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Abstract 

The tremendous popularity of wireless technologies during the last decade has created a 
considerable expansion of wireless networks both in size and use. These facts, together with a 
great variety of mobile devices and numerous different services that are becoming increasingly 
resource-demanding, have attracted the attention of many researchers into the area of radio 
resource planning and optimization. In wireless cellular networks, it is important to develop 
model or schemes to facilitate effective and efficient utilization of the limited radio resources. 
In this paper, flowchart for call management scheme through users mobility control is 
presented. The flowchart along with the analytical expressions pertaining to the scheme are 
presented and discussed. Particularly, the scheme improves channel allocation to handoff calls 
for mobile users by considering the direction of their movement. The direction of mobile users 
with respect to a base station is captured in terms of mobility factor.  The mobility factor 
increases as the user moves closer to a base station. In this case, even if the signal strength of 
ongoing call of a mobile user is sufficient, it channel allocation can still be retained if its 
mobility factor is relatively high. In this case, the mobile user will be handed off to the base 
station it has higher mobility factor value. 
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1. Introduction 
With the increased demand for wireless communication systems, a promised Quality of 
Service (QoS) is required in a satisfactory manner, to manage the incoming new calls and 
handoff calls more efficiently .Quality of Service (QoS) provisioning in wireless networks 
is a challenging problem due to the scarcity of wireless resources, i.e. radio channels, and 
the mobility of users. Call admission control (CAC) is a fundamental mechanism used for 
QoS provisioning in a network. It restricts the access to the network based on resource 
availability in order to prevent network congestion and service degradation for already 
supported users. A new call request is accepted if there are enough idle resources to meet 
the QoS requirements of the new call without violating the QoS for already accepted calls. 
Admitting too many users results in a situation where the mutual interference between the 
connections degrades the QoS for the new user as well for the ongoing connections. 
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Therefore, admission control play a very important role in providing the user with the 
requested QoS as well as making an efficient use of the available capacity and preventing 
the system from an outage situation due to overloading [1].  

With GSM communications, a user that initiates or receives a call may move 
around the area covered by the network. If the mobile user moves from one cell to another, 
and the call from/to the user has not finished, the network has to handoff the call from one 
cell to another at the cell boundary crossing without user’s awareness of handoff and 
without much degradation of the service quality. As the demand for wireless 
communication systems by the users keep increasing, a good quality of service (QoS) is 
required to manage the incoming new calls and handoff calls more efficiently. Radio 
resource management (RRM) plays a vital role in cellular networks to efficiently utilize the 
limited radio resources while guaranteeing the required QoS for mobile users. Call 
admission control (CAC) is a fundamental mechanism used for QoS provisioning in a 
network. It is the rule to admit requested calls maintaining the QoS for the system [2]. 
CAC is a key element in the provision of guaranteed QoS in wireless networks. Admission 
control decision is made using a traffic descriptor that specifies traffic characteristics and 
QoS requirements. A new call request is accepted if there is free channel in the network 
resource, and also if the call meets the QoS requirements of new calls without disrupting 
the QoS for the already supported calls. Too many calls lead to a situation where the 
mutual interference between the connections degrades the QoS for the new call as well as 
for the ongoing connections. Therefore, admission control plays a very important role in 
providing the user with the requested QoS as well as making an efficient use of the 
available capacity and preventing the system from an outage situation due to overloading 
[1]. An accepted call that has not completed in the current cell may have to be handed off 
to another BTS. 

Call admission control (CAC) is such a provisioning strategy to limit the number of 
call connections into the networks in order to reduce the network congestion and call 
dropping. In wireless networks, another dimension is added: call connection (or simply call) 
dropping is possible due to the users’ mobility. A good CAC scheme has to balance the call 
blocking and call dropping in order to provide the desired QoS requirements Due to users’ 
mobility; CAC becomes much more complicated in wireless networks. An accepted call 
that has not completed in the current cell may have to be handed off to another cell. During 
the process, the call may not be able to gain a channel in the new cell to continue its 
service due to the limited resource in wireless networks, which will lead to the call 
dropping. Thus, the new calls and handoff calls have to be treated differently in terms of 
resource allocation. Since users tend to be much more sensitive to call dropping than to call 
blocking, handoff calls are normally assigned higher priority over the new calls [3]. 

The continuation of an active call is one of the most important quality 
measurements in cellular systems. This process is known as handoff. It is the process of 
changing the channel (frequency, time slot, spreading code, or combination of them) 
associated with the current connection while a call is in progress. Usually, this is initiated 
either by crossing a cell boundary or signal quality degradation in the current channel. 
Therefore mobile station (MS) can move from one base station (BS) to another, without 
dropping the call or experiencing difficulties. There are basically two types of handoff 
principles – the soft handoff and the handoff.  If a new BS has some unoccupied channels, 
then it assigns one of them to the handed off call. Nevertheless, if at the time of the hand 
off, all the channels are in use, two things could happen; the call could be dropped or it is 
delayed for a while [4]. Handoff process enables a cellular system to provide such a facility 
by transferring an active call from one cell to another. Different approaches are proposed 
and applied in order to achieve better handoff service. The principal parameters used to 
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evaluate handoff techniques are usually forced termination probability and call blocking 
probability. Mechanisms such as guard channels and queuing handoff calls decrease the 
forced termination probability while increasing the call blocking probability [5]. 

2. Review of Related Literature 
2.1. Call Connection and Performance Metrics for Wireless System 
In a wireless mobile network, a mobile user is at liberty to migrate from one cell to another 
and engages call connection in the process. Handoff probability, handoff rate, call dropping 
probability, call blocking probability, channel utilization, outage probability and call 
completion rate are often used as metrics to assess the network systems performance [6]. 
According to [7], many optimization procedures applied to several service aspects are 
aimed at minimizing the call dropping/ blocking probabilities while trying to increase the 
utilization of the resources. These procedures include; the maximization of service 
coverage area and of network usage, the minimization of interference and congestion, the 
optimum traffic balancing among the different frequency layers. It has been shown by 
studies that the performance of wireless systems is affected by a number of propagation 
factors [8, 9, 10]. These include: Background noise, Fast fading, Shadow fading, Random 
slow shadowing, Time dispersion, Path-loss variation versus distance, Interference, and 
Rayleigh effect. 

Diffraction we know is the phenomenon due to the effect of a radio wave striking a 
surface which causes its direction of propagation to change [11]. The loss due to diffraction 
loss is a function of the obstruction type including high rising buildings or towers. Signal 
reception is greatly retarded by these factors and this leads to poor services quality. The 
Rayleigh effect which is also referred to as Rician is the effect which is as the result of fast 
variation of the level of signals in amplitude and phase. This often is between the 
transmitting and receiving antennas when there is no line of sight. There are two classes of 
Rayleigh fading. These are: multipath fading and frequency-selective fading (FSF) [11,12]. 
Shadowing on the other hand is the effect of diffraction. Weak signal strength can also be 
caused by destruction interference of the signals from local towers in urban areas or by the 
construction materials used in some buildings. This often causes rapid alteration of signal 
strength. Large buildings such as warehouses, hospitals and factories often have no usable 
signal further than a few meters from the outside walls. This is particularly true for 
network operating at higher frequency.  

2.2. Call Blocking Probability 
When a mobile terminal (mobile user) requests service, it may either be granted or denied 
service. This denial of service is known as call blocking, and its probability as call 
blocking probability. The overall blocking probability is the weighted sum of the blocking 
probability of each region. New calls in the soft region are blocked only if both calls are 
found in the blocking condition [6]. From [13], the overall blocking probability is given as 

Pb = PbH + (1-P) Pbs
2 

     (1) 
Where: 
Pb       is the overall probability,  PbH   is the probability in the hard region,  Pbs    is 
the probability in the soft region. 

2.3. Handoff Probability 
Handoff probability is the probability that a call connection needs at least one more 
handoff during its remaining lifetime is known. These probabilities are often referred to as 
handoff probability for a new call or the handoff probability for a handoff call, depending 
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on whether a call connection is a new call or a handoff call. 
According to [6], a new call needs at least one handoff if and only if the call holding time 
Tc is greater than the residual cell residence time Rc, Tc > Rc. 

3. Description of System Model 
The M/M/C/C queuing approach from [14] is adopted in this model. The system is 
considered to be made of many cells. These cells are assumed to be homogenous. This 
system cell is made of a total of C channels. Priority is given to the handoff calls. This is 
because mobile users are more sensitive to handoff failure (call drop) than new call 
blocking. The given priority will be implemented using the Guard Channel method. Out of 
the C channels of the call, R channels are reserved exclusively for Handoff calls while the 
remaining M = C-R channels are shared by handoff calls and new calls. 

 
The following assumptions are adopted in this system model. 

(i) Both the new call and Handoff arrival rates in the cell form a Poisson process with 
mean values of λN and λH respectively. Therefore total arrival rate is λ = λN + λH 

(ii)  New call and handoff completion time are exponentially distributed with mean 
rates of µN and µH respectively. Therefore the effective service rate is µ = µN + µH 
(iii)  The change in arrival rates is moderate in that the network reaches steady state 
between any two changes in the arrival rate. Therefore the incoming traffic rate (call arrival 
rate) is λ = λN + λH. 
 
The system model is as shown in Figure 1. 
 

 
 

Figure 1: System Model for the new Scheme 
λh =γH λH    (2) 
λn = γN λN    (3) 

It is assumed that γN and γH are the same and denoted as γ. Therefore  
λh = γ λH            (4) 

λn = γ λN    (5) 
The effective service time for states zero to M is given as  

µ = µN + µH    (6) 
The effective service time for states M+1 to C is given as µH. 

A concept known as mobility factor is employed in this work to maximize the 
priority given to handoff calls. This factor denoted as α is the ratio between the handoff 
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and new call arrivals. One of the assumptions in this system is that new call arrivals are 
always greater than or equal to handoff, therefore the mobility factor lies between zero (0) 
and one (1). That is, 0 < α < 1. The relational activities of this scheme are shown in the 
schematic flowchart of Figure 2. 

 
Figure 2: Schematic flowchart of the new scheme 
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increases as the mobile terminal approaches the base station. The assumption is that the 
signal quality will improve as it nears the base station. In essence, this scheme ensures that 
α is always tending to one (1). This scheme is a prioritized handoff scheme which puts into 
consideration signal strength, number of channels, call duration, call arrival rates and the 
mobility factor. 

4. Conclusion 
This paper presents an approach for improving the QoS for handoff calls by handling the 
poor signal quality request effectively. The mechanism uses a mobility factor to determine 
if an ongoing call with poor signal strength can still be accommodated. Particularly, the 
mechanism ensures that mobile users with ongoing call and poor signal strength can still be 
sustained in the network and eventually handed off to a base station that the mobile user 
has a high mobility factor.   

 

References 
 
[1] El-Dolil, S. A., Al-Nahari, A. Y., Desouky, M. I. & Abd El-Samie, F. E. ( 2008). 

Uplink Power Based Admission Control in Multi-Cell WCDMA Networks with 
Heterogeneous Traffic: Progress in Electromagnetics Research B, 1, 115–134. 

[2] Shristop L., Marco L., & Axel T., (2004). “Adaptive Call Admission Control for 
QoS/ Revenue Optimization in CDMA Cellular Networks”, Kluwer Academic 
Publishers, Wireless Networks 10, 457-472. 

[3] Fang, Y. & Zhang, Y. (2002). Call Admission Control Schemes and Performance 
Analysis in Wireless Mobile Networks: IEEE Transactions on Vehicular Technology, 
51(2). 

[4] Felipe A., Genaro H. & Andrés R. (2011). Call-Level Performance Sensitivity in 
Cellular Networks, Cellular Networks - Positioning, Performance Analysis, 
Reliability, Dr. Agassi Melikov (Ed.), ISBN: 978-953-307-246-3, InTech. 

[5] Ekiz, N., Salih, T., Küçüköner, S. & Fidanboylu, K. (2005). An Overview of Handoff 
Techniques in Cellular Networks: International Journal of Information Technology, 2 
(2), 132-136. 

[6] Fang, Y. (2005). Performance Evaluation of Wireless Cellular Networks under More 
Realistic Assumptions: Wireless Communications and Mobile Computing Wirel. 
Commun. Mob. Comput.; 5:867–885 Published Online In Wiley Interscience  
(www.interscience.wiley.com). DOI: 10.1002/wcm.352. 

[7] Boggia, G., Camarda, P., D’Alconzo, A., De Biasi, A. & Siviero, M. (2005). Drop 
Call Probability in Established Cellular Networks: from Data Analysis to Modeling: 
DEE – Politecnico di Bari, Via E.Orabona, 4 – 70125 Bari (Italy), Proc. IEEE VTC 
Spring 2005,5, 2775- 2779. 

[8] Hagglund, F. (2005). Improved Power Control For GSM/EDGE:  Masters Thesis. 
Lulea University of Technology, Luluea. 

[9] Dajab, D.D.  & Parfait N. (2010). Consideration of Propagation Loss Models for 
GSM during Harmattan in N’djamena (Chad). International Journal of Computing 
and ICT Research, 4, (1), 43-48. 



 49

[10] Zreikat, A., & Al-Begain, K. (2003). Simulation of 3G Networks in Realistic 
Propagation Environments. Mobile Computing and Networking Research Group, I.J. 
of Simulation, 4 (3&4): 21-30. 

[11] Mishra, A. R. (2004). Fundamentals of Cellular Network Planning & Optimization, 
England: John Wiley & Sons, Ltd. ISBN: 0-470-86267-X. 

[12] Nawrocki, M.J., Dohler, M. & Aghvami A. H., (2006). Modern Approaches to Radio 
Network Modeling and Planning –Understanding UMTS Radio Network, Modeling, 
Planning and Automated Optimisation: England: John Wiley & Sons Ltd. 

[13] Zhang, M. & Lea, C. T. (2006). Impact of Mobility on CDMA Call Admission 
Control. IEEE Transactions on Vehicular Technology, 55(6): 1908-1920. 

[14] Giambene, G. (2005). Queuing Theory and Telecommunications Networks and 
Applications: Rome: Springer Science+Business Media, Inc., pp. 238-400. 

 
Copyright © 2017 Isaac A. Ezenugu, James Eke, and G. N. Onoh. This is an open 

access article distributed under the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work 
is properly cited. 
 


