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Abstract

The use of cognitive radio (CR) is anticipated to enable a couple of significant enhancements in
wireless communications. The major enhancements include better configuration and dynamic
adaptation of radio access technologies in tone with localized conditions and more independent
localized options of spectrum usage and networking configuration. Consequently, improve-
ments in spectrum efficiency, controllable mutual interference among users, and flexible co-
existence with various radio access technologies are prominent benefits. These benefits have
caused involvement of cognitive networking as an integral component of next generation mo-
bile networks. The greatly increased complexity in next generation mobile networks (due to the
localized variations, the heterogeneous networking, and the availability of various access meth-
ods) will not be optimally managed with human input, or with those conventional algorithms
which lack adaptability to the environmental variations. Therefore, cognitive networking will
enable next generation networks to be more adaptable and successfully able to manage these

conditions with greatly reduced human intervention.

Among the operational networking paradigms, the underlay cognitive radio mode suffers
from short communication range. This impact results from limiting the interference at the pri-
mary users which necessitates imposing constraints on the transmit power of the cognitive trans-
mitter. Such power limitation in turn reduces the spectral efficiency of cognitive radio compared
to conventional non-cognitive radios. The use of multiple antennas is an effective technique to
manage the interference at the primary radio via multiuser transmit precoding. Furthermore, by
means of multiuser multiple-input multiple-output (multiuser MIMO), the spectral efficiency
of the cognitive radio network can be enhanced due to enabling the management of mutual

interference among the cognitive users.

In this thesis, we develop efficient resource allocation and adaptive precoding schemes for
two scenarios: multiuser MIMO-OFDM and multiuser MIMO based CR networks. The aim of

the adaptive precoding is to squeeze more efficiency in the low SNR regime. In the context of
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the multiuser MIMO-OFDM CR network, we have developed resource allocation and adaptive
precoding schemes for both the downlink (DL) and uplink (UL). The proposed schemes are
characterized by both computational and spectral efficiencies. The adaptive precoder operates
based on generating countable degrees of freedom (DoF) by combining the spaces of the block
interference channel. The resource allocation has been formulated as a sum-rate maximization
problem subject to the upper-limit of total power and interference at primary user constraints.
The variables of the problem were matrix of the precoding and integer indicator of the subcar-
rier mapping. The formulated optimization problem is a mixed integer programming having
a combinatorial complexity which is hard to solve, and therefore we separated it into a two-
phase procedure to elaborate computational efficiency: Adaptive precoding (DoF assignment)

and subcarrier mapping.

From the implementation perspective, the resource allocation of the DL is central based
processing, but the UL is semi-distributed based. Central resource allocation task is solved
to maintain central adaptive precoding and subcarrier mapping for both the DL and UL. The
subcarrier mapping is performed by optimal and efficient method for the DL as the problem is
modeled as convex. But, it is characterized by near-optimality for the UL despite the convexity
due to the per-user resource constraints of the UL problem. The DL problem is sorted out
using the Lagrange multiplier theory which is regarded as an efficient alternative methodology
compared to the convex optimization theory. The solution is not only characterized by low-
complexity, but also by optimality. Concerning the UL, the distributive resource allocation
task is necessary to resolve the power allocation of the UL. The prominent advantages of the
semi-distributed scheme in the UL are the provided computational and spectral efficiencies.
Moreover, such scheme also leads to a small data overhead and helps simplify the terminal
structure. Numerical simulations illustrate remarkable spectral and SNR gains provided by
the proposed scheme. In addition, robustness is demonstrated against the tight and relaxed
transmission conditions, i.e. interference constraints. Therefore, the proposed schemes enable

larger communication range for underlay CR networks.

Concerning the multiuser MIMO CR based network, we develop an adaptive non-iterative
linear precoder, namely Adaptive Minimum mean square error Block diagonalization (AMB).
The proposed AMB precoder employs the proposed DoF concept which we call it here precod-
ing diversity. In this context, DoFs of the proposed precoder are generated by space combining
and channel path combining methods. We have also developed adaptive Zero-Forcing Block
diagonalization (AZB) engaging the precoding diversity concept. The proposed AMB precoder
illustrate a notable spectral and SNR gains over the conventional MMSE as well as the AZB



precoders in the SNR region of interest: The low SNR region. Unlike non-linear iterative pre-
coders, the proposed precoders are linear non-iterative and therefore provide low-complexity
along with a gainful spectral efficiency.

The complexity provided by the proposed precoders is an indispensable price for the ac-
quired spectral efficiency compared to the state-of-the-art linear precoders. More specifically,
the antenna configuration affects the complexity of both AMB and AZB precoders, which is
designed according to the capacity-complexity trade-off. The growth in complexity of the pro-
posed AMB and AZB precoders is exponential. However, possible complexity reduction as-
pects include parallel computing which is facilitated by the independence of the DoFs in the
adaptive precoding. The other aspect relaxes the exponential complexity by working off those

DoFs which don’t take the entire set of cognitive users into account.

Keywords: Cognitive radio, next generation networks, adaptive precoding, precoding diversity,
multiuser MIMO, OFDMA, resource allocation, convex optimization theory, Lagrange multi-

plier theory.






Kurzfassung

In dieser Dissertation werden effiziente Ressourcenallokation und adaptive Vorkodierungsver-
fahren fiir zwei Szenarios entwickelt: Mehrbenutzer-MIMO-OFDM und Mehrbenutzer-MIMO

jeweils basierend auf CR-Netzwerken.

Im Bereich der Mehrbenutzer-MIMO-OFDM CR-Netzwerke wurden Verfahren zur Res-
sourcenallokation und zur adaptiven Vorkodierung jeweils fiir den Downlink (DL) und den
Uplink (UL) entwickelt. Die Ressourcenallokation wurde als Optimierungsproblem formuliert,
bei dem die Summenrate maximiert wird, wobei die Gesamtsendeleistung und die Interferenz
an den Primérnutzern begrenzt ist. Das formulierte Optimierungsproblem ist ein sogenanntes
Mixed-Integer-Programm, dessen kombinatorische Komplexitit nur extrem aufwendig losbar
ist. Auf Grund dessen wurde es zur Komplexitétsreduktion in zwei Phasen aufgeteilt: Adaptive
Vorkodierung (DoF-Zuordnung) und Subkanalzuordnung. Wihrend die Ressourcenallokation
fiir den DL aus Implementierungssicht ein zentralistischer Prozess ist, kann sie fiir den UL als
semiverteilt eingeordnet werden. Die Aufgabe der zentralen Ressourcenallokation wird gelost,
um die zentrale adaptive Vorkodierung und die Subkanalzuordnung fiir UL und DL zu verwal-
ten. Die Subkanalzuordnung ist fiir den DL optimal und effizient gelost, indem das Problem
als konvexes Problem modelliert ist. Fiir den UL wiederum ist das Problem trotz der Kon-
vexitdt quasi-optimal gelost, da in der Problemformulierung eine Begrenzung der Ressourcen

pro Benutzer existiert.

Im Falle der Mehrbenutzer-MIMO CR-Netzwerke wurde ein adaptiver, nichtiterativer, line-
arer Vorkodierer entwickelt, genannt "Adaptive Minimum mean square error Block diagonaliza-
tion" (AMB). Die AMB Vorkodierung generiert Freiheitsgrade und wird hier als Vorkodierungs-
diversitdt bezeichnet. Der vorgestellte AMB Vorkodierer zeigt im wichtigen Bereich des niedri-
gen SNR bemerkbare Gewinne im SNR und der spektralen Effizient gegeniiber dem konven-
tionellen MMSE Vorkodierer. Der vorgestellte Kodierer ist linear und nichtiterativ und kann so

eine geringe Komplexitit zusammen mit einer Steigerung der spektralen Effizienz bieten.
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