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ABSTRACT

The importance of Internet in our lives today cannot be overemphasized. So much so that access to Internet
has been declared a fundamental right of citizens in several countries such as Finland, Spain, and Greece [1].
In most of the developed countries, high-speed Internet connectivity is enabled through wired communication

infrastructure such as Fiber-to-the-Home (FTTH) and Very high bit-rate Digital Subscriber Line (VDSL).
Unfortunately, the situation is not particularly encouraging in developing countries due to non-availability of
such a pervasive communication infrastructure. The difference in the fiberdeployed-to-population ratio across
developed and developing countries further underscores this disparity; while this ratio is 1.2 in USA, it is
barely 0.1 in India [2]. Owing to this inadequacy of fiber/DSL availability, cellular access technology has
emerged as the primary broadband access mechanism in developing countries.

However, the penetration of cellular network is limited in rural areas as its deployment becomes unviable
due to challenges such as low average revenue per user, sparse population density, and intermittent availability
of electricity. This situation leaves majority of the rural people unconnected thereby creating a massive rural
urban digital divide. The next generation cellular system along with the use of unlicensed Wi-Fi Technology
can bridge this divide if we overcome the above-mentioned challenges. However, since the Fifth Generation
(5G) cellular technology has focus on requirements such as 10 Gbps data rate, 1 ms latency, and very high
speed mobility, the problems of coverage and affordability are likely to persist, further widening the digital
divide [3]. This article explains how Wi-Fi is being used for affordable high speed broadband in rural areas. A
successfully implemented case study of Jharkhand state is also presented, and it can be adopted as reliable
business model for 5G or 5G type services in rural areas.
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INTRODUCTION

We are stepping into a new age of mobile communication where everything is expected to be connected: high-
speed information sharing shall be enabled between all kinds of devices, i.e cell phones, tablets, smart watches
and wearable's, at any time and no matter where we go. Thus, to meet the everincreasing user demand in high
data rate service with seamless connectivity, 5G wireless access must extend far beyond the previous generations
of mobile networks with revolutionary solutions utilizing new radio access technologies.

A cross-nation study of mobile broadband affordability in ethic perspective pointed out that affordable
broadband internet connectivity should be considered as a vital aspect in social justice and 5G is at the danger of
losing its next million users entirely without affordable wireless access. It is widely observed in global map the
close relation of internet connectivity gap and GDP growth gap between urban and rural communities. The rapid
growth in internet connectivity and mobile internet access has accelerated the economic boost in the urban
communities around the world, and it in turns leads to improvements in public service sectors, such as education,
health, and banking, and attract investment in business and industrialization, which motivates further development
of the region. Thus there is an urgent need for continuous efforts from governments and information and
communication community to devote in development of mobile broadband access network and related researches
to connect the remote rural areas.
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Mobile access to internet in all areas is considered to be one important component of social justice that cannot
be compromised due to economic reasons, just as the equal rights to other important resources for everyone like
water, electricity and education. Low revenue per user in rural area compared with case in urban scenarios has
been dragging down the development of mobile network in rural areas for years. With growing attention and
support from governmental and academicals filed, In this scenario our Government should motivate network
operators to better drive network development in rural areas, by proposing and evaluating cost efficient solutions
targeting rural scenario.

Rural areas of countries continue to be sparsely covered and are not considered as a viable business case by
telecommunication operators. Recent growth of tele-density in urban areas, fuelled by mobile technology, has
shown that the digital gap between rural and urban areas has widened. Rural population needs to be provided with
mobile telephony with data and wireless broadband access in addition to simple voice mobile telephony, by
connecting remote areas to the broadband core networks. Choosing efficient, cost-effective and fast-deployment
technologies — whether wired or wireless networks — will improve digital accessibility.

The key challenges for the provision of telecommunication services in rural areas are driven by both
technological and economic considerations. Setting up backhaul connectivity remains a high-cost exercise. Erratic
power supply or complete lack of power sources is a major barrier, wherein Solar Power supply is increasingly
becoming a viable alternative. But the requirement to maintain alternate backup systems raises capex costs
substantially.

There is a gap in internet adoption between rural and urban areas and a lack of infrastructure is responsible in
many cases for this division. In 2019, enabling digital connectivity in rural areas is still an underlying issue for
the developing nations, however there are upcoming developments in place to ensure there are a range of
technologies that can deliver next generation connectivity.

To achieve country-wide Internet access is an important goal to sustain the progress of our societies.
Nevertheless, there is important gap between the urban and rural areas in terms of Internet Connectivity that is
mainly due to a lack of interest by Internet Service Providers (ISPs) in deploying a wired infrastructure in these
areas; such lack of interest is expected to be maintained since the estimated Return of Investment (ROI) is not
attractive. Also, it is widely accepted that new information and telecommunication technology are needed to
alleviate a wide range of obstacles for economic and social development in rural areas. This is particularly true
for internet accessibility, since it offers a global platform for retrieving and sharing information. During past few
years, there has been a remarkable progress in the most developed countries in terms of telecommunications
facilities. However, outside the main urban areas, there are significant handicaps that make Internet connectivity
a complex and costly task.

THE POSSIBLE SOLUTIONS

Knowing the fact that there is no business case for the telecom operators in rural areas. So, there arises a
question — Are we prepared for that and how this rural-urban digital divide will be bridged? Actually, objective
is to reach the bottom of India’s digital pyramid with the inclusion of these far-flung rural areas, Digital India
programme of Govt. of India is really helping to bridge the digital divide, but lot is still to be done. It is the fact
that rural Indians have been increasingly getting online and are expected to catch up with urban India by 2020
where 48% of the online population will be from Rural India. But such trends would exist during 5G also? That
we have to check.

The penetration of the broadband networks in such remote and rural areas demands new thinking and methods
to make the broadband network operations economically viable. Suitably modified deployment architecture
needs to be explored to address the rural broadband internet requirements and innovative business model
developed to operate in a sustainable mode. Actually, the connectivity requirements of the rural areas are very
different from that of the urban areas. Thus, in order to make rural broadband connectivity better feasible and
have better penetration in the un-served and under-served remote and rural areas, we need low cost, indigenous
and high-performance solutions.
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A. Tested Solution of Jharkhand:

One of the best solutions which is already implemented in Jharkhand state by provisioning of LWE BTS in
rural areas, (funded by Govt. of India)and provisioning of Wi-Fi services on these LWE towers & around,
(sponsored by Jharkhand state government) is a perfect solution or can be a Business model also. A detail report
of this solution implementation in Jharkhand state is given in section- 4 and further 5G or 5G type services can
also be given with the help of latest Wi-Fi in pockets of rural areas based on this or similar models.

POSSIBILITY OF ROLLOUT OF 5G OR 5G TYPE SERVICES IN RURAL AREAS:

It is useful and timely to pose the question on the future of communications - a future that talk of 5G & also
goes beyond 5G. Notably, it is also important to understand which technology disruptions are required to enable
‘Wi-Fi Technology’ not only to survive but also to thrive in an increasingly competitive technology and business
landscape for affordable solutions.5G is the next big revolution in mobile connectivity, is expected to be able to
handle the increasing traffic related to the higher need for mobile data. The 5G wireless technology aims at
providing better mobile broadband connectivity and speed for a wider range of customers.

The cellular technology is mostly an urban technology that has been unable to serve rural areas in same
manner. This is because the traditional cellular models are not economical for areas with low user density and
lesser revenues. In 5G cellular networks, the coverage dilemma is likely to remain the same or increase only, thus
widening the rural-urban digital divide further. It is about time to identify the root cause that has hindered the
rural technology growth and analyse the possible options in 5G architecture to address this issue. We firmly
believe that it can be accomplished.

Our aim is to ensure the availability of Internet in a costeffective manner. This is only possible if the 5G rural
model adopted is able to attract the attention of service provider in the first place. By focusing on cost
effectiveness, parameters such as throughput and latency can be compromised because these are managed
according to the user requirements and are not deemed critical for a new user located at a remote/sparsely
populated area. In addition, the infrastructure cost has also to be practicable because the vendor would never risk
a huge sum for a pilot project. Since the profit-loss breakeven point would occur at lower revenues, therefore
more rural population would be encouraged to reap the benefits of low-cost Internet. Once the rural access to
Internet gains momentum and results an increase in number of users, the core problem would be addressed and
would subsequently be wiped off the ‘investment blacklist’ from a service provider’s perspective, then the
increased rural demand would motivate the service providers in facilitating the users with better connectivity and
improved performance that would invariably lead to technological advancement in the rural areas and bridge this
technology gap [4].

In the recent years, there has been a significant growth of cellular wireless communications. Despite this
growth, a large part of the world is still deprived of broadband connectivity. For example, in India, while the
number of cellular subscribers is over 1.2 Billion, the broadband penetration is mere 600 million [5]. Moreover,
the broadband penetration in rural areas is even marginal. It is estimated that 3-4 Billion population of the world
still do not have access to Internet. Using existing cellular wireless systems including Third Generation (3G) and
Fourth Generation (4G) technology, there are significant challenges in providing broadband access. These include
- High capital and operations expenditure with low Average Revenue Per User (ARPU), lack of affordable
backhaul, energy cost which is worsened by lack of reliable power supply and geographic accessibility including
issues such as right of way.

These challenges require a re-thinking on developing next generation wireless system for connecting the
unconnected world. Mobility is not a major driver for designing such systems, rather fixed primary broadband
access is the most important requirement. A simplified IP based network architecture with dynamic spectrum
sharing and a low-cost wireless backhaul can set the vision of 5G for Rural Areas for connecting the unconnected

[6].
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While affordable fixed access can be provided using a dense deployment of IEEE 802.11 based Wi-Fi
Hotspots, one of the major impediments for widespread deployment of such Hotspots is the lack of connectivity
to Wi-Fi access points.

Fiber [7] connectivity in terms of backhaul is limited in such countries and may currently reach only at
designated points in a town or city. In such a scenario, the problem of connecting the core network to the access
network can be addressed using wireless middle-mile network as shown in Figure 18-1.

This paradigm opens up several directions for technology solutions. These include dynamic spectrum sharing
for multioperator co-existence, scalable control and management of such access and middle mile network through
software defined network controller among others.
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Figure 18-1 - Envisioned Architecture for Backhaul Issues

To enable a broadband access network that is calibrated according to rural connectivity requirements. We can
consider a tiered wireless communication network involving a Core Network and an Access Network as shown
in Fig 18-2 below. Access Network facilitates last mile connectivity to end-users, whereas Core Network provides
connectivity with the external data network. In some scenarios, Access Network may also provide connectivity
with the external data network. Access Network, considered here, is heterogeneous in nature, i.e., it consists of a
Macro Base Station (BS) and a number of Wi-Fi Access Points (WLANS). The Macro BS is collocated with the
PoP which is available in the vicinity of the given rural area. and provides blanket coverage to the end users in a
large geographic area. Owing to the clustered settlement of people in rural areas, Wi-Fi Access Points are
deployed only in clusters.

IEEE 802.11 based Wi-Fi Access Points can be chosen for the last mile as it facilitates fixed high-speed
broadband access to the end-users in a cost-effective manner. The major challenge in designing the Access
Network is to backhaul the traffic generated by WLAN APs. This is enabled via wireless Middle Mile Network
that connects the WLAN APs to the PoP. The architecture proposed here (Fig 2) mirrors the rural population
distribution and helps in efficient delivery of services to the users.
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Figure 18-2 Deployment Architecture for 5G in rural

There’s a lot of work happening in Wi-Fi industry around how do you take Wi-Fi connectivity and make it
work better, but also make it work better in conjunction with other technologies whether they come from the Wi-
Fi side of things, the broadband side to connect people, or the narrowband side to connect things. 5G [8], which
is expected to make its debut in fixed-wireless form in 2019/2020, also the 802.11ax chipsets are already being
announced and products are likely to hit the market soon. We have to ensure their commercial rollout, and
whatever roadmap or arrangement we take should have concurrent milestones.

Here are some other reasons why Wi-Fi will continue to thrive in a complimentary way along with the
launch of new cellular technologies like 5G:

The Wi-Fi market is growing, not shrinking. According to an international survey report by Market stand

Markets,

the global Wi-Fi market will be worth 33.6 billion by 2020. Wi-Fi traffic, from both mobile and Wi-Fi-only
devices, will account for more than 50 percent of total IP traffic by that time.

Also, Wi-Fi understands dense deployments. The 5G future is dense. Grids will be composed of small cells
and ubiquitous antenna to enhance capacity and coverage - a scenario that Wi-Fi already understands. Also, the
rural Last Mile connectivity is possible using WLANS only because Wi-Fi provides best implementable business
strategies for rural & remote geographies. The detailed Scheme is shown in Figure 18-3.

Assumptions Constraints Objective
Low Mobility Energy Efficiency *  Maximize Throughput
Less Stringent Availability s Bandwidth efficiency =] . Minimize Cost
Large Coverage User Satisfaction
Localized Communication
5G for Rural

Figure 18-3 Wireless Broadband Network for Rural Connectivity Aimed at providing affordable primary broadband

connectivity to rural areas
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WI-FI SERVICES IN LWE AREAS OF JHARKHAND [9]

The Left wing Extremism (LWE) affected areas in India are characterized by poor socio-economic indicators.
Lack of infrastructure development has been identified as one of the causes for its backwardness. Telecom
connectivity (both voice & data) would help in fostering economic development of the region and enable security
forces to deal effectively with extremism in their areas.

In recent years, mobile connectivity has emerged as one of the transformational phenomena. Mobile telephony
has transformed access to communication in emerging markets. But rural areas have traditionally been no-go for
incumbent telecos as far as Data Connectivity is concerned due to perceived lack of a business case. Today, almost
90% of the country’s population is covered by mobile phone signals, yet there are still two third of the population
who don’t have access to voice and data connectivity.

Earlier, reaching out to the rural areas presented particular technology and economic challenges. Solutions that
worked typically well in urban settings — copper, fibre, cable and mobile — were unreliable in rural areas or
prohibitively expensive. For example, premises near bigger town, small towns and villages are often too dispersed
to make the rollout of fast fixed-line solutions economically viable. In these, there are limits on asymmetric digital
subscriber line (ADSL) speeds and also, the cost per premise for fibre to the node (FTTN) is several thousand
dollars. At the same time, rural areas are not remote enough to justify satellite technology’s incremental cost per
unit of performance. So, we came out with our quite efficient and innovative technological solution which made
the use of unlicensed Wi-Fi Technology.

On August 20, 2014, the Union Cabinet approved the extension of mobile telephonic services to 2,199
locations affected by Left Wing Extremism (LWE) in the states of Andhra Pradesh, Bihar, Chhattisgarh,
Jharkhand, Maharashtra, Madhya Pradesh, Odisha, Telangana, Uttar Pradesh and West Bengal. The Project was
executed by Bharat Sanchar Nigam

Limited (BSNL). BSNL through VNL has already installed towers at these locations giving a network
coverage to many villages as well as camps of security forces. BSNL has created 782 GSM sites in the un-
connected areas of the state of Jharkhand under LWE project phase-I.

These 782 sites are pure 2G GSM BTSs indigenously developed by VNL, equipped with solar panels and last
mile RF connectivity to take care of any outage due to fibre cut & power failures. These BTSs are low power
equipment designed to cope up to 72 hours of "black out" environment also. Initially even GPRS service was not
provided. So with commission of these towers though very good mobile services were made available in these
in-accessible areas, but without any data services.

Traditionally entering a typical rural area for private telecom operators’ means not just capex & opex issues
but the perception of existing hostility in these regions make the organisation vulnerable and think twice before
they enter these areas. But On initiative of BSNL, state government came forward for viability gap funding for
provision of WiFiservices at these LWE towers with revenue gap funding. After that BSNL with GolP&BIlue-
Town (as technology partner of GolP) took this project on revenue share basis.

BSNL & state government initiative to promote an alignment between technology, demand, standards &
regulations has enhanced efficiency in network reach into zero data access regions. Now people living in these
regions have access to better education, better and timely medical services all because of BLUETOWN’s efforts
as Managed Hotspot Service Provider (MHSP) with BSNL, which complimented the Govt. initiatives to bridge
the Digital Access deficit.

WI-FI BROADBAND ACCESS ON LWE TOWERS PROJECT: DATA LIMITATION OF
EXISTING LWE 2G SERVICES

As on these existing 2G GSM BTSs, there are 48 timeslots for voice and data both. Effective speed of data is

only 20Kbps. This speed was not sufficient for data communication and cashless transaction. As Govt. of
Jharkhand is trying to expand digital network in rural areas so that the mass can get benefit of e-Governance
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services. For effective implementation of Digital India scheme, data speed should be high. Hence, Govt. of
Jharkhand decided to install Wi-Fi hotspots in those areas using existing mobile towers.

The objectives of this project were:

e High speed connectivity to citizens
e Provisioning of data connectivity to Govt. offices
e  Penetration of Digital India Programme in LWE areas.

BSNL issued the Work Order in 2016 for setting up, own and operate Wi-Fi Hotspots at public places through
BSNL POP on Revenue Share basis to GOIP, in turn to Blue-Town business & Technology partner.

Project was monitored directly by DolT (Government of Jharkhand) or the agency authorized by DolT. Dol T
or its authorized agency will inspect working of Wi-Fi system.

A. Responsibilities of BSNL-BLUETOWN partnership for the project

Roles and responsibilities of BSNL-BLUETOWN and the activities expected to be carried out in the process
are summarized below:

BSNL ensured Internet Bandwidth of 2Mbps with Public IP Addresses at all the LWE Locations.
BLUETOWN Installed operated and maintained the equipment required to create Wi-Fi hotspots
at these LWE sites.

e Uptime SLA: Uptime of 98% is guaranteed, as below:

0 Avg. annual uptime>= 98% full payment
0 Avg. annual uptime>=92% and <98%, 4% shall be deducted
0 Avg. annual uptime<92%, full 10% payment shall be deducted at the end of year.

e Revenue Sharing: BSNL will share the revenue (received from the Jharkhand State Government
i.e. Bulk Revenue and any revenue received from Retail Customer Recharges i.e. Retail Revenue)
as per the Work Order Referred above.

e All DoT Guidelines: Regarding Wi-Fi Hotspots and user interfaces and records were to be
maintained.

e BLUETOWN have to provide dashboard for monitoring of the function of Wi-Fi system.

B. The solution provided for this project:

All the Wi-Fi network equipment’s such as antennas, Access Points and Controller are utilizing the BSNL
towers and Backhaul infrastructure. The special equipment integrated is a miniaturized, low-powered and low-
cost Wi-Fi Access Point Controller powered by solar panel and rechargeable

SMF batteries. The power requirement of 3APs and a Controller being less than 20 Watts only, the system can
work up to 30 hrs. Without any charging. The AP Controller provides the functionalities of Power control, Charge
control, RF control, Content server, bandwidth management, quality, security and authentication management as
well as POE for APs. In its functionality, it is similar to BTS of a cellular network and facilitates the creation of
a managed Wi-Fi Hotspot, while utilizing off-the —shelf outdoor APs.

The innovative solution deployed is summarised, as below:
Outdoor Solution — Everything on Tower

e Access Point Controller (Housed in an IP67 weather proof outdoor box)
e 3 weather-proof Sector Antenna assembly located on BSNL existing Tower. This includes the
following components
0 120 Degree Sector Antennae’s (3 in Number)
Bandpass filters (3 in Number)
2.4 Ghz Access Points (3 in Number)
Backplates to support the Antennae assembly (3 in Number)
Antennae Mounts

O O 0O
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0 Solar Power system including the following: Solar Power Unit with Batteries (Housed in an
outdoor IP67 box); Solar Panel; Solar Cables & Connectors.

0 4th Access Point with an OMNI/Sector Antennae (as per requirement) to be installed at a
location upto 1 Kms (like a school, PHC or GP etc.) away from the tower

0 Internet backhaul was provided by BSNL using existing network.

C. Salient features of the project:

e Range of 0.5 Km radius with 15meter tower height and 0.3 Km radius with 5Smeter (rooftop) mast was
achieved, while restricting the APs power to permissible limits.
e  System can sustain for 30 hrs. Without availability of any electricity and can charge itself through solar
panel beyond that.
e All the requirements of Authentication were achieved through pre-paid coupons or OTP based
authentication through mobile connection.
e  Users experience has been better than 3G Data connection even it can be said as 4.5G like experience.
Use of miniaturized SMF batteries in the project having 30 hrs capacity without charge.
Miniaturized, integrated Wi-Fi Access Point Controller powered by solar power which were capable of
handling:
0 AAA Authentication
o Bandwidth Management & RF Control
0 Power Control & Battery Management
0 Remote Access for system maintenance
o Extremely low voltage (16V) and power consumption (20W) of access point controller and outdoor
access point.
e  Use of existing infrastructure of BSNL to reduce the CAPEX.

D. General Network Architecture:

The Figure 18-4 network architecture was implemented at the LWE sites most of which are located in remote
areas. The Wi-Fi infrastructure was installed at existing BSNL towers where Backhaul was provided by BSNL,
through unlicensed radio channel.

Figure 18-4 LWE Architecture

E. Promotional and educational efforts:

e As the project is funded by state government under viable gap funding. So, the opening page is
designed for state government.

e Figure 18-5 shows, Wall painting Banners and Posters were used for proper knowledge awareness in
public in addition to those Leaflets were also distributed for value addition.
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e Organization of road shows& door to door campaign to do survey as well as spread awareness of
services with practical demonstration of how villagers can use different government schemes & e-
commerce services.

= BSNL Wi-Fi
==IBLUETOWN g1 wifer

Figure 18-5 Posters, Banners, Leaflets for Knowledge Awareness

CONCLUSIONS:

Success of this project has vindicated our belief that there is a sustainable business case for Broadband in Rural
parts of the country whereas the incumbent Telco’s are not there yet as they are concentrating in the urban areas
and it has been showcased that this LWE project, was mainly possible because of our innovative solution (Low
cost, Low maintenance, Low power and our “Managed Service” based business model.

BSNL-BLUETOWN partnership vision & mission would enable the people living in rural areas with no data
connectivity to the world of Internet at an affordable price. Also, with each hotspot being created there was one
job also that was created as a local person would be required to do the sales/marketing & basic maintenance of
the Wi-Fi hotspot.

This synergy strategy amongst manufacturers, R&D centres, and service providers for achieving efforts for
deployments into the remotest parts of the country would eventually lead to a roadmap for Grand India Dream.
Because a good connectivity is citizen right, they say, not a privilege.
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