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Abstract

To further improve the simulation assumptions for the GERANEMDA study a detailed mathematical analysis of QQ chat trace statistics for the packet inter arrival time and packet size is presented. The analysis is based on curve fitting a proposed cumulative distribution function to the accumulated data. The results show that the packet inter arrival time is well approximated by two independent exponential distributions with different rates and relative weights. In addition, the packet size is shown to be well approximated by a single Pareto distributed random variable but with significant differences in parameter values for the up and down link direction.  It is concluded that the simulations assumptions to be included in the technical rapport for the GERANEMDA study should be updated accordingly.
1 Introduction

In order to progress in the GERANEMDA study it is important to study typical applications and to analyze the underlying traffic in detail.  One such typical application is Instant Messaging (IM). In China the most popular IM application is QQ chat were the number of simultaneous logged in users often exceeds 100 million[7]. At the GERAN#52 meeting CMCC presented trace statistics for mobile QQ chat based on measurements in more than 200 cells and thousands of users [2] showing the downlink and uplink cumulative distribution function for the packet inter arrival time and packet size, respectively. This paper analyses the data in more detail in order to provide input to the traffic models for the simulations assumptions [4] for the GERANEMDA study.   

2 Methodology
Analysis of the collected trace statistics is based on curve fitting a proposed cumulative distribution functions (CDF) to the accumulated data. The curve fitting is based on the least squares algorithm where the residual between the measured data and fitted equation is minimized.  The raw data was provided with packet inter arrival time and packet size (excluding headers) data for both uplink and downlink directions in two different major cities in the Guangdong province, Shantou and Yunfu [3]. 

Generally, the exponential distribution is used to describe the time between events in a Poisson process characterized by a rate ( and an expected value of 1/(. However, given the shape of the accumulated CDF (presence of a shoulder) observed for both the uplink and downlink packet inter arrival time CDFs it is clear that the accumulated data needs to be represented by more than one distribution.  Therefore, it is proposed to approximate the measured data as a sum of two exponential distributions CDFs, each with their own rate (1 and (2. In other words, the total cumulative distribution function (CDFtot) is approximately expressed as: 
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, where F(t, () is the CDF for the exponential distribution, i.e.
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, where H(t) is Heavisides step function. 

Curve fitting the accumulated CDF to CDFtot results in four parameters C1, C2, (1 and (2 for the downlink and uplink, respectively. 
Furthermore, for the uplink and downlink packet size it has been shown that these can be approximated by a Pareto distribution [6] with a CDF expressed as
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where H(x) is Heaviside step function and x is the message size in bytes. 

The expected value for a random variable following the Pareto distribution is
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, if α is less than 1 the expected value does not exist. 

Curve fitting the accumulated CDF to 
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 yields to parameters k and α, where k is a measure of minimum messages size and where α determines the shape of the curve.  

3 Results
3.1 Packet inter arrival time

Fig. 1 and 2 shows the uplink and downlink original data (Shantou region), fitted total cumulative distribution function and the two contributing CDF functions for the packet inter arrival time, respectively.  The corresponding graphs for the Yunfu region can be found in appendix A. 

In general, it can be observed from both figures that there is good agreement between the measured data and fitted function. Therefore, it can be concluded that the packet inter arrival time can be well approximated with two independent exponential distributions with rates (1 and (2 and with relative weights C1 and C2.  The corresponding expected values are 1/(1 and 1/(2.  It can be noted that there is less agreement for short inter arrival times (less than ~500 ms) which is attributed to the fact that the original data is affected by the round trip and server/MS reaction times.  
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Fig. 1, Original(blue stars) and fitted (red) cumulative distribution function for uplink QQ chat packet inter arrival time, Shantou. 
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Fig. 2, Original(blue stars) and fitted (red) cumulative distribution function for downlink QQ chat packet inter arrival time, Shantou. 

Table 1 show the downlink and uplink fitted values for the parameters C1, C2, (1, (2 as well as the corresponding expected values 1/( for both regions. 

	
	C1
	C2
	(1
	1/(1
	 (2
	1/(2

	Shantou uplink
	0.613
	0.388
	0.699
	1.43
	0.0367
	27.2

	Shantou downlink
	0.5760
	0.422
	0.461
	2.16
	0.0334
	29.9

	Yunfu uplink
	0.592
	0.401
	0.617
	1.62
	0.02685
	37.2

	Yunfu downlink
	0.539
	0.455
	0.478
	2.09
	0.0494
	20


Table 1, Curve fitting parameters for the packet inter arrival time CDF for the f uplink and downlink directions, in the two different cities Shantou and Yunfu, respectively.

Overall the results for the different regions are quite similar. The following analysis will therefore focus on only the Shantou region. 

Analysis of the curve fitting results for CDF for the uplink direction reveals that it is well approximated by the sum of two exponential CDFs with the relative weights 0.613 and 0.388 with corresponding rates 0.699 and 0.0367. The rates translate to expected values of 1.43 and 27.2 seconds, respectively. In other words, the uplink direction is dominated by short bursts with an expected inter arrival time of 1.43 seconds.  In particular, 90 % of these packet with short inter arrival time have an inter arrival time of less than 3 sec. These packets are probably the results of automated processes in the upper layers whereas the contribution with an expected value of ca 27 seconds most likely is attributed to the human response, i.e., the average time between chat messages.  

Similar analysis of the downlink direction yields the relative weights 0.576 and 0.422 with corresponding rates 0.461 and 0.0334. The rates translate to expected values of 2.16 and 29.9 seconds. In other words, for the downlink direction the relative contributions for the short and long time scales are more similar – the reason for this is unclear. 

3.2 Packet size

Fig. 3 and 4 show the uplink and downlink original data (Shantou region), fitted total cumulative distribution function for the packet size, respectively.  The corresponding graphs for the Yunfu region can be found in appendix A.

In general it can be observed that the curve fitting results is in good agreement with the accumulated data. In other words, the Pareto distribution with parameters k and α is a good approximation of the QQ chat uplink and downlink packet size. However, It should be noted that the model can only be used to describe the overall shape of the accumulated traces. In particular, fixed sized messages like acknowledgements that cause a step in the curve (e.g. the step in the curve at 900 bytes for Shantou DL) can not be taken into account using a Pareto distribution. 
Table 2, summarizes the parameters k and α for uplink and downlink in both regions. 

	
	k
	
	Expected value

	Shantou uplink
	24.3
	1.476
	75.3

	Shantou downlink
	20.4
	0.529
	 - 

	Yunfu uplink
	24.67
	1.475
	76.6

	Yunfu downlink
	17.32
	0.595
	-


Table 2, Curve fitting parameters for the packet size CDF for the uplink and downlink directions, in the two different cities Shantou and Yunfu, respectively.  

Overall the results for the different regions are quite similar. The following analysis will therefore focus on only the Shantou region. First of all, it can be observed that the cut-off value corresponding to the shortest messages is roughly on the same order, i.e., approximately 20 bytes. However, the shape parameter α is vastly different for the uplink and downlink directions 1.476 vs 0.529, respectively.  This reflects how the mobile QQ application is used. In particular, the uplink direction is dominated by short chat responses less than 100 bytes and an expected value of about 75 bytes. In fact, more than 90 % of all messages in the uplink direction are less than 100 bytes. In contrast, in the downlink direction there are also contributions from various downloads resulting in a broader distribution of the packet size. In particular, the 90 % cut off value is as high as ~900 bytes. Also note that no expected value can be defined when α is less than 1. 

[image: image9.emf]10

0

10

1

10

2

10

3

10

4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Packet Size (Bytes)

CDF Shanto UL

CDF for QQ packet size distribution Shanto UL

 

 

Original data

Fitted curve


Fig. 3, Original and fitted CDF for uplink QQ packet size, Shantou. 
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Fig. 4, Original and fitted CDF for downlink QQ packet size, Shantou. 

4 Discussion
The mathematical analysis of the fitted and accumulated data of the CDF for the QQ chat packet inter arrival times is consistent with the already provided [1] general characteristics of a QQ chat session, see sketch in Fig. 5. From the analysis provided here the average packet inter arrival time, within the burst, can be determined to approximately 1.5 to 2 seconds and the average inter arrival time between burst is 20-37 seconds (depending on direction).


[image: image11]
Fig. 5, Sketch of a typical QQ chat session where the blue and red lines indicates packets in the up and downlink direction. 
Now, from a simulation point of view it is proposed to update the simulation assumptions [4] with respect to the IM traffic model to take the double distribution into account. This is particularly important for a solution that addresses different time scales since the burst can not be generated using a single exponential distribution but requires that the packet inter arrival time is simulated using two exponential distributions. Given, that the reasons for the differences in parameter values in the uplink and downlink are unclear it is proposed to use an overall average value (calculated from table 1). In other words, it is proposed to simulate the packet inter arrival time as being drawn from two exponential distributions with rates (1=0.56 and (2 =0.036 and relative weights 0.58 and 0.42, respectively. Now, given the similarity of the up and downlink CDF traces it is proposed to keep the so called Request-Response approach were a message in the opposite direction is generated with a fixed offset. 
The analysis on the packet size distribution also has impacts on the simulations assumptions to be included in the TR. Given the different nature of the two directions the average of the parameters describing the Pareto distribution is only taken over the two different regions. In other words, it is proposed to use the following Pareto parameters for the uplink and downlink packet sizes, respectively. 

Uplink: 
k = 24 and α = 1.48

Downlink: 
k =19 and α = 0.56. 

Note especially that it is proposed to use the distributions for both directions in the Request-Response model for the IM traffic.  A fixed response size as currently proposed in the TR will not generate a CDF that resembles the overall shape of the collected CDF – see Appendix B where a comparison among the collected, fitted and current TR model CDFs is presented.   
5 Practical use of traffic model

The purpose of the mathematical analysis is to arrive at a method for generating a flow of packets that together give an over all cumulative distribution function similar to the collected CDF. The analysis has shown that the overall cumulative distribution function for the packet inter arrival times can be written as
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With the following average parameter values C1=0.58, C2=0.42, (1=0.56 and (2=0.036. The coefficients C1 and C2 correspond to probabilities for the respective distribution to contribute to the overall cumulative distribution. 
Now, to generate a series of packets the following approach is used. Assume for simplicity that the session is initiated by the uplink. For every packet generated a value is first drawn from a uniform distribution between 0 and 1. If the value is less than C1 then a packet inter arrival time is randomly drawn using the exponential distribution with (=(1 corresponding to the distribution with an expected value of 1.78 seconds. A response in the other direction is generated with a fixed off-set of 100 ms. If the randomly drawn value is larger than C1 then a packet interarrival time is randomly drawn using the exponential distribution with (=(2 corresponding to the distribution with expected value of 27.8 seconds. However, it is first decided if the next packet should be in the uplink or downlink direction using the uniform distribution with equal chance for both. This process is described in the flow diagram in figure 6.
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Fig. 6, Flow diagram describing the process for generating packet inter arrival times.

In order to verify that the approach really gives an over all distribution similar to the collected CDF a total of 60 000 packet inter arrival times were drawn using the above approach. Fig. 7 illustrates a comparison between the CDF calculated from these 60 000 samples and the collected CDF for the uplink direction. Parameters were chosen to reflect data from the uplink in the Shantou region.  As can be seen there is very good agreement between the CDF of the simulated and collected packet inter arrival times. 
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Fig. 7, Comparison between simulated CDF based on proposed IM traffic model and accumulated original CDF from Shantou (uplink).

Furthermore, fig. 8 shows the corresponding first 400 seconds of the generated packets versus time also including packet size generated using the Pareto parameters obtained in the curve fitting.  The presence of bursts with long inter burst arrival times and overall agreement of the traffic characteristics illustrated in figure 5 is clear.
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Fig. 8, Generated packet stream using the proposed IM traffic model and parameters corresponding to the uplink and downlink in Shantou. 
6 Conclusion
Detailed mathematical analysis of QQ chat trace statistics from over two hundred cells and thousands of users has shown that the packet inter arrival time can be approximated to originate from two independent exponential distributions with average rates 0.56 and 0.036 and relative average weights 0.58 and 0.42. The Pareto parameters describing the packet size distribution has also been estimated to k=24 and α=1.48 and k= 19 and α=0.56 for the up and down link directions, respectively. It is proposed to use the above fitted parameters in the simulations assumptions for the IM traffic generator while maintaining the Request-Response approach.  
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8 Appendix A
8.1 Packet inter arrival time Yunfu region
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8.2 Packet size
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Appendix B 
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