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Analysis of MPLS Network 
Seferin T. Mirtchev1 and Natalia V. Vesselinova2 

Abstract – Analysis of wireless cellular MPLS network is 
performed in this paper. The convolution algorithm is used to 
obtain the dependence of carried traffic from the size of the 
overlapping area of cells. The increase of the amount of carried 
traffic reaches saturation point after certain level of overlapping. 
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I. INTRODUCTION 

There are many efforts underway to incorporate IP based 
technologies into wireless cellular systems because of the 
increasing user demand for Internet, providing IP-based 
multimedia services over wireless. Such networks are 
expected to provide efficient packet transfer and support of 
quality-of-service (QoS). In the core of networks, Multi-
Protocol Label Switching (MPLS) is used as a technology of 
choice to facilitate teletraffic engineering (TE) and QoS 
support. In this paper, an architecture with label switching is 
considered and the effect of overlapping cells is studied, since 
the efficient utilization of resources in wireless networks is of 
importance as well. 

The paper is organized as follows. In next section we define 
the system model used in the analysis. Numerical results are 
presented in Section 3. Finally, Section 4 concludes the paper. 

II. SYSTEM MODEL 

In [1] a hierarchical architecture for label-switched 
networks supporting wireless users is described. We use the 
proposed system architecture to develop our analysis.  

The considered network consists of base stations (BS), 
connected to label switching nodes (LSN), along with the 
components of the standard MPLS network (LSRs, LERs). 
LSN provides service to BSs and supports fast handoff and 
location management mechanisms [1]. A routing area (where 
the location information of the mobiles is stored) is defined to 
effectively limit the registration traffic and routing updates 
when the subscribers cross cell boundaries. Another means to 
further reduce the updates is to group some LSRs and LSNs. 

There is one router in each group, which communicates 
topology information with other representative group routers 
and thus forming another level of hierarchical label-switched 
network architecture. 
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III. NUMERICAL RESULTS 

We consider two cells in a cellular label switched network. 
The two cells overlap each other, Fig. 1. Subscribers in area 1 
(the region covered by BS1) have access to all its channels 
n1 , subscribers in area 2 (the region covered by BS2) have 

access to all n 2  channels, and subscribers in the overlapping 

area 12 have access to n1 +n 2  channels. The subscribers in 
area 12 are expected to experience smaller blocking 
probability due to the larger number of channels. 

 
 
 
 
 

 
Fig. 1. Two overlapping cells and equivalent routes in a circuit-

switched network with direct routing 

If we denote the number of existing connections in area i 
with m i , then the restrictions are as follows: 

0≤m1≤n1  (1) 

0≤m 2 ≤n 2  (2) 

  0≤m1  + m 2  + m12 ≤n1  + n 2         (3) 
This is equivalent to the circuit-switched network with 

direct routing [2] shown in Fig. 1. The convolution algorithm 
proposed by V. Iversen can be applied to networks with direct 
routing [3]. 

The convolution becomes multi-dimensional, the dimension 
being the number of links in the network. 

In Fig. 2, a system with three cells, which are mutually 
overlapping, is illustrated. Subscribers in the overlapping 
areas (also known as diversity areas) have access to two base 
stations, but not three. When the subscriber is in the area 23 
e.g. and all the channels in area 2 are busy, then we can 
handover the connection to BS3 if it has enough capacity. 
Therefore, subscribers in the diversity areas will experience a 
smaller blocking probability then those in the separate areas. 
The described model (with restrictions on the number of 
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simultaneous calls similar to Eqs. (1), (2) and (3)) is 
equivalent to a circuit-switched communication network with 
direct routing [3]. In the table shown on Fig. 2, the restrictions 
are denoted as links and the number of separate areas as 
routes. For the example regarded, the number of routes 
becomes 6 (there is no overlapping 123 between three cells). 
The algorithm allows calculation of time congestion, call 
congestion, and traffic congestion for BPP traffic. 

 
 
 
 
 
 
 
 
 
 
 

 
 1 2 3 12 13 23 123 

1 1 0 0 0 0 0 0 
2 0 1 0 0 0 0 0 
3 0 0 1 0 0 0 0 

12 1 1 0 1 0 0 0 
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Fig. 3 System with three mutually overlapping cells 

In [5] an analytical model of system behaviour, based on 
the architecture mentioned, is created. It is shown that the 
overload probability depends on the size of the diversity area 
in a similar way as the function in Fig. 3. 

IV. CONCLUSIONS AND FUTURE WORK 

In this paper we applied the convolution algorithm to L  
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calculate the carried traffic per cell when cells overlap and the 
effect of overlapping (to what extent the performance of the 
system is improved when the size of the diversity area is 
increased). The algorithm we used is appropriate for small 
systems. Real systems are usually larger, with base stations 
maintaining greater number of simultaneous calls. Future 
work should include simulation study of the behaviour of a 
larger label-switched network supporting multilink technique. 
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