
The full chapter is available exclusively to 
signed-in participants of the IEEE Future 
Networks Community. 

Click here to join the Future Networks 
Technical Community (free for any 
sponsoring IEEE Society member, and 
low-cost for non-members), then return to the 
INGR page to download full chapters.

Would you like to join an INGR 
Working Group? 

Click here for contact 
information for each group.

Interested in booking a private session with INGR 
experts for your company? Contact an IEEE Account 
Manager to discuss an INGR 
Roadmap Virtual Private Event.
+1 800 701 4333 (USA/Canada)
+1 732 981 0060 (worldwide)
onlinesupport@ieee.org

This file is a free sample of this chapter.

https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=CMY5G772
https://futurenetworks.ieee.org/roadmap
https://futurenetworks.ieee.org/roadmap
mailto:onlinesupport@ieee.org


Introduction 1 

 

 

 

 

 

 
 

 

 

IEEE INGR ROADMAP 

 

CONNECTING THE UNCONNECTED WORKING 

GROUP 
 

 

 

2023 EDITION 
 

 
 

 

 



2 IEEE FNI INGR CTU Chapter, 3
rd

 Edition (2023) 
 

IEEE INTERNATIONAL NETWORK GENERATIONS ROADMAP – 2023 EDITION 

CONNECTING THE UNCONNECTED 

 

 

Wi-Fi® and Wi-Fi Alliance® are registered trademarks of Wi-Fi Alliance. 

The IEEE emblem is a trademark owned by the IEEE. 

"IEEE", the IEEE logo, and other IEEE logos and titles (IEEE 802.11™, IEEE P1785™, IEEE P287™, IEEE P1770™, IEEE 

P149™, IEEE 1720™, etc.) are registered trademarks or service marks of The Institute of Electrical and Electronics 

Engineers, Incorporated. All other products, company names, or other marks appearing on these sites are the trademarks of 

their respective owners. Nothing contained in these sites should be construed as granting, by implication, estoppel, or 

otherwise, any license or right to use any trademark displayed on these sites without prior written permission of IEEE or 

other trademark owners. 

Copyright © 2023 

 

  



Introduction 3 

 

Table of Contents 

1. Introduction ...................................................................................................................................................................... 8 

2023 Edition Update .................................................................................................................................................... 9 

2. Working Group Vision ................................................................................................................................................... 10 

2.1. Scope of Working Group Effort ................................................................................................................................ 10 

2.2. Linkages and Stakeholders ........................................................................................................................................ 11 

3. Today’s Landscape ......................................................................................................................................................... 14 

3.1. Current State of Technology and Research ............................................................................................................... 14 

3.2. Connecting the Unconnected Population using Television White Space and Community Networks ....................... 17 

3.2.1. Internet Access ............................................................................................................................................ 17 

3.2.2. TV White Space and Community Networks ............................................................................................... 18 

3.2.3. Community Network Approach .................................................................................................................. 19 

3.2.4. Shared Spectrum Access for Locally Deployed Networks.......................................................................... 21 

4. Future State (2033) ......................................................................................................................................................... 22 

4.1. Free Access to Internet and Digital Public Goods ..................................................................................................... 22 

4.2. Smart Villages Enabled by AI, Machine Learning, and the Cloud ............................................................................ 24 

5. Requirements and Technology Gaps .............................................................................................................................. 26 

5.1. Cost-Optimized Network Architecture and Open Platform for Services and Development ..................................... 27 

5.1.1. Back-Haul ................................................................................................................................................... 27 

5.1.2. Middle-Mile Network ................................................................................................................................. 28 

5.1.3. Access Technology in the Village to Provide Internet to the People in the Area ........................................ 30 

5.1.4. Key Regulatory Features of PM-WANI Scheme: ....................................................................................... 31 

5.1.5. Apart from Access, Middle-Mile and Back-Haul Technologies, Rural Broadband Architecture also 

Requires Network Elements to Support .................................................................................................................... 33 

5.2. NLOS Back-Haul Solutions, Including Long-Range Wi-Fi and TV White Space to Reach Rural and Remote Areas . 35 

5.2.1. Wi-Fi for Long-Range Back-Haul .............................................................................................................. 35 

5.2.2. Optical Fiber Back-haul .............................................................................................................................. 36 

5.2.3. TVWS ......................................................................................................................................................... 36 

5.2.4. IEEE 802.22 Wi-FAR® Trials and Deployments ....................................................................................... 39 

5.3. LOS Back-Haul Solutions Using Microwave, High Altitude Platforms (HAPS), and Free Space Optics (FSO) ..... 40 

5.3.1. Mesh, Including Ad Hoc for D2D, Communication for Local Coverage ................................................... 41 

5.3.2. Directional and MIMO for Rural Back-Haul .............................................................................................. 41 

5.3.3. Spectrum Allocation .................................................................................................................................... 42 

5.3.4. CTU Network Slice in B5G Networks to Meet Basic User Needs at Low Cost ......................................... 43 

5.3.5. Content Management, Including Crowd-Sourced Content Creation and Delivery Optimized for Non-Tech-

Savvy Users ............................................................................................................................................................... 43 

5.3.6. Intuitive and Simple User Authentication and Network Security Solutions ............................................... 44 

5.4. D2D Communications Underlay 5G Networks for Rural Areas ............................................................................... 46 

5.5. Human-Computer Interaction Technologies ............................................................................................................. 48 

5.5.1. Non-Text HCI Assumes Users Are Not Proficient in Typing and Reading ................................................ 48 

5.5.2. HCI for Bridging the Digital Divide for Persons with Disability (PwD) .................................................... 50 

5.5.3. HCI for Requirements and Potential Solutions ........................................................................................... 50 

5.5.3.1. Hardware Requirements .............................................................................................................................. 50 

5.5.3.2. Software Requirements ............................................................................................................................... 51 



4 IEEE FNI INGR CTU Chapter, 3
rd

 Edition (2023) 
 

IEEE INTERNATIONAL NETWORK GENERATIONS ROADMAP – 2023 EDITION 

CONNECTING THE UNCONNECTED 

5.6. Power Management, Including Use of Renewable Energy, in Scenarios Where Power Grid is Not Available ........ 53 

5.7. Sustainable business models and Key Performance Indicators (KPIs) ...................................................................... 53 

5.7.1. The Concept of Village Level Entrepreneur (VLE) .................................................................................... 53 

6. IoT for Developing Countries ........................................................................................................................................ 57 

7. Roadmap Timeline Chart ............................................................................................................................................... 59 

8. Use Cases ....................................................................................................................................................................... 64 

9. External Opportunities ................................................................................................................................................... 65 

10. Uptake Reversal And Redundancy ................................................................................................................................. 66 

10.1. The Dilemma ............................................................................................................................................................. 66 

10.2. Specific Considerations ............................................................................................................................................. 68 

11. Rural Marketplace .......................................................................................................................................................... 71 

12. IEEE FNI CTU Global Competition and Summit .......................................................................................................... 72 

13. Conclusions and Recommendations ............................................................................................................................... 75 

14. Contributor Bios ............................................................................................................................................................. 76 

15. References ...................................................................................................................................................................... 83 

16. Acronyms / Abbreviations ............................................................................................................................................. 85 

 

Figures 

Figure 1 Types of Organizations to Collaborate with to Create Critical Mass and Consensus Outcome[7] ........................... 12 

Figure 2. Effect of Doubling Data Usage per 3G Connection on GDP per Capita Growth ..................................................... 13 

Figure 3. CSIR Affordable Broadband Network & Use Case Scenarios ................................................................................. 19 

Figure 4. Internet Speed achieved at Bustani Teacher’s College ............................................................................................. 20 

Figure 5. Internet Speed Achieved at Ula Secondary School .................................................................................................. 20 

Figure 6. Architectural Model for Free Access to Digital Public Goods (DPG) ..................................................................... 23 

Figure 7. InfoInternet Deployment in Rural Areas .................................................................................................................. 24 

Figure 8 Architectural Model for Distributed Deployment of Internet Access........................................................................ 24 

Figure 9. Main Elements of Smart Village Eco-System Ready for Innovation, page 441
[20]

 .................................................. 25 

Figure 10. Connectivity Architecture ...................................................................................................................................... 29 

Figure 11. Architecture of a PM-WANI Network ................................................................................................................... 31 

Figure 12 Extension of Rural Broadband to Nearby Villages through Wi-Fi Access and Middle Mile  with Fiber Back-Haul37 

Figure 13. Benefits of IEEE 802.22 Wi-FAR® Standard ........................................................................................................ 37 

Figure 14. IEEE 802.22 Wi-FAR® Trials in India .................................................................................................................. 39 

Figure 15. IEEE 802.22 Wi-FAR® Trials in Japan for Emergency Broadband ...................................................................... 39 

Figure 16. Deployment Scenario of an HCI System Compliant with Hardware and Software Requirements ........................ 52 

Figure 17.Operational Flow of an HCI System ....................................................................................................................... 52 

Figure 18. PDO Architecture ................................................................................................................................................... 56 

 

  



Introduction 5 

 

Tables 

Table 1 International Organization .......................................................................................................................................... 16 

Table 2. IEEE 802.22 Wi-FAR® Highlights and Features ...................................................................................................... 38 

Table 3. Sustainable Development Goals Grouped by IoT Sector
[59]

 ...................................................................................... 57 

Table 4. Working Group Needs, Challenges, Enablers, and Potential Solutions ..................................................................... 59 

Table 5. List of Winning Proposals and Winners from 2021 CTU Global Challenge ............................................................. 73 

Table 6. List of Winning Proposals and Winners from 2022 Global Challenge Competition ................................................. 74 

 



6 IEEE FNI INGR CTU Chapter, 3
rd

 Edition (2023) 
 

IEEE INTERNATIONAL NETWORK GENERATIONS ROADMAP – 2023 EDITION 

CONNECTING THE UNCONNECTED 

ABSTRACT 

Connecting the Unconnected or under-connected (CTU) is the holy grail of transforming the lives of 

over 3 billion people around the globe with wireless internet who are yet to experience its value in 

multiple ways. If this could be accomplished, its impact on the society would be enormous as everyone 

would have access to information and an opportunity to improve their quality of life and income.  

This chapter from the IEEE Future Networks CTU Working Group endeavors to highlight the need to 

consider the CTU requirements in 5G and B5G networks in the standardization process and in the 

development of the use cases and affordable solutions. In its Vision 2030 SDG (Sustainability 

Development Goals) the United Nations has proclaimed access to internet as basic human right and has 

said these goals cannot be achieved without affordable access to internet by everyone on this planet
[65]

.  

While there are numerous projects and initiatives ongoing around the world, these are fragmented and 

lack the critical mass and coordination to be able to impact the future standards, product development, 

and cost of deployment otherwise achievable by economy of scale. Although difficult to pin down, to 

define a threshold for basic connectivity for all is important. But it would need to be flexible to adapt to 

changing times. It is the goal of the CTU group to create an open platform where the experts can bring 

their ideas, solutions, and potentially collaborate to create large global projects and influence the 

network service providers, manufacturers and their governments. This paper defines the CTU working 

group’s charter, scope, and provides a brief overview of the relevant stakeholders and linkages between 

them. Then the paper goes into the current status of the CTU landscape and where we want to reach to 

accomplish the vision of connecting everybody, especially those living in rural and remote areas. We 

present the various standards and industry fora and how they are interlinked. While technologies are 

available today, they need to be customized and optimized at the systems level to bring down the cost of 

the network to be affordable. In addition, the content needs to be relevant and in local languages to be 

useful, not to mention the need to offer innovative human computer interaction (HCI) solutions (that are 

not text based) so that people who are not literate or are digitally disadvantaged can easily use the 

devices and consume services. Another important area is that of flexible spectrum allocation regime at 

the lower range of the spectrum to increase reach and coverage. Use of renewable energy sources will 

enable deployment in remote areas where there is lack of power grid, or it is intermittent. Thus, this 

paper identifies a number of technology gaps to be filled in by 5G and B5G networks, such that access is 

affordable and content and services are actually consumed by the targeted set of users. Although hitherto 

unexplored, artificial intelligence (AI) an machine learning (ML) have tremendous role to play for 

serving the rural and remote communities both to deliver the most needed services and to customize 

them to the digital capacity of the end users. Technology aside, the need to develop innovative business 

models is a must to be commercially sustainable in the long-term. A number of such models, especially 

designed for the rural population, are proposed, such as Village Level Entrepreneur (VLE) Freemium 

(Free + Premium), revenue sharing among the chain of service providers, subsidized billing by USOF 

(Universal Service Obligation Funds). Finally, the paper presents a 10-year roadmap starting from the 

current state to three years, five years, and ten years.  

 

Key words:  

Digital Divide, 5G, B5G, CTU, SDG, IEEE Future Networks, Rural and remote connectivity, United 

Nations, Societal impact of ICT, Network slicing, Spectrum management, content management, HCI, 

IoT, TV white space, Satellite, Community networks, VLE, InfoInternet, Internet Lite, Business models. 
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