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Errata/Addenda

1) IP micromobility management techniques

The network architecture presented in chapter 3 of this thesis is based on the candidate’s published work
[34]. As [34] was published while most work on IP micromobility protocols management was still in their
infancy, these are not referenced in the thesis and hence this addendum. Differentiated by operational scope,
there are two basic types of mobility in Internet Protocol (IP) based wide-area wireless networks (W2ANs):
macromobility and micromobility. Macromobility protocols manage mobility of mobile wireless users across
domains (i.e. inter-domain mobility) or networks (i.e. inter-network mobility). Micromobility, on the other
hand, deals with user mobility across subnetworks belonging to a single domain or network, and hence also
referred to as intra-network or intra-domain mobility. The large-scale mobility (i.e. macromobility) is sup-
ported by the Mobile IP (MIP) protocol. The MIP protocol cannot support micromobility due the following
reasons: (i) transferring large MIP control overhead over a wireless link each time a mobile user moves from
one subnet to another is inefficient; (ii) long handoff delay inherent in MIP causes packet losses which can
destabilise TCP operation; (iii) re-establishment of QoS reservations between FA and HA after every move
of a QoS-enabled mobile host. Techniques proposed in the literature to support micromobility in TP based
W2ANS fall into two categories: (a) exploitation of link layer signalling of the radio-networking standard used
or (b) the application of autonomous micromobility protocol. The networking architecture (referred to as
MOWINTA) proposed in Chapter 3 of this thesis adopts the former approach by exploiting wireless link layer
signalling to reduce mobile IP handoff delay and saving TCP instability caused by packet losses during long
handoff. Several micromobility architectures falling into the latter category are proposed, such as HAWAII
[a], Cellular IP (CIP) [b] and Hierarchical Mobile IP (HMIP) [c].

2) (a) Page 76, Sect. 3.2.2, 1st paragraph: all “minimum” should be replaced by “average” and the average
movement detection delay should be tgcs = t/2 (b) Page 76, Sect. 3.2.2, 2nd paragraph: Should read “ ...
in contrast to the 1 sec Mobile IP inter-agent advertisement time. Therefore ... can be reduced by a factor of
10 (i.e. 1sec/100 ms).”

3) Contradiction between Sections 3.2.1 and 3.2.2: It should be modified as “The designed network architec-
ture protects modification of TCP by moving the protocol modifications via intercommunication down one
layer, i.e. intercommunication between layer 3 and layer 2 as this seems easier and cheaper. The reason being

that TCP is in wider use than any given wireless link layer, as both wired and wireless networks can use TCP.”

4) The architecture, MOWINTA, is actually designed to run any application-oriented QoS mechanism, such
as IntServ or DiffServ. Table 3.2 in page 93 shows how one can be mapped onto the other. Hence, page 84
should have stated, “although the presented architecture can use either IntServ or DiffServ, most part of the

presentation is based on IntServ with Table 3.2 aiding mapping.”

5) Page 86: It is assumed that the features of the wireless standard (here IEEE 802.11) are exploited to
support the necessary QoS of internal sessions. The IEEE 802.11 has inbuilt mechanisms such as priority

schemes to support QoS. How efficient this approach works is still a research topic.
6) Figure 3.5: the transport protocol can also be UDP instead of TCP. Hence, should read TCP/UDP.

7) Page 96, 7th line from top: Replace Figure 10 by Figure 3.6.



A. Gyasi-Agyei: QoS Enabled IP Based Wireless Networking Ph.D. Thesis iii

8) Section 3.5.2: The database aspect and paging format of location management are outside the scope of the

thesis. However, implications for location databases are potential areas for further studies.

9) Page 107, Sect. 4.2.2: The functions fi(/cdots) and f2(/cdots) are objective functions which are defined
in Equations (4.4) and (4.5). Figure 4.2 illustrates the cumulative service (bottom figure) received by two
mobiles undergoing difference instantaneous channel qualities (top figure). This figure assumes that mobile
1 is backlogged with traffic of higher QoS class GeS; than mobile 2 that is backlogged with traffic belonging
to GeS2. By normal priority scheduling mobile 2’s traffic would never be scheduled until all packets belong-
ing to mobile 1 are scheduled. However, the proposed channel-aware scheduler schedules packets of mobile
2 if its channel quality is much better than that of mobile 1 at the scheduling instant, although mobile 1 is

still backlogged. Hence, the scheduler inherently protects both active mobiles from complete service starvation.

10) Equation 5.12 is derived assuming that ACK/NACK never gets corrupted. This seems a reasonable as-
sumption given the low information rate of ACK/NACK feedback channel and the high error immunity. Such

assumption is reflected in the literature.

11) Page 112: The discussion in Page 112 assumes the existence of a feedback wireless channel. Feedback of
estimated wireless channel state is commonly used in many radio communications standards for purposes such
as power control, load control and handoff decisions. The mobile terminal usually communicates such feedback
information using the uplink pilot channel. However, a pilot signal need not be transmitted on a dedicated
channel. Hence, the designed scheduling scheme does not increase the system complexity by requiring link
quality feedback, as it can use the feedback channel of the respective wireless standard. Hence, the complexity
associated with the feedback mechanism is not expected to have considerable additional implementation and

cost implications to the entire communication system.
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Abstract

Quality of service differentiation has never achieved much attention and relevance
until the advent of the convergence of mobile wireless network and the fixed Internet,
that is, Internet Protocol (IP) based mobile wireless networks, or wireless Internet.
These networks are poised to support multimedia applications’ traffic with diverse
QoS sensitivities. To date, most traffic transferred over the Internet still undergo
best-effort forwarding, which does not guarantee whether or not traffic sent by a
source gets to the intended destination, let alone loss and timing bounds. The major
contribution of this thesis is three-fold.

First, the thesis proposes a QoS-enabled wireless Internet access architecture,
which leverages the micromobility in wireless standards to reduce mobile IP weak-
nesses, such as long handoff delay, to achieve effective interworking between mobile
wireless networks and the global, fixed Internet. Although the idea here is applicable
to any wireless standard, the design examples in this thesis are based on the IEEE
802.11b wireless local area network (WLAN) standard.

Second, it proposes a framework for a class of wireless channel state dependent
packet scheduling schemes, which consider the QoS requirements of the applications’
traffic; the wireless channel state (reflected in instantaneous data rate or noise level);
and optimises the usage of the expensive wireless resource. The operation of the
QoS-enabled, channel state-dependent packet scheduler is analysed using optimisation
theory, eigenanalysis and stochastic modelling.

Third, the thesis analyses the effects of wireless channel properties on differenti-
ated QoS (DQoS) schemes, using two-dimensional, channel-state-dependent queuing
theory, matrix analytic methods to stochastic modelling and eigenanalysis. The ana-
lytical model of DQoS schemes, especially models accounting for user scenarios such
as speed of motion and wireless channel properties, such as fading, spatio-temporarily
varying quality and low rate, is not properly covered in the open literature, and hence
was a motivation for this part of the thesis. The wireless channel is discretized into
discrete-time Markovian states based on the received signal-to-noise plus interference
ratio (SNIR), which also reflects on the instantaneous link quality. The link quality,
in turn, influences the QoS experienced by the transported applications sitting on
top of the ISO/OSI protocol hierarchy. The parameters of the Markovian states are

evaluated using realistic physical channel noise models and transceiver characteris-
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tics, such as modem. [Different modems (modulator/demodulator) yields different
transceiver properties such as sensitivity. The analysis in the thesis adopts QPSK
and BPSK modulation.] Source traffic models are used in the analysis.

Lastly, the thesis provides an extensive introduction to, and provides a detailed
background material for the new area of mobile wireless Internet systems, upon which

considerable future research can be based.

Aller Anfang ist schweriger als aller Ende.
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