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This thesis focuses on multiple-input multiple—output (MIMO) transmission
techniques, as a method for multiplying the capacity of a radio link using multiple
transmit and receive antennas to exploit multi—-path propagation, for future mobile
communication systems. In practice, however, physical constraints limit the number
of antennas that can be embedded on a user and may prevent the realization of MIMO
transmission. Considering this limitation, three approaches can be taken, and are
investigated throughout this thesis.

In Chapter 1, the motivation of this research is described, and related researches
and fundamental theories are explained. In Chapter 2, the author considers the case
where the user can be forced to handle multiple streams transmission from multiple
antennas at the base station (BS) even when the number of received antennas is
smaller than that of transmit antennas. Such scenario is called overloaded MIMO
scenario. In this scenario, however, significant performance degradation occurs at
the detection process. In a system with channel coding, in particular, this
circumstance leads to a quality degradation on the soft input of the decoder. To
counter this problem, the author proposed a joint decoding technique. In this
technique, instead of conducting the decoding process separately for each stream,
the decoding process is conducted jointly between streams. Observation via computer
simulation for MIMO systems with turbo codes shows that the proposed technique
could significantly improve the throughput and bit error rate (BER) performance of
the systems.

In Chapter 3, a multi user MIMO (MU-MIMO) transmission technique with user
collaboration approach so called collaborative interference cancellation (CIC) is
investigated. In this approach, neighboring users share their received signals and
equivalently increase the number of receive antennas. The interference suppression
capability of each user, therefore, can be increased. After shared their received
signals, each of the user in this approach will conduct signal detection by using
conventional detection techniques such as zero forcing (ZF), minimum mean square
error (MMSE), maximum likelihood detection (MLD), and QR decomposition—-based MLD
with M-algorithm (QRM-MLD). To reduce the requirement of signal exchange required
by this approach, a user selection scheme can be employed to select the
collaborating users out of the available users. The user selection technique,
however, should be tailored based on the purpose and the detection scheme used by
the users. The author, in particular, proposed a user selection technique suitable
to maximize the BER performance for QRM-MLD algorithm. In addition, the user
selection technique, the author also conduct field experiments to verify the
effectiveness of MU-MIMO with CIC in actual environments. This is important, in
particular, by the fact that in the actual environment, unideal condition such as
channel correlation and frequency offset occur. Due to the time constraint,
however, the field experiments do not consider user selection in the collaboration
process. Both of the user selection techniques for QRM-MLD and the field experiment




results of the MU-MIMO with CIC are discussed in the second part of the thesis.

In Chapter 4, another approach that can be taken is by using MU-MIMO transmission
with precoding. Using precoding, the inter—-user interference can be fully
mitigated, in particular, when the ZF precoder is being used. It should be noted,
however, this approach requires accurate channel state information (CSI) at the
transmitter. This circumstance is hard to obtained, especially when the user is
moving in a multipath environment and experiencing Doppler spread. Having Doppler
spread, the channel will fluctuate and causes a phenomenon so called channel aging.
In this condition, mismatch between the precoder and the actual channel matrix
occurs. This mismatch causes the signal to be phase-shifted and inter-user
interference arises at each user. To counter this problem, channel prediction can
be exploited as a virtual CSI to update the precoder matrix. It should be noted,
however, frequently updating the precoder matrix results in a drastic increase in
the computational complexity. Therefore, another method to exploit the channel
prediction is proposed to improve the performance of MU-MIMO under time—varying
channel. The author, in particular, exploits the predicted channel as information
source to conduct power allocation to minimize the inter—user interference at the
receiver. Computer simulations show that the proposed technique could improve the
BER performance of the users which have large Doppler spread while maintaining the
performance of the users with small Doppler spread. In Chapter 5, concluding
remarks of this research are presented.
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