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Internet Connectivity Status: Worldwide

Source: https://www.internetworldstats.com/- October 2020

~40% of the 
world 

population is 
unconnected  -

Majority in 
Developing 

World and in 
Rural Areas

https://www.internetworldstats.com/


Internet/Broadband Penetration Status: India
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~610 million people (45%) do not have Broadband/Internet access



Internet/Broadband Access- How is it enabled?



Connecting the Unconnected ðChallenges

ÁSparsely Populated (as shown 
in the figure)

ÁNot typical to Africa or 
India

ÁOther continents and 
countries similar

ÁRemote and Difficult to Reach 
Regions

ÁNot all but a significant %

ÁHigh CAPEX & OPEX

ÁSpectrum Cost

ÁCost of Backhaul

Ethiopia

Source: Google Earth
(Circles denote habited areas, Rest of the 

areas have no population)

India

Rural Settlements



Connecting the Unconnected ðChallenges contd.

ÁScarcity of Resources
ÁUninterrupted Electric Power Supply from the grid

ÁLow Average Revenue per user

ÁAccess Constraints
ÁRight of Way

ÁChallenges of Manageability
ÁUnavailability of Trained Manpower

ÁRelevance of Content
ÁMost Content on Internet is in English and a handful of other 

Languages



Rethinking 5G Requirements for Rural Areas

ÁLow cost Solution
ÁLow Cost Backhaul 

Solutions
ÁWireless backhaul 

instead of Fiber

ÁLower Spectrum Cost
ÁUnlicensed Spectrum 

wherever possible

ÁLimited Mobility 
Support
ÁHigh-Speed Mobility 

Not Required
ÁSmall no of vehicles in 

Rural Areas

ÁSlow moving vehicles

ÁFixed Access is the Key

ÁLarge Coverage Area 
Support

ÁEnergy Efficient Solution

Frugal 5G 
Networks

(IEEE P 2061)

Vision of providing 
broadband access 
to rural areas by 
addressing these 

Requirements



Learnings from Our Palghar Testbed (Maharashtra, India)

ÁTV UHF band (470-590 MHz)
ÁLargely Underutilized in India

ÁTV UHF band for Backhaul
ÁCovers Large distances

ÁNon-line-of-sight links can be 
formed

ÁLow Power consumption

Á5ς10 W in our testbed

ÁCan be powered via Solar Energy

ÁThroughput - 6-15 Mbps in 5MHz

ÁWi-Fi for Access in Villages
ÁCost Effective

ÁEasy to Manage



Frugal 5G Network Architecture - Features

Large Coverage Area 
Cells to provide 

Ubiquitous 
Connectivity

Small Cells (WiFi
Hotspots) as high 

speed Access Points

Wireless Middle Mile 
Network to Backhaul 

Data 

Point to Point 
Wireless links to 

connect the nodes in 
Villages

ωEfficient Service Delivery

ωIndependent Evolution & 
Development of Control & Data 
Plane Entities

SDN based 
unified 
control 

ωCost-effective System

Usage of 
Virtual 

Network 
Functions 

ωEnables Local Communication

ωReduces Resource Usage
Intelligence 
at the Edge



Frugal 5G Network Architecture ðEdge Components

Hierarchical SDN based 
control of the multi-RAT 

network

RAT Specific Control Functions:

ωProvides an abstract view of underlying RAN to higher level 
control entities; 

ωEnables unified control of multi-RAT network; 

ωEnables RAN virtualization and Network Slicing

RAT Agnostic Control Functions:

ωOperates over abstract resources provided by RSCFs; 

ωAnalyses individual traffic flows and acts on it with help from 
other RACFs;

ωEnables localized communication under fog element


