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Abstract: This paper aims to perform an in depth analysis of handoff calls arrival rate in microcell of GSM
networks in order to evaluate the wireless network performance and, in turn, to assist in reducing both of call
dropping probability and call blocking probability. The main tool that used in this work to analyze the system
is the mathematical Steele and Nofal traffic model. In this model, there are seven various parameters; the
arrival rate of originating calls in a cell, the blocking probability of originating calls, the fraction of handoff
calls to the current cell from the adjacent cells, the probability of handoff failure, the probability that a new
call that is not blocked would require at least one handoff, the probability that a call that has already been
handed off successfully would require another handoff, the probability that a new call that is not blocked will
require at least one handoff. These parameters are investigated and considered in wide values ranges in
order to evaluate their effect on the overall handoff arrival call rate. Through the analytical phases, the seven
different parameters show dissimilar degrees of impact on the handoff arrival call rate. Accordingly, it is
found that the probability that a new call that is not blocked will require at least one handoff is the most
effective factor and then the probability of handoff failure.
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1. INTRODUCTION

The system performance analysis in the wireless networks nowadays is becoming a crucial factor that
assists in depth evaluation of the system and help in developing the system performance. In the
wireless communication systems, the handoff process is still remaining the dominant parameter in the
performance analysis and is greatly related to both holding time and cell residence time [1]. Handoff
process is significantly starting to affect system performance since the second generation due to the
growing of the low data rates specifically the SMS [3]. As the wireless networks rapidly deploying
because of the reassigned data bandwidth, the users are dramatically growing and the network had to
provide continuous services to the users to ensure the QoS and technically increase the trustness
between the service provider and the users [4]. The handoff process is also analyzed by using multi-
different mathematical and/or simulation models to improve the wireless communication systems.
The other disadvantages aspects of the handoff process are the handoff failure that related to both call
dropping probability and call block probability [2, 6]. The call dropping probability is defined as
probability that a call will either termination or blocking. The call dropping probability in
conversational land-line networks extremely very low and is significantly less than 0.0, but in mobile
communication networks using radio channel is higher and is about 0.1 to 0.5 due to: lack of radio
coverage either in downtown link or up link and imperfection in function of the network as handoff
failure [8]. Whereas the call blocking probability is defined as probability that a new call request be
denied because of resources lacking. Both of call dropping probability and call blocking probability
are contributed to the performance degradation and deterioration. Accordingly, there are different
models used in analysis and improving the system performance. So, there are some of them such as
[5]:

1. Hong and Rapp port mathematical traffic model.

2. Steele and Nofal traffic model.

3. Eldolil traffic model.

4. Xie and kuek’s traffic model.
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5. Zeng et al.’s Approximated Traffic Model.

The fundamental issue that this paper is addressed is the handoff arrival call rate Ay which can be
expressed as [2]:

Number of successful hando calls
Ay f f ff (1)

" Number of total handoff call requests

So the other system parameters are all together must assist in dramatically increasing this ratio in
order to improve the system performance. Refer to the previous studies, it is found that the call
termination probability is lower than 0.05 and the handoff failure probability is also lower than 0.02.
For better performance improvement, the handoff process can be analyzed by different models so as
to strongly develop the system to comply with the continuous dynamic requirements to keep the QoS
as good as possible [7].

2. STEELE AND NOFAL TRAFFIC MODEL

Since the wireless communication networks are becoming more popular in public life, there is rapidly
dynamic continuous increasing in both data and voice traffic. So, the mathematical and/or simulation
traffic modeld are required to help understanding system changed performance. Steele and Nofal
mathematical traffic model is used to evaluate the handoff arrival call rate to continually assist in
reducing the call dropping probability and call blocking probability. This model is depending on
different parameters that are all compose the entire nation about the key parameters with very high
important positive effect on the overall performance. The mode is clearly shown below in equation as:

A, = Z 0(1 = Bo)[Phg + 3P18(1 — P'f)Phhg] )
m=1

Where: 1o: the arrival rate of originating calls in a cell, Bo: the blocking probability of originating
calls, B: the fraction of handoff calls to the current cell from the adjacent cells, Py the probability of
handoff failure, Py: the probability that a new call that is not blocked would require at least one
handoff, Py,: the probability that a call that has already been handed off successfully would require
another handoff, P,: the probability that a new call that is not blocked will require at least one
handoff. In the mathematical traffic model, the evaluated handoff arrival call rate is directly
depending on the wide range of it is parameters. The seven various parameters of the system are
classified into two principal groups; group one and group two as listed in tablel. Group one represents
the calculated values that are used as constant parameters in the model. Whereas, group two which is
represents the inconstant values that varied in wide different ranges.

Tablel. The group’s parameters and cases values

Group Two (Inconstant) Group One (Constant) Casel Case2 Case3 Cas
Parameter | Min Max Parameter Min Max e4
Bo 0.01 0.04 o 0.1 0.3 0.3 0.1 0.1 0.1

P, 0.01 | 0.15 s 0.8 0.98 0.8 0.98 0.8 0.8

Ps 0.01 0.2 Py 0.9 0.98 0.9 0.9 0.98 0.9

- - - Pun 0.01 0.98 0.01 0.01 0.01 0.98

Through the normal performance of the system up to the critical one, the model explains the multi-
different performance conditions and capable to express them by the wide value ranges of parameters.
In normal performance the system is capable to carry out all the handoff process with no call dropping
and blocking probabilities. Whereas, the critical system performance is that any additional only one
handoff call request made the system not only capable to carry out the handoff process but also drop
the call in progress and block any initiating call in the same microcell in the system. These conditions
are categorized into multi-different cases depending on each parameter range as shown in table2.

3. RESULTS AND DISCUSSION

Steele and Nofal traffic model is used as mathematical tool to assist in analyzing the system
performance under various conditions and later to contribute in forming the conceptual frame to
control the both the call dropping and call blocking probabilities. Tables 2, 3, and 4 shows the
mathematical results that are carried out and obtained for the cases 1, 2, 3, and 4. In casel, all group
one parameters are in its minimum values except the arrival rate of originating calls, (1o =0.3) in its
maximum value. Case 2 is dealt as; all the parameters Ao, Ph, Phh, are in their minimum values except
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the fraction of handoff calls to the current cell from the adjacent cells (5=0.98) in its maximum. Case
3 also highlighted only the probability of unblocked new call (P,=0.98) in its maximum value and the
other constant parameters are in its minimum values. In case 4, the only probability that a call that has
already been handed off successfully is in its maximum value (P,=0.98).

Table2. Handoff call rate Ay versus P1

0 0.05 0.1 0.15 0.2

P, Ay (casel) Ay (case2) Ay (case3) Ay (cased)
0.0100 0.2139 0.0891 0.0792 0.0715
0.0193 0.2139 0.0892 0.0792 0.0716
0.0287 0.2140 0.0892 0.0793 0.0718
0.0380 0.2141 0.0892 0.0793 0.0720
0.0473 0.2141 0.0892 0.0793 0.0722
0.0567 0.2142 0.0893 0.0793 0.0723
0.0660 0.2142 0.0893 0.0793 0.0725
0.0753 0.2143 0.0893 0.0793 0.0727
0.0847 0.2143 0.0893 0.0794 0.0729
0.0940 0.2144 0.0894 0.0794 0.0730
0.1033 0.2144 0.0894 0.0794 0.0732
0.1127 0.2145 0.0894 0.0794 0.0734
0.1220 0.2145 0.0895 0.0794 0.0736
0.1313 0.2146 0.0895 0.0794 0.0738
0.1407 0.2146 0.0895 0.0795 0.0739
0.1500 0.2147 0.0895 0.0795 0.0741
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Figurel. Handoffs call arrival rate A4 versus P1, casel
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Figure2. Handoff call arrival rate Ay versus P1, case2

Case3: AH versus P1
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Figure3. Handoff calls arrival rate Ay versus P1, case3
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Case4: AH versus P1
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Figured. Handoff call arrival rate Ay versus P1, case4
Table3. Handoff call rate Ay versus P'f

Ps Ay (casel) Ay (case2) Ay (case3) Ay (cased)
0.0100 0.2139 0.0891 0.0792 0.0715
0.0227 0.2112 0.0891 0.0791 0.0715
0.0353 0.2084 0.0891 0.0789 0.0715
0.0480 0.2057 0.0891 0.0787 0.0715
0.0607 0.2029 0.0891 0.0786 0.0715
0.0733 0.2002 0.0891 0.0784 0.0715
0.0860 0.1975 0.0891 0.0783 0.0715
0.0987 0.1947 0.0891 0.0781 0.0715
0.1113 0.1920 0.0891 0.0779 0.0714
0.1240 0.1893 0.0891 0.0778 0.0714
0.1367 0.1865 0.0891 0.0776 0.0714
0.1493 0.1838 0.0891 0.0775 0.0714
0.1620 0.1811 0.0891 0.0773 0.0714
0.1747 0.1783 0.0891 0.0771 0.0714
0.1873 0.1756 0.0891 0.0770 0.0714
0.2000 0.1728 0.0891 0.0768 0.0714

Casel: AH versus Pf
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Figure5. Handoff calls arrival rate A versus Pf, casel
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Figure6. Handoff call arrival rate 1y versus Pf, case2
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Case3: AH versus Pf
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Figure8. Handoff call arrival rate iy versus Pf, case4

Table4. Handoff call rate Ay versus Bo

Bo Ay (casel) Ay (case2) Ay (case3) Ay (cased)
0.0100 0.2139 0.0891 0.0792 0.0715
0.0120 0.2135 0.0889 0.0791 0.0713
0.0140 0.2130 0.0888 0.0789 0.0712
0.0160 0.2126 0.0886 0.0787 0.0710
0.0180 0.2122 0.0884 0.0786 0.0709
0.0200 0.2117 0.0882 0.0784 0.0707
0.0220 0.2113 0.0880 0.0783 0.0706
0.0240 0.2109 0.0879 0.0781 0.0705
0.0260 0.2104 0.0877 0.0779 0.0703
0.0280 0.2100 0.0875 0.0778 0.0702
0.0300 0.2096 0.0873 0.0776 0.0700
0.0320 0.2091 0.0871 0.0775 0.0699
0.0340 0.2087 0.0870 0.0773 0.0697
0.0360 0.2083 0.0868 0.0771 0.0696
0.0380 0.2078 0.0866 0.0770 0.0694
0.0400 0.2074 0.0864 0.0768 0.0693

Casel: AH versus Bo
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Figure9. Handoff call arrival rate 1 versus Bo, casel
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Case2: AH versus Bo

0.09
0.089
0.088
0.087
0.086

0 0.01 0.02 0.03 0.04 0.05

handoff arrival rate( AH)

Blocking probability of originating calls
BO

Figurel0. Handoff call arrival rate /4 versus Bo, case2
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Figurell. Handoff call arrival rate Ay versus Bo, case3

Case4: AH versus Bo
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Figurel2. Handoff call arrival rate Ay versus Bo, case4

Throughout the overall analysis, group two parameters are evaluated. Firstly, according to the table 2
and figures 1, 2, 3, 4 show that P; is calculated at minimum and maximum values of its group one
parameters. It is noted that as the group one parameters changed to its maximum values, the Ay tend to
be unchanged over wider ranges than the previous one. Generally, P is directly proportional to the Ay
especially case 4 which depending on the Py, rather than other parameters such as Ao, f, and Py.
Secondly, referring to the table 3 and figures 5, 6, 7, 8, Ps is inversely proportional to the Ay case 1
that depending upon the maximum value of A0 at 0.3, whereas in case 2 the Ps has no effect on Ay
irrespective of the other parameters in group one. Case 3 is less sensitive than case 1 because of
maximum value of P;=0.98. In case 4, there is no change in Ay at range (0.01 — 0.0987) and range
(0.11 - 0.2) of Py, so the only variation is happened at the transition value from (0.0987 — 0.124) of P.
Bo is inversely proportional to the Ay in all cases. Throughout the performance analysis, it is found
that Bo has stronger effect depending on /o as shown in table 4 case 1. But P; has low effect as clearly
stated in table 3 cases 1 and 3, whereas case3 has absolutely no effects

4, CONCLUSION

The system is analyzed by the mathematical Steele and Nofal traffic model; it gives good results
regarding the effect of the Bo, P1, and Pf. This analysis is so ad equated to the microcell where there
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is low capacity and non density populated area and the users are normally moving on different speeds
and directions all the time they spend in the cell such as city or high way streets, market especially the
malls, and underground stations. The only constrains that challenges the system and make the results
are irrelevant if the users are not in moving mode from one cell to another.
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