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mobility based channel reservation (MBCR) and new call 
bounding (NCB) schemes were analyzed by hou and Fang 
[5] to provide the QoS guarantee for a mobile wireless 
network.  To reduce the dropping probability of voice/data 
handoff calls and to improve the performance of 
wireless/cellular network, various prioritized channel 
allocation schemes were developed by many researchers in 
different contexts [6-9]. To transparently avoid the service 
interruptions during horizontal and vertical handoffs, a noble 
middleware called mobile agent ubiquitous multimedia 
middleware (MUM) was proposed by Khan et al. [10]. A 
handoff scheme with wireless access points (WAP) was 
studied by shet et al. [11]. This scheme uses WAP as the ad-
hoc routing station, to connect to the base stations. 

In cellular architecture, the radio coverage is represented 
by hexagonal shaped cell structure. The irregular shape of the 
radio coverage area is due to the interference of various 
objects like building, mountains, uneven terrains etc. By 
exploiting the coverage of overlapping area, the user may be 
able to establish the best communication link quality. To 
improve the teletraffic performance of cellular network, 
directed retry scheme in different manners has been widely 
employed [12-14]. By considering the density of the base 
station and the speed of the mobiles for cellular radio 
network, the effects of directed retry on the call blocking 
were analyzed by verdone and zanella [15, 16]. To optimize 
the performance of wireless cellular network in case of 
network congestion resource/channel reservation and call 
admission control schemes were extensively used by many 
authors [17, 18].  A dynamically adaptive channel 
reservation scheme was suggested by salamah and lababidi 
[19].  According to this scheme, the reserved channels can 
also be assigned to new calls depending upon the locality 
principle, in which the base station with the help of location 
estimation algorithms in the mobile location centre predicts 
the position of mobile terminal. The subrating channel 
assignment scheme in which the reserved channels (guard 
channels) are divided into two half rate channels to serve the 
more prioritized calls present in the network, can be used to 
improve the performance of handoff voice attempts in 
cellular network [20,21]. A novel time-frequency resource 
allocation mechanism using fractional frequency reuse (FFR) 
for a macro-femto overlay cellular network was proposed by 
Oh et al. [22]. 

To improve the handoff performance in a cellular 
network, the overlay architecture plays a vital role. The 
macro cell/micro cell overlay architecture provides a balance 
between maximizing the number of users per unit area and 
minimizing the network control load associated with 
handoff. In order to increase the network capacity, the multi-
tier network architecture can be used [23-27]. Two channel 
sharing strategies (i) vertical channel sharing and (ii) 
vertical-horizontal channel sharing for a two-tier cellular 
network with overlapping in service area was proposed by 
Lin et al. [28]. The Markov models for two-tier hierarchical 
cellular network to control the admission of new and handoff 
calls were developed in [29-31]. Many concepts including 
interference modelling and spectrum allocation issues in two-
tier networks were discussed by Quek et al. in their book 
[32]. 

The consideration of macro/micro cells i.e. overlay 
architecture of cellular network provides flexibility to 
manage the traffic load inside the network more efficiently in 

comparison to a single layer architecture. The consideration 
of different speeds of handoff calls is quite realistic in the 
present scenario because it is necessary to design any 
communication network in such a way that it can handle the 
different types of users according to their mobility status. In 
the present investigation, we are dealing with the two types 
of handoff calls i.e. high speed and low speed handoff calls. 
We propose a two-tier cellular network to deal with different 
traffic conditions at different places and speed. According to 
the density of the subscribers, the two layers i.e. (i) macro 
layer and (ii) micro layer are taken into consideration for 
modeling purpose. The macro layer covers the area which is 
less congested such as the area beyond a city centre or 
outside the main street of the city whereas micro cell covers 
the area with high traffic density (called hot spot) such as an 
airport, a railway station or a parking lot. The cells in the 
lower tier are called micro cells and their radii are smaller 
than those cells of the macro layer. Upper layer cells i.e. 
macro cells cover the area of few kilometers whereas micro 
cells cover the area of few hundred meters. Two classes of 
mobile terminals (i) high speed moving terminal (HSMT) 
and (ii) low speed moving terminal (LSMT) are taken into 
consideration. The HSMT class represents the mobile 
terminals that are used in cars and other vehicles whereas 
LSMT class is made up of the users that are preliminary 
pedestrians. During the peak hours of the traffic, new call 
bounding scheme seems to reasonably good to control the 
admission of the new calls which can be further improved by 
giving the priority to the handoff calls with the provision of 
guard channels. The channel subrating in the micro cell can 
play a significant role in reducing the dropping of the calls. 
In the present investigation, we have employed the subrating 
scheme for low speed handoff voice calls.  

The finite buffer provisioning is done in the macro cell to 
admit more calls in the system. The directed retry scheme is 
also proposed by considering the overlapping area of the 
neighboring cells; this scheme is quite helpful in reducing the 
blocking probabilities of handoff calls to certain extend. The 
concept of directed retry incorporated makes our model 
versatile to deal with real time system. The rest of the paper 
is organized as follows. The traffic model description by 
stating the requisite assumptions and notations being used in 
the formulation of the mathematical model is presented in 
section 2. The analysis is carried out in section 3. In section 
4, various performance indices are discussed. An iterative 
algorithm is suggested to compute the rate of directed retry 
traffic. In section 5, the sensitivity analysis has been 
performed to examine the effect of various parameters on the 
system performance. Finally, concluding remarks for future 
scope of our study are given in section 6. 
 

2. Model Description 
 
We develop a double layer cellular network consisting of a 
group of hexagonal shaped micro cells overlaid by a macro 
cell. The macro cell layer which is the outer layer of the 
network, also known as umbrella layer, receives the HSMT 
type handoff calls. The micro cell layer is the inner layer of 
the network and deals with the LSMT traffic (both new and 
handoff calls) along with only new calls of HSMT type. A 
macro cell has i (i= 1, 2, …, K) group of micro cells. These 
micro cells are overlapped with each other to provide the full 
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coverage area. Figure 1 shows the cluster of seven micro 
cells overlaid by a macro cell. There are C channels allocated 
in a macro cell whereas each micro cell has c channels to 
communicate with the subscribers. To support more low 
speed handoff voice attempts, c channels can be split into 
two half rate channels; this splitting process is known as 
subrating. To deal with heavy traffic conditions, the new call 
bounding scheme is used in micro cell layer for both new 
LSMT and HSMT attempts, according to which the new 
attempts are admitted up to a certain threshold level and after 
that all new attempts are rejected. We also incorporate the 
concept of directed retry in the micro cell layer for LSMT 
type handoff calls. It is clear from figure 1, that ith cell is 
overlapped with the coverage area of the neighboring j cells 
(j =1, 2, …, K-1).  

The fraction of total area of ith cell is given by fi, which is 
overlapped with the neighboring cells. Si denotes the set of 
neighboring cells of the ith cell. Whenever a new call is 
initiated in the ith cell, a channel is assigned to the call. In 
case if there is no channel available to serve the call then the 
call is directed to retry for the service in the neighboring 
cells; this process is known as directed retry. All types of 
attempts are assumed to arrive in Poisson fashion whereas 
the call holding time is exponentially distributed with mean 
rate n and h for new and handoff attempts, respectively. 
 

 
Figure 1. The geometry assumed for overlapping area 
(hexagonal cell side, circular coverage area) 

 
Now we list the notations, which are used to construct the 

model mathematically as follows: 
 

i,Ln(i,Hn) Arrival rates of new calls for LSMT 
(HSMT) at the ith   
(i=1, 2, …, K) cell.  

i,Lh(i,Hh) Arrival rates of handoff calls of LSMT 
(HSMT) at the ith (i=1, 2, …, K) cell.  

i,n Arrival rate of new calls so that

HniLnini ,,,   at the ith (i=1, 2, …, K) 

cell. 

i,h Arrival rate of new calls so that

HhiLhihi ,,,   at the ith (i=1, 2, …, K) 

cell. 

i Aggregate arrival rate of calls at the ith 
(i=1, 2, …, K) cell so that hinii ,,     

1/n (1/h) The call holding time for new (handoff) 
calls. 

i,Lh Rate of directed retry by neighboring 
cells for low speed handoff calls. 

P(0,0) Steady state probability that there is no 
call in the microcell. 

P(l,m) The steady-state probabilities that l 
channels are occupied by new calls and m 
channels are occupied by the low speed 
handoff calls in a microcell 

Bi,n Blocking probability of new calls in 
microcell i, (i=1, 2, …, K). 

bi,Lh Blocking probability of handoff calls at 
LSMT in microcell i, (i=1, 2, …, K). 

Bi,Lh Overall blocking probability of handoff 
calls at LSMT in microcell i, (i=1, 2, …, 
K). 

BHh Blocking probability of handoff calls at 
HSMT in macrocell. 

qs The steady state probabilities that s 
channels are busy with handoff calls of 
HSMT in macro cell. 

Q The buffer size for handoff calls at 
HSMT in macrocell. 

Bo Overall blocking probability. 

CL Carried Load. 

 
The traffic intensities of new calls for LSMTs and 

HSMTs at ith (i = 1, 2, …, K) micro cell are 
n

Lni
Lni 


 ,

,  , 

n

Hni
Hni 


 ,

,  . 

The traffic intensities of handoff calls for LSMTs and 

HSMTs are 
h

LhiLhi
Lhi 


 ,,

,


 , 

h

Hhi
Hhi 


 ,

,  . 

Also,
 HniLnini ,,,   , 

HhiLhihi ,,,   . 

 

3. Traffic Analysis 
 
For the new call bounding scheme we consider that new 
attempts are admitted up to the threshold limit k. If the 
number of new calls in the cell exceeds k, the new call will 
be blocked. The handoff call is rejected only when all 
channels in the cell are used up. Figure 2(a) shows the state 
transition diagram for this scheme. The diagram forms two 
dimensional Markov chain with the state space: 

S = {(l, m)| lcmlcmkl  2,0,0 } 

Where l denotes the number of new calls admitted in the 
micro cell and m is the number of low speed handoff calls 
initiated in a micro cell. The transition flow rates for this 
scheme are given in the table 1. 

We obtain the steady state probability P(l,m) in each micro 
cell by using product type solution in two dimensions as 
[33]: 
 
 

ith Cell

Macro cell 

     Coverage area of 
micro cell 

Overlapping 
area 
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Figure 2. (a) Two-dimensional state transition diagram for 
new call bounding scheme in micro cell. (b) State transition 
diagram for macro cell 
 

Table 1. Transition flow rates 
 

States Tran-
sition 
Rate 

Range 
To From 

(l, m) (l -1, m) l 
lcml

cmkl




2

,0,0  

(l, m) (l+1, m) n lcml

cmkl




2

,0,0  

(l, m) (l, m-1) mh lcml

cmkl




2

,0,0

(l, m) (l, m+1) Lh lcml

cmkl




2

,0,0  

 
Using normalizing condition, we obtain 
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For the macro cell consisting of i (i =1, 2,…,K ) number 
of micro cells, the stationary probability that s channels are 
occupied can be derived using state transition rates shown in 
figure 2(b) as follows: 
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4. Performance Measures 
 
This section provides the results for blocking probabilities of 
new calls, low speed handoff calls in a micro cell, blocking 
probability of high speed handoff calls along with expected 
number of busy channels in a macro cell and the overall 
blocking probability of low speed handoff calls, etc. 
 
4.1. Performance Indices for Micro Cell  
 
In this section, we establish the explicit formula for the 
blocking probabilities and some other indices for micro cell 
as follows:  

The blocking probabilities of new LSMT and HSMT 
calls are given by  
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The blocking probability of handoffs of LSMT is 

obtained as 
 

 
















k

l

lc

m

m
Lh

l
n

k

l

lc
Lh

l
n

Lhi

ml

lcl
b

0

)(2

0

0

)(2

,

!!

)!(2!




                        (6)  

 
The expected number of busy channels in a micro cell is 

determined by using 
 


 


k

l

c

m
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The number of subrated channels in a micro cell is     

given by 
 

ml

k
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The degradation of voice quality of low speed handoff 

voice calls is calculated as 
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4.2. Performance Indices for Macro Cell  
 
Here, we establish two performance measures for HSMT 
handoff calls in a macro cell given as follows: 

The handoff call blocking probability for HSMT is 
obtained as 

0 1 C-1 C C+1 C+Q-1 C+Qo o o o o o o o o0 1 C-1 C C+1 C+Q-1 C+Qo o oo o o o o oo o o o o oo o o
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The expected number of busy channels in a macro cell is 

 





Cn

nmacro nPnE
0

][                                                             (11) 

 
4.3. Overall Blocking Probability for Low 
Speed Handoff Terminal  
 
The overall blocking probability in a cell can be obtained by 
considering the origination of the calls. According to the 
previous assumptions, a cluster of K hexagonal micro cells is 
considered where fi is the fraction of the total area of the ith 
cell which is overlapped by the neighboring cells.  

The overall blocking probability of LSMT type handoff 
calls in the ith cell is given by Bi,Lh = (non-overlapping area) 
× Prob. (cell i is blocked for handoff call at LSMT) + 
overlapping area Prob. (cell i is blocked for handoff call at 
×LSMT)×

j

Prob. (cell j is blocked for handoff call at 

LSMT). 
Hence, we have 

 


j

LhiLhiiLhiiLhi bbfbfB ,,,, )1(                                    (12) 

 
For the notational convenience, we omit the suffix i and 

obtain the blocking probability in an individual micro cell as 
follows: 
 


 HhHhLhLhnn

o

BBB
B
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                      (13) 

 
The carried load is given by 

 


 )1()1()1( HhHhLhLhnn BBB

CL
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        (14) 

 
4.4. Computation of Directed Retry Traffic  
 
Here, we provide a procedure for calculating the arrival rates 
due to directed retry. Now we obtain the traffic due to 
directed retry as follows [12]: 
 


j

LhjLhi ,,  Prob. (cell j is blocked and cell i is not 

blocked for new LSMT calls) × Prob. (a new call is directed 
to cell i given that cell j is blocked and cell i is not blocked 
for new LSMT calls) 
 

=
||

)1( ,,,
j

i
LhiLhj

j
Lhj S

f
bb                                                  (15) 

 
Since the expressions of blocking probabilities include 

the arrival rates due to directed retry, we adopt an iterative 
procedure for calculating the blocking probabilities as 
follows: 
 
 

Iterative Algorithm 
1. Initialize 

Lhi, = 0,= 1,   = 0.00001. 

2. While | |>, repeat the following steps: 
2.1 Calculate Pl.m using (1) and all the blocking 

probabilities using (5), (6), (10) and (12). 
2.2 Compute 

Lhi,  using (15). 

2.3 Calculate  as the difference between 
The old 

Lhi,  and new Lhi, . 

=
Lh

LhLh

new

newold


   

3. Compute Bo and CL by using (13) and (14), 
respectively. 
 

5. Sensitivity Analysis 
 
In order to explore the effect of different sensitive parameters 
on various performance measures such as blocking 
probability of new calls (Bn), overall blocking probability of 
low speed handoff calls (BLh), blocking probability of high 
speed handoff calls (BHh), overall blocking probability of 
calls (Bo), carried load (CL) and expected number of busy 
channels in micro cell (E[nmicro]), we provide numerical 
results by taking an illustration. The coding of computer 
program has been done in MATLAB software. The 
numerical results for various performance indices are 
summarized in tables 2-3. The graphical representation of 
blocking probabilities has also been done in figures 3-5. For 
illustration purpose, we set default parameters as C=70, 
c=10, K=7, k=6, Q=5, Ln=0.1, Hn=0.2, n=0.1, h=0.2, 
Lh=0.010 and Hh=0.05. 

In table 2, a comparative study has been done for various 
performance indices on the basis of retry and without retry 
schemes. From table 2, we observe that overall blocking 
probability of low speed handoff calls (BLh) and overall 
blocking probability (Bo) decrease in case when the calls are 
directed to retry in comparison to without retry scheme. On 
the other hand, the carried load (CL) increases significantly 
in case of retry scheme in comparison to without retry 
scheme. It is clear from both the results that the overall 
blocking probability of low speed handoff calls and overall 
blocking probability of calls can be reduced remarkably by 
using the directed retry scheme.  It is noticed that there is no 
change in blocking probability of new calls (Bn) in both the 
cases (i.e. with retry and without retry) which is as per our 
expectation because the directed retry scheme is applied only 
for low speed handoff terminal. The blocking probabilities 
Bn, BLh  and Bo  increase  on  increasing the arrival rate of 
low speed handoff terminal (Lh) whereas CL decreases with 
the increase in Lh. It is observed that the trend of numerical 
results are quite close to real-time situation for any cellular 
network as the arrival rate of incoming calls inside the 
network increases, the blocking probabilities increase 
significantly. It is also clear that Bn and Bo decrease sharply 
on increasing the value of threshold parameter for new call 
bounding scheme (k), whereas the reverse effect is seen for 
both BLh and CL which increase with the increasing value of 
k. The reason for decreasing trend of Bn is quite obvious 
because the new call bounding scheme is applied to render 
service of only k new incoming calls, hence whenever this 
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threshold parameter ‘k’ increases, the blocking probability of 
new calls decreases significantly. 

Table 3 displays the effect of Hh on different 
performance indices. In table 3, we see the increasing trend 
of blocking probability of high speed handoff calls (BHh), 
overall blocking probability of calls (Bo) and expected 
number of busy channels in macro cell (E[nmacro]) for 
increasing values of the arrival rate of high speed handoff 
calls (Hh). The decreasing pattern for carried load (CL) on 
increasing Hh is also noted. The trends seem to be 
reasonably correct because if the arrival rate of high speed 
handoff calls in a macro cell increases, the blocking 
probability of high speed handoff calls and the overall 
blocking probability of the network increases accordingly. 
Here, Bn and BLh attain constant values by varying the value 
of Hh, which is quite obvious as Bn and BLh both are 
considered for the micro cell and the high speed handoff calls 
are served in the macro cell. 

Figure 3(a-c) show the effect of arrival rate of low speed 
handoff calls (Lh) on the blocking probability of new calls 
(Bn), overall blocking probability (Bo) and carried load (CL) 
for different values of the threshold parameter ‘k’of new call 
bounding scheme. From figures 3(a-b), we notice that Bn and 

Bo gradually increase on increasing Lh whereas decrease 

sharply with the increase in k. Figure 3(c) shows that CL 
decreases moderately with the increase in Lh whereas 
increases sharply on increasing k. The effect of arrival rate of 
low speed handoff calls on Bn, Bo and CL is quite matching 
with the realistic congestion situation for any cellular 
communication network as with the increasing arrival rate of 
calls, the blocking probabilities of calls increase significantly 
whereas carried load of the network decreases moderately.  

The trend of Bn, Bo and CL with the variation in threshold 
parameter of new call bounding scheme ‘k’ are same what 
we expect; by increasing the value of k, the blocking 
probability of new call and overall blocking probability 
decrease remarkably whereas the carried load increases 
significantly. 

Figures 4(a-c) reveal the effect of arrival rate of low 
speed handoff calls (Lh) on the overall blocking probability 
of low speed handoff calls (BLh) for different values of 
threshold parameter of new call bounding scheme (k), 
number of channels in  a micro cell (c) and fraction (f) of 
overlapping area with neighboring cell, respectively. From 
figure 4(a), it is noticed that BLh sharply increases on 
increasing Lh and k. 

 

 
Table 2. Performance indices for different values of Hh and K 

 

 
 

Table 3. Various performance indices by varyingHh for C=70 and Q=5 
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Figure 3. (a) Effect of Lh on Bn for different values ‘k’. (b) Effect of Lh on Bo for different values of ‘k’. (c) Effect of Lh on 
CL for different values of ‘k’ 
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Figure 4. (a) Effect of Lh on BLh for different values of ‘k’. (b) Effect of Lh on BLh for different values of ‘c’. (c) Effect of Lh 
on BLh for different values of ‘f’ 
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Figure 5. (a) Effect of Hh on BHh for different values of ‘C’. (b) Effect of Hh on BHh for different values of ‘Q’ 
 

Figure 4(b) reveals that on increasing Lh, blocking BLh 
increases moderately whereas a remarkable decreasing 
pattern of BLh is seen on increasing the value of c; the effects 
of Lh and c are same what we expect. From figure 4(c) it is 
clear that on increasing Lh, BLh first increases slowly for the 
lower values of Lh; after that a remarkable increasing trend 
of BLh is seen for higher values of Lh. Also, on increasing f, 
we see that BLh decreases slowly; this is due to the fact that 
by increasing the fraction of overlapping area (f) with 
neighboring cell, more calls are directed to retry their service 
in the overlapping area, hence the blocking probability 
decreases. 

Figures 5(a-b) show the graphs for blocking probability 
of high speed handoff calls (BHh) by varying the arrival rate 
of high speed handoff calls (Hh), for different values of total 
number of channels (C)  in macro cell and buffer size (Q) for 
high speed handoff calls in macro cell, respectively. In these 
figures, we notice that BHh increases sharply with the 
increase in Hh, which is quite obvious. We observe in figure 
5(a) that BHh decreases on increasing the value of C. This can 
be physically explained as by providing the service to the 
incoming calls at faster rate, the blocking probability reduces 
significantly. From figure 5(b), it is clear that on increasing 
the buffer size (Q), BHh decreases sharply, which is same as 
what we expected. 

Overall, we conclude that the blocking probabilities of 
high speed moving terminals (i.e. high speed calls) and low 
speed moving terminals (i.e. low speed calls) increase 
moderately on increasing the traffic load inside the network 
whereas carried load decreases on increasing the arrival rate 
of incoming calls. The reduction in the blocking of the 
incoming calls also affects the directed retry scheme as it 
reduces the blocking probability of handoff calls to a certain 
extent depending upon the amount of the fraction of 
overlapping area with the neighboring cells. The new call 
bounding scheme is also beneficial to control the           
arrival of the new calls during the peak and busy hours in the 
network. 
 

6. Conclusion 
 
A two layer cellular network with directed retry and new call 
bounding scheme has been studied. Our study may be helpful 
to reduce the congestion and to improve the QoS in       
multi-layer cellular network which operates under        

techno-economic constraints due to limited resources. The 
concept of new call bounding scheme incorporated provides 
an insight to reduce the blocking of handoff attempts in case 
of heavy traffic situations. The suggested direct retry scheme 
has additional advantage to the subscribers to establish the 
communication link with more than one base station, so that 
they may get best quality.  

In double layer cellular architecture, the macro cell 
provides the cost efficient service because fewer resources 
are dedicated to provide adequate services in rural area with 
overall low and scattered demand. The model developed can 
be further extended by incorporating the integrated 
voice/data traffic. It is hoped that the future design of cellular 
network of upcoming technology may be benefitted             
by our study as far as reduction in blocking calls is 
concerned. 
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