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Regional Background

Source: https://itu.foleon.com/itu/measuring-digital-development/internet-use/
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Regional Background

Source: https://www.itu.int/en/ITU-D/Technology/Pages/InteractiveTransmissionMaps.aspx

Percentage of individuals using the Internet, by region and development 
status, 2019

Percentage of individuals using the Internet
Source: ITU

https://www.itu.int/en/ITU-D/Technology/Pages/InteractiveTransmissionMaps.aspx


Introduction

➢ LMC toolkit provides tools and support to decision makers, network designers or infrastructure 
owners, for selecting and implementing appropriate technology, business and regulatory  
connectivity solutions

➢ The Last Mile Connectivity Toolkit is a set of methodologies, software tools, parameters (data), 
reports and capacity building materials for selecting and implementing  last mile connectivity 
solutions 

– Includes suggestions for technical solutions, estimation of cost, investment, return on investment, duration, etc.  
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Resources



• Launched: December 2020

• https://www.itu.int/en/ITU-

D/Technology/Pages/LMC/LMC-

Home.aspx

• Procurement Guide 

• Q1 2021

https://www.itu.int/en/ITU-D/Technology/Pages/LMC/LMC-Home.aspx


Figure 2: Telecommunications network components supporting last-mile interventions in developing countries

Source: Authors, adapted from various sources

Notes: Not exhaustive, for illustrative purposes and some segments are interchangeable further, particularly in the last-mile; *In few country cases, satellite continues to be the main, or 

only, source of international connectivity; ** These are predominantly fiber optic links (terrestrial and undersea) but in few country cases, national backbone networks utilize wireless 

microwave and satellite; *** Data centers can be placed in various parts of the network, depending on the need to aggregate data (such as in core networks, or place data as close to 

end users as possible (such as in middle mile and last-mile networks); **** The technologies listed for the last mile are not exhaustive. 

Introduction: Definitions – Describing a Telecommunications Network 
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and adoption
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mile connectivity solution
3b – Identify the components of 
an appropriate last-mile 
connectivity solution
3c – Draw up the decision matrix 
for feasible solutions
3d – Adopt additional tools to 
assess solutions

4a – Options for intervention –
Introduction
4b – Options for intervention –
Market efficiency actions
4c – Options for intervention –
One-time financing (smart 
subsidy)
4d – Options for intervention –
Recurring financing / subsidy 
4e – Examples of options (from 
case study submissions)

Steps in the Solutions Guide
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Step 1 activities to identify digitally unconnected (and underserved) geographies:
1a – Understand background challenges in mapping access and adoption
1b – Select a top-down and/or bottom-up mapping approach
1c – Map key elements: network infrastructure assets, potential demand and financial viability, and constraints 
on technology options

Step 1: Identify Digitally Unconnected Communities
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Step 2: Review options from the classification of existing solutions

Step 2 activities to review the range and classification of existing solutions:

2a – Review the case study database of last-mile connectivity solutions 
2b – Utilize the categorization/typology of interventions 
2c – Understand the main characteristics of, and trade-offs between, different interventions 
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Step 3 activities to select sustainable solutions by matching viability subject to constraints:

3a – Select an affordable last-mile connectivity solution
3b – Identify the components of an appropriate last-mile connectivity solution
3c – Draw up the decision matrix for feasible solutions
3d – Consider additional tools to assess solutions

Step 3: Select Sustainable Solutions by Matching Viability Subject to Constraints
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Step 4: Implement interventions to extend affordable connectivity service
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Step 4 activities to implement interventions to extend sustainable connectivity service:

4a – Options for intervention – Introduction
4b – Options for intervention – Market efficiency actions
4c – Options for intervention – One-time financing (smart subsidy)
4d – Options for intervention – Recurring financing/subsidy 
4e – Examples of options (from case study submissions)
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Access networks (Last Mile) Methodology

Methodology

Locality specific data

Geography Population

Technology specific data

Country / region specific 

data

Building Code Standards

Prices Labor Cost

Option 

Name
CAPEX OPEX NPV
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Ethernet 

TX + WiFi

… … …

DOCIS … … …

Ethernet 

FX + 

ADSL2+

… … …

PON + 

WiFi
… … …

…. … … …

Predefined in the Tool

Predefined in the Tool

Data from open sources

Demand Connectivity



Electricity Methodology

Information about 

number of user’s devices

Information about 

external channel capacity

OR
Total power required to 

provide power supply to 

active components of the 

school network, Watt
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energy, Watt*hour
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Characteristics of solar 

power plant (inverter) 
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for schools without 

electricity



Learning scenarios

Real-Time services

Non-Real-Time services

Requests for service

Volume of data

Number of simultaneous sessions

Devices in school

Personal devices

School servers

Data transfer rate

Maximum latency

QoE degradation 

probability

School Connectivity Traffic Profile: Methodology

Users Quality

Services Intensity

School Connectivity

Traffic Profile

School Connectivity Traffic Profile - a list of quality and intensity characteristics representing extent

to which a school uses various Internet services



Software



Middle Mile (GIGA) Tool: main screen

Available at connectschools.online



Middle Mile (GIGA) : Smart Input Template

✓ Highlighting rows that could not be 

calculated (wrong or not enough 

data)

✓ Allowing to see assumptions made



Middle Mile (GIGA) : Variables

✓ More than 200

parameters are used for

calculations

✓ More than 2,500

predefined values in

database (global,

regional and national

variables)

✓ Default values are

selected according to the

country chosen (labor

cost, cost of Internet

etc.)

✓ Everything can be

changed before the

calculations, including

assumptions and

specific parameters



Middle Mile (GIGA) : Smart Output Template

✓ Making decision about recommended 

technology within the template

✓ Allowing to see all input data and assumptions 

made

✓ Containing calculations for 5, 10, 15 and 20 

years 



Internal Tools: Traffic Profile Constructor 



School Connectivity Traffic Profile: Examples



Parameters



Broadband Diagnostic Toolkit:
List of Parameters - General Overview

Class (Group) of Parameters

Scale of Parameters
Number of 

Parameters

Number of 

values for 

justification
Global Regional National Specific

Economical & Geographical Parameters 0 2 10 29 41 2596

Parameters of Services 4 0 0 0 4 44

Parameters of equipment & materials, including 

cost, normative labor for installation & operation 

and technical charactreristics

105 0 0 0 105 215

Labor cost 0 44 0 0 44 792

Total 109 46 10 29 194 3647

https://owncloud.onat.edu.ua/index.php/s/7OYcAyXc6J6da9W


School Connectivity Traffic Profile: Values used

# Name of Service*

Quality Level

Low Medium High

Maximum 
Latency**, 

ms

Data Transfer 
Rate (for one 

session), 
Mbit/s

Maximum 
Latency**,

ms

Data Transfer 
Rate (for one 

session), 
Mbit/s

Maximum 
Latency**,

ms

Data Transfer 
Rate (for one 

session), 
Mbit/s

1
Streaming video, including interactive online TV, live-stream 

trainings, individualized live video instructions etc.
1000 2 500 4 250 10

2
Services for group & individual communication, including 

webinars, conferences, meetings, tutoring, etc.
400 1 200 1,5 100 2,25

3 Online virtual simulators, educational online games, etc. 400 0,5 200 0,75 100 1,125

4 Services for group work (virtual boards, online graphics, etc.) 400 1 200 1,5 100 2,25

5 Other Real Time Traffic Services 1000 0,5 500 0,75 250 1,125

6
Recorded educational clips, video instructions, trainings, 
Individualized recorded video, multimedia courses etc.

1000 0,75 500 1,125 250 1,68

7
Learning management systems, including libraries, repositories, 

databases, educational web-services, services for storing 
information etc.

1500 0,5 750 0,75 375 1,125

8
Web-serfing, Search engines, bookmarking services, etc. E-mail, 

FTP and other classic services
1500 0,5 750 0,75 375 1,125

9 Discussion boards, Social media & networks, forums etc. 1500 0,5 750 0,75 375 1,125

10
Calendars and organizers, including lessons planning. 
Government e-portal access. Reporting Services etc.

1500 0,25 750 0,375 375 0,5625

11 Other Non-Real Time Traffic Services 1500 0,25 750 0,375 375 0,5625

The data indicated in Table are formed on the basis of the analysis of the values determined in the ITU-T Recommendations Y.1540 (p.17-20), Y.1541 (p. 7-9, 11, 20,21), Y.1920 (p. 14, 15), 

Y.2113 (p.16), Y.1542 (p.12-17), G.114 (p. 1, 4), G. 1010 (р. 8, 9), G. 1020 (р. 8), the ITU-T Recommendations Y.3042 (p. 9), G. 1010 (p.9-11) and also in documents Quality of service 

regulation  (р. 43, 49, p. 86)  and  ETSI EG 202 057-4 (p. 30, 31).



School Connectivity Traffic Profile: Values used

# Name of Service*

Intensity Level
Low Medium High

Intensity of 
Using (for one 

user), 
requests / 

hour

Volume of 
Data (per 

session), MB

Intensity of 
Using (for one 

user), 
requests / 

hour

Volume of 
Data (per 

session), MB

Intensity of 
Using (for one 

user), 
requests / 

hour

Volume of 
Data (per 

session), MB

1
Streaming video, including interactive online TV, live-stream 

trainings, individualized live video instructions etc.
0,21 400 0,42 275 0,63 412,5

2
Services for group & individual communication, including 

webinars, conferences, meetings, tutoring, etc.
0,002 150 0,004 135 0,006 202,5

3 Online virtual simulators, educational online games, etc. 0,004 50 0,008 100 0,012 150

4 Services for group work (virtual boards, online graphics, etc.) 0,0025 25 0,005 50 0,0075 75

5 Other Real Time Traffic Services 0,0025 100 0,005 100 0,0075 150

6
Recorded educational clips, video instructions, trainings, 
Individualized recorded video, multimedia courses etc.

0,00125 250 0,0025 250 0,00375 375

7
Learning management systems, including libraries, repositories, 

databases, educational web-services, services for storing information
0,04 5 0,08 5 0,12 7,5

8
Web-serfing, Search engines, bookmarking services, etc. E-mail, FTP 

and other classic services
0,17 2.5 0,34 5 0,51 7,5

9 Discussion boards, Social media & networks, forums etc. 0,0875 2.5 0,175 1,5 0,2625 2,25

10
Calendars and organizers, including lessons planning. Government e-

portal access. Reporting Services etc.
0,1 2.5 0,2 1,5 0,3 2,25

11 Other Non-Real Time Traffic Services 0,1 5 0,2 1,5 0,3 2,25

The data indicated in Table are formed based on real experiments and traffic measurements for real school in Odessa, Ukraine. The school is connected to the Internet 

through an optical channel with bandwidth of 50 Mbps. The number of users is 385 people (350 students and 35 school employees)
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Upcoming Software: High Level Tool

The main purpose of the tool – is to demonstrate (in gamified way with high level of visualization) to the High Level 

decision makers the key factors that could influent into the process of telecom networks deployment.



Parameters

Layer

Last Mile Connectivity Toolkit Implementation Status - 2021

2021 – Q1 2021 – Q2 2021-Q3 2021-Q4

Improving and adjusting methodologies

Global (Last Mile ) Broadband Calculator 

Implementation & Testing

Calculations using Last Mile (Global) 

Broadband Calculator

Methodology

Layer

Software

Layer

Software Methodologies Series 

Publication

High Level Tool Implementation & TestingMiddle Mile (GIGA) Tool 

Testing – Round II

Correctness & Accuracy of Parameters (data) Verification  - continuation

Tool for Designers Specification*

Middle Mile (GIGA) Tool 2.0 

Developing Regulatory Scenarios for High Level 

Tool

* The tool will be implemented in 2022

Resource

LayerProcurement Guide for 

LMC Networks

LMC Countries Blueprints

Training material (and trainings) 

based on LMC solutions
LMC Methodology Technical reports



Parameters

Layer

Last Mile Connectivity Toolkit Implementation Plan - 2022

2022 – Q1 2022 – Q2 2022-Q3 2022-Q4

Global Last Mile Broadband 

Calculator 2.0

Collection data from open library 

Methodology

Layer

Software

Layer

High Level Tool 2.0

Correctness & Accuracy of Parameters (data) Verification  - continuation

Tool for Designers Implementation and testing 

LMC Solutions Guide: update Resourc

e

Layer

Building a LMC Network ( a technical 

guide)

Series of trainings based on LMC solutions and materials

Open library
AI  application with  collected 

data 

Blockchain for keeping 

modification records from open 

library 

Global report: Countries Blueprint  revised and/or Part 

II

Countries’ assistance based on LMC solutions and materials



Usage Scenarios

ITU

Integrated into Giga and 
Smart village/Smart 

islands.

Administrations and 
sector members

Can use on their own for 
national/business 

connectivity planning

Development partners

Can use it for their 
development projects 
in partnership with ITU
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THANK YOU

Remain Connected with us!

Linkedin URL:
https://www.linkedin.com/company/itu-regional-
officefor-asia-and-the-pacific/?viewAsMember=true

Twitter Handle:
@ITU_ASP   (https://twitter.com/ITU_ASP)

ituasiapacificregion [at] itu.int
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Annex 2: Additional Resources for Mapping
Network Infrastructure Mapping 

Fiber (Undersea & Terrestrial):
ITU – Broadband Maps: https://itu.int/go/Maps
Telegeography – Submarine Cable Map: 
https://github.com/telegeography/www.submarinecable
map.com
African Terrestrial Fiber Optic Cable Mapping Project
The Connected Pacific

Satellite coverage: 
SatBeams coverage maps and charts
LyngSat Maps
IntelSat Coverage Map
Iridium Coverage Map
Inmarsat Coverage Map

Base stateion locations and coverage:
GSMA - Mobile Coverage Maps
Open Telecom Data – Tower location (Various countries)
OpenCellID
OpenSignal

Wi-Fi Coverage:
Mozilla Location Service (MLS)

Spectrum:
Open Telecom Data - Spectrum allocations (Africa)  

Socio-Demographic, Environmental, 
Geographic Data:  

Population density: 
JRC’s Global Human Settlement Layer population
WorldPop – University of Southampton
Landscan – Oak Ridge
CIESIN’s Gridded Population of the World (GPW)
CIESIN / Facebook High Resolution Settlement 
Layer (HRSL) Map

Electrification: 
Gridfinder
World Bank / Facebook Model

Other Resources:

References / How-to:
World Bank – Broadband Mapping
Jon Brewer – Using GIS to Deliver Universal 
Broadband

Modeling Radio Frequency Propagation
SPLAT
CloudRF

https://itu.int/go/Maps
https://github.com/telegeography/www.submarinecablemap.com
https://github.com/telegeography/www.submarinecablemap.com
https://afterfibre.nsrc.org/
https://connectedpacific.org/
https://www.satbeams.com/
http://www.lyngsat-maps.com/
http://www.intelsat.com/fleetmaps/
https://www.groundcontrol.com/Iridium_Coverage_Map.htm
https://www.inmarsat.com/wp-content/uploads/2019/03/Global-Xpress-Coverage-March-2019.pdf
http://www.mobilecoveragemaps.com/
https://wiki.opentelecomdata.org/good-practice/towers
https://opencellid.org/
https://location.services.mozilla.com/
https://opentelecomdata.org/spectrum-chart
http://ghsl.jrc.ec.europa.eu/ghs_pop.php
http://www.worldpop.org.uk/
http://web.ornl.gov/sci/landscan/
http://sedac.ciesin.columbia.edu/data/collection/gpw-v4
https://ciesin.columbia.edu/data/hrsl/
https://gridfinder.org/
https://engineering.fb.com/connectivity/electrical-grid-mapping/
https://www.itu.int/en/ITU-D/Regional-Presence/Europe/Documents/Events/2019/Mapping%20Warsaw/NAVAS-SABATER%20World%20Bank-Broadband%20Mapping%20slides%20for%20ITU%20Warsaw%20July%202019-draft.pdf
https://www.dropbox.com/s/occme68zm4h6vpm/GIS%20for%20Universal%20Service%20NZIRF%202017.handout.pdf?dl=0
http://www.qsl.net/kd2bd/splat.html
https://cloudrf.com/
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Annex 2: Additional Resources (Technical References, Policy, & Case Studies)
Technical References

Networks
Telecom Network Planning for evolving Network 
Architectures – Reference Manual
Wireless Networking in the Developing World
Building a Wireless Community Network in the 
Netherlands
Planning of Wireless Community Networks
ITU Infrastructure Portal
How to work with MNOs (UNHCR)
Community Networks through comics
Ericsson FWA Handbook
EU Comparison of wired and wireless broadband 
technologies

Financing
ICT Infrastructure business planning Solutions 
Guide 2019
EU Broadband Investment Guide

Demand Side Issues
NTIA Considerations for Digital Inclusion Efforts

Policy and Regulatory Recommendations

ICT Regulation Toolkit
A4AI Good Practices Database
Community Networks in Latin America
OECD Telecom Topics Reports
Dynamic Spectrum Alliance Regulations

Case Studies:
LMC Case Studies Database
School Connectivity Projects Database
1WorldConnected
APC Report
Microsoft Airband Initiative
UNHCR Collaboration for Connectivity
EU Broadband Handbook
Satellite Impact Around the World (Global 
Satellite Coalition)

Other Resources:
World Bank Broadband Strategies Solutions Guide
Digital Interoperable Building Blocks (Content, 
Applications and Services)
BCG Economics of Bringing Broadband to Rural US
US NTIA Resources
US NTIA Webinars
World Bank Cross-Sector Infrastructure Sharing 
Solutions Guide
World Bank Cloud Readiness Assessment 
Solutions Guide
The Solar Energy Handbook (Moving Energy 
Initiative) 
NGO Guide to Energy Solutions (NetHope) 
UNHCR Connectivity for Refugees

https://www.itu.int/ITU-D/tech/NGN/Manual/Version4/NPM_V04_February2007.pdf
http://wndw.net/
http://www.cs.cmu.edu/~dga/15-849/S09/papers/vandrunen-freenix2003.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.604.9123&rep=rep1&type=pdf
https://www.itu.int/en/ITU-D/Regulatory-Market/Pages/InfrastructurePortal.aspx
https://www.unhcr.org/innovation/work-mobile-network-operators-lessons-tanzania/
https://www.apc.org/en/pubs/understanding-community-networks-through-comics
https://foryou.ericsson.com/FWA-Handbook-June-2019.html?_ga=2.257348367.567457269.1589532545-2143741117.1589267758
https://ec.europa.eu/information_society/newsroom/image/document/2018-17/comparison_of_broadband_technologies_table_75B12AE2-FC37-D44B-C75B5885D383A0FE_51503.pdf
https://www.itu.int/dms_pub/itu-d/opb/pref/D-PREF-EF.ICT_STRUCT_KIT-2019-PDF-E.pdf
https://ec.europa.eu/digital-single-market/en/news/broadband-investment-guide
https://broadbandusa.ntia.doc.gov/sites/default/files/resource-files/bbusa_connectivity_with_purpose_digital_inclusion.pdf
http://www.ictregulationtoolkit.org/index
https://a4ai.org/good-practices-database/
https://www.internetsociety.org/wp-content/uploads/2018/12/2018-Community-Networks-in-LAC-EN.pdf
https://www.oecd.org/sti/ieconomy/telecomandinternetreports.htm
http://dynamicspectrumalliance.org/regulations/
https://drive.google.com/open?id=11OX2LEXxzll3N7wOZ21iDxIq-FBda_K3EJsmy6tMbBI
https://drive.google.com/open?id=1tWlX0IwYCj2sd8CF5sPU-Sspopajkb75k-CBtB0rKwc
http://1worldconnected.org/
https://giswatch.org/sites/default/files/giswatch18_web_0.pdf
https://www.microsoft.com/en-us/corporate-responsibility/airband/partnerships
https://www.unhcr.org/innovation/wp-content/uploads/2020/05/Collaborating-for-Connectivity_WEB052020.pdf
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=66477
https://gscoalition.org/maps/satellite-impact
https://ddtoolkits.worldbankgroup.org/broadband-strategies
https://www.itu.int/dms_pub/itu-d/opb/str/D-STR-DIGITAL.02-2019-PDF-E.pdf
https://www.bcg.com/publications/2018/economic-case-bringing-broadband-rural-united-states.aspx
https://broadbandusa.ntia.doc.gov/ntia-resources/publications
https://broadbandusa.ntia.doc.gov/ntia-resources/publications
https://ddtoolkits.worldbankgroup.org/infra-sharing
https://ddtoolkits.worldbankgroup.org/cloud-readiness
https://mei.chathamhouse.org/file/2469/download?token=DFa3HvKW
https://solutionscenter.nethope.org/NGO-GUIDE-TO-ENERGY-SOLUTIONS-BOX
https://www.unhcr.org/innovation/connectivity-for-refugees/
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Annex 2: Additional Reports Referenced and Consulted in the Literature Review

Collaborating for Connectivity (UNHCR, 2020)
Digital Access in Africa (Caribou Digital, 2019)
Connecting the Unconnected – Tackling the Challenge of Cost-Effective Broadband 
Internet in Rural Areas (Fraunhofer FIT, 2019)
Closing the Coverage Gap: How Innovation Can Drive Rural Connectivity (GSMA, 
2019) 
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