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1 The term QoS model is
used here to denote a QoS
framework or architec-
ture, like DiffServ,
IntServ, or the UMTS
QoS reference model. It
refers to both signaling
and the service-level
semantics.

ABSTRACT

The emerging next-generation networking
environment presents an IP-based core intercon-
necting many wireless radio access networks,
providing ubiquitous access to end users through
a vast variety of wireless devices. Although the
IP protocol will be the common denominator,
the new environment brings together many dif-
ferent interconnecting domains, each following
different QoS models, complicating the overall
end-to-end QoS process. This article discusses
the need to standardize an end-to-end QoS pro-
tocol. It does not, however, focus on the signal-
ing mechanism, since there is currently a relevant
ongoing activity in IETF. Instead, it concentrates
on the formulation of the QoS information
describing the QoS requirements of the session
to be established. It presents the Generic Service
Specification Framework that not only enables
the QoS requirements of a specific session to be
captured (like a generic QoS template), but also
the QoS classes of each IP domain can be
described according to it. Through the systemat-
ic specification of a domain’s QoS classes, an
intelligent automatic mapping algorithm can be
applied during an end-to-end QoS request, in
order to select the most appropriate service class
in each domain, as well as to extract the required
traffic-related parameters to perform traffic con-
trol operations, such as admission control, polic-
ing, and scheduling.

INTRODUCTION

There is a strong consensus today that IP will be
the foundation of next-generation networking.
Since IP already dominates in the wired world,
the research community is targeted toward the
deployment of all-IP mobile networks, which not
only rely on IP for packet transferring, but also
exploit IP-based protocols to perform fundamen-
tal operations, like mobility, quality of service
(QoS), and media control signaling, among oth-
ers. However, direct exploitation of IP mecha-
nisms and protocols is not straightforward in a
mobile environment, since the latter exposes cer-

tain characteristics that impose additional
requirements.

QoS is still a topic that attains a lot of atten-
tion in both the wired and wireless worlds.
Regarding the former, the maturity of the inte-
grated and differentiated services frameworks
has led to a solidification of the research effort.
The main Internet Engineering Task Force
(IETF) activity in the field is the definition of an
end-to-end QoS signaling protocol within the
context of the Next Steps in Signaling charter.
On the other hand, in the wireless world there is
still substantial research activity, primarily stem-
ming from its intrinsic characteristics (i.e., the
involvement of the radio interface and the impli-
cations imposed by mobility).

It is evident, however, that the future net-
working environment will be strongly character-
ized mainly by the heterogeneity of networks,
especially regarding the network access part,
although having IP as the common denominator.
We can envisage (Fig. 1) that the end-to-end
path will first traverse one access network that
may be a high-speed wired segment (e.g., DSL),
a wireless LAN (e.g., 802.11), a wireless WAN
(e.g., UMTYS), or even a satellite one. These
first-hop segments will probably be supported by
an IP-based core network, which will at least
supply end devices with IP connectivity, and also
include a gateway to the Internet backbone.

In light of the above, even if every part of the
envisaged end-to-end path has its own QoS
mechanisms, end-to-end QoS provision is not
accomplished easily. The shortage of a standard-
ized end-to-end IP-based protocol for establish-
ing QoS, the heterogeneity in QoS models! that
may apply in different domains of the end-to-
end path, and the duality of QoS to be achieved
(i.e., in both layer 2 and layer 3) contribute to
this distressing situation. Standardization seems
to be the only approach to ensure end-to-end
QoS provision.

Taking for granted that different networks or
domains are free to follow any QoS model, the
focus is turned to the enabling factor for estab-
lishing an end-to-end QoS path that consists of
different provisioning mechanisms in each
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M Figure 1. The future all-IP networking environment will have IP-based domains as the common infra-
structure interconnecting various and very different access technologies.

domain that must, however, expose similar pack-
et forwarding treatment. In order to accomplish
this, we need an end-to-end QoS signaling pro-
tocol that can be interpreted in each domain, as
well as a universal way to describe the end-to-
end QoS requirements. Since wireless access
networks have come on the scene, the end-to-
end QoS requirements must be able to be trans-
lated not only to IP-based (layer 3) service-level
semantics for each QoS model, but also to those
in layer 2.

The NSIS charter [1] is already advancing
toward definition of the NSIS Transport Layer
Protocol (NTLP) that is able to serve virtually
all end-to-end signaling requirements in the
next-generation Internet, also taking into
account the special needs of the mobile world.
Moreover, as an example of use, they intend to
further define the NSIS QoS Signaling Protocol
(NSLP), which is based on NTLP, for achieving
many aspects of the signaling process.

However, this article does not focus on the
signaling protocol. Instead, it mainly focuses on
the information this protocol carries for the
establishment of the end-to-end QoS. We claim
that only through a standardized QoS specifica-
tion template, the individual networks or
domains will be able to understand the QoS
requirements. However, we go a step further by
defining the Generic Service Specification (GSS)
framework, which enables the unhindered
exchange and negotiation of QoS information, as
well as the mapping process to the service-level
semantics of each QoS model.

The article is structured as follows. The arti-
cle first discusses the requirements of an end-to-
end QoS signaling protocol and very briefly
presents NSIS. Subsequently, it presents the
generic service specification framework in terms
of both the schema and the mapping algorithm.

Finally, the conclusions and our plans for future
work are presented.

QoS SIGNALING PROTOCOLS

When defining end-to-end QoS resource reser-
vation and management mechanisms, it is imper-
ative that certain requirements are taken into
account since the applicability of such a solution
will span several administrative boundaries, each
with its own policies, resource control architec-
tures, and traffic engineering mechanisms. For
that reason, a common language (signaling pro-
tocol) is needed for communicating end to end
the QoS requirements of user traffic, while at
the same time respecting the individualities of
the autonomous operation of each traversed
domain.

QoS signaling capabilities are needed to
extend the provisioning of QoS in IP-based net-
works from a static model toward a dynamic
one. They will provide the means for communi-
cating the QoS requirements to network entities,
and therefore establish the desired QoS level to
the end-to-end path. Their role is to carry the
information specified in the corresponding QoS
framework, which can be understood and inter-
preted in a uniform way by all networks consti-
tuting the end-to-end path. To enable
standardization of the carried information, and
therefore an interoperable solution across differ-
ent autonomous networks, it is indispensable to
separate the signaling protocol from the carried
information. In this way, control information can
be carried by any signaling protocol, while being
understood by any autonomous system.

When speaking of end-to-end QoS signaling
solutions, though, where large transit networks
are traversed by a great amount of traffic, scala-
bility and performance issues should be taken
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A crucial step

in defining an
optimal signaling
solution is to fix
the requirements
that such a
solution must
retain, in terms of
framework and
protocol that will
inter-work with it.

into careful consideration. The number of signal-
ing messages exchanged for the establishment
and maintenance of reservations, reservation
control, and packet forwarding state should be
kept at a minimum to allow signaling protocols
to scale with the ever-increasing traffic load.
Although this coarse granularity comes at the
expense of providing hard QoS guarantees to
traffic flows, it allows for scalability and efficien-
cy. QoS signaling mechanisms improve the trade-
off between quality of guarantee and efficiency
of the network, and help to provide differentiat-
ed delivery services for individual flows or aggre-
gates, network provisioning, and admission
control.

The triggering of the signaling protocols can
be performed in different ways; for example, by
the user applications, other signaling instances,
network management actions, or some network
elements. This diversity implies that the signal-
ing can be initiated and terminated in different
parts of the network: hosts, edge nodes, or inte-
rior nodes. This can be attributed to the current
network configuration, client and application
capabilities, as well as the access technology
used. In some cases, it is desirable to initiate the
QoS signaling not from the end user, but from
some other element (e.g., a signaling proxy). The
need for the introduction of a proxy is apparent
in case the end user does not support a specific
QoS signaling protocol, or when there are limi-
tations imposed by the capabilities of the end
device, security, physical connection between
host and network, and customer accounting
actions (authentication, authorization).

Another crucial issue in QoS signaling in
mobile networks is the interaction between the
signaling and mobility protocols. A totally inde-
pendent operation could lead to ambiguities and
even interoperability problems. Loose integra-
tion would define the interactions between the
two protocols (e.g., how the mobility protocol
triggers the transfer of signaling messages), while
tighter integration would consider a single proto-
col carrying both mobility and network state
information. Nevertheless, as also discussed by
the NSIS working group (WG), tight integration
would impede independent development of the
signaling protocol and free cooperation with any
mobility protocol.

EXISTING PROTOCOLS

Existing QoS signaling solutions seem insuffi-
cient in terms of interdomain signaling, scalabil-
ity, performance, mobility support, and
interworking with policy and security mecha-
nisms. At first, Stream Protocol v. 2 (ST2) [2]
was designed. Later, Resource Reservation Pro-
tocol (RSVP) [3] was developed and standard-
ized, originally designed to establish and
maintain resource reservations for end-to-end
real-time sessions over the Internet based on
the integrated services architecture. However,
due to a number of reasons, RSVP and its
extensions, even when used for QoS resource
reservation, do not meet the requirements of
Internet signaling, and are difficult to be
deployed in the global Internet. However,
despite the lack of its deployment in the Inter-
net, it becomes increasingly important to be

able to signal QoS, particularly in access net-
work such as Universal Mobile Telecommunica-
tions System (UMTS). To tackle some problems
of RSVP, other protocols like YESSIR [4],
Boomerang [5], and BGRP [6] were developed,
but have not been widely adopted and accepted
in the Internet community.

THE NSIS APPROACH

A crucial step in defining an optimal signaling
solution is to fix the requirements such a solu-
tion must retain, in terms of frameworks and
protocols that will interwork with it. NSIS recent-
ly produced an RFC [7] that specifies such
requirements and describes some usage scenar-
ios where the requirements could be applied.
The NSIS WG does not aim to design a new sig-
naling protocol; rather it tries to look into the
already existing ones in order to find out the
optimal solution to fulfill the requirements.

The main idea of NSIS is to have a layered
model, where the lower layer, called the signal-
ing transport layer (NTLP), offers generic signal-
ing functionalities, while the upper one, the
signaling application layer (NSLP), is applica-
tion-specific. This subdivision caters for the
necessity to provide a general model, applicable
in any part of the end-to-end path and valid to
signal other than just QoS, even though NSIS is
mainly focused on QoS. The main function of
the NTLP is to forward signaling messages inde-
pendent of the underlying network locating the
appropriate next hop to address the signaling
messages and identifying to which flow the mes-
sages belong. The NSLP uses the services
offered by the NTLP to try to serve the main
concern: QoS provision.

THE GENERIC SERVICE
SPECIFICATION FRAMEWORK

End-to-end QoS provisioning implies that some
kind of traffic control and resource management
must exist in each domain that constitutes the
end-to-end path. Each QoS model defines its
own mechanisms and parameters for traffic con-
trol and resource management, although usually
at different granularities. It is common, however,
for a QoS model to be based on the notion of a
class. According to [8], a service class is “the def-
inition of semantics and parameters of a specific
type of QoS.” Network administrators use traffic
control and resource management techniques to
materialize the QoS provisioning within their
domain authority, based on the classification of
the traffic to a set of service classes.

The most notable instances of existing set of
service classes are those of IntServ [9], UMTS
[10], and the International Telecommunication
Union — Telecommunication Standardization
Sector (ITU-T) [11]. In each framework a num-
ber of service classes is defined into which appli-
cations with similar QoS requirements are
categorized. Each service class defines a specific
combination of bounds on performance metrics
and offers a specific forwarding behavior to its
packets. For example, in IntServ there are three
service classes (guaranteed, controlled load, and
best effort) with different QoS characteristics.
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M Figure 2. End-to-end QoS establishment requires selection of appropriate service in each domain and
translation of requirements into internal service control elements.

The Third-Generation Partnership Project
(3GPP) defines four service classes for UMTS
(conversational, streaming, interactive, and back-
ground [10]), which try to reflect the needs of
the corresponding major types of applications.
The same observation can be made for the six
classes defined recently by ITU-T in Recommen-
dation Y.1541 [11]. On the other hand, the Diff-
Serv paradigm does not delineate a specific set
of services, but only provides a rough outline of
how services in DiffServ could be defined. For
example, the AQUILA project has elaborated
one such set of services [12, 13].

In order to facilitate the establishment of the
end-to-end QoS, a signaling message carrying
the QoS requirements should be interpreted in
each different domain, where an appropriate
module should translate the QoS requirement
into a concrete QoS treatment, based on its own
set of service classes, also performing the neces-
sary traffic control functions, like admission con-
trol and configuring the resource management
mechanisms such as packet scheduling. In light
of the above, the QoS requirement must be
expressed in terms of a universally accepted for-
mat or template, which will also facilitate the
automatic translation of the requirements into
internal service control elements or QoS param-
eters (Fig. 2).

The Generic Service Specification (GSS)
framework is a step in this direction. It offers a
generic service class specification schema that
enables network administrators to describe the
service classes of their domain according to this
schema. Supposing that an end-to-end QoS pro-
tocol transfers the QoS objectives of the session
to be established, expressed also in this schema,
an intelligent mapping algorithm at the net-
work’s edges can then be deployed to perform
the on-demand correspondence of the session
specification to a concrete service class when
crossing a domain in the end-to-end path. The
generic service specification schema and intelli-
gent mapping algorithm constitute the GSS
framework.

GENERIC SERVICE SPECIFICATION SCHEMA

The GSS schema must be able to describe the
QoS objectives of the session to be established
as well as capture services of ultimately any QoS
model in accordance with its semantics. In other
words, the GSS schema must define all parame-
ters, as well as values and options for them. The
parameters describe different characteristics of
the service behavior, while options may take
qualitative or quantitative values, or both. More-
over, the GSS schema includes parameters to
facilitate the logic of the mapping algorithm to
complete.

The parameters cover all aspects, qualitative
and quantitative, of the desired service. The goal
is twofold: first, the appropriate service class
matching the profile described in the requested
QoS specification must be selected. Second, the
appropriate traffic parameters must be extracted
from the requested QoS specification. Looking
into the literature, in [8] the authors point out
that intrinsic QoS in IP networks is expressed
based on at least the following set of parame-
ters: bit rate, delay, jitter, and packet loss. These
parameters are related to the nature of the ser-
vice class and its commitments to the basic IP
packet transfer performance metrics, indepen-
dent of the individual characteristics of the flows
served by the service class. Taking that into
account, the GSS schema defines the QoS speci-
fication that consists of the following parameters:
maximum transfer delay, maximum delay varia-
tion (jitter), maximum two-way delay,? packet
loss,3 and bandwidth/throughput guarantee. The
values of these parameters can be either numeri-
cal or descriptive. For example, one can declare
that the maximum transfer delay for a service
class is 250 ms. As for descriptive values, the
GSS framework determines six discrete values
that depict the relative performance of the ser-
vice class for each parameter. These values are
very low, low, medium, high, very high, and
unspecified. The quality relativity of the service
classes results from direct comparison among
the values. The correspondence between the
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2 Probably valuable to
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nature of an application
or a service class.
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numerical and descriptive values is very signifi-
cant but is left open for further research.

Moreover, the GSS schema defines the fraffic
specification that consists of parameters related
mainly to pure traffic issues, like admission con-
trol, resource management, and traffic policing.
These parameters are bit rate, packet size, bursti-
ness, greediness, adaptivity, and duration.

The bit rate of a flow can be either constant
or variable. In case of a variable bit rate, one
can further specify the mean, maximum, and
minimum rates. It is measured in bits per sec-
ond, but it can also have a descriptive value of
very low, low, medium, high, very high, or unspeci-
fied. Although bit rate is a traffic-related param-
eter, it can influence the mapping to a service
class. For example, low-delay flows usually pre-
sume a low bit rate. However, this parameter is
primarily used to perform traffic control opera-
tions, like setting a token bucket rate or per-
forming admission control.

The packet size can be either variable or con-
stant. For a variable packet size, one can further
specify the mean, maximum, and minimum size.
These parameters are measured in bytes, while
there are also descriptive option values like very
small, small, medium, big, very big, and unspeci-
fied. The packet size can be very important for
some service classes, like those that require low
transfer delay, which usually entails very small
packet sizes. For example, IP telephony applica-
tions usually produce packets of constant size
less than 100 bytes. Mixing flows with large
packet sizes in a service class intended for IP
telephony applications can result in unpre-
dictable and therefore unacceptable delays.

Burstiness reveals a lot of information regard-
ing the bandwidth requirements of the flow. A
bursty flow produces traffic with extremely vari-
able bit rate and can severely deteriorate con-
stant bit rate low-delay flows (e.g., voice over
IP). Flows or sessions that have bursty behavior
must not be mixed with service classes intended
for very low-delay flows. This parameter is not
only significant for the selection of the appropri-
ate service class, but also for other traffic-orient-
ed operations, like the determination of a token
bucket depth. A bursty flow usually requires a
larger bucket depth than that of a non-bursty
one. The options for this parameter are only
descriptive: very low, low, medium, high, very
high, and unspecified.

A flow that exposes greediness tries to flood
the connection with as many packets as possible,
for example, a file transfer protocol (FTP) flow.
They are usually TCP-based flows. If congestion
is detected by the TCP protocol, the flow lowers
its bandwidth consumption until it reaches a sta-
ble point. Such flows do not match with service
classes that try to ensure strict guarantees for
the fundamental QoS parameters, like transfer
delay and jitter. The options for greediness are
yes, no, and unspecified.

An adaptive flow is able to adapt its band-
width consumption according to the available
bandwidth of the line. Adaptivity is usually a
characteristic of the application that produces
the flow, and it is an important factor, because
in that case the corresponding resource reserva-
tion in the network may have to be modified to

reflect the new conditions. Therefore, if a flow is
not adaptive, the selection of the service class
and determination of its traffic parameters can
be very precise so that the end-to-end corre-
spondence is also very effective. The options for
adaptivity are yes, no, and unspecified.

Duration is another traffic-related parameter
that also reveals some information about the
nature of a service. The options for this parame-
ter are short living, long living, and unspecified.
Short-living flows are usually related to near-
real-time transactions (e.g., a banking applica-
tion), and require error protection and some
loose constraints for two-way delay.

In essence, the QoS specification parameters
try to capture the nature of the service, while the
traffic specification parameters constitute the
traffic-related template for the session. The
parameters of the QoS specification reveal the
quality relativity among the services. In other
words, they present which service is “better”
than another. For example, a service with lower
delay, jitter, or packet loss, or greater bandwidth
guarantee is considered to be a service offering
better quality to its flows. For this reason, these
parameters are primarily used for the selection
of the proper service when a QoS request has
come. However, as already discussed, the traffic
specification parameters may also provide some
important indications about the nature of the
incoming traffic, and therefore can also be used
in the process of selecting the appropriate ser-
vice.

INTELLIGENT MAPPING ALGORITHM

In order to facilitate the automatic selection of
the appropriate service, upon the arrival of a
QoS request, the GSS framework introduces an
intelligent mapping algorithm. The mapping
algorithm presupposes that a network adminis-
trator initially uses the GSS framework to pro-
duce an in-depth specification of the service
classes of his/her domain. Subsequently, in an
end-to-end scenario, a QoS request signaling
message will carry the QoS requirements of the
session to be established, described based on the
GSS schema. Then the mapping algorithm takes
as input the session’s specification as well as the
service classes’ specifications, and finds out the
best possible correspondence. The outcome of
the algorithm is the selection of the most appro-
priate service class. Subsequently, the traffic
parameters that are found in the session’s speci-
fication are used for operations like admission
control and traffic engineering (scheduling,
policing, etc.).

The process of the mapping algorithm is in
principle very simple. It compares one by one
the parameters and selects the service class that
is closer to the requested QoS specification. In
order to define how close a characteristic is to
another, we use the concept of quality relativity
introduced earlier. It is evident that if the char-
acteristics have the same value, there is a perfect
match. However, if the values of the characteris-
tics are different, there is still a chance to select
this service class. Imagine, for example, a session
that requires a medium transfer delay. This ses-
sion can be accommodated not only by a service
class with medium transfer delay, but also by a
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<NetworkService servild="1" servName="Conversational” >

<QoSSpecification>

<maxDelay unit="ms" value="veryLow"” weight="10">100</maxDelay>

<maxlitter value="veryLow" weight="10"/>

<twowayDelay value="unspecified” weight="0"/>

<maxLoss unit=" percent” value="low"” weight="5">0.0001 </maxLoss>

<bwGuarantee value="unspecified” weight="0"/>

</QoSSpecification>
<TrafficSpecification>

<packetSize qualifier="unspecified” weight="0">

<averagePacketSize qualifier="unspecified” weight="0"/>
<maxPacketSize qualifier="veryBig"” unit="bytes” weight="2">1500</maxPacketSize>
<minimumPolicedUnit qualifier="unspecified” weight="0"/>

</packetSize>

<bitRate qualifier="unspecified” weight="0" variability="constant” >
<peakRate qualifier="high” unit="bit/s" weight="2">2048</peakRate>
<averageRate qualifier="unspecified” weight="0"/>
<guaranteedRate qualifier="high” unit="bit/s” weight="2">2048 </guaranteedRate>

</bitRate>
<burstiness value="veryLow" weight="5"/>

<greediness value="unspecified” weight="0"/>

<adaptivity value="no" weight="2"/>
<duration value="unspecified” weight="0"/>
</TrafficSpecification>
</NetworkService>

M Table 1. UMTS conversational class described according to the GSS schema.

low-transfer-delay one. This, of course, comes at
the expense of the other already admitted flows
in the low-transfer-delay service class, which may
deteriorate, because of other — possibly dis-
tressing — characteristics of the medium delay
session, such as high burstiness or high bit rate.
To be more concrete, a video streaming flow
(with medium delay requirements) can be per-
fectly accommodated by a very low-delay service
class, but if this class is intended only for VoIP
calls, these may be severely affected, because of
the highly probable large packets or very high bit
rate of the streaming service. It is apparent from
this discussion that it is the choice of the net-
work administrator which algorithm to deploy,
subsidizing either only characteristics with an
accurate match or also those with some quality
relativity. In the latter case, the algorithm should
take into account characteristics that reveal
some quality relativity, counting them with less
weight than those of a perfect match.

The algorithm’s operation depends on anoth-
er parameter defined within the GSS schema.
Each parameter of the QoS and traffic specifica-
tions is associated with a weight. When a service
is described in terms of the GSS schema, the
weight reveals the importance of each parame-
ter. For example, when describing a service
mainly intended for low-delay real-time traffic
(e.g., the conversational class of UMTYS), the
maximum transfer delay and maximum delay
variation must have great weight. Moreover,
parameters like bit rate (low), packet size
(small), and burstiness (low) may also be given
relatively large weight, since they are significant
in this case. The GSS schema defines 11 options
for the weight, from 0 (not relevant) to 10 (most
important). Therefore, the algorithm runs
through the comparing specifications and adds
or subtracts the weight of each parameter to a
total value expressing the degree of correspon-
dence. If it finds a perfect match, it adds the

whole weight of the characteristic; otherwise, if
there is still some kind of relativity, it may add a
portion of it. On the other hand, if the compar-
ing parameters do not match, it subtracts the
whole weight (or a portion of it).

The resulting degrees of correspondence can
have positive or negative values. A positive value
essentially denotes that the mapping can be ade-
quate for the requesting session; a negative
value means the opposite. It is safer to choose
the service class with the greatest positive degree
of correspondence, although other decisions are
not out of scope, further depending on the
admission policy deployed. If the mapping algo-
rithm results in all negative degrees of corre-
spondence, the algorithm can be configured to
either still select the service class with the great-
est degree of correspondence, or select best
effort service, in order not to possibly burden
the already admitted flows in that service class.

GSS SCHEMA LANGUAGE

The selection of the language for the GSS
schema is important. We used the Extensible
Markup Language (XML) [14] for our purposes.
Its main advantage is that it offers a standard-
ized text structure, which represents not only the
data but also the meta-data (information about
the data). The latter is embedded in a schema
called the Data Type Definition (DTD). The
validity of the data can be checked in accor-
dance with the DTD. Last but not least, an XML
description is easily followed by a human. In
Table 1, the conversational class of UMTS is
captured according to the GSS schema.

CONCLUSIONS

This article discussed the process of establishing
end-to-end QoS, and focused on the specifica-
tion of QoS at the service level. It presented the
generic service class specification framework
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that contributes to the end-to-end on-demand
establishment of QoS-assured services. It pro-
vides a schema for describing the service classes
of an IP network domain and the QoS objectives
of an IP session. The definition of the schema
assists in the selection of the appropriate service
class in each domain of the end-to-end path that
corresponds to the profile of the QoS objectives,
based on an intelligent mapping algorithm.
Moreover, it facilitates the extraction of the traf-
fic-related parameters for performing traffic con-
trol operations.

As far as our future plans are concerned,
the intention is to try to examine in detail all
the important QoS models and their associated
service classes in order to describe the latter in
terms of the GSS schema, trying to reveal all
shortcomings and deficiencies of our approach.
Moreover, we consider that the issue of trans-
lating the QoS parameters from the IP layer
semantics to layer 2 ones is very crucial to
achieve the required end-to-end quality, espe-
cially in the light of the next-generation archi-
tectures that assume IP as the common
network layer, accessible by various comple-
mentary wireless and wired access networks.
Focusing on wireless access networks, QoS
provisioning in the radio access segment is
rather significant, since the scarce radio
resources, the limited offered bandwidth, and
the discontinuations due to link breaks result
in a complicated and demanding environment,
at least in comparison to traditional wired
access networks.
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