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AbstrAct
The 5G technology has been conceived as a foundation for expanding the potential of the
Networked Society. A digital transformation brought through the power of connectivity is
happening in almost every industry. The landscape is expanding to include massive scale of
“smart things” to be interconnected. Therefore, the manner in which future networks will cope
with massively varied demands and a business landscape will be significantly different from today.
The economic benefits from the 5G technology are also quite immense. As per the Organization
for Economic Cooperation and Development Committee on Digital Economic Policy, it has
been stated that 5G technologies rollout will help in increasing GDP, creating employment and
digitizing the economy.
For India, 5G provides an opportunity for industry to reach out to global markets, and
consumers to gain with the economies of scale. Worldwide countries have launched similar
Forums and thus, India has joined the race in 5G technologies.
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1. Executive Summary

I

ndia is on a fast track to get its citizens online, and
enable them to reap the benefits of the modern digital
economy. Wealth transfers and market efficiencies
show significant improvements when riding on a modern
digital infrastructure, and 5G presents an opportunity to
not only improve urban connectivity, but also proactively
address the digital divide. A divide that if left unchecked,
would only widen.
India is at the cusp of a next generation of wireless
technology 5G. 5G has been conceived as a foundation
for expanding the potential of the Networked Society.
A digital transformation brought about through the
power of connectivity is taking place in almost every
industry. The landscape is expanding to include massive
scale of “smart things” to be interconnected. Therefore,
the manner in which future networks will cope with
massively varied demands and a business landscape
will be significantly different from today.
For India, 5G provides an opportunity for industry
to reach out to global markets, and consumers to gain
with the economies of scale. Worldwide countries
have launched similar Forums and
thus, India has joined the race in 5G
technologies.

would comprise of terrestrial technologies –both fixed
and mobile. The next layer would comprise of airborne
technologies including. HAPS (High Altitude Platform
Services) which will help meet the needs of dense
broadband clusters in urban areas where terrestrial
technologies would find it hard to reach as well as rural
sites where deployment of fiber may not be feasible.
Both these layers would be super-imposed by a layer
comprising of Next generation Satellite technologies
viz. LEO/MEO/HEO along with High Throughput
Technologies to cater to high bandwidth requirements,
ultra-low latency requirements in remote and hard-toreach areas.
The sections in this paper presents a snapshot
of Roadmap for 5G in India, 5G vision, optimal 5G
architecture for India, the ongoing development of 5G
technologies across the world, the rural use case for 5G,
articulates the role of satellite technology in supporting
this development, and also presents a limited set of policy
recommendations in this regard. These recommendations
are based on a review of literature and the existing policy
discourse over the development of 5G across the world.

Geographic isolation, both in
terms of population densities and
the techno-economic infeasibility
of taking connectivity to rural &
remote regions, combined with
the fragmented politics of local
governance present a significant
challenge. 5G may well be the most
suitable platform to address these
challenges and guarantee, to the
greatest possible degree, equal access
to the Internet.
It is believed that 5G ecosystem
would be based on a layered
approach especially when it comes
to meeting a country with such
a vast and diverse geographical
expanse as India. The bottom layer

5

Roadmap for 5G in India

2. Need for a Roadmap
With so many generations of mobile now deployed
globally, the technology is starting to become a
commodity and is naturally experiencing market
pressure underpinned by shrinking margins and higher
deployment costs.
It is useful and timely to pose the question on
the future of mobile—a future that goes beyond 5G.
Notably, it is important to understand which technology
disruptions are required to enable mobile not only to
survive but also to thrive in an increasingly competitive
technology and business landscape.
With proper guidance, it is anticipated that 5G and
Beyond will be able to unlock the economic benefits
outlined in numerous studies.

It is imperative that the entire industry for future 5G networks and massive connectivity
is willing to participate in this Roadmap activity. Doing so will allow participants to
realize critical benefits:
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✔✔

Optimize investment strategies for R&D

✔✔

Enable visibility into future technology trends

✔✔

Concentrate efforts toward future solutions so benefits are maximized for the industry

✔✔

 ontribute to and be informed of common perspectives in a timely way to address the shared
C
needs and challenges faced in the evolution to the future state

✔✔

 lign with pre-competitive solutions that can be implemented in collaborative environments, as
A
well as in the competitive domain

✔✔

E xplore unique innovations to provide potential solutions where it serves individual stakeholders
within industry to do so

✔✔

L everage R&D costs through resulting collaborations and partnerships or benefit from the results
of enabled research activities

✔✔

Provide valuable input to the formulation of standards

✔✔

 evelop a timeframe of projections for when introductions of new technologies may be needed
D
also will convey important benefits:

✔✔

Provide necessary lead time for equipment and interface development

✔✔

Allow time for solutions to be modelled and tested

✔✔

Enable research opportunities to be explored and funded
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3. 5G Vision
India is at the cusp of a next generation of wireless
technology 5G. 5G has been conceived as a foundation
for expanding the potential of the Networked Society.
A digital transformation brought through the power
of connectivity is happening in almost every industry.
The landscape is expanding to include massive scale
of “smart things” to be interconnected. Therefore,
the manner in which future networks will cope with
massively varied demands and a business landscape
will be significantly different from today.
For India, 5G provides an opportunity for industry
to reach out to global markets, and consumers to gain
with the economies of scale. Worldwide countries have
launched similar Forums and thus, India has joined the
race in 5G technologies.
Economic benefits of 5G: The economic benefits
from the 5G technology are also quite immense. As
per the Organization for Economic Cooperation and
Development (OECD) Committee on Digital Economic
Policy, it has been stated that 5G technologies rollout
will help in, increasing GDP, creating Employment and
digitizing the economy.

Technological benefits
Ushering towards 5G will help companies design and
manufacture 5G technologies, products and solutions
in India, thus developing some essential IPR (intellectual
property rights) in the 5G standard.
5G will facilitate accelerated deployment of next generation ubiquitous ultra-high broadband infrastructure
with 100% coverage of 10 Gbps (gigabits per second)
across urban India and 1 Gbps across rural India.
5G, say experts, will be able to handle more
data, connect more devices, and significantly reduce
latency—the time it takes for a packet of data to get
from one designated point to another.
5G also enables Multiple Input, Multiple Output
(MIMO) and promises to improve network capacity,
thus improving the quality of service (QoS).

World and 5G
Operators around the world, including India, are
developing a 4G or long term evolution (LTE) footprint
in a bid to provide better coverage to the consumer. 5G
will not be an overlay network, it will work in tandem
with 4G. So, for operators to be relevant in 5G, they
would need to have a very good quality 4G network.
Asia-Pacific region countries, including South Korea,
China and Japan, are teaming together to research
on frequencies for 5G mobile telecommunications to
secure early both 5G frequencies and their position as
leaders in the technology.
Chinese operators are on track to launch commercial
5G networks by 2020 and are expected to establish
China as the world’s largest 5G market by 2025.
Countries including South Korea, China, Japan,
the US, the UK and Brazil are expected to roll out 5G
networks by 2020. Even the Pakistan Government is
contemplating roll out of 5G networks soon.
The 5G vision will be realized in the converged
network in three fundamental ways: through densification,
virtualization and optimization of the network.

Densification
If 5G is really going to deliver speeds 10 or more times
faster than 4G, it will require more base stations in a given
area—increasing the density of the network itself. Mobile
network operators (MNOs) have begun this process in
their 3G and 4G networks, with increased sectorization
and the addition of small cells. Regardless of how 5G
is ultimately defined, it will require more densification
across macro sites, in-building and within small cells.
Densification adds complexity to the network
because it increases the number of cell borders, where
interference becomes a problem and handoffs introduce
the possibility of dropped connections. In a 5G world,
networks will need to depend on intelligent, automatic
spectrum allocation to maintain quality as well as speed.
Wireline infrastructure will also require upgrades to
provide adequate fronthaul, backhaul and power.
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Virtualization
MNOs will need to virtualize much of their 5G infrastructure to effectively manage spectrum—and efficiently
manage costs. Several solutions and practices already exist to make this migration practical, including:
✔✔

 entralized radio access networks (C-RANs), which will be the precursor to cloud radio access networks (also
C
known as C-RANs). Centralized RAN involves moving baseband processing units (BBUs) from cell sites to a
central location serving a wide area via fronthaul. This practice not only reduces the amount of equipment
at the cell site, but also lowers latency. In the coming evolution to cloud radio access networks, many BBU
functions will be offloaded to commercial servers, essentially virtualizing the radio itself and greatly simplifying
network management.

✔✔

 etwork function virtualization (NFV), which guides development of new core network architecture will
N
simplify the rollout of new services. NFV and software-defined networking (SDN)—deployed in conjunction
with advanced analytic tools—will allow MNOs to automatically optimize their networks under policy control.

✔✔

 ell virtualization, which extends the concept of virtualization beyond the core network to the airwaves.
C
Inside buildings, cell virtualization will enable MNOs to manage multiple radio points within the footprint of
a single cell, boosting capacity and eliminating inter-cell interference. C-RAN-enabled cell virtualization also
gives operators the ability to greatly increase spectrum reuse—hence, boosting overall efficiency.

✔✔

 irtual service instances, which reflect the need for 5G networks to support a diverse set of use cases. These
V
virtual instances (or “network slices”) can serve different customers with different Quality of Experience (QoE)
levels even though they may be sharing common computing, storage or connectivity resources.

Optimization
The third strategic component is to design and deploy
for optimal performance. On a general level, this
means increased efficiency throughout the converged
network—from spectrum efficiency to implementation
of virtualized load-balancing, and from space-efficient
small cells to energy-efficient backhaul. These measures
are seen in such solutions as:
✔✔

✔✔
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obile edge computing (MEC), which will
M
serve the low-latency 5G IoT use cases such as
augmented driving and the tactile internet.
Placing cloud-computing capabilities at the edge
of the mobile network involves many smaller
data centers distributed closer to the cell sites—
forming an edge cloud where intelligence can be
placed closer to devices and machines. Content
will become more complex and will require ultralow latency—not just in the pathway (which 5G
solves), but in the core data center. Moving all
of this content to the very edges of the network
solves the problem.
 ew power solutions, which are needed by 5G
N
networks that have targets for energy efficiency as
well as spectrum efficiency. It will be essential to
learn how to get this power to sites in a practical,

cost-effective and environmentally-responsible
way. Power over Ethernet (PoE) is a promising
technology for 5G devices in the IoT.
✔✔

F
requency management in shared site
equipment, which will require advanced selforganizing network (SON) capabilities in addition
to core network architecture changes. New
access network techniques such as massive MIMO
(multiple input-multiple output) are required to
deliver the 5G experience; RF beamforming and
interference mitigation technologies are also
critical. Massive MIMO typically describes arrays
of at least 64 antennas—often in bands above
2 GHz in the TDD spectrum. Massive MIMO will
be deployed extensively in the centimeter and
millimeter wave bands where the antennas
become very small.

✔✔

Time division duplex (TDD) modes, which will
play a significant role in growing 5G deployments.
In 2015, about one in eight networks utilizes TDD
technology, and that ratio is likely to increase.

✔✔

Interference mitigation, which is needed to
ensure robust data services, as increased
complexity demands increase signal-to-noise
ratio (SNR). As stated in Shannon’s Law, the level
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of noise and interference in a wireless network
determines the throughput capacity. MNOs must
focus on ensuring a clean RF path through new
technologies that reduce cell border interference,
carefully sculpted transmission patterns, and
network optimization.
Understanding and appreciation of 5G requires a
totally different mind-set from what applicable to 3G
and 4G. The latter two are mobile technologies which
are progressive baby steps, with different degrees of
success, towards broadband. However, 5G goes much
beyond that.
Incremental-type of thinking cannot envision the
character and potential of 5G. It marks the entry into the
true full-fledged broadband era of ultra-high speeds &
bandwidth, ultra-low latency and a truly interconnected
world – a continuum of both people and things. It
will also usher us into the exciting world of ultra-high
definition and virtual reality expectations. Thus, in a
sense, in contradistinction to 3G and 4G, it even takes us
beyond true broadband. Such ultra-level performance
includes an eco-friendly ‘green’ telecom aspect with an
incredible reduction in energy consumption per bit by
a factor of 1000.
The vision of 5G mobile is driven from the
predictions of up to 1000 times data requirement by
2020 and the fact that IP video traffic will be 82 percent
of all consumer Internet traffic by 2021, up from 73
percent in 2016, the traffic could consist of over 4/5ths
video. If one connects this with the mobile spectrum
available then there just isn’t sufficient spectrum to
satisfy the demand. Although there can and should
be moves to use the spectrum more efficiently e.g. by
using spectrum aggregation and sharing schemes this
is still considered insufficient. Thus the conclusion is to
move to a denser network (Densification) and increase
the area spectral efficiency by orders of magnitude.
This leads to a network of much smaller cells, which
will not be homogeneous but a flexible heterogeneous
network where the resources can be adapted
dynamically (on demand) as the users demand in
space, time and spectral resources and even between
operator changes.

designed with the user in mind and their requirements
to access information efficiently, with lower latency and
with a good QoE. This ties in well with the cloud based
approach to service delivery and network architecture
— the ‘software defined network approach’. Service
providers will need to use this network in bespoke
ways and thus virtualisation of functions is key so that a
virtual provision can be made in a quick and easy way.
Virtualisation and multi tenancy are key aspects
of the 5G vision. Another key driver for 5G is the
emergence of IoT and the vision of Billions of objects
being connected to the internet. This is the enabler to
‘smart cities’ and other such ‘smart’ environments and
the emergence of what is called ‘Big Data’ applications
where massive amounts of data can be processed to
feed a plethora of new applications. For 5G this implies
being able to handle large quantities of low data
communications efficiently covering widespread sensor
networks and M2M communications.
There are two remaining pillars of the 5G vision.
The first is ensuring availability, reliability and network
robustness. The abstraction or virtualisation techniques
mentioned above and the cloud nature of the services
raises complex issues for critical services and security
as the point on which services or content could be
delivered will be operated over several heterogeneous
networks managed possibly by different entities. The
whole end to end management then becomes a real
issue. The second and increasingly important issue
is that of reducing energy. The target is a reduction
by 90% of today’s energy by 2020 at no reduction
in performance or increase in cost. Thus 5G network
design becomes a complex task involving link and area
spectral efficiency together with energy efficiency.

This requires a fundamental redesign of the network
which still has a legacy of cellular networking based
upon 3G and which results in excessive and inefficient
signalling inhibiting the adoption of new service types.
The trend now is towards ‘Information Centric Networks’
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4. 5G Developments Across the World

Asia-Pacific region countries, including South Korea,
China and Japan, are teaming together to research
on frequencies for 5G mobile telecommunications to
secure early both 5G frequencies and their position as
leaders in the technology,
Chinese operators are on track to launch commercial
5G networks by 2020 and are expected to establish
China as the world’s largest 5G market by 2025.
Countries including South Korea, China, Japan,
the US, the UK and Brazil are expected to roll out 5G
networks by 2020. Even the Pakistan Government is
contemplating it will roll out of 5G networks soon.
Many countries are currently in a scramble to nail
down disparate technologies to conform to a 5G ideal.
The spoils of a first mover advantage are clear, and
India is in a formidable position to take a lead on the
implementation of complementary technologies to
achieve 5G capabilities, and monetize the resulting
benefits for its own socio economic development.
There are disparities across nations with respect to
5G readiness. The following table presents a snapshot
across IMT2020 identified bands across some key
nations:
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Fig.1: 5G Readiness

4.1. China
The seeds of systemic reform conducive to the development
of 5G are said to be effectively in place in China. In an effort
to fine-tune the development of future communication
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technologies, there has occurred a gradual shift from policy
strategy to user orientation. A shift that is claimed will be
critical for development of an inclusive 5G environment.
From 2013 onwards, China has made significant
contributions to the global 5G discourse. The Chinese
Ministry of Industry and Information Technology,
National Development and Reform Commission and
The Ministry of Science and Technology were active and
critical stakeholders in the development of 5G technical
standards during the IMT2020 workshops.
A critical input by China at the IMT 2020 workshops was
the estimation of the spectrum that would be required
to realize true 5G. In addition to the standard ITU-R
spectrum requirement calculation method specified
in Recommendation M.1768, China used an additional
method to account for local conditions. According to
the calculation, China needs 1350-1810 MHz in 2020.
As of the end of 2014, there was a deficit of 663 MHz in
planned frequencies. It is also known that this demand
would continue to increase after commercialization. A
GSMA study pegs this deficit at over 1100 MHz while
assuming total demand at 1800 MHz.
From the already identified IMT spectrum, China’s
infrastructure is said to be compatible with 2300-2400
MHz, though limited to only indoor use while coexisting
with radiolocation services. Deployment of TD-LTE
systems in this band was authorized in December 2013. At
the same time other bands are still under study. The 34003600 MHz band is already used as extended C band for
satellite services, given its ability to propagate better than
higher frequency bands, especially during bad weather.
Huawei has been working on 5G since 2009, and
secured polar coding before competitors and introduced
the first network splicing router. In April 2017, Huawei
announced plans to begin 5G rollout preparations in
Hong Kong, and that a pilot program would likely go live
in multiple major cities by 2019.
Increased levels of control over actors in the market,
including proximity and control over manufacturing

and innovation centers such as Shenzhen, a vibrant
ecosystem with carriers and equipment manufacturers,
as well as active participation and demonstrated thought
leadership make China a formidable contender in the
race to adopt 5G.

4.2. USA
Significant developments are underway in the United
States of America to bring 5G to fruition. According
to estimates in 2014, 275 MHz of additional spectrum was
required to be made available to cater to 5G demand.
The USA is willing to use the recently cleared 600 MHz
licensed band (617–652/663-698 MHz), as well as the
3.5 GHz shared band (3550–3700 MHz). The Advanced
Wireless Services (AWS-3) band, i.e. 1695–1710 MHz,
1755–1780 MHz, and 2155–2180 MHz can also be used
if desired. It should be noted that although the 600
MHz band is not an IMT band, ITU has already decided
to review the situation of TV broadcasting band (470–
694/8 MHz) in the year 2023, in view of releasing more
spectrum for mobile systems if necessary.
The FCC selected 3.85 GHz of licensed spectrum
in the 27.5–28.35 GHz and 37–40 GHz bands (37–37.6
GHz allocated to 5G on a shared basis), plus 7 GHz of
unlicensed spectrum in the 64–71 GHz band. Although
these choices are not fully aligned with ITU plans, FCC
is analyzing the possibility to open up to 18 GHz of
additional spectrum in all ITU candidate bands, except
42.5–47.2 GHz.
In 2016, AT&T launched trial 5G services in Austin,
Texas, and has recently announced roll-out to a dozen
markets by the end of 2018. In 2017, during its test run
in Austin, AT&T reported speeds of up to 1 gigabit per
second and latency rates well below 10 milliseconds.
Verizon is reported to have commenced its pilot phase as
well. Its efforts however are targeted towards residential
broadband connectivity that may require small antenna
mounted on homes, and would be a direct replacement
for fiber last mile connectivity.

4.3. European Union (EU)
Europe selected the 700 MHz (694–790 MHz) as the band below 1 GHz for 5G, while the leading pioneer 5G band
should be 3.4–3.8 GHz. It is in this band that each European country is expected to deliver 5G services at least in one
city by 2020. The 1.5 GHz band (1427–1452/1492-1518 MHz) is being studied to provide supplementary downlinks . 5G
may also be used in any other band harmonized at European level for mobile services and licensed under technology
neutrality paradigm (800 MHz, 2 GHz, 2.3 GHz and 2.6 GHz).
The European Union followed ITU guidelines and designated 3.25 GHz of spectrum in band 24.25–27.5 GHz as a pioneer
5G band. The Europeans also consider the bands 31.8–33.4 GHz and 40.5–43.5 GHz as promising bands in the future.
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5. Roadmap for 5G Architecture in India
The roadmap for 5G architecture should be matched
with the service requirements, user experience and
expectation to innovative technologies. It should not only
be driven by technologies, but also the user experiences
on services. At an initial stage of 5G being introduced to
market, existing and emerging technologies could be well
integrated and harmonized in a consensual architecture
to meet the user experience requirements of high data
throughput and convenient connection. While in an
advanced stage, hybrid technologies will be harmonized
under a unique architecture to allow end users to even
more easily access to information without awareness of
the technology being used in the connection.
Research and standardisation of 5G, including
both access technology and architecture is now well
underway. Standards will emerge from around 2018, with
commercial deployment of standards-based solutions
from around 2020. There will be architectural options
for 5G, with evolved ‘legacy’ 4G core supporting a new
5G radio technology, as well as a new core aggregating
both 5G radio technology and LTE. Broadband India
Forum (BIF) anticipates 5G being the first generation that
will be natively designed with a full software approach
(through NFV Network Function Virtualisation and SDN
Software Defined Networks). It will integrate networking,
computing and storage resources into one programmable
and unified infrastructure in order to deliver more
than connectivity. Starting in data centers and at the
network edges, networking services, capabilities and
business policies will be instantiated as needed over this
underlying infrastructure. This will provide the agility and
flexibility to provide on-demand customized network
slices, effectively allowing us to run specialized networks
fulfilling very different requirements from the same
infrastructure. Performance and policies can be tailored
to specific customers’ needs, supporting a variety of
business models and development of partnerships with
third partners and customers themselves. The ability
to dynamically allocate and adjust resources will also
reduce energy consumption. Of course, virtualisation
and SDN are not limited to 5G, and we expect to see
these technological approaches being introduced to 4G
and other technologies before 5G.
We also believe 5G is an opportunity for delivering
real Fixed-Mobile Convergence, or rather, Fixed-Mobile
Integration. There has been some convergence in the
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past, for example with specific functions and the IMS
platform supporting both fixed and mobile accesses;
we 5G think we can go further and target a seamless
customer experience across fixed and mobile domains.
As well as continuity of availability of services across
both domains, this would include hybrid access to giving
combined bandwidth, global network management
and orchestration, potential network architecture
simplification, and cost and energy savings.
The industrial consensus is that there will be a new
5G air interface standard by 2020 and 3GPP has built
its two-phase roadmap for the sake of 5G air interface
– 1) NSA (Non-Stand Alone) and 2) SA. The first phase,
NSA assumes basically the coexistence of LTE and 5G
air interfaces and their convergence for better user
experience.
5G systems will also provide an architectural flexibility
and enable logical network slices. The term, Network
Slicing which is in vogue to the 5G parties will enable
operators to provide networks on an asa-service basis
and satisfy the wide range of use cases.
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There has never been a better time to start building
the next generation 5G ready network architecture as a
platform for innovation. The market knows it, our service
provider customers know it as well. The true innovators
in our industry are already pushing the envelope of
what is possible, feasible and still only imaginable.
The long pole is not the “5G New Radio”, it is the entire
network transformation toward a digital, cloud-enabled,
app-driven world that is money-making and easy to
operate. 5G will be as strong as the weakest link across
domains: HetNet, Cloud-RAN, IP transport, mobile core,
edge and cloud computing, supported by the proper
virtualization and SDN capabilities, management, control,
orchestration, analytics, and security end-to-end from the
device to the app/service. Identity management, policy,
charging have to evolve as well to support a seamless
and consistent quality of experience. Full automation
and CUPS can help to break artificial domains to further
seamless interworking. With this advancement, network
slicing (through the mobile core, IP transport and radio)
becomes an invaluable enablement tool making the 5G
network an “enablement platform”.
Another important aspect when it comes to network
evaluation is to increase the capacity of transport and core

network entities. For instance, Backhaul capacity should
be increased in a linear scale along with application-layer
requirements; however, it goes even serious in the case
of Fronthaul. In LTE, the typical requirement of Fronthaul
capacity enhancement is more than sixteen times higher
than that of Backhaul. KT has studied on the most efficient
method to increase the end-to-end system capacity, while
reducing the requirement for evolved Fronthaul.
5G requires a different mindset from 3G & 4G. 5G
goes much beyond simple mobile technology into the
world of Ultra-HD & VR expectations. It takes us beyond
simple Broadband connectivity.
The 5G Ecosystem shall permeate all 3 layers
-Terrestrial layer, then followed by aerial layer at a
slightly higher altitude and then followed by the Satellite
Layer. Each layer would have a role to play in delivery of
ubiquitous 5G Services.
5G shall envisage development of complete
ecosystem. It shall cover all terrains and geographical
expanse. For this purpose Spectrum Decision needs to
be taken expeditiously –latest by mid-2018, if we have to
roll out First Phase of 5G by 2019
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India has started tuning spectrum for 5G services
as part of its roadmap to become early adopter of the
next generation services, which is expected to provide
download speed over 1000Mbps on mobile devices.
On spectrum we are already more or less aligned with
global position in 5G. Those bands we are harmonising in
line with global community.
At present 4G services are provided in spectrum band
below 2600 MHz. With increase in frequency band count,
the signal coverage area reduces, but as per technology
trend, speed of transmitting data has been increasing.
The government has already harmonised spectrum
in 700MHz band which can be used for 5G services.
Telecom players are running trials to use 5G in
automated cars, robotic surgery from remote locations,
education, etc.
All the players are positioning themselves for India as
a big 5G market. One of the leading chipset company in a
meeting told us that India will have one of the biggest IoT
(Internet of things) user base and the company is keen to
partner with C-DoT for developing various IoT solutions.
India is a forerunner and will be an early adopter of 5G.
Even a lot of Indian software companies are behind of lot
of the technologies in 5G. The corresponding software
has to be made. Indian companies are developing
software for that. Already C-DoT has developed standard
M2M platform.

14 / MAY 2018

Satellite and terrestrial system integration is already
a trend and this will continue with the development
of integrated and interoperable standards to allow the
two sectors to interconnect efficiently both at network
level and at IP levels. In addition mobility management
integration will evolve across the larger satellite and
smaller terrestrial cells. Satellite communications
systems encompass a wide range of solutions providing
communication services via satellite(s) as illustrated
in Figure 3. The research challenges to addressing
the fruitful integration of terrestrial and satellite
air interfaces include the optimization of resource
allocation strategies for both traffic and signalling,
the efficient delivery of broadcast-like services,
the reduction of latency, cost per bit, and energy
consumption. The improvement of the autonomy
(how many days/months/years it can operate) of High
Altitude/Low Altitude platforms is also a key topic. The
level of integration between terrestrial and satellite
solutions (physical interface, control layer, service
layer…) should also be investigated taking into account
the constraints on devices and system costs, impact on
the environment and on energy consumption.
The integration of network standards is seen to
be crucial in these architectures. In particular how the
satellite gateway interconnects into the 5G network
interfaces. There are various scenarios of interconnection
between the network entities, separating the control
plane from the data plane that will determine the
performance and the signalling load on the networks
that needs to be minimised.
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A major contribution that satellite can make to 5G is
to off-load traffic from terrestrial networks, in particular
for video-based traffic as the largest contributor to
spectrum demands through one-to-many distribution
to, e.g., localized caches. This can be achieved by traffic
classification and intelligent routing and will thus reduce
the demands on the terrestrial spectrum. Satellites have
been traditionally used for broadcast purposes but as CDNs
become common, the ability of satellites to download high
data that can be cached for onward delivery becomes an
attractive feature. The interplay with new (inter)network
architectures, such as CDN is important to consider
for SatCom/cellular integration. Pervasive caching and
naming of information and content transferred over
the networks would more easily allow the inclusion of
SatCom into an integrated Satellite-Terrestrial network
by exploiting the broadcast/multicast and broadband
capabilities and masking the longer propagation delay,
improving overall performance with caches at the edges.
QoE is becoming the byword for service provision and
a major differentiator, but it is little understood at the
moment. It is clear that peak and average bit rates are
not the determining factor but sustainable bit rate links
more to the QoE. Intelligent delivery of services using the
systems that best suits the QoE to the user is another area
in which satellite can play a part.
Integrated localisation schemes are key enablers to
many new services in 5G. The notion of per-user integrated
location and service management in cellular/satellite
systems should be investigated either to help in spectrum
sharing or to improve trunking systems. A per-user service
proxy can be created to serve as a gateway between the
user and all client-server applications engaged by the
user. The aim is that whenever the user’s location database
moves during a location handoff, a service handoff also
ensues collocation of the service proxy with the location
database. This allows the proxy to know the location of

the mobile user to reduce the network communication
cost for service delivery. Different users with vastly
different mobility and service patterns can adopt different
integrated location and service management methods to
optimize system performance.
The integration of satellite (GEO and non-GEO) and
terrestrial can be used to extend the 5G network to
ubiquitous coverage. For example to sea—cruise liners
and yachts, to passenger aircraft, trains and even to
remote locations such as holiday villas. A simple example
is via backhauling but this can be done in an intelligent
manner by routing traffic either over the satellite or
terrestrially depending on the content and the required
QoE. IoT coverage to wide areas involving sensors and
M2M connections are ideal services to make use of satellite
wide area coverage. The challenge is to design efficient
low data rate communications in large numbers via the
satellite. Transport services including V2V are again ideal
for satellite with its wide coverage. In the safety market
all new vehicles are likely to be mandated to include
safety packages and given the need for ubiquitous
coverage systems that follow on from the EU SAFETRIP
system demonstration will play a key role. Furthermore,
we foresee the provisioning of a robust, virtually
infrastructure-less network for safety and emergency
networks, highly distributed enterprise networks and
backhaul alternative for isolated and remote areas.
Beyond offloading broadcast services, there is also a need
to determine, identify and investigate those scenarios
for which satellite based solutions hold the potential
to provide advantages with respect to a stand-alone
terrestrial solution (e.g., on sea/air, low-density populated
areas, isolated villages, emerging countries, tracking
of fleets, etc) in terms of service availability, resilience,
coverage. To achieve this objective, techno economics &
benchmarking studies should be conducted in addition
to performance and capacity studies.

Localisation and positioning is key to many different 5G services. The integration of cellular and satellite positioning
systems is a key challenge to enabling this vast range of services. Satellites are already used for earth resource data, which
is in itself used as an input to many new services. Coupling this with integrated satellite and cellular communications
will provide a powerful new fusion enabling the innovation of services. Future 5G system will include the integrated
provision of communication, localization and sensing on a global and very accurate scale.
Security services require high resilience and thus the use of satellite together with cellular delivery will help provide
the availability required. Most countries have fallback disaster and emergency networks, which can benefit from an
integrated satellite and cellular approach. There is increased use of surveillance using UAV’s and the necessity for real
time high definition video, which is best delivered by satellite.
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6. 5G Spectrum Recommendations
India is on the right path to get
onto the spectrum roadmap on
5G. There is possibility, and we
could see that legacy spectrum
could also be reformed and used
for 5G. There is little demarcation
between what we have today,
typically, 4G, 4.5 and 5G. There
is cutting-edge technology that
we already are dealing with in
India like Massive MIMO. These
are building blocks. We will have
their use in the timeline of 5G.
Of late, there have been talks
in the standardization bodies
of 3GPP about new possible
frequency band for 5G and
there were recommendations
from India apart from players
from other countries. So, India
is already making a very straightforward roadmap and
giving a signal to the industry where they want to go
on spectrum.
There is also a need to address aspects regarding
transmission, backhaul and core network transmission.
Here one could assume that fiber could be quite a good
start. However, we cannot expect to get fiber everywhere.
This is not a deal breaker though. No country will start
5G with fiber everywhere. Where there is no fiber, we can
use microwave by making use of airborne and satellite
communications. But, fiber is the best choice.
Digital India can greatly benefit from 5G, consumers
will get digital content that would be for public use
across all markets. India is extremely powerful today in all
aspects - IT, local industry, on application. This is exactly
what needs to be done and needs to be put into cloud
and needs to be used across industries.
However, it is already something that we can take
advantage of today also without 5G. But 5G can push
this forward. Today on the country level, we need water,
we need electricity, we need roads, we need cars and so
on, and we need digital cloud type of capabilities from
service point of view. We could expect that if we look
at 10 years from today, this should be more and more
obvious. And countries that will take the lead, that will
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be front runners, will gain advantage on every aspect –
in people’s living condition, in the GDP of the country, in
even export to other countries.

6.1. Spectrum Ranges Considered
Suitable For 5G Applications
Recommendation ITU-R M.2083, IMT Vision – “Framework
and overall objectives of the future development of IMT
for 2020 and beyond” – identified three major usage
scenarios for 5G:
✔✔

nhanced Mobile Broadband: Mobile broadE
band addresses the human-centric use cases for
access to multi-media content, services and data.
The demand for mobile broadband will continue
to increase, leading to enhanced mobile broadband. The enhanced mobile broadband usage
scenario will come with new application areas and
requirements in addition to existing mobile broadband applications for improved performance and
an increasingly seamless user experience. This
usage scenario covers a range of cases, including
wide-area coverage and hotspot, which have different requirements. For the hotspot case (i.e., for
an area with high user density), very high traffic
capacity is needed, while the requirement for mobility is low and user data rate is higher than that
of wide area coverage. For the wide-area coverage
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case, seamless coverage and medium to high mobility are desired, with much improved user data
rate compared to existing data rates. However, the
data rate requirement may be relaxed compared
to hotspot.
✔✔

✔✔

Ultra-Reliable and Low-Latency Communications:
This use case has stringent requirements for
capabilities such as throughput, latency and
availability. Some examples include wireless control
of industrial manufacturing or production processes,
remote medical surgery, distribution automation in
a smart grid and transportation safety.
Massive Machine-Type Communications: This
use case is characterized by a very large number
of connected devices typically transmitting a
relatively low volume of non-delay-sensitive data.
Devices are required to be low cost, and have a
very long battery life.

6.2. Harmonization of 5G Spectrum
Spectrum harmonisation continues to be important for
the mobile industry in the 5G era. Globally harmonised
spectrum enables economies of scale and facilitates

cross-border coordination and roaming for end users - a
critical factor for the initial deployment of 5G. TRAI and
the industry should take immediate action towards the
following objectives:
✔✔

S pectrum should be allocated to Mobile Service
on a primary/co-primary basis globally or
regionally,

✔✔

onsistent frequency arrangements (including
C
band plan and duplexing mode) should be
adopted across all markets,

✔✔

onsistent regulatory frameworks should be
C
strived for – same technical conditions should
govern the use of particular frequency bands
(e.g. emission masks ensuring sharing and
coexistence with other services in the same band
or in adjacent bands),

✔✔

armonised standards: the same technology
H
standard should be adopted. ITU-R Working
Party 5D is leading the development of IMT2020 standards and the mobile industry is
working on 3GPP 5G NR as the harmonised
standard for 5G.
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Key Bands for Regulatory Decision-Making
✔✔

 00 MHz (low-range) - In reviewing the global activity for low-range spectrum, the 700 MHz band stands out
7
as a band that is well on its way to being implemented with a global footprint.

✔✔

 4 GHz and above (high-range) - From the WRC-19 agenda item, as well as decisions in Europe and the United
2
States, it is now clear that millimeter wave spectrum above 24 GHz will become a key part of 5G networks.
Several countries already have a co-primary allocation in the bands that are under study for WRC-19. For a
country like India which is lacking a co-primary allocation, consideration should be given to creating one, and
planning should begin to identify which of the bands can be offered for cleared, exclusively licensed use, and
which might need to be shared. TRAI should strongly consider whether it is possible to open 28 GHz for mobile
services, as the U.S. has done. Other priority ranges for deployment include 24-27.5 GHz, 27.5-29.5 GHz and
37-43.5 GHz

✔✔

 GHz bands (mid-range) - Spectrum from 3.4-3.6 GHz is globally allocated for mobile and identified for IMT, with
3
another 50 countries also identifying 3.3-3.4 GHz for IMT. Europe has announced its intent to open 3.4-3.8 GHz as 5G
spectrum region-wide. However, in India, significant mid-range spectrum shortage represents a gap for operators
that will need to have mid-range spectrum to deploy certain 5G use cases that benefit from the inherent coveragecapacity trade-off, which is the main characteristic of the mid-range spectrum for cellular services. India throughout
the region need to evaluate their readiness for mobile operations in these bands in support of 5G use cases, and
begin to take steps to migrate the bands so that they can be used for 5G mobile networks.

In addition to the above identified bands, TRAI should facilitate the use of existing IMT bands for 5G usage. 3GPP
identified several existing IMT bands in the early 5G New Radio release. It is important that regulators allow 5G in
existing bands. 3GPP Release 15 includes an objective to develop co-channel coexistence between LTE and New Radio.
A good example of an existing IMT band that is available for New Radio deployment today is the 2.5 GHz band.

6.3. Necessary Action
Since 5G is targeting improvements across three
fronts, enhanced mobile broadband, massive-scale
connectivity, and ultra-reliable low latency service,
there are different spectrum requirements than
previous generations of cellular technology. To meet
the new and emerging use cases it will most likely be
best to utilize a portfolio of spectrum assets consisting
of low-band, mid-band, and mm-Wave spectrum.
It is envisioned that low-band spectrum, with its
propagation and penetration characteristics, could be
used to provide in building coverage in urban areas
and wide-area coverage in more rural areas. Midband spectrum could be utilized for capacity and high
speed in both urban and suburban zones. The large
bandwidths available in the mm Wave bands can
achieve high data throughput speeds but the somewhat
limited propagation distances and penetration at these
higher frequencies could possibly confine usage to
more concentrated areas. It is therefore important that
regulators take actions to ensure adequate spectrum
resources are available in all bands and allocate adequate
bandwidth to support the varied use cases of 5G.
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Additional studies may be necessary to determine the
practical extent of a particular tuning range, especially
when considering additional bands identified under
WRC 2019 Agenda Item 1.13. Tuning ranges allow the
development of equipment that accommodates multiple
bands and thereby facilitates the development of an
ecosystem that can serve multiple markets. Developers
and manufacturers can potentially customize equipment
for deployment countries and provide flexibility for
regulators to manage spectrum resources within any
given jurisdiction.
Therefore, administrations should consider how
5G services can be harmonized internationally, even
if identical allocations cannot be used everywhere. To
that end, administrations should consider their specific
allocations within a broader globally harmonized and
licensed band that accounts for the needs in various
regions or countries. Under this approach, each
administration would apply the tuning range concept,
with a focus on specific bands appropriate for its needs.
The near-term bands for mid-band and high-band
consideration are 3.3-4.2 GHz, 24.25-29.5 and 37-43.5
GHz. Beyond these bands, it is proposed that global

Roadmap for 5G in India

harmonization remain as a priority in the identification
and allocation of spectrum for 5G, especially bands that
have been identified under WRC 2019 Agenda Item 1.13.

6.4. Factors Leading to Economies
of Scale
Spectrum harmonization is a crucial factor in enabling
mobile broadband by facilitating economies of scale
and global roaming. However, harmonization is not
limited to a situation where all regions have identical
spectrum allocations. The benefits of harmonization
can also be derived from “tuning range” solutions
covering adjacent or nearly-adjacent bands in
which equipment can be reconfigured to operate
over multiple bands (i.e., they are within the same
tuning range).
Tuning ranges are critical to delivering the
benefits of harmonization as the radio units in user
devices developed for one band can also be utilized
in some nearby bands without requiring entirely
new development efforts. Cost, performance and
complexity trade-offs impact the feasibility of covering
harmonized frequency ranges with a single radio unit.
As technology and volume manufacturing capabilities

advance over time, further widening of radio tuning
ranges may become feasible.
The concept of radio tuning ranges is also an
important consideration with respect to WRC-19 Agenda
item 1.13 on IMT as differences in uses and priorities
among various countries and regions may make it
difficult to reach consensus on the global identification
to IMT for individual bands. Fortunately, radio tuning
ranges can be created that potentially cover more than
one region. For example, the U.S. has already decided to
move forward with enabling mobile broadband in 27.528.35 GHz, and other countries plan to use 26.5-29.5 GHz,
or parts thereof. Meanwhile, Europe has identified 24.527.5 GHz as a priority band for 5G. The combination of
the 28 GHz band in some countries and 26 GHz band in
other countries could create an opportunity for a band
plan where all or significant part of the 24.25-29.5 GHz
range has meaningful chances for being supported by
a single radio, thus driving the economies of scale and
facilitating global roaming.
The use of existing IMT bands has the advantage of
being able to reuse existing front end modules for 5G
NR usage.

6.5. Flexible Licensing
Understanding tuning ranges, and their contribution to harmonization of spectrum and radio equipment,
raises a corollary issue that should not be ignored: flexible licensing for mobile services. Flexible licenses are
those that are not tied to a particular technology, a generation of a mobile technology, or a particular use case.
With 5G mobile networks expected to support much broader ranges of radio spectrum than ever before and
address a much wider range of use cases, licenses should not contain limitations that act as artificial barriers
to an operator’s ability to utilize its radio spectrum. Operators can continue to be expected to coordinate with
each other to the extent different generations of technology will operate in geographic proximity.
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7. Role of Satellite Technology & Aerial Platforms
7.1 Satellite Technology
Satellite Communication (SatCom) systems, thanks
to their inherently large footprint, provide a valuable
and cost-effective solution to complement and extend
terrestrial networks, not only in rural areas and mission
critical situations, but also for traffic offloading in
densely populated areas. In this context, the integration
of Long Term Evolution (LTE) in Low Earth Orbit (LEO)
mega-constellation systems, i.e., hundreds of satellites,
is gaining an ever increasing attention, Also, 3GPP
Radio Access Network (RAN) activities are now entering
in a critical phase, with the first physical layer (PHY)
standard for 5G systems almost completed, and this
provides a unique chance to define a fully-fledged
satellite terrestrial architecture.

Role of Satellite in 5G:
✔✔

S atellites can support multi-gigabit per second data
rates for enhanced mobile broadband

✔✔

S atellites routinely carry high bandwidth HD and
UHD content

✔✔

S atellites already support 2G/3G mobile backhaul
in many parts of the world, and high-throughput
satellites (HTS) in GEO, MEO and LEO will support
4G and 5G mobile networks

✔✔

Satellites can support ultra-reliable communications

✔✔

S atellites can help 5G networks achieve sub-1ms
latency by multi-casting

content to caches located at individual cells, even in
places without fiber - Sub-1ms latency is very difficult
to achieve, even for 5G mobile networks achieving the
sub-1ms latency rate will likely prove to be a significant
undertaking in terms of technological development
and investment in infrastructure.
Services requiring a delay time of less than 1
millisecond must have all of their content served from a
physical position very close to the user’s device possibly
at the base of every cell, including the many small
cells that are predicted to be fundamental to meeting
densification requirements.
✔✔
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EO latency of 250ms (500ms round-trip) is
G
acceptable for many 5G applications, and new MEO

and LEO networks will be able to support even more
latency-sensitive applications
✔✔

Satellites can even play a role in helping 5G
networks meet their sub-1ms latency requirements
by delivering commonly accessed content to
mobile base stations

✔✔

S atellites can support massive machine-to-machine
communications

✔✔

S atellites already support SCADA and other global
asset tracking applications today, and can scale to
support future machine-to-machine (Internet-ofThings) communications

✔✔

Investments in new ground segment technologies,
such as smaller, lower cost, electronically steerable,
and/or phased-array satellite transceivers are
making ubiquitous deployment for IoT feasible

Satellites are poised to play a significant role in an
effective 5G network. Extending the scope and
magnitude of coverage, distribution of content, creating
robust networks, and improved spectrum utilization
are absolutely critical for a true 5G implementation.
Combining these with the requirement to integrate
trillions of latency sensitive devices in an IoT future –
and satellite technology emerges as the only techno
economically feasible option.
Also given the mass appeal for information &
entertainment related content, satellites could be utilized
very effectively to deliver low cost cached content using
Data Multicasting with Caching at the edge.
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The key areas in which satellites can play a part in 5G are
discussed below:
✔✔ Coverage
✔✔

Robust Networks

✔✔

Content Multicast and Caching

✔✔

IoTs and Integrated Signalling

✔✔

Spectrum.

Coverage
5G constructs seek ubiquity in the magnitude of coverage, and while satellites generally may not be able
to match the spectral efficiency of terrestrial networks, they can provide larger cells in a heterogeneous
arrangement, and can be used to relieve terrestrial networks of signaling and management functions, as well
as emergency & critical services. A software defined networking standard would be critical for achieving this.
Integration with terrestrial networks is key to realizing maximum value from integrated satellite networks.
Improvements in QoE by intelligently routing traffic between delivery systems and caching high capacity
video for onward terrestrial transmission is also within the scope of current technology. Traffic can also be
offloaded from terrestrial systems to save spectral resources and improve resilience and security in the
integrated paradigm.

Robust Networks
Satellites are uniquely placed to support other communications infrastructure. The 5G KPI “Ensure for
everyone and everywhere access to a wider portfolio of services and applications at lower cost” can be
potentially addressed in the following ways:
♦♦ Intelligent router functionality (IRF) at the RAN to make intelligent backhaul and routing decisions to
move between stationary and moving RANs, and out to a wider network. Under normal circumstances,
the satellites could be used to transfer a small part of the traffic, but could conceivably be called into
action in times of congestion & network stress, or even if moving RANs travel out of range of their
terrestrial links. Significant reductions in downtime could be achieved using such constructs.
♦♦ Rural connectivity and high data capacity can be achieved at relatively lower costs using satellites.
This would be critical to addressing India’s digital divide.
♦♦ Satellites could be called into service to hedge against demand spikes by guaranteeing data
availability as users move across different network cells in dense urban environments.

Content Multicast and Caching
Satellites have a major role in content caching near the edge, bringing content closer to the user in order to
achieve the 5G KPI targets of “Zero perceived delay” and “providing 1000 times higher wireless area capacity
in access” could be supported greatly by satellite technologies. Satellites can offer the following advantages:
♦♦ Global coverage
♦♦ Low number of intermediary autonomous systems
♦♦ Ultra low content access latency (Sub 1 ms)
♦♦ Offload cached content from terrestrial networks
Today service providers employ a Content Delivery Network (CDN) for better access to the content and/
or to reduce backbone costs – known as an access centric CDN and content owners employ CDNs to enhance
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service for end user – known as a content centric CDN. Both CDN techniques are expected to be widely used
in 5G networks putting pressure and increasing expectations for immediate and continuous access to rich
multimedia content. All predictions indicate that there will be a huge growth in video downloads on mobile
devices. Caching content close to the edge using efficient multicast delivery will improve the end user QoE
and reduce backhaul traffic load. This form of content delivery can be managed using Information Centric
Network (ICN) systems or other variations incorporating SDN/NFV with a centralised controller function that
optimises delivery using satellite links when appropriate to provide immediate and on demand content access.
The need to deliver rich multimedia content will drive content caching close to the 5G Radio Access Networks
(RANs). Hence, how the natural capability of satellite to multicast data over a wide geographic region can be
integrated into the CDN/ICN systems designed for 5G specifications needs to be investigated. Furthermore,
the most beneficial scenarios for multicasting with impact of different content types and the use of satellite to
provide resilience need to be investigated.

IoTs and Integrated Signalling
It is expected trillions of sensors and devices will be connected through the 5G infrastructure. The sensors
and devices will serve many different and diverse applications. There are many national and supra-national
initiatives to reduce energy consumption and increase energy efficiency. One of the expected implications
is global wide deployment of trillions of monitoring systems as part of the Internet of Things (IoT) connected
over 5G infrastructures. Each IoT device will naturally consume power when actively connected to the network.
The 5G KPI target of “facilitating very dense deployments of wireless communication links to connect 7
trillion wireless devices serving over 7 billion people” could take advantage of satellites by adapting the air
interface to allow satellite terminals to reduce power consumption of connected devices (when appropriate)
and allow for the creation of physical and data link layers to further minimize energy consumption.

Spectrum
Perhaps the most significant benefit of satellites would be higher spectral economies. Dynamic frequency
sharing would be critical for driving major increases in spectrum use, given both networks are permitted and
set up to engage in such sharing.

22 / MAY 2018

Roadmap for 5G in India

7.2 High Altitude Platform Services
(HAPS)
In past providers of communication services have clearly
fallen into two categories – satellite or terrestrial, now new
efforts are underway to give a second wind to a delivery
platform, which is physically located between the two:
airborne systems including high-altitude platform
stations (HAPS), placed on air above 20 km height.
While the ITU-R has studied the delivery of
Radiocommunication services over HAPS for years,
operational HAPS systems communications services
have yet to be been realized. Recent improvements
in lightweight aircraft technology offers potential for
realizable HAPS systems. The growing urgency to expand
the availability of broadband has renewed the interest in
these platforms.
Improvements in composite materials, low-power
computing, battery technology, and solar panels
paved the way for this concept. These planes will be
kept approximately 20 km above the Earth’s surface,
enabling them to provide broadband services to a
wide area below, allegedly with latency similar to
terrestrial technologies. These planes will use free –
space laser communication or radio frequencies to
connect to other planes and the ground. Powered by
solar panels, they are planned to remain in the air for
months at a time. Flexibility and ease of deployment
are its biggest advantages, noting their ability to move
easily to new locations. This flexibility enables them to

be relocated in order to meet demand and changing
requirement of the operator or service provider’s
business plan.

Advantages of HAP communications:
HAP communications have a number of potential
benefits, as summarised below.
✔✔

L arge-area coverage (compared with terrestrial
systems). The geometry of HAP deployment
means that long-range links experience relatively
little rain attenuation compared to terrestrial links
over the same distance, due to a shorter slant
path through the atmosphere. At the shorter
millimeter - wave bands this can yield significant
link budget advantages within large cells.

✔✔

F lexibility to respond to traffic demands. HAPs
are ideally suited to the provision of centralised
adaptable resource allocation, i.e. flexible and
responsive frequency reuse patterns and cell
sizes, unconstrained by the physical location of
base-stations. Such almost real-time adaptation
should provide greatly increased overall capacity
compared with fixed terrestrial schemes or
satellite systems.

✔✔

Low cost. Although there is to date no direct
experience of operating costs, a small cluster
of HAPS should prove considerably cheaper to
procure and launch than geostationary satellites
or a constellation of LEO satellites. A HAPS
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network should also be cheaper to deploy than
terrestrial network with large number of base
stations.
✔✔

I
ncremental deployment. Service may be
provided with few platforms and the network can
be expanded as gradually as greater coverage
or capacity is required. This is in contrast to LEO
satellite network, which requires large number
of satellites to achieve a continuous coverage,
a terrestrial is also likely to require significant
number of base stations it may be regarded as
fully functional.

✔✔

apid deployment. Given the availability of
R
suitable platforms, it should be possible to design,
implement and deploy, a new HAPS relatively
quickly. Satellites on the other hand, usually takes
several years from initial procurement through
launch to on station operation, with the payload
often obsolete by time it is launched. Similarly,
deployment of terrestrial networks may involve
time-consuming planning procedures and civil
works. HAPS thus can enable rapid roll-out of
services by providers keen to get in business
before the competition.

✔✔

latform and payload upgrading. HAPS may
P
be on-station for lengthy periods, with some
proponents claiming 5 years or more. But can be
brought down relatively readily for maintenance
or upgrading of the payload, this is a positive
feature allowing high degree of ‘future proofing’.

✔✔

E nvironment friendly. HAPS rely on sunlight for
their power and do not require launch vehicles
with their associated fuel implications.
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With respect to spectrum resources for these applications,
the ITU Radio Regulations currently contain several
frequency bands designated for HAPS in 2 GHz, 6.5 GHz,
27/31GHz and 47/48 GHz ranges. However, these bands
have geographical limitations and may not be large
enough to provide high-rate broadband. The ITU-R is
currently studying potential additional bands for HAPS
in the bands 21.4 – 22 GHz, 24.25-27.5 GHz and 38-39.5
GHz allocated to the fixed service. WRC-19 will consider
the results of these studies and could take decision
on designation of some additional bands for HAPS.
Engineers are also studying the upper parts of spectrum,
including optical bands.
A related technology uses high-altitude balloons to
bring access to the under-connected. In 2017, this
emerging technology enabled emergency internet
connectivity as part of larger government-led disaster
relief efforts in the Americas.

Opportunities for aerial platforms:
Recent test deployments of stations delivering broadband
from approximately 20 km above ground have
demonstrated the potential of providing connectivity to
underserved communities with minimal ground-level
infrastructure and maintenance. Although results of recent
tests still need some verification, aerial platforms can
probably be an effective tool to help close the digital divide
in remote communities, particularly with challenging
terrain or climate. These stations are also highly resilient
in the face of natural disasters and therefore can be an
effective tool for disaster recovery. Some other potential
applications of broadband delivered from airborne radio
systems include public protection and disaster relief,
distance learning, telemedicine and healthcare.
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8. 5G Standardisation: Opportunities for India
8.1 Innovation in India and
technology outputs

outputs in India poses an immense challenge for
policymakers and industry players alike.

The aforementioned broad policy considerations have
special significance for emerging economies such as India
which are currently at a crucial juncture and are looking
to successfully reap the immense potential benefits
of an increasingly digitised economy. Unfortunately,
however, the lack of a robust innovation ecosystem
for technology development and knowledge-based

Going by India’s progress in the past three years
(Table 1), it is quite evident that there is substantial scope
for a complete overhaul when it comes to ‘Knowledge
and Technology Outputs’, which is in fact one of the Key
Pillars of innovation. Furthermore, a cursory look at key
indicators (over three years) such as Knowledge Creation,

Table 1. Global Innovation Index (GII) – India’s Scores and Rankings
Year---»
Pillar 1
Knowledge and Technology Outputs

Score (0-100) or value (raw data)

Sub-Pillar 1.1 Knowledge Creation

Score (0-100) or value (raw data)

Rank

2015

2016

2017

30.1

31.0

30.3

49

43

38

15.2

14.4

14.2

Rank

59

57

55

Indicator 1.1.1
Patents by origin/bn PPP$ GDP

Score (0-100) or value (raw data)

1.6

1.6

1.6

Rank

53

54

53

Sub-Pillar 1.2

Score (0-100) or value (raw data)

40.1

39.2

36.2

34

26

26

Indicator 1.2.1
Score (0-100) or value (raw data)
0.1
Source: Global Innovation Index Reports (2015-2017)
Intellectual property receipts, % total trade
Rank
57

0.1

0.1

45

53

Intellectual
or value (raw
Knowledgedata)
Diffusion
property receipts,
% total trade
Rank

57

45

Rank

53

Source: Global Innovation Index Reports (2015-2017)

Global Innovation Index (2015-2017)1

Figure.
Trends
basedon
onGII’s
GII’sValue/raw
Value/rawdata
data
Figure.
TrendsofofKey
KeyPillars/Sub-Pillars
Pillars/Sub-Pillars and
and Indicators
Indicators based
40
35

Knowledge and Technology
Outputs
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Knowledge Creation
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Patents by origin/bn PPP$ GDP
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15

Knowledge Diffusion
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Intellectual property receipts, %
total trade (raw data)

5
0

2015
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Source: Global Innovation Index Reports (2015-2017)

45

Source: Global Innovation Index Reports (2015-2017)

1. Pillars
are identified
by single digit
numbers, sub-pillars
by two digit
and indicators
three-digit numbers.
The
Indian
smartphone
industry
is a typical
casenumbers,
in point,
whichbypersonifies
the
aforementioned scenario. If we look at the situation of smartphone production in India,
it is clear that India is merely assembling mobile handsets and not truly adding value.
The general lack of innovation in the Indian smartphone industry and low
competitiveness of domestic players (the reason for this stems from the low domestic
capacities of firms to invest in specialised R&D efforts required to develop technology
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Patents by Origin, Knowledge Diffusion and IPR Receipts
depicts either a stagnating or a decreasing trend.

It is also evident that despite being the second largest
market for mobile connections and smartphones, and
having hundreds of suppliers of ICT products, none are
The Indian smartphone industry is a typical case in
actually being ‘made’ in India in true sense. Resultantly,
point, which personifies the aforementioned scenario.
India is trapped in being a mere consumer / follower of
If we look at the situation of smartphone production in
almost all ICT technologies, and has not even managed
India, it is clear that India is merely assembling mobile
to contribute as an implementer of technology in the
handsets and not truly adding value. The general lack
global value chain. Owing to the lack of indigenous IP
of innovation in the Indian smartphone industry and
pool, India is way behind on innovation. R&D capacity
and associated investments are also weak. Moreover,
low competitiveness of domestic players (the reason
stats depict that India accounts for a production of
for this stems from the low domestic capacities of firms
nearly 100 million mobile phones which has significantly
to invest in specialised R&D efforts required to develop
risen from 68 million in 2014. This includes major
technology such as semiconductors and the general lack
of specialised skills) has resulted in the absence of India’s
manufactures such as Panasonic, Mitsubishi, Samsung,
participation in the global value chain of ICT products
LG, Flextronics, along with Indian manufacturers such as
and its components. India’s royalty and license fees
Micromax, Lava, Intex among others. However, despite
receipts and domestic patent application statistics have
being a producer, India imports more handsets than its
of indigenous IP pool, India is way behind on innovation. R&D capacity and associated
remained
stagnant
over
the
past
three
years
(See
Table
4
produces domestically.2
investments are also weak. Moreover, stats depict that India accounts for a production
Figure
6). Hence,
substantial
scope for
ofand
nearly
100 million
mobilethere
phonesiswhich
has significantly
risenIndia
from 68 million in
2014.
This
includes
major
manufactures
such
as
Panasonic,
Mitsubishi,
LG, fact that Indian origin manufacturers have
to develop its indigenous IP pool, especially in industries Samsung,The
Flextronics, along with Indian manufacturers such as Micromax, Lava, Intex among
not been able to innovate to meet rising competition
such as ICT.
others. However, despite being a producer, India imports more handsets than its
produces domestically. 2
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The fact that Indian origin manufacturers have not been able to innovate to meet rising
competition has resulted in decreasing market shares for domestic players.

Source: Ind-Ra and IDCG3

Figure. Falling Market Shares of Indian Smartphone Makers

Figure. Falling Market Shares of Indian
Smartphone Makers
2

Source: Ind-Ra and IDCG

India imports roughly 83 percent of its local demand of mobile phones

3

These are not healthy signs for a global economic power such as India. Therefore, at this

2. India imports roughly 83 percent of its local30
demand of mobile phones crucial juncture, the willingness of the country to make necessary adjustments in policy
3. Available at http://www.scmp.com/business/companies/article/2100017/indians-warm-xiaomi-vivo-oppo-pushing-chinese-brands-51-cent
frameworks to foster innovation will determine whether India can utilise the powerful
mechanism of ICT to achieve its developmental goals.
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The government of India has in fact recognised the need to bolster the present
innovation ecosystem and has accordingly framed the National Intellectual Property
Rights Policy (the Policy), 2016 which envisages a long-term vision to encourage
creativity and innovation in IP-led growth for the benefit of all. 4 The Policy is meant to
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has resulted in decreasing market shares for domestic
players.
These are not healthy signs for a global economic
power such as India. Therefore, at this crucial juncture,
the willingness of the country to make necessary
adjustments in policy frameworks to foster innovation
will determine whether India can utilise the powerful
mechanism of ICT to achieve its developmental goals.

8.2 The Way forward and the 5G
Opportunity
The government of India has in fact recognised the need
to bolster the present innovation ecosystem and has
accordingly framed the National Intellectual Property
Rights Policy (the Policy), 2016 which envisages a longterm vision to encourage creativity and innovation in IPled growth for the benefit of all.4 The Policy is meant to
carry forward and implement its Vision of ‘encouraging
creativity and innovation in intellectual property (IP) led
growth for the benefit of all’. To achieve this Vision, the
Mission of the Policy is to ‘establish a dynamic, vibrant
and balanced IP system in India to foster innovation and
creativity in a knowledge economy; accelerate economic
growth, employment, entrepreneurship; enhance sociocultural development; and protect public health, food
security and environment, among other areas of socioeconomic importance. To achieve this Mission, the Policy
sets out certain objectives which are:
♦♦ IP Awareness and Promotion;
♦♦ Creation of IP;
♦♦ Legal and Legislative Framework;
♦♦ Administration and Management;
♦♦ Commercialisation of IP;
♦♦ Enforcement and Adjudication; and
♦♦ Human Capital Development.5
Moreover, it provides for policy coordination
and integration with other major initiatives of the
Government of India, such as ‘Make in India’ and ‘Digital
India’ campaign. Incidentally, the Make in India (MiI)

initiative envisages transforming India in to the next
global manufacturing powerhouse, with specific focus
on the ICT sector.
In consonance with these broad policy initiatives
and acknowledging the massive opportunity of 5G to
be a game changer,6 the Indian government is working
to create a holistic ecosystem for development and
deployment of 5G networks. With the aim of becoming
a leader in 5G, the government has announced
a dedicated fund of Rs 500-crore for R&D of the
underlying technology and has also created a highlevel committee to work on a roadmap for the roll-out
of 5G by 2020.7
The chief objectives for setting up the High Level 5G
Forum for India include:
1.	
To position India as a globally synchronized
participant in the design, development and
manufacturing of 5G based technology,
products and applications.
2.	To develop the vision, mission, and goals for 5G
India 2020 and
3.	To evaluate, approve roadmaps and action plans
for 5G India 2020.8
With the policy vision in place, it seems that the
Indian government has acknowledged the need to
provide a significant boost to the broader innovation
regime and has also embraced itself for the roll-out
of 5G. Following this discussion and based on the
broad principles mentioned in the previous section,
following are some key recommendations specifically
applicable to the current Indian context which might
help in implementation of the broad policies in the
near future, especially in the ICT sector:
Recommendation 1: Increase specialisation and
provide incentives for firms to move up the Global
Value Chain
Although India has attracted a number of Original
Equipment Manufacturers (OEMs) to set up plants, their

4. GOI, National Intellectual Rights Policy, 2016, available at http://dipp.nic.in/sites/default/files/National_IPR_Policy_English.pdf
5. GOI, National Intellectual Rights Policy, 2016 (n.17)
6. Because it would provide a new dimension to the Digital India, Smart Cities, and Smart Village initiatives and could potentially make huge contributions to
the Make in India and Start-Up India missions as well. See Ramachandran TV, 5G – The Way Forward, Communications Today (December 2017), available at
http://communicationstoday.co.in/perspective/17812-5g-the-way-forward
7. Rathee Kiran, Govt to create Rs 500-cr fund for R&D in 5G, Business Standard (27th September 2017), available at http://www.business-standard.com/
article/economy-policy/india-looking-to-position-itself-as-a-leader-in-5g-technology-117092600735_1.html
8. GOI, Department of Telecommunications, Notification No. 6-33/2017, Constitution of High Level Forum for 5G India 2020, available at http://www.dot.gov.
in/sites/default/files/5G%20India%202020%20High%20Level%20Forum_1.pdf
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role has largely been restricted to that of an assembler,
and not even a manufacturer. A major part of the
manufacturing value chain (MVC) is still happening in
other countries such as China, Taiwan etc. where there
is a well-built component ecosystem, which supports
its manufacturing. Furthermore, evidence suggests that
there are enormous differences in the SEP stocks between
different countries and there is a distinct dichotomy
therein, i.e. some countries (the Haves) like the United
States of America (USA), China, Japan, South Korea and
Germany have SEP stocks above the third quartile of all
SEPs.9 India is amongst the ‘Have-Not’ jurisdictions that
hold only a few or no SEPs.
Notably, due to the fact that patented and
standardised
technology
confers
considerable
competitive advantage to firms (which is possessed by
the Haves), some have suggested that it would benefit
local firms to increase their own SEP portfolios through
extensive investment in R&D or through strategic
acquisitions.10 The underlying rationale is that it would
give such firms greater bargaining power in licensing
negotiations and also increase the possibilities of crosslicensing.11
However, while this conclusion seems to be
theoretically correct, it may oversimplify the correlation
between patents and innovation. This is because the
acquisition and ownership of patents is not an end
in itself, but is in fact a consequence of technological
innovation.12 In this context, emerging and ‘Have-Not’
economies such as India ought to take note of the fact
that much of the technical development naturally occurs
within international SDOs and institutions and firms in
India need to play a more participative and competitive
role therein (in consonance with the General Principle
elucidated in the previous section). This would increase
their capacities in terms understanding the process and
content of standards development. In the long term,
it will allow them to focus their R&D efforts towards
achieving specialisation in technical development and
then leverage their IP to move up the GVC. The Indian
governments 5G initiative is a welcome step and the
funds allocated therein should be utilised to further
encourage and incentivise local firms to develop their
internal capacities and compete in voluntary standard

setting activities. Hence, to achieve long-term ambitions,
India needs to turn around this situation by initiating
specific policy interventions which targets to increase its
own competitiveness vis-à-vis SEP portfolios rather than
undermining those of the current ‘Haves’.
Recommendation 2: Avoid unilateral standard
setting initiatives and encourage participation in
international SDOs
The historical perspective on standards development
(Chapter II) and the relative advantages and disadvantages
vis-à-vis different modes of standardisation (Chapter
III) advances several arguments which should ideally
encourage jurisdictions such as India to vigorously pursue
participation in international standard development
processes. Lessons from other jurisdictions which have
sought to increase the competitiveness of domestic
market players by either introducing protectionist
policies or by developing their own standards unilaterally
have not been successful and they too have moved
towards international fora. Take the case of China,
which realised the near absolute dominance of western
firms in the wireless telecommunications standards
field, and the high royalty rates charged by them from
Chinese firms and adopted a proprietary approach to
3G standardization. Their efforts resulted in TD-SCDMA,
which was a Chinese standard developed by the Chinese
Academy of Telecommunications Research (CATT)
and its state-owned affiliate Datang in collaboration
with German equipment vendor Siemens. Though the
standard cannot be considered to be a market success,
it surely advanced China’s goal of building in-house
technical expertise, thereby enhancing their domestic
manufacturing capacity for advanced ICT products.
Considering the high cost of developing these standards,
coupled with their lack of international adoption, China
has now moved towards international interoperable
standards, through significantly increased participation
in international SDOs.
Participation in international fora has several benefits
for firms which currently lie in the ‘Have-Not’ category.
First, the embodiment of proprietary technology in
the industry standards itself give an early advantage
to contributory firms which can thereby utilise SEPs to
gain strategic advantages over competitors.13 Second,

9.	
Ramel, Florian and Laer, Maximilian et. al., Standard Essential Patents and the Distribution of Gains from Trade of Innovation, (2016), available at https://
www.eastwestcenter.org/sites/default/files/filemanager/pubs/pdfs/5-5RamelVonLaerBlind.pdf
10. Ramel, Florian and Laer, Maximilian et. al., Standard Essential Patents and the Distribution of Gains from Trade of Innovation, (n.22)
11.	Contreras Jorge L., National Disparities and Standards-Essential Patents: Considerations for India, COMPLICATIONS AND QUANDARIES IN THE ICT SECTOR:
STANDARD ESSENTIAL PATENTS AND COMPETITION ISSUES (Ashish Bharadwaj, Vishwas Deviah & Indraneth Gupta, eds., Springer, 2017)
12. Contreras Jorge L., National Disparities and Standards-Essential Patents: Considerations for India (n.24)
13. Contreras Jorge L., National Disparities and Standards-Essential Patents: Considerations for India (n.24)
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participation in international standards development is
the only viable process through which local companies
and domestic firms in different jurisdictions can influence
the direction of standardised technologies by voicing their
opinions and putting forth their special requirements.14
This is a crucial component of standardisation which can
simultaneously guide new entrants in terms of finding
specific research vacuums in technology development
and focussing their R&D efforts to plug the same.
Lastly, apart from the economic arguments in favour of
participation, it is also important to view standardisation
from the policy perspective. National standards
development authorities such as Telecom Standards
Development Society of India (TSDSI) which have started
to participate in SDOs such as 3GPP can play a crucial role
in influencing their underlying policies and practices.
By influencing global policy progress to the benefit of
domestic firms, such institutions can practically provide
the much needed impetus to domestic innovations by
incentivising domestic firms to invest in specific R&D
efforts and also facilitate them to compete globally.15
To this end, the following specific steps can be taken:
✔✔
Capacity Building of domestic firms
Recognising the principle that standardisation is a
highly knowledge-intensive activity which requires
well-capacitated individuals and technical experts,
India must undertake local capacity building efforts
to support greater international SSO participation by
representatives from its domestic forms. However, the
requisite training and skill development for such capacity
building does not come cheaply. Therefore, domestic
firms may require significant financial and institutional
support in the absence of internal resources, from the
government or multi-governmental organizations (e.g.,
the World Intellectual Property Organization (WIPO)), as
well as non-governmental organizations (NGOs).
✔✔

Leverage support initiatives of various SDOs

Many SDOs offer support to firms from developing
countries, which demonstrate their eagerness to
participate and even contribute to the standardisation

efforts. The Internet Society (ISOC), which is a US/
Switzerland-based NGO which oversees the Internet
Engineering Task Force (IETF), a major developer of
Internet standards, is good example. It regularly supports
Fellows from developing countries to participate in IETF
meetings and other activities. One of its programs is also
running in India: ‘Indian IETF Capacity Building Program’.16
Various other SDOs also sponsor participation by
consumer advocates and other civil society organisation
members, which help in broadening the overall
participation and ensuring inclusive representation in
global organizations.
✔✔

Educate relevant personnel about standardisation

The Country must also inculcate and emphasize the
need of imparting knowledge and skills for standards
education and training. India can adequately utilise
its higher educational institutions in providing greater
education in the area of standardisation.
✔✔
Increase firm-level awareness about standards
and exposure to SEPs
Apart from the general IP awareness programmes run
by the Indian government as a part of the National IPR
Policy, 2016, there is also a need to create a sense of
awareness about the increased exposure to standards
and SEPs. With the upcoming 5G standard acting as the
all-pervasive bedrock for countless use cases, it is but
natural that device makers and implementers will have
to utilise the standard, thereby getting exposed to SEPs.
With the IoT ecosystem growing by leaps and bounds, it
can be assumed that the implementer base would grow
and even SMEs and small start-ups would be exposed to
SEPs along with its requisite licensing requirements. This
can pose a serious challenge for small businesses as lack
of awareness can lead to unintentional infringement of
SEPs on the implementer’s part and/or put implementers
in a situation where licensing negotiations prove to be
complex and perplexing. Hence, awareness generation
and capacity building activities can play a crucial role,
especially for jurisdictions such as India which are
currently net implementers of standards and SEPs.17

14.	
Contreras Jorge L., National Disparities and Standards-Essential Patents: Considerations for India (n.24)
15.	
Ibid.
16.	
http://www.iicb.org/
17.	
This recommendation is in consonance with EC’s recent Communication which sets out the EU approach to Standard Essential Patents. See European
Commission, Setting out the EU approach to Standard Essential Patents: Communication from the Commission to the European Parliament, the Council
and the European
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9. Rural Use Case
The cellular technology is mostly an urban technology
that has been unable to serve rural areas well. This
is because the traditional cellular models are not
economical for areas with low user density and lesser
revenues. In 5G cellular networks, the coverage
dilemma is likely to remain the same, thus widening
the rural-urban digital divide further. It is about time
to identify the root cause that has hindered the rural
technology growth and analyse the possible options in
5G architecture to address this issue. We firmly believe
that it can be accomplished.
Our aim is to ensure the availability of Internet in a
cost-effective manner. This is only possible if the 5G
rural model adopted is able to attract the attention
of service provider in the first place. By focusing on
cost effectiveness, parameters such as throughput
and latency can be compromised because these are
managed according to the user requirements and are
not deemed critical for a new user located at a remote/
sparsely populated area. In addition, the infrastructure
cost has also to be practicable because the vendor
would never risk a huge sum for a pilot project. Since
the profit-loss breakeven point would occur at lower
revenues, therefore more rural population would be
encouraged to reap the benefits of low-cost Internet.
Once the rural access to Internet gains momentum and
results an increase in number of users, the core problem
would be addressed and would subsequently be wiped
off the ‘investment blacklist’ from a service provider’s
perspective, then the increased rural demand would
motivate the service providers in facilitating the users
with better connectivity and improved performance that
would invariably lead to technological advancement in
the rural areas and bridge this technology gap.
With respect to the service delivery, 5G is expected
to handle services that 4G cannot handle efficiently, such
as IOT services, M2M etc. Therefore 5G is one technology,
in which service possibilities exist before the network

is perfected. And so111e of these services will be of
great value to rural areas. An example of such services
is platform services aimed at enhancing commercial
activities. It was cited that network operators shy away
from rural areas because they are not commercially
viable (Barela, et al., 2016). However, research has proven
that the commercial viability of rural areas can also be
enhanced by mobile and wireless networks. An example
is the mobile money phenomena in Africa, South America
and Asia (GSMA, 2016). The secret to such endeavors has
been the provision of tailor made mobile or wireless
services that supports existing commercial activities in
such rural areas. An example was the entrance of Airjaldi
into the Dharamsala market in India (Williams, 2015).
One would concede that these are isolated occurrences.
However, with the expected technical and operational
capabilities of 5G; the existing and near future services
these will no more be occurrences but reality. This is
because for the first time, there will be a mobile network
where specialized services can be delivered to meet
specific commercial, social and political needs.
In addition to the network and service possibilities, it
is expected that the cost of deploying 5G will be reduced
compared to 4G, as 4G was cheaper compared to 5G
(Huawei, 2017). Also in most part of the world, there are
different arrangements, where the public sector forms a
partnership with a network operator and a community to
facilitate a telecom network. These partnerships provide
inspiration on a financial and organizational strategy that
may be adapted to extend 5G infrastructure and services
into rural areas. These visions, arrangements and cost
advantages create possibilities towards extending 5G
infrastructure into rural areas, by extending base stations
delivering relevant services to meet the commercial
needs of a rural area. Therefore an effort is to be made to
simulate a strategy using existing markets to demonstrate
how - based on the technological and service delivery
potential of 5G - can be facilitated to extend the 5G to a
rural area in India.

Economic and Social Committee, (2017), available at http://www.mlex.com/Attachments/2017-11-29_S0TV38CYI2RDO43O/com-2017-712_en.pdf
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10. Policy Recommendations
To meet the above challenges, 5G mobile and wireless
communication systems will require a mix of new system
concepts to boost spectral efficiency, energy efficiency and
the network design, such as massive MIMO technologies,
green communications, cooperative communications
and heterogeneous wireless networks. There is a need
to explore the prospects and challenges of 5G mobile
and wireless communication systems combining all of
the above new designs and technologies. Simultaneous
management of multiple technologies in the same
band limited spectrum is a challenge in 5G mobile
communication which supports going beyond voice for
newer smart phones and advanced mobile devices.

and aware of user and network context, including
tailored network behaviour per user and device.
✔✔

 evelop technologies that, based on specific
D
services/users/networks contexts, allow dynamic
and flexible creation and operational control
of both of virtual networks and the underlying
infrastructure resource container

✔✔

efine important milestones to complement
D
the 5G roadmap in terms of showcasing,
demonstration and KPI fulfilment

✔✔

eview Policy & Regulation as it needs fresh
R
perspective in the ’light licensing’ domain.
Licensing should be pro-innovation.

✔✔

 llocate/assign new spectrum beyond 6 GHz for
A
meeting the requirements in 5G systems

✔✔

 igid Heavy-handed licensing approach applied
R
to TSPs needs to be reviewed. It should be limited
to only where exclusive rights viz. spectrum, RoW,
etc are given.

✔✔

 eed to move away from the mindset of thinking
N
of limited Spectrum holding per Operator and
move to a regime of larger spectrum holding
aligned to global best practices.

Following are some recommendations of BIF:
✔✔

 eorient traditional efforts to target significantly
R
more complex, diverse, and unstable scenarios

✔✔

L
aunch
efforts
for
increased
network
heterogeneity, looking for (meta-) architectures
that can be evolvable, while retaining optimal
advantages of existing solutions under control of
different operators

✔✔

✔✔

 esign mechanisms to ensure co-existence of
D
virtual networks with existing infrastructure,
security and efficient management of virtualized
networks and services
evelop scenarios where the control and
D
management planes are increasingly complex

A liberal non-stifling approach towards licensing is
essential for 5G and this is possible under Section-4 of
the Indian Telegraph Act 1885.
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11.	Conclusion
To achieve 5G in India there is a requirement of large
bandwidth which is not possible without increasing
the level of infrastructure. So there is a lot to prepare
for implementing 5G. The Government of India has to
prepare a robust policy for the 5G so that the optimum
level for the wellness of economy and industries can be
reached.
‘5G in India’ needs high duty tower and wellconnected upgradable network which does not easily
suffer low bandwidth and call drops. Currently, only 15%
of towers in India are connected with optical fiber which
is far less as compared to USA, China, Korea and Japan. To
achieve 100% connectivity, it will require a huge amount
of investment and support of telecom operators to build
future-proof 5G network in India.
The topmost concern is security and privacy. So India
has to plan a robust safety infrastructure to keep the data
free from any security threat.
To achieve 5G in India, capital expenditure is a
challenge given the high debt burden of the sector. The
revenue of the industry is declining and still, India has to
make an investment of around 65 billion which is a huge
amount and can impact the feasibility of the operators to
smoothly deploy the 5G network.
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4G in India has still not achieved the maturity stage.
Only 12% penetration rate is there and it will take
time to grow the penetration rate which can delay the
deployment of 5G in India. For 5G to grow in India,
the Government has to relook the entire spectrum
and licensing regime. There is a need to bring about
initiatives that help to overcome financial stress of
the sector. There is a need to address infrastructural
challenges, revisit existing business models and focus
on evolving devices and equipment.
5G should make an important difference and add
more services and features to the world over 4G. 5G
include latest technologies such nanotechnology, cloud
computing and based on All IP Platform. 5G should
be more intelligent technology that interconnects
the entire world without limits. The development of
the mobile and wireless networks is going towards
higher data rates and all-IP principle. Mobile terminals
are obtaining more processing power, more memory
on board, and longer battery life for the same
applications each year. It is expected that the initial
Internet philosophy of keeping the network as simple
as possible, and giving more functionalities to the end
nodes, will become reality in the future generation of
mobile networks, here referred to as 5G.
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