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Abstract 

In general, an abrupt termination of an on-going conversation will definitely 

upset the caller more than a rejection of the call in the first place. Call admission 

control is one of the essential elements for ensuring the QoS of forced call 

terminations due to handoff call dropping. In the thesis, we present a two-phase 

adaptive call admission control scheme based on the guard channel scheme to 

guarantee handoff call dropping probability and keep new call blocking probability as 

low as possible. The phase one is to allocate guard channels based on a non-linear 

programming model subject to minimize the absolute difference between theoretical 

handoff call dropping probability and QoS threshold of it, then to operate in 

coordination with a channel adjustment mechanism in phase two for guaranteeing the 

QoS agreement of handoff call dropping probability. The features of the proposed 

mechanism are 1) perform a simple measurement on call arrivals and dropping rate in 

response to traffic fluctuation; 2) periodical channel allocation by an adequate number 

of guard channels to lower the blocking probability of new calls; 3) automatic adjust 

guard channel space by estimated dropping rate to guarantee the handoff dropping 

probability. Extensive simulation results show that our scheme outperforms other 

adaptive schemes by steadily satisfying the hard constraint on handoff call dropping 

probability while maintaining new call blocking probability lower than it. 

Keywords: QoS guarantee, adaptive call admission control, wireless mobile networks, 

dynamic channel allocation 
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Chapter 1  Introduction 

1.1 Research Background and Motivation 

The design of modern wireless mobile networks is based on a cellular 

architecture that allows efficient use of the limited available spectrum, such as GSM, 

GPRS, and 3G. The cellular architecture consists of a number of base stations, and 

mobile units; the mobile units communicate with other ones through the base stations 

via wireless links. The cell is a geographical region that a base station can serve, and 

the procedure when a mobile user moves from one cell to another is called handoff. 

How to maintain the continuity and the required Quality of Service (QoS) when 

handoff occurs is a focal issue. 

We can simply classify the incoming calls of a base station into two categories, 

new calls, and handoff calls. No matter what type of call, before a mobile user wants 

to communicate with other ones, it must first obtain a channel from one of base 

stations. If a base station doesn’t have available channel when the call is arriving, this 

call would be dropped. The action of dropping a handoff call causes abruptly force 

terminating an on-going call, and dropping a new call means rejecting a call in the 

first place. In users’ perspective, it can’t be tolerated that stopping a conversation 

rather than disallowing a session initialization. In wireless mobile circumstance, 

blocking probability of new calls and dropping probability of handoff calls are critical 

QoS parameters. Therefore, we need to keep the dropping probability of handoff calls 

under a required threshold to guarantee the QoS of handoff calls. In order to achieve 

the goal, handoff prioritization scheme is most often adopted. 

There are two generic handoff prioritization schemes, Handoff Queuing Scheme 

(HQS) and Guard Channel Scheme (GCS) [10]. In HQS, handoff calls are queued in 

the new base station if no channel is available at the time of arrival. As soon as one 

channel is released in the new base station, it is offered to the handoff call in the 

queue. Besides, new calls are served only when a channel is available and no handoff 

calls in the queue. HQS decreases the dropping probability of handoff calls, but 

results in starvation of new calls and high system complexity. 
1 

 
 



 

Call Admission Control (CAC) provide the users with access to a wireless 

network for services. On the other hand, they are the decision making part of the 

network carriers with the objectives of providing services to users with guaranteed 

quality and increasing resource utilization as much as possible at the same time. 

Therefore, it is conceivable that CAC policy is one of the critical design 

considerations in any wireless networks [33]. Another scheme is GCS, one kind of 

CAC, which assign higher priority to handoff calls by reserving a fixed number of 

channels for them, which called Guard Channel. In other words, handoff calls are 

served when any channel in base station is available, but new calls are accepted only 

when a channel except for reserved channels is available. GCS is developed under the 

assumption of stationary of call arrivals; it causes QoS degradation under 

non-stationary traffic patterns due to fluctuation of mobility. 

As the variation of traffic condition, how to reserve channels for handoff calls is 

an important issue. Many researchers studied on it [1]-[5][7][8] [11]-[17][26]-[32]. In 

the present thesis, we proposed a two-phase adaptive call admission control scheme to 

dynamically deploy the number of guard channels in response to traffic fluctuations. 

The phase one is to allocate guard channels based on a non-linear programming model 

subject to minimize the absolute difference between theoretical handoff call dropping 

probability and QoS threshold of it, then to operate in coordination with a channel 

adjustment mechanism in phase two for guaranteeing the QoS agreement of handoff 

call dropping probability. The main objective of our research is to guarantee the 

required dropping probability of handoff calls while keeping blocking probability of 

new calls as low as possible.  
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1.2 Approach and Result 

The proposed scheme is built upon Guard Channel Scheme to prioritize handoff 

calls, and adaptively adjust the number of reserved channels as network condition 

changes. Due to limitation of fixed channels in a base station, reserving more channels 

for handoff calls will lead to a base station can serve less new call requests. So how to 

determine the number of guard channels reserved for handoff calls is a key problem. 

In the thesis, we make use of a non-linear programming model to solve an adequate 

parameter for the number of guard channels. The proposed non-linear programming 

model is to minimize the absolute difference between theoretical handoff call 

dropping probability and QoS threshold. The effect of this soft constraint design may 

result in a slight violation of QoS agreement, but relatively provide more channel 

capacity for new calls. For making up for the QoS violation, another channel 

adjustment mechanism is adopted to automatically increase the number of guard 

channels when measured dropping rate exceeds a predetermined threshold.  

The former mechanism, we call it channel allocation, and the latter is channel 

adjustment. By integrating these two components, a two-phase adaptive call 

admission control scheme is formed. The mechanism of channel allocation runs in 

phase one to lower the new call blocking probability, and channel adjustment resides 

in phase two to guarantee the QoS agreement. 

Comparing with static GCS, present scheme can guarantee the dropping 

probability of handoff calls under a predefined QoS level, though this would result in 

the degradation of new call blocking probability. However, comparing with another 

adaptive CAC scheme [33], the handoff call dropping probability of our scheme is 

5.28% lower than it in average, and the new call blocking probability of our scheme is 

4.92% lower than it in average. The experiment result shows that the proposed 

scheme not only diminishes the dropping probability, but also keeps the blocking 

probability lower than it, which means that the proposed scheme can serve more new 

calls and handoff calls than another adaptive scheme. 
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1.3 Thesis Outline 

In this chapter, we have generally introduced the research background, 

motivation, and the proposed scheme. The rest of the thesis is organized as follows. In 

Chapter 2, Call Admission Control, and related researches on CAC are introduced. 

Details of the proposed two-phase adaptive CAC scheme are presented in Chapter 3. 

In Chapter 4, we show the simulation result compared with Guard Channel scheme 

and another adaptive CAC scheme to point out the contribution of our research. At the 

last, the future work discussion and conclusion are made in Chapter 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 
 
 



 

Chapter 2  Related Works 

2.1 Admission Control Overview 

Admission Control is a decision process of accepting or rejecting a new incoming 

traffic flow. Some applications, such as video conferencing or streaming audio often 

require a level of QoS to work properly, and these QoS are related to end-to-end delay, 

delay variation (jitter) and loss rate. For satisfying the demand of service, the network 

devices such as switch, router, gateway or base station need to provide sufficient 

resources for these applications. Thus, Admission Control is necessary to run in these 

network devices, and responsible for rejecting some traffic flows in certain case to 

uphold the QoS guarantee.  

Many researches divide the admission control into two categories: 

parameter-based and measurement-based. The former mainly reply on flow-specified 

statistical models that are used to obtain parameters which describes the traffic 

characteristics of the flows. These parameters are then used to estimate the amount of 

resources which the flows need. Due to the variation of network condition, it’s 

difficult to obtain a priori parameter that accurately characterizes flow traffics. In 

addition, over-booking of network resources will result in low network utilization. 

The latter, measurement-based admission control (MBAC) is an alternative to 

parameter-based admission control, which makes admission decisions based on traffic 

parameter estimates from measurements obtained from an existing traffic. In this 

thesis, we focus on MBAC. 

Admission Control consists of three basic components: traffic descriptors, 

admission criteria, and measurement process [20][25]. Figure 2-1 illustrates the 

relationship among these components. Admission control unit makes use of traffic 

descriptors which characterize traffic flows, admission criteria, and estimated network 

state and flow information obtained from measurement process, then produce an 

admission decision. The details of the components will be introduced in the following 

sections.  
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Figure 2-1: Components of Admission Control 

2.1.1 Traffic Descriptors 

A traffic descriptor specifies the characteristics of a traffic stream. For achieving 

the QoS guarantee of a service, a traffic descriptor is adopted to exhibit the usage 

requirement to admission control unit. For example, a traffic descriptor based on a 

token bucket may consist of two parameters: token rate r and bucket size b. Figure 2-2 

is a simple token bucket, the incoming packets will be discarded if there are not 

enough tokens in the bucket. In others words, the token is a ticket for packet 

transmitting. Token flows into the bucket from the top at rate r, and the bucket is able 

to accommodate b tokens. When the bucket is full of tokens, new tokens are thrown 

away. Consequently, assumed that a token allow one byte transmission, during period 

t, the maximum traffic amount admitted to transit is r * t + b.  
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Figure 2-2: Token Bucket Concept 
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2.1.2 Measurement Process 

Network state and flow information are necessary and useful to admission 

control unit. Measurement Process is responsible for monitoring the real time 

information of network flow and has an estimate of future network state. The result of 

measurement process influences substantially the admission decision, thus the 

accurate and precise estimate is significant to admission control mechanism. Here we 

introduce three measurement mechanisms: time window, point samples, and 

exponential averaging. 

In the time window scheme, the network state such as network load or arrival rate, 

is sampled every S period and stored. After a number of samples (window size, T), the 

highest sampled network state is used as the estimated network state of the next 

window. If a new sample is found to be greater than the current estimate, the estimate 

is immediately replaced by the new sample. Besides, when an admitted decision is 

making, the estimate is increased and window is restarted. The sampling period S and 

window size T are the critical parameters in time window scheme, adjusting these two 

parameters will have a significant affect on the estimation result used by the 

admission control unit. 

The point samples mechanism simply takes a sample every S period, and uses the 

sample as the estimate network state. This scheme is very simple, but also lowering 

 



 

the precision of estimation relatively. 

In exponential averaging scheme, like point sample, the network state is 

measured with a sampling period of S. In Different, the estimate network state is 

computed with the infinite impulse response function, where w is a user-specified 

weight. 

prevwvwv ⋅+⋅−= )1('  ,  ]1,0[∈w  
'v  : estimated network state 

v  : instantaneous network state 
prev  : previous estimated network state 

2.1.3 Admission Criteria 

Admission criteria are sets of rules that determine whether the admission control 

unit accepts or refuses an incoming flow. A number of admission criteria were studied, 

here we describe two admission criteria schemes: rate sum, and equivalent capacity 

(Hoeffding Bound). 

The basic idea of the rate sum scheme is to ensure that the sum of the existing 

reservations and the new flow’s rate does not exceed a threshold. This scheme does 

not make any assumptions about the source behavior or aggregate traffic arrival 

process except those provided in the traffic descriptors. The scheme accept an 

incoming flow if urv ≤+ , where v is the total amount of existing reservations, r is 

the new flow’s rate and u is the admission threshold. This scheme can guarantee that 

even if all the flows send at their sustained rate, the network will be able to deliver 

them at their reserved QoS. However, this hard guarantee is achieved at the expense 

of low utilization of the network when some flows are inactive or sending at a lower 

rate than the reserved rate. A way to increase the utilization is to measure the actual 

network load and substitute v with the measured load. However, when the actual load 

approaches m, average packet delay approaches infinite. Therefore, 

measurement-based schemes lower the threshold to am (0 < a < 1). Increasing the 

utilization target a will make the admission control scheme more aggressive. 

The equivalent capacity C(e) is an estimation of the arrival rate of a class of 
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traffic such that the stationary arrival rate of the traffic exceeds C(e) with a probability 

of e. An admission control decision is made based on C(e), the peak rate of the new 

flow, P, and the bandwidth allocated to the class, C. More specifically, a new flow is 

admitted if . CPeC ≤+)(

The scheme proposed by Floyd derives the equivalent capacity from the 

Hoeffding Bound, which is a looser bound of the sum of N independent variables. 

Since the Hoeffding Bound does not assume normal distribution of the aggregate 

traffic, this scheme is valid for small size classes and traffic from heterogeneous 

sources. Given the peak rate of N sources, {Pi}, the equivalent capacity estimated by 

the Hoeffding Bound is 2
)()/1ln(

)},{,(
2∑+= i

i

Pe
uePuC

. 

Applying admission control in telephony system, such as GSM, UMTS, or VoIP 

is Call Admission Control. In mobile wireless environment, there are two critical QoS 

parameters: dropping probability of handoff calls and blocking probability of new 

calls. In this thesis, we focus on these two parameters to develop an adaptive CAC 

algorithm. Before introducing the proposed scheme, we describe the survey of related 

researches on call admission control. 
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2.2 Researches on Call Admission Control 

In chapter 1, we can realize that CAC is a critical mechanism to guarantee the 

QoS of telephony services. In mobile cellular architecture, each base station has fixed 

resources for providing call requests. More exactly, a set of channels (frequency 

bands or codes) is allocated to each base station. When a mobile user wants to 

communicate with others, it must obtain a channel from a neighbored base station first. 

Without CAC mechanism, any user who issues a request first can obtain a channel as 

long as more than one channel is free. In this case, the dropping probability of handoff 

calls may raise substantially, it means that many on-going conversations will be 

terminated abruptly and unexpectedly. There are two generic handoff prioritization 

schemes, Handoff Queuing Scheme (HQS) and Guard Channel Scheme (GCS), used 

to solve this problem. Our research is based on GCS to develop a dynamically CAC 

scheme, and one of the important reasons to adopt GCS is that HQS may result in 

starvation of new calls and high system complexity. GCS and related researches on 

call admission control are depicted in the following sections. 

2.2.1 Guard Channel Scheme 

GCS is a well-known channel reservation scheme. In order to give higher 

priority to handoff calls than new calls, GCS reserves exclusively a number of 

channels for handoff calls, called guard channels. The remaining channels are called 

normal channels, can be shared equally between new and handoff calls. We can catch 

this idea obviously at figure 2-3.  

 

Figure 2-3: Guard Channel Scheme 

10 
 
 



 

 A new call request will be granted for admission if the total number of 

on-going calls (including handoff calls from other cells) is less than the number of 

normal channels. A handoff call request will be granted for admission if the total 

number of on-going calls in the base station is less than the total capacity. This part of 

CAC mechanism can be illustrated in figure 2-4. 

 

Figure 2-4: Call processing flow diagram for GCS 

It offers a generic means to decrease the dropping probability of handoff calls 

but   causes reduction of total carried traffic. The second drawback of GCS is lack 

of hard constraint on dropping probability of handoff calls. Several researchers devote 

to solve this problem and develop a dynamic CAC which can adapt to changes in the 

traffic pattern. 
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2.2.2 Existing Call Admission Control Strategies 

CAC in wireless networks has been studied by many researchers. We can simply 

divide the existing CAC into 2 categories: localized and distributed CAC. Distributed 

schemes make use of the information of a cluster of cells to do an admission decision, 

and this information will not be utilized in localized schemes. The distributed CAC 

may get a better result than the localized CAC, but the system complexity also will be 

increased. Here we describe some proposals on these two types of schemes. 

2.2.2.1 Localized Schemes 

In GCS, the guard channels, the remaining channels above the threshold which is 

the boundary between normal and guard channels, are reserved preferentially for 

handoff calls in order to provide their required QoS. However, those channels can also 

be allocated according to a probability for new calls instead of immediately blocking 

in fractional guard channel scheme [22]. This approach makes the possibility of 

accepting new calls when the channel occupancy is over the threshold. The 

probability ( β ) used in fractional guard channel scheme is related to the channel 

occupancy, it means that the more ongoing calls, the less possible to admit a new call. 

New call starvation problem can be solved in this scheme, and fractional guard 

channel scheme takes the advantage of higher channel utilization than GCS. The 

figure 2-5 depicts the complete algorithm of fractional guard channel scheme. 

IF (new call) THEN 
 IF ( )()1,0( upancyChannelOccranddom β≤ ) THEN 
  admit call 

 ELSE 
  reject call 

IF (handoff call) THEN 
 IF (channel occupancy < channel capacity) THEN 
  admit call 
 ELSE 
  reject call 

Figure 2-5: Fractional Guard Channel Algorithm 

Young follows the concept of fractional guard channel to propose a Dynamic 

Channel Reservation Scheme (DCRS) [10]. The main feature of DCRS is that the 
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mobility (handoff call arrival rate / new call arrival rate) is considered in the 

admission probability, called request probability. When the arrival rate of handoff 

calls is larger than that of new calls (the mobility of calls is larger than one), the 

request probability should quickly be reduced to give more opportunity for accessing 

guard channels to handoff calls. On the other hand, when the arrival rate of handoff 

calls is lower than that of new calls (the mobility of calls is smaller than one), the 

request probability for new calls should slowly be reduced in the guard channels to 

give more opportunity to new calls. DCRS defined a heuristic formula of the request 

probability for the new calls considering the mentioned concepts as follows. The 

request probability increases relative to decreasing call mobility and decreases relative 

to increasing call mobility under the same network situation. 

 
}

)(4
)(2cos)1(,0{)(

2/1
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α  : mobility (handoff arrival rate / new arrival rate) 
i  : channel occupancy 
C  : channel capacity 
T : number of normal channel 

 

Figure 2-6 shows an example of the request probability determined by the 

proposed heuristic formula under the total number of channels of 60, threshold of 48, 

and various degrees of call mobility. When the mobility of calls equals one, the 

request probability is reduced linearly in proportion to the increase in the number of 

busy channels in a cell. When the mobility of calls is smaller than one, the request 

probability is smoothly decreased in order to provide more opportunity to new calls. 

When the mobility of calls is larger than one, the request probability is abruptly 

decreased in order to provide more service opportunity to handoff calls. 
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Figure 2-6: Request Probability (C=60, T=48, a is the mobility of calls) 

 An optimal call admission control scheme was proposed by Ramjee et al 

[22]. The approach use Markov decision process to solve the three optimal problems: 

MINOBJ, MINBLOCK, and MINC. The analysis contains both guard channel scheme 

and fractional guard channel scheme. The following are these three problems: 

MINOBJ: Minimizing a linear objective function of the two blocking probabilities 

MINBLOCK: Minimizing the new call blocking probability subject to a hard 

constraint on the handoff blocking probability. 

MINC: Minimizing the number of channels subject to hard constraints on the new 

and handoff call blocking probabilities. 

The result shows that the guard channel scheme is optimal for the MINOBJ 

problem, while a new fractional guard channel scheme is optimal for the MINBLOCK 

and MINC problems. From this research, we see that the fractional guard channel 

scheme offers more flexibility than the guard channel scheme in the sense of a richer 

set of parameters, but the algorithms developed in this proposal for determining the 

optimal parameter settings for the fractional scheme are computationally inexpensive.  

Further, in order to ensure that the QoS requirements are continuously met, it 

may be necessary to adapt to variations in traffic load. For example, in the guard 

channel scheme it may be necessary to dynamically change the number of guard 

channels with the traffic load. The critical contribution of the proposal is that they 
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explore the possibility of exploiting the combination of these features of the fractional 

guard channel and its concomitant algorithms for real-time control of cellular 

networks.  

Another CAC scheme was proposed by Zhang [33]. They developed an adaptive 

algorithm based on GCS, and it can search automatically the optimal number of guard 

channels to be reserved at each base station. The feature of this proposal is a simple 

measurement-based admission algorithm. In figure 2-7, a call processing flow 

diagram for this algorithm was drawn. When a base station experiences high handoff 

call dropping rate, the number of guard channels will be increased until the handoff 

dropping rate lower to below its threshold. When a base station does not get to use a 

significant portion of the guard channels over a period of time, the number of guard 

channels will be gradually decreased until most of the guard channels are used 

frequently. Figure 2-8 depicts the detail algorithm. 
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Figure 2-7: Call processing flow diagram for an adaptive GCS proposed by Zhang 
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CH = the number of guard channels for handoff calls 
Cmax = the maximum number of guard channels 
Cmin = the minimum number of guard channels 
τ  = time period for updating the measurements. 
H = total number of handoff calls into the present cell (including both rejected 

and admitted) in the past τ  seconds. 
DH = number of rejected handoff calls in the past τ  seconds. 
TH = threshold of handoff call blocking probability. 
au = threshold chosen as for increasing guard channels, e.g., 0.9. 
ad = threshold chosen as for decreasing guard channels, e.g., 0.6. 
 
IF (new call) THEN 
 IF (channel occupancy < number of normal channels) THEN 
  admit call 

 ELSE 
  reject call 

IF (handoff call) THEN 
 IF (channel occupancy < channel capacity) THEN 
  admit call 
 ELSE 
  reject call 
  IF (DH / H > auTH) THEN 
   CH = min{CH + 1, Cmax} 

IF (DH / H < adTH for N consecutive handoff calls) THEN 
 CH = max{CH – 1, Cmin} 

Figure 2-8: An adaptive CAC algorithm proposed by Zhang 

In this approach, they measure the handoff dropping rate for every τ  seconds, 

and use it for adaptively adjusting the number of guard channels. When the measured 

handoff dropping rate is greater than a predetermined threshold, the number of guard 

channel is increased one to guarantee the handoff calls dropping probability. In 

addition, when the measured handoff dropping rate is less than another predetermined 

threshold for N consecutive handoff calls, the guard channels will be reduced one for 

new calls. This algorithm has the following important features: 1) It adjusts the 

number of guard channels CH adaptively according to the estimated dropping rate of 

handoff calls that is measured for every time period τ ; and 2) It tries to make sure 

that the handoff call blocking rate is below the given threshold TH and it also tries to 

reduce the new call blocking rate by decrementing CH when it is observed to be more 

than needed.  

In this adaptive CAC scheme, they increase or decrease one channel at a time, 
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and this mechanism may not respond to enormous traffic changes immediately. 

Besides, a parameter N exists in the scheme may influence the result severely, so how 

to determine a proper N is another issue. 

2.2.2.2 Distributed Schemes 

The shadow cluster mechanism by Levine et al. [14] is based on the observation 

that “every mobile terminal with an active wireless connection exerts an influence 

upon the cells (and their base stations) in the vicinity of its current location and along 

its direction of travel.” The coverage of a shadow cluster for a given active mobile 

mainly consists of the cell where the mobile is currently present (i.e., the center of the 

shadow cluster) and all its adjacent cells along the direction of travel. This area 

changes when the mobile call is handed off to other cells, thus a tentative shadow 

cluster needs to be implemented for every new call as well as every handoff call. 

Simulations show that the shadow cluster mechanism is able to reduce the percentage 

of dropped calls in a controlled fashion. The efficiency of this scheme depends on the 

accuracy of prediction of the future mobile movement, which makes it most suitable 

for a strong directional environment such as the highway. 

On the other hand, the distributed call admission (DCA) scheme by Naghshineh 

and Schwartz [17] does not need the status information exchange upon each call 

arrival (new call and handoff). Rather, it only requires the exchange of such 

information periodically [17]. The admission control algorithm calculates the 

maximum number of calls that can be admitted to a given cell without violating the 

QoS of the existing calls in the cell as well as calls in its adjacent cells. One of the 

main features of the DCA is its simplicity in that the admission decision can be made 

in real time and does not require much computational effort. 

In [18], an admission control scheme based on adaptive bandwidth reservation to 

allocates bandwidth to a connection in the cell where the connection request 

originates and reserves bandwidth in all neighboring cells. When a user moves to a 

new cell and a hand-off occurs, bandwidth is allocated in the new cell; bandwidth is 

reserved in the new cell’s neighboring cells; and reserved bandwidth in more distant 

cells is released. The amount of bandwidth to reserve is dynamically adjusted, 

18 
 
 



 

reflecting the current network conditions. 

Virtual Bottleneck Cell (VBC) concept in [23] aggregate users and a cluster of 

cells into a virtual system, and ensure that parameters of the aggregated VBC are 

properly controlled. As VBC is an aggregate QoS scheme, an important issue is the 

mechanism for aggregation of cells, i.e., the cell clustering policy. To address this 

issue, they formulate the clustering policy as a constrained optimization which seeks 

to maximize system utilization subject to a limit on inter-cluster handoffs. The 

clustering algorithm’s key technique is to discover the correlations among 

occupancies of neighboring cells, and form clusters based on these correlations only 

as resources become overloaded. 
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Chapter 3  The Two-Phase Scheme 

3.1 Problem Analysis 

In wireless mobile circumstance, the two critical QoS parameters are extremely 

concerned: handoff call dropping probability, and new call blocking probability. As 

the limitation of resource in each base station, we can not guarantee the service 

quality of both new calls and handoff calls. From the user’s perspective, terminating 

abruptly an ongoing conversation will make user uncomfortable. As the result, recent 

researches focus on guaranteeing the handoff call dropping probability under a 

threshold while keeping the new call blocking probability as low as possible.  

The well-known Guard Channel policy was adopted by many researches to 

develop a CAC scheme. In order to adapt the changes in the network condition, 

dynamic channel allocation becomes the core problem in CAC scheme. In this thesis, 

we develop a two-phase adaptive CAC scheme that consists of the following two 

parts: 

Phase 1: Channel Allocation 

Phase 2: Channel Adjustment 

For responding to the changes of network traffic, the arrival rates and dropping 

rates need to be measured in time. In phase 1, we devise a non-linear programming 

model to dynamically solve an adequate parameter for the number of guard channels 

and update this parameter. Before building the non-linear programming model, 

theoretical handoff call dropping probability and new call blocking probability must 

be derived from the M/M/c/c priority queuing model first. Then the proposed 

non-linear programming model is to minimize the absolute difference between 

theoretical handoff call dropping probability and QoS threshold. The effect of this soft 

constraint design may result in a slight violation of QoS agreement, but relatively 

provide more channel capacity for new calls. For making up for the QoS violation, 

another channel adjustment mechanism is adopted in phase 2 to automatically 
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increase the number of guard channels when measured dropping rate exceeds a 

predetermined threshold. In the following sections, we will describe the detail of 

Channel Allocation (phase 1) and Channel Adjustment (phase 2), and at last present 

comprehensively the proposed two-phase adaptive CAC scheme. Table 3-1 lists the 

symbols used in entire scheme. 

Table 3-1: Notations in the proposed two-phase scheme 

Symbol Description 
C Total number of channels available in a base station 
CH Number of guard channels reserved for handoff calls 
CN Number of normal channels shared between new and handoff calls 

Hλ  Handoff call arrival rate 

Nλ  New call arrival rate 
1/u Mean channel holding time 
Pk Steady state probability that k channels are occupied 
PDH Handoff call dropping probability 
PBN New call blocking probability 
TH Threshold of handoff call dropping probability 
Cmax the maximum number of guard channels 
Cmin the minimum number of guard channels 

1τ  time period for updating the measurements of arrival rates and the 
optimal parameter of guard channel space 

2τ  time period for updating the measurements about dropping rate 
AN number of new calls into the present cell in the past 1τ  seconds 
AH number of handoff calls into the present cell in the past 1τ  seconds 
H number of handoff calls into the present cell in the past 2τ  seconds 
DH number of rejected handoff calls in the past 2τ  seconds 
au threshold chosen as for increasing guard channels, e.g., 0.9 
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3.2 Channel Allocation – Phase 1 

The channel allocation phase is mainly to periodically compute an adequate 

parameter of guard channel space then to allocate channel space by this parameter. 

Guard channel space computation process consists of two steps: 1) find the closed 

form formulas of handoff call dropping probability and new call blocking probability 

by queuing theory M/M/c/c priority model, and 2) using non-linear programming 

technique to solve an adequate guard channels space by minimizing the absolute 

difference between theoretical new call dropping probability derived in step 1 and 

QoS threshold.  

3.2.1 M/M/c/c priority queuing model 

Assumptions: 

1. New call and handoff call arrivals are modeled by a Poisson process with rate Nλ , 

Hλ  

2. Channel holding time follows an exponential distribution with mean  u/1

3. A base station has fixed number of channels available, C. 

4. The guard channel space, CH can be allocated to handoff calls only.  

5. The system will enter in steady state. 

Under the above assumptions, the handoff priority system can be modeled using 

the Markov process, and the state transition diagram is shown as figure 3-1. Before 

the channel occupancy is less than the number of normal channels, the arrivals will be 

served still contain both new and handoff calls, so that the state transition rates from 

state k to state k+1 are Hλ + Nλ . When the channel occupancy is over the threshold, 

the system will only serve handoff calls, so that the state transition rates from state k 

to state k+1 become to Hλ . Besides, there are fixed number of channels, C, in a base 

station, it means that the system contains C servers which can serve C arrivals at most 

simultaneously. Therefore, the state transition rates from state k to state k-1 are all 

. uk ⋅
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Figure 3-1: State transition diagram of M/M/c/c priority model 

According to Queuing Theory [6][12], we can derive the steady state probability 

Pk which represents the probability of k channels are occupied as following formula. 
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Finally, the handoff call dropping probability is equal to the probability that all 

channels are occupied, PC, and the new call dropping probability is correspondent 

with the probability that more than CN channels are occupied, . By (1) and (2), 

we can easily compute the handoff call dropping probability PDH and new call 

blocking probability PBN as following. 
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3.2.2 The Proposed Non-Linear Programming Model 

Before introducing the proposed non-linear programming (NLP) model, a simple 
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non-linear programming model subject to minimize the new call blocking probability 

with hard constraint on handoff call dropping probability is depicted as follows. 

Given: 

C, Nλ , Hλ , , TH u

Decision variables: 

   CN, CH 

Objective: 

Minimize ∑
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Constraints: 

C = CN + CH 

0  CH  C ≤ ≤

CH is Integer 
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In this NLP model, total channel capacity C, arrival rates Nλ , Hλ , mean 

holding time u, and QoS threshold TH, are given variables, and the decision variables 

are guard channel space CH, shared channel space CN. This model set a hard constraint 

that theoretical dropping probability, the closed form formula (3) derived from 

previous section must be less than a predetermined QoS threshold TH, and the 

objective is to minimize blocking probability, the closed form formula (4) derived 

from previous section. Due to the number of channel is integral, the handoff call 

dropping probability solved by the non-linear programming model with hard 

constraint may be much less then QoS threshold. From the figure 3-2, we can see that 

the when we reserve 3 guard channels, the handoff call dropping probability exceeds 

the QoS threshold 0.001562, but when we reserve 4 guard channels, the handoff call 

dropping probability less than the QoS threshold 0.006277. If we can tolerate a little 

QoS violation, more channels can be allocated for new calls, and decrease the 

blocking probability of new calls. 
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Figure 3-2: Difference between new call dropping probability and QoS threshold 

The objective in the thesis is to guarantee the handoff call dropping probability 

while keeping the new call blocking probability as low as possible, so we propose an 

non-linear programming model that tolerates a little QoS violation on handoff call 

dropping probability to reduce the new call dropping probability more. Because the 

nature of integral channel, we try to minimize the absolute difference between handoff 

call dropping probability and QoS threshold to free more channels for new calls. This 

way can not 100% ensure the QoS agreement of handoff call dropping probability, so 

another mechanism is developed in phase 2 of the proposed two-phase adaptive CAC 

scheme to solve violation problem. The proposed non-linear programming model is 

depicted as follows.  

Given: 

C, Nλ , Hλ , , TH u

Decision variables: 

 CN, CH 

Objective: 
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Constraints: 

C = CN + CH 
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0  CH  C ≤ ≤

CH is Integer 

The given variables and decision variables of the proposed NLP model are as 

same as previous NLP model, and the differences between them are: 1) the objective 

of the proposed NLP model is to minimize the absolute difference between theoretical 

dropping probability (3) and QoS threshold; 2) the proposed NLP model removes the 

constraint that theoretical dropping probability must less than QoS threshold. In the 

proposed NLP model, the parameters of arrival rate, Nλ , and Hλ , are critical input 

variables from measurement process of CAC scheme. With the estimation of arrival 

rate, we can predict the number of guard channels exactly as the change in network 

condition. 
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3.3 Channel Adjustment – Phase 2 

In the section above, we mentioned that a QoS violation problem will be 

produced from the channel allocation phase. For solving the problem, we adopt a 

channel adjustment mechanism in phase 2 which automatically increases the capacity 

of guard channels to maintain the handoff call dropping probability. The concept was 

described in chapter 2, we need to measure the number of arriving handoff calls (H) 

and rejecting handoff calls (DH) in time period 2τ  first, then the estimated dropping 

rate is calculated as DH/H. When the estimated dropping rate is higher then a chosen 

threshold (auTH), the number of guard channel is increased by one for allowing more 

handoff calls. The detail algorithm is shown as follows. 

Step 1: Call arrival 

Step 2: Start measurement process 

Step 3: If arrival is new call, go to Step 7 

Step 4: If the number of on-going calls (PA) is less than total channel capacity (C), go 

to Step 10 

Step 5: If measured dropping rate (DH/H) is equal to or greater than a predefined 

threshold (auTH), increase the guard channel space (CH) by one 

Step 6: Drop the handoff call, and go to Step 10 

Step 7: If the number of on-going calls (PA) is less than the capacity of shared 

channels (CN), go to Step 9 

Step 8: Block the new call, go to Step 10 

Step 9: Admit the call 

Step 10: Finished 
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3.4 The Two-Phase Adaptive CAC Scheme 

After introducing the detail of both phases individually, now we combine these 2 

phases into an adaptive CAC scheme. From the figure 3-3, we can see that the 

Channel Allocation procedure is arranged outside the admission decision process, and 

the task of Channel Allocation process is to periodically (for every 1τ  period) 

allocate/reallocate the guard channel space. Guard Channel policy is used to make 

admission decision, when a decision of disallowing is made, the Channel Adjustment 

process is triggered to increase the guard channels by one. More exactly, the detail 

algorithm is shown as follows. 

 

Figure 3-3: Call processing flow diagram of two-phase adaptive CAC algorithm 

Step 1: Call arrival 

Step 2: Start measurement process 

Step 3: Dynamically compute an adequate parameter of guard channel space (CH) by 

proposed NLP model, and update it for every 1τ  period 
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Step 4: If arrival is new call, go to Step 9 

 



 

Step 5: If the number of on-going calls (PA) is less than total channel capacity (C), go 

to Step 11 

Step 6: Drop the handoff call 

Step 7: If measured dropping rate (DH/H) is less than a predefined threshold (auTH), 

go to Step 12 

Step 8: Increase the guard channel space (CH) by one, go to Step 12 

Step 9: If the number of on-going calls (PA) is less than the capacity of shared 

channels (CN), go to Step 11 

Step 10: Block the new call, go to Step 12 

Step 11: Admit the call 

Step 12: Finished 

In the above algorithm, 1τ  is a time period for channel allocation, AH and AN 

are the number of arriving handoff and new calls in the past 1τ  seconds used to 

estimate the arrival rates, AH/ 1τ , AN/ 1τ . Another set of measurement parameters 

consist of 2τ , H, DH, H is the number of arriving handoff calls from the terminating  

of previous measurement up to now, DH is the number of dropped handoff calls in the 

measurement period. For every 2τ  seconds, H and DH will be initialized to restart a 

measurement period. In phase 2, we need to choose a threshold (au), au is higher than 

zero and often less than one. When au is high, such as 0.99, the dropping probability 

will also increase. 

 Summarizing the chapter, our two-phase adaptive CAC scheme has four 

important features: 

1. Perform a simple measurement on call arrivals and dropping rate 

2. Compute adequate number of guard channels through building a non-linear 

programming model subject to minimize the absolute difference between 

theoretical handoff call dropping probability and QoS threshold  

3. Automatic adjust guard channel space by estimated dropping rate to 

guarantee the handoff call dropping probability 
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Chapter 4  Simulation and Analysis 
The simulation system is composed of three modules: 1) Traffic Generator, 2) 

CAC Enforcer, and 3) Analyzer. Traffic Generator produces traffic patterns and 

delivers to CAC Enforcer, then CAC Enforcer adopts different CAC policies for make 

admission decision. At the last, the Analyzer collects the information from Traffic 

Generator and CAC Enforcer to compute simulation results. This architecture is 

illustrated in figure 4-1. 

Traffic Generator is responsible to generate different traffic patterns, and we also 

use Poisson process to simulate the both handoff and new call arrivals as same as 

most researches on CAC. In Traffic Generator implementation, Poisson process is 

simulated through producing a sequence of exponential inter-arrival time, and the 

exponential random variable generator can be easily induced as 
]1ln[1 UX −−=

λ  

where U represents a random value with uniform linear distribution, and λ  is the 

arrival rate. 

In CAC Enforcer, we implement three CAC policies: GCS, an adaptive CAC 

[33], and proposed two-phase adaptive scheme. CAC Enforcer receives input patterns 

from queue and performs different admission policies. The parameters of Traffic 

Generator and the results of CAC Enforcer will be utilized to compute dropping 

probability and blocking probability by Analyzer. 

 

Figure 4-1: Simulation Architecture 
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4.1 Simulation Parameters 

In the simulation, we need to customize several parameters to form the network 

patterns in a mobile wireless environment, and to control the properties of CAC 

Enforcer. For comparing another adaptive CAC scheme, the simulation parameters in 

the thesis are set as same as it. We consider that the number of channels available in a 

base station, C = 50, the new call arrival follows Poisson process with rate Nλ  from 

10 ~ 35 (calls per minute), and handoff call arrival follows Poisson process with rate 

Nλ /5 as well as. The channel holding time, or call service time, is assumed to follow 

exponential distribution with mean 1/u = 3(minutes). The dropping probability 

threshold we want to guarantee is 0.01. 

Table 4-1: Simulation parameters 

Parameter Value 
C 50 

Hλ  Nλ /5 

Nλ  10 ~ 35 calls/minute 
1/u 3 minutes 
TH 0.01 

1τ  12 minutes 
2τ  2 hours 

au 0.95 
 

1τ  used in phase 1 is set to two 12 minutes, 2τ  used in phase 2 is set to 2 

hours, and au is 0.95. The total simulation period is 12 hours. The table 4-1 lists all 

parameters used in the proposed two-phase CAC schemes. 
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4.2 The Simulation Results 

We compare with two schemes to evaluate the proposed scheme. One is static 

Guard Channel Scheme (GCS), and the other is an adaptive CAC scheme [33]. In the 

following sections, we represent the second scheme as Dual Threshold Channel 

Allocation (DTCA) for convenience. Now we start to examine the simulation results, 

and make a discussion. 

The parameters in this simulation are shown in figure 4-1, C = 50, Nλ  = 10 ~ 

35(calls/minute), Hλ  = Nλ /5, 1/u = 3(minutes), and the decreasing threshold, au, 

used in DTCA is set as 0.6. We enforce three Guard Channel schemes with CH = 1, 2, 

3, DTCA scheme, and the proposed scheme in CAC Enforcer. The main metrics used 

to compare these schemes are handoff call dropping probability and new call blocking 

probability, the result is illustrated in the following figures and tables. 
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Figure 4-2: Experiment result on handoff call dropping probability 
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Figure 4-3: Experiment result on new call blocking probability 

Table 4-2: Experiment result on handoff call dropping probability 

Nλ  Proposed GCS-1 GCS-2 GCS-3 DTCA 

10 0.00379 0.000688 0.000346 0.000000 0.003102 
15 0.00928 0.033113 0.006961 0.001389 0.008792 
20 0.006863 0.074199 0.018545 0.003948 0.008072 
25 0.007772 0.118075 0.034859 0.011379 0.010415 
30 0.007348 0.159267 0.056272 0.020999 0.008531 
35 0.00916 0.207497 0.07681 0.031685 0.009661 

 

Table 4-3: Experiment result on new call blocking probability 

Nλ  Proposed GCS-1 GCS-2 GCS-3 DTCA 

10 0.003526 0.005948 0.008162 0.011691 0.004358 
15 0.201972 0.179805 0.20118 0.218465 0.208485 
20 0.422586 0.378684 0.407355 0.424746 0.433839 
25 0.584236 0.532335 0.562214 0.578927 0.592361 
30 0.688133 0.626683 0.657823 0.674058 0.699233 
35 0.771849 0.699898 0.732585 0.75009 0.785573 
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From the figures 4-2 and 4-3, when the traffic load is low, the proposed scheme 

has the lowest new call blocking rate, which means that the proposed scheme sacrifice 

some handoff calls to provide more channels for new call request. Although the 

handoff call dropping rate increases, it is still lower than the QoS threshold. When the 

traffic load is high, the proposed scheme maintains the handoff call dropping rate 

lower than the QoS threshold. Comparing with static Guard Channel scheme, the 

proposed scheme can guarantee the handoff call dropping probability to be always 

below the given QoS threshold, which is a critical issue in mobile wireless 

environment. From the experiment result, we can also know that the percentage of 

decrease in the new call blocking rate is greater than the percentage of increase in the 

handoff call dropping rate. For instance, when new call arrival rate is 30 calls/minute, 

the new call blocking rate of the scheme (0.688133) is 9.81% higher than GCS-1 

(0.626683), 4.61%, higher than GCS-2 (0.657823), and 2.09% higher than GCS-3 

(0.674058). On the other hand, at the same arrival rate, the handoff call dropping rate 

of the proposed scheme (0.007348) is 20.7 times lower than GCS-1 (0.159267), 6.7 

times lower than GCS-2 (0.056272), and 1.9 times lower than GCS-3 (0.020099). The 

detail data are shown in tables 4-3 and 4-4. 

Another adaptive scheme, DTCA, can also guarantee the handoff call dropping 

rate. Comparing the proposed scheme with DTCA scheme, we not only guarantee the 

handoff call dropping rate, but also keep the new call blocking rate lower than it. 

From the simulation result, the proposed scheme shows the handoff call dropping rate 

to be 5.28% lower than DTCA scheme in average, and the new call blocking 

probability to be 4.92% lower than DTCA scheme in average, which means that the 

proposed scheme can serve more new calls and handoff calls than DTCA scheme. 
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4.3 Analysis 

Through experiments described in this chapter, the improvements of the 

proposed scheme ware evaluated. The static Guard Channel scheme provide more 

channels for new calls than the proposed scheme in most time, so the blocking 

probabilities in the proposed scheme are hard to reduce. However, the objective in the 

thesis is to guarantee the dropping probability, and devised two-phase mechanisms 

indeed ensure that the handoff call dropping probability of the proposed scheme is 

always lower than a static Guard Channel scheme, and satisfies the QoS threshold in 

varied traffic load. 

We compare with an adaptive CAC scheme, DTCA, in both dropping probability 

and blocking probability. The result depicts that the dropping probability of the 

proposed scheme is better than DTCA (5.28% averagely), and the blocking 

probability of the proposed scheme is also lower than DTCA (4.92% averagely). It 

means that the new calls need not to be sacrificed to satisfy the QoS agreement of 

lower dropping probability. Applying present algorithm, a base station can increase 

carried traffic of both type of calls. The effect of the proposed scheme is formed by 

the following mechanisms. 

1. Channel Allocation: Periodically compute the adequate number of guard channels 

can not only retained the handoff calls dropping probability lower but also free 

more channels for new call requests to decrease new call blocking probability 

significantly. 

2. Channel Adjustment: In order to make up for the QoS violation, automatic 

increasing the number of guard channels ensure the handoff call dropping 

probability lower than a predetermined QoS level. 
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Chapter 5  Conclusions and Future 

Works 

5.1 Conclusions 

How to maintain the continuity and the required Quality of Service (QoS) in 

wireless mobile environment when handoff occurs is a focal issue. In users’ 

perspective, it can’t be tolerated that stopping a conversation rather than disallowing a 

session initialization, thus many researches on handoff priority CAC scheme are 

advocated to keep the handoff call dropping probability lower than the QoS 

agreement and to reduce new call blocking probability. As the network condition 

changes, a static CAC scheme can not always retain the predetermined QoS, so a 

two-phase adaptive CAC scheme is proposed to solve the problem in the thesis. 

The present adaptive CAC scheme is devised to dynamically adjust the number 

of guard channels in response to traffic fluctuations based on a non-linear 

programming model subject to minimize the absolute difference between theoretical 

handoff call dropping probability and QoS threshold of it, and to operate in 

coordination with an automatic channel adjustment mechanism. We characterize the 

proposed scheme into following features: 

1. Perform a simple measurement on call arrivals and dropping rate 

2. Dynamically compute adequate number of guard channels through building a 

non-linear programming model subject to minimize the absolute difference 

between theoretical handoff call dropping probability and QoS threshold  

3. Automatic adjust guard channel space by estimated dropping rate to 

guarantee the handoff call dropping probability 

In order to evaluate the effect of our proposal, several experiments are made. We 

can prove that not only the blocking probability of the proposed scheme is lower 

(4.92% in average) than another adaptive CAC scheme [33], but also the dropping 

probability of the proposed scheme is lower than it (5.28% in average). It means that 
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no more new calls are sacrificed to guarantee the QoS agreement in handoff dropping 

probability, and both types of carried traffics are increased. 

5.2 Future Works 

In the thesis, there are some parameters in the proposed two-phase adaptive CAC 

scheme need further research, such as 1τ  and 2τ . 1τ  is a time period for 

computing the adequate number guard channel, and 2τ  is another time period used 

to measure in-time dropping rate. If 1τ  or 2τ  is too small, the system will response 

to changes too often and certain measurements (e.g., arrival rates or dropping rates) 

may not be precise, which may result in oscillations in system performance. On the 

other hand, if 1τ  or 2τ  is too large, the system may not response fast enough and 

thus may not adapt the changes in time. In addition, these time period parameters may 

have some relations with other parameters, such as TH, so how to determine 

appropriate values of these parameters is a critical issue. 

Measurement process of arrival rates is an important part of Channel Allocation 

phase, a simple point samples method is used to estimate the future arrival rates. The 

measurement result affects the system performance very much, the point samples 

method is very simple, but it may not accurately predict the arrival rates. Therefore, 

we need to spend more effort to find a better approach on call arrival prediction. 
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