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This thesis has focused on creating a large-scale multi-cell multi-user (MU) multi-input multi-output (MIMO)
distributed antenna system (DAS) with using multi-carrier based dynamic clustering and considering the
correlated composite fading attenuation which consists of path loss, correlated shadowing and correlated
Rayleigh fading.

The author theoretically analyzed the effects of spatial correlation on the receiver side by the proposed upper
and lower bounds in the traditional MU-MIMO centralized antenna systems (CASs), and then demonstrated the
effect of the mentioned correlation on the transmitter side and the effect of inter-cell interference to clarify the
improvements of system performance by the MU-MIMO DASs. The author also proposed a simple dynamic
clustering scheme (CS) using multiple orthogonal carriers to achieve a large-scale DAS with MU-MIMO
transmissions.

In Chapter 1, the motivation and objective of this research are described, and related researches and
fundamental backgrounds are explained.

In Chapter 2, the author presented a detailed analysis of the sum rate distribution in MU-MIMO CASs with zero-
forcing (ZF) precoding. Specifically, novel upper and lower cumulative distribution function (CDF) bounds were
devised, which can be applied for an arbitrary number of antennas and remain tight across the entire signal-to-
noise ratio (SNR) range. The proposed bounds are generic because they encompass the composite fading
channel model consisting of spatially correlated shadowing and correlated Rayleigh fading, which have practical
interest, and can be very easily evaluated. With the help of these bounds, the author gained valuable insights
into the effects of the composite fading parameters on the performance of MU-MIMO CASs. A relationship
between the inter-user distance and sum rate corresponding to 10% of the CDF also is derived.

In Chapter 3, to verify and clarify the improvements of system performance by the MU-MIMO, the author
investigated the characteristics of the MU-MIMO system sum rate in a CAS and DAS under the effects of path
loss, spatially correlated shadowing, correlated Rayleigh fading, and inter-cell interference via a Monte Carlo
numerical computation method. To generate the channel attenuations, two different types of functions to
model the shadowing auto-correlation and shadowing cross-correlation, and a typical exponential decay
function to model the Rayleigh fading correlation are introduced. Thus, the CDF of the sum rate and its average
in the considered systems are obtained and compared.

In Chapter 4, to create a large-scale multi-cell MU-MIMO DAS, the author explored and proposed a simple
dynamic CS for a single cell system and investigated its performance by observing the CDF and expectation
value of the system sum rate with considering the effect of the spatial composite fading attenuation. To further
verify the effectiveness of the proposal, the characteristics of the proposal and other classical CSs, such as the
improved norm-based CS and location-based adaptive CS are also compared in terms of sum rate improvement.
Computer simulation results indicated that the proposed CS provides better performance than the existing
schemes and can achieve a sum rate that is close to that of an exhaustive search but at a lower computational
cost.

In Chapter 5, concluding remarks of this research are presented, and to extend the current investigation
towards much more complicated real wireless communication networks, some further explanations about
extensive research can also be found.
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