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Abstract

This section specifies the performance attributes mean delay, delay variation, packet loss and unavailability. It specifies sampling, rollup and reporting timescales.

Proposal

We propose that the following be the text of Section 7.1 of the Performance Measurements and Management Document.

7.1 Traffic Performance Attributes

Inter Domain QoS (IDQ) requires consistent service descriptions and similar service levels across a large number of interconnected Service Providers.  To support this, there must also be consistency in the measurement of performance attributes. The key elements of consistency of performance measurement are:

· Objectives – which attributes are measured?

· Timescales - what timescales are attributes measured over?

· Techniques - how are the attributes measured?

This section deals with measurement objectives and timescales while section 7.2 deals with measurement techniques. Both sections use examples of Service Classes and values as aids for understanding. However, the actual Service Classes and values are described in Appendix A. 

It is important to recognize that the model of Inter Domain QoS is an extension of the Internet which supports a connectionless IP service that delivers user payloads in the form of packets/bytes in each direction. Since outbound and inbound traffic routes may differ, the targets and measurements for all performance attributes in IDQ are one-way and reflect the connectionless nature of the service. 

The performance attributes that are used to characterize a service class are:

· Mean Delay

· Delay Variation

· Packet Loss

· Unavailability

Application throughput depends upon many factors including packet loss and transit delay, and others not under the control of the SP. Application throughput is not an independent IDQ performance attribute in its own right 

The offered traffic rate is also an important as part of service descriptions and inter-SP contracts, but this is not considered a performance attribute.

Other attributes, such as application-level metrics, may be added in the future. An example of which is the Mean Opinion Score. The Mean Opinion Score (MOS) is defined in Methods for Subjective Determination of Voice Quality (ITU-T P.800). In P-800, an expert panel of listeners rated pre-selected voice samples of voice encoding and compression algorithms under controlled conditions. An MOS score can range from 1 (bad) to 5 (excellent), a MOS of 4 is considered toll quality.

7.1.1 Measurement Timescales

Before looking at performance attributes, we consider a common reference, namely timescales. Inter Domain QoS requires that all performance metrics are measured over the same timescales. This greatly simplifies analysis of inter-domain performance.

The selected timescales for performance measurement support the following criteria:

· The measurement overhead traffic must be kept at a low level

· The measurement and scalability requirements must be achievable on current hardware

· The basic timescale must be large enough to contain the start and end of a large number of traffic flows

· The basic timescale must be common and synchronized globally among SPs

· The timescale must be meaningful to network users and capture any productivity or service quality issues they perceive in the network.

· The timescales should not unduly emphasize momentary glitches such as link outages or rerouting events where they do not significantly impact network user experience.

Given these criteria, the timescales selected are:

· Measurement: timescale unit is 1 hour. This is synchronized via GPS or similar service, and aligned with UTC. This allows all SPs to synchronize their measurement periods and correlate measurements. The targets and measurements for Mean Delay, Delay Variation and Packet Loss apply to 1 hour periods. Measurement samples are aggregated over this period of time which is referred to as the Rollup Period

· Reporting: timescale unit is 1 “month” with start and end hour/day defined by the SP offering the IDQ service. The start and end monthly definitions may not be aligned between SPs. To be able to correlate measurements from one time zone to another and one SP’s “month” to another, all timestamps are referenced to UTC as well as any local time references. 

7.1.1.1 Relationship to existing standards

RFC3423 refers to the Rollup Time as defined above as “Tcons, a time interval for consolidating parameters collected at the measurement points.”

7.1.2 Mean Delay

Delay is important to the support of many applications including telephony, multimedia conferencing, financial transactions and online gaming. In addition, delay is indirectly related to throughput and impacts file transfer speeds and email delays

The Delay attributes of a service class are characterized by a mean delay and a specific set of upper percentile delay variations. The percentile approach is used in preference to a standard deviation or variance model due to the frequent occurrence of bi-modal or multi-modal delay distributions.  Thus delay is characterized through mean delay and delay variation.

The mean delay is defined as the mean delay of all successfully delivered packets during periods of network availability within the specified timescale.

Since delay is distance sensitive due to the finite signal propagation delay, distance is taken into account when setting targets. Mean delay may vary between service classes due to priority queuing which is taken into account when setting targets.

Excessive delay is covered in the packet loss section of 7.2

7.1.2.1 Relationship to existing standards

The Mean Delay of IDQ is identical to the Mean IP Packet Transfer Delay (IPTD) of ITU-T recommendation Y.1540 and Y1541.

The Mean Delay of IDQ would correspond to “Type-P-Finite-One-way-Delay-Mean” if extrapolated from IETF RFC2679.

7.1.3 Delay Variation

In addition to the mean delay, delay variation is important to many applications including telephony, gaming and transactions.

Delay variation is a measure of how much variation is observed over a period of time as contrasted to jitter which is a measure of variation between successive packets. Jitter measurements are dependent on the frequency with which packets are sent and focus exclusively on short-term effects. Delay variation is insensitive to the frequency of packets and measures both short term and long term variation. For these reasons, the IDQ model measures delay variation.

Delay variation in IDQ is the difference between a delay percentile and mean delay. Mean delay was chosen since it has already been selected to be measured and reported. Inter Domain QoS does not use the delay minimum as a reference point as this is not measured and reported and would also make delay variation more sensitive to any erroneous delay. By taking this approach, the actual delay percentiles can be estimated by summing the mean delay and the delay variation percentiles.

The delay variation percentiles that can be measured are:

· 90th percentile – DV90

· 99th percentile – DV99

· 99.9th percentile – DV99.9

Conceptually, percentiles are measured by stack-ranking all measurements of successfully delivered packets, discarding a top percentage e.g. 0.1%, then selecting the remaining highest value. In reality, we measure a subset of packets… the active probes, see section 7.2. All lost packets or packets delivered while the network is considered unavailable are ignored from other metrics.

By taking multiple percentile readings and a mean percentile, the distribution of delays can be better understood.  This information is more useful than a simple standard deviation metric which can be easily used only when assuming a mathematically friendly underlying probability distribution function. In reality, network delay characteristics are multi-modal and have many peaks and valleys. There is a cost associated with both engineering a network to more closely match a particular delay distribution and in closely measuring that distribution. Therefore only Service Classes that require multiple percentiles will have them specified and measured.

Delay variation is loosely correlated to distance, (since distance is loosely correlated to number of hops) and allows targets to be set independently of site locations. Delay variation is very sensitive to bandwidth and utilization and will vary significantly with access bandwidth.

7.1.3.1 Relationship to existing standards

ITU-T recommendations Y.1540 and Y.1541 discuss IP packet delay variation (IPDV), including individually, the use of average delay as the basis for delay variation, and the use of quantile-based limits. IDQ synthesizes a particular combination of options for the reasons given above.

IDQ delay variation is based upon bulk delay measurements rather than on the difference between two successive measurements and therefore differs from IETF RFC3393.

7.1.4 Packet Loss

Packet loss is important to most applications. It significantly impacts either perceived quality or perceived throughput of the network.

A packet is considered lost in IDQ if the packet is delayed excessively or never reaches the destination.

The Packet Loss Ratio (PLR) is determined for a period by only looking at the packets transmitted while the network was considered available. The packet loss ratio is the number of lost packets divided by the number of transmitted packets.

Packet Loss is largely insensitive to distance and targets can be set independently of the site locations. Packet loss ratios are sensitive to access technologies, bandwidth and utilizations, and targets must be set accordingly.

7.1.4.1 Relationship to existing standards

The Packet Loss Ratio of IDQ is identical to the IP Packet Loss Ratio (IPLR) of ITU-T recommendation Y.1540 and Y1541. Tmax is the terminology used to describe the maximum IP packet delay beyond which the packet is declared to be lost.

IDQ packet loss is identical as described in IETF RFC2680 as Type-P-One-way-Packet-Loss.

7.1.5 Unavailability

Unavailability is significant when a human observer detects a business impacting application failure due to network loss.  For a typical application such as telephony, a network is considered unavailable by the user if there is an inability to connect, or a connection is lost. The measurement of unavailability attempts to approximate this view by detecting periods during which network unavailability would have noticeable impacts on applications and individual or business productivity.

Unlike delay and loss attributes, the unavailability attribute is not statistically simple to define and an approximation is required.

In IDQ, unavailability is calculated from the distribution of loss measurements over time; see section 7.2 for loss measurement details. A period is considered unavailable if there is an excessive packet loss ratio (PLR) (e.g. >20%) over a specific interval. The interval may be set independently for each service class. The unavailability period is defined as follows:

1) The starting point for a period of network unavailability is when a packet is lost and during a subsequent interval, the PLR is beyond the defined threshold. The period of the interval is hence counted as unavailable. 

2) The ending point of a period of network unavailability is when during an interval, the packet loss ratio is below a specific threshold (e.g. < 1%). The interval is counted as available and hence the unavailability ends at the start of this interval.

This definition is intended to capture any periods of very poor performance and require the network performance to return to normal levels before the unavailability is ended. During a period of unavailability, none of the delay or loss statistics are impacted.

Unavailability is measured by summing the periods of unavailability and dividing by the total period.  It should be noted that the IDQ system keeps track of each individual period of unavailability for reporting to customers.

Unavailability is largely insensitive to distance, but is sensitive to single points of failure in a network architecture. It will vary significantly with access technologies and configurations. To achieve a low level of unavailability, diverse transmission paths are required.

7.1.5.1 Relationship to existing standard

The Availability metric of IDQ is derived from ITU-T recommendation Y.1540 which discusses IP packet Severe Loss Block Ratio (IPSLBR). “An IP packet severe loss block outcome occurs for a block of packets observed during time interval Ts at ingress MP0 when the ratio of lost packets at egress MPi to total packets in the block exceeds s1”. IPSLBR was identified as a candidate additional IP packet transfer performance parameter for further study. IDQ uses two thresholds, (which may have the same value,) one to enter a period of Unavailability plus another to exit a period of Unavailability.

The IETF’s RFC3357 builds statistics on definitions of Type-P-One-Way-Loss-Distance-Stream and The Type-P-One-Way-Loss-Period-Stream which measure loss blocks in a different way to IDQ availability.
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