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1. Introduction

In [1] we have addressed the open issues for the simulation activities, in which we particularly discussed the two options regarding the core network. In the following we are going to propose a simulator for the IP/Core component simulator that provides reasonable traces of coherent stream of packets from a IP backbone. We believe the simulator is faithful enough to reflect the relevant physics that a constant rate data stream would experience in a UMTS backbone core network. At the same time it is also simple enough to be deployed either on-line or off-line to serve as the IP/Core component simulator for our project [2].

2. Assumptions

The UMTS backbone for VoIMS is most probably based on tunnelling IP packet through ATM. Therefore,  unlike the public IP network,  the  topology of the router can be assumed relatively stable. Thus, the assumption can be made that the re-routing is a rare event during a voice call, and the major impairment is due to the service time in the router, for which it suffices to simulate concatenated queues under the following assumptions:

· Buffer at  each queue is shared by all users.  
· Traffic measured in each router is typical IP 

· Each link has sufficient capacity to transport the traffic

We are dealing with a queue before a server that consists of two classes of traffic, i.e. two users: 

· A constant rate reference traffic and 

· a variable rate background traffic of known distribution and autocorrelation. 

Both traffic types are assumed coming in batch and counted at the boundary of a discrete time slot; a user joins the queue in the order of the arriving time slot.  A server has a finite capacity that is no less than the average total traffic.  A time slot is further assumed to be a multiple of the packet duration of the reference traffic, i.e. sub-slots, and packets belonging to the reference user can be processed in one or more sub-slots in batches.  The amount of sub-slots per slot is a system parameter and, in the trivial case,  a sub-slot itself can be a slot.  We know that the real time service normally has a higher priority. But it would be improper to assume that the background traffic contains only low priority traffic. Therefore, in average the reference traffic should not be served always before the background traffic.  In worst case, we assume that a user is served without priority, i.e. with a probability that is proportional to the traffic in its class. This is a policy that is fair in average and does not prefer the reference traffic.

The subject of the study is the jitter imposed on the reference traffic, which is defined as the sequence

J(n)=O(n)- I(n)
- T
                            (Equation 1)
for discrete time n,  where O(n) refers to the inter-departure time and I(n) the inter –arrival time.  The constant T accounts for the fixed processing/propagation delay.  Since I(n) and T are both constant by the assumption, it suffices to assume T=0. 

3. Back Ground Traffic

A plenty literature are available today proving that the typical IP traffic has long range dependence and can be modelled by a fractional Brownian motion (FBM). [3]
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Figure 1:  Trace of  Background Traffic(#packet-discrete time)
One of  the implementation of the fractional Brownian motion is based on the fractional Gaussian noise(FGN)  that simulates the difference of the FBM. A FGN can be characterized by (var, mean, H), where var is the variance, mean is the mean value and H is the so-called Hurst-Hoelder parameter. Using a  FGN with (1, 100, 0.8) a trace of the compound internet traffic is given in the Fig.1. 

4.     Single Server

Let X0(t) be the process of the reference traffic and Y1(t) be the process of the background traffic. Then the instantaneous total incoming traffic is X0(t)+Y1(t), measured in number of packets.  Hence the capacity should be no greater than  E[X0(t)+Y1(t)].  Here we assume the unit of the traffic is the number of packets with a fixed size, each has a duration of 0.02 seconds.

A single server is illustrated in Figure 2. The physical idea behind this model is to regard the core network as a server and lumping the traffic activity in the core network together as a single queue. The server serves the reference user with a probability that is proportional to the average traffic amount in the traffic class the user belongs to. We measure only the reference traffic at the output of the server. A trace of the reference out-coming packets from the single server is shown in Fig.3.  The corresponding distribution of the jitter is shown in Fig.4.


Figure 2: Single Server Model
.

	Reference/Background

E[X0(t)]/E[Y1(t)]
	Background Variation

Var[Y1(t)]
	Hurst-Hoelder
	Bandwidth: (packets per 0.02 s)
	Number of Sub-slots per Slot
	Number of Routers
	Sample Population

	100
	1
	0.8
	102
	1
	1
	2**20


Table 1: Parameters used  for the single server simulation
Using parameter given in Table 1 the output packet stream is simulated and the output packet stream is shown in  Figure 3
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Figure 3: Departure Trace of the Reference Traffic (#packet – discrete time)
The corresponding histogram of the jitter is shown in Figure 4.  An estimation of the autocorrelation function of the jitter of the output packets is shown in Figure 5 , demonstrating no monotone fast decay as can be observed by Markov process. 
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Figure 4: Histogram of  the jitter to the reference traffic: Parameter in table 1
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Figure 5: Estimated autocorrelation of the reference traffic jitter.

5.     Multiple  Server

A more detailed model can be derived from the above, by considering multiple servers. Assuming the delay budget of UMTS is estimated from a link consisting of origination RNC, origination gateway GW,  destination GW and destination RNC.  Thus,  an assumption of 4 nodes for the IP/Core component simulator, as illustrated in Figure 6,  would be consistent with [3].


Figure 6:  Multiple (4) Server Model
6.  Conclusion

The proposed simulator is based on well  established facts about the IP traffic with physically explainable assumptions.  It contains also clearly identifiable network components and the parameters can be tuned for different scenarios. We recommend it for the project as the IP/Core component simulator [2].
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