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Abstract

This contribution contains the proposed text of new draft Recommendation E.mip, Traffic Measurements for Dimensioning of IP-Based Networks.  Its contents reflect the discussion for its development during the Rapporteur Meeting of WP 3/2, 21-25 May 2001.

Draft Recommendation E.mip (Output of May 2001 WP 3/2 meeting)

Traffic Measurements for Dimensioning of IP-Based Networks

1
Scope

This Recommendation describes the traffic measurements required for the proper dimensioning of an IP-based network to carry the offered load while meeting the grade of service objectives.  An objective is to ensure multivendor interoperability of traffic engineering implementations in service provider networks.

 [Editor: Note: To minimize the possibilities of inconsistencies arising from the use of different measurement principles by different vendors or network operators, one essential aspect is the use of standard terminology and units.  Another aspect is to have a standard set of read-out periods.  Such standards also facilitate the negotiation of Service Level Agreement between a customer and a service provider for quantifying performance metrics associated with service characteristics.]

Measurements that are intended for performance are the subject of a future Recommendation.

This first release is focussed on MPLS-enabled IP networks. 
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[Editor’s Note: a list of other references is to be provided.]

3
Definitions

[Editor’s Note: a list of terminology is to be provided.]
4
Abbreviations

ATM

Asynchronous Transfer Mode

B-ISDN
Broadband Integrated Services Digital Network

Diffserv
Differentiated Services

IP

Internet Protocol

LSP

Label Switched Path

MPLS

Multi-Protocol Label Switching

QOS

Quality of Service

5
Introduction

There are many types of traffic measurements for various uses [Internet Draft].  In this Recommendation, the focus is on those traffic measurements that are collected to derive quantitative information about the traffic carried on an IP-based network for the purposes of dimensioning.

Because of the changes in communications technologies, considerations must be given to the new operating characteristics.  In the traditional dimensioning of PSTN/ISDNs, the assumptions are that traffic growth tends to be more stable and that bandwidth is relatively expensive.  Hence, long-term planning techniques can be used to dimension the network to minimize cost.  In the current environment, traffic growth tends to be more volatile and unpredictable.  On the other hand, advances in dynamic transport networks through the use of flexible transport switching technology allow transport paths to be rearranged at high speed.  An operational requirement is for the dimensioning process to take advantage of this flexibility so that the network is responsive to changes in traffic demands.  Traffic measurements as input to this process must be implemented in a way that meets this need, e.g., to identify shifts in traffic patterns.

The use of traffic measurement for network dimensioning is described in E.500 in general, and in E.745 for ATM-based B-ISDN.  Traffic measurement principles have been well established in the circuit-switched network environment.  These principles are briefly reviewed for the purposes of extending their applicability to IP-based networks, while taking account of the above factors.

6
Traffic Intensity

6. 1
Circuit-Switched Traffic Measurement

Traffic intensity is currently defined in E.600 in the context of a circuit-switched telecommunications network to characterize usage on a pool of network resources.  Instantaneous traffic intensity is the number of busy resources at a given instant of time.  Average traffic intensity is defined as the time average of the instantaneous traffic intensity over a read-out period.  In applications, the term traffic intensity usually refers to the average traffic intensity.  The international unit of traffic intensity is the erlang.  Assuming that a call in progress occupies one of the resources in a pool, erlangs measure the number of simultaneous calls offered to or carried by the pool.  Thus, 1 erlang is the traffic intensity sufficient to keep one of the resources in the pool busy.

A related quantity, traffic volume, is also defined in E.600.  The traffic volume in a given time interval is the time integral of the traffic intensity over this time interval.  It equals the sum of the holding times for a number of calls in the given time interval.  The international unit of traffic volume is the erlang-hour.  In North America, the hundred call seconds (hourly CCS) is commonly used in telephone operating companies as a unit of traffic volume: 1 CCS corresponds to 100 seconds of usage on a pool of resources.  Since in trunk traffic engineering the standard time interval (read-out period) is 1 hour, there are 36 CCS in 1 erlang-hour.

The term load usually refers to traffic intensity, although it has been used to mean traffic volume in some measurement context.  Also, traffic volume has often been simply expressed in erlangs, so that 1 erlang = 36 CCS.  (To be more accurate, 1 erlang = 36 CCS per hour.)  This usage is for convenience and is accepted since it is normally implicit that traffic volumes are stated for an hour.

In practice, traffic intensity is inferred by measuring the traffic volume, i.e., the actual resource usage or the total work done in a read-out period, and then taking the average over this period.  There are two procedures in general use.  In the sampling method (also called scanning method), traffic intensity is obtained by averaging samples of the number of busy resources, taken at uniformly spaced points in time over the read-out period.  Alternatively, the work done for a call is measured in terms of its holding time: 1 unit of work equals 1 second of holding time of a resource.  The average traffic intensity is then derived as the product of the average measured call arrival rate and the average measured holding time per call, assuming that each call occupies one resource.

6.2
IP Traffic Measurement 

While the concept of traffic intensity and traffic volume can similarly be applied to an IP-based network, the situation is more complicated.  Current planning is for an IP network to support different types of applications with several QoS classes. This means that it may be necessary to specify a different read-out period corresponding to the traffic characteristics (such as burstiness) for these classes.

To minimize out-of-sequence packet delivery in IP-based networks, each flow typically takes a fixed path under normal conditions.  The capacity of a given path is shared among multiple flows by statistical multiplexing.  Unlike circuit switching whereby each call occupies a trunk for the whole duration of its holding time, a flow does not occupy a link for its whole lifetime because of statistical multiplexing.  Instead of characterizing traffic volume through work done by flow lifetime, traffic volume is usually measured by counting the number of bytes and packets that are sent or received over an interface, during a read-out period.  Hence, the unit of byte or packet plays the same role as the unit of CCS in circuit-switched networks.  One issue is to choose a suitable read-out period for measuring traffic volume in IP-based networks for dimensioning purposes.  It is possible that the length of a read-out period is also dependent on link speed, besides being dependent on traffic characteristics as mentioned above.  (Note that measurements for traffic volume can also be used for other purposes, such as settlement of payment for transactions.  In this case, the read-out period may be chosen according to other criteria, independent of traffic characteristics.)

Similar to circuit switching, traffic intensity is not directly measured.  Instead, the average traffic intensity in one direction of a link can be inferred by averaging the correspondingly measured traffic volume over a read-out period.  Hence, traffic intensity can be expressed in the unit of bytes per second.  The unit of packets per second can also be used in conjunction with the average packet length.

For each individual resource, such as a link, the average traffic intensity can alternatively be expressed in the unit of erlang.  This is done by taking the ratio of the number of bytes sent or received over an interface to the maximum number of bytes that can be sent or received over the same interface during a read-out period.  If all the packets are of the same length, then this ratio can be similarly defined in terms of packets.  The average traffic intensity so computed reflects the proportion of time over the read-out period that the resource is busy, i.e., resource utilization.  

In applications, traffic intensity expressed in bytes or packets per second can be used to measure offered traffic (i.e., demanded capacity) or carried traffic (i.e., used capacity), as well as the amount of requested or allocated capacity in bandwidth reservation schemes.  Traffic intensity expressed in erlang can be used to characterize offered or carried traffic over a link, independent of its speed.  This is useful for bottleneck identification or decomposition of link capacity to various traffic classes.  Analysis of the traffic intensities over different links in a network over time may also be used to identify shifts in traffic patterns.

7
Other Measurements

[Editor’s note:  measurements such as number of flows to be added]

8
History

This is the first issue of Recommendation E.mip.
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