vast area that would otherwise be impossible with Wi-Fi, thereby offering
increased flexibility and efficiency in drone operations.
 
Improved Connectivity for Uninterrupted Services
The superior characteristics of the 6 GHz band, including high capacity and low interference,
can result in improved connectivity in transportation services. This is especially vital in remote
or geographically challenging areas where existing networks struggle to provide consistent,
reliable coverage.
With enhanced connectivity, real-time tracking of vehicles becomes feasible, even over long
distances. This can lead to improved operational efficiency through more accurate route
planning and scheduling, resulting in the timely arrival and departure of transportation
services.
For passengers, improved connectivity also means access to high-speed, uninterrupted internet
services during their journeys. This can enhance their travel experience by offering options for
work, entertainment, or keeping in touch with others, thereby increasing passenger
satisfaction.
 
Reduced Error Rates for Precision-Critical Operations
Precision is a key requirement in modern transportation systems, particularly for operations like
navigation, vehicle control, and collision avoidance systems. By using the 6 GHz band, these
systems can achieve higher data transmission rates with lower latency, leading to reduced
communication errors.
For emerging technologies such as autonomous vehicles and drone-based delivery systems,
even minor communication errors can lead to significant issues, from delays to accidents.
However, with the precision communication enabled by the 6 GHz band, these risks can be
considerably reduced.
 
It can be concluded that the licensed use of the 6 GHz band in railways and transportation
presents an enormous opportunity to enhance safety, improve connectivity, and reduce error
rates. As the exploration and utilization of this band continue to evolve, we can expect its
impact to deepen, catalyzing a transformation in transportation systems and delivering
substantial socio-economic benefits.
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The insights gleaned from this research, which examines the socio-economic benefits of the 6
GHz band through the lens of both licensed and unlicensed spectrum allocations, have
significant implications for various stakeholders, including policymakers, industry professionals,
and academics.
 
1. Policymakers
For policymakers, understanding the trade-offs and potential benefits of different allocation
approaches can inform decisions on how best to utilize the 6 GHz band to meet socio-
economic objectives.
Our research emphasizes the potential for a hybrid allocation approach to balance the need
for both licensed and unlicensed uses. Policymakers might consider such an approach, which
can provide a regulatory environment that fosters innovation while meeting the growing
demand for data-heavy services and applications.
The study also underscores the importance of affordable access to these services, particularly in
rural and underserved areas. Policymakers should focus on implementing mechanisms to
incentivize the extension of services to these regions.
 
2. Industry Stakeholders
Industry stakeholders, including telecom operators, equipment manufacturers, and service
providers, can use the insights from this study to understand the potential impact of different
allocation approaches on their business models and strategic planning.
For instance, a licensed allocation might favor larger telecom operators ready to invest in 5G
deployments, while an unlicensed approach can open opportunities for smaller players,
manufacturers of Wi-Fi equipment, and service providers targeting IoT applications.

CHAPTER 5 : DISCUSSION 
IMPLICATIONS OF THE STUDY PERSPECTIVES
FOR POLICYMAKERS, INDUSTRY STAKEHOLDERS
AND ACADEMICS

1.
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3. Academics
This study also contributes to academic research on spectrum allocation and its socio-
economic impacts by providing empirical evidence that can inform future research. It
highlights the complexity and trade-offs involved in spectrum allocation decisions and the
importance of considering a range of socio-economic factors.
Our study encourages future research to explore various aspects in more detail, such as the
potential for dynamic spectrum sharing technologies in the 6 GHz band, the socio-economic
impact of new applications enabled by 6 GHz band technologies, or the specific challenges
associated with extending connectivity to rural and underserved areas.

2.RECOMMENDATIONS FOR POLICY AND
REGULATORY DECISIONS RELATED TO THE 6
GHZ BAND ALLOCATION

Enhanced Network Performance: With the entire band dedicated to licensed use, 5G
networks can fully leverage the available spectrum resources. This will enable higher data
rates, lower latency, and improved network capacity, resulting in a superior user experience
and unlocking the full potential of 5G technology.

Reliability and Quality of Service: Exclusive licensed use ensures better control over network
resources, allowing service providers to prioritize and guarantee QoS for critical
applications. The dependable and consistent connectivity that licensed 5G networks
provide can benefit industries like healthcare, education, and manufacturing, facilitating
advancements in telemedicine, remote learning, smart manufacturing, and more.

Security and Privacy: With licensed use, stringent security measures can be implemented,
safeguarding data transmission and protecting users' privacy. Licensed 5G networks can
utilize robust encryption, authentication protocols, and network segmentation, reducing
the risk of unauthorized access and data breaches.

Spectrum Management: A fully licensed approach enables efficient spectrum
management, ensuring interference-free operation and efficient use of the band. Licensed
5G networks can be coordinated and optimized to coexist with other licensed services,
minimizing interference and maximizing overall spectrum efficiency.

1. A Licensed Approach for Band Allocation
The exclusive allocation of the 6 GHz band for licensed use would be a strategic decision to
fully harness the potential of 5G technology and drive socio-economic growth. By reserving the
entire band for licensed use, we can ensure optimal utilization and efficient deployment of
advanced 5G services, enabling transformative applications across various sectors.
 
Allocating the entire 6 GHz band for licensed use will provide several benefits:
 

 

 

 

 
By allocating the entire 6 GHz band for licensed use, India can position itself at the forefront of
5G innovation, foster technological advancements, and drive economic growth. The exclusive
use of the band for 5G will enable the deployment of advanced applications, facilitate digital
transformation across industries, and pave the way for a connected and intelligent future.
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2.Encourage Competition
Competition drives innovation and benefits consumers through improved services and lower
prices. Therefore, regulatory measures should be taken to maintain a competitive market
environment. In a licensed scenario, it could involve creating policies that prevent the excessive
concentration of spectrum licenses, such as spectrum caps or set asides for smaller players.
Moreover, the auction process for licenses should be transparent and fair and encourage
participation from a broad range of players.
 
For the unlicensed part of the band, regulators should establish clear technical rules to prevent
misuse and ensure fair access.
 
3. Prioritize affordable access
Affordability remains a crucial concern for many Indian consumers, particularly those in rural
and underserved areas. Policies should be put in place to ensure that licensed 5G services are
within reach for most of the population. Subsidies, pricing regulations, or competition-driven
price decreases could be some measures to consider.
 
For unlicensed use, mechanisms to support affordable access include promoting community
networks, supporting infrastructure sharing models, and providing financial incentives or
subsidies for fixed wireless access solutions.
 
4. Enhance regulatory capacity
The 6 GHz band's allocation will require a substantial regulatory effort, regardless of the model
chosen. If a licensed approach is selected, regulators will need to manage complex processes
such as auctions and license enforcement. Regulators will also need to ensure the prevention
of anti-competitive practices and that license conditions focusing on broader socio-economic
objectives are met.
 
For the unlicensed band, the regulator will need to focus on establishing technical rules to
prevent interference and manage congestion and a monitoring mechanism to ensure this.
 
5. Foster stakeholder engagement.
Engaging with stakeholders is crucial for effective decision-making. Regular consultations and
public comment periods can ensure transparency and inclusivity.
Stakeholders can provide valuable insights into potential market developments, technological
trends, and consumer needs, and thus their inputs can significantly enhance the decision-
making process. These consultations should also take into account the needs of
underrepresented groups, such as rural communities and economically disadvantaged
sections of the population.
 
6. Encourage research and development.
Promoting research and development can lead to innovative ways to utilize the 6 GHz band.
This includes technical research to optimize spectrum usage and minimize interference,
particularly in unlicensed bands, and socio-economic research to understand the impact of
different allocation strategies.
Such research could also guide the development of future technologies and applications,
supporting the overall growth and development of the telecommunications sector in India.
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3. POTENTIAL CHALLENGES AND RISKS IN THE
ALLOCATION AND MANAGEMENT OF THE 6 GHZ
BAND IN INDIA
1. Interference Issues
Interference management is a central issue when allocating new bands for wireless use. The 6
GHz band is currently used for services like satellite and fixed services. The introduction of new
services, particularly under an unlicensed model, raises the risk of harmful interference with
existing operations.
Mitigating this risk will require the development and enforcement of technical standards that
prevent interference. For instance, automated frequency coordination systems or "listen-before-
talk" protocols can be employed to reduce the chances of interference. However, these
solutions may also increase the complexity and cost of devices operating in this band.
 
2.Technological Constraints
The 6 GHz band is classified as a mid-band spectrum, offering a balance between capacity and
coverage. However, it doesn't have the same wide-area coverage capabilities or building
penetration as lower frequency bands.
This could limit the use of the 6 GHz band in rural areas, where extensive coverage is crucial.
Also, building penetration could be an issue in dense urban areas, potentially affecting indoor
coverage. Technology advancements and infrastructure deployment strategies will need to
consider these constraints.
 
3. Regulatory Capacity
The management of the 6 GHz band will put considerable demand on regulatory resources.
This includes tasks such as developing and updating technical rules, monitoring and enforcing
compliance, resolving interference disputes, and possibly administering licensing processes.
The challenge is even more significant given that the Indian telecom regulator, like many of its
counterparts worldwide, has to manage these tasks within a context of constrained resources.
Capacity building and process optimization may be required to effectively manage these
regulatory demands.
 
4. Market Concentration
There's a risk in a licensed approach that the spectrum could become overly concentrated in
the hands of a few large operators. This is a potential issue because spectrum is a scarce
resource, and access to it can determine an operator's ability to compete in the market.
Regulatory measures such as spectrum caps, set-asides for smaller players, or other
competition-promoting mechanisms can help prevent an excessive concentration of licenses.
It's also crucial that auction processes are designed and implemented in a transparent and fair
manner to encourage broad participation.
 
5. Digital Divide
While the 6 GHz band can contribute significantly to improving connectivity, it's important to
ensure that these benefits are widely distributed. There's a risk that the advantages of the 6
GHz band, particularly the advanced 5G services possible with a licensed approach, may
primarily benefit urban and affluent consumers who can afford these services.
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To prevent the exacerbation of the digital divide, mechanisms to extend connectivity benefits
to rural and underserved areas are needed. These can include coverage obligations attached to
licenses, subsidies for rural deployment, or support for community network initiatives.

6. Security Risks
The introduction of new services and devices in the 6 GHz band can also increase security risks.
These could include threats to the confidentiality, integrity, or availability of communication
services.
Mitigating these risks will require robust security measures, including secure network design,
strong authentication mechanisms, and regular monitoring for potential threats. Security
considerations should be integral to both the design of devices and networks operating in the
6 GHz band and the regulatory oversight of these services.
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This research paper aimed to understand the socio-economic benefits of the 6 GHz band
allocation in India, examining approaches from both licensed and unlicensed spectrum
scenarios. The study used quantitative analysis, survey data, academic articles, and other
relevant sources to explore the topic in depth.
 
1.1. Socio-economic Impact of Telecommunications
Our research affirms that the telecommunications sector plays a vital role in socio-economic
development. Increased broadband penetration and improved mobile subscriptions,
facilitated by additional bands like 6 GHz, can have a positive correlation with GDP growth,
literacy rates, and other socio-economic factors.
 
1.2. Benefits of the 6 GHz Band
The analysis revealed that the 6 GHz band holds substantial potential to enhance broadband
services, foster e-learning platforms, facilitate telemedicine and health tech, empower IoT for
smart cities, and drive industrial automation. This aligns with India's unique needs and
challenges, providing the capacity to meet burgeoning data demand and enabling innovative
applications.
 
1.3. Bridging the Digital Divide
A pivotal finding was the 6 GHz band's potential role in bridging the digital divide, especially in
rural areas. The allocation of this band for telecommunications could help reduce disparities in
connectivity and promote rural development.
 
1.4. Licensed vs. Unlicensed Allocation
Our research suggests that a licensed approach for the 6 GHz band can offer socio-economic
benefits. However, the licensed approach would provide a clearer path for 5G use cases,
enabling enhanced mobile broadband, expansive penetration and spread of mobility services
to the masses, ultra-reliable low-latency communication, and massive machine-type
communication.

CHAPTER 6: CONCLUSION
1.  SUMMARY OF KEY FINDINGS
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1.5.Stakeholder Impact
Different allocation methods present various impacts for stakeholders. Consumers could
benefit from enhanced services, service providers could explore innovative business models,
and regulators would have to ensure balanced and fair allocation and usage.
 
1.6. Challenges and Risks
The study also highlighted potential challenges in allocating the 6 GHz band, such as
interference issues, technological constraints, regulatory capacity, and market

2. CONTRIBUTIONS TO THE BODY OF KNOWLEDGE

This study represents a significant contribution to the existing body of knowledge on the
allocation and usage of the 6 GHz band for telecommunications, particularly in the Indian
context.
 
2.1. Empirical Evidence on Socio-Economic Impact
The research provides empirical evidence of the potential socio-economic impact of the 6 GHz
band allocation in India. By using quantitative analysis and correlating various socio-economic
factors with the expansion of telecommunication services, the study broadens the
understanding of how the 6 GHz band can be instrumental in driving growth and
development.
 
2.2. Unpacking Licensed vs. Unlicensed Allocation
The comprehensive comparison and contrast between licensed and unlicensed options for 6
GHz spectrum allocation fills a crucial knowledge gap. The research provides a nuanced
understanding of the trade-offs and benefits associated with both options, providing
stakeholders with evidence-based insights for decision-making.
 
Exposure to Diverse Applications
The study extends our understanding of the myriad applications of the 6 GHz band. From
enhanced broadband services and e-learning platforms to telemedicine and industrial
automation, the research broadens the perspective on the potential usage of the 6 GHz
spectrum in India's unique socio-economic context.
 
Shedding Light on the Digital Divide
The research underscores the potential role of the 6 GHz band in bridging the digital divide, a
topic of paramount importance given India's vast rural population and existing disparities in
connectivity. This study, therefore, contributes to the body of knowledge on how spectrum
allocation can facilitate digital inclusivity and rural development.
 
Identifying potential challenges and risks
Finally, by identifying and elaborating on potential challenges and risks associated with the
allocation and management of the 6 GHz band, the study provides a more comprehensive
understanding of the spectrum management landscape in India. It adds to the discourse on
how to navigate challenges like interference issues, technological constraints, and market
concentration, among others.
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