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Abstract. This chapter presents a detailed review of existing handover schemes 
and focuses on an analytical model developed for a Dynamic Guard Channel 
Scheme (DGCS), which manages adaptively the channels reserved for handover 
calls depending on the current status of the handover queue. The Poisson process 
and Markov-Modulated-Poisson-Process (MMPP) are used to model the arrival 
processes of new and handover calls, respectively. The accuracy of this model is 
demonstrated through the extensive comparisons of the analytical results against 
those obtained from discrete-event simulation experiments. Moreover, the ana-
lytical model is used to assess the effects of the number of channels originally 
reserved for handover calls, the number of dynamic channels and the burstiness 
of handover calls on the performance of the DGCS scheme. 
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1   Introduction 

In communication industry, wireless networks have undergone the fastest growth in 
the past decades. Mobile cellular systems have evolved from the first generation ana-
logue system, e.g. Advanced Mobile Phone System (AMPS) and European Total Ac-
cess Cellular System (ETACS), to the second generation digital systems, e.g. Global 
System for Mobile (GSM) and IS-95 cdmaOne. The increasing demands for parallel, 
rapid internet-based services drives the development of third generation mobile sys-
tems (3G). With the deployment of increasing wireless applications and access con-
straints, a tremendous development to improve the efficient usage of the limited radio 
spectrum resources in academic and industry fields is required. The reason for the 
cellular network topology is to enable frequency reuse. 

Cellular networks deploy smaller cells in order to achieve high system capacity due 
to the limited spectrum. The frequency band is divided into smaller bands which are 
reused in non interfering cells [1-3]. Smaller cells cause an active mobile station (MS) 
to cross several cells during an ongoing conversation. This active call should be trans-
ferred from one cell to another in order to achieve call continuation during boundary 
crossing. 
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Handover represents a process of changing the channel associated with the current 
connection while a call is in progress. Handover is an essential component of cellular 
communication systems since it enables two adjacent base stations (BS) to guarantee 
the continuity of a conversation. A well designed handover scheme should minimize 
the probability of dropped handover calls because forced termination of new calls is 
more favoured than termination of handover calls in the point view of mobile users. 
Therefore, the design of an efficient handover scheme requires to minimize the hand-
off call blocking probability as well as to maintain the new call blocking probability 
and the utilisation of precious wireless resources at acceptable levels. 

Prioritizing handover calls is an effective strategy towards these goals. There are 
two popular schemes for handover prioritization: Guard Channel Scheme (GCS) and 
Handover Queueing Scheme (HQS) [1]. The basic idea behind GCS is to give high 
priority to handover calls by exclusively reserving a number of dedicated (or, guard) 
channels. In HQS, the forced termination probability of handover calls can be reduced 
by allowing handover requests to be queued temporarily. Both schemes can reduce 
the handover call dropping probability effectively in wireless mobile networks [4]. 

The existing GCS and HQS schemes often reduce the blocking probability of 
handover calls at the expense of increasing the blocking probability of new calls and 
the delay of handover calls. With the aim of reducing the deteriorating effects of GCS 
and HQS on the blocking probability of new calls and the delay of handover calls, this 
chapter firstly presents an efficient handover scheme, referred to as Dynamic GCS 
(DGCS) which can dynamically manage the channels reserved for handover calls de-
pending on the current status of the handover queue. Secondly, a three-dimensional 
Markov model is developed for performance analysis of this dynamic handover 
scheme. The new and handover call arrivals are modelled by the non-bursty Poisson 
process and bursty Markov-Modulate-Poisson-Process (MMPP), respectively. More-
over, the effects of users’ mobility are taken into consideration by modelling the 
dwell times of both calls spent in a cell by an exponential distribution. Thirdly, the 
analytical mode is used to investigate the effects of the number of channels originally 
reserved for handover calls, the number of dynamic channels, and burstiness of hand-
over calls on the performance of the DGCS scheme. 

The rest of the chapter is organized as follows. Section 2 provides a review of 
handover schemes. Section 3 presents the analytical model and derives the expres-
sions of the performance measures including the mean number of calls in the system, 
aggregate response time, aggregate call blocking probability, handover call blocking 
probability, new call blocking probability and handover delay. Section 4 validates the 
model and conducts extensive performance evaluation. Finally, conclusions are drawn 
in Section 5. 

2   Review of Handover Schemes 

Handover presents a process of changing channels associated with an existing connec-
tion which is always initiated either by a worse quality of received signal on the cur-
rent channel or by crossing a cell boundary [1-4]. A detailed and comprehensive 
overview of handover is presented in this section.  
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2.1   Handover Type 

Handovers can be categorized as hard and soft handovers according to the number of 
connections [5]. In the process of hard handover, a radio link is established to the new 
base station and the radio link of the old base station is released. This means that a 
mobile node is only allowed to maintain connection to one base station at one time. 
The handover is initiated based on a hysteresis imposed on the current link. Based on 
the link measurements, the target BS is selected and executes the handover, and the 
active connection is transferred to the target BS instantly. The connection experiences 
a brief interruption during the actual transfer because MS can only connect to one BS 
at a time. Hard handover does not have advantage of diversity gain opportunity during 
the process of handover where the signals from two or more BSs arrive at comparable 
strengths. However, it is a simple and inexpensive way to implement handover. 

On the contrary, a soft handover enables a mobile node to maintain radio connec-
tions with more than two base stations simultaneously while it does not release any 
radio links unless the signal strength drops below a specified threshold value [5]. Soft 
handover completes when the MS selects the best available candidate BS as the target 
cell. Soft handover is a type of mobile assisted handover. The disadvantage of soft 
handover is that it is complex and expensive to implement. Moreover, forward inter-
ference actually increases since several BSs are used in soft handover simultaneously 
to connect the MS. The increase in forward interference can become a problem if the 
handover region is large such that there are many MSs in soft handover mode. 

2.2   Channel Assignment 

Channel assignment is a key phase of handover process and consists of the allocation 
of resources to calls in the new base station. When a call is admitted to access the 
network, in order to, make a decision of acceptance or rejection by a call admission 
control (CAC) algorithm, several characters including QoS of the existing connection, 
and the amount of available resource versus QoS requirements [7] should be consid-
ered. The success of handover process is also affected by the radio technology of the 
channel assignment process. Various channel assignment strategies (e.g. non-
prioritized scheme, the guard channel scheme, and queuing priority scheme) have 
been proposed to reduce the forced termination of calls at the expense of increasing 
the number of dropped or blocked calls. 

Channel assignment strategy can either be fixed or dynamic. Fixed channel as-
signment strategy allows each cell to contain a specific and fixed number of channels. 
New arriving calls are served by unused channels in that cell. If all the channels are in 
use, any new arriving calls will be blocked. Several variations of the fixed assignment 
strategies are available. One approach, referred to as channel borrowing strategy, al-
lows a cell to borrow channels from a neighbouring cell if all of its own channels are 
in use. The MSC controls the borrowing procedures and ensures that this procedure 
does not disrupt or interfere with services in the donor cell. 

Dynamic channel assignment strategy does not assign channels to any cells perma-
nently. Instead, when a call arrives, the serving BS requests a channel from the MS. 
The MS then allocates that channel to the cell and uses an algorithm to calculate the 
likelihood of future blocking within the cell, the reuse distance of the channel, and 



668 L. Wang et al.  

 

other cost functions. The MS only assigns a channel if that channel is not in use in the 
cell or any other cells which falls within the minimum restricted distance of channel 
reuse to avoid co-channel interference [8]. Dynamic channel assignment strategies 
decrease the likelihood of blocking and increase the trunking capacity of the system. 
Dynamic channel assignment strategy requires the MS to collect real time data on 
channel occupancy, traffic distribution, and radio signal strength indications (RSSI) of 
all channels on a continuous basis. This increases the storage and computational loads 
on the system but increases the channel utilization and decreases the blocking prob-
ability of calls. 

2.3   Handover Schemes 

Since ongoing communications are very sensitive to interruption, the handover drop-
ping probability must be minimized. In what follow, two well-known prioritization 
schemes [9] are presented. 

Guard Channel Scheme. GCS is the most popular way of assigning priority to hand-
over calls by reserving a fixed number of channels out of the total number of available 
channels for handover calls [6, 10-15]. The high priority is assigned to handover calls 
over calls originated from the serving cell in GCS, e.g. h channels are assigned to 
handover calls only from a total of N channels in a cell. New calls and handover calls 
share the remaining n=N-h channels together. If the number of available channels in 
the cell is less than or equal to h, any arrivals of new calls are rejected/blocked be-
cause the remaining idle channels are used by handover calls exclusively. A handover 
call is blocked if there is no channel available in the cell at all. The flowchart for GCS 
is show in Fig. 1. 
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Fig. 1. Flowchart of Guard Channel Scheme 
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Fig. 2. System Model with Priority and Handover Queueing Scheme 

Handover Queueing Scheme. In the queuing handover calls prioritization scheme, if 
all of the channels are occupied in a cell, arrival handover calls are stored in a queue 
[9, 16-20]. The handover calls stored in the queue can be served whenever a channel 
becomes idle. In order to decrease the blocking probability of new calls, queuing 
scheme can also be applied to new calls. Fig. 2 shows the queuing scheme that store 
newly arriving handover calls when all channels are not available. 

2.4   Existing Analytical Models of Handover Schemes 

One of the earliest analytical frameworks for GCS has been developed by Guerin in 
[21]. Zhang, Soong and Ma [22] have proposed a novel approximation approach us-
ing a simplified one-dimensional Markovian model to evaluate the performance of a 
guard channel scheme. Vazuqez-Avila, Cruz-Perez and Ortigoza-Guerrero [23] have 
developed a Markovian model for Fractional Guard Channel (FGC) which accepts an 
arriving new call with a probability calculated on the base of the number of busy 
channels but accepts an arriving handover call unless there are no channels available. 
Ogbonmwan and Li [24] have extended GCS to support voice traffic by using three 
dynamic thresholds to, respectively, provide priority to handover data calls, new voice 
calls and handover voice calls. They have developed a two-dimensional Markov chain 
to analyze this new bandwidth allocation scheme, namely, multi-threshold bandwidth 
reservation scheme.  

In addition to the fixed channel allocation schemes, GCS and its variants have also 
been analyzed with the dynamic allocation schemes in [25]. Moreover, several recent 
studies [26-29] have investigated the performance of GCS with a First-In-First-Out 
(FIFO) queue of handover calls via simulation or analytical modelling. Louvros, Py-
larinos and Kotsopoulos [30] have proposed a multiple queue model for handover in 
microcellular networks with a dedicated queue for each transceiver in the cell. Xhafa 
and Tonguz [14] have presented an analytical framework which employs two queues 
for the two priority classes of handover calls and incorporates a priority transition 
between handover calls in the queue. However, the arrivals of both new calls and 
handover calls were modelled by the traditional non-bursty Poisson process in the 
aforementioned references. Only a few studies [10, 31] have adopted the Markov-
Modulated-Poisson-Process (MMPP) [32] to capture the bursty properties of hand-
over call arrivals.  



670 L. Wang et al.  

 

3    Analytical Model 

3.1   System Description 

The dynamic handover scheme, DGCS, is illustrated in Fig. 3. An FIFO finite capac-
ity queue is adopted to accommodate handover calls waiting for a free channel. Let 
N  be the total number of channels available in a cell and k  be the buffer capacity. 
When the buffer is empty, as shown in Fig. 3(a), the maximum number of channels, 
which can be used to transmit new calls, is n  )( Nn ≤ . Consequently, all remaining 

channels, h  ( nNh −= ), are reserved for handover calls. In the dynamic handover 
scheme, the number of channels allocated to handover calls, h, changes according to 
the queue status. Specifically, when the buffer of handover calls is not empty, t  more 
channels are allocated to handover calls in order to reduce the delay and loss probabil-
ity of handover calls. In this case, the maximum numbers of channels which can be 
used for new calls and handover calls are changed to )(' tnn −=  and )(' thh += , re-

spectively, as shown in Fig. 3(b). 
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Fig. 3. The dynamic guard channel scheme 

The arrivals of new calls follow a Poisson process with average arrival rate λ . The 
arrivals of handover calls are modelled by a two-state MMPP with the infinitesimal 

generator ⎥
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Λ  , respectively, where 

mλ )2 ,1( =m  is the arrival rate when the MMPP is at state m and mδ  is the intensity 

of transition from state m  to the other. The call duration time, which is the amount of 
time that the call remains in progress without forced termination, is assumed to be 

exponentially distributed with mean 1−
duμ . Moreover, the cell dwell time, i.e., the time 

duration that a mobile user resides in the cell before crossing the cell boundary, fol-

lows an exponential distribution with mean 1−
dwμ . Therefore, the channel holding time 
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defined as the time spent in a cell follows an exponential distribution with mean 
11 )( −− += dwdu μμμ . Furthermore, a handover call waiting in the queue is forced to 

terminate if the mobile station moves out of the radio coverage of the handover area. 

The corresponding handover dwell time is exponentially distributed with mean 1−d . 

3.2   System State Transition Diagram 

This section presents the state transition diagram of the system with the dynamic 
handover scheme. As shown in Figure 4, the three-dimensional Markov chain is con-
structed from two 2-dimensional Markov chains with one in the front layer and the 
other in the back (shaded) layer. The transition between the corresponding states from 
one layer to the other represents the change between the two states of the MMPP. 
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Fig. 4. State transition diagram of a three dimensional Markov chain for modelling the hand-
over scheme  

Each state ),,( mji  in the three-dimensional Markov chain corresponds to the case 

where there are i , )k)'(0( +≤≤ hi , handover calls and j , )0( nj ≤≤ , new calls in 

the system and the two-state MMPP is at state m , )2,1( =m . The transitions from 

state ),,( mji  to ),,1( mji + , ,'0( khi +<≤  ),2,1,0 =≤≤ mnj  and from state 

),,( mji  to ),,1,( mji +  )2,1,0   ,'0( =<≤+≤≤ mnjkhi  imply that a handover call 

and a new call enters into the system, respectively. Therefore, the transition rates out 
of state ),,( mji  to ),,1( mji +  and to ),1,( mji +   are mλ  and λ , respectively. On the 

other hand, the transitions from state ),,( mji  to ),,1( mji − , 

),2,1  ,0  ,'1( =≤≤+≤≤ mnjkhi  and from state ),,( mji  to ),,1,( mji −  

)2,1,1   ,'0( =≤≤+≤≤ mnjkhi  represents that a handover call and a new call  

departs from the system, respectively. Therefore, the transition rate out of state 
),,( mji  to ),1,( mji −  is μ×j . If a state ),,( mji  indicates that the buffer is empty 
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(i.e., 'hi ≤  and Nji ≤+ ), the transition rate from ),,( mji  to ),,1( mji −  is μ×i . 

Otherwise, the transition rate is djNijN ×+−+×− )()( μ  and dhih )'(' −+μ   

when njn ≤≤'  and 'nj < , respectively. 

Let ijmp  denote the joint probability of state ),,( mji  in the three-dimensional 

Markov chain. Let P  be the steady-state probability vector of this Markov chain, 
) , , , , , , , , , , ,( 200021')'(01)'(10001 nnkhkhn pppppp ++=P . The infinitesimal 

generator matrix, Z , of this Markov chain is of size 
×+−+×++× ))2/)1()1()1'((2( ttnkh  ))2/)1()1()1'((2( +−+×++× ttnkh  and can 

be given according to the state transition rates of the Markov chain presented in the 
previous paragraph. The steady-state probability vector, P , satisfies the following 
equations. 
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where T)1 ,  ,1 ,1( ⋅⋅⋅=e  is a unit column vector of length 

))2/)1()1()1'((2( +−+×++× ttnkh . Solving Equation (1) using the approach pre-

sented in [32-34] yields the steady-state probability vector, P , as 

1)( −+−= eαXΙαP . (2)

where matrix β/QΙX += , }min{ iiQ≤β  and α  is an arbitrary row vector of X . 

The aggregate and marginal state probabilities, xp  and q
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in the system and in the queue, respectively, can be calculated based on the joint state 
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The probabilities, xp  and q
xp , are essential for the derivation of the aggregate and 

marginal performance metrics below. 
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3.3   Derivation of Performance Metrics 

Analytical expressions are derived to evaluate the mean number of calls in the system 

L , aggregate response time R , aggregate call blocking probability CLP , handover 

call blocking probability HCLP , handover delay D  and new call blocking probabil-

ity NCLP .  

The mean number of calls in the system L  can be calculated as follows 

∑ ×=
+

=

kN

x
xpxL

0
)( . (5)

The expressions for the mean aggregate response time can be derived using Little’s 
Law [35]. 

T

L
R = . (6)

where T  is the aggregate throughput and is equal to the sum of the throughput of 

handover calls and new calls, HT  and NT . Due to the equilibrium of the rates of in-

coming flows and outgoing flows in the steady state, the mean marginal throughputs 

HT  and NT  are equal to the corresponding arrival rate multiplied by the probability 

that a handover or new call are not lost. 
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As a blocked call does not contribute to the throughput, the call blocking probability 
is calculated by 
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+

−+=
H

H T
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The average arrival rate, Hλ , of handover calls, modelled by an MMPP-2 can be 

given by 
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Similarly, the handover call blocking probability and new call blocking probability 
can be written as 

H

HH
H

T
CLP

λ
λ −= . (12)

λ
λ N

N
T

CLP
−= . (13)

Moreover, the expression for the handover delay D  can also be derived using Little’s 
Law and is given by [35]. 

H

q

T

L
D = . (14)

Finally, the mean number of handover calls in the queue can be easily calculated us-

ing the probability q
xp  

∑ ×=
=

k

x

q
xq piL

0
)( . (15)

4   Model Validation and Performance Analysis 

To investigate the accuracy of the above developed performance model, a discrete-
event simulator has been developed for the dynamic handover scheme using JAVA 
programming language. Extensive numerical experiments have been performed for 
several combinations of different degrees of burstiness of handover calls, various 
numbers of channels ( h ) originally reserved for handover calls and numbers of dy-
namic channels ( t ).  The figures presented below in this section reveal that the simu-
lation results closely match those predicted by the analytical model. Moreover, we 
investigate the effects of the number of channels originally reserved to handover calls, 
the number of dynamic channels and the burstiness of handover calls on the system 
performance. 

Figs. 5-10 illustrate, respectively, the mean number of calls in the system, aggre-
gate response time, aggregate call blocking probability, handover call blocking prob-
ability, handover delay and new call blocking probability against the number of  
dynamic channels t  with different degrees of burstiness of handover calls and the 
original number of channel reserved for handoff calls 15,10=h . Performance results 

depicted in Figs. 5-10 are presented for the following cases:  The total number of 
available channels in the cell is 30=N . The buffer capacity, k , is set to be 10. Addi-
tionally, the call duration time, cell dwell time and handover dwell time are exponen-

tially distributed with mean 1−
duμ = 0.67, 1−

dwμ  = 10, and 1−d  = 100, respectively. The 

mean arrival rate of new calls λ  is set to be 20. Furthermore, handover calls with 
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high burstiness is generated using the infinitesimal generator matrix 
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Fig. 5. Mean number of calls in the system vs. the number of dynamic channels t  with the 
number of channels reserved for handover calls 15,10=h  and different burstiness of handover 

calls  

As the number of dynamic channels ( t ) increases, more and more handover calls are 
accepted whilst more and more new calls are denied. The decrease in the mean num-
ber of calls in the system, on condition that the burstiness of handoff calls is low  
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Fig. 6. Mean aggregate response time vs. the number of dynamic channels t  with the number 
of channels reserved for handover calls 15,10=h  and different burstiness of handover calls  

or on condition that h  is small (i.e., 10=h ) and the burstiness of handover calls is 
high, indicates that the decrease of the number of new call arrivals holds the leading 
position in affecting the aggregate number of calls in the system. However, Fig. 5 
depicts that when the burstiness of handover calls and h  are high (i.e., 10=h ), the 
mean number of calls that can be accommodated in the system tends to increase be-
fore it reaches a maximum value as t  increases. This trend represents that the system 
accepts more handover calls although the number of accepted new calls decreases. 
When the number of calls in the system reaches its maximum value, the number of 
handover calls in the system is at the saturation point and the decrease of the number 
of new call arrivals consequently holds the leading position in affecting the aggregate 
number of calls in the system. 

Furthermore, Fig. 5 shows the negative effect of high burstiness of handover calls, 
for instance, when h  is fixed as 10, high burstiness results in an increased mean  
aggregate number of calls in the system if t  is smaller than 4. Once the number of 
dynamic channels t  exceeds 4 the decrease in the number of new calls plays more 
important role than burstiness in affecting the aggregate number of calls in the sys-
tem. Moreover, the mean aggregate number of calls in the system when the h  is small 
(i.e., 10=h ) is larger than that when h  is big (i.e., 15=h ).  

Figs. 6-9 reveal that, respectively, the increase of t  remarkably reduces the mean 
aggregate response time, aggregate call blocking probability, handover call blocking 
probability and handover delay, in particular, with high burstiness and less number of 
channels originally reserved for handover calls (i.e., 10=h ), in that more channels 
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Fig. 7. Mean aggregate call blocking probability vs. the number of dynamic channels t  with 
the number of channels reserved for handover calls 15,10=h  and different burstiness of hand-
over calls  
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Fig. 8. Mean handover call blocking probability vs. the number of dynamic channels t  with the 
number of channels reserved for handover calls 15,10=h  and different burstiness of handover 
calls  
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Fig. 9. Mean handover delay vs. the number of dynamic channels t  with the number of chan-
nels reserved for handover calls 15,10=h  and different burstiness of handover calls  
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Fig. 10. Mean new call blocking probability vs. the number of dynamic channels t  with the 
number of channels reserved for handover calls 15,10=h  and different burstiness of handover 
calls  
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are allocated to handover calls. In addition, long aggregate response time, high aggre-
gate call blocking probability, high handover call blocking probability and long hand-
over delay are demonstrated in Figs. 6-9, respectively, as a result of increasing the 
burstiness of handover calls. On the other hand, it is easily understandable that the 
increase of h  reduces the number of handover calls in the buffer, consequently de-
creases the aggregate response time, handover call blocking probability and handover 
delay. Meanwhile, Fig. 7 denotes that, when t  is small (i.e., 2≤t  under low bursti-
ness, 5≤t  under high burstiness), the aggregate call blocking probability increases as 
h  grows. However, for a large t , the aggregate call blocking probability with a big 
h  (i.e., 15=h ) is higher than that with small one (i.e., 10=h ). 

As more and more handover calls are accepted, Fig. 10 illustrates that the new call 
blocking probability increases as t  rises. High burstiness results in the growth of new 
call blocking probability. Such a trend becomes remarkable as t  increases. Finally, as 
shown in Fig. 10, if more channels is originally reserved for handover calls (i.e., 

15=h ), new call blocking probability, the number of channels used for new call 
transmission decreases and consequently, more arriving new calls are to be blocked. 

5   Conclusions 

This chapter presented a detailed review of existing handover schemes for wireless 
communication networks. Particular emphasis was given to a proposed handover 
scheme DGCS, which can assign dynamically the reserved channels in order to re-
duce both the handover call blocking probability and mean handover delay. In this 
context, an analytical model was devised to assess the performance of this handover 
scheme and the MMPP was used to capture the impact of bursty and correlated arrival 
patterns of handover calls. The credibility of the model was illustrated by comparing 
favourably the analytic results against those obtained through extensive simulation 
experiments. Moreover, it was shown that the proposed handover scheme can effec-
tively reduce the handover blocking probability and mean handover delay.   

The analytical model can be employed to obtain a desirable number of dynamic 
channels in order to establish an optimal trade-off amongst the blocking probabilities 
of new calls and handover calls as well as the aggregate blocking probability of all 
calls.  
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