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1
Introduction

A network operator must decide what services the network should deliver to the end user and the level of service quality that the user should experience.  This is true for any telecommunications network, whether it is circuit- or packet-switched, wired or wireless, optical or copper-based, and it is independent of the transmission technology applied.  Further decisions to be made may include the type and layout of the network infrastructure for supporting the services, and the choice of techniques to be used for handling the information transport.  These further decisions may be different, depending on whether the operator is already present in the market, or is starting service from a greenfield situation (i.e., a situation where there is no legacy network in place to consider)

As for the Quality of Service (QoS) concept, it is defined in the ITU-T Recommendation E.800 [1] as: “The collective effect of service performance, which determine the degree of satisfaction of a user of the service.” The QoS consists of a set of parameters that pertain to the traffic performance of the network, but in addition to this, the QoS also includes a lot of other concepts. They can be summarised as: 

· service support performance 

· service operability performance 

· serveability performance  and

· service security performance 

The detailed definitions of these terms are given in the E.800 [1]. 

The better service quality an operator chooses to offer to the end user, the better is the chance to win customers and to keep current customers. But a better service quality also means that the network will become more expensive to install and this, normally, also has a bearing to the price of the service. The choice of a particular service quality therefore depends on political decisions by the operator and will not be treated further here.

When the quality decision is in place the planning of the network proper can start. This includes the decision of a transport network technology and its topology as well as reliability aspects in case one or more network elements become malfunctioning. It is also at this stage where the routing strategy has to be determined.

This is the point in time where it is needed to consider the Grade of Service (GOS). This is defined in the ITU-T Recommendation E.600 [2] as: “A number of traffic engineering variables to provide a measure of adequacy of a group of resources under specified conditions. These grade of service variables may be probability of loss, dial tone delay, etc.” To this definition the recommendation furthermore supplies the following notes:


The parameter values assigned for grade of service variables are called grade of service standards.


The values of grade of service parameters achieved under actual conditions are called grade of service results.

The key point to solve in the determination of the GOS standards is to apportion individual values to each network element in such a way that the target end to end QoS is obtained.

2
Comparison of GOS and QoS

It is not an easy task to find the GOS standards needed to support a certain QoS. This is due to the fact that the GOS and QoS concepts have different viewpoints. While the QoS views the situation from the customer’s point of view, the GOS takes the network point of view. We illustrate this by the following example:

· Say we want to fix the end to end call blocking probability at 1% in a telephone network. A customer will interpret this quantity to mean that he will be able to reach his destinations in 99 out of 100 cases on the average. Fixing this design target, the operator apportioned a certain blocking probability to each of the network elements, which a reference call could meet. In order to make sure that the target is met, the network has to be monitored. But this monitoring normally takes place all over the network and it can only be ensured that the network on the average can meet the target values. If we consider a particular access line its GOS target may well be exceeded, but the average for all access lines does indeed meet the target.

GOS pertains to parameters that can be verified through network performance (the ability of a network or network portion to provide the functions related to communications between users) and the parameters hold only on average for the network. Even if we restrain ourselves only to consider the part of the QoS that is traffic related, the example illustrates, that even if the GOS target is fulfilled this need not be the case for the QoS.

2.1
Special features of QoS

As a consequence of all the difficulties mentioned above in the comparison of GOS and QoS and in the definition of what user perception really is, a special group has been set up to work with these problems. Its name is QSDG (Quality of Service Development Group) and it works closely together with the ITU-T study group 2. Its work items include further definitions and further refinement of E.800 [1].

Because of the different views taken by GOS and QoS the QSDG has proposed a solution to take care of the problem. This solution is called a service level agreement (SLA). This is really a contract between a user and a network operator. In this contract it is defined what the parameters in question really mean. It is supposed to be done in such a way, that it will 

be understood in the same manner by the customer and the network operator. Furthermore the SLA defines, what is to happen in case the terms of the contract are violated. Some operators have chosen to issue an SLA for all customer relationships they have (at least in principle), while others only do it for big customers, who know what the terms in the SLA really mean.

3
Network performance

As mentioned above the network performance concerns the ability of a network or network portion to provide the functions related to communications between users. In order to establish how a certain network performs, it is necessary to perform measurements and the measurements have to cover all the aspects of the performance parameters (i.e. trafficability, dependability, transmission and charging).

Furthermore, the network performance aspects in the GOS concept pertains only to the factors related to trafficability performance in the QoS terminology.  But, in the QoS world “network performance” also include the following concepts:

· dependability 

· transmission performance and

· charging correctness 

It is not enough just to perform the measurements. It is also necessary to have an organisation that can do the proper surveillance and can take appropriate action when problems arise. As the network complexity keeps growing so does the number of parameters needed to consider. This means that automated tools will be required in order to make it easier to get an overview of the most important parameters to consider.

4
Reference configurations

In order to obtain an overview of the network under consideration, it is often useful to produce a so-called reference configuration. This consists of one or more simplified drawing(s) of the path a call (or connection) can take in the network including appropriate reference points, where the interfaces between entities are defined. In some cases the reference points define an interface between two operators, and it is therefore important to watch carefully what happens in that point. From a GOS perspective the importance of the reference configuration is the partitioning of the GOS as described below. 

Consider a telephone network with terminals, subscriber switches and transit switches.  In the example we ignore the signalling network. Suppose the call can be routed in one of three ways:

1. terminal -> subscriber switch -> terminal

2. terminal -> subscriber switch -> transit switch -> subscriber switch -> terminal or

3. terminal -> subscriber switch -> transit switch -> transit switch ->subscriber switch -> terminal

This would be drawn in a reference configuration as follows:
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Fig. 1: reference configuration for case 1
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Fig 2: reference configuration for case 2
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Fig 3: reference configuration for case 3

Based on a given set of QoS requirements, a set of GoS parameters are selected and defined on an end-to-end basis within the network boundary, for each major service category provided by a network.  The selected GoS parameters are specified in such a way that the GoS can be derived at well-defined reference points, i.e., traffic significant points.  This is to allow the partitioning of end-to-end GoS objectives to obtain the GoS objectives for each network stage or component, on the basis of some well-defined reference connections.

As defined in E.600, for traffic engineering purposes, a connection is an association of resources providing means for communication between two or more devices in, or attached to, a telecommunication network.  There can be different types of connections as the number and types of resources in a connection may vary.  Therefore, the concept of a reference connection is used to identify representative cases of the different types of connections without involving the specifics of their actual realizations by different physical means.

Typically, different network segments are involved in the path of a connection.  For example, a connection may be local, national, or international.  The purposes of reference connections are for clarifying and specifying traffic performance issues at various interfaces between different network domains.  Each domain may consist of one or more service provider networks.  Recommendation I.380/Y.1540 [3] defines performance parameters for IP packet transfer; its companion Draft Recommendation Y.1541 [4] specifies the corresponding allocations and performance objectives.  Recommendation E.651 [5] specifies reference connections for IP-access networks.  Other reference connections are to be specified.

From the QoS objectives, a set of end-to-end GoS parameters and their objectives for different reference connections are derived.  For example, end-to-end connection blocking probability and end-to-end packet transfer delay may be relevant GoS parameters.  The GoS objectives should be specified with reference to traffic load conditions, such as under normal and high load conditions.  The end-to-end GoS objectives are then apportioned to individual resource components of the reference connections for dimensioning purposes.  In an operational network, to ensure that the GoS objectives have been met, performance measurements and performance monitoring are required.
In IP-based networks, performance allocation is usually done on a "cloud," i.e., the set of routers and links under a single (or collaborative) jurisdictional responsibility, such as an ISP.  A cloud is connected to another cloud by a link, i.e., a gateway router in one cloud is connected via a link to a gateway router in another cloud.  End-to-end communication between hosts is conducted on a path consisting of a sequence of clouds and interconnecting links.  Such a sequence is referred to as a hypothetical reference path for performance allocation purposes.
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