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Packet Data Traffic Models for E-Mail (With and Without Attachments) and Streaming Multimedia Applications

1 Scope

This contribution presents mathematical models originally discussed in [reference 1] for characterizing packet data traffic arrival for e-mail (with and without attachments).  In addition, a discussion of several articles investigating streaming multimedia traffic behavior is presented.  The contribution is organized as follows.  Section 2 provides a brief discussion of previous work.  Section 3 presents a model for e-mail traffic (with and without attachments).  Section 4 gives a qualitative overview of a method for modeling downlink streaming multimedia traffic.  Section 5 presents conclusions and recommendations.  Section 6 contains a list of references.

2 Introduction

Both the Poisson process and the Markov Modulated Poisson Process (MMPP) have previously been proposed for modeling both the start/arrival of a user-initiated session and the subsequent arrival of actual packet data traffic.  However, recent research [reference 2] has demonstrated that these models do not capture some of the important characteristics of packet data traffic.  For example, the duration of the ON and/or OFF periods are found to be heavy-tail distributed [reference 2] which does not exhibit the memoryless property of the exponential distribution.  The heavy-tail distribution of the ON and/or OFF periods leads to the self-similar [reference 3] behavior of the aggregated traffic.  Self-similarity has resulted in a number of major issues in the provisioning and engineering of packet data networks.  To accurately predict the arrival pattern of packet data traffic and to correctly provision network resources, the underlying traffic model must be able to capture this unique characteristic of packet data traffic.

In a wireless packet data network, a subscriber must set up a session before he/she can start transmitting and receiving data.  Once a session has been established, the subscriber may engage in various services, such as WWW browsing and e-mail download.  It has been demonstrated in [reference 2] that the start/arrival of user-initiated sessions are well modeled by Poisson processes; hence, it is assumed here that session arrivals follow a Poisson process with arrival rate ( sessions/hour.  The duration of each session depends on the particular service and is described in the following sections.

3 E-Mail Traffic Model

This section presents the e-mail traffic model described in [reference 1].  For most Internet based e-mail services, the incoming messages of a user are stored at a dedicated e-mail server.  This e-mail server safe-keeps all messages for the user in a mailbox until he/she logs on to the network, initiates the e-mail application, and retrieves the messages.  In general, when the user runs the e-mail application, the headers of all the available messages are downloaded to the computer from the e-mail server.  The user will then scan through the headers and download the required messages one after another.  After downloading each message, the user may read the message and compose a reply to the sender.  When the user finishes with the current message, he/she will download the next message, and so on.

In [reference 1], it has been demonstrated that the arrival of messages to the mailbox can be approximated by a Poisson process (this corresponds to the start/arrival of a user-initiated session as discussed in Section 2 of this contribution).  An individual e-mail user generates the ON and OFF traffic pattern in the downlink during an e-mail session as shown in Figure 1.  An ON period represents the time interval when a message is being downloaded from the e-mail server to the mobile terminal.  An OFF period is the time interval between the completion of a message download and the beginning of the next message download.  It represents message reading time of the user.
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Figure 1 E-mail traffic model.

Let xe, x’e and te to be iid (independent and identically distributed) random variables representing the size of general e-mail message, the size of e-mail message without attachment, and the length of the OFF period, respectively.  Based on an empirical analysis [reference 1] of actual e-mail messages, xe follows a two-stage Weibull distribution as:
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and x’e is assumed to follow the Weibull distribution with the following distribution function:
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where c1 ranges from 1.2~3.2, with mean = 2.04, c2 ranges from 0.31~0.46 with mean 0.37, k1 ranges from 14.0~21.0 with mean = 17.64, and k2 ranges from 2.8~3.4 with mean = 3.61.  The length of the ON period is a function of the message size and the instantaneous throughput available to the user.  We assume the length of the OFF period, te, follows the Pareto distribution with the probability distribution function:
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According to the Pareto distribution, the parameter ke is the minimum duration of the OFF period.  The parameter (e relates to the degree of the heavy-tail behavior (in other words, the heavy-tailedness) of the OFF period.  Based on this model [reference 1], ke = 30 ~ 60 seconds and (e = 0.5 ~ 1.5.

The number of e-mail messages to be downloaded (or the number of ON periods) during a session depends on:

1. Number of messages arrived at the e-mail server since the last e-mail session, and

2. Number of messages that the user selects to read during the e-mail session.

As discussed earlier, message arrival at the e-mail server is a Poisson process.  We assume the arrival rate of e-mail messages to the e-mail server is (e messages per user per hour, and the average time between two e-mail sessions of a user is Te.  Let pe be the probability that a newly arrived message will be read by the user, and me be an iid random variable of the number of messages to be read by the user during the e-mail session.  Then me approximately follows the Poisson distribution as:
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4 Streaming Multimedia Traffic

Investigations into the behavior of streaming traffic are scarce in the literature; however, some initial analysis has been done [reference 4], [reference 5].  Traces of Real Audio traffic were captured in [reference 4] and the authors propose an algorithm that allows simulation of an audio server, using the data contained in their graphs.  The algorithm assumes no proxy servers and that each user listens to exactly one audio flow.  First, a simulated server would be placed in a network and inter-arrival times could be based upon a distribution graph obtained from their captured traces.  The user can be placed in the network by selecting a round-trip-time (RTT) based upon a graph of average RTT obtained from their traces.  Next, the audio flow duration and data rate would be selected based upon graphs obtained from the captured traces.  Both of these traces are content-dependent, so a complete simulation would vary based upon these distributions or only present conclusions for a given class of content.  Finally, one would select a packet length corresponding to retrieval rate and send data at regular intervals based upon a graph of packet interdeparture times also obtained from their captured traces.

In [reference 5], traces of video and audio traffic were captured from an H.323 terminal.  From the captured traces, graphs of video packet inter-arrival time and jitter were obtained for maximum fragment sizes of 128 bytes, 256 bytes, and 500 bytes.  Additionally, graphs showing the number of video bytes residing between consecutive audio packets as a function of time (i.e. multiplexing of video and audio packets) are presented.

Both [reference 4] and [reference 5] present graphs based upon specific streaming traffic captured; no general mathematical formulas are given for modeling the behavior of streaming traffic.

5 Conclusions and Recommendations

No e-mail traffic model has been defined for UMTS.  The GERAN Simulation Parameters document [reference 6] which was revised by the GERAN Drafting Group during ETSI SMG2 #36 (Biarritz, France on May 22-26), 2000), recommends that (and we paraphrase):

"The FUNET e-mail traffic model should be used (with the parameters specified in [reference 7]) only for the case of e-mail without attachments."

"For the hybrid e-mail traffic model (i.e., e-mail with and without attachments), the e-mail traffic model as described in [reference x] should be used."

where "reference x" was indicated as "to be provided by Nortel Networks".

Nortel Networks recommends that this contribution (i.e., Tdoc SMG2 GERAN 050/00) serve as "reference x".
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