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In the last several months, the world and the global media attention were focused exclusively 

toward the refugees, going from near east to the developed Central European countries. It was 

explained, that most of them are economical, not political migrants. One of the possible ways to solve 

this problem is to create good political and economical opportunities in the developing countries in 

order to hold back the refugees in their own birthplaces. One of the first steps that should be done is 

the building of telecommunication infrastructure, based on cheap and effective wireless technologies. 

An analytical review of the wireless communication systems, suitable for the developing countries, is 

given in this report. Special attention is given to the antenna systems and the associated problems. The 

advantages of the proposed by the author SCP-RPSC and SC-CDMA principles and technologies are 

comment. Their particular applications for developing countries are listed below:  

• Satellite radio and TV broadcasting - SCP;  

• Wireless access to Internet for urban areas – HAPS, WIMAX; 

• Wireless access to Internet for suburban and rural areas  –  RPSC-MA; 

• Feeder lines for terrestrial and LEO base stations; 

• Personal mobile communications using integrated terrestrial-satellite systems – SC-CDMA.  
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Introduction 

In the last several months the world and the global 

media attention was focused exclusively toward the 

problems of the refugees, coming from Near East and 

Africa to the developed Central European countries. 

Obviously most of them are economical, not political 

migrants. One of the possible ways to solve this 

problem is the creating of good political and 

economical opportunities in the developing countries 

in order to hold back the refugees in their own birth 

places. One of the first steps that should be done is the 

building of telecommunication infrastructure, suitable 

for the specific requirements of the developing 

countries and based on cheap and effective wireless 

technologies. 

An analytical review of the wireless 
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communication systems, suitable for the developing 

countries, is given in this report. Special attention is 

given to the used radio-interfaces, antenna systems and 

associated problems. The advantages of the proposed 

by the author SCP-RPSC and SC-CDMA [1] 

principles and technologies are shown.  

Satellite communications - Impact on the 

developing countries society 

What credentials might qualify satellites as a great 

invention in the overall course of history? Actually, a 

good case might be made on several bases [2]: 

• Universality of Connectivity. Satellites are the 

first and only technology that allows the 

possibility of connection to anyone, anytime, and 

anywhere and for an amazing array of existing as 

well as yet-to-be-created services. 

• Flexible Broadband Links. Only satellites allow 

easy, affordable, and flexible broadband links 

around the globe. Satellites can provide 

broadband services to smaller and smaller 

terminals whether the demand is for TV, radio, 

telephone, or Internet connectivity. Because 

satellites are not restricted to physical media like 

wire or fiber optics, they can provide connections 

with total flexibility and  ease. They can provide 

extremely wide coverage to the most densely 

packed city or thinly populated areas, on land, 

sea, or ice cap, for any type of service.  

• A True Breakthrough Technology. The 

breakthrough nature of satellites is due to their 

ability to solve a problem in a totally new way. 

Modern long-distance communications were first 

limited to wire connections (expensive and 

cumbersome) and then terrestrial wireless, 

constrained to the curvature of the earth and 

variations in its atmosphere and ionosphere. 

Today, satellite technology allows any 

connection to be made virtually without 

constraint to an infinite number of potential 

locations. Only if we can find a way to 

effortlessly communicate through the earth and 

across space without delay or bandwidth 

limitation would there seem to be a more 

powerful communications technology. It is the 

ability of satellites to use much less resources and 

to do so much more in terms of connecting 

everyone that makes these devices truly a 

"breakthrough technology." 

Satellites enable global news. Satellites bring 

connectivity especially to developing countries and 

emerging markets. Satellites help global trade, airline 

safety, educational exchange, health and medical 

services, electronic fund transfer, military defence 

systems, scientific inquiry, and navigational systems. 

Satellites are now an essential part of modern 

telecommunications systems in developed and 

developing countries, and they are especially effective 

in providing global mobile, navigational, and 

broadcast communications systems. Internet would be 

much more exclusively a system for wealthy countries 

and urban networking without satellite connections. 

Ways in which satellites tend to create 

supranational political, social, and cultural influences 

and weaken local allegiances include: 

• Creation of jobs, income, and economic 

opportunities across political boundaries. 

• Allow workers to escape from local adverse 

working conditions or onerous social, cultural, or 

political controls. 

• Bring a new awareness of conditions and 

opportunities in other communities or countries 

as well as closer ties to relatives who live abroad 

in other countries. 

• Bring education, training, skills, literacy, and 

health care to areas without such opportunities. 

• Bring new socio-cultural awareness with regard 

to birth control, AIDS prevention, and religious 

and ethnic hatred or tolerance. 

• Create higher levels of resistance to social 

intolerance as a result of global news about the 

activities and speeches of political, social, 

religious, or cultural leaders around the world. 

Satellites and other free-flowing electronic 

technologies can also serve the cause of 

revolution or terrorism by allowing dissidents to 

talk freely and avoid censorship. 

Satellite radio and TV broadcasting – the 

Bulgarian contribution 

The satellite radio and TV broadcasting for 

developing countries is currently a strong growth 

market, driven chiefly by major projects to deploy vast 

world-wide coverage. One of the biggest technical 

problems here is the antenna system. Usually they are 

high gain parabolic reflectors with narrow beam-

width. These properties create problems, connected 

with mechanical installing and pointing the maximum 

of the antenna patterns towards the satellites for the 

typical for the developing counties conditions, 

including: 

• Hard wind and heavy climate conditions. 

• Lack of qualified personal. 

• Sometimes lack of stable mounting platforms. 

The solving of the direct satellite TV antennas 

problems in developing countries needs entirely new 
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approach [1], [3], [4], [5]. The name of the new 

technical proposal is Spatial Correlation Processing 

(SCP). Its main objectives include: 

• Receiving one or more radio signals coming from 

one or several spatially distributed sources 

(satellites), insuring high gain of the antenna 

systems and using fixed or mobile receiving 

terminals, equipped with SCP signal processing 

systems.  

• Insuring spatial selectivity high enough to 

cancel the same frequency channel interference, 

coming from different space directions, using 

simple one-channel receiver and patented signal 

processing principle. 

The main features of the SCP approach, particular 

for the developing countries, are: 

• Simple and cheap passive Radial Line Slot 

Antenna (RLSA), suitable for mass production in 

Ku and Ka frequency bands. 

• One channel microwave receiver with simple 

signal processing. 

• Omnidirectional for the cooperative satellite, but 

with high figure of merit G/T. 

• Selection of different satellites and polarizations 

by PN-codes. 

• Soft handover and virtual multi-beam features. 

• Receive only system, but with possible 

applications in transmitting systems too. 

• Applications in existing Digital Video 

Broadcasting – Satellite (DVB-S) systems with 

minor modifications of the ground transmitters, 

compatible with the existing satellite 

transponders. 

Geostationary satellite systems (GSO,s) provide 

fixed and mobile communications, as well as TV 

broadcasting services since 1964. They still suffer 

some problems as: 

• The amount of the already existing systems limits 

the frequency and orbital resources in the most 

desired frequency bands, for example the Ku 

band. 

• The low elevation angles in the high latitude 

regions hamper the reception in urban areas 

and/or rough terrain. Mobile reception using 

horizontal antennas mounted over mobile 

platforms is just impossible. 

An appropriate decision of the afore-mentioned 

problems is the use of satellite systems on high elliptic 

eccentricity polar orbits, known as Quasi-GEO. The 

active zone of the satellites is in the apogee, when the 

relative satellite - Earth velocity is low. The 

application of the Quasi-GEO systems encounters 

several specific problems: 

• It requires the use of high gain tracking antennas. 

• The ground terminals need the exact angle 

coordinates of the active satellites. This 

requirement puts hard restrictions on the orbital 

Quasi-GEO satellites parameters. 

• The need of soft hand-off between the satellites. 

When mechanical scanning tracking antennas are 

used, two antennas are needed at least. 

• The relative movement between the Earth and the 

satellites leads to high Doppler shift of the 

information signals. 

  The application of the SCP technology in 

GSO,s requires specific approaches. In the case of 

fixed reception, the antenna should be mounted 

vertically on the wall, looking to the chosen GSO 

satellite. In the case of mobile reception, it should be 

mounted horizontally on the roof of the vehicle. In 

Quasi-GEO the antenna should be in horizontal 

position in both mobile and fixed reception. Another 

advantage of the SCP technology is the ability for 

multi-beam reception, using several correlators, each 

one for the different satellite. The result is: 

• Ability for soft hand-off between the satellites 

using single antenna aperture. 

• Space diversity, which allows reception of the 

same information from several satellites, leading 

to increased reliability in urban and rough terrain 

areas. 

• The collective systems in trains, aircrafts or ships 

allow the receiving of different TV programs 

from several satellites by means of a single 

antenna system. 

Another advantage of SCP technology in Quasi-

GEO is the lack of Doppler shift problems; being the 

same for the pilot signal and the information one in 

the process of correlation it is compensated. 

SCP, transmit or Random Phase Spread Coding 

(RPSC)  

A new principle to create broadband Spread 

Spectrum (SS) systems was proposed by the author 

[6]. It is based on transmission of broadband 

microwave signals in the open space by means of 

multi element random phased antenna arrays. The sum 

of the different elements signals in a given point in the 

space has Gaussian probability distribution and noise 

like properties. The sums in the different directions of 

the space are not correlated each other. In such way 

the proposed principle solves simultaneous the 

problems of spreading and beam forming of the future 

sophisticated microwave terrestrial and satellite 

communication systems with fixed and mobile 

applications. 
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The main features of the RPSC technology, when 

it is used in the up-links of the satellite 

communication links, additionally include: 

• Omnidirectional for the cooperative satellite, but 

with high equivalent (at base-band) Equivalent 

Isotropic Radiated Power (EIRP). 

• Selection of different terminals and polarizations 

by Pseudo-Noise (PN) codes; 

• Soft handover and virtual multi-beam features. 

• The coherent demodulation by means of pilots 

(specific property of SCP technology) cancels the 

Doppler shifts and phase jitter, introduced by 

local oscillators in the satellite system.  

• Compatible with the existing bent-pipe satellite 

transponders. 

• Providing of full duplex radiocommunication 

system with one simple and cheap transmit-

receive antenna, using combined SCP-RPSC 

technology in both directions, particularly in Ku 

band.  

• The transmitted random poly-phase spread 

signals will not cause significant harmful 

interference to the conventional satellites, using 

the same frequency channels. The interference 

will be similar to that, caused by the side lobes of 

an antenna array with random elements 

distribution and main lobe, phased in another 

direction. 

• RPSC up-links are protected against jamming, 

coming even from points, close situated to the 

earth stations – in the main lobe of the satellite 

up-link receiving antenna.  

• The transmitted random poly-phase spread 

signals have low power spectral density and low 

detection probability for the conventional 

microwave receivers, leading to low active 

jamming probability. 

Wireless access to Internet in heavy populated 

areas – the Bulgarian contribution in HAPS and 

WIMAX 

The new wireless technology SCP-RPSC was 

proposed by the author several years ago as a solution 

of the antenna problems of mm-wave HAPS (High 

Altitude Platform Systems) and WIMAX (World 

Interoperability for Microwave Access) [1]. The 

proposals deal with LOS (Line Of Sight) mm-wave 

propagation environment, which is accepted by the 

communication community as the only way to 

communicate in these frequency bands.  

In high building city environment most of the 

terminal links will be shadowed, leading to necessity 

of more and more new Earth and HAPS mounted base 

stations. For the reasons, mentioned above, the 

possibilities to create HAPS and WIMAX links in 

NLOS environment with SCP technology are of great 

importance. One of the main advantages of SCP 

technology is the possibility to create simultaneous 

several narrow virtual antenna beams, represented by 

the SCCF (Spatial Cross-Correlation Functions). In 

our case the goal is the effective use of the reflected 

from the different buildings beams, gathering the 

energy of the multipath signals in phase at baseband 

(similar to the CDMA). 

A block-scheme of a SCP Rake receiver for HAPS 

mixed LOS and NLOS propagation environment is 

proposed in [7]. Here a typical SCP receiver is used, 

but at low IF (Intermediate Frequency) several Rake 

channels are created. Each of them consists of pilot 

recovery unit and signal recovery unit. The pilot 

recovery units are fed by the used PN-code, properly 

time shifted according to the time offset of the 

different reflected signals. In the signal recovery units 

the corresponding recovered pilots correlate with the 

spread in the same manner information signals, 

coming from the same reflecting points. The baseband 

output of the correlators are time delayed with the 

above mentioned specific time delays and summed. 

The procedure for the HAPS-WIMAX up-links, 

using RPSC approach, will be similar to the previous 

case. The Rake receiver for the different pilots 

multipath components will be situated at the base 

station site and the signal processing will be similar 

too. 

The magic properties of SCP-RPSC technology will 

help the HAPS and WIMAX millimeter wave 

antennas not only in LOS conditions, but in NLOS 

environment too.  As a result, high capacity reliable 

broadband wireless networks will appear soon on the 

market, solving the communication problems of the 

big cities in the developing countries. 

Wireless access to Internet in low populated 

areas – the Bulgarian contribution RPSC-MA 

The developed SCP-RPSC principles could be base 

of a new breakthrough technology, leading to 

unpredictable increase of the frequency reuse factor in 

the satellite and terrestrial wideband networks. This 

statement is based on the published previously by the 

author RPSC systems property that close situated 

subscriber terminals could communicate with 

terrestrial or satellite base stations, using the same 

frequency channel without interference. The isolation 

between the terminals up-links will be provided by 

their specific random phase spread coding, due to 

their specific random design. Thus, we can consider 
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this way of operation as a new multiple access 

approach, named by us Random Phase Spread Coding 

- Multiple Access (RPSC-MA) [8].  

RPSC-MA could be very attractive for specific 

conditions of the developing countries. For most of 

them, the no uniform territorial distribution of the 

subscriber terminals is typical – huge distances among 

different populated areas (in order of hundreds or 

thousands kilometers) and small distances among the 

terminals (in order of several meters). In such 

configuration of the subscriber distribution the 

established in the developed countries method “spot 

beams” of satellite coverage is not effective. 

Feeder lines for terrestrial and No – GEO 

satellite base stations 

Satellites have been successfully serving the 

traditional markets i.e. telephony and broadcasting, 

covering large geographical areas using single beam 

transmission. There is a great demand for fixed and 

mobile two-way broadband access over large 

geographical areas not served by telecommunication 

infrastructure. Satellite broadband is expected to serve 

as a “local-loop” in such areas. Satellite 

telecommunication technology has the potential to 

accelerate the availability of high-speed Internet 

services in developing countries, land-locked and 

island nations, as well as in mobile platforms. There is 

a close link between the availability of a large-scale 

broadband infrastructure and the provision of public 

education, health and trade services, on-line access to 

e-government, e-trade information and in flight 

connectivity.  

One of the biggest technical problems of the 

broadband satellite is the way of access to the satellite 

segment, particular the used antenna systems. Their 

solution needs entirely new approach, which is based 

on Electronically Steerable Antennas (ESA). Their 

benefits include: 

• An ESA can direct a narrow beam over a sector 

angle and give coverage like a sector antenna. 

• The narrow beam corresponds to a high antenna 

gain and thus reduces power and amplification 

requirements on radios. 

• The narrow beam width reduces multipath 

propagation problems. 

• Complex and dynamically re-configurable radio 

networks can be created exhibiting high spectrum 

efficiency. 

• If the steering of antennas is coordinated it 

potentially enables the reuse of frequencies and 

timeslots in different directions. 

• The used until now "multiple spot beams" 

approach is not effective when there is instability 

or motion of the communication platform. It is 

due to the necessity of permanent handover 

among the different spot beams. The ESA 

approach is good solution in such cases. 

The drawbacks of the ESA include: 

• There is an increase of complexity in the antenna. 

• There will be losses in the RF-electronics in the 

antenna, which lowers the antenna efficiency. 

• The use of non-linear devices in the antenna will 

demand that spectrum issues be addressed. 

• The existing ESA designs have only one steering 

beam. In the case of mobile or unstable 

platforms, we need several hundred 

independently steering and isolated each other 

antenna beams. 

The new solution, cancelling the above-mentioned 

ESA drawbacks, is the proposed by the author 

technology SCP-RPSC.  

Recently there has been an increase in the use of 

Fixed-Satellite Service (FSS) networks by Earth 

Stations mounted On Mobile Platforms (ESOMP,s) to 

provide telecommunications services to aircrafts, 

ships, trains and other vehicles using both the C- and 

Ku-band. As the demand for these systems evolves, 

service providers are turning to other FSS bands, in 

particular Ka-band, to meet this growing need. The 

architecture of Ku band GEO broadband on-board 

system Mowgly, using SCP-RPSC approach, is given 

in [9]. 

The space segment of the future global satellite 

systems for broadband communications can be 

designed in a number of ways, depending on the 

orbital type of the satellites and the payload 

technology available on board. The use of different 

satellite orbits to provide complementary services, 

each optimised for the particular orbital type, is 

certainly feasible. Satellites can be used to connect 

with each other, through the use of Inter- Satellite 

Links (ISL) or Inter-Orbit Links (IOL), which when 

combined with on-board routing facilities, can be used 

to form a network in the sky.  

The unique properties of the SCP-RPSC 

technology could be very useful if it will be 

implemented in the feeder lines, ISL and IOL of the 

future LEO satellite communication networks. An 

analysis of the different options is discussed from 

SCP-RPSC technology implementation point of view 

in [10].  

There are attempts of some Internet providers to 
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build new network of MEO satellites with steerable 

Ka-band beams to provide lower-cost, fiber-grade 

access for cellular backhaul and IP backbone trunking 

in traditionally underserved areas, named O3b. The 

possible applications of SCP-RPSC technology on 

satellite board in O3b MEO system is discussed in the 

report [11]. If this approach is used in the ground 

segment, the following new capabilities will improve 

the system work: 

• Soft handoff  between Setting Satellite (SS) and 

Rising Satellites (RS) with a single and cheap 

antenna system without mechanical movement, 

mounted not only on FES, but on ESOMP,s too.  

• Space diversity, giving the opportunities for 

simultaneous communications with more than 

one O3b satellite. 

• Frequency sharing with GSO satellite 

communication systems. 

• The system knowledge for the spatial distribution 

of the O3b satellites is not necessary.  

• Proposed by the author new mobile access to the 

satellite segment RPSC-MA is feasible to be used 

in order to increase the O3b satellite segment 

capacity. 

Personal mobile communications using 

integrated terrestrial – satellite systems 

One of the main objectives of the Satellite 

Personal Communication Networks (S-PCN) is to 

complement terrestrial mobile networks by providing 

analogous services in areas where satellite technology 

is more effective and economic [12]. It can be 

achieved by the provision of dual-mode user 

equipment which communicates with both the satellite 

and terrestrial mobile networks so that when users 

roam outside of the terrestrial coverage, their 

requested services can still be supported via the 

satellite segment. This property is very important for 

the developing countries due to the small density 

population and the presence of huge deserts, sea and 

ocean parts of the earth surface, where terrestrial 

coverage is impossible. 

An important topic in this field of research is the 

Connection Transference Schemes (CTS) with Soft 

Handover (SH). SH maintains the call connection 

through the old link until a new link is firmly 

established. SH is always associated with diversity 

(satellite - terrestrial or satellite – satellite). With soft 

handover, the service will not be interrupted since the 

old connection is still used for communication during 

the handover procedures. As a result, seamless 

handover can be achieved. The CDMA radio-access 

approach is particular suitable to realize seamless SH 

in the Integrated Satellite - Terrestrial Network 

Scenario. 

CDMA Bandwidth efficiency is the main driving 

force in the use of CDMA since frequency re-use 

planning is not required. All available frequencies can 

be re-used in every single spot - beam. CDMA makes 

use of the Pseudo-Noise (PN) code concept in order to 

distinguish between different channels. It transmits 

modulated data onto wideband carriers that are 

distinguishable from each other by different PN 

sequences. Receivers retrieve their intended data by 

searching for their PN sequence. In order to avoid 

interference, the traffic carriers must be spread with 

synchronized and orthogonal PN sequences. Although 

synchronous-CDMA (S-CDMA) proves to be the 

most efficient to eliminate interference arising from 

other users sharing the same carrier and the same 

spot-beam, interference from other spot-beams which 

overlap the coverage of the intended spot is still 

considerable. The synchronization process to ensure 

orthogonality between all links requires signalling to 

adjust the transmission in both the time and frequency 

domains for every user independently. If dual satellite 

(or satellite – terrestrial base station) diversity is 

deployed, the timing advance will be addressed to 

only one satellite. Half of the users sharing the same 

frequency band will statistically be synchronized to 

this one particular satellite while generating intrinsic 

noise to the other. The system capacity is 

subsequently reduced. If orthogonality between PN 

sequences is not required, i.e. asynchronous CDMA, 

synchronization is not necessary. Under this situation, 

the number of available PN sequences will increase 

tremendously. However, this implies that interference 

levels generated by co-channel users cannot be 

suppressed as efficiently which may reduce the 

system capacity. However, since the number of PN 

sequences is increased, such a reduction in system 

capacity may still be well within the resource 

utilization efficiency of that offered by S-CDMA. In 

the case of multi-satellite diversity, longer codes may 

be required in order to discriminate between different 

links and consequently, synchronization among 

different satellites will be more complex. Another 

problem in the future integrated terrestrial-satellite S-

CDMA systems could be the short length of the used 

PN-sequences, optimized for terrestrial usage, where 

the radiuses of the used cells are in order of several 

kilometers. The use of the same codes for the satellite 

segment will raise problems due to the ambiguity of 

their autocorrelation functions. 

A retrospective review of a new approach, named 

Space Correlated Unique –Pseudo - Noise  (SC U-PN) 
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codes and propose by the author several years ago, is 

given in [13]. It is particular useful as spread spectrum 

radio access technology in the mobile broadband 

communications systems with integrated terrestrial - 

satellite positioning. The principles of U-PN codes 

generation, as well as the basic methods of their 

acquisition and tracking are given too. Proposals of 

realistic SC-CDMA mobile communications systems, 

based on the well developed GPS navigation, are 

shown in the end of the report.  

The proposed SC-CDMA principle uses several 

space-distributed sources of radio-signals, positioned 

at different points in the space. The signals are phase 

modulated by appropriate PN-codes. The Mobile 

Stations (MS) receive these signals by means of the 

well-known CDMA technology. For this purpose the 

same PN-codes are generated and synchronized in the 

MS receiver. The sum(mod2) of these codes creates a 

new code, which we named U (Unique)-PN code. 

This code is used for spreading the information, 

transmitted by the MS. Similar approaches are used 

for generation of the Base Station (BS) U-PN codes.   

Conclusion 

The conclusion is that the practical implementation 

of SCP-RPSC and SC-CDMA principles and 

technologies will solve many global 

telecommunications problems. The results of the 

author 20 years long research activity will be a very 

strong Bulgarian contribution for developing countries 

and will lead to a better world for the human mankind. 
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