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Abstract

Relaying is a fundamental concept in multi-hop wireless ad hoc networks whereby
communications between mobile terminals are carried out in a distributed manner
through intermediate nodes. The small distance and the potential high transmission rate
between the relaying entities draws our attention to the significance of multi-hop relaying
in hot and/or dead spots. Consequently, when relaying is employed in cellular networks,
poor communications to and from the base station due to severe multi-path fading and/or
noise can be avoided. We propose to utilize multi-hop relaying as an overlay architecture
for single-hop Time Division Duplex (TDD) Wideband-Code Division Multiple Access
(W-CDMA) cellular networks. A major challenge pertaining to the introduction of this
technology into cellular networks is the design of an efficient slot assignment algorithm

for relaying nodes.

In this thesis, we propose a heuristic slot assignment scheme, namely Delay-Sensitive
Slot Assignment (DSSA). The DSSA scheme is composed of two phases, namely, the
elimination phase and the selection phase. In the elimination phase, a slot is eliminated if

and only if assigning that slot will cause tangible interference with other ongoing



transmissions. This is done based on neighborhood information of the node requesting a
channel or a slot. At the end of this phase, a set of candidate slots are obtained and are
used in the selection phase. During the selection phase, the slot with the minimum cost
will be selected. The cost function is based on computing the slot waiting time for each
slot. The slot waiting time is defined as the time a mobile terminal has to wait for its

designated slot before it starts transmitting.

A simulation model is developed to investigate the performance of the DSSA scheme.
Our results reveal that DSSA outperforms both conventional single-hop cellular networks
and multi-hop cellular networks with a random slot assignment algorithm in terms of

average delay, throughput and spatial reuse.

Keywords: Cellular Networks, Wireless Ad hoc Networks, Multi-hop Relaying, TDD

WCDMA, Slot Assignment.
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Chapter 1

Introduction

By the end of the next decade, more than half the world population will be using cell
phones, according to the world's largest handset manufacturer [1]. At the moment, the
most popular mobile communication device is the cellular phone. Mobile
communications has improved considerably due to the advancement in electronics and
communication technologies. There are three different generations as far as mobile
communications is concerned. The first generation of wireless mobile communications
systems was deployed in the 1980s. First-generation systems include the advanced
mobile phone service (AMPS) in North America, the Total Access Communication
System (TACS) in Europe, and Nippon Telegraph and Telephone (NTT) in Japan. They
used Frequency Modulation (FM) for voice transmission and digital signaling for control
information. The specifications of each of these systems were agreed on between the
domestic industries only but not across countries. Therefore, due to the incompatibilities
in first-generation networks and the increase in the need for a global mobile

communication standard, the second-generation (2G) systems were introduced to the



market around 1991. Examples of 2G systems include North American Digital Cellular
(USDC) standards IS-54 and IS-136, the Global System for Mobile communications
(GSM), Pacific Digital Cellular (PDC) and cdmaOne. These systems offer better voice
quality and some data service such as Short Message Service (SMS) messages at low
rates of 9.6-14.4 Kbps. Moreover, they take the advantage of compression and coding
techniques and employ digital modulation schemes. Both first-generation and 2G systems
are circuit-switched, which does not offer high data rate for handling packet-oriented
services. Also, due to the regional nature of standardization, the concept of globalization
did not succeed completely. As a result, the third generation (3G) systems emerged with
the objective of universality, high data rates, flexibility, service quality and service
richness. The data transmission rates vary between 144 Kbps and 2 Mbps depending on
the service, the topology, and the environment. 3G systems allow both circuit and packet
switching. Circuit switching is used for delay-sensitive applications such as voice and
video, while packet switching is used for applications capable of tolerating relatively long
delays. Examples of 3G systems include code division multiple access 2000 (cdma2000)

and the Universal Mobile Telecommunication System (UMTS).

Mobile phones are becoming a necessity in one’s life like other media (i.e., radio, TV,
printer, and Internet). As a result, the demand for novel communication techniques and
network architectures for high data rate multimedia applications with varying
requirements for 3G and beyond wireless systems, starts to increase. Moreover, due to
dynamic and uneven distribution of cell phone users, some users are in highly congested

areas while others are in rural and urban areas. In urban areas, the radio signal decays



very rapidly as the distance between the transmitter and the receiver increases. Moreover,
obstructions, such as building, trees, mountains, etc., can further weaken the signal to the

point where it cannot be correctly detected.

Research on fourth generation (4G) and beyond 4G (4G+) mobile communication
systems is already under way to achieve both high data rates and extended coverage of
the geographical area [2-9]. Traditionally, in cellular networks this can be achieved by
different techniques. A possible solution is to install more base stations in the network.
This will resolve the coverage problem to a great extent but still cannot guarantee
connectivity for nodes under heavy shadowing. Moreover, this solution is costly and can
be considered a waste of resources for low density areas. Another solution is to install
repeaters in poorly covered regions, such as subways, tunnels, basements, etc. Although
repeaters are inexpensive, they are still not practical. This is because all they do is simply
boost all the received signal without any pre-planning or intelligence. However, this will
lead to high interference. Furthermore, with current cellular systems (3G and beyond 3G)
that support data and multimedia, repeaters need not only boost the signal but also adapt
to varying quality of service requirements. Accordingly, the above will not provide a

viable solution for these types of systems.

Conversely, relaying [2-5] using mobile terminals can be an alternative or a
complementary method to repeaters and base stations. In this case, individual terminals in
areas where base station coverage cannot be attained, relay their messages via one or

more mobile terminals that have a direct or intermediated link to the base station (see






