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Abstract 

 

In modern world of telecommunication the demand of high data rates in wireless 
communication has increased rapidly. To meet these demands of higher data rates, the world is 
moving from 3rd Generation (3G) to 4th Generation (4G) technologies. 3G and 4G are 
replacement of Digital Subscriber Line (DSL). Internet Service Providers (ISPs) and 
telecommunication companies are working on these technologies to provide high speed internet 
along with the telephony. Wireless Broadband (WB) users are of two types i.e. fixed and mobile. 
Fixed WB users need to be allocated channels that never face blocking or termination, for this 
purpose they need to be allocated permanent channels. 

In this project, the work has been done on two channel allocation schemes i.e. Reserved 
Channel Scheme (RCS) and No Priority Scheme (NPS). We have introduced permanent channel 
allocation in both these schemes and have performed probabilistic analysis using the Markov 
Chain Model. For the simulation of results, MATLAB is used. On the basis of these simulation 
results, a risk analysis has been performed using @ Risk tool. This tool has given much more 
detailed results than MATLAB. Then on the basis of MATLAB and @ Risk results physical 
testing is performed followed by the methodology to get the project approved for physical 
testing, the conclusion and future recommendations are given at the end of this project report. 
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1 Introduction 
 

1.1 Background 
In modern world telecommunication demand of high data rates in wireless commnication has 

increased rapidly. It is due to this fact that world is moving towards 3rd Generation (3G) and 4th 
Generation (4G) tecnologies.  

Before Wireless Broadband (WB) was introduced in the cellular networks, channel allocation 
was restricted only for calling and handover purpose. Now in Next Generation wireless 
technologies, channel allocation for WB users has also been introduced. There are two kinds of 
WB users: 

 Fixed Wireless Broadband users: Users with no mobility; remain in same cell of a 
wireless cellular network. These users must be provided with permanent channels so that 
they never face blocking. 

 Mobile Wireless Broadband users: Users with mobility; can move from cell to cell in a 
wireless cellular network. These users can not be provided with permanent channels as 
they move from cell to cell. When a user moves from one cell to another cell, handover is 
performed. This means that channel of previous cell has to be released and new channel 
from the new cell has to be allocated. 

Before we continue further towards our goals we need to understand a few things briefly as 
follows:  

1. Cells in a Wireless Cellular System 
2. Handovers 
3. Markov’s Chain Model 
4. No Priority Channel Allocation Scheme (NPS) 
5. Reserved Channel Allocation Scheme (RCS) 

It is important to understand these because the probabilistic analysis consists of four 
probabilities, i.e. Call Blocking Probability, Handover Failure Probability, Forced Termination 
Probability and Not Completed Calls Probability, in NPS and RCS using Markov’s Chain 
Model. So, we need to know what are handovers and cells in a cellular system. 

1.1.1 Cells in a Wireless Cellular System 
 If two users in a wireless system are very close to each other they may face a large amount 

of interference with each other. To overcome this interference concept of cellular network was 
introduced. In this concept the geographical area is divided into polygons. The frequency band 
allocated to the wireless cellular network is divided into sub frequencies known as channels. 
Each cell has a Base Station (BS) which is provided with a set of channels that are used for calls 
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and handover purposes in that specific cell etc [1].  There are different types of cells used in a 
wireless cellular network; mainly used ones are Hexagons as shown in figure 1.1. 

 

Figure 1.1: Cells in a Wireless Cellular System [1]. 

1.1.2 Handovers 
Handover is performed when a users moves from one cell to another cell in duration of a call. 

It means that channel from the previous cell is released and a new channel is allocated from the 
destination cell to the user without dropping of the call. This job is done through handover 
channels. These channels are assigned to the user temporarily when it moves from one cell to 
another cell until a new channel is assigned to the user from the destination cell. There are two 
types of handovers i.e. Hard Handover and Soft Handover [1].  

 Hard Handover: Break before make: In this type of handover previous channel from 
previous is released first then a new channel from new cell is allocated.  

 Soft Handover: Make before make: In this type of handover new channel from the new 
cell is allocated first and then the previous channel from the previous cell is released. 

1.1.3 Markov’s Chain Model 
Definition: “Sequence of stochastic events (based on probabilities instead of certainties) 

where the current state of a variable or system is independent of all past states, except the 
current (present) state” [3]. Examples: Movements of stock / share prices, and growth or decline 
in a firm's market share [3]. 

1.1.4 No Priority Channel Allocation Scheme NPS 
In NPS, channels in a cell of a wireless cellular network are allocated with no priority, which 

means that all jobs performed in the cell, i.e. calls and handovers, have the same priority for 
channel assignment. This scheme works on first come first serve basis. A job which will come 
first will be assigned a channel. If all channels are busy, new job initiated will face blocking [2]. 
As this is a no priority scheme, permanent channel allocation should not have any effect. 
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1.1.5 Reserved Channel Allocation Scheme RCS 
In RCS, channels in a cell are reserved for different jobs. Some channels are reserved for 

handovers and rest of the channels is used for calling purpose. The channels reserved for 
handovers cannot be used for calling purpose and vice versa [2]. Now in case of permanent 
channel allocation we will see in the analysis part that what effect is produced on RCS. 

Before, NPS and RCS were used for Personal Communication System (PCS) which had no 
support for WB [2]. So there was no need for permanent channel allocation. We are going to 
perform probabilistic analysis on these schemes under the conditions of Next Generation 
Wireless Technologies by introducing permanent channel allocation. 

After all the basics we move towards our research question. Our actual work comprises of 
four probabilities as follows: 

 Call Blocking Probability 

 Handover Failure Probability 

 Forced Termination Probability 

 Not Completed Calls Probability 

 In the simulation and results part it will be seen that what is the effect of permanent channel 
allocation on above mentioned probabilities in Reserved Channel Allocation Scheme (RCS) and 
No Priority Channel Allocation Scheme (NPS) using the Markov’s Chain Model?  

1.2 Goals 
We have categorized our goal as follows: 

Technical Goal: detailed analysis of NPS and RCS for next generation wireless technologies, 
using the above mentioned probabilities, through Markov’s Chain Model and to conclude that 
which scheme works best for which traffic conditions provided by a well known service 
provider. 

Practical Validation and Integration: To provide practical validation of the technical goal and 
show the managerial integration of this research work within the service provider area.  

1.3 Scope 
Scope of this project is to target the modern telecommunication organizations of Pakistan 

that are currently working on next generation wireless technologies mainly 3G and 4G. 

1.4 Methodology 
The methodology that we will follow to complete the project and answer the research 

question is as follows: 
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 Perform Analysis of NPS and RCS using Markov’s Chain Model by including the 
permanent channels using the data provided by a well known service provider. 

 Use MATLAB and @ Risk for the results and their graphical representation 

 To provide practical validation and verification of the simulation model of MATLAB and 
@ Risk.  

 Provide managerial integration of this research work with the service provider area 

 Conclude on the results obtained from MATLAB and @ Risk that which scheme is 
suitable for which conditions and see whether the results coincide with the practical 
experimenting 
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2 Analysis 
 

In this chapter we are going to perform the mathematical analysis of NPS and RCS using 
Markov’s chain model, considering the permanent channel allocation. This mathematical 
analysis is for finding the equations for: 

 Call Blocking Probability	 : when a new call is initiated, due to unavailability of 
channel its faces blocking ( all channels busy) 

 Handover Failure Probability : when a new user moves into a cell and call is 
dropped because of channel unavailability (all channels busy) 

 Forced Termination Probability : a user moved into an adjacent cell and faces 

blocking when he comes back into the cell he left just moments ago (all channels busy) 

 Not Completed Calls Probability : all calls that were not completed due to above 
three probabilities  

 The equations used for the analysis are the modified forms of the equations in [2]. For the 
analysis we first describe a few parameters that will be used by both NPS and RCS in the 
analysis. These parameters are as follows: 

 Job arrival intensity is given by  

 Handover arrival intensity is given by  

 Permanent job arrival intensity is given by  

 Service intensity with handovers involved is given by μ  

 Service intensity for a job within the cell is given by μ  

 Service intensity for a permanent job is given by μ  

2.1 No Priority Scheme Analysis using Permanent Channels 
In NPS, as discussed in the previous chapter, we have no priority for channel allocation, so 

any job that arrives in cell first will be allocated a channel (first come first serve). If we have 
total ‘a’ channels then the total number of states in the Markov chain model will be ‘a’.  

 

Figure 2.1: No Priority Scheme state diagram. 
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Figure 2.1 shows the state diagram representation of NPS where,  because  is 

the total arrival intensity of the cell and is given by adding up all the intensities. We see that  is 
same for all the states, this is because all jobs have same priority. Now the service intensity is 
also given by adding up all the service intensities present in the cellμ μ μ μ . 

From figure 2.1, the probability of j states (0 ) is given by: 

!
																																																																																		 1  

Value of  is found by using the normalization equation [2] i.e.  

1																																																																																			 2  

By using the equation of  and putting the values of	  and  in equation 1 we get 

μ μ μ
!

∑
μ μ μ

!

																																																																		 3  

If we see the chain model in figure 2.1, the equation for ‘a’ states comes out to be same as ‘ ’ 
states as the arrival rate is same for all the states, so it will be given by  

μ μ μ
!

∑
μ μ μ

!

																																																																	 4  

Now the handover failure probability and blocking probability is same as the ‘ ’ because all the 
jobs in NPS have same priority, so they also have same probability to be dropped whether the job 
is handover or an initiated call.  

	 																																																																												 5   

The difference here from PCS in [2] is that we have included  and μ  for permanent channels 

in NPS. Further we will see the effect of permanent channels on NPS in the simulations part. 
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2.2 Reserved Channel Scheme Analysis using Permanent Channels 
In RCS, as discussed earlier, for every job, whether it is a call or handover, channels are 

reserved. Here if we have ‘a’ total number of channels we reserve ‘ ’ channels for handovers 
and ‘ ’ channels for permanent channel allocation. So the equation for the total available 
channels for calling purpose is given by ‘ ’: 

																																																																									 6   

The total states in the Markov chain model are ‘a’ which is same as the total number of channels. 

 

Figure 2.2: Reserved Channel Scheme state diagram. 

Figure 2.2 shows the state diagram representation of RCS where,	 	 	 		, 	

	 	  and the total service intensity is same as in NPS i.e.	μ μ μ μ . 

From figure 2.2 we have two equations for  i.e. 

!
																	 		0 																																		 7  

!
							 	 																																			 8  

We get the value of  by using the equation (2) 

1

∑ ! ∑
!

																																																			 9  
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 According to [2] the blocking probability and handover failure probability for RCS is given by 
equation 10 and 11 respectively 

																																																																									 10  

																																																																													 11  

Equations 7, 8, 9, 10 and 11 depend on the values of  and  which depend upon values of  

and	μ . Values of  and	μ  are for permanent channels and were not part of PCS in [2]. 

2.3 Pft and Pno Equations for NPS and RCS  
To calculate the probabilities of forced termination and not completed calls the equations in 

[2] are used as it is in MATLAB. These equations are dependent on the modified equations of  
and	  given above for both NPS and RCS. For uniform conditions the equations will be [2]: 

1
1

1
																																																															 12  

1

1
																																																																			 13  

2.4 Parameters for Simulation results 
Parameters that we will use for the simulation purpose are given by the general equations of 

tele-traffic and queuing theory. Job arrival intensity depends upon offered traffic by the cell and 
the service intensity given by equation 14: 

																																																																									 14  

So the equations of all the service intensities required for simulation purpose are: 

																																																																							 15  

																																																																							 16  

																																																																							 17  

Service intensities are given by the mean service time which is the time for which a job is 
accommodated and is defined by:	 

̅
1
	

																																																											 18  
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So the equations for service intensities required for simulation purpose are: 

̅
1
																																																																								 19  

̅
1
																																																																								 20  

̅
1
																																																																								 21  
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3 Simulations and Results 
 

In this chapter we have performed our simulations using MATLAB and @ Risk. Using the 
MATLAB we have plotted graphs between the number of channels and the probabilities 
explained in chapter 2. Using @ Risk we have further explained the probabilities by stochastic 
process.  

The obtained results in this chapter are based on the data provided by a well known 
telecommunication service provider in Pakistan. In the Radio Frequency department of the 
service provider the cell planning division has provided following images, i.e. Figures 3.1 and 
3.2, of the cell breakdown and channel allocation structure of the Lahore sector in Pakistan. 

  

Figure 3.1: Original View of Lahore City. 
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Figure 3.2: Cell Breakdown Structure and Frequency Channel Allocation of Lahore City. 

The MATLAB test results are based on the data related to the highlighted area in Figure 3.2. The 
data of the highlighted area in figure 3.2 is further shown in table 3.1 in detail. We have reduced 
the total number of channels from 530 to 140 channels. This is because the deviser in the formula 
gives very small values and MATLAB starts considering it as zero hence showing the results as 
infinity. So to match the results for the real time testing we have also reduced the ratio of the 
percentage for the handover and permanent channels (i.e. 73.5 % reduced) as shown in table 3.1. 

Table 3.1: Channel Allocation of Highlighted portion in Figure 3.2. 

Sr. 
No 

Parameters for Testing No. of Channels Reduced No. of Channels 
for Simulation Results 
(73.5 % reduced) 

1 Total Number of Channels 530 channels 140 channels 
2 % No. of Channels reserved for 

handovers  
20% = 106 
channels 

20 % = 28 channels  

3 % No. of Channels for Permanent Users  10% = 53 channels 10 % = 14 channels 
 

Following are the results of the simulations performed using MATAB and @ Risk. 

3.1 MATLAB Results: 
For running the simulation test results values from the table 3.1 are considered i.e. total 140 

channel out of which 20 percent are reserved for handover purpose and 10 percent are used for 
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permanent channel allocation. In these results we have also included RCS with no permanent 
channels so that we can compare our result after including the permanent channels. 

3.1.1 Call Blocking Probability 
Figure 3.1 gives the plot of call blocking probability against the number of channels for NPS 

and RCS. 

                                                  
Figure 3.1: Call Blocking Probability. 

We see that after the introduction of permanent channels NPS shows low probability than 
RCS. This is because there are no channels reserved for any job so all channels are available for 
calls. A call will only be blocked if all channels are busy. In RCS we have more blocking 
because we have reserved 30 percent channels for handover purpose and 10 percent are used for 
permanent allocation so the channels left for calling purpose are less than NPS. 
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3.1.2 Handover Failure Probability 

                                                    
Figure 3.2: Handover Failure Probability. 

Figure 3.2 gives the plot between handover failure probability against the number of 
channels for NPS and RCS. We see that handover failure in NPS is more than RCS this is 
because in RCS we have reserved channels for handover purpose and these channels cannot be 
used for any other job. 

3.1.3 Forced Termination Probability 

                                                        
Figure 3.3: Forced Termination Probability. 

Figure 3.3 gives the plot between forced termination probability and number of channels. 
Result is almost same as handover failure. This is because forced termination is also same as 
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handover failure difference is only that, handover failure occurs when user comes back in the 
same cell where call was originated and faces blocking. 

3.1.4 Not Completed Calls Probability 

                            
Figure 3.4: Not Completed Calls Probability. 

Figure 3.4 gives the plot between the not completed calls probability and the number of 
channels. We see from the figure 3.4 that RCS shows more not completed calls than NPS. This is 
because the conditions set are for uniform traffic so if we had irregular traffic the results would 
have been different depending on the traffic. Here in NPS we have all channels available for any 
job i.e. handover, calling or broadband connection but in RCS channels are reserved for different 
mentioned job. So in RCS we have more probability that calls made may not be completed due 
to less number of channels available for calling purpose. 

3.2 @ Risk Results: 
These results depend upon the probability values taken from the MATLAB results. There 

can be lots of results based on the values taken from MATLAB but here we have taken few data 
to make our results understandable and short. Probability values taken are for 140 channels under 
the same conditions i.e. 20 percent channels for handovers and 10 percent for permanent channel 
allocation. For channel allocation we have two possibilities either the channel is available or not 
available same as the number of trial for a coin toss. So we have number of channels and their 
corresponding probabilities, we will put these values in @ Risk using the RiskBinomial() 
function and get the required graphs. Here we have considered only RCS and NPS with 
permanent channels. One thing else to keep in mind is that 20 % of 140 is = 28 and 10 % of 140 
is = 14, so we have 28 channels reserved for handovers and 14 for permanent channel allocation. 
Now channels remaining for calling purpose in RCS are 140 – (28+14) = 98. So in results for 
NPS we will use 140 channels and for RCS we will use 98 channels. 
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3.2.1 Blocking Probability 
 

                                                      
Figure 3.5: Binomial distribution for NPS Blocking Probability. 

                                                      
Figure 3.6: Binomial distribution for NPS Blocking Probability. 

Figure 3.5 gives the histogram for the binomial distribution of Blocking Probability for 
NPS. The data used to get figure 3.5; Blocking Probability = 0.0800 and No. of Channels = 140. 
Figure 3.5 tells us that according to the data provided, the channels that will not be available will 
lie mostly between 3 and 21. The mean value = 11 app. tells us that this is the value which is 
most likely to occur which means that most of the time 11 channels will always be busy. If we 
see the occurrence in figure 3.5 we see that there are 13 % chances that 11 channels will be busy 
every time. Horizontal bar below the figure shows us the percentage of a specific range. The 
vertical boundaries of the shaded portion in Figure 3.5 can be moved in the @ Risk to see that 
how much is the percentage of blocking for the specific range. In case of Figure 3.5 we see that 
there are 90 percent chances that channels from 6 to 16 will be busy. In figure 3.6 we have 
moved the boundaries and we see that there are 95 % chances that channels from 6 to 21 will be 
busy. 
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Figure 3.7: Binomial distribution for RCS Blocking Probability. 

Figure 3.7 gives the histogram for the binomial distribution of Blocking Probability for 
RCS. The data used to get figure 3.7is, Blocking Probability = 0.3042 Number of Channels = 98. 
Figure 3.7 shows that busy channels are within the range of 20 to 47 channels app. and there are 
90 percent chances that channels from 22 to 37 will be busy. Mean is 29 app., which shows that 
29 out of 98 channels will be busy most of the time. Occurrence tells us that with given data 
there are 8.5% chances that 29 channels app. will be busy every time. 

3.2.2 Handover Failure Probability 

                                              
Figure 3.8: Binomial distribution for NPS Handover Failure Probability. 

We see that Handover Failure Probability for NPS is same as the Blocking Probability i.e. = 
0.0800. Figure 3.8 yields same result as Figure 3.5. This is because channels that are busy cannot 
be used for any job i.e. either handovers or for calling purpose. Handover failure will occur only 
if channels are busy and the busy channels probability is 0.0800 so the handover failure 
probability is also same. 
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RCS Handover Failure Probability = 8.5726 ×10  which is approximately = 0. RCS has 
reserved channels for handover purpose and permanent allocation, so rest of the channels, 
whether busy or not, will not have effect on handovers. So for such a small probability value it is 
not possible to draw binomial distribution of RCS Handover Failure Probability  

3.2.3 Forced Termination Probability 

                                                      
Figure 3.9: Binomial distribution for NPS Forced Termination Probability. 

Figure 3.9 gives the histogram for the binomial distribution of Forced Termination 
Probability for NPS. The data used to get figure 3.9 is, Forced Termination Probability = 0.0370 
and No. of Channels = 140. Figure 3.9 shows that channels from 0 to 12 will not be available to 
the user when it comes back into the home cell from where the call was originated and if user 
tries to connect to these channels its call will be forcefully terminated. In simple words channels 
from 0 to 12 will not be available for handover purpose.  

RCS Forced Termination Probability = 4.2863×10  which is approximately 0. This is 
because forced termination depends on handovers and we have channels reserved for handover 
purpose in RCS. So for such a small value it is not possible to draw a binomial distribution for 
RCS Forced Termination Probability.  
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3.2.4 Not Completed Calls Probability 

                                                      
Figure 3.10: Binomial distribution for NPS Not Completed Calls Probability. 

Figure 3.10 gives the histogram for the binomial distribution of Not Completed Calls 
Probability for NPS. The data used to get figure 3.10 is, Not Completed Calls Probability = 
0.1482 and No. of Channels = 140. Figure 3.10 shows that, 7 to 37 are the channels at which 
probably calls were not completed. They were either blocked due to busy channels or were 
dropped due to handover failure and forced termination. 

                                                      
Figure 3.11: Binomial distribution for RCS Not Completed Calls Probability. 

Figure 3.11 gives the histogram for the binomial distribution of Not Completed Calls 
Probability for RCS. The data used to get figure 3.11 is, Not Completed Calls Probability = 
0.3042 and No. of Channels = 98. We see that it is same as the Blocking Probability result for 
RCS. This is because the handover and forced termination probabilities are approximately 0 for 
RCS, so they have no effect on not completed calls probability for RCS. 

In the next chapter we will see the practical testing results in comparison with this 
simulation model and the managerial part for the approval of testing environment. 



 
 

20 
 

 

 

 

 

 

 

 

 

4 Practical Validation and Managerial Integration 
 

After the simulation model of this project let’s move towards the practical validation of this 
project and managerial part as defined in the goals. Our target is to verify the simulated model of 
this project in chapter 3 and in doing so we will focus on the managerial integration for testing 
the project. In this chapter practical graphical results are not included but just the summary of the 
comparison with my simulated model, because of the restrictions from the organization that 
carried out the tests. 

For the practical testing of the project before approaching any company I had to be sure that 
my work is worthwhile to be tested so for the validation of the simulation results and to get an 
expert opinion on this work, I interviewed and discussed it with the RF (Radio Frequency) 
Executive Officers at a well known Telecommunication Operator in Pakistan. They gave some 
very useful and helping comments on this work after showing it to their team and getting their 
opinion as well. Following is the summary of their expert opinion: 

4.1 Expert Opinion 
"According to the experts currently in Pakistan, Telecommunication Companies/Operators 

are doing a swap from existing GSM (2G Network) to UMTS (3G Network) and then in the near 
future to 4G LTE Networks. Usually, Dynamic Channel allocation schemes are preferred now a 
day to overcome the general traffic issues. But they have many drawbacks as well. So a Hybrid 
solution of static and dynamic channel allocation is more suitable. The 3G and 4G networks are 
having some specific users only using wireless broadband. These types of users need 
connectivity all the time. Disconnectivity in their case is intolerable. So it is a very good idea to 
have specific allocated channels for them, as in this report we have talked about the permanent 
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channel allocation. This will decrease their probability of blocking and increase the Quality of 
Service (QoS).  

The analysis using @Risk tool is very interesting and helpful. It can predict the exact 
number and group of channels that will be mostly busy, in other words we can have a future 
forecasting for the engineers working in this field. So it is good to know before time as it will 
reduce the risk factor of blocking. The other groups of channels can be assigned to users who are 
requesting for channel allocation. This will decrease the overall blocking probability of the 
network and the QoS is automatically increased. The future recommendations of this work are 
practically very helpful while dealing with the call blocking and channel allocation issues." 

After getting the expert opinion I contacted some high officials of a high profile telecom 
organization. They agreed to provide me support for my project. To convince them I had to 
devise an approval methodology for the physical testing of my simulation model. 

4.2 Methodology 
The methodology is developed together with the higher authorities of the a well known 

telecom organization. It includes the preliminary work which will provide the basis for the RF 
officer to provide a report to the company officials for the approval of the Physical testing.  

4.2.1 Why Test This Project (Need Analysis and Motivation) 
Our project is based on two simulation models MATLAB and @ Risk. The simulation results 

of MATLAB show a very detailed analysis (by giving different values of probabilities discussed 
in previous chapters) using the permanent channels in NPS and RCS. Then by using @ Risk we 
get almost the exact channels that are facing the issue. these two results i.e. MATLAB and @ 
Risk have their own advantages. MATLAB results mainly help us in prioritizing the users that 
cannot face blocking at any cost, secondly, @ risk results give knowledge of the channels that 
face the issue this result helps us in allocating those channels to the high priority users that are 
free. These results need to be verified using practical testing in order to be approved for 
implementation. Currently in Pakistan 3G is under implementation and testing phase as 
mentioned earlier. If we test out project in the current scenario then it can be integrated with the 
ongoing testing of the 3G implementation very easily. But once the 3G technology is established 
then it is going to be difficult to integrate and validate it. To be more specific and to motivate 
different point of views are given as follows: 

Business Point of View 

According to Permanent Channel Allocation: Based on the above expert opinion if a telecom 
company allocates permanent channels to its important wireless broadband users they can attract 
a huge number of companies e.g. banks for instance cannot face blocking just even for one 
minute as they will face a huge amount of loss in terms of money, so if they are promised that 
they will be allocated permanent channel and probability of blocking will almost be zero, they 
will be ready to pay for better QoS. 
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According to @Risk Analysis: From the business point of view we first need to understand the 
procedure followed by the telecommunication companies in Pakistan when blocking occurs. The 
procedure described is based on my personal experience as an internee in Ufone 
Telecommunications and the opinion of RF Engineers working in other telecom industries in 
Pakistan. Procedure is as follows: 

 When complaints regarding call dropping issues are received in call center they are 
forwarded to the RF optimization department 

 RF optimization department runs a test for the verification that whether the complaints 
received are true or not. This test includes a hit and trial method i.e. a set of calls is made 
on different networks of different fixed durations using a technical software called TEMS 

 After this a report is generated on the basis of these tests and is sent to the concerned 
department to take necessary actions to resolve the issue 

This call testing requires a lot of time and money as number of call tests are made almost every 
day in different places wherever there are call dropping issues. I will explain this further with the 
example of a scenario that I faced when I was working in Ufone Pakistan as an Internee, i.e. 

 After receiving complaints regarding call dropping in the Lahore region, I personally 
made 150 calls in one day, each of 3 min duration 

 These calls were made in sets of 50 calls on different networks, i.e. 50 calls within the 
same network, 50 calls on the other mobile operator and 50 calls on Landline Network 

 Then a report was generated and sent to the concerned department for further process 

This process of call testing, in terms of time and cost can best be understood by the following: 

 During this whole test, time taken was 3*150 = 450 min = 7.5 hrs 

 Cost for one call currently in average is 1.5 Rupees in Pakistan, so for 150 calls it is = 
225 Rs.  

 Now at the same time these tests were being performed in the other regions as well 

 If we multiply the cost of all the tests, it turns out to be a huge figure e.g. if in average 20 
tests are run everyday then in a month it is going to be 30*20=600 

 This means 600 tests in one month. Now if cost of one test is 225 Rs then the cost in one 
month will be 600*225=135000 Rs. which is not a small figure. 

These figures are just rough exemplary calculations; according to the RF Executives working in 
Telecommunication industry figures are much higher. This means that from business point of 
view these tests are: 

 Waste of huge amount of time; as an engineer remains busy for the whole day just 
performing these tests calls 

 Waste of huge amount of money 
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 Wastage of frequency channels i.e. these test calls occupy frequency channels which are 
not usable by the customer 

Now according to the opinion of RF Engineers the simulation model in this project, if followed, 
can appreciably reduce the running cost and time of the telecommunication companies/operators. 
In their opinion: 

 If the Engineers have a system in which they can come to know before time and forecast 
that how many and which channels will be busy at a particular time, they can distribute 
them in a way that blocking will almost be removed. The Engineers will just be required 
to calculate the blocking probability according to the traffic conditions in a specific 
region 

 The less call dropping complaints will be received, ultimately resulting into immense 
reduction of the above mentioned tests, thus saving appreciable cost and time 

 Customers with high priority can be allocated channels from the range that does not lie in 
the busy channels resulting in less blocking, this will increase the popularity of the 
company and more customers will be attracted 

Besides this we also need to take a look at the broader view of the project according to the 
market point of view, because we need to answer two main questions for convicing the Operator 
end to test the project i.e.: 

 to see what could be the target market of the project? and  

 will the target market be ready to pay the price for permanent allocation? as obviously it 
will not be for free 

Market Point of View: 

Market point of view is very important because of the above two questions, we need to 
convince the testing organization. So for this purpose I conducted a small survey based on formal 
interviews with the bank managers and some corporate offices that can be the best suitable target 
market from profit point of view. The result of the survey are shown in Figure 4.1 
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Figure 4.1: Pie Chart for the Target Customers 

The results of the market survey were good enough for the need analysis of testing as we 
can see in the Figure 4.1 that 84 % out of 82 customers completely agreed, 11 % may agree and 
the customers that did not agree were only 5%. The customers who did not agree were using Old 
technology (Digital Subscriber Line) for the broadband purpose so if they upgrade to the new 
technology (Wireless Broadband using 3G) they may also agree to convert to permanent channel 
allocation. 

After the Need Analysis the next important part of the methodology is to define the trials 
required to perform the tests. 

4.2.2 Trials to perform Tests 
 To perform the trials for testing purpose the highlighted cell in Figure 3.2 is chosen in the 
Lahore sector, specifications of this cell are given in the Table 3.1. The specifications of Trials to 
be performed are as follows: 

 The frequency channels in highlighted cell in Figure 3.2 need to be completely available 
for 2 hrs between 6 am to 8 am every day for one week. One hour for NPS testing and 
one hour for RCS Testing  

 20 % of the total channels need to be fixed for Handover purpose and 10 % for 
Permanent allocation. 

 One Engineer will perform Drive testing during the allocated 2 hrs. (Drive testing is used 
to monitor the traffic of the cell using a live software "TEMS Investigation software", 
usually a car is required to do that because each part of the cell needs to be covered) 

 After this the Engineer will  prepare a report based on the Drive Test that how much 
results vary from the above mentioned simulated model 

84%

5%

11%

Total Customers Interviewed = 82

Agreed for
Permanent Channel
allocation

Not Agreed for
Permanent Channel
Allocation

May be agreed
according to the Cost
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4.2.3 Time Line for Testing 
An important part is also the time line of the testing period. These tests will be performed 

every day for one week only, shown in Table 4.1. 
 

Table 4.1: Timeline of the Physical Testing 
Total Testing Duration Days Every day Testing 

Duration 
One Week 7 Days (Mon to Sunday) 2 hrs (6 am to 8 am) 

4.2.4 Resources Required 
 After defining the trials and their time line we now need to see that what resources will 
be required for performing these trails because based on these resources we will be able to 
perform the Cost Analysis of the Physical Testing. Resources required are as follows: 

 Frequency channels of the highlighted cell in Figure 3.2 for 2 hrs every day for one week 

 One Engineer to perform the Physical trials of the testing 

 A car and fuel for Drive Tests 

 TEMS Investigation Software 

 A Workstation note book to run the TEMS investigation software 

4.2.5 Cost Analysis for Testing and Financial Viability 
 Based on the resources required, the cost of the testing is divided into two parts i.e. 
Capital Expenditure Cost (CAPEX) and Operational Expenditure Cost (OPEX). 

CAPEX: After consulting the officials at the Organization conducting the tests, the cost for the 
resources associated with CAPEX is ignored. This is because these resources were already 
available at the company. So now only OPEX is taken into account. 

OPEX: The summary of the operational cost is given in the Table 4.2. Before that we need to do 
some calculations (the figures are provided by the company officials): 

1) Average no. of user entering the cell per day between 6 am to 8 am = 1000 Users / Day 

So for one week = 1000 * 7 =7000 Users / Week 

Average amount affected per user per day = 5 Rs. 

So for the whole week = 5 * 7000 = 35,000 Rs. 

The cell selected is Low traffic cell and the timings 6 am to 8 am are the ones in which the 
average mobile traffic entering the cell every day is also low, so the affected cost calculated 
above is the minimum affected cost. As the channels of the cell under testing will be busy so the 
users entering the cell between 6 am to 8 am will be entertained by the channels of the 
neighboring cells. 
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2) The sub contractor is already working on 3G projects with the Testing organization so they 
will not be paid extra for this testing, as it is already in their contract that related to 3G testing 
they will perform any new test experiments for free. But the extra wages to the provided 
engineer will be paid by the Testing organization. 

3) The engineer that will perform Drive Testing will work in odd timings from 6 am to 8 am and 
also on week end i.e. Saturday and Sunday, so he will be paid extra. We do not need to hire a 
new engineer. The engineer will be provided by the subcontractor company but the testing 
organization will pay the extra wages mentioned as follows: 

Per Day Extra payment else than salary = 1000 Rs. /day = 5 * 1000 = 5000 Rs. (for 5 Days) 

Extra payment on Saturday and Sunday = 2000 Rs. /day = 2* 2000 = 4000 Rs (for 2 days) 

Total Extra Payment for testing period other than Salary = 9000 Rs.  

4) Test testing will require to check the outcome of the project in different areas of the cell so: 

Average calculated distance to be covered per day between 6 am to 8 am = 20 Kilometers 

Cost of fuel per liter in Pakistan = 114 Rs. / Litter 

Average running of the car provided for testing = 12 Km /Litter 

Average Cost of Fuel per day = 2 Litters /Day = 2 * 114 = 228 Rs. /Day 

Total fuel for testing = 7 * 228 = 1596 Rs. 

 

Table 4.2: Summary of the OPEX 

Sr. 
No 

Parameter Cost 

1 Frequency Channel Occupancy; 2 hrs everyday for one week 35,000 Rs. 

2 Sub Contractor payment for providing Engineer for Drive Testing 0 Rs. 

3 
Engineer's Extra Wage for conducting Drive Tests at Odd Timings 

i.e. 6 am to 8 am including Weekend 
9000 Rs. 

4 Average fuel for the testing period 1596 Rs. 

 Total Operational Cost of Testing Period 45,596 Rs. 

 

Financial Viability: According to the officials of the testing organization the budget for testing 
this project must be under 50,000 Rs. otherwise the exceeding amount will not be entertained. 
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Our cost analysis indicates that the project is financially viable as the cost is under the provided 
budget. 

 After the cost analysis here I have given brief introduction of the managerial hierarchy 
which is followed by the Testing Organization for the approval of Physical testing. 

4.2.6 Managerial Hierarchy for the approval of testing   
 There are different departments in the every telecommunication operator; the department 

that is of our concern is Radio Frequency (RF) Department. The hierarchy followed in the RF 
department of the concerned Telecom Organization is shown in Figure 4.2. 

 

 
 

Figure 4.2: Hierarchy followed for the approval of the project Testing. 
 

 The report for the testing approval was developed by RF Officer based on the analysis 
and data provided in the previous section of this chapter. i.e. section 4.1 and 4.2. As the Project 
had enough need analysis with a good market survey ration and was financially viable it was 
approved for Physical testing. 

4.3 Physical Testing  
The physical testing involved two main parts as in our simulation model i.e. 

 NPS and RCS Performance including permanent channel allocation 

 @ Risk Analysis for channel blocking 

 Due to the limitations and restriction from the testing telecom organization I was not 
allowed to share the results of the TEMS investigation software output, but just the values that 
how much the real time results coincide with my simulated values. The results that I am allowed 

Chief Technical Officer (Final Approval)

Director (Final Recommendation for 
approval)

Manager (Provides Comments based on 
the openion of RF specialist)

RF Specialist (Provides technical opinion 
on the proposal)

RF Officer (Prepares the Proposal for 
testing, based on need analysis)
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to share are the error probability values of the real time testing with my simulated data shown in 
Table 4.3 and Table 4.4. 

Table 4.3: Error Probabilities for MATLAB Simulation. 

Sr. 
No. 

Parameters (with permanent channels included for 
wireless broadband) 

Average Error 
Probability Ratio b/w 
Real Time results and 
Simulated results 

1 NPS Blocking Probability 6 % 
2 NPS Handover Failure Probability 7 % 
3 NPS Forced Termination Probability 7 % 
4 NPS Not Completed Calls Probability 9 % 
5 RCS Blocking Probability 6 % 
6 RCS Handover Failure Probability 5 % 
7 RCS Forced Termination Probability 5 % 
8 RCS Not Completed Calls Probability 9 % 

 

Table 4.4: Error Probabilities for @Risk Simulation. 

Sr. 
No. 

Parameters (with permanent channels included for 
wireless broadband) 

Average Error 
Probability Ratio b/w 
Real Time results and 
Simulated results 

1 NPS Blocking  5 % 
2 NPS Handover Failure  5 % 
3 NPS Forced Termination  6 % 
4 NPS Not Completed Calls 9 % 
5 RCS Blocking  7 % 
6 RCS Not Completed Calls 9 % 

 

 In the next chapter the managerial difficulties faced for the project approval, conclusion 
and the future recommendations are provided according to the methodology and results obtained. 

5 Conclusion and Future Recommendations 
 
This chapter contains the conclusion and future recommendations of the whole project. 

Before we move towards the conclusion some managerial difficulties are explained that were 
faced for the testing approval of the project. 
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5.1 Managerial Difficulties and Limitations 
 In any high profile organizations it is not easy to convince the company managers and 
high officials for some new technology testing. It took me six months just to reach out to the 
correct person and to persuade him that my work is worthwhile for physical implementation. The 
main difficulties faced are as follows: 

5.1.1 Market Analysis 
 The market analysis was of its impotence as it was required to convince the high officials 
of the testing organization that this project if implemented will provide them with good amount 
of customers. As mentioned earlier that 3G technology has not yet started in Pakistan and it is in 
progress so before taking any point of view of the customer we had to convince them in a layman 
language that this technology will benefit them which is not an easy job to do. the results are 
shown in the figure 4.1.   

5.1.2 Frequency Channel Occupancy Issue 
 This was the major issue faced which took a lot of time to be resolved because no 
organization would allow a whole cell to be occupied completely as it creates complex traffic 
issues. The users entering the cell have to be routed to the neighboring cells which creates an 
issue of Quality of Service (QoS) i.e. majority users face call blocking and call dropping. Now it 
is obvious that in real world this cannot be resolved completely so to overcome this I had to do 
major homework with some officials at the testing organization to chose a low user cell area for 
testing and also the time slot at which the traffic was minimum. 

5.1.3 OPEX issue 
 This was much more dependent on the channel occupancy issue because we had been 
told by the officials of the testing organization that we cannot exceed the budget of 50,000 Rs. 
So the only advantage was that the capital expenditure was excluded and we managed to reduce 
the budget within the provided figure. Shown in Table 4.2 

 The expert opinion helped us in getting this project to the completion phase as it mattered 
quite a lot to the official of the Testing organization. The Conclusion is based not only on the 
simulation model but also on the physical testing of the simulation model. 

 

5.2 Conclusion 
 In 3G and 4G technologies for Wireless Broadband Access we have two types of users 

i.e. fixed and mobile. Fixed users need to be allocated permanent channels so that they never 
face disconnection. Offices and home users are main examples of Fixed Wireless Broadband 
Users. Now in our project we have performed analysis on NPS and RCS after including 
permanent channel allocation. Our conclusion is based on the work done on the simulation 
model in Chapter 3 and the physical testing results in Chapter 4. 
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After the simulation analysis we see that Not Completed Calls Probability for RCS is higher 
than that for the NPS, even though Handover Failure and Forced Termination Probabilities are 
approximately 0 for RCS. This is because RCS has high Blocking Probability as compared to 
NPS. But still we cannot neglect the factor of permanent channel allocation, as in NPS there are 
no reserved channels for any job. So we conclude that even though RCS has high blocking 
probability and Not Completed Calls Probability it should be used in a cell where high amount of 
handovers and permanent channel allocation are required, because fixed WB users must not face 
blocking. This MATLAB analysis was tested in Physical environment and results turned out to 
be very convincing as there was a very less error probability ratio between the simulated and the 
real time results as shown in Table 4.3. 

 Here @ Risk results have proved to be very beneficial as now we can get the approximate 
range of the channels that will be mostly under use (mostly not available). This can help telecom 
operators to set a priority that the high priority users, e.g. Mobile Broadband Users, can be 
allocated channels outside that range so that they face very less blocking. The results of @ Risk 
were also tested in Physical environment by creating the same conditions as in the simulation 
model and the error probability ration was tolerable as shown in Table 4.4.  

The officials at the testing Organization agreed to the simulated model after looking at the 
physical results and were convinced that this project is worthwhile for implication. 

5.3 Future Recommendations 
Based on or results the recommendations are that: 

 These results can be checked for non-uniform traffic conditions considering the scenario 
of a whole cellular network under dynamic and fixed channel allocations, as this project 
is tested for one cell only, but only limitation is that Cost will be too big to perform it on 
a whole network. 

 @ Risk analysis should be used by the telecom operators to get more precise values for 
channel allocation purpose. As this tool can predict before the allocation of a channel 
scheme that what may happen thus reducing the risk of blocking and increase in QoS 

 According to the practical validation of this research work telecom operators should 
implement these schemes in the cellular network where necessary permanent allocation is 
required. 
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