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Abstract

To meet the demand for higher data rates, also in uplink, in wireless communica-
tions, OFDMA (orthogonal frequency-division multiple access) and MIMO (multiple-
input multiple-output) has been recognized as a promising solution. An example is
its application in the successor of the 3rd Generation (3G) mobile communication sys-
tem 3GPP-LTE (Long Term Evolution). Despite the well-known medium access control
(MAC) capabilities of MIMO-OFDMA systems, specific aspects and detailed investigation
of high-performance, cost-effective practical solutions in future LTE and LTE-advanced
products remain challenging.

Due to the limitation of available resources, e.g., transmit power, time slots and fre-
quency spectrum, future high data rate wireless communication systems need to be highly
flexible and efficient in order to deliver the best possible service at minimum cost to the
users. In particular, uplink transmission needs to be power efficient because user equip-
ments (UEs) are usually power-limited, especially it is important for the UEs at the cell
edge, because they have to bridge a large distance to reach their serving base station.
In order to achieve the goal using low cost power amplifiers, an important method is
to employ transmit waveforms with low peak-to-average power ratio (PAPR). The use
of DFT-precoding combined with OFDMA has been considered as an attractive uplink
transmission scheme to meet these requirements.

This thesis focuses on the resource allocation problem in DFT-precoded OFDMA up-
link, where adaptive resource assignment according to the channel conditions to optimize
the system performance is considered. Emphasis is put on the performance limit of a
practical system with reasonable signal processing complexity. We aim to provide insight
into the achievable system sum rate of a DFT-precoded OFDMA uplink transmission
subject to individual power constraints of the UEs. Based on the analysis, we investigate
potential solutions to improve the system rate performance.

At the beginning, we propose a new structure which associates multiple DFT-
precodings with a single UE to overcome the limitations in conventional DFT-precoded
OFDMA. The proposed structure allows a more flexible usage of the frequency resources
in the system and enables multiple services for users with different quality of service and
error protection requirements. We study both the PAPR and the achievable spectral
efficiency for different transmitter structures using a finite bit loading table in LTE up-
link scenarios. Additionally, we show potential performance improvements by applying
spectrum shaping for the cell edge UEs.

We further focus on the fundamental achievable rate for a DFT-precoded OFDMA
uplink with linear frequency domain equalization subject to individual power constraints
of the UEs. Starting with the single user single-input single-output (SU-SISO) system,
we derive a general framework for calculating the achievable sum rate for any arbitrary
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assignment of the sub-carriers. Based on this, we design an optimal sub-carrier allocation
algorithm to maximize the system sum rate. Furthermore, we reformulate the problem of
sum rate maximization into a problem of performing equal gain power (EGP) allocation
in the corresponding non-precoded OFDMA system. A geometrical interpretation of EGP
allocation is provided and the relation to the well-known capacity achieving waterfilling
solution is pointed out. Using the derived framework, the sum rate achieved by different
sub-carrier and power allocation methods are compared and discussed. By introducing
the concept of equivalent channel gain, the results derived for the SU-SISO case can be
straightforwardly extended to the SU-SIMO case, where multiple antennas are available
at the base station (BS). For the case where multiple antennas are available at both the
UE and the BS (SU-MIMO), the achievable rate is also formulated and discussed.

Based on the obtained sum rate result from the SU-SISO case, the achievable sys-
tem sum rate in the multi-user (MU-SISO) case can be formulated as the sum of rates
achieved by all UEs jointly performing EGP allocation among their assigned set of sub-
carriers, subject to their individual power constraints. We propose a heuristic approach
which shows very close performance to the multi-user channel capacity. Furthermore,
we propose a channel-dependent resource fair score-based scheduler to adaptively assign
sub-carriers for UEs. A significant gain is observed compared to other non-adaptive sub-
carrier assignment methods. For the case where multiple antennas are available at the
BS (MU-SIMO), we further discuss and analyze the achievable rate performance using
different transmission strategies including frequency-division multiple access (FDMA),
space-division multiple access (SDMA) and a combination of both.

When multiple antennas are available at both the BS and the UEs (MU-MIMO),
compared to the MU-SIMO case an additional degree of freedom, namely spatial
processing of the transmitted signal for each UE is possible. In this work, we propose
a joint multi-user precoder optimization algorithm to maximize the system spectral
efficiency. This algorithm has linear complexity in the number of used sub-carriers.
Moreover, depending on the requirements, at least one of the UEs can optionally apply a
frequency non-selective precoder to maintain the nice PAPR property of the transmitted
signal. Additionally, the required feedback overhead to convey the precoder decision to
the UE is significantly reduced. Furthermore, to handle the fairness issues between the
UEs, a simple spatial scheduler is proposed to effectively steer and balance the individual
user rate exemplarily. We apply this algorithm to a DFT-precoded OFDMA system
with two UEs and a BS, where each UE has 2 antennas and the BS also has 2 antennas.
Simulation results show that the system spectral efficiency almost doubles for various
SNR conditions compared to the case where each UE has only one transmit antenna.
Finally, weighted sum rate maximization is also incorporated in the algorithm and its
achievable rate region is presented and compared to the rate achieved by other popular
precoding schemes for LTE uplink scenarios.

Keywords: adaptive resource allocation, DFT-precoded orthogonal frequency-division
multiple access (DFT-precoded OFDMA), single carrier frequency-division multiple access
(SC-FDMA), long term evolution (LTE), peak-to-average power ratio (PAPR), uplink
channel capacity, multiple-input multiple-output (MIMO), system sum rate
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