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1. Introduction
This document discusses the implementation of instant messaging model [1]. We have discovered a problem with the agreed parameters: the cut-off value of some distributions is too small for the given mean. We propose a solution in section 3 and in section 4 we show some simulation results with the corrected parameters.
2. The Problem
The message inter-arrival time shall be modelled by a negative exponential distribution function with expected value 20 seconds and cut-off L 35 s. Similarly, the number of messages per IM session shall be geometrically distributed, with mean 15 and cut-off 30 messages. In further text, only the exponential distribution will be discussed, as the geometric is just its special case limited to integer values.

A naive approach to generation of random values from truncated exponential distribution results in the following actual distribution of values:
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Figure 1 – Attempt at a truncated exponential distribution
The random number generator used to produce the above distribution works as follows: it produces a number from non-truncated neg. exponential distribution:
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and if the value is greater than L, it returns L, otherwise it returns the value f(x), thus generated value v is:
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As we can see from Figure 1, this approach leads to a significant proportion of samples having the cut-off value L. This will certainly bias the length of the IM session, which is defined by the number of generated messages and their inter-arrival time, which will be affected by the same problem.
2.1 Correct truncated distribution
The generator can be slightly modified to avoid clustering the over-the-limit values at the limit: if the value f(x) is greater than L, subtract L from it. Repeat until the value is less or equal to L. This algorithm leads to the following probability density function for truncated exponential distribution:
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for λ > 0, L > 0, and x ≥ 0.

The expected value E(x) of this distribution is:
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To be able to generate numbers from this distribution, we need to find the correct value for λ from the above formula. Unfortunately, that is impossible to do analytically, so we need to find it numerically. However, there is another problem. 
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Figure 2 – Mean inter-arrival time for certain λ and given cut-off L = 35s
Figure 2 shows, that the expected value of the truncated distribution with certain cut-off value is approaching asymptotically some maximum value, when 1/λ approaches (, i.e. when λ(0:
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Solving for L = 35s, we get:
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In other words, we cannot reach a mean of 20s and have a cut-off of 35s. Since λ has to be greater than 0 (to have exponential distribution), the following must hold for truncated exponential distribution:
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3. Proposed solution

We would like to propose the following corrections to the cut-off values of message inter-arrival time and number of messages per IM session. The corrected parameters are listed in Table 1.

Table 1 – Corrected IM traffic generator parameters
	TG parameter
	Distribution type
	Mean
	Comment

	Session length
	geom
	15 messages
	cut off: 40 messages

	Keep alive period
	const
	180 s
	


	Message inter-arrival time
	negExp
	20 s
	cut off: 50 s

	Outgoing message size DL part
	const
	139 B
	

	– UL part
	Pareto
	225 B
	α=1.1, k=20.5 

	Incoming message size DL part
	Pareto
	710 B
	α=1.1, k=64.5 

	– UL part
	const
	62 B
	

	Keep alive message size DL part
	const
	318 B
	note 1

	– UL part
	const
	282 B
	note 1

	Outgoing/incoming message split
	uniform
	50/50
	

	Login message DL part
	const
	1873 B
	

	– UL part
	const
	2056 B
	

	Logout message DL part
	const
	201 B
	

	– UL part
	const
	201 B
	

	MS reaction time
	const
	20 ms
	

	Network reaction time
	const
	100 ms
	


With the corrected cut-off value (40), the distribution of number of messages per IM session looks like this:
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Figure 3 – Correct distribution of number of messages per IM session
The cut-off values could be of course greater, but we wanted to stay close to the previously agreed values.
4. Simulation Results
Results in this section where obtained from a system level simulator configured according to the parameters in section 2 of [1]. We have studied the impact of delayed release of TBF on the control and data channel utilizations, see Figure 4. 2s delay was the reference case. As can be seen from this figure, PCH has the highest utilization. The increased TBF release delay results in less traffic on the common control channels but call blocking and TBF blocking increases steeply for TBF release delay longer than 2s. It should be noted that the network sends the IMMEDIATE ASSIGNMENT REJECT message if it cannot allocate an UL TBF.
The average load in the system was about 150 active IM sessions per cell (in the 2s case, lower in other cases due to blocking). In all cases, there was 25 000 terminals in the network, with call arrival rate 5 calls/terminal/hour (Poisson process).
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Figure 4 - Channel utilization
The call blocking in Figure 5 below refers to the situation when the login message cannot be received or decoded. The load in the network was selected such that the TBF blocking was close to the observed IMMEDIATE ASSIGNMENT REJECT ratio in the CMCC’s document [2], table in sect. 2.3.1. We can see that prolonging the TBF release delay causes severe call and TBF blocking at this load.
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Figure 5 - TBF and call blocking
The IM users generated load (offered load) about 28 kbits/s/cell in downlink. The LLC throughput was lagging behind the offered load with increasing blocking. Longer TBF release delay does not affect the LLC throughput directly, but in a relatively loaded network it increases blocking, which in turn leads to lower LLC throughput.
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Figure 6 - Offered load/LLC throughput
5. Conclusions

We have explained the problems with the initial cut-off values of the proposed IM traffic generator and proposed corrections to them based on analytical description of the truncated negative exponential distribution and the relationships between its various parameters (λ, mean, cut-off).

Initial simulations with the corrected parameters show, that the IM traffic model works and indeed, with sufficiently high load – comparable in effect to the loads reported from a real network [2] – the IM traffic can lead to high load on CCCH.
We have tried to lower the CCCH utilization by increasing the TBF release delay. According to our simulations, longer TBF release delay can lower the CCCH utilization but at the cost of high call and TBF blocking. This blocking would affect not only IM traffic, but all packet-switched traffic in the network.
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