Performance Analysis of Mobile Radio Networks with Overlapping Micro-cells: Highway Case Study

M. ABDEL-NABY,* M. NOFOL, *S. KHAMES, *H. EL-KHOBY AND M. HASNA
     Department of Electrical Engineering

University of Qatar

P.O.Box 2713 

DOHA, QATAR
Web Page: http://www.qu.edu.qa
Abstract ---- Overlapping coverage of nearby base stations is exploited in order to improve the performance of micro-cellular mobile radio networks. A teletraffic model is developed and the performance is analyzed for the network scenarios when overlapping coverage is and is not utilized. Furthermore, several handover priority policies are considered in the analysis. The grade of service of the network is gauged in terms of the estimation of call blocking rate as well as handover failure probability. Numerical results show that overlapping increases network capacity and improves its performance.
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1 Introduction
In order to design a cellular mobile network and to plan for continuous service demand, communication traffic (teletraffic) engineering formulae are required to gauge its performance and to determine the level of channel provision. In addition, the basic principles of vehicular traffic flow should be addressed in order to understand the interaction between vehicular and communication traffic load. The widespread of cellular mobile all over the world has led many researchers to study teletraffic performance. Significant research efforts has been undertaken to extend classical  teletraffic theory to cellular radio. Bakery and Akroyed [1] extended the classical Erlang and Engset formulae for loss systems and delay systems to take into account the effective increase in traffic due to mobile to mobile calls. Their formulae may apply to single cell and multi-cell mobile radio systems that use fixed channel assignment so that each cell can be treated in isolation. They also derived teletraffic  formulae for time congestion in cellular radio networks operated on a blocked 
*College of Engineering, Tanta University 
calls cleared (BCC) basis and using dynamic and hybrid channel assignment schemes [2]. A good analysis for cellular mobile radio using demand assigned random multiple access request channels and adopting fixed channel assignment was 
carried out by Choudhury and Rappaport [3]. Due to inherent complexity of its dynamic and hybrid channel assignment schemes, the study of the teletraffic was undertaken using computer simulation. Most of these publications considered cellular systems with sufficiently large cells such that handover demand can be neglected.

 In this paper, we apply the teletraffic theory to cellular mobile radio networks. A teletraffic model for the highway microcells is established. New calls in a microcell are generated according to a Poisson microcell process with mean rate of 
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. The number of channels assigned per microcell is N. The call duration follows an exponential distribution with mean
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. Due to the small size of a micro-cell, an active user may experience several handovers during his call. Hence, the call duration is the accumulation of the channel holding time in successive microcells.
The channel holding time 
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is also assumed to be an exponential random variable with mean 
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.therefore, we determine the total requested call rate, 
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 to study the performance of highway micro-cellular systems exploiting overlapping cells. The system is modeled using a Markov process with two arriving streams. The proposed overlapping coverage between highway micro-cells presents an alternative route for calls in crisis [4],[5]. The goal is to improve the network performance and increase its capacity. The highway micro-cellular network is considered as a case study due to its commercial interest. However, the analysis is fairly general for other scenarios.
      The remaining of this paper is organized as follows. Next section presents the system model. Section III introduces the analytical results using various performance criteria. Then, the simulation model is introduced in section IV. Finally, section V shows some numerical examples.

2 System Model
The structure of highway micro-cellular system with overlapping coverage between adjacent cells is shown in Fig. 1.
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Fig.1 Highway micro-cells with overlapping areas between adjacent cells.

The BSs are placed close to each other and extend their coverage beyond its predefined areas in order to produce reasonable overlapping regions. It is through these areas the teletraffic demand can be directed away from heavily loaded BSs. The distance from the center of a micro-cell to its border is
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 and the length of the overlapping zone is w. Let ζ denotes the ratio of the non-overlapping area to the overlapping area of each cell. Hence, the call rate originated in the non-overlapping area is
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 where 
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is the probability that a MS in the non-overlapping area has an adequate signal strength to the current micro-cell of base station 
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. On the other hand, the call rate originated in the overlapping areas and directed to 
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is given by
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where 
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P

is the probability that a new call in the overlapping area that is directed to 
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is blocked, 
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is the probability that a MS in the overlapping area has an adequate signal strength to 
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 is the probability that a MS in the overlapping area receives a signal from 
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 that is greater than that received from 
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is the probability that a MS in the overlapping area receives a signal from 
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 that is greater than that received from 
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. The total new call rate, 
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      Calls will depart from the micro-cell at the end of its coverage area at a distance of 
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. Therefore, the average residing time of new calls originated in the non-overlapping area by a MS traveling with an average speed 
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 is given by
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Consequently, the average channel holding time of new calls being originated in the non-overlapping area is
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For calls originated in the overlapping area, we have two cases. The residing time for MSs who initiated a call in one overlapping area and moving toward the 
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 is given by
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while for a MS moving away from 
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Let β denotes the fraction of MSs that moves into 
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.Hence, the average value of residing time of those calls originated in the overlapping area is
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and their average channel holding time is
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The probabilities that a new call originated in the non -overlapping and overlapping areas may need handover to the next micro-cell are given by
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The residing time of a handover call is given by
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The average channel holding time of handover calls at 
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The probability that a handed over call will need more handover is given by
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Let
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 denotes the blocking probability of new calls in the non-overlapping area, while 
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 represents, as mentioned earlier, the blocking rate of new calls in the overlapping area. handover call rate requested from 
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The average channel holding time, 
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, of all calls being handled by 
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 is the weighted average of channels holding times of all calls. The value of 
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The state transition equations that describes 
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 at statistical equilibrium are given by
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and the idle state 
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3

Performance Criteria
3.1 Blocking Probability of New Calls

New calls originated in the non-overlapping area are blocked due to either no signal strength above threshold is received, i.e.
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 or the signal strength is adequate but no channel is available, i.e. 
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Then the blocking probability of such calls is given by
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        (18) On the other hand, new calls initiated in the over-lapping area are blocked in either of the following            

ways:
· There is no adequate signal strength to any BS, i.e. 
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· There is adequate signal strength to both BSs, but the number of busy channels j 
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 Nc at each BS, i.e.
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· The call has an adequate signal strength to one BS only, but at that BS we have j 
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 Nc,  i.e.   PBSxxPj>Nc 
Therefore, the blocking probability of calls in the overlapping area is
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3.2 Handover Failure Probability

Unlike new calls, handover requests are privileged with channel reservation so that a handover attempt fails only in the following situations:
· There is no adequate signal strength at the border of the micro-cell when and where handover is needed, i.e.(
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· The call has adequate signal strength at the border but there are no free channels at the BS, i.e. 
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Consequently, the handover failure probability is given by
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3.3. Forced Termination Probability

The forced termination probability, PF , and the non-completion probability, Pnc for calls in the overlapping area can be calculated using the following expression
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Fig. 2  Effect of cell overlapping on blocking of new calls, Nh = 0.

4  Simulation Model
A computer simulation model for a micro-cellular mobile radio network with handover non priority and priority schemes for both overlapping and non overlapping systems, respectively, is developed. The micro-cell length L was chosen to be 2000m, the number of channels at each micro-cell was 16 with 0 or 2 channels were exclusively reserved for handovers. Sufficient time was allowed for the system to attain a steady state, and various performance measures were computed for the system as a whole. Call durations were assumed to have a mean of 120s.

       When the user is about to cross the micro-cell boundary while the call is in progress, the handover routine searches for a free channel in the micro-cell into which the user is moving. If a free channel exists, the old channel is released and returned to its micro-cell and the call occupies the new channel in the new micro-cell. If no channel is available in the new micro-cell, the handover process fails and the call is forced to terminate. In our model, the edge cells of the simulated grid were folded to form neighbors to overcome the edge effect.
5  Numerical Results
Fig. 2 displays the fraction of new call attempts that were blocked, PB, as a function of the average  new call rate attempted per microcell with Nh = 0; It is clear that the overlapping scheme resulted in greater reduction in PB . The reduction is due to the alternative routes resulted from directed retry effect of the channel assignment algorithm. This dictates the exploitation of the existing overlapping coverage between base stations. Fig. 3 shows the same situation when Nh = 2. Figs. 4 and 5 display the fraction of handover requests being blocked, Pfh, as a function of the average new call rate attempted per microcell for Nh = 0 ,2 respectively. It is clear that the overlapping scheme improves the performance in comparison with the non- overlapping scheme. The carried traffic is shown in Fig. 6 for Nh = 0. The overlapping scheme results in increasing in the carried traffic, specially when the load for the network increases. The case of Nh = 2 is shown in Fig. 7. The network capacity is displayed in Fig. 8 with Nh =2. The overlapping scheme introduces an increase in network capacity. Finally, the spectral efficiency of the micro-cells is shown in Fig. 9 and Fig. 10.Note that overlapping scenarios improves the spectral efficiency when the number of new calls per micro-cell increases.
[image: image88.emf]10

-1

10

0

0

2

4

6

8

10

12

Average new call rate per microcell

Carried traffic (

Erlang

)

nonoverlapping scheme (N

h

=0)

overlapping scheme (N

h

=0)

10

-1

10

0

0

2

4

6

8

10

12

Average new call rate per microcell

Carried traffic (

Erlang

)

nonoverlapping scheme (N

h

=0)

overlapping scheme (N

h

=0)


Fig 3. Effect of cell overlapping on blocking 
of  new calls ,Nh = 2.
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Fig. 4 Effect of cell overlapping on blocking 
of handover requests, Nh = 0.
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Fig. 5. Effect of cell overlapping on blocking 
of handover requests, Nh = 2.
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Fig. 6. Comparison between overlapping and non-overlapping systems in terms of carried traffic, Nh= 0
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Fig. 7.Comparison between overlapping and non-overlapping systems in terms of carried  traffic, Nh=2
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Fig.8.Network capacity performance of systems     with overlapping cells.


Fig.9.Effect of cell overlapping on 
spectral efficiency, Nh = 0. 

Fig.10 Effect of cell overlapping on 
spectral efficiency, Nh = 2.

6 Conclusion
   The overlapping coverage between adjacent micro-cells can be exploited in order to improve the teletraffic performance of the mobile radio networks and increase its capacity. The overlapping coverage between highway micro-cells proposes an alternative route for calls in crisis. If the channel of a base station is fully occupied, a call that is originated in a region of overlapping coverage may still receive service from other base stations. If there is a hot spot, the neighboring base stations can share the loading. Even under uniform and normal operating conditions, the overlapping coverage can be used to improve teletraffic performance characteristics such as blocking probability and carried traffic.
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