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Dear Reader, 
 

Let me present a technical and commercial proposal called “Super Economical Coverage” from 
Radio Innovation Sweden AB. This document constitutes an official offer of our professional 
services for your company. 

Super Economical Coverage represents a unique and technically approved opportunity for your 
company to become a leading operator of mobile cellular radio communications by providing 
the following guaranteed improvements: 

1. Rapid growth of your customer base, revenues, profits and geographical presence, leading 
to an improved financial position of your company and higher attractiveness for investors. 

2. Higher business profitability achieved due to radical cutting of cellular mobile infrastructure 
expenditures and operating expenses per customer and per square kilometer of network. 

3. Excellent quality of service: uniformly high signal strength levels, improved call completion 
probability, higher data transfer rates, and reduced quantity of blocked calls. 

4. Availability of your company’s services on territories with low population densities and in 
sparsely distributed small cities and towns, including most rural settlements. 

5. Accelerated migration to new technologies (3G, 4G) on the basis of a cellular infrastructure 
that complies with future requirements for signal quality, capacity, and data transfer rates. 

Super Economical Coverage is characterized by a high internal rate of return reaching 247% at 
ARPU $4, customer density 8 cust./km2 and 100 MoU, allowing you to implement our solutions 
with minimized required initial capital. Then, you can switch to self-financing of all subsequent 
investments, which is made possible thanks to a much higher level of generated gross profits. 

I hope that this proposal is interesting for you and it can lead to a mutually beneficial and long-
term win-win strategic partnership with our company in the nearest future. 
 

Sincerely yours, 

 

Torbjörn Johnson 
President of Radio Innovation Sweden AB 

Telephone: +46 (8) 750 7830 
Fax:   +46 (8) 750 7831 
E-mail:  tj@radioinnovation.se 
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1. Introduction 
The global market for mobile cellular communications is growing at a fast pace — and regions 
with comparatively low levels of telecommunication services penetration are major sources of 
continued revenue and customer base growth. Globally, around 2–3 billion people do not have 
access to any kind of telephony services despite their willingness and ability to pay for good and 
cheap services. In this situation, the main problem for cellular network operators is to decrease 
capital costs for infrastructure construction and lower operational expenses for regions with low 
income levels and/or low population densities. High-efficiency innovative solutions from Radio 
Innovation Sweden AB help operators to solve successfully the mentioned above problem. 

1.1. Super Economical Coverage 
Super Economical Coverage stands for 50 antenna design and radio network planning “golden 
rules” that were developed and successfully tested by Radio Innovation Sweden AB to solve the 
needs of cellular operators in GSM-960/1800/1900, CDMA-450/850 and UMTS-2170 standards 
with full support for all sub-standards and modulations in the 380–3,800 MHz frequency range. 

Implementation of Super Economical Coverage leads to fundamental (up to 50–95%) reduction 
of specific capital expenditures and operational expenses due to 10–30 times increase of a site’s 
coverage area and application of optimized radio coverage planning methods. The concept of 
Super Economical Coverage exceeds standard technologies in terms of technical efficiency, ap-
plicability and profitability levels. 

As a result of applying Super Economical Coverage, the number of required BTSs is decreased 
10–20 times, maintaining or increasing quality of service, and allowing removing all redundant 
BTSs for use in new network construction or expansion of existing networks. This improved ef-
ficiency of resource management allows an operator to delay or even stop purchases of new 
equipment (BTS, transceivers), leading to economy of financial resources, higher profitability 
and increased business capitalization. Modernization of cells with Super Economical Coverage 
leads to better fault-tolerance of radio access networks due to implementation of modern and 
more reliable equipment. Also, maintenance expenses are reduced, mean time between failures 
(MTBF) is significantly increased and total cost of ownership (TCO) of a cellular network is 
greatly reduced, keeping or even increasing profitability levels. 

The Super Economical Coverage concept entails installation of optimized sites with a maximal 
possible site capacity of 432 Erlang and a super long range — up to 40 km for indoor coverage. 
Costs of Super Economical Coverage per 1 km2 of network are more than ten times lower than 
costs of coverage created with cheaper and less qualitative BTSs and standard antennas. Sites 
with Super Economical Coverage amplify signals both in their uplink and downlink channels, 
improving link budgets by 18–30 dB in comparison with standard antennas and masts, even for 
10–20 times larger coverage areas. Amplification in downlink can reach as much as 80 W per 
carrier, allowing mobile terminals to reduce energy consumption and minimize RF interference. 

Sites equipped with Super Economical Coverage are characterized by maximal flexibility of ca-
pacity expansion — from an initial configuration of 7.5–15 Erlang to 432 Erlang (+2,880%) in 
mature networks. This ensures maximal adaptive capabilities for the network in contrasting de-
mographic, economic and strategic conditions of modern telecommunication markets. 

Super Economical Coverage is designed similarly to broadcasting networks, where powerful 
amplifiers and high-mounted antennas provide line-of-sight radio coverage on a territory within 
a radius of 40–50 km (5,000–8,000 km2). Trunking systems with such technical parameters have 
been working successfully in several countries for decades, providing professional mobile radio 
communication services to federal and regional governments, military units, law enforcement 
services, ambulance, border security, etc. 
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Combining basic trunking principles with cellular network planning rules resulted in the most 
efficient commercial cellular solution for large, sparsely populated territories (Figure 1). 

Site with Super Economical Coverage
Coverage is created by a phased-array antenna
with signal gain 28-32 dBi, vertical beam width
1-2° and antenna installation height 240 m.

Standard macro cell
Coverage is created by an antenna with signal
gain 16-18 dBi, vertical beam width 6-8° and
antenna installation height 60 m.

40 km

40 km
5 km

 
Figure 1. Radio coverage of standard macro cell and site with Super Economical Coverage. 

Full-scale implementation of Super Economical Coverage allows an operator to quickly launch 
voice services with minimal capital expenditures on vast geographical areas, giving millions of 
people an opportunity to improve quality of their lives. This way, an operator gets economical 
and extremely profitable technologies that will become key elements of business development 
strategies for many years to come. By investing in Super Economical Coverage, operators can 
tap into a truly unique opportunity of self-financing that is ensured by a record-high internal rate 
of return. An operator may well need only 15–25% of the total amount of capital expenditures 
to start a project self-financing process — the rest is financed by large generated gross profits. 

Super Economical Coverage is most profitable in regions with relatively low spending levels on 
telecommunication services (ARPU US$1–4), with absent or old analogue telecommunication 
infrastructures. In such regions, a mobile cellular infrastructure with the lowest CAPEX levels 
(50–150 US$/km2) provides the best economic and technical benefits. Flexibility in increasing a 
cell’s capacity, operating expenses reduced by 50–95%, compatibility with all new standards 
(GPRS, EVDO, HSDPA, WiMAX, UMB, OFDM/MIMO) jointly ensure the lowest total cost of 
ownership and enable expansion into markets with low income and/or low population densities. 
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1.1.1. Preconditions for Implementation 

Cities and urban districts constitute 1–5% of a territory of any large or medium-sized country, 
thus, effectively limiting the area for profitable deployment of standard antennas. Provision of 
cellular coverage outside major cities, highways and main railways is a primary domain where 
Super Economical Coverage can be used, providing profitable services in small towns, villages, 
in rural areas, along secondary roads and railways, and in regions with low customer density of 
1–5 cust./km2. According to UN demographic reports1, around 40% of the world’s population 
lives in rural areas — this represents some 2.4 billion people. Table 1 shows several key ratios. 

Table 1. Population and penetration levels in 15 most populated countries (2006–2007). 

# Country POP Area, km2 SIM cards POP/km2 SIM/km2 SIM/POP Rural POP
1 China 1,321,000,000 9,596,960 443,000,000 138 46 34% 61%
2 India 1,129,000,000 3,287,590 156,100,000 343 47 14% 72%
3 United States 301,672,000 9,631,420 225,000,000 31 23 75% 22%
4 Indonesia 234,950,000 1,919,440 46,910,000 122 24 20% 56%
5 Brazil 186,500,000 8,511,965 99,920,000 22 12 54% 17%
6 Pakistan 159,990,000 803,940 50,000,000 199 62 31% 66%
7 Bangladesh 150,500,000 144,000 21,000,000 1,045 146 14% 73%
8 Russia 141,400,000 17,075,200 147,280,000 8 9 104% 27%
9 Nigeria 134,500,000 923,768 34,000,000 146 37 25% 53%

10 Japan 127,720,000 377,835 98,800,000 338 261 77% 21%
11 Mexico 103,263,388 1,972,550 55,412,800 52 28 54% 25%
12 Philippines 91,100,000 300,000 34,800,000 304 116 38% 39%
13 Vietnam 85,250,224 329,560 13,000,000 259 39 15% 75%
14 Germany 82,310,000 357,021 82,344,000 231 231 100% 12%
15 Egypt 80,880,000 1,001,450 20,000,000 81 20 25% 57%  

Sources: 1) http://en.wikipedia.org/wiki/List_of_mobile_network_operators 2) http://devdata.worldbank.org/wdipdfs/table3_10.pdf 

Cellular telecommunication services are practically absent in most of rural settlements. This can 
be explained by large costs of cellular infrastructure and low or negative profitability levels of 
standard cells outside densely populated cities — this prohibits cellular operators from building 
expensive networks in low-population-density regions and geographically sparsely distributed 
settlements. At the same time, inhabitants of these rural settlements are often financially secure, 
have income and have an unsatisfied need for modern telecommunication services. 

Inhabitants of rural settlements represent a significant reserve for a mobile cellular operator for 
growing its customer base. With the help of Super Economical Coverage, an operator can get a 
competitive advantage in its market by becoming the first to offer mobile cellular services in 
such regions — gaining customer loyalty, high brand recognition, growth of its customer base, 
and securing a background for expansion into other similar regions. Simultaneously, a record-
low level of capital expenditures and operating expenses will permit the lowest calling plans to 
be offered to new subscribers — without sacrificing profitability. 

Another significant precondition for using Super Economical Coverage is absence of adequate 
offerings from large telecommunication equipment and antenna vendors, who all have focused 
mostly on very profitable urban cellular markets, where their equipment is paid-back faster and, 
accordingly, brings more profits. However, technoeconomic parameters of urban solutions are 
not suitable for enormous territories with lower population densities. In spite of this, vendors are 
reluctant to cut radically costs per square kilometer of their solutions — perhaps, they fear that 
sales of expensive solutions would decline while cellular operators choose much more efficient 
and economic technologies. Therefore, innovative solutions from Radio Innovation Sweden AB 
— Super Economical Coverage — give valuable freedom of choice to a cellular operator and an 
opportunity to fundamentally reduce capital needs and operational expenses for its networks. 

                                                      
1 UN, Demographic Yearbook, http://unstats.un.org/unsd/demographic/products/dyb/dyb2.htm 
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1.1.2. Long-Term Outlook 

Super Economical Coverage is able to open new business horizons for mobile cellular operators 
and to influence in favorable ways socioeconomic situation in rural territories. For an operator, 
this means fast and profitable increase of its customer base, rapid expansion of its geographical 
presence with the help of less-densely populated and geographically scattered settlements. This 
is applicable not only to rural areas, but also to suburbs since qualitative and affordable mobile 
cellular services are available only in cities and other districts with high customer density levels. 
Figure 2 shows a map of the world with all territories colored according to population density in 
2006. A network build out process to cover such sparsely populated areas can take several years 
of intensive construction activities, even with Super Economical Coverage. 

 
Sources: 1) http://en.wikipedia.org/wiki/Population_density 2) http://en.wikipedia.org/wiki/List_of_countries_by_population 

Figure 2. World population density map (2006). 

All users of mobile cellular communications will benefit too from Super Economical Coverage, 
obtaining new levels of availability, mobility and speed of information exchange. People would 
be able to communicate more efficiently and the whole society would become more mobile — 
and these are preconditions for development of small and medium businesses, where mobile and 
fast information flow is as important as quality of telecommunications. These are conditions for 
inhabiting remote country regions that lack affordable telecommunications at present. This is an 
opportunity for many people, giving them new possibilities in their professional and social lives. 

Compatibility with the newest technologies, flexible capacity expansion options, provision of 
necessary signal strength for mobile television, video on demand, high-speed data transfer and 
video-telephony — all these proves Super Economical Coverage’s compatibility with today’s 
and tomorrow’s mobile cellular telecommunication requirements. Minimized specific capital 
expenditure and ready plans to further reduce capacity costs from today’s 8,000 US$/Erlang to 
500 US$/Erlang provide Super Economical Coverage with a long-term development potential. 

Super Economical Coverage can be instrumental in reducing operating expenses per customer to 
less than 1.5 US$/month, giving an operator strong competitive advantages and possibilities to 
operate cellular networks profitably in regions with ARPU levels of US$2–4. This ability can 
play an important role when entering rapidly growing and competitive mobile cellular markets 
of large developing countries with low purchasing power per capita. 
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Growing global competition in mobile cellular industry introduces new business priorities for 
cellular operators (Table 2) and puts higher quality and cost-efficiency requirements on mobile 
telecommunication system and antenna vendors.  

Table 2. Global trends in cellular mobile communications (1990–2020). 

Parameter Years 1990–2005 Years 2005–2020 
Operators Monopoly / duopoly Numerous, independent 
Driving forces Vendors’ technologies Customers’ demands 
Standards 1G, 2G (NMT, GSM) 3G, 4G (UMTS, WiMAX) 
Priorities Capacity growth race Quality, capacity, costs 
Customer location Cars, streets Mainly indoor 
Voice services Low quality (MOS 3) High quality (MOS 4, 5) 
Quality of service Worse than POTS/PSTN2 Better than POTS/PSTN 
Signal delays Long Short 
Signal degradation Abrupt drop out Soft degradation 
Range of services Minimal (voice, SMS) Broad (triple-play, FMC) 
Target clients Businesspersons only Everybody, everywhere 
Main services Voice Data transfer, TV/video 
Capacity / km2  Low High 
Bandwidth 12 kbit/s 64–384 kbit/s 
Mobile terminal power 2 W (max.) 0.1 W (max.) 
Risks for EMC High Low 
Antennas Omni 360°, 120° Multi-sector 22–60° 
BTS capacity 8–60 Erlang 48–400 Erlang 
Number of cells / BTS 1–3 3–32 
BTS power (total, avg.) 4,000 W 40–400 W 
BTS volume / capacity 50 dm3/Erlang 0.5 dm3/Erlang 
CAPEX / km2 (indoor) 2,000–4,000 US$/km2 50–150 US$/km2 
CAPEX / Erlang 8,000–10,000 US$/Erlang 250–500 US$/Erlang 
CAPEX / cust. 100–600 US$/cust. 10–75 US$/cust. 
Transmission cost High Decreasing 
OPEX / MoU 0.020–0.040 US$/MoU 0.001–0.010 US$/MoU 
BTS CAPEX payback 72–120 months 12–24 months 
Consumed power / km2  50–200 W/km2  0.1–10 W/km2 
Average minutes of use 150 MoU 300 MoU 
Penetration level 5–10% 50–80% 
Infrastructure Purchase of all equipment Long-term lease (SLA, MVNO)

The concept of Super Economical Coverage was developed by Radio Innovation Sweden AB to 
catalyze the mentioned above trends in cellular mobile communications, providing the highest 
levels of efficiency and long-term usability of solutions based on Super Economical Coverage. 

                                                      
2 Plain Old Telephone Service / Public Switched Telephone Network. 
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1.2. About Radio Innovation Sweden AB 
Radio Innovation Sweden AB is a joint-stock company registered in Sweden (company registra-
tion number: 556621-8011) with a paid-up share capital of US$250,000. Its headquarters are 
located in Kista — a research and scientific district of Stockholm that is an international center 
for wireless telecommunication systems development. Main types of company’s activities are 
marketing and commercial implementation of solutions based on Super Economical Coverage, 
which was researched, developed and commercialized by company founders during the last 10 
years, investing more than US$30 million and hundreds of man-years. All staff has abundant 
and long-term experience in designing and producing radio base stations, antenna and feeder 
equipment as well as experience in developing mobile cellular businesses around the globe. 

1.2.1. Torbjörn Johnson — Company Founder 

Torbjörn Johnson is a legend in mobile cellular communications. 
Radio engineer by education and at heart, he designed, produced 
and commercially delivered 9 generations of radio base stations for 
NMT-450, NMT-900, and GSM-960 as well as more than 350 
modules for antennas, feeders, and transmission lines. Mr. Johnson 
was a pioneering researcher, equipment designer and global market 
leader of the NMT-450 and NMT-900 base station market. He has 
authored more than 25 patents in the field of cellular mobile tele-
communications; developed several generations of phased-array an-
tennas and created an optimized miniature pocket telephone for the 
NMT-450 standard with record-low energy consumption. Mr. John-
son has an airplane pilot’s license, maintains keen practical and 
theoretical interest in large sea yachts and modern aviation. He is 
married to Ulla and has two grown-up children: Eva and Kristian.  

Swedish Post and Telecom Agency (1962–1964) — Torbjörn Johnson began his career in a 
state-owned organization, developing and installing radio and TV transmitters all over Sweden. 

Magnetic AB (1964–1978) — Mr. Johnson joined this small company to 
begin developing solid-state TV transmitters for a Swedish channel TV2. 
Here, he worked 1.5 years as a consultant to Philips, designing 40 kW TV 
transmitters. His contribution to Magnetic AB included design of UHF TV 
transposers with power output of 1,000, 200, 100, 50 and 10 W. Torbjörn 
Johnson designed the first generation of base station equipment for the 
NMT-450 standard — duplex filters, combiners, multicouplers. In total, 
Mr. Johnson developed and commercialized more than 120 products. 

Radiosystem Sweden AB (1978–1988) — this was the first company of 
Mr. Johnson, founded jointly by three fellow engineers to develop and sell 
base station equipment for the NMT-450 standard, and later NMT-900. In 
June 1981, the first commercial delivery was completed to Saudi Arabia in 
cooperation with Ericsson. The company became a world-leading designer 
and supplier of base stations for NMT-450/900, selling its systems all over 
the world and licensing its technology to the likes of Ericsson, Nokia and 
Philips. In 1984, Radiosystem Sweden AB was nominated to be the best 
electronics company in Sweden, reaching US$10 million in turnover in 
just six years from its start. Radiosystem Sweden AB went public in 1985, 
listing its shares on the Stockholm Stock Exchange. The company itself re-
located to its own purpose-built 10,000-m2 6-floor office and production 
facilities in Kista. Radiosystem Sweden AB has become a pioneer of the 
export potential of the Swedish cellular industry. In 1988, Mr. Johnson 
sold his company to Ericsson for 485 million SEK (US$84 million). 
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Ericsson Radio Access AB (1989–1994) — Torbjörn John-
son continued executive work at Radiosystem Sweden AB, 
now in a new position of Technical Director of Ericsson Ra-
dio Access AB — this became a new name of his former 
company. Under his management, the company achieved an 
annual sales turnover of 5 billion SEK (US$870 million), sell-
ing solutions that were originally developed by Torbjörn 
Johnson while at Radiosystem Sweden AB. As a Technical 
Director for BTSs at Ericsson, Mr. Johnson was responsible 
for new radio access systems, analysis and benchmarking of 
the global market for radio technologies. During this period, 
many international contacts were established with promising 
technology companies and suppliers of telecommunication 
and radioelectronic equipment. In 1990, Mr. Johnson received 
an award from the Swedish minister of industry and NUTEK 
for his innovative contributions to the Scandinavian mobile 
cellular industry and development of its export potential. 

Radio Design AB (1995–2000) — Torbjörn Johnson established 
this new company for continuation of his fundamental research and 
practical experiments in order to apply phased-array antennas for the 
NMT-450 standard. Mr. Johnson’s radical coverage improvement 
ideas were not appreciated enough within Ericsson due to threats to 
the sales of standard solutions, which were designed by Mr. Johnson 
earlier. Ericsson decided to stay with well-selling standard products 
instead of adopting innovative ideas of Mr. Johnson. This conflict of 
interest gave enough motivation to Torbjörn Johnson to resign from 
his position of Technical Vice President of Ericsson and to start a 
new own venture — Radio Design AB. 

During the years spent in the new company, Mr. Johnson conceptualized and developed a small 
pocket phone for the NMT-450 standard with a record-low energy consumption level (see the 
photo to the left). Mr. Johnson built his first prototypes of phased-array antennas for NMT-450, 
duplex filters with low noise levels and multicouplers. Unfortunately, harsh financial crises in 
the Russian Federation and Asia in 1998–1999 resulted in collapsed economies and the markets 
for innovative solutions for NMT-450 disappeared — forcing a sale-off of the company later. 

Radio Components Sweden AB (2000–2002) — 
became the 3rd company of Torbjörn Johnson and 
the next step in the process of commercialization 
of solutions based on Super Economical Coverage. 
The company was a result of successful field trials 
with a Swedish cellular operator Tele2, which is 
now the majority shareholder. Tower-mounted 
boosters (TMBs), designed by Mr. Johnson, have 
saved thousands of base stations for Tele2 in its 
GSM-1800 networks since 2001 — primarily in 
the Russian Federation and Eastern European countries. After the death of Tele2’s founder Jan 
Stenbeck in 2002, the innovation process was halted and, sometime later, the company’s new 
management decided to practically freeze all technology developments and to switch the accent 
from creating low-cost solutions to aggressive advertising of its services. 

Radio Innovation Sweden AB (from 2003) — it is the 4th company of Mr. Johnson, offering 
cellular mobile operators professional services, including turnkey implementations of solutions 
on the basis of Super Economical Coverage for all major mobile cellular standards — GSM, 
CDMA, UMTS, and WiMAX — in the 380–3,800 MHz frequency range. 
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Radio engineering competence of Mr. Johnson spans numerous areas that are related to mobile 
cellular radio communications and to other complementary subjects (Table 3). 

Table 3. Competence areas of Torbjörn Johnson. 

Radio telecommunications Complementary areas 
Radio system design Power supply solutions (PSU) 
Design of radio and TV transmitters Cooling technologies 
Design of antenna systems Batteries, power consumption 
Radio wave propagation fundamentals Solar and wind energy 
Antennas and lobe shaping methods Electromechanics 
Phased array antennas (PAA) Double-sided SMD technology 
Duplex filters and combiners Block and module functionality 
Low noise amplifiers (LNA) Re-use principles 
Power and linear amplifiers Materials technology 
Noise figures, dynamic optimization (IP3) State-of-the-art components 
BTS architecture and optimization Sourcing of the best components 
Wide-band technologies (WB) High-performance equipment 
Microwave links and efficiency Fast hardware prototyping 
GSM, CDMA, GPRS, EDGE, WCDMA CAD systems 
Signal reception technologies Production technologies 
Signal transmission technologies International standards 
Voltage controlled oscillators (VCO) Efficiency improvement methods 
Mixers Quality control and statistics 
Intermodulation and noise figure (IM-NF) Commercialization of technologies 
Modem technologies Total cost of ownership (TCO) 
Intermediate frequencies (IF) Optimization of results and costs 
Multi-carrier power amplifiers (MCPA) Budgeting, financing 
Interference reduction Work with subcontractors, purchasing 
Channel diversity Crew selection and management 
Supervision and alarms Large-scale project management 
Transistors, semiconductors (GaAs) Analysis of cellular markets and systems 
Equipment and system limitations Global competitiveness 
Audio quality factors Monitoring 30 technical publications 
Parameters and limitations of pocket phones Navigator in cellular technologies labyrinth 

Design and commercialization of Super Economical Coverage has been made possible thanks to 
the 35-year experience of designing cellular mobile systems, accumulated by Torbjörn Johnson, 
founder of Radio Innovation Sweden AB. Mr. Johnson is a recognized expert within the field of 
mobile cellular communications and antenna-near equipment, both in Scandinavia and globally. 
Almost half a century of world-leading experience in the field of radio communications — from 
a radio engineer designing TV transmitters and BTS equipment at Magnetic AB to a Technical 
Director for BTSs at Ericsson — provided a solid foundation for successful conceptualization 
and commercial introduction of new — more efficient and more economical — methods to de-
sign radio access networks for modern and future cellular mobile networks. 
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1.2.2. Approved Business Model 

Radio Innovation Sweden AB concentrates its efforts on promotion of solutions based on the 
Super Economical Coverage concept, while all production, delivery, site construction, mast as-
sembly, launching and fine-tuning works are performed by its licensed partners in accordance 
with strict quality and performance criteria. Today, Radio Innovation Sweden AB has already 
established relationships with leading manufacturers of all necessary standard components and 
producers of custom-made RF equipment — these relationships are a logical consequence of 
more than 35 years of Mr. Johnson’s experience in the field of cellular telecommunications. 

The business idea of Radio Innovation Sweden AB is to supply a complete cycle of professional 
services connected to commercial implementation of innovative technologies — consultations, 
training seminars, network analysis, diagnostics, preparation of alternative business plans and 
strategies for continuous development of mobile cellular business, development of custom-made 
equipment specifications, selection of suppliers and placement of production orders, as well as 
coordination of partners in all phases of the implementation process. Participants of the business 
model of Radio Innovation Sweden AB are shown on Figure 3. 

RADIO INNOVATION
SWEDEN AB

Cellular Mobile
Telecom Operators

High-Performance Mast
Manufacturing Companies

Cellular Infrastructure
Owners and Operators

Mobile Cellular
System Vendors

Radio Coverage
Network Planners

Specialist Consultants
in Cellular Business

High-Performance Antenna
Manufacturing Companies

LPDPA, VLNA, LLVLSU
Equipment Manufacturers

Building and Installation
Companies, Integrators

"Radio Components
Sweden AB"

Venture Investors,
Commercial Banks

Analytical Companies
Covering Telecom Business

 
Figure 3. Business model of Radio Innovation Sweden AB. 

One of the purposes of Radio Innovation Sweden AB is to develop strategic mutually beneficial 
and long-term partnerships with mobile cellular operators, because obtaining really significant 
results requires thorough and long-term co-operation based on trust and mutual understanding. 

This business model, approved earlier in Radio Design AB and Radio Components Sweden AB, 
allows Radio Innovation Sweden AB to react rapidly to all market changes and to satisfy to the 
maximal extent possible the needs of its clients — mobile cellular operators. Such an approach 
to division of functions is clearly important in innovation-based businesses where high quality, 
maximal product reliability and minimization of business and technology risks become first 
priority. Specialization and co-operation appear even more logical, if one considers complexity 
levels of modern radio telecommunication equipment and extremely high entrance barriers into 
the telecommunication systems production industry. For that reason, Radio Innovation Sweden 
AB uses available production capacity of leading RF product manufacturers and redirects these 
resources to making solutions based on Super Economical Coverage, at the same time creating 
mutually beneficial long-term relationships with all its business partners and stakeholders. 
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2. Technical Proposal 
“Antennas are the forgotten components, which are profit or loss makers in the mobile cellular 
business,” — states Mr. Johnson, founder and president of Radio Innovation Sweden AB. With 
growing capacities and capabilities of modern BTSs, antennas remain simple, non-scalable and 
hardly efficient. This deficiency of standard antennas became the main reason to develop a new 
concept of Super Economical Coverage that targets comprehensive and balanced optimization 
of cellular site construction technologies and radio coverage planning methods. 

2.1. Range of Addressed Needs 
The concept of Super Economical Coverage provides solutions to numerous issues — political, 
economic, technical and social ones. However, this proposal is primarily focused on commercial 
and technical challenges faced by mobile cellular operators today — and tomorrow. 

2.1.1. Commercial Needs 

Increase market capitalization — it is necessary for mobile cellular operators to show a long-
term potential for increasing their market capitalization to their owners and investors; otherwise 
the investors may choose more promising assets to invest their capital. Taking into account high 
capital requirements of modern mobile cellular business, all solutions that facilitate and help to 
maintain continuous growth of market capitalization are welcomed by company management 
and shareholders. Super Economical Coverage provides operators with the means to increase 
rapidly their market capitalization 2–3 times within several years primarily due to lower levels 
of capital expenditure, lower operating expenses and increased revenues. This leads to better 
profitability and higher share prices given a constant price/earnings (P/E) ratio. 

Reduction of capital expenditure (CAPEX) — capital intensity of cellular business is a key 
parameter that influences profitability and payback times of investments. In situations when ra-
dio access networks cost operators more than 1,500 US$/km2, profitability is achieved only in 
cities. Super Economical Coverage provides numerous possibilities to radically reduce capital 
expenditure levels down to 50–150 US$/km2, preserving quality of service and opening new 
business horizons for operators, enabling business development in regions with low population 
densities or low purchasing power. Super Economical Coverage makes it possible to abandon 
standard sites, which are unprofitable on 95–98% of territory of any medium or large country. 

Reduction of operating expenses (OPEX) — cellular mobile networks, which are built using 
standard antennas and network planning rules, consist of tens of thousands of base stations and 
hundreds of thousands of transceivers. They consume significant amounts of electric power and 
require enormous human, financial and time resources for normal day-to-day operations. These 
expenditures form a variable part of the cost of each minute of use (MoU), limiting operators in 
their efforts to achieve lower costs — and prices — for their services. Reduction of the number 
of required BTSs as a result of implementing Super Economical Coverage makes it possible to 
cut operating costs from typical 0.030 US$/MoU to 0.003 US$/MoU, reducing maintenance 
times, increasing network reliability, and facilitating future capacity and data rate upgrades. 

Highly profitable customer base growth — the majority of new and potential customers live 
outside large cities: in suburbs, small towns, rural settlements, villages and other areas with very 
low customer density reaching 4–10 cust./km2, where standard antenna technologies become 
unprofitable. In such regions, mobile cellular telecommunications can become a preferred way 
to provide quality telephony services, being unrestrained by physical limitations of wire-based 
technologies. By implementing Super Economical Coverage, operators become free from many 
financial constraints and obtain much higher profitability and cost-efficiency that allows doing 
business successfully in sparsely populated territories with low-income subscribers. 



Technical and Commercial Proposal 
“Super Economical Coverage” 
Confidential & Proprietary 

 

© 2006, Radio Innovation Sweden AB Doc 392-3.1 / 2008-04-29 Page 14 of 44

 

Increase competitiveness — countering growing global competition, regional mobile cellular 
operators must increase their competitive advantages, catching up or, preferably, surpassing the 
world’s leading operators in terms of business efficiency. Successful business in countries with 
low ARPU levels requires large cost reductions from operators and their equipment suppliers. 
When entering new, developing, rapidly growing, and promising markets, it takes even greater 
cost reductions from mobile cellular network operators if they want to become market leaders. 
Super Economical Coverage helps to speed up network build out by several times, decreasing 
specific capital and operating expenses by a factor of ten and allowing progressive operators to 
launch new networks into commercial operation faster than their conservative competitors. 

Compliance with government regulations — licensing authorities frequently require cellular 
network operators to provide their services in geographically remote rural regions, where wire-
line communications are completely absent or cannot be provided due to geographical or high 
equipment cost reasons. Super Economical Coverage allows operators to fully comply with such 
regulations in a profitable manner and in the shortest possible period of time. 

2.1.2. Technical Needs 

Scalable coverage — standard sites have limited coverage radius and area, restricting optimal 
usage of BTS’s installed capacity to regions with high customer density (50–1,000 cust./km2). 
Operation of standard BTSs in rural regions leads to reductions in the number of subscribers in 
a cell due to rapid diminishing of customer density to 1–50 cust./km2, which results in BTSs be-
ing coverage-limited with less than adequate utilization of their potential capacity. Super Eco-
nomical Coverage makes it possible to increase a cell’s area 10–30 times, obtaining and exceed-
ing the required number of customers for profitable operations. It also provides high quality of 
service and achieves the maximal number of subscribers in a cell (10–40 thousand) to achieve 
the highest possible profitability levels without sacrificing quality or reliability. 

Scalable capacity — any mobile cellular network must have safety reserves to accommodate 
future capacity increases when traffic grows. Standard sites in rural regions are coverage-limited 
and are restricted in their capacity expansion abilities to 500–900%, while sites based on Super 
Economical Coverage have expansion reserves up to 2,880% from their initial configuration. 
This extreme flexibility in fine-tuning of cells’ resources makes it possible to create the most ef-
ficient capacity plans for BTSs outside urban regions, which are characterized by excessively 
varying population densities and unstable traffic patterns. 

Interference reduction — the ever-increasing usage of mobile services in cities and suburban 
areas leads to increased levels of harmful radio frequency interference from BTSs and mobile 
terminals. Electrical and mechanical tilting of standard antenna panels does not solve this issue 
completely, since radiation patterns of standard antennas are poorly optimized for regions with 
high RF interference. Optimization of sites with the help of Super Economical Coverage results 
in significantly sharper cell boundaries, reducing handover occurrences within a cell and among 
adjacent cells, at the same time limiting propagation of radio signals beyond a cell’s area — this 
is possible due to narrow (1–2°) vertical lobes within a phased-array antenna. Super Economical 
Coverage decreases received signal strength in a BTS’s near zone 50 times in comparison with 
standard antennas, which broadcast a signal 1,000 times stronger than is required for normal op-
eration of mobile terminals. Accordingly, Super Economical Coverage reduces power output le-
vels in mobile terminals, which leads to decreased overall levels of RF interference in a cell and 
helps to improve energy consumption efficiency of mobile terminals. 

Trunking efficiency — site capacity utilization in most contemporary cellular networks does 
not exceed 5–30 Erlang in busy hours, which represents 2–20% of their possible capacity. This 
problem is considerably worse in rural networks that use standard antennas and BTSs without 
proper optimization for significantly lower customer densities. In comparison, systems based on 
Super Economical Coverage smoothly solve this problem by raising a site’s trunking efficiency 
from 25% to 75% of possible capacity or even more if frequency hopping (FH) is permitted. 
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Simpler radio systems — simpler systems are usually more convenient to keep in an excellent 
operational condition. Optimization and simplification of networks are always on the agenda of 
technical managers of mobile cellular operators. Super Economical Coverage makes it possible 
to reduce the number of base stations and transceivers required per each square kilometer of a 
network in regions with low population densities and low purchasing power. 

Compatibility with future technologies — large capital investments should have long useful 
lives and this requires their full compatibility with the newest technologies. Super Economical 
Coverage is designed to accommodate all requirements of new standards in the area of higher-
speed data transmission, improved quality of service and exceptional ecological compatibility. 
Transition to a much smaller number of optimized base stations simplifies introduction of new 
platforms (3G, 4G) and makes configuration and optimization of radio access networks easier. 

2.2. Technical Parameters 

2.2.1. Sample Rules 

Rule # 1: Path-loss (PL) conversion to coverage area — this rule defines the importance of 
PL improvement in decibels for coverage area: every +1 dB in PL gives 25% more signal. This 
fundamental rule is based on the Okumura-Hata radio wave propagation model with applied 
corrective coefficients to account for different terrain profiles: flat landscapes, semi-hilly and 
hilly terrain. A traditional site with three standard (17.5 dBi) antennas, installed on a 50-meter 
mast, is used as a reference base that provides an indoor site coverage area of approximately 80 
km2 for good quality of service with a received signal level S2 ≥ −85 dBm (Table 4). 

Table 4. Conversion of path-loss improvement into coverage area (GSM-960). 

Compared Signal Propagation exponent 
site configuration gain factor 3.0 3.5 4.0 5.0 

for GSM-960 standard SGF dB Site area (S2 ≥ −85 dBm), km2 
SEC-Site RI-2951 2,951 +34.7 16,460 7,690 4,346 1,955 
SEC-Site RI-457 457 +26.6 4,747 2,649 1,710 927 
SEC-Site RI-18 18 +12.6 553 420 341 255 
Expander (Ericsson) 6.3 +8 273 229 201 167 
Std. ant. + TMA + TMB 2.5 +4 148 135 127 116 
Std. ant. + coax. cable 1.0 0 80 80 80 80 

Rule # 2: The Robin Hood principle — this is a method to provide more uniform patterns of 
received signal levels, which is achieved due to signal redistribution from a near zone into a far 
zone. Standard antennas radiate a signal more than 1,000 times too strong into a near zone and 
send 26% of a signal into the sky, providing an effective coverage radius of approximately 5 km 
(Table 5). Antennas from Radio Innovation Sweden AB and ideal Robin Hood antennas redirect 
their signal into middle and far zones (5–20 km), increasing site coverage areas 10–30 times. 

Table 5. Signal power distribution: standard, RI, and ideal Robin Hood antennas. 

Distance from 
base station 

Standard antenna 
16.0 / 12.5 dBi 

RI antenna 
28.6 dBi 

Ideal Robin Hood 
39.6 dBi 

0–2,000 m 60% 9% 1% 
2,000–5,000 m 10% 35% 6% 
5,000–20,000 m 4% 32% 90% 
> 20,000 m (sky, +90°) 26% 24% 3% 
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Rules # 9 and 24: Antenna and mast aperture efficiency — these two rules address aperture 
efficiency of antennas and masts, increasing it from 2% to 50% by introducing highly optimized 
unique mast and mast top section designs, by installing antenna panels with improved technical 
parameters and reduced effective wind areas of all system elements. As a result, uplink channel 
sensitivity (antenna gain) is increased 10–30 times while downlink channel throughput capacity 
of mast is improved 4–10 times with given effective wind load areas and mast payloads. 

Rules # 8 and 10: System noise figure reduction — the Friis cascading rule is used to reduce 
and eliminate noise from cables and standard transceivers. This is achieved through utilization 
of low-loss design rules for duplex filters, cables and connectors, reducing uplink system noise 
figure to less than 1 dB in comparison to 2.5–6.5 dB for standard sites with or without TMAs. 

Rule # 35: Site capacity and trunking efficiency — trunking efficiency (capacity utilization) 
can be increased in cells from standard 1.0–2.5 Erlang/TRX to 4–6 Erlang/TRX, reducing the 
number of needed transceivers in a BTS 2–3 times for given traffic and grade of service (GoS). 

2.2.2. Antenna 

A phased-array antenna (PAA), which is a main foundation of Super Economical Coverage, has 
a cylindrical shape with 3–24 sectors, each consisting of 8–12 elevations formed by individual 
aluminum antenna panels. Each panel measures 2.5 × 0.3 × 0.2 m and weighs 15 kg. There are 
24–288 antenna panels. The height of the PAA is 20–30 m with an outer diameter ∅ ≥ 1.5 m. 

The PAA has a fixed radiation pattern with 
asymmetric coefficients for null filling and effi-
cient upper lobe suppression; the pattern is 
created by 64 dipoles (8 × 8 or 16 × 4), located 
vertically in each sector with a 0.9 λ interval. 
Horizontal beam width of each sector can be 
configured as 65°, 45°, 32° (Figure 4) or 22°. 
Control over signal amplitude and phase is ac-
complished in antenna-near box (ANB) devices 
and in a feeder line (see below). 

A PAA signal gain factor is 29–32 dBi; system 
noise figure is less than 1 dB and antenna input 
power is up to 80 W per carrier. In comparison to 
standard antennas, the PAA field strength level is 
increased by 17–27 dB in a far zone (5–30 km), 
decreased by 10 dB in a near zone (0–1 km) and 
is left unchanged within 1–5 km. Electrical tilt is 
usually −0.5° and maximal power in lobes is 
achieved within a 7–10 km distance from a BTS. These antenna parameters are typical for all 
supported standards and modulations in the 380–3,800 MHz frequency range. 

A phased-array antenna is placed at the top of an antenna mast or another supporting structure 
with the aid of a special top section and supporting brackets. Each antenna panel is enclosed in a 
weatherproof plastic radome transparent for radio waves. Antennas are installed with very high 
vertical precision (±0.25°), which is provided by structural optimization of all antenna and mast 
elements according to strict requirements of Super Economical Coverage. Vertical arrangement 
of up to 12 panels per sector improves PAA aperture efficiency both for signal reception and 
transmission. Compact circumferential arrangement of sectors (6–24) forms a cylindrical shape 
of the PAA and supports flexible capacity increases to meet traffic and customer growth. 

Sites with phased-array antennas and implemented Super Economical Coverage are capable of 
supporting simultaneously up to three mobile cellular operators, featuring 36–96 transceivers 
and 216–576 Erlang of capacity — creating a profitable “Site Hotel” business for mast owners. 

Figure 4. PAA horizontal radiation 
pattern with beam width 32°. 
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Utilization of a “Robin Hood” principle (Figure 5) in a PAA leads to more uniform signal field 
strength distribution patterns in near and far zones and results in an increase of a cell’s coverage 
area 10–40 times in comparison with standard antennas. PAAs are designed to support multiple 
signal input and output (MIMO — Multi-Input Multi-Output) technologies, complying with all 
requirements of the newest mobile standards for a cell’s throughput capacity — PAAs increase 
a carrier/interference ratio and improve throughput due to reduced multi-path direction of arrival 
(DOA) spreads, optimum down tilt and rapid cut-off of over range radio frequency interference. 
Suppression of side and back lobes additionally increases signal reception reliability and helps 
to reduce the number of blocked calls in a cell. 
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Figure 5. “Robin Hood” antenna principle for Super Economical Coverage. 

For each business scenario, a PAA’s configuration is determined by business parameters such as 
required profitability levels, desired payback periods, customer density levels, initial and future 
capacity levels, ARPU forecasts, presence of convenient locations for antenna mast installation, 
electromagnetic compatibility conditions, and other inputs. 

2.2.3. Feeder Line 

A feeder line in all sites equipped with Super Economical Coverage consists of many optimized 
components — a thin coaxial cable 1/4–1/2” in diameter, an antenna-near box (ANB) with an 
active low-loss device for shaping a vertical lobe’s radiation pattern (LLVLSU — Low Loss 
Vertical Lobe Shaping Unit), an 80 W single carrier power amplifier with a low energy density 
design for easy maintenance and reliability (LPDPA — Low Power Density Power Amplifier), 
a low-loss duplex filter, a combiner, a multicoupler, a very low-noise amplifier (VLNA), and 
cable jumpers. The LLVLSU is responsible for making a cell with a PAA and does amplitude 
balancing for null filling in middle and far zones, implementing the “Robin Hood” principle. 

A thin coaxial cable decreases a feeder line’s weight, purchasing cost and wind load, easing its 
installation and decreasing energy losses. Additional signal attenuation in thin cables is fully 
compensated by a single-carrier 80 W power amplifier in a downlink channel, installed at the 
top of a mast directly behind antenna panels. Further, signal amplification is done in an uplink 
channel by a very low-noise amplifier with a noise figure less than 1 dB, which is located also 
behind antenna panels and is protected from harsh weather conditions. 
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Duplex filters, combiners and multicouplers have minimized noise figures due to utilization of 
only the highest-quality RF components and additional signal cascading. The antenna elements 
have high electric efficiency — a voltage standing wave ratio does not exceed 1.15. Such a low 
level of VSWR is achieved due to optimum matching of impedance of all system components, 
leading to reduced energy losses and minimization of failure risks for high-frequency equipment 
of a radio base station. Low VSWR gives numerous possibilities to fully utilize capacities of a 
power amplifier and a phased-array antenna. All RF components in Super Economical Coverage 
sites are designed with very low energy densities, utilizing convectional air-cooling methods for 
additional energy efficiency and increased failure-tolerance of soft fail for the whole system. 

Utilization of an active vertical lobe shaper (LLVLSU) enables a site to realize all the benefits 
of a PAA — to redistribute its radiated power in accordance with the “Robin Hood” antenna 
principle and to ensure uniform electromagnetic field strength in near, middle, and far zones. A 
PAA’s vertical radiation pattern formed by a LLVLSU is shown in Figure 6. Maximal signal 
power is achieved at a down tilt angle of −0.5°. Signal power is gradually reduced by thorough 
null filling (−3.125°, −2.125° and −1.25°), and upper lobes (> 1.25°) are effectively suppressed 
by more than 25 dB to avoid excessive RF interference levels. 

-30

-28

-26

-24

-22

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

-4
.2

5

-4
.0

0

-3
.7

5

-3
.5

0

-3
.2

5

-3
.0

0

-2
.7

5

-2
.5

0

-2
.2

5

-2
.0

0

-1
.7

5

-1
.5

0

-1
.2

5

-1
.0

0

-0
.7

5

-0
.5

0

-0
.2

5

0.
00

0.
25

0.
50

0.
75

1.
00

1.
25

1.
50

1.
75

2.
00

2.
25

2.
50

Vertical angle relative to lobe maximum (GA = 30 dBi, 32° х 1°), degrees

R
el

at
iv

e 
si

gn
al

 le
ve

l, 
dB

Lobe maximum (max. power):
R = 7,228 m @ HA = 60 m & tilt = −0.5°

R = 14,457 m @ HA = 240 m & tilt = −1.0°

LOS horizon (max. radius):
R = 31,915 m @ HA = 60 m & tilt = −0.5°

R = 63,830 m @ HA = 240 m & tilt = −1.0°

 
Figure 6. PAA vertical radiation pattern. 

2.2.4. Antenna Mast 

PAAs, antenna-near boxes and feeder lines are installed in optimized guyed antenna masts with 
2,500–3,000 kg payload ratings, total mast height 60–480 m, high vertical installation accuracy 
(±0.25°) and increased wind load resistance — as required by the Super Economical Coverage 
concept. All load-bearing elements are made of extra high-strength round steel with subsequent 
galvanization, ensuring a mast’s durability and resistance to corrosion. Masts are equipped with 
mechanical or electric hoists, making their erection possible without using cranes or helicopters. 
Usage of standard antenna masts, chimneys, towers or other constructions is only recommended 
after prior comprehensive examination of their compatibility with the requirements of Super 
Economical Coverage concerning structural rigidity and payload ratings. 
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Usage of high masts or hill top locations is not something unusual — TV transmission masts are 
frequently 300–500 meters high and are compatible with all aviation safety and electromagnetic 
compatibility standards. Usage of high masts in combination with Super Economical Coverage 
makes it possible to realize all the advantages of the “Robin Hood” antenna principle. Manifold 
increase of a cell’s coverage area neutralizes possible negative issues connected to using larger 
land plots for mast installation and tensioning with guys. Antenna masts can be installed within 
a 4-kilometer radius from calculated coordinates without any detrimental effects on coverage 
quality — ensuring excellent ecological compatibility and future-wise usage of resources. 

2.2.5. Base Station 

The Super Economical Coverage concept is designed to work with all standard BTSs during an 
initial implementation phase. These BTSs are already purchased by operators and can speed up 
an implementation process. All solutions based on Super Economical Coverage are compatible 
with standard BTS equipment — transceivers, electric power supply, data transmission systems, 
and temperature control and monitoring systems. In the future, use of more economical (0.1 W) 
BTSs is planned — with a much smaller footprint and lower energy consumption levels due to 
signal amplification at the top of a mast and not on the ground inside a BTS. This approach will 
make it possible to cut BTS costs and reduce energy consumption levels — current BTS models 
include electric power supply systems that represent up to 2/3 of their volume and TCO costs. 

2.2.6. Key Performance Indicators 

Site coverage area — by implementing Super Economical Coverage, a site’s coverage area is 
increased 10–40 times in comparison to standard antennas, cables and network planning rules. 
This coverage increase factor is equally valid for indoor and outdoor coverage. The Okumura-
Hata model, used for calculations of coverage ranges and field strengths, was adjusted by taking 
into account corrective coefficients for rural territories, increased distances between a BTS and 
a mobile terminal, higher antenna installation heights and accounting for the Earth’s curvature 
effects on propagation of radio waves. Figure 7 illustrates coverage prediction results for Super 
Economical Coverage performed in a coverage planning software package ONEPLAN RPLS™ 
on the basis of a live GSM-960 network of one of the European operators. Green color displays 
an area with excellent indoor coverage with a signal level not less than −85 dBm. This indoor 
coverage area is limited by uplink sensitivity, reflecting technical capabilities of a PAA with 
Super Economical Coverage “to hear” mobile terminals at large distances. Without such uplink 
restrictions, the coverage area would be significantly larger due to a much higher signal gain in 
the PAA downlink channel, which exceeds its uplink sensitivity. In this specific case, the cover-
age area was increased 34 times accounting for the limitations mentioned above. 

 
Standard configuration 

18 dBi, 3 sectors, 120 m mast 

 
Super Economical Coverage  
30 dBi, 6 sectors, 240 m mast 

Figure 7. Coverage prediction results for Super Economical Coverage (GSM-960). 
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Figure 8 shows a comparison of site coverage areas created by various configurations of Super 
Economical Coverage, standard antennas, TMA/TMB solutions and an alternative offering from 
Ericsson. The chart shows areas with a signal level not less than −85 dBm, for indoor coverage. 
Configuration names for sites on the basis of Super Economical Coverage (SEC-Site) indicate a 
signal gain factor in a decimal form, calculated in a reference to a standard antenna with a signal 
gain factor GA = 17.5 dBi, using a 7/8” coaxial cable and installed on a 50-meter mast. 
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Figure 8. Comparison of GSM-960 site coverage areas. 

Indoor coverage areas of sites based on Super Economical Coverage exceed by 1–1.5 orders of 
magnitude all alternative terrestrial coverage solutions — standard antennas, sites with TMBs or 
TMAs, including the low-efficiency and high-cost Expander™ technology from Ericsson. 

Quality of service — since sites based on Super Economical Coverage feature excessive signal 
power in downlink channels, quality of service (QoS) levels can be increased by 4–5 dB without 
any negative consequences for a cell’s coverage area. This improvement makes signal reception 
by mobile terminals more reliable, ensuring full access to high-speed data transmissions, which 
are needed by the newest standards (EDGE, GPRS, EVDO, HSDPA, UMTS, WiMAX) that are 
oriented toward high-speed data transfers, multimedia applications, videotelephony, Internet and 
mobile television. In all such territories where standard antennas allow to make only an outdoor 
voice call, sites equipped with Super Economical Coverage guarantee high QoS levels, ensuring 
reliable indoor usage of all operator-supplied services, resulting in significantly increased usage 
statistics (MoU) and quick revenue and ARPU growth for operators. 

Higher quality is further demonstrated by a decreased proportion of blocked calls and a higher 
carrier/noise (C/I) ratio due to decreased levels of radio frequency interference between adjacent 
cells and neighboring sites. This is a consequence of having clearer handover zone boundaries 
achieved by using narrow (1–2°) vertical lobes and thanks to high flexibility of sites equipped 
with Super Economical Coverage in terms of geometric cell configuration — each PAA sector 
and each elevation can be configured to provide the highest level of grade of service (GoS). 

Figure 9 shows an example of electromagnetic field strength calculations (dBm) within 43.8 km 
from a GSM-960 BTS with Super Economical Coverage. The calculations were performed with 
the help of ONEPLAN RPLS™ for a 30-dBi PAA and installation height of 240 m. 
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Figure 9. Field strength levels of a site with Super Economical Coverage. 

Site capacity and trunking efficiency — Super Economical Coverage makes it possible to in-
crease site capacity 2–8 times in comparison with standard sites, which leads to reductions in 
the number of required BTSs needed to cover a given area and to reductions in specific costs of 
installed capacity from today’s 8,000 US$/Erlang to 2,000, 1,000, 500 US$/Erlang in 3–5 years. 
Due to increased site coverage areas, traffic levels in existing transceivers can be increased 2–3 
times (from 25% to 75%) without any harm for quality of service. Such effects of scale make it 
possible to decrease the number of required transceivers in a site and to redistribute “surplus” 
TRXs into other sites (new or for capacity expansion) — allowing operators to postpone their 
purchases of new BTSs and transceivers for a couple of years. Table 6 shows a sample method 
to estimate optimum site configurations for given customer densities and minutes of use. Blue 
color highlights optimum configurations with trunking efficiency of 20–95% (higher levels of 
efficiency lead to a site becoming capacity-limited), showing superiority of Super Economical 
Coverage in non-city regions with low customer densities of less than 30 cust./km2, such as ru-
ral settlements, vast suburban districts, villages, secondary highways, and railways. 

Table 6. Trunking efficiency at different customer density levels. 
Site configuration Max. # of Coverage

for GSM-960 customers area, km2 256 128 64 32 16 8 4 2 1
standard 100 MoU ≥ −85 dBm

43,200 43,200 43,200 43,200 43,200 43,200 34,768 17,384 8,692 4,346
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 80.5% 40.2% 20.1% 10.1%
64,800 64,800 64,800 64,800 64,800 59,184 29,592 14,796 7,398 3,699
100.0% 100.0% 100.0% 100.0% 100.0% 91.3% 45.7% 22.8% 11.4% 5.7%
64,800 64,800 64,800 64,800 64,800 42,384 21,192 10,596 5,298 2,649
100.0% 100.0% 100.0% 100.0% 100.0% 65.4% 32.7% 16.4% 8.2% 4.1%
43,200 43,200 43,200 43,200 43,200 38,656 19,328 9,664 4,832 2,416
100.0% 100.0% 100.0% 100.0% 100.0% 89.5% 44.7% 22.4% 11.2% 5.6%
43,200 43,200 43,200 43,200 43,200 34,848 17,424 8,712 4,356 2,178
100.0% 100.0% 100.0% 100.0% 100.0% 80.7% 40.3% 20.2% 10.1% 5.0%
43,200 43,200 43,200 43,200 43,200 27,360 13,680 6,840 3,420 1,710
100.0% 100.0% 100.0% 100.0% 100.0% 63.3% 31.7% 15.8% 7.9% 4.0%
21,600 21,600 21,600 21,600 21,600 21,600 12,336 6,168 3,084 1,542
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 57.1% 28.6% 14.3% 7.1%
21,600 21,600 21,600 21,600 21,600 19,376 9,688 4,844 2,422 1,211
100.0% 100.0% 100.0% 100.0% 100.0% 89.7% 44.9% 22.4% 11.2% 5.6%
21,600 21,600 21,600 21,600 21,600 16,304 8,152 4,076 2,038 1,019
100.0% 100.0% 100.0% 100.0% 100.0% 75.5% 37.7% 18.9% 9.4% 4.7%
21,600 21,600 21,600 21,600 21,600 14,704 7,352 3,676 1,838 919
100.0% 100.0% 100.0% 100.0% 100.0% 68.1% 34.0% 17.0% 8.5% 4.3%
21,600 21,600 21,600 21,600 20,800 10,400 5,200 2,600 1,300 650
100.0% 100.0% 100.0% 100.0% 96.3% 48.1% 24.1% 12.0% 6.0% 3.0%
21,600 21,600 21,600 21,600 10,912 5,456 2,728 1,364 682 341
100.0% 100.0% 100.0% 100.0% 50.5% 25.3% 12.6% 6.3% 3.2% 1.6%
21,600 21,600 21,600 12,864 6,432 3,216 1,608 804 402 201
100.0% 100.0% 100.0% 59.6% 29.8% 14.9% 7.4% 3.7% 1.9% 0.9%
21,600 21,600 16,256 8,128 4,064 2,032 1,016 508 254 127
100.0% 100.0% 75.3% 37.6% 18.8% 9.4% 4.7% 2.4% 1.2% 0.6%
21,600 20,480 10,240 5,120 2,560 1,280 640 320 160 80
100.0% 94.8% 47.4% 23.7% 11.9% 5.9% 3.0% 1.5% 0.7% 0.4%

4,346

3,699

Customer density, persons/km2

Number of customers and trunking efficiency per site

SEC RI-1096, 9 sectors

SEC RI-912, 6 sectors

SEC RI-2951, 6 sectors

SEC RI-2138, 9 sectors

SEC RI-741, 6 sectors
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Energy consumption — “Eco-Sites” based on Super Economical Coverage have 10–80 times 
lower energy consumption (kWh/km2/MoU) thanks to reduced quantities of base stations per 
square kilometer of networks. Minimized energy losses in feeder lines result in several times 
smaller electric power requirements for optimized sites in comparison to standard technologies 
that use thick coaxial cables 7/8” in diameter. Super Economical Coverage with 0.1-Watt TRXs 
allows to switch from power gridlines and diesel generators to battery packs accompanied by 
autonomous electric power sources (solar and wind only), which are mounted on antenna masts. 

2.2.7. Electromagnetic Compatibility 

Technical parameters of Super Economical Coverage, and its phased-array antenna in particular, 
comply with all requirements of the European Union and most other countries in the fields of 
effective isotropic radiated power (EIRP) and maximal density of electromagnetic energy flow 
(Poynting vector). According to the requirements of ITU and ICNIRP, average measurements of 
Poynting vector should not exceed 3 W/m2 within a period of 30 minutes. Accounting for much 
higher antenna masts employed in sites with Super Economical Coverage and application of the 
“Robin Hood” antenna principle, real measurements of the Poynting vector are lower by a factor 
of 10 both in near and far zones — being perfectly harmless for human health. 

EIRP levels of RI’s PAAs are 70–80 dBW exceeding that of standard antennas (50–60 dBW). 
However, taking into account that PAAs consist of separate antenna panels that are subject to 
individual certification, EIRP levels of all panels are comparable with EIRP levels of standard 
antennas with a signal gain factor 17.5 dBi. This approach does not contradict any requirements 
of radio frequency supervisory organizations in most of the countries, since each antenna that is 
part of a PAA, is a separate device with its own tilt, output power, beam width and signal gain 
factors, — being a separate subject for certification. On the whole, all sectors of a PAA can be 
presented as “virtual antennas” consisting of 8–12 separate elevations (panels), individually and 
collectively satisfying all the requirements for electromagnetic compatibility. This approach has 
been discussed with radio frequency planning specialists and government organizations in the 
field of radio telecommunications, giving Radio Innovation Sweden AB all reasons to believe in 
successful certification of Super Economical Coverage solutions in most of the countries. 

Levels of radio frequency interference caused by RI’s PAAs with higher total EIRP levels do 
not exceed interference levels caused by standard antennas. This is a result of its radiated power 
being more accurately distributed within a cell’s coverage area and utilization of much narrower 
vertical lobes (1–2°), which are formed by separate elevations of a PAA. Suppression of upper 
lobes contributes also to lower interference levels, which is important for aviation safety. 

2.2.8. Field Test Results 

The first field trial of a site based on Super Economical Coverage was performed in Sweden in 
2001 for a GSM-1800 network in co-operation with Tele2, a Swedish mobile cellular operator. 
Two systems were installed on a 72-meter mast (Figure 10): (1) a standard antenna system with 
3 sectors and a 7/8” coaxial cable; and (2) a Super Economical Coverage antenna system in its 
1st generation with a signal gain factor (link budget) improved by 16 dB and based on a 6-sector 
RI’s PAA. Extensive measurements of a received signal level were carried out with TEMS® 
mobile phones. The following measurements and tests were carried out: 

• Measurements of the signal strength in main, side and back lobes for different cases 
with fixed and moving mobile telephones. 

• Comparison of received signal levels at different distances from a test base station (up 
to 15.5 km) for all main, side and back lobes, including along different azimuths. 

• Comparison of statistical standard deviations of received signal levels for different posi-
tions of mobile telephones within main lobe boundaries. 

• Handover testing between adjacent lobes of the same site. 
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On the basis of performed measurements and tests, the following results were obtained: 

• In the near zone within a radius of 3 km, where 
signal levels from the standard antenna system 
were expected to be excessively strong, the 
measured difference between received signal le-
vels was smaller than in the site’s far zone. 
However, the signal level obtained from the Su-
per Economical Coverage system exceeded −86 
dBm in all main lobes. 

• In the far zone within a range of 3–15.5 km, the 
received signal level from the Super Economical 
Coverage system was 13–17 dB higher than the 
signal level of the standard antenna system, with 
an average difference being 15.4 dB. At a dis-
tance of 11–15.5 km this difference in the re-
ceived signal levels increased to 15–17 dB. 

• Deviations of the received signal level from the 
Super Economical Coverage system were the 
same or even smaller than deviations of the sig-
nal level measured from the standard antenna 
system — with an exception of a few locations, 
where statistically insignificant exceeding devia-
tion values were recorded. 

• Results of handover tests demonstrated that the 
Super Economical Coverage system produced a 
much smaller number of handovers and ensured 
more distinct boundaries of the handover zones 
in all of its six main lobes. 

The following overall conclusions were drawn from the 
results of this field trial: 

• The received signal level from the Super Eco-
nomical Coverage system had continuously ex-
ceeded −86 dBm in all six main lobes on more 
than 95% of the territory of the BTS’s near zone, 
complying with all requirements of the GSM and 
UMTS standards regarding guaranteed quality of service for outdoor coverage. 

• The Super Economical Coverage system ensured an increase of the signal level in the 
BTS’s far zone by 13–17 dB, with the average increase being equal to 15.4 dB. 

• The deviations of the received signal levels were the same in both systems. 
• The Super Economical Coverage system provided much more distinct handover zone 

boundaries and ensured a lower occurrence frequency of handovers. 

The field trial confirmed theoretically predicted 8.2-times increases in a site coverage area for 
the RI’s antenna system with Super Economical Coverage, gained due to a 16 dB improvement 
of its link budget in comparison with the standard antenna system. Further analysis of collected 
experimental data and extensive calculations demonstrated that the actual coverage area was in-
creased more than 11 times in comparison with the standard antenna system. 

Subsequent calculations, computer simulations and tests of selected hardware elements showed 
a possibility to further increase a site coverage area 10–50 times due to an increased number of 
elevations, further sectorization, increase of antenna installation heights and amplification both 
in uplink and downlink channels with amplitude optimizations of a vertical lobe. All these ideas 
have been successfully implemented in the current generation of Super Economical Coverage. 

Figure 10. GSM-1800 test site in 
Björnlunda, Sweden (Tele2). 
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2.3. Economic Parameters 

2.3.1. Capital Expenditure 

To measure capital expenditures required for commercial implementation of Super Economical 
Coverage, Radio Innovation Sweden AB uses specific figures for Radio Access Network (RAN) 
costs expressed in U.S. dollars per unit of network area (US$/km2). Such an approach permits to 
compare capital expenditure of different solutions independently of hardware configurations or 
purchase prices of individual components. This guarantees objective valuation of economic 
benefits of Super Economical Coverage, standard antennas, and any alternative solutions. 

For all site configurations based on Super Economical Coverage, capital expenditure levels are 
measured for a cell’s area where received signal strength is equal to or greater than −85 dBm, 
which is required for good indoor coverage. The most cost-efficient configurations of SEC-sites 
have specific capital expenditure of 50–150 US$/km2, which is by an order of magnitude lower 
in comparison to standard cells (1,500–2,000 US$/km2). Figure 11 gives a brief overview of 
RAN costs for different turnkey site configurations for the GSM-960 standard. 
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Figure 11. Turnkey CAPEX for different site configurations. 

The record-low levels of capital expenditure required for Super Economical Coverage, reduce 
operator’s dependence on bank and vendor-supplied credits, allowing to finance required capital 
investments from operator’s own financial resources such as generated gross profits. Improved 
financial liquidity helps operators to boost credit ratings and market capitalization, increasing 
their attractiveness for existing and new investors. Repayment of suppliers’ trade credits enables 
operators to reject unfair credit conditions, which usually require guaranteed promises of long-
term purchases of the suppliers’ equipment. There are well-documented cases when the world’s 
leading vendors of telecommunication systems have signed contracts with operators, stipulating 
fixed proportions of their equipment in the total purchasing volume of operators — in violation 
of competition laws and severely restricting operators’ abilities to purchase other cost-efficient 
and technologically superior solutions. In fact, being tied by such trade credits, operators often 
have to pay for equipment, which is no longer needed or which usefulness is diminished due to 
radically changed market conditions. 
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2.3.2. Operating Expenses 

Annual operating expenses represent 20–24% from total capital expenditures for a radio access 
network on the basis of Super Economical Coverage, which leads to specific operating expenses 
per square kilometer of network area, per customer and per minute of use dropping by an order 
of magnitude in comparison with standard sites. At the same time, energy consumption cost and 
radio access network equipment depreciation levels are reduced 2 times from 12% and 10% for 
standard sites down to 6% and 5% for sites based on Super Economical Coverage, accordingly. 
On the whole, a 10-fold reduction of the production cost per minute of use is achieved due to 
decreased capital expenditures, extended useful life of equipment and greatly increased energy 
utilization efficiency — cutting the cost from 0.030 US$/MoU to 0.003 US$/MoU. With such a 
low level of specific operating expenses, operators can generate substantially bigger profits at 
the same level of ARPU, becoming able to cut prices and to profitably increase customer bases 
in all regions with low income or population density levels. 

Reduction of the US$/MoU indicator varies among mature and greenfield networks. For new 
networks, minimal production costs can be achieved within 2–6 years, when the US$/MoU can 
be reduced 10–30 times all way down to 0.001 US$/MoU. For mature networks, cost of each 
minute of use decreases more slowly, taking 8–15 years and giving 4–16 times lower production 
costs if compared to standard networks, what is explained by larger required network capacity. 

Specific annual OPEX per unit of area (OPEX/km2/year) is decreased 8–17 times for sites on 
the basis of Super Economical Coverage (Figure 12). Network maintenance and repair costs are 
curtailed 4–20 times due to a decreased number of required BTSs in the network, while mean 
time between failures (MTBF) per unit of area is increased 10–40 times (MTBF/km2). All these 
results are achievable for different initial levels of economic efficiency of operations — thus, 
GSM-1800 and UMTS-2170 operators can become 4 times more cost-efficient than GSM-960 
operators who use standard sites and traditional network planning methods. 

Reduced capital requirements and improved operational efficiency of radio access networks al-
low operators to cut down rental expenses for land and BTS premises, to reduce expenses for 
rented signal transmission lines, to minimize debt and decrease related interest payments. 
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Figure 12. Comparison of OPEX for different site configurations. 
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2.3.3. Gross Profit and Payback Time 

Generated gross profit, obtained as a difference between a project’s revenue and direct variable 
expenses associated with the project, is an important indicator of achievable economic value for 
any investment proposal. To estimate gross profit levels generated by a radio access network on 
the basis of Super Economical Coverage, Radio Innovation Sweden AB employs the following 
methodology — first, a site’s coverage area is determined where a level of the received signal is 
equal to or greater than −85 dBm since excellent indoor coverage is a priority. Then, the number 
of customers per site is determined as a minimal value out of the two possible alternatives — (1) 
a product of customer density multiplied by a site’s area as determined above and (2) a maximal 
number of customers for given levels of minutes of use (MoU) and maximal site capacity. If the 
first alternative is greater than the second one, the site is capacity-limited, otherwise — the site 
is coverage-limited. Knowing the number of customers per site, it is possible to estimate annual 
gross profit per site expressed per square kilometer — specific gross profit or SGP (Table 7). 

Table 7. Example of specific gross profit and payback time (GSM-960). 

# Parameter Standard site SEC, RI-457 
1 Coverage area (S2 ≥ −85 dBm; e = 4.0) 80 km2 1,710 km2 
2 Maximal capacity 216 Erlang 432 Erlang 
3 Usage per month (100 MoU) 0.01 Erlang/cust. 
4 Customer density 8 cust./km2 
5 Number of customers (alt. 1), [1] × [4] 640 cust. 13,680 cust. 
6 Max. number of customers (alt. 2), [2] / [3] 21,600 cust. 43,200 cust. 
7 Actual number of customers, min([5];[6]) 640 cust. 13,680 cust. 
8 Trunking efficiency, [100%] × [7] / [6] 3% 32% 
9 Average revenue per user (ARPU) 5 $/cust./mo. 

10 Annual site revenue, [7] × [9] × [12 mo.] $38,400 $820,800 
11 Turnkey CAPEX per site $160,880 $442,890 
12 Annual OPEX / CAPEX, % 25% 22% 
13 Annual OPEX, [11] × [12] $40,220 $97,436 
14 Annual gross profit, [10] − [13] −$1,820 $723,364 
15 Specific gross profit (SGP), [14] / [1] −23 $/km2/year 423 $/km2/year 
16 Payback time, [365 days] × [11] / [14] −32,264 days 223 days 

These calculations illustrate extremely high economic value obtainable from sites equipped with 
Super Economical Coverage in regions with low customer density levels. Additional technical 
characteristics of the compared standard site and SEC-Site RI-457 are provided in Appendix 
# 4.1. Calculations of specific gross profit for different site configurations, customer density and 
ARPU levels are further provided in Appendix # 4.2 to this proposal. 

In this case, the standard site has a negative payback time, requiring its losses to be subsidized 
by profits generated from urban sites. Advantages of Super Economical Coverage are increasing 
with decreasing customer density and dropping levels of MoU. Break-even revenues for the site 
equipped with Super Economical Coverage in this example are achieved at a customer density 
level of 0.51–0.94 cust./km2; the standard site requires 8.3 cust./km2, while a traditional urban 
micro cell would require 41 cust./km2 at ARPU $5 to begin generating gross profits in the 
GSM-960 standard. GSM-1800/1900 or UMTS-2170 traditional sites need customer density le-
vels 4–5 times higher and CDMA-450 sites — 2.5 times lower than regular GSM-960 sites. 

Super Economical Coverage allows an operator or another owner of a cellular infrastructure to 
obtain extra profit by leasing multi-band, multi-mode and multi-operator (MMM) masts and an-
tennas to several operators — applying a very profitable “Site Hotel” business model. 
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2.3.4. Profitability 

To assess economic usefulness of commercial implementation of Super Economical Coverage, 
a business case to provide mobile cellular services to 50 million people living in rural areas of a 
typical large country is examined. Assuming rural population density is 100 POP/km2, ARPU is 
US$4 and a maximal service penetration level is 8%, this business case gives 4 million potential 
customers out of 50 million rural inhabitants. In this case, the most profitable site configuration 
is RI-2951 with SGP 355 $/km2/year (Appendix # 4.2; Tables 8 and 9). 

Table 8. Parameter estimation for GSM-960 network in rural settlements. 

# Parameter Standard sites SEC, RI-2951 
1 Rural population 50,000,000 POP 
2 Rural population density 100 POP/km2 
3 Inhabited territory, [1] / [2] 500,000 km2 
4 Maximal penetration level 8% 
5 Number of potential customers, [1] × [4] 4,000,000 cust. 
6 Customer density, [5] / [3] 8 cust./km2 
7 Average revenue per user (ARPU) 4 $/cust./mo. 
8 Annual network revenue, [5] × [7] × [12 mo.] 192 M$/year 
9 Site coverage area (S2 ≥ −85 dBm; e = 4.0) 80 km2 4,346 km2 

10 Number or required sites, [3] / [9] 6,250 115 
11 Usage per month (100 MoU) 0.01 Erlang/cust. 
12 Usage intensity in busy hour, [5] × [11] 40,000 Erlang 
13 Maximal site capacity 216 Erlang 432 Erlang 
14 Maximal network capacity, [10] × [13]  1,350,000 Erlang 49,680 Erlang 
15 Trunking efficiency, [100%] × [12] / [14] 3% 81% 
16 Specific gross profit (SGP) −119 $/km2/year 355 $/km2/year 
17 Annual network gross profit, [3] × [16] −$60M $178M 
18 Radio access network OPEX, [8] − [17] 252 M$/year 14 M$/year 
19 Turnkey CAPEX per site $160,880 $630,000 
20 Radio access network CAPEX, [10] × [19] $1,006M $72M 

Annual operating expenses for a network with Super Economical Coverage represent 5.56% of 
US$252M, which are required to run a radio access network with the same coverage area, but 
built with standard sites. As shown above, OPEX is reduced by 94.44%. Also, turnkey capital 
expenditures for Super Economical Coverage represent 7.16% of expenditures for standard sites 
— CAPEX is reduced by 92.84% ensuring identical levels of quality and grade of service. 

Table 9. NPV and IRR estimation for GSM-960 network in rural settlements. 

0 1 2 3 4 5 6 7
Nominal capital expenditure
in radio access network
Nominal cash flow
(gross profit)
Discount factor
at a 25% discount rate
Present value of cash flow
(gross profit)

247%

Calendar year

Net present value (M$):

$178 $178 $178 $178 $178 $178

Internal rate of return (% p.a.):

4.7683.8153.0522.441

$37$114$142$0 $91

$0 $0$0 $0$0

$73

1.9531.563

$0

$491

$58 $47

Parameter (M USD)

1.2501.000

$0 $178

-$72 $0
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This NPV assessment is certainly simplified since it does not account for operators’ capital 
structure, long-term tax effects (tax shield), operator-specific risk levels (beta), free cash flows 
beyond the 7th year, and other relevant factors, which are required for precise NPV calculations. 
Moreover, it is assumed that all capital expenditures take place during one year and the number 
of customers reaches forecasted penetration levels of 50% almost immediately, without taking 
into consideration variable customer base growth rates in different years and across different re-
gions. US$491M — it is today’s value of gross profits, which can be generated by this project 
after subtracting all relevant capital expenditures and operating expenses. IRR, which makes 
this NPV to equal zero, is 247% — this is fully 9.88 times more than a discount factor of 25% 
generally used for project valuation in the area of mobile communications. Hence, profitability 
levels of sites based on Super Economical Coverage surpass all alternative terrestrial solutions 
for mobile cellular infrastructure build out in regions with low customer densities. 

2.3.5. Self-Financing 

An extremely high internal rate of return (150–250%) and short payback times for site capital 
expenditure allow to implement solutions based on Super Economical Coverage using a self-
financing approach. This method permits an operator to begin a project with minimal initial cap-
ital investments, financing 75–85% of the total planned capital expenditures from project-
generated high gross profits. As an example of self-financing, Table 10 illustrates a business 
case to build a radio access network based on SEC-Site RI-2951 with SGP 259 $/km2/year and a 
coverage area 4,346 km2 at signal levels not less than −85 dBm. Installing 10 sites at a cost of 
US$6.3M in the 1st month yields gross profits of US$937,867 in the 2nd month, which is enough 
to build the 11th and begin the 12th site. Monthly gross profit grows in a geometric progression 
(factor 1.1489), boosting the RAN coverage area, revenue and customer base 4.6 times per year. 

Table 10. Self-financing of Super Economical Coverage. 

630,000 USD
10 units

21.58 USD/km2/month
4,346 km2

Mo. Number of sites Total number RAN CAPEX Gross Total new
# built per month of sites built per month, $/mo. profit, $/mo. RAN area, km2

1 10.0 10.0 $6,300,000 $937,867 43,460
2 1.5 11.5 $937,867 $1,077,485 49,930
3 1.7 13.2 $1,077,485 $1,237,888 57,363
4 2.0 15.2 $1,237,888 $1,422,169 65,902
5 2.3 17.4 $1,422,169 $1,633,884 75,713
6 2.6 20.0 $1,633,884 $1,877,117 86,984
7 3.0 23.0 $1,877,117 $2,156,559 99,933
8 3.4 26.4 $2,156,559 $2,477,601 114,810
9 3.9 30.4 $2,477,601 $2,846,436 131,902

10 4.5 34.9 $2,846,436 $3,270,179 151,537
11 5.2 40.1 $3,270,179 $3,757,003 174,097
12 6.0 46.0 $3,757,003 $4,316,299 200,014

10.0
36.0

$6,300,000
$22,694,188
$28,994,188

$145
4.60

Total annual CAPEX amount spent on new RAN:

Multiplication coefficient for initial investments due to self-financing:
CAPEX per square kilometer of new radio access network:

Investments and self-financing of CAPEX for radio access network (RAN)

Number of sites built, financed through initial investments:
Number of sites built, financed through self-financing:
Initial investments (postponed purchases of standard BTSs and TRXs; loans)
Self-financing (accumulated annual gross profit from new RAN):

Site area for excellent indoor coverage (S2 ≥ −85 dBm)

GSM-960 site parameters with Super Economical Coverage
Turnkey CAPEX of SEC-Site RI-2951 (6 sectors, 232 m mast)
Number of sites in the initial phase of new network build out
Specific gross profit per month (ARPU 6 $, 100 MoU, 4 cust./km2)
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Operators can install 46 high-performance sites, 36 (78.3%) of which are self-financed within 
one year from starting a commercial implementation project with Super Economical Coverage. 
To obtain US$22.7M of gross profit in one year, operators need to invest just US$6.3M up-front 
— the rest is achieved by a “domino effect.” A new radio access network becomes by an order 
of magnitude cheaper than all standard radio access networks, reaching cost levels of 145 $/km2 
instead of 1,500 $/km2 for traditional solutions. More than 4-fold increase of initial investments 
due to self-financing serves as an excellent proof of the highest economic efficiency of radio 
access network solutions based on Super Economical Coverage. 

Radio Innovation Sweden AB encourages operators to utilize this self-financing approach for 
projects of all sizes, allowing them to design their implementation processes of solutions based 
on Super Economical Coverage with maximal flexibility. Since specific capital expenditures are 
decreased by 50–95%, construction of radio access infrastructure can be financed without using 
vendor-supplied trade credits or high-priced bank loans, without issuing new company stock or 
going to capital markets for long-term debt instruments — making a substantial positive impact 
on operators’ solvency and market capitalization. Available financial resources may be used to 
acquire other cellular network operators, modernization of core telecommunication equipment, 
restructuring of inconvenient long-term debt facilities (bonds, syndicated loans, etc.). 

Using self-financing allows operators to multiply the speed of mature networks modernization; 
expansion of existing and construction of new radio access networks. Operators can resume all 
suspended network build out projects that were shelved due to decreasing ARPU levels or fast 
and unexpected degradation of other forecasted KPIs of target mobile cellular markets. 

Ryanair, an Irish airline, is one of the most cited 
contemporary examples of how comprehensive 
optimization of every capital expenditure and all 
operating expenses provided a chance to a small, 
unprofitable and virtually unknown outside the 
Irish market airline to transform itself into the 
largest European air carrier with its market value 
already well exceeding market capitalization of 
British Airways, SAS, Lufthansa, and others. 

Ryanair purchases only brand-new Boeing 737-
800 aircraft, which can also be purchased by any 
other airline in the world. However, Ryanair has 
the industry-lowest production cost per seat mile 
due to detailed and very focused optimization of 
all business processes and expenses, which has 
resulted in 3.5 times reduction of operating costs 
and 1.5 times increase in the average cabin factor 
— in total, cutting operating expenses 5 times ($ 
per sold seat mile) in comparison to incumbent 
conservative airlines. Ryanair maintains highly 
profitable operations for all its destinations and 
expands the business despite using a discounter 
business model with the lowest airfare prices in 
Europe (US$5–20), rapidly increasing revenues 
and its market share at the same time. 

Super Economical Coverage from Radio Innovation Sweden AB offers to cellular operators a 
unique opportunity to decrease operating expenses 7–9 times, allowing to surpass conservative 
operators in terms of business efficiency parameters. According to Torbjörn Johnson, president 
and founder of Radio Innovation Sweden AB, — this is a chance for an operator to become “the 
King of coverage, quality, and profitability.” 
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3. Commercial Proposal 

3.1. Professional Services 
Radio Innovation Sweden AB offers its services on a project basis, providing expert consulting 
and strategic business development services in the field of mobile cellular communications. The 
company works as a catalyst, organizer and principal contractor for commercial implementation 
projects of solutions based on Super Economical Coverage (Figure 13).  

Phase 1
Opportunity Audit

Phase 2
Prediction and Trial

Opportunity
Report

Coverage
Prediction

Network
Audit

Hardware
Field Trial

Full-Scale
Build Out

Optimization
& Monitoring

Phase 3
Commercial Implementation

 
Figure. 13. Range of services offered by Radio Innovation Sweden AB. 

3.1.1. Opportunity Audit 

Network audit — it is a comprehensive analysis of technical and economic parameters of the 
existing cellular network, giving a clear and complete understanding of the current situation and 
allowing to assess different options for future business development (Table 11). 

Table 11. Sample data collected and analyzed during network audit. 

Network parameters (actual or estimates) 
Frequency band (MHz) National rating in coverage and quality (1–5) 
Bandwidth (MHz) Sectors per site, average 
Cellular standard, generation Antenna gain, average 
Population covered at good quality Cable loss, average 
Area licensed Coaxial cable length, average 
Area covered at good indoor quality BTS noise figure at roof top, average 
Number of licensed regions GA − NFSYS, average 
Regions covered at 1% GoS TX output power at cabinet 
Population density in licensed area Antenna gain or EIRP limits 
Population density in covered area TRX per site, average 
Number of customers, total TRX number, total 
MoU / customer / month Installed network capacity, Erlang  
ARPU / customer / month Carried network capacity, Erlang 
Number of sites, total Carried TRX capacity (Erlang/TRX/BH) 
Number of customers per site, average Average CAPEX per site 
Number of microwave transmission nodes Network CAPEX invested, total 
Number of cable transmission nodes Network CAPEX invested per customer 
Number of fiber transmission nodes Annual OPEX per CAPEX invested 
Mast height, average Annual OPEX per customer 
Antenna effective height, average MoU per Erlang, average 
Site coverage area at 5% GoS, average Annual revenues 
Site coverage area at 1% GoS, average Gross profit (EBITDA) 
Call completion probability (%) Earnings before tax (EBT) 
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Business development cases are then created on the basis of network audit results, including 
forecasts of future carried capacity, total network traffic, ARPU, MoU, customer density, site 
trunking efficiency, cost of different site configurations, and other network parameters. 

Simultaneously with the network audit, additional seminars, presentations and workshops to 
practice coverage predictions with Super Economical Coverage are held for top management 
and technical specialists of the operator in order to achieve deep and complete understanding of 
all innovative advantages of the offered concept. Radio Innovation Sweden AB organizes other 
seminars on the topics of specific interest for the operator — thus helping to solve most of the 
issues through dialogue and open discussions in the earliest phase. 

Opportunity report — this is an official document with the results of the carried out network 
audit with technical and economic preconditions (TEP) to improve key performance indicators 
and business efficiency. The report includes preliminary business development cases as well as 
elaborates on the details of sites with Super Economical Coverage, which enable achievement of 
maximal results in each business case. Also, the report features technical reports of predictions 
and field trials of Super Economical Coverage for the GSM-1800 standard, when site coverage 
area was successfully increased 11 times from 33 km2 to 363 km2 due to 16 dB improvement in 
the link budget and utilization of a 6-sector phased-array antenna on a 72-meter mast instead of 
using standard 3-sector antennas installed on a 60-meter mast. 

After the network audit results and TEPs are presented and discussed, the operator and Radio 
Innovation Sweden AB — if it is decided that further co-operation is economically beneficial — 
begin to develop new technical and commercial goals, which are subject to prediction and trial 
during Phase 2 of the implementation process. Some of the possible goals are: 

1. Reduction of CAPEX by an order of magnitude, from 1,500 to 150 US$/km2. 
2. Reduction of OPEX by an order of magnitude, from 500 to 50 US$/km2/year. 
3. Reduction of cost of carried traffic 10 times, from 0.030 to 0.003 US$/MoU. 
4. Reduction of the number of required BTSs 10 times per km2 of network. 
5. Reduction of energy consumption 10–40 times for a given network area. 
6. Reduction of energy costs 4–10 times per minute of use (kWh/MoU). 
7. Reduction of the number of dropped and blocked calls 2–3 times. 
8. Reduction of the excessive signal level in a BTS’s near zone 5–10 times. 
9. Increase of signal power and QoS in a BTS’s far zone by 3–5 dB. 
10. Increase of transceiver carried capacity (Erlang/TRX/BH) 2–3 times. 

Based on the new technical and commercial goals, the operator and Radio Innovation Sweden 
AB jointly develop new technical specifications for RFQs (Requests for Quotation) for BTS 
equipment suppliers. Such updated RFQs would contain new requirements concerning reduced 
energy consumption levels and 60–70% lower BTS purchase prices, which will allow to reduce 
the cost per Erlang of capacity by further 50%. The RFQs would also reflect new requirements 
for micro cells to support 36–72 TRX/BTS, 216–432 Erlang/BTS, 6–9 sectors/BTS and 0.1-W 
Eco-Sites. Such demanding requirements would provide an additional impetus for BTS vendors 
to speed up the process of adopting the Super Economical Coverage concept for base stations. 

Phase 1 is completed by comprehensive negotiations in order to arrive to written agreements 
concerning a time frame, scope of work and related costs of Phase 2 — coverage predictions, 
preliminary activities and hardware field trials of a new radio access network based on Super 
Economical Coverage. Such written agreements would explicitly specify the new technical and 
commercial goals approved by the operator, selected configurations of sites based on the Super 
Economical Coverage concept, technical and topographical characteristics of the trial zone as 
well as business case parameters that are subject to simulation and verification. The agreements 
would also elaborate on the sources of financing, payment conditions and schedules, candidates 
for subcontractors and system integrators, definitions of intermediary control stages/milestones, 
communication methods between the operator and Radio Innovation Sweden AB as well as on 
methods to measure current progress and success criteria for Phase 2. 
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3.1.2. Prediction and Trial 

Coverage prediction — it includes planning of a new radio access network, accounting for all 
requirements and restrictions associated with commercial mobile cellular networks (availability 
of frequency resources, bandwidth allocation, EMC) as well as reflecting the new goals and key 
performance and efficiency indicators that were approved during the previous phase. Coverage 
prediction is performed simultaneously for both the planned trial zone and a much bigger area, 
where, according to the agreements reached during Phase 1, a possibility of commercial full-
scale network roll out was approved in the case field trials were carried out successfully. 

Field trials require installation of 1–3 sites with individual site coverage areas 1,500–3,000 km2. 
Therefore, a territory of 3,000–9,000 km2 is selected for predictions, making sure that it reflects 
prevailing topographical and morphological characteristics of the operator’s licensed territory. 
Taking into consideration possible bureaucratic hurdles for obtaining licenses to provide mobile 
cellular services, it is advisable to select a single region or area for detailed coverage predictions 
of the bigger territory, where commercial implementation is planned — such an approach would 
simplify radio access network planning and would make an eventual implementation process 
faster and more manageable. Figure 14 illustrates a simplified example based on an existing 
network of how the number of required BTSs can be successfully reduced 10 times for the 
GSM-960/1800 standard. 

Standard planning (420 BTSs) 
GA − NFSYS = 13 dB, 40 m masts, QoS 0.6 
Indoor coverage: 44% of the licensed area 

Outdoor coverage: 90% of the licensed area 

Super Economical Coverage (42 BTSs) 
GA − NFSYS = 29 dB, 240 m masts, QoS 3.0 
Indoor coverage: 96% of the licensed area 

Outdoor coverage: 99% of the licensed area 

Figure 14. Cutting BTS quantity 10 times for an area of 53,600 км2 (GSM-960/1800). 

Hardware field trial — this is a pilot project that aims to verify coverage prediction results and 
all technoeconomic parameters of Super Economical Coverage as claimed by Radio Innovation 
Sweden AB. This step includes preparation of a complete set of technical documentation for all 
selected SEC-Site configurations; small-scale production orders are placed for base masts, mast 
sections, antenna panels, power amplifiers, duplex filters and other feeder equipment; samples 
are produced and imported into the country for approval/certification; deliveries of all system 
components take place; construction and installation works are performed as well as launching 
and fine-tuning activities done in co-operation with the system integrator, determined during 
Phase 1. During the course of trial operations, extensive measurements of signal levels are done 
with the help of TEMS® mobile telephones or similar measuring devices; drive tests are carried 
out, data transfer speeds are measured and usability of applications and services is evaluated. 
Measurement results are recorded to be later compared with preliminary theoretical calculations 
and to be used for preparation of a business plan “B.” 
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Business plan “B” — this is an alternative business plan for the next 5–10 years, which is fully 
optimized by taking into account all advantages of Super Economical Coverage. The business 
plan reflects the new technological and commercial targets, importance and feasibility of which 
have been confirmed by coverage predictions and the hardware field trial. Letter “B” means that 
the plan is confidential and is intended solely for usage by the operator’s top management. The 
mere fact of the plan’s existence represents confidential information, too. 

High confidentiality requirements for the business plan “B” are explained by several reasons. 
First of all — it is needed to ensure fulfillment of the goals without interference from any third 
parties that are economically motivated to sabotage or continuously delay implementation of the 
new business plan. Examples of such parties are organizations that directly or indirectly related 
to manufacturing or sales of standard mobile cellular infrastructure solutions — BTS producers, 
manufacturers of BTS controllers and mobile switching centers, transceivers, standard antennas; 
suppliers of standard antenna masts and feeder systems; telecommunication system integrators 
and distributors with high proportions of standard antenna and feeder solutions in their revenue 
figures; financial institutions that serve significant capital flows on behalf of leading vendors of 
standard cellular telecommunication equipment and systems; leasing companies and banks that 
provide loans with standard equipment serving as a collateral. 

Many of these organizations will earn smaller revenues if operators implement solutions on the 
basis of Super Economical Coverage. Such pioneering operators will certainly be pressured by 
these organizations, which will use diverse arguments often without objective justifications to 
persuade the operator to keep existing amounts of standard equipment — being unconcerned 
about true and long-term economic interests of the cellular operator and its shareholders. 

On the other hand, solid commitment and sequential attainment of the business plan “B” allows 
the operator to change the rules of the game in the BTS market. Instead of generating growing 
sales and profits for telecommunication system vendors, the operator will keep the lion’s share 
of gross profits, greatly improving well-being of its own — and not foreign — shareholders. 

Radio Innovation Sweden AB is not a manufacturer and, in the same manner as mobile cellular 
operators, is interested in radically lower capital expenditure levels. Radio Innovation Sweden 
AB has initiated negotiations with several manufacturers of base station equipment, which have 
already expressed their keen interest in switching from plain sales of BTS hardware to selling 
service level agreements (SLA) that entail turnkey construction of cellular networks and their 
long-term (15–30 years) lease to cellular network operators. As a consequence, operators get an 
opportunity to partially or entirely cut their capital investments into own cellular infrastructure, 
paying only the coverage lease cost ($/km2) and for carried traffic ($/MoU and $/Erlang). 

According to conservative forecasts made by Radio Innovation Sweden AB, more than 40% of 
cellular networks in 2015 will be built on turnkey conditions and rented out for long periods to 
network operators — these will be networks in rural regions and territories with low population 
density. At the same time, some 60% of remaining networks will be based on standard cellular 
technologies for urban areas with limited frequency resources and high capacity requirements. 

Another reason to keep the business plan “B” confidential is to obtain strategic advantage over 
conservative cellular operators by winning more time to implement all business and technical 
goals with regards to expansion of the geographical presence, rapid increase of the customer 
base, growth of MoU and ARPU, QoS improvement, and fast increase of the market share. 

Therefore, the business plan “B” speeds up the transition process in the BTS market from short-
term to long-term objectives, enabling BTS vendors to offer to cellular network operators more 
compelling, qualitative and cost-efficient solutions that exceed the quality and cost efficiency 
levels of contemporary standard technologies. The business plan “B” — it is a key to balanced 
and manifold increase of a network’s coverage area, radical QoS/GoS improvements, customer 
base growth and soaring net profits. It gives strategic advantage over conservative operators and 
is an opportunity not only to increase the market share today — but also to grow it in the future. 
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3.1.3. Commercial Implementation 

Since realization of Phase 3 is only possible after the two preceding phases are successfully 
completed, exact parameters of the implementation phase are outside the scope of this proposal. 
This description is provided only as a brief introduction to general contents of Phase 3. 

Full-scale build out — it deals with preparation activities for commercial launch and operation, 
including coverage planning of a new radio access network for a large region or administrative 
district with simultaneous start of production of the first batch of Super Economical Coverage 
equipment in accordance with the business plan “B.” Before this phase begins, all crucial tasks 
connected to possible equipment approval and certification must be completed; permissions for 
construction and operation of high antennas and masts should be granted; land use questions re-
solved as well as typical site construction plans and technical operation plans approved. 

The trial zone can serve as a perfect starting point for full-scale implementation, which should 
be launched into commercial operations to obtain statistical performance data that was difficult 
or impossible to collect during the field trials — carried network capacity, number of customers 
per site, daily variations of carried capacity, customer usage statistics for different applications 
and services, etc. This kind of information has significant value since it is gathered directly from 
the target market segment — inhabitants of rural settlements — giving a possibility to begin a 
process of network monitoring and optimization. 

Optimization and monitoring — Radio Innovation Sweden AB offers a comprehensive range 
of services for further optimization of the network based on Super Economical Coverage aiming 
to achieve all technical and commercial targets as specified in Phase 2. Optimization includes 
analysis of actual coverage and capacity utilization and its fit with the current network structure; 
detection of trends in capacity utilization over time with appropriate modifications to the current 
network build out and modernization plans for existing radio access networks, ensuring accurate 
and balanced network fine-tuning without interrupting the ongoing network roll out processes. 

Phase 3 is performed in co-operation with the cellular network operator or a system integrator, 
which has strong business relationships with the operator and is a preferred partner also for im-
plementation of Super Economical Coverage. Alternatively, Radio Innovation Sweden AB can 
propose other integrators based in the same country and specializing in the field of cellular tele-
communications, which are willing to participate in the project. Radio Innovation Sweden AB 
does not sell individual and patented high-performance radio frequency equipment or compo-
nents, nor it rents them or gives for free. All solutions — and included RF equipment — are of-
fered exclusively as turnkey projects in close co-operation with operators or authorized partners 
of Radio Innovation Sweden AB, thus allowing to obtain all the promised technical and com-
mercial parameters and fully utilize all the advantages of Super Economical Coverage. 

Radio Innovation Sweden AB estimates that, when commercial implementation of several large 
radio access network segments on the basis of Super Economical Coverage is completed and the 
first significant results proving the economic advantages of the business plan “B” are obtained, 
further commercial implementation may continue with participation of leading vendors of BTS 
and TRX equipment that support the Super Economical Coverage specifications from Radio In-
novation Sweden AB and that are ready to build turnkey greenfield or upgrade networks using 
their own financial resources, featuring full compatibility with the Super Economical Coverage 
concept and for subsequent, long-term rental of such networks to cellular network operators. 

In such business development cases, the operator can gradually outsource cellular infrastructure 
construction and modernization activities, obtaining instead a right for 15–30 years to rent “its” 
new networks with a non-revocable right to extend rental periods after the initial term expires. 
As a result, the operator can discontinue capital investments in its own radio access networks, 
paying only for the operating expenses that are reduced 7–9 times from today’s levels. Manifold 
profit increases will allow the operator to step up promotion of services, to introduce new high-
speed data transfer standards, to expand services, and to delight its owners with large dividends. 
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3.2. Implementation Variants 

3.2.1. Greenfield Networks 

The most profitable implementation method is to build mobile cellular infrastructure exclusively 
on the basis of Super Economical Coverage, with specific capital expenditures reaching a level 
of 150–200 US$/km2, with excellent indoor quality of service and per customer CAPEX levels 
less than US$20. Construction of new radio access networks allows to reach minimal operating 
expenses of 30–50 US$/km2/year in the shortest periods of time. 

This variant is best suited for extensive territories with low population density, secondary roads, 
railways, and numerous rural settlements. Due to application of more effective configurations of 
Super Economical Coverage — with 240-meter masts and 6–9 sector phased-array antennas — 
the maximal effects of scale are obtained with reductions of capital expenditures and operating 
expenses, with simultaneous and manifold increases of gross profit from each square kilometer 
of the network. Increased site trunking efficiency, better energy consumption efficiency, higher-
speed data transfer rates, increased grade of service and larger BTS coverage areas — all these 
KPIs reach maximal possible levels in this implementation scenario. 

3.2.2. Expansion Networks 

This alternative is recommended for merging of standard networks with radio access networks 
based on the concept of Super Economical Coverage outside urban regions, district or regional 
centers, where the need for mobile cellular communications is high, but standard antenna and 
network planning solutions are not profitable enough due to low levels of trunking efficiency. 
Since customer density levels decrease most rapidly between urban and rural territories, a full 
spectrum of possible Super Economical Coverage site configurations is utilized, allowing to 
multiply site trunking efficiency levels, reduce dropped and blocked call levels, improve grade 
of service (GoS) 1.3–3 times and provide maximal profitability rates in circumstances with de-
creasing customer density and lower carried network capacity. 

3.2.3. Upgrade Networks 

Primarily optimized for cellular networks in cities, this variant is a compromise solution for 
conditions with sub-optimal utilization of frequency resources and low trunking efficiency le-
vels of standard sites. The variant is most profitable for cities and city-type settlements with to-
tal population not exceeding 100,000 POP, allowing to increase a network’s coverage area and 
site trunking efficiency with simultaneous relocation of less efficient sites to greenfield network 
roll out areas or expansion networks. This approach permits to reduce the number of required 
base stations by 50–80% per square kilometer of a network, keeping only optimized with Super 
Economical Coverage and thus highly profitable sites in operation with 4–16 times enlarged 
coverage areas and excellent indoor quality of service. 

The variant requires switching from standard antenna and feeder components in existing sites to 
high-performance equipment specified by Radio Innovation Sweden AB, thus cutting operating 
expenses by 50–70%, increasing network profitability 2–3 times, improving electromagnetic 
and ecological compatibility due to 5–10 times reduction of excessive signal levels in a standard 
BTS’s near zone, and keeping quality of service intact or improved. 

3.2.4. City Coverage and Capacity Increase 

For cellular networks in large cities, implementation of Super Economical Coverage is offered 
with phased-array antennas without masts, replacing standard rooftop antennas and increasing a 
site coverage area 2–3 times. City versions of PAA are 2.5–10 m high with an outer diameter of 
1.5–3 m, 1–4 panels per sector, 6–27 sectors for increased capacity, and fewer sites in total. 
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3.3. Delivery and Cost Schedule 
All preparation activities and a commercial implementation process to launch Super Economical 
Coverage into full-scale operations require at least 1,000 days (2.5–3 man-years). Regardless of 
the project scale, a phased implementation process consists of three phases, shown on Figure 15. 
Such an approach to organization of the implementation process guarantees maximal quality of 
obtained results, and comprehensive professional training of the operator’s top management and 
technical personnel facilitates most efficient application of all the advantages provided by Super 
Economical Coverage. Qualitative and detailed coverage predictions of radio access networks, 
education of employees, delivery of sample hardware for field trials and eventual large-scale in-
dustrial production — all these activities require significant time and financial resources as illu-
strated by duration and costs associated with each implementation phase.  

№
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1.1.

1.2.

2.

2.1.

2.2.

3.

3.1.

3.2.
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Figure 15. Delivery and cost schedule of phased implementation of Super Economical Coverage. 

The cost of the first phase shows a price of services offered by Radio Innovation Sweden AB to 
the operator without any deliveries of hardware or equipment field trials. The cost of the second 
and the third phases represents both professional services by Radio Innovation Sweden AB and 
turnkey capital expenditures for all equipment (masts, antenna panels, power amplifiers, duplex 
filters, base stations, transceivers, low-loss vertical lobe shaping units, etc.), which is necessary 
for trials or full-scale commercial implementation. In a case that existing equipment, purchased 
and available to the operator, can be used for field trials or commercial implementation, the cost 
of corresponding phases is reduced accordingly. 

Each of the three phases can be carried out independently of others, maintaining the sequence 
— an operator can postpone the implementation project due to internal reasons, or extend any 
phase in order to perform additional preparatory activities, or to withdraw from commercial im-
plementation in its entirety if unsatisfactory intermediate results are achieved. 

Taking into account significant economic benefits and high internal rates of return (150–250%) 
of Super Economical Coverage, the cost of phased implementation is paid back within one year 
after launch into commercial operations and application of project self-financing approaches as 
discussed earlier in the proposal. In comparison to NPVs generated by proposed solutions on the 
basis of Super Economical Coverage, implementation costs represent 5–20% of generated gross 
profits, possibly becoming one of the most profitable investments made by an operator. 

Table 12 shows a list of proposed services with duration and prices. The first two sections under 
each phase (1.1 & 1.2, 2.1 & 2.2, 3.1 & 3.2) are required for each phase. The remaining sections 
are required if the operator decides to proceed to the next phase and for all-round training of the 
operator’s top management and technical personnel in the Super Economical Coverage concept. 
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Table 12. Description, duration and prices of proposed services. 

# Description Duration Price, USD 

1 Phase 1: Opportunity audit 
From 

90 man-days 
From 

$150,000 

1.1 

Network audit: 
- Collection of technical and financial data from 
the operator according to RI’s questionnaires; site 
and mast configurations; evaluation of limitations; 
intelligence about competition. 
- Data analysis, projection of trends, evaluation of 
KPIs, development of cost models, evaluation of 
current business plans, benchmarking against best 
practices and competition, analysis of TCO. 
- Audit of existing structures (masts, towers, water 
towers, chimneys, TV towers) to determine wind 
speed limits and payload capacity, selection of the 
best site locations for possible upgrades. 
- Site capacity studies regarding gradual upgrades 
to reach optimum trunking efficiency levels. 
- TRX requirement studies, appraisal of measures 
to reduce the number of required TRXs by 50% or 
more for specified QoS and traffic levels. 
- Site power consumption studies and appraisal of 
measures to reduce power consumption per km2 
10–40 times in comparison with traditional sites. 

From 
60 man-days 

From 
$100,000 

1.2 

Opportunity report: 
- Expert conclusions regarding existing business 
plans, diagnosis of problems within technical and 
economic areas, critical and thorough evaluation 
of long-term business development scenarios. 
- Technical and economic preconditions (TEP) for 
implementation of Super Economical Coverage. 
- Technical reports from field trials in Sweden 
(Björnlunda, GSM-1800) and elsewhere, coverage 
prediction reports for other countries and regions. 
- Summary of alternative business development 
cases based on Super Economical Coverage and 
summary of technical and economic parameters of 
SEC-Sites, a draft business plan “B” to become 
the “King of coverage, quality, and economy.” 

From 
30 man-days 

From 
$50,000 

1.3 

Seminars for operator’s C-level managers: 
- Presentation of the opportunity report, including 
results from the network audit and benchmarking. 
- Demonstration of strategic long-term importance 
of reduction of CAPEX/km2 and OPEX/km2 with 
fast improvement of network coverage and QoS. 
- Q&A sessions about feasibility of 50–95% lower 
CAPEX/km2 and OPEX/km2, Super Economical 
Coverage concept and 50 “golden rules”; effects 
on KPIs, QoS, GoS, revenues, and profitability. 

From 
3 man-days 

From 
$10,000 
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1.4 

Workshops for RAN planning specialists: 
- Discussion of key technical parameters of Super 
Economical Coverage (antenna power, frequency 
re-use/hopping, Robin Hood principle, use of high 
masts, aperture efficiency, 50 “golden rules”). 
- Review of different market scenarios with traffic 
forecasts, simulations of alternative coverage and 
traffic scenarios for comparative review. 
- Discussion of network plans for specific regions, 
current and future coverage and capacity needs. 
- Benchmarking of Super Economical Coverage 
vs. existing sites, newest and future designs from 
Ericsson, Nokia-Siemens, Huawei, ZTE, Alcatel-
Lucent, and from standard antenna suppliers. 
- Detailed coverage prediction for (1) traditional 
sites, (2) traditional sites with TMAs and TMBs, 
(3) Ericsson Expander™, and (4) sites with Super 
Economical Coverage; analysis and comparison. 
- Review of a generic platform for multi-operator, 
multi-band, and multi-modulation (MMM) sites. 
- Discussion of EIRP regulations and possible li-
mitations on antenna radiated power; ICNIRP 
rules and radiation reduction in the near zone. 

From 
3 man-days 

From 
$10,000 

1.5 

Setting new 1–5 year goals (1/2/3): 
- Defining new technical goals (BTS/km2, GoS, 
QoS, Erlang/TRX, TRX/BTS, kWh/year/km2). 
- Defining new commercial goals (CAPEX/km2, 
OPEX/km2, OPEX/MoU, market share increase, 
customer base growth, new revenue sources). 

From 
5 man-days 

From 
$15,000 

1.6 

Revision and upgrade of existing RFQs: 
- Preparation of new technical specifications for 
RFQs addressed to BTS/TRX vendors in order to 
maximize value of Super Economical Coverage. 

From 
3 man-days 

From 
$10,000 

1.7 

Preparation for Phase 2: 
- Selection of a trial zone based on the results of 
the network audit and opportunity analysis. 
- Definition and allocation of activities among 
Radio Innovation Sweden AB, a cellular network 
operator, and a system integrator. 
- Distribution of updated RFQs to BTS/TRX ven-
dors, evaluation of vendors’ responses. 
- Competitive selection of a system integrator (SI) 
to join Phase 2 and possibly Phase 3, introduction 
of the chosen SI to Super Economical Coverage. 
- Discussion of technical specifications of a trial 
project, goals and milestones; permissions for a 
trial from authorities; review of land-related and 
legal questions; review of trial financing options. 
- Preparation of technical documentation and 
presentation of a proposal to start a field trial. 

From 
20 man-days 

From 
$60,000 
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2 Phase 2: Prediction and trial 
Typical 

240 man-days 
Typical 

$3,000,000 

2.1 

Coverage prediction: 
- Coverage predictions with Okumura-Hata model 
for different terrain types and frequency bands; 
coverage and capacity planning for a field trial 
area and for a future commercial launch area. 
- Frequency planning: channel assignment, inter-
sector interference, carrier-interference (C/I) and 
carrier-adjacent (C/A) ratios, EMC, diversity. 
- Radio link budget analysis (path profile, free 
space loss, clearance, diffraction, atmospheric at-
tenuation; received signal level, thermal fade 
margin, composite fade margin, BER, etc.). 

Typical 
60 man-days 

Typical 
$200,000 

2.2 

Hardware field trial: 
- Development of technical project documentation 
for Super Economical Coverage configurations. 
- Production of PAAs, optimized masts and high-
performance RF equipment; import, certification, 
permission for use in the country; installations. 
- Field verification of hardware modules with up 
to 3 sites with 1,500–3,500 km2/site with analysis 
of MSC/BSC statistics for dropped calls; signal 
measurements and verifications, drive tests and 
post-processing of results; full documentation. 

Typical 
180 man-days 

Typical 
$2,800,000 

2.3 

Development of business plan “B”: 
- Review of existing business plans and drafting a 
new business plan with new goals 1/2/3 (technical 
and business); adaptation of the business model to 
lower ARPU levels; brainstorming, structuring, 
writing, editing, finalization, and presentation of a 
full-scale country-wide implementation proposal. 

Typical 
40 man-days 

Typical 
$100,000 

3 Phase 3: Commercial implementation 
Typical 

720 man-days 
Typical 

$7,000,000 

3.1 

Full-scale build out: 
- Production of antenna panels, masts, and high-
performance RF equipment; delivery, installation; 
minimum batch 10–20 sites with antenna system 
CAPEX of $30,000–$300,000 depending on mast 
height, coverage, and capacity requirements. 

Typical 
540 man-days 

Typical 
$6,300,000 

3.2 

Optimization and monitoring: 
- Continuous analysis and fine-tuning of capacity 
and coverage utilization, number of customers per 
site, usage statistics, detection of trends in usage, 
suggestions for further network modifications. 

Typical 
180 man-days 

Typical 
$700,000 

3.3 

Evaluation of service level agreements (SLA): 
- Discussions of new RFQs with system houses; 
critical review, evaluation and recommendation of 
vendor-proposed SLA variants, such as coverage 
and capacity lease, including wet or dry lease. 

Typical 
10 man-days 

Typical 
$20,000 
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As an incentive for obtaining the best results, Radio Innovation Sweden AB proposes a bonus 
scheme based on specific goals (Table 13). These goals are used to calculate one-time incentive 
bonuses for Radio Innovation Sweden AB. For each Goal 1 reached, a bonus is US$60,000, for 
each Goal 2 reached, a bonus is US$140,000, and for each Goal 3 — US$300,000. Intermediate 
results would employ linear interpolation to calculate the bonus. Radio Innovation Sweden AB 
proposes one additional incentive bonus for each closed or relocated site, US$4,500 per site. 

Table 13. Specific KPI goals in relation to standard network planning. 

# Key performance indicator (KPI) Goal 1 Goal 2 Goal 3 
SG-1 CAPEX employed for sites in operation −30% −70% −90% 
SG-2 Annual OPEX for sites in operation −30% −70% −85% 
SG-3 Reduction of quantity of sites in operation −30% −80% −90% 
SG-4 Improvement of GoS and call blocking 1.3 times 2 times 3 times 
SG-5 Average capacity carried per TRX 2 Erl./TRX 5 Erl./TRX 6 Erl./TRX 
SG-6 Traffic increase in MoU without new TRXs +50% +200% +300% 
SG-7 Effective EIRP reduction (ICNIRP 98) 2 times 6 times 10 times 

Table 14 displays proposed allocation of activities connected to commercial implementation of 
Super Economical Coverage. Radio Innovation Sweden AB anticipates gradual involvement of 
value-added resellers (VARs) and system integrators as the project unfolds. After the project is 
successfully launched into commercial operation, Radio Innovation Sweden AB would continue 
to provide expert services and ensure deliveries of phased-array antennas, high-performance RF 
equipment and optimized masts according to the business plan “B” adopted by the operator. 

Table 14. Proposed allocation of activities among RI, operator and system integrator. 

Phase / Organization Radio Innovation
Sweden AB 

Cellular network 
operator 

VAR / system 
integrator 

Phase 1: Opportunity audit 80% 20% – 
Phase 2: Prediction and trial 60% 20% 20% 
Phase 3: Full-scale build out 40% 20% 40% 

As the next step, Radio Innovation Sweden AB offers to sign a letter of intent (LOI), indicating 
mutual interest to proceed further, and a non-disclosure agreement (NDA) to protect intellectual 
and business information of both parties. To start Phase 1, Radio Innovation Sweden AB offers 
a contract for opportunity audit (C/OA), as well as for other phases Radio Innovation Sweden 
AB offers contracts for prediction and trial (C/PT), and for commercial implementation (C/CI). 

This proposal has been designed to present key technical and economic advantages of the Super 
Economical Coverage concept. Since the proposal is limited to the most important aspects of the 
new technology, it may be possible that some of your concerns have gone unaddressed. If this is 
the case, please do contact Radio Innovation Sweden AB at the earliest convenience, so that we 
can discuss your specific needs in more detail and answer all your questions before you proceed 
with any commitments to implementing this revolutionary technology in your cellular networks.  

      Contact person:   Torbjörn Johnson, President 
      Company name:  Radio Innovation Sweden AB 
      Postal address:   Box 1204, SE-164 28, Kista, Sweden 
      Telephone:    +46 (8) 750 7830 
      Facsimile:    +46 (8) 750 7831 
      Mobile:     +46 708 580 915 
      E-mail:     tj@radioinnovation.se 
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4. Appendix 

4.1. Technical Data Summary for GSM 870–960 MHz 
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4.1. Technical Data Summary for GSM 870–960 MHz (Continued) 

Parameter Standard 
Site 

SEC-Site 
RI-457 

SEC-Site 
RI-4365 

Directional Antenna 
Frequency range3, MHz 870–960 380–3,800 380–3,800 
Polarization ±45° ±45° ±45° 
Signal gain factor (GA), dBi 17.5 28.0 31.0 
Number of sectors 3 6 9 
Horizontal beam width (HB) 65° 45° 30° 
Vertical beam width (VB) 8° 1° 0.66° 
Gain due to HB 90° → 45°, dB - +3.0 +3.0 
Gain due to HB 45° → 30°, dB - - +1.7 
Gain due to VB 8° → 1°, dB - +9.0 +9.0 
Gain due to VB 1° → 0.66°, dB  - - +1.7 
Path-loss reduction (mast height), dB - +9.1 +15.5 
Path-loss reduction (duplex filter), dB - +1.5 +1.5 
Very low noise amplifier, dB - +4.0 +4.0 
Uplink sensitivity improvement, dB +0.0 +26.6 +36.4 
Voltage standing wave ratio (VSWR) 1.40 1.15 1.15 
Noise figure (NFSYS) / cable losses, dB −3.5 / −3.0 −0.7 / −0.3 −0.7 / −0.3 
Antenna maximal input power, W 16 80 80 
EIRP in lobe maximum4, dBW 59.5 77.0 80.0 
Front-to-back ratio, dB 25 45–55 45–55 
Antenna construction type Panel PAA PAA 
Number of panels per sector (2 TRXs) 1 8 12 
Panel weight, kg 19 15 15 
Sector weight, kg 19 120 180 
Sector dimensions (H × W × D), m 2.5 × 0.3 × 0.2 20 × 0.3 × 0.2 30 × 0.3 × 0.2 

Feeder Line / Antenna-Near Box 
VLNA + LLDPX (NFSYS < 1 dB) - Yes Yes 
LPDPA in downlink (SCPA 80 W) - Yes Yes 
Vertical lobe shaping unit (LLVLSU) - Yes Yes 
Power supply unit (230 VAC / −48 VDC) - Yes Yes 
Coaxial cable (diameter × length) 7/8” × 60 m 3/8” × 130 m 1/2” × 250 m 
Alarm interface - Yes Yes 

Base Mast 
Base mast height, m 50 116 232 
Top section area (36 TRX/BTS), m2  24 20 30 
Cable linear area, m2/m 0.30 0.05 0.07 
Mast and cable total area, m2 42.0 26.5 47.5 

Site Coverage and Capacity 
Site area (S2 ≥ −85 dBm; e = 4.0), km2 80 1,710 5,280 
Coverage area growth factor 1.0 21.4 66.1 
Maximal BTS capacity, Erlang 150 300 450 
Maximal network capacity, Erlang/km2  > 2.7 > 0.40 > 0.16 

                                                      
3 SEC-Sites support multi-band, multi-modulation, and multi-operator (MMM) antennas as site hotels. 
4 EIRP for SEC-Sites is given for the whole PAA; individual antenna panels have lower EIRP levels. 
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4.2. Annual Gross Profit per 1 km2 at ARPU 6, 4, and 2 USD 
Site configuration

for GSM-960 256 128 64 32 16 8 4 2 1
standard ARPU = USD 6

SEC RI-2951, 6 sectors $687 $687 $687 $687 $687 $547 $259 $115 $43
SEC RI-2138, 9 sectors $1,213 $1,213 $1,213 $1,213 $1,104 $528 $240 $96 $24
SEC RI-1096, 9 sectors $1,716 $1,716 $1,716 $1,716 $1,106 $530 $242 $98 $26
SEC RI-912, 6 sectors $1,240 $1,240 $1,240 $1,240 $1,104 $528 $240 $96 $24
SEC RI-741, 6 sectors $1,379 $1,379 $1,379 $1,379 $1,103 $527 $239 $95 $23
SEC RI-457, 6 sectors $1,762 $1,762 $1,762 $1,762 $1,095 $519 $231 $87 $15
SEC RI-372, 3 sectors $951 $951 $951 $951 $951 $519 $231 $87 $15
SEC RI-229, 3 sectors $1,224 $1,224 $1,224 $1,224 $1,092 $516 $228 $84 $12
SEC RI-162, 3 sectors $1,463 $1,463 $1,463 $1,463 $1,089 $513 $225 $81 $9
SEC RI-132, 3 sectors $1,626 $1,626 $1,626 $1,626 $1,086 $510 $222 $78 $6
SEC RI-66, 3 sectors $2,319 $2,319 $2,319 $2,230 $1,078 $502 $214 $70 -$2
SEC RI-18, 3 sectors $4,427 $4,427 $4,427 $2,170 $1,018 $442 $154 $10 -$62
Expander (Ericsson) $7,493 $7,493 $4,363 $2,059 $907 $331 $43 -$101 -$173
Std.ant. + TMA + TMB $11,906 $8,877 $4,269 $1,965 $813 $237 -$51 -$195 -$267
Std.ant. + coax.cable $17,929 $8,713 $4,105 $1,801 $649 $73 -$215 -$359 -$431

Customer density, persons/km2

Annual gross profit per 1 km2 (100 MoU)

 
Site configuration

for GSM-960 256 128 64 32 16 8 4 2 1
standard ARPU = USD 4

SEC RI-2951, 6 sectors $448 $448 $448 $448 $448 $355 $163 $67 $19
SEC RI-2138, 9 sectors $793 $793 $793 $793 $720 $336 $144 $48 $0
SEC RI-1096, 9 sectors $1,129 $1,129 $1,129 $1,129 $722 $338 $146 $50 $2
SEC RI-912, 6 sectors $811 $811 $811 $811 $720 $336 $144 $48 $0
SEC RI-741, 6 sectors $903 $903 $903 $903 $719 $335 $143 $47 -$1
SEC RI-457, 6 sectors $1,156 $1,156 $1,156 $1,156 $711 $327 $135 $39 -$9
SEC RI-372, 3 sectors $615 $615 $615 $615 $615 $327 $135 $39 -$9
SEC RI-229, 3 sectors $796 $796 $796 $796 $708 $324 $132 $36 -$12
SEC RI-162, 3 sectors $954 $954 $954 $954 $705 $321 $129 $33 -$15
SEC RI-132, 3 sectors $1,062 $1,062 $1,062 $1,062 $702 $318 $126 $30 -$18
SEC RI-66, 3 sectors $1,521 $1,521 $1,521 $1,462 $694 $310 $118 $22 -$26
SEC RI-18, 3 sectors $2,906 $2,906 $2,906 $1,402 $634 $250 $58 -$38 -$86
Expander (Ericsson) $4,913 $4,913 $2,827 $1,291 $523 $139 -$53 -$149 -$197
Std.ant. + TMA + TMB $7,824 $5,805 $2,733 $1,197 $429 $45 -$147 -$243 -$291
Std.ant. + coax.cable $11,785 $5,641 $2,569 $1,033 $265 -$119 -$311 -$407 -$455

Customer density, persons/km2

Annual gross profit per 1 km2 (100 MoU)

 
Site configuration

for GSM-960 256 128 64 32 16 8 4 2 1
standard ARPU = USD 2

SEC RI-2951, 6 sectors $210 $210 $210 $210 $210 $163 $67 $19 -$5
SEC RI-2138, 9 sectors $372 $372 $372 $372 $336 $144 $48 $0 -$24
SEC RI-1096, 9 sectors $541 $541 $541 $541 $338 $146 $50 $2 -$22
SEC RI-912, 6 sectors $381 $381 $381 $381 $336 $144 $48 $0 -$24
SEC RI-741, 6 sectors $427 $427 $427 $427 $335 $143 $47 -$1 -$25
SEC RI-457, 6 sectors $549 $549 $549 $549 $327 $135 $39 -$9 -$33
SEC RI-372, 3 sectors $279 $279 $279 $279 $279 $135 $39 -$9 -$33
SEC RI-229, 3 sectors $368 $368 $368 $368 $324 $132 $36 -$12 -$36
SEC RI-162, 3 sectors $446 $446 $446 $446 $321 $129 $33 -$15 -$39
SEC RI-132, 3 sectors $498 $498 $498 $498 $318 $126 $30 -$18 -$42
SEC RI-66, 3 sectors $724 $724 $724 $694 $310 $118 $22 -$26 -$50
SEC RI-18, 3 sectors $1,386 $1,386 $1,386 $634 $250 $58 -$38 -$86 -$110
Expander (Ericsson) $2,334 $2,334 $1,291 $523 $139 -$53 -$149 -$197 -$221
Std.ant. + TMA + TMB $3,742 $2,733 $1,197 $429 $45 -$147 -$243 -$291 -$315
Std.ant. + coax.cable $5,641 $2,569 $1,033 $265 -$119 -$311 -$407 -$455 -$479

Customer density, persons/km2

Annual gross profit per 1 km2 (100 MoU)

 
Largest annual gross profit (±10%) is highlighted in green color. 
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4.3. Site CAPEX Payback Time at ARPU 6, 4, and 2 USD 
Site configuration

for GSM-960 256 128 64 32 16 8 4 2 1
standard ARPU = USD 6

SEC RI-2951, 6 sectors 77 77 77 77 77 97 204 460 1,231
SEC RI-2138, 9 sectors 66 66 66 66 72 151 332 829 3,315
SEC RI-1096, 9 sectors 44 44 44 44 68 142 312 768 2,862
SEC RI-912, 6 sectors 64 64 64 64 72 150 330 822 3,259
SEC RI-741, 6 sectors 59 59 59 59 73 154 339 850 3,478
SEC RI-457, 6 sectors 54 54 54 54 86 182 409 1,085 6,261
SEC RI-372, 3 sectors 100 100 100 100 100 183 411 1,092 6,369
SEC RI-229, 3 sectors 81 81 81 81 91 192 435 1,180 8,205
SEC RI-162, 3 sectors 71 71 71 71 96 203 464 1,289 11,599
SEC RI-132, 3 sectors 61 61 61 61 92 196 450 1,279 16,131
SEC RI-66, 3 sectors 48 48 48 50 104 224 525 1,604 Losses
SEC RI-18, 3 sectors 46 46 46 94 200 462 1,326 20,610 Losses
Expander (Ericsson) 48 48 82 174 394 1,079 8,272 Losses Losses
Std.ant. + TMA + TMB 42 56 116 252 610 2,095 Losses Losses Losses
Std.ant. + coax.cable 41 84 179 407 1,130 10,014 Losses Losses Losses

Customer density, persons/km2

Site CAPEX payback time (100 MoU), days

 
Site configuration

for GSM-960 256 128 64 32 16 8 4 2 1
standard ARPU = USD 4

SEC RI-2951, 6 sectors 118 118 118 118 118 149 325 790 2,786
SEC RI-2138, 9 sectors 100 100 100 100 111 237 553 1,658 Losses
SEC RI-1096, 9 sectors 67 67 67 67 105 223 516 1,499 31,481
SEC RI-912, 6 sectors 98 98 98 98 110 236 549 1,640 264,017
SEC RI-741, 6 sectors 90 90 90 90 113 242 565 1,713 Losses
SEC RI-457, 6 sectors 82 82 82 82 133 289 700 2,418 Losses
SEC RI-372, 3 sectors 154 154 154 154 154 290 703 2,440 Losses
SEC RI-229, 3 sectors 125 125 125 125 140 306 752 2,750 Losses
SEC RI-162, 3 sectors 109 109 109 109 148 325 809 3,163 Losses
SEC RI-132, 3 sectors 94 94 94 94 142 314 792 3,312 Losses
SEC RI-66, 3 sectors 74 74 74 77 162 363 952 5,087 Losses
SEC RI-18, 3 sectors 70 70 70 146 322 816 3,524 Losses Losses
Expander (Ericsson) 73 73 126 277 683 2,567 Losses Losses Losses
Std.ant. + TMA + TMB 63 85 181 414 1,156 11,114 Losses Losses Losses
Std.ant. + coax.cable 62 130 286 710 2,767 Losses Losses Losses Losses

Customer density, persons/km2

Site CAPEX payback time (100 MoU), days

 
Site configuration

for GSM-960 256 128 64 32 16 8 4 2 1
standard ARPU = USD 2

SEC RI-2951, 6 sectors 253 253 253 253 253 325 790 2,786 Losses
SEC RI-2138, 9 sectors 214 214 214 214 237 553 1,658 Losses Losses
SEC RI-1096, 9 sectors 140 140 140 140 223 516 1,499 31,481 Losses
SEC RI-912, 6 sectors 208 208 208 208 236 549 1,640 264,017 Losses
SEC RI-741, 6 sectors 190 190 190 190 242 565 1,713 Losses Losses
SEC RI-457, 6 sectors 172 172 172 172 289 700 2,418 Losses Losses
SEC RI-372, 3 sectors 340 340 340 340 340 703 2,440 Losses Losses
SEC RI-229, 3 sectors 270 270 270 270 306 752 2,750 Losses Losses
SEC RI-162, 3 sectors 234 234 234 234 325 809 3,163 Losses Losses
SEC RI-132, 3 sectors 201 201 201 201 314 792 3,312 Losses Losses
SEC RI-66, 3 sectors 155 155 155 162 363 952 5,087 Losses Losses
SEC RI-18, 3 sectors 147 147 147 322 816 3,524 Losses Losses Losses
Expander (Ericsson) 153 153 277 683 2,567 Losses Losses Losses Losses
Std.ant. + TMA + TMB 132 181 414 1,156 11,114 Losses Losses Losses Losses
Std.ant. + coax.cable 130 286 710 2,767 Losses Losses Losses Losses Losses

Customer density, persons/km2

Site CAPEX payback time (100 MoU), days

 
Shortest CAPEX payback time (±10%) is highlighted in green color. 
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