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1 Introduction 
During the email discussion [75#34] on ‘Traffic statistics of DDA’ [1] some comments were raised by a few companies on the possible limitations - at least for some traffic types - when using the CDFs of the inter-arrival times (derived from real traces collected over a long period of time) to generate some synthetic traces for the simulations. 
This contribution expands some of the comments in the email discussion adding some examples, and then suggests a way forward for the collection of useful traffic statistics for the problematic traffic types.
2 Discussion
A simplified, arbitrary IM traffic model is considered in the following, to show the possible implications when independent CDFs for the UL and DL inter-arrival times are derived by real traces and then used to simulate the IM traffic.

The assumptions are:

· IM traffic is characterized by ‘active IM periods’ followed by inactivity periods.

· Inter-arrival times of ‘active IM periods’ are exponentially distributed, with a mean inter-arrival time of 120 seconds.
· During an ‘active IM period’10 packets are exchanged in each direction, over a burst period of 10 seconds. Each UL packet is followed by a DL packet.
· A ‘4-ways handshake keep-alive’ procedure is initiated 30 seconds after the last received packet: a keep-alive packet is sent in the UL, followed after 1 second by a corresponding packet in the DL and then by two other UL and DL keep-alive packets, all spaced by 1 second. 

Note that while the 4-ways handshake keep-alive procedure is somewhat realistic (it seems to characterize an MSN client, see [2]), the ‘inter-arrival time’ of 1 second is completely arbitrary and assumed for simplicity reasons only)
The arrival times of a realization of this traffic type are shown in Figure 1, where the ‘active IM periods’ (characterized by bursts of 10 UL & DL packets) and the ‘idle IM periods’ (characterized by isolated pairs of UL & DL packets, spaced by 30 seconds) can be clearly identified.
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Figure 1. Arrival times according to the traffic model
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Figure 2. CDF of the inter-arrival times (for both UL and DL).

The corresponding packet inter-arrival time CDF (for both UL and DL), derived from traces collected over a long period of time (including several active and inactive periods), is shown in Figure 2.
If such CDF of the packet inter-arrival times is used to independently generate UL and DL traffic, the simulated traffic would look like the one in Figure 3.
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Figure 3. Arrival times simulated using independent UL and DL CDFs. 

Two observations can be derived:

1. Using only the CDF of the packet inter-arrival times to generate traffic (in each direction) the information about the auto-correlation of the inter-arrival times is lost (e.g. the information that in the original model, in each direction, packets are generally grouped in burst of 10 packets over 10 seconds, or in isolated pairs of keep-alive packets). This can be noticed in the Figure 3 where, for instance, the ‘bursts’ often contain far less than 10 packets, or where the isolated packets are not always paired, differently from the original model. Whether this is an important drawback - when running simulations based on these synthetic traces - should be discussed. If yes, alternative solutions to the simple use of CDFs should be considered (e.g. the use of auto-correlation functions).
2. UL and DL traffic are completely uncorrelated, differently from the original model. For instance this implies that the periods with no packets exchange are much shorter (50% shorter) than the expected 30 seconds periods. This is for sure an issue that needs to be addressed somehow, since a simulation based on synthetic traces not carefully considering the relationship between UL and DL traffic could lead to wrong estimates in terms of UE battery consumption, suitable DRX periods, etc. To overcome this problem, for instance the cross-correlation function of UL and DL arrival packets could be considered.
In general the observations above seem to be more important for IM traffic, when short bursts of packets are expected, followed by subsequent long inactivity periods.
One possibility to extract more useful statistics for IM traffic from the real traces is first of all to try and identify ‘active IM periods’. And then estimate:

· The distribution of ‘active IM periods’ inter-arrival times  (which can presumably be simply modeled with an exponential distribution),
· The distribution of UL and DL packet inter-arrival times during ‘active IM periods’,

· The distribution of UL and DL packet sizes during ‘active IM periods’ and

· The distribution of the duration of the ‘active IM periods’(or the distribution of the number of packets during ‘active IM periods’)
The problem to derive all this information from real traces is that – for IM traffic – there are always some periodic, isolated keep-alive packets which might mask the activity/inactivity periods. One suggestion to address this is to try and filter the IM-related keep-alive packets from the rest of IM traffic (and then either model them separately from the other traffic types or include them in the model for ‘background traffic’). One way to filter the IM-related keep-alive packets can be inferred by one of the contributions to the email discussion [1], where it is shown that some IM applications (like Yahoo Messenger) use a different TCP stream (mainly) for keep-alive packets, so that they can be easily identified and filtered out. At least for these applications it could then be possible to more easily identify ‘active IM periods’ and then derive corresponding statistics.
After the statistics above are collected, the IM traffic can be simulated: 

· First of all by, generating the ‘active IM periods’, according to the distributions of ‘active IM periods’ inter-arrival times and duration of the ‘active IM periods’
· Within an ‘active IM period’, generating the UL and DL traffic according to the distributions of UL and DL packet inter-arrival times and UL and DL packet sizes. Note that even if UL and DL packet inter-arrival times are generated independently, the idea to model ‘active IM periods’ ensures that UL and DL packets are always contained in such ‘active IM periods’.
· Eventually adding the IM-related keep-alive traffic (if not included in the model for ‘background traffic’…)
3 Conclusion 
For some traffic types like IM, characterized by short bursts of packets followed by subsequent long inactivity periods, using independent CDFs for the UL and DL inter-arrival times (when the CDFs are derived from real traces collected over a long period of time) could lead to misleading results.
Proposal: For IM traffic type, it is suggested to:

· use real traces to try and identify ‘active IM periods’ and then

· estimate:

· The distribution of ‘active IM periods’ inter-arrival times  (which can presumably be simply modeled with an exponential distribution),
· The distribution of packet inter-arrival times during ‘active IM periods’,

· The distribution of packet sizes during ‘active IM periods’ and

· The distribution of the duration of the ‘active IM periods’(or the distribution of the number of packets during ‘active IM periods’)

· Generate synthetic traces for simulations accordingly.
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