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ABSTRACT 

Design and Analysis of Advanced MIMO Techniques for 

the Next Generating Wireless Communication Systems 

by 

EMAN SALAH ABASS GAD KHALIL 

DOCTOR OF PHILOSOPHY IN ELECTRICAL ENGINEERING THESIS AIN 

SHAMS UNIVERSITY 

Demands on broadband data service are increasing dramatically each year. 

Following terrestrial trends, satellite communication systems have moved from the 

traditional TV broadcasting to provide interactive broadband services even to urban 

users. The cellular and land-line networks are mainly designed to deliver broadband 

services to metropolitan and large urban centers. However, the High Throughput 

Satellite (HTS) technology has the advantage of covering these demands over wide 

geographically regions, including areas without backbone connectivity (maritime, 

aeronautic, rural, etc..) in addition to high dense populated areas with an existing 

communication infrastructure, as an alternative competitive solution. However, to stay 

competitive with economical terrestrial solutions in urban areas, it is necessary to 

reduce the cost per transmitted bit by increasing the capacity of the satellite systems. 

Geostationary HTS is an evolution of the conventional spacecraft and it is a 

satellite system that uses a large number of geographically spot beams distributed over 

a specified service area. Present HTS technology employs the frequency reuse 

technique to the spot beam approach in order to support high overall throughput. The 

current design can increase the satellite capacity to be in hundreds of gigabits per 

second (Gbps) compared to a few Gbps for Fixed Satellite Services (FSS) satellites.  

This dissertation takes the challenge of achieving higher capacities - towards 

Terabits/s HTS - by developing a new methodology that based on applying an 

Orthogonal-CDMA technique on the multibeam HTS system. Consequently, the 

proposed design can efficiently utilize the overall satellite bandwidth for each spot 

beam while the present technology limits the spot beam bandwidth to a portion of the 

available satellite bandwidth, depending on the frequency reuse factor. Therefore, the 

proposed approach can achieve a superior satellite capacity due to the huge increase in 

the supported data rates per beam and then, it preserves a higher throughput gain for 

each user in any spot beam. Moreover, the offered design in the thesis mitigates the 

Co-channel Interference (CCI) which currently limit the performance of the existing 

technology. Therefore, the proposed idea can efficiently outperform the present 

frequency reuse technology, providing a higher system capacity and multiple times of 

the current throughput, which approaches Terabits/s. 
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The contribution of this thesis focuses on three main topics: 1) design of a new 

resource allocation methodology based on an orthogonal coding technique for the 

satellite multibeam configuration to efficiently enhance the capacity of next 

generation HTS systems, 2) provide a coding design realization proposal with a 

maximum number of codes and minimum number of bits, and 3) developing models 

for both capacity enhancement and performance investigation under realistic channel 

conditions.  
 

The new resource allocation strategy in this dissertation is launched under a title 

called Coded Beam High Throughput Satellite (CB-HTS). It proposes orthogonal 

coding designs over a multi-spot-beam antenna, which can be realized by using a feed 

horn array per satellite reflector, acts as a massive MIMO configuration. The designed 

orthogonal coding scheme has the capability to isolate spot beams and preserves 

polarization resource for further capacity increase as well. For a prototype system that 

covers Europe with broadband service, as numerical results demonstrate, the proposed 

methodology introduces a significant performance gain and throughput enhancement 

over the existing state-of-art schemes in terms of bit error rate performance, user data 

rates, traffic channels, system throughput and capacity, by coding all user data that 

belongs to a specific beam with an orthogonal sequence and exploiting the 

polarization duality transmission. The proposed CB-HTS has compatibility with the 

existing system using traditional user access inside beams using Digital Video 

Broadcasting standards (DVB-S2/DVB-S2X). The system performance is investigated 

under different parameters of both standards. In addition, a performance comparison is 

presented. Finally, some open topics are highlighted as the possible future research 

directions. 

Key Words: High-Throughput Satellites; Multibeam satellites; Coded-Beams HTS; 

Walsh coding; CDMA Satellites. 
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