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Executive Summary
Wi-Fi as the underlying infrastructure technology for broadband access and complementary
technology for leveraging LTE, IOT, etc. is a major driver of growth envisaged in the Digital
India initiative. It would also spur new business models and innovation, due to its low cost
and standardized deployment and equipment ecosystem. A liberal wireless regime focusing
on Wi-Fi access is even more critical in India, as like many other countries, India is a mobile
dominant country and Wi-Fi provides high bandwidths and speeds that may not be possible on
the mobile network. In India, where Telecom Service Providers (TSPs) have far less spectrum
for mobile services than those in other countries, the importance of a facilitating spectrum
regime is more accentuated. In addition, in comparison to several other countries, the quantum
of unlicensed spectrum in India is far lower, despite the greater importance of it for the Digital
India initiative. India has around 689 MHz of spectrum available for unlicensed use, spread
across various spectrum bands. This is very low in comparison to countries like USA, China,
Japan, UK, etc. (USA - 15403 MHz, UK - 15404 MHz, China - 15360 MHz, Japan - 15377 MHz,
Brazil - 15360 MHz).
Wi-Fi, that has traditionally been provided in the unlicensed 2.4 GHz and 5.8 GHz bands, now
has standards in the 6 GHz (Wi-Fi 6E) and 60 GHz band (a variant of Wi-Fi called Wi-Gig). This
allows for higher bandwidth channels, greater number of channels and higher speeds. Both the
6 GHz and the 60 GHz bands have been unlicensed in several countries, giving rise to faster
Internet speeds and allowing for higher bandwidth channels.
However, in India, there appears to be a fair degree of policy reluctance for making more
Unlicensed Spectrum available. The perspective of policy makers has been that unlicensed
spectrum does not provide direct revenues to the government, as do spectrum auctions for
the licensed spectrum. However, this is a limiting value as unlicensed bands, which though
not generating direct revenues through licensee fee, auction, etc., but still have huge economic
value. Such studies, indicating the economic value of unlicensed bands for Wi-Fi Access is very
limited in India (Jain, NIPFP). The present study attempts to address this gap.
This report examines the current and potential economic value of the key unlicensed existing
Wi-Fi bands, the potential economic value for V-Band (60 GHz) and 6 GHz band in India, which
we hope will get unlicensed in 2021. We do this by estimating the present economic value
generated by various uses and applications of the current unlicensed spectrum band for Wi-Fi
Access and estimate the potential for future. Given the relatively poor state of Indian Internet
infrastructure, especially in rural India, this analysis could support unlicensing of this band.
Economic Value
Since unlicensed spectrum is “free” to use, assessing Economic Value cannot be based on
prices paid for spectrum, as is the case for licensed spectrum. The components for measuring
the economic value of unlicensed spectrum consists of Economic Surplus (Consumer Surplus
+ Producer Surplus) and GDP contributions for Wi-Fi, V-Band and Wi-Fi 6E.
a. Consumer Surplus measures the difference between the price that consumers pay and
the price that they are willing to pay for a specified quality of service.
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b. Producer surplus measures the difference between what producers are willing and able
to supply a good for and the price they actually receive. Economic Value
Economic Value of Wi-Fi
We calculate the Economic Value of Wi-Fi in terms of the:
a. Economic Surplus (both Consumer and Producer) and
b. the GDP Contributions due to the higher Internet speeds made possible on this band
and the Device/Equipment Ecosystem.
a. Economic Surplus: We estimate the Consumer Surplus and Producer Surplus as follows:
Consumer Surplus
Consumer Surplus on Wi-Fi arises due to mobile data offloading consequent to the better
consumer experience in having faster access available on Wi-Fi for the same price as
mobile data. We assume that the consumer’s willingness to pay (WTP) for additional data
consumed as a part of the free Wi-Fi exists.
•

Consumer Surplus: {Average data consumption per month on Wi-Fi (GB)*12} * Average
data rate (Rs.) * Total mobile Internet users in India (cr.)

Another component of Consumer Surplus arises due to higher speeds on Wi-Fi networks in
comparison to a mobile network, while paying the mobile data rates. This is not quantified
in our study.
Producer Surplus
Producer Surplus arises in mobile data offloading for the service provider in reduction
of network costs (capex + opex) that would otherwise be required to accommodate the
increased data usage on mobile networks.
•

Producer Surplus: {Average data consumption per month on Wi-Fi (GB) *12} * [Differential
cost of providing data on mobile network and over Wi-Fi (Rs.) * Total mobile Internet
users in India (cr.)]

b. GDP Contributions: Studies indicate that higher data speeds, adoption and availability of
the underlying equipment and Internet penetration contribute to higher GDP. These are as
follows:
i. Higher Internet speeds
ii. Wi-Fi equipment ecosystem
Economic Value of V-Band
We calculate the Economic Value of Wi-Fi Access in V-Band in terms of the:
a. Consumer Surplus and Producer Surplus on Wi-Gig and
b. GDP Contributions due to the:
i. Higher Internet Speeds made possible on this band,
ii. Device/Equipment Ecosystem, and
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iii. Short-Range Device Contributions.
Economic Value of Wi-Fi 6E
We calculate the Economic Value of Wi-Fi 6E in terms of the:
a. Economic Surplus (both Consumer and Producer) on Standard Power and Low Power
Indoor (LPI) Device, and Very Low Power (VLP), and
b. GDP Contributions due to the:
i. Higher Internet Speeds
ii. Device/Equipment Ecosystem
iii. Growth in IOT Penetration

Results and Analysis
It is observed that:
•

•

•

•

•

The Economic Value of Wi-Fi in the considered unlicensed spectrum bands in India is
significant for 2025 at Rs 12,69,998 cr. (for GDP at current prices). This is nearly 6% of the
projected GDP in 2025.
The Economic Value rises significantly from 2020 to 2025, showing almost a four-fold
increase.
The average Economic Value of key applications in existing unlicensed bands for Wi-Fi in
2020 is significantly more than the telecom sector’s expected revenue as per the 2020-21
budget at Rs 1.33 lakh cr.
Mobile data offloading would account for nearly 81% of the total Economic Surplus of Wi-Fi
by 2025. This reflects the limited deployment of applications in the other unlicensed bands.
In comparison, in the USA, mobile data offloading accounted for around 56.5% and 63.56%
of the Economic Value of the unlicensed spectrum in 2017 (actual) and 2020 (projections)
respectively. This reflects the greater variety of applications in the unlicensed bands present
in USA in comparison to India. For example, RFID, and other applications in these bands
also contribute to the total economic value of nearly $525 bn and $736 bn for 2017 and
2020 respectively in the USA.
Higher speeds on Wi-Fi in relation to mobile networks in the considered unlicensed bands
make a significant GDP contribution of Rs. 32,715 cr. to the GDP, respectively from the
existing and potential unlicensed bands (60 GHz and 6 GHz). The lower values from the
potential bands arise as we consider introduction of these bands from 2023 only. The
penetration is assumed to go from 10% of Wi-Fi in 2023 and increase to 45% of its base
value in 2025.
As the Wi-Fi routers in 5.8 GHz provide for greater speeds, than that available in 2.4 GHz,
the contribution of GDP due to Wi-Fi offload on this band is higher. This should allay DOT’s
concern about the contribution of 5.8 GHz band that was recently unlicensed, to the GDP. It
should also build a logic for unlicensing higher bands, as they provide for higher speeds.
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•
•

•

•

•

•

GDP contributions due to V-Band Device/Equipment Ecosystem are significant at Rs. 50,116 cr.
V-Band contributes to nearly 11% of the Total Economic Value in 2025. This is assuming
that V-Band is unlicensed in 2023 and grows to 5% of its base value in 2025.
The potential GDP contributions due to SRD in this band is significant at Rs. 39,897 cr.,
constituting nearly 3% of the Total Economic Value in the considered bands.
Wi-Fi 6E presents a significant contribution to the total Economic Value in 2025, contributing
nearly 9.5% of the Total Economic Value.
Producer Surplus or benefits to service providers constitute the largest chunk at nearly
48.4% of the total.
The GDP contributions due to increase in IoT penetration would amount to Rs. 17,609 cr.
in 2025, while that from the device ecosystem would be Rs. 18,602 cr. This constitutes
nearly 30% of the Economic Value of Wi-Fi 6E. The Economic Value due to increased IoT
penetration does not take into account the spillover effects due to higher quality user
experience facilitated by higher speeds and bandwidth.

Recommendations
1. Wi-Fi Penetration
Given the significant Economic Value associated with Wi-Fi across different bands, there is
a need to proliferate them. The penetration of Wi-Fi hotspots in India is poor, at about onefourth of that in U.S. and about half of China’s. Globally the Wi-Fi penetration increased by
568% where as in India the growth was only 12%. Globally, there is one Wi-Fi hotspot per
150 people and India will need 80 lakh or 8 Mn additional hotspots to be at par with the
global standard.
By 2018, India had only 35% Internet penetration, with around 500 mn users. This gives lot
of scope for developing a parallel ecosystem to provide last mile connectivity on unlicensed
spectrum. In the absence of a roadmap for Wi-Fi, a huge Economic Value is not being
leveraged. The PM-WANI Public Wi-Fi Policy launched by the government on 9th December
2020, is an excellent policy in this regard. However, several aspects need to be ironed out
for fast tracking the implementation of the policy.
2. Unlicensing More Spectrum Bands
In comparison to global availability of unlicensed spectrum, India still has very little
unlicensed spectrum available for use. There are many bands that needs to be unlicensed
in India as has been done in many other countries. Government must speed up the decisionmaking process to be in line with the global initiatives and make more spectrum available
for use.
While unlicensing of several bands and consequent adoption of new applications add
to the higher Economic Value of Unlicensed spectrum, V-Band characteristics and their
deployments elsewhere indicate a high potential scenario for India. The same holds true for
Wi-Fi 6E.
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3. Need to Unlicense Higher Bands
The huge economic value associated with the Wi-Fi Access is significant. This should give
leverage to DoT to unlicense more bands, as has been done elsewhere. Higher speeds (on
the higher frequency bands) contribute significantly to increased GDP. This rationale should
be used to support progressive unlicensing.
4. Last Mile Connectivity
India has a major issue of last mile connectivity, especially in the case of high-speed data.
Public Wi-Fi could be used for this. Companies like Tikona, AirJaldi, etc. are already using
unlicensed spectrum to provide the last mile broadband connectivity. Unlicensed spectrum
could be a cost-effective mechanism for providing rural connectivity.
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The Economic Value of Wi-Fi Spectrum
for India1
Introduction
India’s aspiration to be a $5
trillion economy by 2024-25,
is premised on a $1 tn digital
economy2. India’s focus on
digitalization is a part of the
national Digital India program.
Connectivity,
access
to
Internet, and mobile devices
are integral components of
the same. Like many other
developing countries, for more
than 98% of the population, mobile devices are the only means of connectivity and access to
the Internet. In this context, management of the spectrum, the critical resource for providing
wireless, including mobile, satellite and Wi-Fi connectivity, is important at the national level.
Spectrum is a national resource. In India, the Wireless Planning and Coordination (WPC) wing
of the Department of Telecommunications (DoT) is the custodian and manager of spectrum.
Typically, wireless services may be provided over designated bands that may be either licensed
or unlicensed (license exempt or delicensed). The choice of whether to license specific bands
or not, is the jurisdiction of national governments. Spectrum in designated bands which do
not require any license, as long as products and users comply with the rules associated with
that band (maximum transmission power, frequency range, etc.) is called the Unlicensed or
License-Exempt band. For example, Wi-Fi3 services are provided in the unlicensed bands. In
the licensed band, service providers have exclusive rights to use spectrum, as in the 3G and
4G bands, and hence may have to pay for this. However, provision of services in the unlicensed
bands does not require such payments. This reduces the costs of service deployments, leading
to greater innovation and high diffusion, as shown by the extensive Wi-Fi deployments and
innovative services in this band. Further, unlicensed spectrum is more important in the Indian
context because of low availability of licensed spectrum per user and higher cost of licensed
spectrum per MHz.4
India has become the largest Internet-using country after China, as current estimates show

1

The research assistance provided by Neha Hathiari is gratefully acknowledged.

2

“Report on “India’s Trillion Dollar Digital Opportunity” by Ministry of Electronics & IT, published on February 20, 2019; https://
pib.gov.in/PressReleaseIframePage.aspx?PRID=1565407 accessed on December 5, 2019.

3

In this report, where ‘Wi-Fi’ is mentioned it refers to 2.4 and 5.8 GHz

4

“Telecom companies financial, spectrum problems may hurt Digital India plan” by Anandita Singh Mankotia; published
on May 25, 2015; https://economictimes.indiatimes.com/industry/telecom/telecom-companies-financial-spectrumproblems-may-hurt-digital-india-plan/articleshow/47409790.cms?from=mdr accessed on December 25, 2019.
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about 53 mn smartphone shipments happen during the third quarter of 2020 in the country5.
The huge demand for mobile broadband requires adequate spectrum and capacity in radio
access networks. The mobile data revolution is complemented by Wi-Fi evolution. More than
70% of all Internet traffic is offloaded to Wi-Fi networks.
Further, due to poor fiber connectivity, estimated at only 31% of existing towers, backhaul
spectrum availability and access are also critical. In a spectrum-starved country such as India,
where each operator gets about one-fourth of licensed spectrum as compared to those in
other countries6, unleashing the potential of unlicensed spectrum is important.
Though the government has
initiated steps for releasing
more licensed spectrum and
introducing spectrum trading
and sharing, availability of
more unlicensed spectrum
could help improve the quality
of service of mobile networks
by enabling high capacity
downloads on the Wi-Fi
networks, thereby freeing the
precious licensed spectrum
for other uses. However, in
comparison to several other
countries, the quantum of
unlicensed spectrum in India
is far lower, despite the greater
importance of it for the Digital
India initiative.
Technological and regulatory changes are ushering in new generations of wireless connectivity
such as 5G, 6G and beyond. These require spectrum for both access and backhaul, in licensed
and unlicensed bands.
Growing and innovative use cases of devices such as smartphones create huge demand for
data as video rich applications, including for home security, surveillance, gaming, AR/VR,
etc. become mainstream. On another dimension, increasing use of sensor-based equipment,
both in industrial and home settings, is driving demand for wireless connectivity and hence,
spectrum. These developments have given rise to new applications and business models.
(Use cases for IoT are given in Box 1) With time, as applications mature, more data is collected

5

“Mobile Devices Monitor” available on https://www.counterpointresearch.com/india-smartphone-share/l accessed on
March 15,2021.

6

“The Devil is in the Details: Lessons from the Indian Spectrum Auctions” by Prof Rekha Jain, Indian Institute of
Management Ahmedabad, India, presented at “The Research Conference on Communication Information and Internet
Policy-2017” by the TPRC at George Mason University School of Law in Arlington, USA.
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from each sensor, increasing the bandwidth requirements. For example, video surveillance
systems increase bandwidth requirements significantly, once video is incorporated in the
basic alert system.

Box 1: IoT Use Cases: Predictive Analytics and Monitoring
•

Consumers: Connected homes (TVs, security systems), wearables and vehicles

•

Commercial: Corporate settings to improve inventory

•

Industrial: Manufacturing Sensors on equipment, digital twin and utility management
(roads, bridges, poles), management of infrastructure such as wind farms

Thus, unlicensed spectrum has been an effective catalyst for development, as indicated by
the proliferation and usage of Wi-Fi networks worldwide, indicating a high economic value.
For example, the economic value of unlicensed spectrum (covering existing key applications)
in the US alone has been estimated to be about $834.48 bn by 20207. Further, Wi-Fi, that has
traditionally been provided in the unlicensed 2.4 GHz and 5.8 GHz bands, now has standards in
the 6 GHz and 60 GHz bands (a variant of Wi-Fi called Wi-Gig). This allows for higher bandwidth
channels, greater number of channels and higher speeds. Both the 6 GHz and the 60 GHz bands
have been unlicensed in several countries, giving rise to faster Internet speeds and allowing
for higher bandwidth channels. However, in India these bands have not been opened up so far.
The perspective of policy makers has been that unlicensed spectrum does not provide direct
revenues to the government, as do spectrum auctions for the licensed spectrum. However, this
is a limiting value as unlicensed bands, though not generating direct revenues through license,
fee, auction etc. have huge economic value. Such studies, indicating the economic value of
unlicensed bands is very limited (Jain, NIPFP). The present study attempts to address this gap
with a view to inform the policy makers.
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"A 2017 Assessment of the Current & Future Economic Value of Unlicensed Spectrum in the United States" by Raul Katz,
published in April, 2018, https://ecfsapi.fcc.gov/file/1052490042455/052418%2013-49%20Letter.pdf, accessed on
December 10, 2018.
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Emergent Need for the Study
While studies of potential economic value of the key unlicensed spectrum, especially for Wi-Fi
(2.4 and 5.8 GHz) bands have been done in other countries, to our knowledge, such studies
have not been done so far in India. Since patterns of usage of spectrum bands depend on
existing regulation (whether the specified band is unlicensed), technology ecosystem in the
country and adoption profile, country specific assessments are relevant.
Besides assessing the economic value of the above unlicensed bands in India, we explore the
potential economic benefits of 6 GHz and V band as it has been unlicensed in many countries,
and has potential benefits for Internet infrastructure deployment in India. Given the relatively
poor state of Indian Internet infrastructure, especially in rural India, this analysis could support
unlicensing of this band. However, there has been no study of the potential economic value for
V-band in Internet infrastructure deployment for any other country.
We also provide a rationale for unlicensing the 6 GHz band by providing economic value
projections. We hope our analysis will help to inform the policy process in India.

Objectives
This report examines the current and potential economic value of the key unlicensed existing
Wi-Fi bands, and the potential economic value for V-band (60 GHz) and 6 GHz band in India,
which we hope will get unlicensed in 2021. We do this by estimating the present economic
value generated by various uses and applications of the current unlicensed spectrum band and
estimate the potential for future.
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Structure of the Report
We first examine Wi-Fi's Role as the Underlying Infrastructure Technology for Internet and IoT,
elaborate on Evolution of Wi-Fi Standards, Wi-Fi in the emerging IoT scenario, and Wi-Fi in
India. We then identify the Key Areas of Usage/Applications of Wi-Fi, V Band, Wi-Fi 6 and then
review the Current Status of Wi-Fi Spectrum in India. In this context, we give a rationale for the
adopted Methodology. We then provide the Results and Analysis of the same. Based on this we
provide Recommendations. Lastly, we provide the Limitations of our Study.

Wi-Fi as the Underlying Infrastructure Technology for Internet and IoT
Unlicensed spectrum provides value not only through its use but
also through the enhancement of value to the licensed spectrum,
say, through mobile data offloading to Wi-Fi network. In India,
this is especially important as more than 97% Internet
access is on mobile. Wi-Fi also adds additional value to
the equipment/device ecosystem, by creating demand
for say Wi-Fi or Bluetooth chips enabled smartphones,
speakers, etc. Some of the technologies and applications
that contribute to the value of unlicensed spectrum
include mobile data offloading from cellular networks,
residential Wi-Fi, machine-to-machine communications,
Smart City deployments, smart grids, agricultural automation
and wireless Personal Area Networks (PANs). It supports
development of alternative technologies, such as mesh networks.
Wi-Fi could enhance broadband access by augmenting projects like
BharatNet8, a national project to provide fiber optic connectivity, by providing the last mile
connectivity from the gram panchayat where the fiber terminates, to users. The latter may be
very expensive if provided through wired connections.
Thus, we see that Wi-Fi is an enabling complementary technology that provides economic
value by:
a. Complementing wireline and mobile networks (mobile offloading)
b. Supporting development of alternative technologies that support consumer choice
(mesh networking systems, smart speakers)
c. Creating innovative business models (Internet access at airports, airlines, malls)
d. Expanding access to communication services (augmenting services through BharatNet).

8
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“Bharat Broadband Networks Limited, http://www.bbnl.nic.in/index1.aspx?lsid=38&lev=2&lid=36&langid=1, accessed on
November 03, 2018.
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Evolution of Wi-Fi Standards
With increasing demands from varied applications on bandwidth (AR/VR), low latency and
reliability, Wi-Fi standards have evolved over time. The newer protocols have evolved in
progressively higher frequency bands. For example, Wi-Fi, that has traditionally been provided
in the unlicensed 2.4 GHz and 5.8 GHz bands, now has standards in the 6 GHz and 60 GHz
bands (a variant of Wi-Fi called Wi-Gig). This allows for higher bandwidth channels, greater
number of channels and higher speeds.
• Wi-Fi 6 and Wi-Fi 6E
Wi-Fi 6 is the latest Wi-Fi standard. With respect to the previous Wi-Fi 5 standard, it has
higher speed (a theoretical limit of 9.6 Gbps), lower latency, and higher throughput. With a
single connected device, its speed may go up to 40% more than Wi-Fi 5 –an increase of 6.1
Gbps. The Access Points can handle multiple devices as Wi-Fi 6 uses Orthogonal Frequency
Division Multiple Access (OFDMA), that allows the channel to be divided into sub channels,
with different devices utilizing a sub-channel. Multi user MIMO allows the Access Points to
talk to and get response from multiple devices simultaneously.
Wi-Fi 6 in the 6 GHz band is called Wi-Fi 6E. While Wi-Fi 6 allows for large channel bandwidths,
the availability of large bands of spectrum in the 6 GHz band supports devices and
applications that require large bandwidths, such as VR/AR devices. The low latency allows
for applications such as high-speed gaming. Only devices that have Wi-Fi 6E chips can
operate in this band, thus creating a lower congestion than if it were backward compatible
with previous generations of Wi-Fi standards. Since the 6 GHz band has a short range and
the higher number of channels in 6E, it has applications in densely packed environments
such as Convention Centres, apartment complexes, etc.
With the FCC announcement of delicensing 1200 MHz of spectrum in the 6 GHz band, 6E
enabled devices have started becoming available, although very few9. This is expected to
pick up over 2021.

Wi-Fi and IoT
A variety of apps with different requirements rely on sensors and connectivity protocols that
vary in cost, power requirements, channel bandwidths, and range. The variations in sensorbased networks and protocols make it challenging to design appropriate enterprise networks.
In this scenario, Wi-Fi, based on globally accepted protocols and off-the shelf availability of
equipment, is designed to serve as an “intermediate” network that links a variety of sensor
networks to mobile/fixed line networks. For example, IoT applications earlier in the 900 MHz

9

“You’ll see a whole slew of devices, both on the infrastructure side and on the client side, and much more in a much
more accelerated manner in 2021.”We’ve already seen one new router -- the Asus ROG Rapture GT-AXE11000 gaming
router -- that boasts support for Wi-Fi 6E. That one hits stores in December.https://www.cnet.com/how-to/wi-fi-6-is-thefastest-yet-but-wi-fi-6e-will-be-even-better-6-ghz/
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band using WLAN could be implemented using 802.11ah. 802.11p are used in vehicular
applications and 802.11 (b/g/n/ac) for mobile offload. Video apps for connected security
cameras or vehicular services would need high bandwidth, low latency.
With increasing focus on Industry 4.0, a variety of IoT devices with differing characteristics will
become connected. Depending on the requirements of the underlying applications, these will
vary by data rates, latency, availability and power ranging from high to low. Further, since different
IoT systems have a number of protocols, managing these varying performance requirements
and standards is challenging. Wi-Fi helps in addressing the issue of streamlining the same,
as it is a standard technology. For example, a video app connected to security service will
require broadband access, low latency and high availability, whereas another app for monitoring
temperature may require narrowband communication. Wi-Fi provides a unified platform to work
at different signal ranges and power consumption. Appendix 1 (from 6 GHz paper) gives varying
bandwidth requirements for web surfing, email, etc. in different usage scenarios.

Wi-Fi in India
In relation to the developed world, India’s use of residential Wi-Fi had been low. Partly, this has
been due to the very low mobile data cost, in relation to the rest of the world. This reduced the
propensity of users to offload data to Wi-Fi. Data shows that Indian users typically spend 6-10%
of the time elsewhere on Wi-Fi. However, this is changing slowly. The WFH situation brought
out by the pandemic saw the evolution of a dongle rental system that allows multiple devices
to be connected to the Internet through Wi-Fi.
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In 2018, nearly 32% were Wi-Fi 5 devices, and by 2019, this number was expected to go up to
65%. India sold over 204 mn Wi-Fi enabled devices in 2018, to grow 8% in 2019. Mobile phones
were the most used Wi-Fi enabled devices (65% contribution in the total sales)10.
Despite these spectrum bands having been unlicensed elsewhere, and their benefits
established, in India, unlicensing the spectrum has been a long drawn-out process. For
example, DoT unlicensed the 2.4 GHz spectrum in 200511 and 50 MHz in the 5.8 GHz band in
200712, and later on, 605 MHz in 5 GHz band13 after a lot of industry pressure. Various TRAI
consultation papers have highlighted the importance of unlicensing the 60 GHz band. Indian
telecom operators have resisted the move, fearing loss of scope of their services. A narrow
interpretation of a Supreme Court Decision in 2012 regarding allocation of spectrum has also
resulted in reluctance towards opening up more spectrum for unlicensed use14.
Now, with global developments where Wi-Fi 6E is emerging as a response to the requirement of
higher bandwidth and greater speeds, there is a demand from Indian industry and businesses
to unlicense the 6 GHz band in India as well. In India, as in many other countries, 6 GHz
band is currently being used by FSS, for earth to space communications and for mobile
communications (Box 2).

Box 2: Allocation of Radiofrequencies in India as per NFAP-2018
Frequency band
(GHz)

Primary
Allocation1

Primary
Allocation2

Secondary
allocation

5.850-5.925

Fixed-Satellite
(Earth to Space)
Fixed-Satellite
(Earth to Space)
Fixed-Satellite
(Earth to Space)
(Space-to-Earth)
Mobile

Mobile

Radiolocation

5.925-6.700
6.700-7.075
7.075-7.145

Mobile
Mobile

10

Excerpts of TechArc Report published and available on https://telecom.economictimes.indiatimes.com/news/india-soldover-204-mn-wifi-enabled-devices-in-2018-to-grow-8-in-2019-.accessed on 15 March 2021.

11

https://www.eetimes.com/india-delicenses-frequencies-for-wi-fi-access/#:~:text=BANGALORE%2C%20India%20
%E2%80%94%20The,GHz%20band%20for%20outdoor%20use.,accessed on March 15,2021.

12

https://economictimes.indiatimes.com/industry/telecom/govt-delicenses-50-mhz-of-spectrum-in-5-8-ghz-band-forwimax-use/articleshow/1635433.cms?from=mdr accessed on 15 March 2021

13

https://economictimes.indiatimes.com/industry/telecom/telecom-news/government-frees-spectrum-for-wifi-5gservices-in-5-ghz-band-from-licence/articleshow/66322128.cms?from=mdr accessed on 15 March 2021

14

Supreme court detailed case and verdict available on https://indiankanoon.org/doc/70191862/
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Unlicensing in this band in India would lead to shared use. Several countries such as USA, UK,
South Korea and Japan have already unlicensed this band, despite existing incumbent users.
Co-existence studies in these countries established the feasibility of shared use. While currently
the equipment market such as routers in this band is expensive and is still emerging; with the
unlicensing initiative across different countries, this would become cost effective over time.
In order to remain harmonized in spectrum use with respect to other countries, it is important
for India to adopt new use patterns at tandem with the world. Since service provision in the
unlicensed band is less expensive, a lot of innovation takes place, as exemplified by Wi-Fi in the
prior existing bands. Unlicensing this band would spur Atmanirbhar Bharat, as developers and
users get access to the same spectrum as is being made available in large parts of the world.
However, DoT had the following question: "Why unlicense the 6 GHz band, while nearly 600
MHz was unlicensed in 5 GHz in 2018?" The following points need to be considered for it:
• Co-existence studies can be studied/undertaken afresh for addressing incumbents' needs.
Anyway, unlicensing can be restricted to lower emissions and indoors. This would not
interfere with incumbent uses.
• There is a national need to make optimum use of all spectrum, including exploiting shared
use where possible.
While the latest Wi-Fi standard Wi-Fi 6 can also be implemented in 5 GHz, to leverage the
unique characteristics of the standard, we need to exploit the 160 MHz channel widths and
the possibility of 320 MHz channels, that become available only in 6 GHz, allowing for new use
cases. Characteristics of this band allow for:
• Streaming at 8k (quality of educational content, interactions), UHD/3D video
• Real time immersive (AR/VR: gaming, training)
• High speed tethering, 5G mobile offloading
• Much higher throughputs will be achievable due to lack of legacy equipment
• Wi-Fi in 6 GHz complements 5G by providing:
• Enhanced MBB (20/10 Gbps DL/UL speed), Ultrawide bandwidths.
• URLLC (ultra-reliable low latency communications) support for IoT focused capabilities with low latencies
(< 4 ms) and very high availability.
• Massive connectivity (mMTC)
• Innovations in Wi-Fi 6E, critical for 5G
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Key Areas of Usage/Applications of Wi-Fi
Unlicensed spectrum covers multiple bands. Key technologies include Wi-Fi (Public, long
distance commercial and residential), V-band, and 6 GHz. We identify how each of these create
economic value. For the purpose of this report, we focus on existing Wi-Fi bands (2.4 GHz, 5.8
GHz) and potential ones such as V-band and 6 GHz.

1. Wi-Fi
The main areas of usage of Wi-Fi are:
Mobile Data Offloading: With the proliferation of mobile devices, the biggest benefit of using
Wi-Fi is mobile data offloading. Not only does the Wi-Fi network provide the 3G/4G mobile
users with a more cost-effective access method of mobile broadband but also reduces
network congestion. As both subscribers and devices tend to connect to Wi-Fi whenever it is
in reach, mobile operators could benefit by providing such coverage. The business case for
Wi-Fi offload is both about saving on costs (by saving on licensed mobile spectrum usage)
and reducing customer churn due to higher speeds and bandwidths available on Wi-Fi. With
the commercial availability of carrier grade Wi-Fi, LTE operators are increasingly choosing
it to complement their mobile networks. Such a trend is driven by increasing penetration of
smartphones and greater consumption of rich content. These two trends are supported by
the greater bandwidths and higher speeds available on Wi-Fi.
Device Connectivity: Wi-Fi is used to connect devices wirelessly, like connecting a printer to
many devices. It also serves as a hotspot to provide Internet connection to multiple devices.
It can also be used to share data between devices in the network, etc.

17
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Internet Access: Using a Wi-Fi connection, devices such as smartphones, laptops, etc. can
access the Internet. Users prefer Wi-Fi for data connectivity as it usually provides higher
data speed than the regular mobile network.
Types of Wi-Fi Services
Wi-Fi could be provided as a public or
commercial or residential service.
a. Public/Commercial Wi-Fi: Public
hotspots provide Internet access to
the target population. This includes
Wi-Fi at railway stations, airports,
commercial complexes, malls, etc.
b. Residential Wi-Fi: The case for
residential Wi-Fi is the last “mile”
connectivity in homes, allowing
multiple devices to be connected
either to an existing wired or mobile
connection. This includes Wi-Fi
services on existing mobile or fixed line connections in the home. A survey of a UK
broadband comparison site shows that a Wi-Fi router is a standard part of the broadband
package offered by almost every provider15. This suggests home broadband and
Wi-Fi are complementary and consumers want both as part of a single package. Further,
TRAI mentions Wi-Fi as a complementary and not competing technology to LTE16. Thus,
some of the value consumers attribute to fixed or mobile broadband is derived from the
wireless connectivity provided by Wi-Fi.
Long Distance Commercial Wi-Fi: These are a new group of Service Providers who
purchase bandwidth from any existing Telecom Service Provider (TSP)/Internet Service
Provider (ISP), and provide the last mile connectivity to the consumers, generally by
means of a modified version of Wi-Fi. An example is Rural Broadband Pvt. Ltd.17, with
the brand name of AirJaldi. Such operators are mostly present in rural areas where
connectivity is still an issue or mobile Internet speed is very slow.

15

“Find your top 10 broadband deals”, published on broadbanddeals.co.uk; https://broadbanddeals.co.uk/, accessed on
February 28, 2019.

16 “Consultation Paper on Proliferation of Broadband through Public Wi-Fi Networks” by TRAI: published on July 13, 2016;
https://main.trai.gov.in/sites/default/files/Wi-Fi_consultation%20Paper_13_july_2016.pdf accessed on November 02, 2018
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It is present in Maharashtra, Tamil Nadu, Jharkhand, Bihar, Uttarakhand, Himachal Pradesh, and Karnataka. They provide
services to organizations, corporates, community services and even individual clients. This is a relatively new concept
and in a nascent stage. So, we will not be focusing much on this for now. https://airjaldi.com/company/, accessed on
November 02, 2018.
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2. V-Band:
57 GHz - 71 GHz or the V-band is considered suitable for providing short haul wireless links
for backhaul in urban and dense urban areas as well as for providing Wi-Fi like multi-gigabit
wireless secondary access everywhere. TRAI has proposed it as one of the potential bands
for backhaul as well as last mile connectivity18.
Over 70 Countries like UK, USA, Japan, China, Brazil, etc. have already delicensed the
V-band and are currently exploring possibilities for use and optimization of V-band. Despite
the ecosystem existing in this band for unlicensed use, no clear economic valuation of this
band has been done so far.
The following are some of the key use cases of V-band:
i. Fixed Wireless: Using V-band to connect fixed nodes to home, office, society, buildings,
etc.
ii. WiGig: This is a new short-range wireless service using IEEE 802.11ad specification that
can link devices at up to 7 Gbps over a distance of up to 12 meters. Though the range
over which connectivity may be provided is much shorter than the existing 802.11n, the
speed is much faster. Usage of V-band enables AR/VR headsets is becoming another
area of V-band usage.
iii. Wireless backhaul: The backhaul functionality works well for small cells, allowing
operators to use 60 GHz radios to connect small cells to a fiber hub.

3. Wi-Fi 6 in 6 GHz (Wi-Fi 6E)
i. When 6 GHz is opened up and added to the existing unlicensed bands such as 5 GHz, faster
broadband speeds shall be obtained (higher speeds are sources of economic value)
ii. The spectrum in the 6 GHz band, when fully delicensed, will be able to support 8x160 MHz
channels or 3x320 MHz channels. This will give rise to:
• New classes of devices/apps
• Faster and higher bandwidth capabilities
As per the emerging regulatory scenarios that also address incumbents' needs, three types
of devices are envisaged:
• Standard Power with Automated Frequency Control
• Low Power Indoor [LPI]
• Very Low Power (VLP) portable (indoor and outdoor)

18

TRAI’s “Consultation Paper on Proliferation of Broadband through Public Wi-Fi Networks”, published on July 13, 2016;
https://main.trai.gov.in/sites/default/files/Wi-Fi_consultation%20Paper_13_july_2016.pdf, accessed on March 2, 2019.
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These will lead to new and faster devices that allow for M2M, IoT connectivity for industrial
facilities, hospitals, ports, rail yards, and airports across the country. Such connected
devices are sources of economic value, as they increase productivity and the design and
manufacturing of such devices leads to GDP contributions. New applications such as
immersive training, education and health delivery will have economic spillovers.

Status of Unlicensed Spectrum in India

As indicated above, the huge demand for mobile broadband in India requires adequate spectrum
and capacity in radio access networks, backhaul, and augmentation of the relatively lower
amount of spectrum with TSPs. Thus, besides licensed spectrum, having adequate unlicensed
spectrum is critical for India. Though the government has started initiating steps for releasing
more licensed and unlicensed spectrum, and has introduced spectrum trading and sharing,
furthering the amount of unlicensed spectrum made available could augment and complement
the capacity of our networks.
Appendix 1, gives the details of the bands that are currently available for unlicensed use in
India (Table A1.1) and the spectrum bands that are available for unlicensed use in various
countries but still not available in India for the same (Table A1.2).
As can be seen from the Tables in Appendix1, India has around 689 MHz of spectrum available
for unlicensed use, spread across various spectrum bands. This is very low in comparison to
countries like USA, China, Japan, UK, etc. (USA - 15403 MHz, UK - 15404 MHz, China - 15360
MHz, Japan - 15377 MHz, Brazil - 15360 MHz) (Table A1.2).
The lower availability of spectrum for unlicensed use is a constraint for the offtake of the
digital ecosystem in India19. There is a perceived reluctance on the part of the DoT for making
more spectrum license-exempt, largely because of a narrow interpretation of a Supreme Court
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“The Economics of Releasing the V-band and E-band Spectrum in India” by Suyash Rai, Dhiraj Muttreja, Sudipto Banerjee
and Mayank Mishra (NIPFP) published on April 2, 2018, https://www.nipfp.org.in/media/ medialibrary /2018/04/WP_226.
pdf, accessed on December 7, 2018.
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(SC) judgment (2012). According to a flawed interpretation of the said judgement, there is a
narrative that the SC had mandated allocation of spectrum only through auctions. However, a
more informed reading and interpretation indicates that the SC, in its judgment, had referred
to allocation of spectrum as a policy decision within the purview of the executives. In the
subsequent Presidential Reference made by the government, the SC had elaborated that the
scope of the judgment was limited to the 2G spectrum distributed through First Come First
Serve basis during 2007-08. Further, any alienation of scarce public resources needed to be
done in a fair and transparent manner that is backed up by social or welfare purpose and that
need not be only through an auction.
In the case of unlicensed spectrum, there is a lot of public and socio-economic value created
and since there is no need to allocate spectrum specifically to any user explicitly, there is no
contention regarding choice of method for allocation. By not adopting the clarifications in the
judgment and the Presidential Reference, allocation of spectrum in different bands, including
permitting other unlicensed bands, has been delayed.

Methodology
Since the spectrum associated with the unlicensed use is free, the economic value generated by
it cannot be estimated based on prices paid for spectrum in auctions or by the user. Therefore,
the concept of economic surplus and contributions to GDP have been used in past studies20.
Further, since use cases for the unlicensed band are continuously evolving, it is difficult to
assess the economic value over all possible use case scenarios. For example, the economic
value of RFID band emerged after its use in the retail sector21. Our report adopts the methodology
from previous studies such as Katz, 201822, NIPFP23 (for V-band) by using Economic Surplus
and GDP Contribution and contextualizing it to India in terms of the parameters for evaluation.
The current study estimates the present economic value of unlicensed spectrum for
1. Extant Wi-Fi spectrum bands viz. 2.4 & 5 GHz from 2020-2025
2. V-band from 2023-2025 and
3. 6 GHz band and consequent use of Wi-Fi 6E from 2023-2025.
The latter two estimates are premised on both V-band and 6 GHz being unlicensed in 2021, so

20

“Assessment of Current and Future Economic Value of Unlicensed Spectrum in the United States” by Raul L. Katz published
on January 31,2014, https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2418667, accessed on December 7, 2018.

21

“A 2017 Assessment of the Current & Future Economic Value of Unlicensed Spectrum in the United States” by Raul
Katz, published in April, 2018, https://ecfsapi.fcc.gov/file/1052490042455/052418%2013-49%20Letter.pdf, accessed on
December 10, 2018.

22

“A 2017 Assessment of the Current & Future Economic Value of Unlicensed Spectrum in the United States” by Raul
Katz, published in April, 2018, https://ecfsapi.fcc.gov/file/1052490042455/052418%2013-49%20Letter.pdf, accessed on
December 10, 2018.
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“The Economics of Releasing the V-band and E-band Spectrum in India” by Suyash Rai, Dhiraj Muttreja, Sudipto Banerjee
and Mayank Mishra (NIPFP) published on April 2, 2018, https://www.nipfp.org.in/media/ medialibrary /2018/04/WP_226.
pdf, accessed on December 7, 2018.
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that deployments may begin from 2023.
Economic Value
The components for measuring the economic value
of unlicensed spectrum consists of Economic Surplus
(Consumer Surplus + Producer Surplus) and GDP
contributions for Wi-Fi, V-band and Wi-Fi 6E.
a. Consumer Surplus measures the difference
between the price that consumers pay and the
price that they are willing to pay24 for a specified
quality of service.
b. Producer surplus measures the difference
between what producers are willing and able
to supply a good for and the price they actually
receive25.
We elaborate on the parameters used to estimate them
both under different use case scenarios. The base data,
its source, and assumptions regarding the different
parameters, and the basis of the assumptions is given in Appendix 2. Starting with 2020 as the
base year, we project the various parameters to 2025. Below we give the method of calculating
Economic value for each of the three cases.

Economic Value of Wi-Fi
We calculate the Economic Value of Wi-Fi in terms of the: a. Economic Surplus (both Consumer
and Producer) and b. the GDP Contributions due to the higher Internet speeds made possible
on this band and the Device/Equipment Ecosystem.
a. Economic Surplus: We estimate the Consumer Surplus and Producer Surplus as follows:
Consumer Surplus
Consumer Surplus on Wi-Fi arises due to mobile data offloading consequent to the better
consumer experience in having faster access available on Wi-Fi for the same price as
mobile data. We assume that the consumer’s willingness to pay (WTP) for additional data
consumed as a part of the free Wi-Fi exists.
Consumer Surplus: {Average data consumption per month on Wi-Fi (GB) * 12}* Average
data rate (Rs.) * Total mobile Internet users in India (cr.)

24

“Definition of Consumer Surplus” by Tejvan Pettinger published on January 11, 2018; https://www.economicshelp. org/
blog/188/ concepts/definition-of-consumer-surplus/ accessed on December 17, 2019.

25

“Producer Surplus” published on tutor2u.net; https://www.tutor2u.net/economics/reference/producer-surplus accessed
on December 17, 2019.
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Our basis for measuring Consumer Surplus is TRAI’s report regarding mobile data usage
profile26 for 2020. We use the total number of mobile Internet subscribers in 2020 as the
base. We use the average of different Industry estimates regarding growth of Internet
subscribers, average data price/user/month and average data usage/user/month in India
and project these for 2025.
It is estimated that globally, 60% of the Internet traffic would be offloaded on Wi-Fi. Wi-Fi
captures a larger share of the data traffic as a result of Wi-Fi deployments complementing
LTE roll-outs, greater smartphone usage and preference for rich content. There are varying
estimates of mobile data offloads as a percentage of total mobile data usage. Studies in
different countries reflecting the variations in GDP/capita, relative prices of mobile data visà-vis disposable income, and data consumption patterns show mobile offload factors range
from two to nearly 15 times. Wireless data traffic across mobile and Wi-Fi network in the USA
for 2017 across four major service providers (AT&T, Sprint, T Mobile and Verizon) gives an
average for the mobile offloads to mobile data as 2.1 (Katz, 2018, Table 3-7). According to a
study in Croatia, mobile offload factor was 7.7 (https://wifinowglobal.com/news-and-blog/
new-research-wi-fi-share-phone-traffic-7-7-times-higher-cellular/). As per Sundar Pichai,
CEO, Google, people are using approximately 15 times more data on Wi-Fi as compared to
their mobile networks27.
In order to take into account possible scenarios reflecting greater propensity of TSPs to have
more mobile data offloading, we consider the relative values of mobile data offloading at 2,
5, 10, 15 times mobile data. Appendix 2 shows the data and assumptions for the considered
range of values.
Another component of Consumer Surplus arises due to higher speeds on Wi-Fi networks in
comparison to a mobile network, while paying the mobile data rates. This is not quantified
in our study.
Producer Surplus
Producer Surplus arises in mobile data offloading for the service provider in reduction
of network costs (capex + opex) that would otherwise be required to accommodate the
increased data usage on mobile networks.
• Producer Surplus: {Average data consumption per month on Wi-Fi (GB) *12} * (Differential
cost of providing data on mobile network and over Wi-Fi (Rs.) * Total mobile Internet users
in India (cr.).
For estimating the Producer Surplus in mobile data offloading, we use the fact that costs
to a TSP for mobile data is Rs. 0.10/MB on cellular network, while that for data provided

26

“The Indian Telecom Services Performance Indicators July – September, 2018” by TRAI, published on January 8, 2019;
https://www.trai.gov.in/sites/default/files/PIR08012019.pdf, accessed on March 2, 2019

27

https://indianexpress.com/article/technology/tech-news-technology/googles-free-wi-fi-at-railway-stations-is-beingused-by-2-mn-people-in-india-sundar-pichai-2942966/ accessed on March 2, 2019
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over Wi-Fi is Rs. 0.019/MB28. We use a range of data that may be offloaded, to estimate the
change in Producer Surplus. Appendix 2 shows the data and assumptions for the range of
values calculated.
b. GDP Contributions
Studies indicate that higher data speeds, adoption and availability of the underlying
equipment and Internet penetration contribute to higher GDP29. These are elaborated below:
i. Higher Internet speeds: We use estimates of higher Internet speeds on GDP
contribution from various prior studies.
ii. Wi-Fi equipment ecosystem: We use GDP contribution due to equipment ecosystem
from various industry reports.
Appendix 2 shows the data and assumptions for the range of values calculated.

Economic Value of V-Band
We calculate the Economic Value of V-Band in terms of the
a. Economic Surplus (both Consumer and Producer) on WiGig and
b. The GDP Contributions due to the higher Internet Speeds made
possible on this band, the Device/Equipment Ecosystem and
Short-Range Device contributions.
Note: We believe that SRDs in the potentially unlicensed V Band
could provide a boost to the ecosystem and “Atmanirbhar Bharat”
and calculate their economic value in the V-Band separately. Box
3 gives a brief on SRDs.
We use the methodology adopted for Wi-Fi. However, since WiGig
deployments in India have not taken place, we estimate these
values from 2023. We assume that policy announcements in 2021
regarding unlicensing V-band will happen then, and deployments
can begin. Equipment ecosystem already exists in countries where
this band has been unlicensed. Appendix 2 shows the data and
assumptions for the range of values calculated.

28

TRAI report data of TSP (CAPEX OPEX estimated)

29

“Does High Speed Broadband Increase Economic Growth?” by Tim Worstall, published on https://www.forbes.com /
sites/timworstall/2012/08/26/does-high-speed-broadband-increase-economic-growth/#3e361e2b3966, accessed on
September 27, 2018 and “The economic impact of broadband: evidence from OECD countries” by Pantelis Koutroumpis,
published in April 2018, https://www.ofcom.org.uk/__data/assets/pdf_file/0025/113299/economic-broadband-oecdcountries.pdf, accessed on September 27, 2018.
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Box 3: Brief on SRDs
There are a wide variety of Short-Range Devices (SRD) that use radio waves30 as the
underlying medium of communications. These offer a low risk of interference with
other radio services as they have low transmitted power. SRDs often benefit from a
relaxed regulatory regime compared with other radio communications equipment.
As a general principle, such devices operate in the unlicensed bands.
Due to congestion in the lower frequency bands, higher frequencies are more
suitable for SRD applications. Further, the larger available bandwidth allows for wide
channelisation (e.g., 2.16 GHz in 802.11ad) and, hence supports high-speed links
with 10 Gbps and higher data rates.
Thus, SRDs in V-band (when unlicensed) will enable new technology and business
models to emerge. These applications cover several sectors such as health, security,
consumer, electricity and are important for improving the end user experience or
application. Some examples of applications are listed below:

30

•

Access control (including door and gate openers)

•

Alarms and movement detectors

•

Closed-circuit televisions (CCTV)

•

Cordless audio devices, including wireless microphones

•

Industrial control

•

Local Area Networks

•

Medical implants

•

Metering devices

•

Remote control

•

Radio frequency identification (RFID)

•

Road Transport Telematics

•

Telemetry

https://www.etsi.org/technologies/short-range-devices
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Economic Value of Wi-Fi 6E
We calculate the Economic Value of Wi-Fi 6E in terms of the:
a. Economic Surplus (both Consumer and Producer) on Standard Power and Low Power Indoor
(LPI) Device, and Very Low Power (VLP) and
b. The GDP Contributions due to the higher Internet Speeds made possible on this band and
the Device/Equipment Ecosystem.
Economic Surplus: We use the methodology adopted for Wi-Fi. However, since Wi-Fi 6E
deployments in India have not taken place, we estimate these values from 2023. We assume
that policy announcements in 2021, regarding unlicensing of 6 GHz band will happen then,
and deployments can begin. Equipment ecosystem is developing very fast in countries where
this band has been unlicensed. Appendix 2 shows the data and assumptions for the range of
values calculated.
Elements of calculations for both Standard Power
and LPI are provided below:
1. Standard Power
a. Consumer Surplus
b. Producer Surplus (mobile offloading)
c. GDP contribution due to
i. Increased speeds and
ii. Device/Equipment Ecosystem (Router
market size)
2. LPI
a. Consumer Surplus: Due to the growth in
M2M devices in the 6 GHz band, there will be
additional traffic on the Wi-Fi infrastructure. It
may not be possible to route this traffic directly
to mobile networks due to possible requirements of high throughput and low latency
requirements of the context. Let us assume that in 2023, this constitutes 10%, 15% and
20 % of existing traffic over 2024 and 2025. This will result in Consumer Surplus as
consumers do not pay separately for this traffic. This could be taken as 10% of the values
calculated for Wi-Fi.
b. Producer Surplus: Increase in operating margins (due to efficiency gains of using M2M).
Estimates indicate operating margins of 15% attributed to M2M.
c. GDP Contributions:
Increased Speed: According to Cisco VNI, traffic is growing faster than the number of
connections (due to a variety of video applications with high bandwidth requirements
26
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such as surveillance, telemedicine and low latency needs such as connected cars).
Devices operating in Wi-Fi 6E have faster speeds (indoor) (Increase in speed from 500
Mbps to 2.2 Gbps)31. Assume that triband routers (2.4 + 5.0 GHz [1.2 Gbps and 6 GHz (2.2
Gbps)] are 90% and 10%. Later becoming 15% to 85%.
(i) Increase due to Growth in IoT Penetration: Studies indicate that 10% increase in M2M
connections leads to a 0.3% increase in GDP. Various studies indicate a CAGR of around
28% for growth of IoT in India. Based on this, we calculate the GDP contributions
due to M2M from 2020 to 2025. We assume that going forward from 2023 to 2025,
contributions from Wi-Fi 6E are 10%, 25% and 45% respectively, as Wi-Fi 6 becomes
available from 2023.
We elaborate on the parameters used to estimate them both under different use case scenarios.
The base data, its source, and assumptions regarding the different parameters, and the basis
of the assumptions is given in Appendix 2. Starting with 2020 as the base year, we project the
various parameters to 2025. We assume that 6 GHz gets unlicensed by early 2021. Devices
and equipment start getting deployed by early 2022, and their effects may be measured by
2023. Below we give the various use cases and parameters used in the different components
of evaluation.
We assume that in 2023, Wi-Fi 6E device penetration will be 10% of the existing Wi-Fi market
and then will have steep growth with 25% by 2024 and 45% by 2025.The leapfrog effect is
assumed to happen as the uptake of tri-band routers will be seen to avail the speed and better
access advantage with the adoption of Wi-Fi 6E standards.
3. VLP
VLP will give rise to new generation of portable devices, including AR/VR and other wearable,
and in-vehicle devices (equipment sales, AR/VR market). We are separately not calculating due
to VLP, as the market is very far from evolving.

31

A single 160 MHz channel will be provided to a single user because there are enough 160 MHz channels to deliver
to each class of client devices (e.g., smart phones, TVs, computers, cameras). In short, 6 GHz will drive single user
throughput from 200-600 Mbps to 2.2 Gbps. However, it is important to mention that while some devices will benefit
from this speed, other ones routed through the 2.4 GHz band will share into 1.2 Gbps speed.
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Results
We first provide the consolidated results of Economic Value in the considered bands in
2020 (Table 1) and 2025 (Table 2). Subsequent tables provide the analysis for the different
components for the various bands.
Table 1: Total Economic Value of Wi-Fi Band in 2020 (Rs. cr.)

Components

Minimum

Maximum

Average

% of the Average
of the Total
Economic Value

Wi-Fi (2.4 GHz and 5.8 GHz)
Consumer Surplus

22,769

81,977

52,373

16.2

Producer Surplus

43,115

3,23,360

1,83,237

56.6

Total Economic Surplus

65,883

4,05,336

2,35,610

72.8

9,914

9,914

9,914

3.1

78,233

78,233

78,233

24.2

1,54,030

4,93,484

3,23,757

100.0

GDP Contribution
• Increased Speed
• Device/Equipment Ecosystem
Total Economic Value of Wi-Fi

Table 2: Total Economic Value of Wi-Fi for the Unlicensed Band for 2025 (Rs. cr.)
Components

Average

% of the Average
of the Total
Economic Value

Minimum

Maximum

81,977

6,14,824

3,48,400

27.4

Producer Surplus

1,21,628

9,12,209

5,16,918

40.7

Total Economic Surplus
GDP Contribution
• Increased Speed

2,03,604 15,27,033

8,65,319

68.1

25,550

25,550

25,550

2.0

• Device/Equipment Ecosystem

1,17,094

1,17,094

1,17,094

9.2

Total Economic Value

3,46,249 16,69,677

10,07,963

79.4

34,840

2.7

Wi-Fi (2.4 GHz and 5.8 GHz)
Consumer Surplus

V Band
Consumer Surplus (WiGig Access)
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Components

Average

% of the Average
of the Total
Economic Value

Minimum

Maximum

Producer Surplus (WiGig Access)

12,163

91,221

51,692

4.1

Total Economic Surplus
GDP Contribution
• Increased Speed

20,360

1,52,703

86,532

6.8

3,369

3,369

3,369

0.3

•

Device/Equipment Ecosystem

10,219

10,219

10,219

0.8

•

SRD Market Revenue

39,897

39,897

39,897

3.1

73,846

2,06,188

1,40,017

11.0

6,558

49,186

27,872

2.2

1,640

12,296

6,968

0.5

Total Economic Value

Wi-Fi 6E
Consumer Surplus
• Standard Power
•

Low Power

Producer Surplus
•

Standard Power

9,730

72,977

41,353

3.3

•

Low Power

5,086

5,086

5,086

0.4

Economic Surplus

23,014

1,39,545

81,280

6.4

3,796

3,796

3,796

0.3

• Device/Equipment
Ecosystem

18,062

18,062

18,062

1.4

• Growth in IoT Penetration

17,609

17,609

17,609

1.4

63,752

1,80,284

1,22,018

9.6

4,83,847 20,56,149

12,69,998

100.0

GDP Contribution
• Increased Speed

Total Economic Value
Total Economic Value of Wi-Fi in
the Unlicensed Bands

Overall Analysis
•

The Economic Value of Wi-Fi in the considered unlicensed spectrum bands in India is
significant for 2025 at Rs. 12,69, 998 cr. (for GDP at current prices). This is nearly 6% of the
projected GDP in 2025.

•

The Economic Value rises significantly from 2020 to 2025, showing almost a four-fold
increase.
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•

The average Economic Value of key applications in existing unlicensed bands for Wi-Fi in
2020 is significantly more than the telecom sector’s expected revenue as per the 2020-21
budget at Rs. 1.33 lakh cr.

•

Mobile data offloading would account for nearly 81% of the total Economic Surplus of Wi-Fi
by 2025. This reflects the limited deployment of applications in the other unlicensed bands.
In comparison, in the USA, mobile data offloading accounted for around 56.5% and 63.56%
of the Economic Value of the unlicensed spectrum in 2017 (actual) and 2020 (projections)
respectively [Table 13, (page 59, Table 4-20, Katz (2018)]. This reflects the greater variety of
applications in the unlicensed bands present in USA in comparison to India. For example,
RFID, and other applications in these bands also contributed, to the total economic value of
nearly $525 bn and $736 bn for 2017 and 2020 respectively in the USA.

•

Higher speeds on Wi-Fi in relation to mobile networks in the considered unlicensed bands
make a significant GDP contribution of Rs. 32,715 cr. to the GDP, respectively from the
existing and potential unlicensed bands (60 GHz and 6 GHz). The lower values from the
potential bands arises as we consider introduction of these bands from 2023 only. The
penetration is assumed to go from 10% of Wi-Fi in 2023 and increase to 45% of its base
value in 2025.
As the Wi-Fi routers in 5.8 GHz provide for greater speeds than that available in 2.4 GHz,
the contribution of GDP due to Wi-Fi offload on this band is higher. This should allay DOT’s
concern about the contribution of 5.8 GHz band that was recently unlicensed, to the GDP.
It should also build a logic for unlicensing higher bands, as they provide for higher speeds.

•

GDP contributions due to V-Band Device/Equipment Ecosystem are significant at Rs.
50,116 cr.

•

V-Band contributes to nearly 11% of the Total Economic Value in 2025. This is assuming
that V Band is unlicensed in 2023 and grows to 5% of its base value in 2025.

•

The potential GDP contributions due to SRD in this band is significant at Rs. 39,897 cr.,
constituting nearly 3% of the Total Economic Value in the considered bands.

•

Wi-Fi 6E presents a significant contribution to the total Economic Value in 2025, contributing
nearly 9.5% of the Total Economic Value.

•

Producer Surplus or benefits to service providers constitute the largest chunk at nearly
48.4% of the total.

•

The GDP contributions due to increase in IoT penetration would amount to Rs. 17,609 cr.
in 2025, while that from the device ecosystem would be Rs. 18,602 cr. This constitutes
nearly 30% of the Economic Value of Wi-Fi 6E. The Economic Value due to increased IoT
penetration does not take into account the spillover effects due to higher quality user
experience facilitated by higher speeds and bandwidth.
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Detailed Results
Economic Value of Wi-Fi
Consumer Surplus
From Table 3, it can be seen that the Consumer Surplus due to Mobile Data Offloading in 2020,
under the conservative scenario of the assumptions given above, varies from Rs. 22,769 cr.
to Rs. 1,70,764 cr. For 2025, the corresponding range is projected to be Rs. 81,977 cr. to Rs.
6,14,824 cr.
Table 3: Consumer Surplus
Year

Wireless
Internet
Users
(cr.)

Price of
Data per
GB
(Rs.)

Average
Wireless
Data Usage/
Subscriber/
Month
(GB)

Estimated Consumer Surplus (Rs. cr.)
Data Consumption on Wi-Fi in Relation to
Mobile Data
(times)
2

5

10

15

2020

72

10.95

11.96

22,769

56,921

1,13,843

1,70,764

2021

78

11.50

13.75

29,418

73,544

1,47,088

2,20,631

2022

83

12.07

15.82

38,008

95,020

1,90,041

2,85,061

2023

89

12.68

18.19

49,107

1,22,769

2,45,537

3,68,306

2024

95

13.31

20.92

63,448

1,58,620

3,17,241

4,75,861

2025

102

13.98

24.06

81,977

2,04,941

4,09,883

6,14,824

Source: Appendix 2 and Author’s Analysis

Producer Surplus
From Table 4, we find that that values for Producer Surplus, ranges from Rs. 43,115 cr. to
Rs. 3,23,360 cr. for 2020 for the conservative and optimistic mobile data offloading scenarios.
Corresponding values for 2025 are Rs. 1,21,628 cr. and Rs. 9,12,209 cr. respectively.
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Table 4: Producer Surplus
Year

Wireless
Internet
Users
(cr.)

Average
Wireless
Data Usage/
Subscriber/
Month
(GB)

Estimated Producer Surplus (Rs. cr.)
Data Consumption on Wi-Fi in Relation to
Mobile Data
(times)
2

5

10

15

2020

72

11.96

43,115

1,07,787

2,15,573

3,23,360

2021

78

13.75

53,053

1,32,631

2,65,263

3,97,894

2022

83

15.82

65,281

1,63,203

3,26,406

4,89,609

2023

89

18.19

80,329

2,00,821

4,01,643

6,02,464

2024

95

20.92

98,844

2,47,111

4,94,221

7,41,332

2025

102

24.06

1,21,628

3,04,070

6,08,139

9,12,209

Source: Appendix 2 And Author’s Analysis

Economic Surplus
Table 5 shows that the Economic Surplus ranges from Rs. 65,883 cr. to Rs. 4,94,124 cr. in 2020,
for the conservative and optimistic mobile data offloading scenarios. Corresponding values for
2025 are Rs. 2,03,604 cr. to Rs. 15,27,033 cr. respectively.
Table 5: Economic Surplus
Year

Wireless
Internet
Users
(cr.)

Price of
Average
Data/ GB Wireless
Data Usage/
(Rs.)
Subscriber /
Month
(GB)

Estimated Economic Surplus (Rs. cr.)
Data Consumption on Wi-Fi in Relation to
Mobile Network
(times)
2

5

10

15

2020

76

10.95

11.96

65,883 1,64,708

3,29,416

4,94,124

2021

81

11.50

13.75

82,470 2,06,175

4,12,350

6,18,526

2022

86

12.07

15.82 1,03,289 2,58,223

5,16,447

7,74,670

2023

92

12.68

18.19 1,29,436 3,23,590

6,47,180

9,70,770

2024

98

13.31

20.92 1,62,292 4,05,731

8,11,462

12,17,193

2025

105

13.98

24.06 2,03,604 5,09,011 10,18,022

15,27,033

Source: Appendix 2 And Author’s Analysis
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GDP Contributions
Increased Speed
Table 6 gives the details of contributions to GDP due to increased internet speed. The value
ranges from Rs. 9,914 cr. in 2020 to Rs. 25,550 cr. in 2025.
Table 6: Contribution to GDP due to Increased Internet Speed
2020

2025

Average Speed of Cellular Network (Mbps)

12.3

25

Average Wi-Fi Speed (Mbps)

30.0

54.0

Weighted Average (by Traffic) of Cellular and Wi-Fi Speed

21.5

43.4

57.48

57.61

0.30

0.30

0.172

0.173

99,155

2,06,608

0.45

0.51

9,914

25,550

Speed Decrease (Average Speed of Cellular/Average
Weighted Speed) (%)
Model Co-efficient (%)
Decrease in GDP per Capita (current prices) (%)
GDP per Capita (Current Prices) (in Rs.)
Wi-Fi Traffic (% of Total Traffic)
GDP Impact (Rs. cr.)
Source: Appendix 2 and Author’s Analysis
Wi-Fi Device/Equipment ecosystem

From Table 7, we see that the GDP Contributions due to Wi-Fi Device/Equipment Ecosystem
ranges from Rs. 78,233 cr. in 2020 to Rs. 1,17,094 cr. in 2025.
Table 7: GDP Contribution - Wi-Fi Device/Equipment Ecosystem
Year

Estimated Wi-Fi Device Ecosystem Revenue (Rs. cr.)

2020

78,233

2021

84,804

2022

91,928

2023

99,650

2024

1,08,020

2025

1,17,094

Source: Appendix 2 and Author’s Analysis
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Economic Value of V-Band
WiGig
The Economic Value due to WiGig consists of the Consumer and Producer Surplus for access
through WiGig and the GDP Contributions due to WiGig and VR/AR devices (V-band) (assuming
that WiGig reaches 10% penetration of Wi-Fi in 2023).
Consumer Surplus
From Table 8, it can be seen that the Consumer Surplus due to WiGig Access in 2025 under the
conservative scenario of the assumptions, varies from Rs. 8,198 cr. to Rs. 61,482 cr., with an
average of Rs. 34,840 cr.
Table 8: Consumer Surplus (10% of Wi-Fi Consumer Surplus)
Year

Wireless
Internet
Users
(cr.)

Price
of Data
per GB
(Rs.)

Average
Wireless
Data Usage/
Subscriber/
Month
(GB)

Estimated Consumer Surplus (Rs. cr.)
Assumption of Data Consumption on WiGig in
Relation to Mobile Data
(times)
2

5

10

15

2023

89

12.7

18.2

4,911

12,277

24,554

36,831

2024

95

13.3

20.9

6,345

15,862

31,724

47,586

2025

102

14.0

24.1

8,198

20,494

40,988

61,482

Source: Appendix 2 and Author’s Analysis

Producer Surplus
From Table 9, it can be seen that the Producer Surplus due to WiGig Access in 2025 under the
conservative scenario of the assumptions varies from Rs. 12,613 cr. to Rs. 91,221 cr. with an
average of Rs. 51,692 cr.
Table 9: Producer Surplus (10% of Wi-Fi Producer Surplus)
Year

Wireless
Internet
Users
(cr.)

Average
Wireless
Data Usage/
Subscriber/
Month
(GB)

Estimated Producer Surplus (Rs. cr.)
Assumption of Data Consumption on Wi-Fi in
Relation to Mobile Data
(times)
2

5

10

15

2023

89

18.2

8,033

20,082

40,164

60,246

2024

95

20.9

9,884

24,711

49,422

74,133

2025

102

24.1

12,163

30,407

60,814

91,221

Source: Appendix 2 and Author’s Analysis
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Economic Surplus
From Table 10, it can be seen that the Economic Surplus due to WiGig Access in 2025 under the
conservative scenario of the assumptions, varies from Rs. 20,360 cr. to Rs. 1,52,703 cr.
Table 10: Economic Surplus
Year

Wireless
Internet
Users
(cr.)

Price of
Average
Data/ GB Wireless
(Rs.)
Data Usage/
Subscriber /
Month
(GB)

Estimated Economic Surplus (Rs. cr.)
Data Consumption on Wi-Fi in Relation
to Mobile Network
(times)
2

5

10

15

2023

92

9.5

18.2

12,944

32,359

64,718

97,077

2024

98

9.9

20.9

16,229

40,573

81,146

1,21,719

2025

105

10.4

24.1

20,360

50,901

1,01,802

1,52,703

Source: Appendix 2 and Author’s Analysis

GDP Contribution
Increased Speed
Table 11 gives the details of contributions to GDP due to increased internet speed. The uptake
of WiGig is assumed to happen by 2023. The GDP impact is estimated at Rs. 3,368.77 cr.
Table 11: GDP Contribution due to Increased Internet Speed
2025
Average Speed of Cellular Network (Mbps)

25

Average WiGig Speed (Mbps)

75

Weighted Average (by Traffic) of Cellular and WiGig Speed (Mbps)
Speed Decrease (Average Speed of Cellular/Average Weighted Speed) (%)
Model Co-efficient
Decrease in GDP per Capita (current prices) (%)
GDP per Capita (Current Prices) (in Rs.)
WiGig Traffic (% of Total Traffic)
GDP Impact (Rs. cr.)

32.3
77.48
0.30
0.232
206608
5.00
3,368.77
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WiGig Device/Equipment Ecosystem
From Table 12, it can be seen that the GDP Contribution due to WiGig Device/Equipment
Ecosystem (V-band) in 2025 is Rs. 10,219 cr.
Table 12: GDP Contribution due to WiGig Device Ecosystem
Year

Estimated WiGig Market Revenue (Rs. cr.)

2023

6,889

2024

8,390

2025

10,219

Source: Appendix 2 and Author’s Analysis

SRD Ecosystem
From Table 13, it can be seen that the GDP contribution due to Short Range Devices (SRD) in
2025, under the conservative scenario of the assumptions, will be Rs. 39,897 cr.
Table 13: GDP Contribution due to SRD Ecosystem
Year

Estimated SRD Market Revenue (Rs. cr.)

2023

26,893

2024

32,756

2025

39,897

Source: Appendix 2 and Author’s Analysis

Economic Value of Wi-Fi 6E
Consumer Surplus
It is assumed that 80% of devices for Wi-Fi 6E operates on standard power consumption and
20% devices operate on Low Power.
From Table 14, it can be seen that the Consumer Surplus due to Wi-Fi 6E device operating
on standard power in 2025 under the conservative scenario of the assumptions, varies from
Rs. 6,558 cr. to Rs. 49,186 cr.
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Table 14: Consumer Surplus due to Wi-Fi 6E Standard Power Device
Year

Wireless
Internet
Users
(cr.)

Price
of Data
per GB
(Rs.)

Average
Wireless Data
Usage/
Subscriber/
Month
(GB)

Estimated Consumer Surplus (Rs. cr.)
Assumption of Data Consumption on
WiGig in Relation to Mobile Data
(times)
2

2023
2024
2025

89
95
102

12.7
13.3
14.0

18.2
20.9
24.1

5

10

3,929 9,821
5,076 12,690
6,558 16,395

19,643
25,379
32,791

15
29,464
38,069
49,186

Source: Appendix 2 and Author’s Analysis

From Table 15, it can be seen that the Consumer Surplus due to Wi-Fi 6E device operating on
low power in 2025 under the conservative scenario of the assumptions, varies from Rs. 1,640
cr. to Rs. 12,296 cr.
Table 15: Consumer Surplus due to Wi-Fi 6E Low Power Device
Year

2023
2024
2025

Wireless
Internet
Users
(cr.)

92
98
105

Price of
Data per
GB
(Rs.)

9.5
9.9
10.4

Average
Wireless
Data Usage/
Subscriber /
Month
(GB)
18.2
20.9
24.1

Estimated Economic Surplus (Rs. cr.)
Data Consumption on Wi-Fi in Relation to
Mobile Network
(times)
2

5

10

15

982
1,269
1,640

2,455
3,172
4,099

4,911
6,345
8,198

7,366
9,517
12,296

Source: Appendix 2 and Author’s Analysis

Producer Surplus
From Table 16, it can be seen that the Producer Surplus due to Wi-Fi 6E device operating on
standard power in 2025 under the conservative scenario of the assumptions, varies from
Rs. 9,730 cr. to Rs. 72,977 cr.
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Table 16: Producer Surplus due to Wi-Fi 6E Standard Power Devices
Year

Wireless
Internet
Users
(cr.)

Average Wireless
Data Usage/
Subscriber/
Month
(GB)

Estimated Producer Surplus (Rs. cr.)
Assumption of Data Consumption on Wi-Fi in
Relation to Mobile Data
(times)
2

5

10

15

2023

89

18.2

6,426

16,066

32,131

48,197

2024

95

20.9

7,908

19,769

39,538

59,307

2025

102

24.1

9,730

24,326

48,651

72,977

Source: Appendix 2 and Author’s Analysis

From Table 17, it can be seen that the Producer Surplus due to Wi-Fi 6E in 2025 under the
conservative scenario of the assumptions, is of Rs. 5,086 cr.
Table 17: Producer Surplus due to Wi-Fi 6E Low Power Devices
Year

Estimated Producer Surplus Due to Low
Power Indoor Device (Rs. Cr.)

2023

2,142

2024

3,301

2025

5,086

Source: Appendix 2 and Author’s Analysis

GDP Contribution
Increased Speed
Table 18 give the details of contributions to GDP due to increased internet speed. The uptake of
Wi-Fi 6E is assumed by 2023. The GDP impact is estimated at Rs. 3796 cr. by 2025.
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Table 18: GDP Contribution due to Increased Internet Speed
2025
Average Speed of Cellular Network (Mbps)

25

Average Wi-Fi 6E Speed (Mbps)

50.0

Weighted Average (by Traffic) of Cellular and Wi-Fi 6E Speed

28.6

Speed Decrease (Average Speed of Cellular/Average Weighted Speed) (%)

87.31

Model Coefficient

0.30

Decrease in GDP per Capita (current prices) (%)

0.262

GDP per Capita (Current Prices) (in Rs.)

206608

WiGig Traffic (% of Total Traffic)

5.00

GDP Impact (Rs. cr.)

3,796.28

Source: Appendix 2 and Author’s Analysis

Device/Equipment Ecosystem
From Table 19, we see that the GDP Contributions due to Wi-Fi 6E Device/Equipment Ecosystem
in 2025 is of Rs. 18,062cr.

Table 19: GDP Contribution due to Wi-Fi 6E Device/Equipment Ecosystem
Year

Wi-Fi 6E Router Market Revenue
(Rs. cr.)

2023

9,965

2024

12,456

2025

18,062

Source: Appendix 2 and Author’s Analysis

Growth in IOT Penetration
From Table 20, we see that the GDP Contributions due to growth in IoT penetration with uptake
of Wi-Fi 6E is calculated based on global IOT market projection and extrapolating it with Indian
Scenario. Increase in operating margins (due to efficiency gains of using M2M). Estimates
indicate operating margins of 15% attributed to M2M.
The GDP contributions due to growth in IOT penetration is Rs. 17,608.94 cr.
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Table 20: GDP Contribution due to Growth in IOT Penetration
Year

GDP contribution due to growth in IoT
Penetration (Rs. cr.)

2023
2024
2025

16,438.14
17,013.47
17,608.94

Source: Appendix 2 and Author’s Analysis

Detailed Analysis
Wi-Fi (2.4 and 5.8 GHz)
•

Wi-Fi access is the major contributor to the current Economic Value of unlicensed spectrum.

•

Producer Surplus is the biggest contributor to the value of Wi-Fi access. Producer Surplus
of Wi-Fi is high because the data consumption/mobile device in India is one of the highest
in the world, reflecting the mobile only dominant usage pattern. The relatively lower cost
of providing Wi-Fi vis-à-vis mobile data also contributes to the higher value of change in
Producer Surplus.

•

The high values of Producer Surplus as a part of the total Economic Value highlights the fact
that the telecom service providers will benefit immensely from Wi-Fi proliferation if they also
setup the Wi-Fi infrastructure. Several operators already have carrier grade Wi-Fi in place.

•

Consumer Surplus of mobile data offloading though relatively small, is significant, as
generally the consumption of data over Wi-Fi is much higher than over mobile networks32.
The relatively lower values of Consumer Surplus reflect the relative low prices for mobile
data33 used as a basis for calculating the Consumer Surplus.

•

Consumer Surplus of Wi-Fi access is complementary to the Producer Surplus. With increase
in Wi-Fi penetration, the Consumer Surplus value will increase, further increasing the Producer
Surplus as well.

•

GDP contribution due to increased speed is currently low, which reflects the fact that Internet
penetration and average Internet speed in India are significantly lower as compared to
countries like USA, UK, China, Japan, etc. As the Internet penetration and average Internet
speed increases, GDP contribution due to increased speed also increases.

32

Google’s free WiFi: This is why it chose railway stations to connect India by Nandgopal Rajan, published on August 5
2016; http://indianexpress.com/article/technology/google-sundar-pichai-free-wifi-railtel-stations-2943720/, accessed
on November 20, 2018

33

“The Indian Telecom Services Performance Indicators July – September, 2018” by TRAI, published on January 8th, 2019;
https://www.trai.gov.in/sites/default/files/PIR08012019.pdf, accessed on March 2, 2019
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•

GDP contribution due to equipment ecosystem is an indirect effect of Wi-Fi access. GDP
contribution due to equipment is low as Wi-Fi penetration is still very poor in India. This
results in low demand and uptake of such devices. With increase of Wi-Fi penetration in the
future, this too will increase.

V-Band
•

The potential Economic Value created by V-band is currently underestimated as not all
application scenarios are visible since this band is not unlicensed.

•

V-band access through WiGig and its use in VR headsets, and SRDs. etc. are sources of
potential economic value of V-band. Our study underestimates the Economic Value due to
WiGig, as we have assumed it is just 10% of Economic Value created through Wi-Fi. Given
the speed and the technical characteristics, its adoption rates could be higher.

Even with pessimistic assumptions, within a two-year period, V-band could contribute to around
10% of the Economic Value of unlicensed spectrum.

Wi-Fi 6E
•

The proposed regulatory framework could envisage having three types of devices for Wi-Fi
6E. We have estimated the Economic Value for Standard Power (with AFC) and Low Power
(Indoor) devices. With more restrictions on Very Low Power (VLP), we expect that those
devises may hit the market later.

•

The Consumer Surplus for Wi-Fi 6E [including both SP (AFC) and LPI devices] is of the same
order of magnitude as for V-Band, under our assumptions that in the initial years, Wi-Fi 6E
will contribute only 10% of the total Internet Traffic.

•

The GDP contribution of IoT systems based on the 6 GHz band is expected to be Rs.
20,277 cr.

•

The GDP contributions due to newer business models and services due to possible higher
offtake of IoT (if more spectrum is unlicensed) is significant at Rs. 17,609 cr.

[Note: We have not presented the Economic Value of V-band when considered as an alternative
to the FTTH/wired Internet connections. As the number of wired Internet users increases in
the future, the value of V-band fixed wireless link will also increase proportionately. To get
a sense of the planned investments in FTTH, we examine the projections made by RJIO, as
representative. RJIO planned to connect 35 mn homes in its first year of FTTH operations
(https://economictimes.indiatimes.com/industry/telecom/telecom-news/jio-fibre-targets-35million-customers-in-first-year-of-operations/articleshow/70639792.cms?from=mdr). This
would imply an investment of around Rs. 4,00,000 cr. The Producer Surplus arising out of the
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V-band Fixed Wireless implementation rather than FTTH is projected at nearly Rs. 60,000 cr.
This is significant.]
In the BharatNet implementation, it is possible to envisage the use of V-band to link from the
fiber termination point to the Wi-Fi Routers in every village/cluster of population, where fibre has
not been rolled out. V-band can be used as an alternative to fibre in the urban areas, where the
cost of deployment for the same is considerably high (Rs. 60 Lakhs/km in Mumbai)34. In rural
areas, the case for V-band is on the basis of its faster and easier (difficult terrains - hills, rivers,
etc.) deployment in comparison to fibre. This could accelerate the BharatNet deployments, as
laying of fibres is expensive and time consuming. The differential in cost of laying fibres and
using V-band would be the Producer Surplus. The Consumer Surplus would arise due to earlier
deployments possible with V-band.

Recommendations
1. Wi-Fi Penetration
•

Given the significant Economic Value associated with Wi-Fi across different bands, there is
a need to proliferate them. The penetration of Wi-Fi hotspots in India is poor, at about onefourth of that in U.S. and about half of China’s35. Globally, Wi-Fi penetration increased by
568% whereas in India, the growth was only 12%. Globally, there is one Wi-Fi hotspot per 150
people and India will need 80 lakh or 8 Mn additional hotspots to be at par with the global
standard36.

•

By 2018, India had only 35% Internet penetration, with around 500 mn users37. This offers a lot
of scope for developing a parallel ecosystem to provide last mile connectivity on unlicensed
spectrum. In the absence of a roadmap for Wi-Fi, there is a huge Economic Value that is not
being leveraged. PM-WANI Public Wi-Fi Policy launched by the Govt on 9th December 2020,
is an excellent policy in this regard. However, several aspects need to be ironed out for fast
tracking the implementation of the policy.

34

“India lags behind in connectivity via optical fibre” by Deepali Gupta; published on December 10,2014; https://economictimes.
indiatimes.com/industry/telecom/india-lags-behind-in-connectivity-via-optical-fibre/articleshow/45452578.
cms?from=mdr accessed on December 27, 2019.

35

Unlicensed spectrum holds key for broadband revolution in India; by Rohit Prasad and V Sridhar; published on July 19,
2015; https://yourstory.com/2015/07/unlicensed-spectrum-broadband-revolution/, accessed on November 19, 2018.

36

“TAIPA Response to TRAI Consultation Paper on Proliferation of Broadband through Public Wi-Fi Networks”, https://www.
trai.gov.in/sites/default/files/201608260444111068778TAIPA.pdf, accessed on December 12, 2018.

37

“The power of Internet and Online in India”, Posted in digital marketing by eMarket Edu, https://www.emarketeducation.
in/power-internet-penetration-online-india/, accessed on December 12, 2018.
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2. Need to Unlicense Higher Bands
•

The huge economic value associated with the Wi-Fi Access is significant. This should give
leverage to the Government to unlicense more bands, as has been done elsewhere. Higher
speeds (on the higher frequency bands) contribute significantly to increased GDP. This
rationale should be used to support progressive unlicensing.

3. Last Mile Connectivity
•

India has a major issue of last mile connectivity, especially in the case of high-speed data. Public
Wi-Fi could be used as a medium to provide this connectivity. Companies like Tikona, AirJaldi,
etc. are already using unlicensed spectrum to provide the last mile broadband connectivity.
Unlicensed spectrum could be a cost-effective mechanism for providing rural connectivity.

4. Unlicensing More Spectrum Bands
•

In comparison to global availability of unlicensed spectrum, India still has very little unlicensed
spectrum available for use38. There are many bands that needs to be unlicensed in India as
they are in many other countries. Government must speed up the decision-making process
to be in line with the global initiatives and make more spectrum available for use.

•

While unlicensing of several bands and consequent adoption of new applications add to the
higher Economic Value of Unlicensed spectrum, V-band characteristics and their deployments
elsewhere indicate a high potential scenario for India. The same holds true for Wi-Fi 6E.

5. Limitations of the Study
•

The values estimated depend on the parameters like data consumption on mobile/Wi-Fi,
average price of data, mobile Internet users, average Internet speed, GDP of India, the extent
of the equipment ecosystem, etc. The values will change if the parameters undergo any
sudden or abrupt change. For example, a sudden fall in data price post Jio’s entry into the
telecom market.

•

Some concerns with the adopted methods are that studies done at different points in time
are likely to yield different values, as the underlying use cases, business environment and

38

Unlicensed spectrum holds key for broadband revolution in India; by Rohit Prasad and V Sridhar; published on July 19,
2015; https://yourstory.com/2015/07/unlicensed-spectrum-broadband-revolution/, accessed on November 17, 2018.
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user bases and technologies evolve39. For example, in India, new devices and cheap pricing
plans led to an increase in data consumption from less than 200 Mn GB per month in June
2016, to around 1.3 Bn GB per month in March 201740. Moreover, the estimates of economic
value would depend on the prevailing prices and business models. For example, prices for
pre-paid and post-paid usage are likely to be different.
Appendix 1: Current Unlicensed Bands in India and Other Countries
Table A1: Spectrum Bands Currently Unlicensed in India
Unlicensed Bands

Bandwidth

Applications/Specifications

50 KHz - 200 KHz

150 Khz

Very low power devices.

13553 KHz - 13567 KHz

14 KHz

Very low power radio frequency devices,
indoor only.

26.957 MHz - 27.283 MHz

0.326 MHz

Low power wireless equipment (max. Effective
Radiated Power of 5 watts).
Low power wireless equipment for the remote
control of cranes.

335 MHz
402 MHz - 405 MHz

3 MHz

Medical RF wireless devices (max. radiated
power of 25 microwatt) with channel emission
band width within 300 KHz.

865 MHz - 867 MHz

2 MHz

Radio Frequency Identification Devices (RFID)
(MTP of 1 watt - 4 watts ERP) with 200 KHz
carrier band width.

2400 MHz - 2483.5 MHz

83.5 MHz

5150 MHz - 5350 MHz

200 MHz

5470 MHz - 5725 MHz

255 MHz

Low power wireless equipment (e.g. Wi-Fi)
(max. transmitter output power of 1 watt - 4
watts ERP) with spectrum spread of 10 MHz
or higher.
Low power wireless access, Radio local area
network, Wi-Fi
Low power wireless access, Radio local area
network, Wi-Fi

39

“A 2017 Assessment of the Current & Future Economic Value of Unlicensed Spectrum in the United States” by Raul
Katz, published in April, 2018, https://ecfsapi.fcc.gov/file/1052490042455/052418%2013-49%20Letter.pdf, accessed on
December 10, 2018.

40

“India’s monthly wireless data usage rose to 1.3 bn GB in March, courtesy Reliance Jio” by Danish Khan, published by
ETTelecom; https://telecom.economictimes.indiatimes.com/news/indias-monthly-wireless-data-usage-rose-to-1-3-bngb-in-march-courtesy-reliance-jio/58942988, accessed on February 11, 2019.
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100 MHz

Low power wireless access, Radio local area
network, Wi-Fi

5825 MHz - 5875 MHz

20 MHz

Low power equipment (MTOP of 1 watt 4 watts ER Power) with spectrum spread of
10 MHz or higher.

Total

663.99 MHz

5725 MHz - 5825 MHz

Source:
1. National Frequency Allocation Plan - 2018, DoT, Government of India, http://wpc.dot.gov.in/ WriteReadData/
userfiles/NFAP-2018.pdf, accessed on November 17, 2018.
2. Unlicensed Spectrum in India – The Centre for Internet and Society, https://cis-india.org/telecom/
unlicensed-spectrum-brief.pdf, accessed on October 31, 2018.
3. “Government moving to multiply free public WiFi hotspots”. https://www.thequint.com/pti/govt-move-tofree-up-5ghz-spectrum-to-boost-wifi-hotspots-in-india-bif and “Government frees spectrum for WiFi, 5G
services in 5Ghz band from licence”, https://timesofindia.indiatimes.com/business/india-business/govtfrees-spectrum-for-wifi-5g-services-in-5-ghz-band-from-licence/articleshow/66321811.cms, accessed
on November 22, 2018.

Table A2: Bands Currently Unlicensed in Other Countries but not in India
Bands
(MHz)

Bandwidth
(in MHz)

Application

Current
Allocation

Countries
Current
Where
Allocation in
Exemption is India
in Place

433 – 434

1

Data telemetry

• Low power
short range
devices

Radiolocation,
Australia,
Radio
Singapore,
Malaysia,
navigation
European
Union and
New Zealand

779 -787

8

Low power
wireless
equipment

• RFID
applications

China

Broadcasting

863 – 870

7

Low power
wireless
equipment

• RFID
applications

Europe

Broadcasting
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Bands
(MHz)

Bandwidth
(in MHz)

Application

Current
Allocation

Countries
Current
Where
Allocation in
Exemption is India
in Place

433 – 434

1

Data telemetry

• Low power
short range
devices

Radiolocation,
Australia,
Singapore,
Radio
Malaysia,
navigation
European
Union and
New Zealand

902 – 928

26

Low power
wireless
equipment

• 902.5 MHz
- 915 MHz:
Additional
requirements
of cellular
telephone
systems,
train control
and mobile
train radio
systems
• 900 MHz
band: Micro
cellular low
powered
telecommuni
cation
systems
• 926 MHz 926.5 MHz:
low power
cordless
telephone
systems

USA

Broadcasting,
Radiolocation

1880 1900

20

Low power
• Micro cellular
cordless
wireless
access
communication
Systems
(fixed/
mobile)
based on
TDD access
techniques.

Europe

Mobile (IMT)
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Bands
(MHz)

Bandwidth
(in MHz)

Application

Current
Allocation

Radiolocation,
Australia,
Singapore,
Radio
Malaysia,
navigation
European
Union and
New Zealand

433 – 434

1

Data telemetry

2483 2500
5875 7235

17

Wi-Fi

• Using for
Wi-Fi
Backhaul, Wi-Fi • Using for
Wi-Fi
• Wireless
backhaul
and wireless
bridges

Europe, USA,
Japan
UK, USA,
Japan, China,
Brazil

57000
-71000

14000

UK, USA,
Satellite, Space
Japan, China, research,
Brazil
Radiolocation,
Inter-Satellite

Total

15439

V-band,
• Using for
Backhaul, Wi-Fi
Wi-Fi
• Wireless
backhaul
and wireless
bridges

1360

• Low power
short range
devices

Countries
Current
Where
Allocation in
Exemption is India
in Place

Mobile-Satellite,
Radiolocation
Radiolocation,
Fixed-satellite,
Space
Research

Source:
1. National Frequency Allocation Plan-2018, DoT, Government of India, http://wpc.dot.gov.in/ WriteReadData/
userfiles/NFAP-2018.pdf, accessed on November 19, 2018.
2. Unlicensed Spectrum in India – The Centre for Internet and Society, https://cis-india.org/telecom/unlicensedspectrum-brief.pdf, accessed on October 31, 2018.
3. “Wi-Fi Channels, Frequencies, Bands & Bandwidths” published by electronicsnotes, https://www.electronicsnotes.com/articles/connectivity/wifi-ieee-802-11/channels-frequencies-bands-bandwidth.php, accessed on
December 10, 2018.
4. “Unlicensed wireless”, http://niviuk.free.fr/wifi_band.php accessed on December 10, 2018.
5. “UK spectrum map” published on July 16, 2018, http://static.ofcom.org.uk/static/spectrum/map.html,
accessed on December 10, 2018.
6. “868 MHz frequency is not license free in India - LoRa in India” by Ravi Pujar, published on September 19,
2016,
https://www.raviyp.com/embedded/207-868-mhz-frequency-is-not-license-free-in-india-lora-in-india,
accessed on December 10, 2018.
7. “FCC Online Table of Frequency Allocations” updated on October 5, 2018, https://transition.fcc.gov/oet/
spectrum/table/fcctable.pdf, accessed on December 11, 2018.
8. “FCC Adopts New Rules for Unlicensed V-Band, Extending the Coverage to 57-71 GHz” published on July 18,
2016; https://www.businesswire.com/news/home/20160718005293/en/FCC-Adopts-New-Rules-UnlicensedV-Band-Extending, accessed on December 11, 2018.
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Appendix 2: Data and Assumptions Used for Estimation
Parameter

Unit

Value

Source

Average Data Usage /
Subscriber /Month in 2020

GB

11.96

TRAI Quarterly Report on Telecom
Services Performance Indicator Report
for the Qtr. ending September 202041

Wireless Internet
Connections in 2020

Cr.

72.44

TRAI Telecom Subscription Data as on
December 202042
TRAI Quarterly Report on Telecom
Services Performance Indicator Report
for the Qtr. ending September 2020
CISCO Annual Internet Report (2018
2023)

Price of Data Per GB

Rs.

10.95

Mobile Offloading

%

30

Number of Months in A Year

No.

12

Dollar Conversion Rate

Rs.

74

(https://www.xe.com/currencycharts/
?from=USD&to=INR&view=1Y)-Feb 14,
2021

2,385

https://en.wikipedia.org/wiki/List_of_
countries_by_past_and_projected_GDP
IMF estimates $2592 bn -adjusted as
per pandemic shrinkage 8%

GDP Nominal of India for the
Year 2020

$ bn

GDP Contribution due to
Doubling of Speed

%

0.3

A report, conducted jointly by Ericsson
and Chalmers University of Technology
in 33 OECD countries, quantifies the
isolated impact of broadband speed,
showing that doubling the broadband
speed for an economy increases GDP
by 0.3%43.

Rate of Increase Per GB After
2021

%

5.0

Author’s assumption

41

Available on https://trai.gov.in/notifications/press-release/press-release-indian-telecom-services-performance-indicatorreport-34

42

https://www.trai.gov.in/notifications/press-release/trai-releases-telecom-subscription-data-31st-december-2020

43

https://www.adlittle.com/en/insights/press/press-release/new-study-quantifies-impact-broadband-speedgdp#:~:text=A%20new%20report%2C%20conducted%20jointly,economy%20increases%20GDP%20by%200.3%25.

48

THE ECONOMIC VALUE OF WI-FI SPECTRUM FOR INDIA

Parameter

Value

Source

82.94

TRAI benchmark comparison between
Cost of Data on Wi-Fi vs Cost of Data
on Mobile (as of 2016/17)

12

Derived based from data points of
Nokia Mobility Index and Ericsson
mobility report November 2020

%

7

Derived based from data points of
Nokia Mobility Index and Ericsson
mobility report November 2020

Data on Wi-Fi In Relation to
Mobile

Times

2, 5, 10,
15

In order to take into account possible
scenarios reflecting, we consider the
relative values of mobile data offloading
at 2, 5, 10, 15 times mobile data44

GDP Nominal of India for the
Year 2020

$ bn

2,385

IMF estimates $2592 bn - adjusted as
per pandemic shrinkage 8%

Cellular Speed (Download)
(Average)

Mbps

12.34

Based on TRAI speed test and OOKLA
speed test

Differentials in Cost Per GB
by Providing Data on Wi-Fi in
place of Mobile Network (off
loading)

Rs.

82.94

TRAI benchmark comparison between
Cost of Data on Wi-Fi vs Cost of Data
on Mobile (as of 2016/17)

Wi-Fi Router Transmission
Speed Support

Mbps

30

Author assumption based on
conservative approach

WiGig Device/Equipment
Ecosystem Market 2023

Rs. cr.

6,889

https://www.mordorintelligence.com/
industry-reports/wigig-market

Differentials in Cost Per GB
by Providing Data on Wi-Fi
in place of Mobile Network
(off-loading)
CAGR of Data Usage Per
Subscriber Per Month
CAGR Smartphone Growth

44

Unit

Rs.

%

According to a study in Croatia, mobile offload factor was 7.7 (https://wifinowglobal.com/news-and-blog/new-researchwi-fi-share-phone-traffic-7-7-times-higher-cellular/). As per Sundar Pichai, CEO, Google, people are using approximately
15 times more data on Wi-Fi as compared to their mobile networks.
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Parameter

Unit

Value

Source

WiGig Device Ecosystem
Projections

%

21.8

https://www.mordorintelligence.com/
industry-reports/wigig-market

26,893

https://www.prnewswire.com/news
releases/global-telemetry-market-worth
243-billion-by-2020-282944311.html
Assuming Indian market revenue at
0.1% from the global arena as SRD base
for 2023

Estimated SRD Market
Revenue

Rs. cr.

SRD market CAGR
Projections

%

14.2

https://www.prnewswire.com/news
releases/global-telemetry-market
worth-243-billion-by-2020-282944311.
html

WiGig Router Transmission
Speed Support E (2023)

Mbps

75

Author assumption based on
conservative approach

Growth of Wi-Fi 6E 2023-25

%

10, 25,
45

Author assumption based on
conservative approach

Growth of Wi-Fi 6E 2023-25

%

1, 2, 5

Author assumption based on
conservative approach
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