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ABSTRACT

We address the problem of determining the optimal number of
reserved and unreserved channels in cellular networks with integrated
voice/data traffic. Four prioritized channel assignment schemes ate
considered for which the optimal number of channels for different
traffic is determined. In scheme 1 (CAS 1), a fixed number of
channels are reserved especially to serve hand-off calls. Scheme 2
(CAS 2) provides a buffer to the hand-off voice calls so that they
could be served when the channel gets free. In scheme 3 (CAS 3), the
new calls are allowed to use the reserved channels also, if they are
available. In order to cope with the heavy traffic conditions, the
reserved channels are subrated to accommodate more voice users in
scheme 4 (CAS 4). The optimal number of channels to be allocated
to each cell in all the schemes is calculated using an iterative
algorithm, which minimizes the overall blocking probability of the
handoff calls by solving a non-linear integer-programming problem.
All the schemes are compared in terms of blocking probabilities of
hand-off calls and new calls, overall blocking probability and carried
load by using numerical illustrations.

prioritized channel assignment.
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1.0 INTRODUCTION

for wireless communication services. Cellular technology has provided a

strong backbone for dealing with this increasing demand. The service
area in the cellular systems is divided into small cells, each of which is allocated
a particular set of frequency channels. These frequency channels are reused
many times to make efficient use of the limited bandwidth. Usually, we deal
with two types of calls while studying cellular systems i.e., new calls and hand-
off calls. The hand-off calls are the ones, which are already ongoing but have
moved onto a new cell and need to connect to a new base station. The blocking
probability of the hand-off calls is an important GoS (Grade of Service) metric
of mobility management in cellular systems (cf. Rappaport, 1992). The main
tssue in cellular systems is to decide the number of frequency channels that
should be assigned to each cell so that a pre-specified level of GoS can be
achieved. Many researchers have addressed the problem of channel assignment.
Most of the channel allocation schemes, which were proposed in the eatlier
days by several reseatchers {cf, Anderson, 1973; Eklundh, 1986; Karlsson and
Eklundh, 1989), were aimed at improving the channel utilization. However,
prioritized channel assighment schemes which took hand-off calls into
consideration were also considered by Oh and Tcha (1992), Hong and
Rappaport (1989), Purzynski and Rapport (1995), Ortigoza-Guerrero and
Aghvami (1999). Jain (2000) discussed the prioritized channel schemes in mixed
cellular radio systems. Jain and Rakhee (2002) suggested priotity based channel
assignment schemes for PCS with integrated traffic. These schemes were based
on reserving a fixed number of frequency channels for the hand-off calls.

Jn the past few years, there has been a tremendous growth in the demand

With the fast growing applications of multimedia, it has become desirable for
wireless cellular networks to deliver broadband services for integrated traffic,
which includes voice calls, data calls and images. To support this traffic
scenatio, cell sizes are reduced. This has resulted in an increase in the number
of hand-offs and the forced termination probability. Recently, a new scheme
has been reported in the literature in which a new channel is cteated for a hand-
off attempt by subrating an existing cell. Lin et al. (1995) proposed a subrating
channel assighment strategy where an occupied full rate channel is divided into
two half-rate channels; one to serve the existing call and the other one to serve
the hand-off request. Li and Alfa (1999) proposed that only the reserved
channels could be splitted into two different rate channels. Jain and Rakhi
(2001) suggested subrated channel assignment schemes for integrated traffic.



/fjict.uum.edu.my/

http

Journal of ICT, 2 (2), pp: 41-64
e e e e e

To umplement any prioritized channel allocation scheme in real time systems, it
1s necessary to know the optimal number of channels which should be reserved
exclusively for the hand-off calls, or the optimal number of channels which
should be subrated. The determination of the number of channels for
prioritized channel assignment schemes is an important issue, which has also
attracted the attention of researchers. Davoli and Maryni (2000) suggested a
two level approximation for admission control and bandwidth allocation. Lin
and Lin (2001) provided a method for calculating the optimal number of
channels for GPRS, using neural nerworks. They used the backpropogation
algorithm for computing the optimal number of channels to be allocated to
vartous users.

A cluster of cells is considered for analyzing the performance of the cellular
svstem instead of a single cell. Our aim in this investigation is to decide the
number of reserved and unreserved channels to be allocated in each cell of the
cellular cluster with integrated traffic. The novel feature of this investigation
over the existing literature is the determination of the optimal number of
reserved channels, which seems to be a major design goal in the cellular
architecture of future generations. In earlier work (cf. Jamn (2000), Jain and
Rakhee (2001, 2002)), we have suggested various channel assignment schemes
for reducing the blocking probabilities of the calls. In this paper, we develop an
algorithm for computing the optimal number of channels, to be reserved for
the handoff calls. The algorithm aims at minimizing the overall handoff
blocking probability for various assignment policies, which results in lesser
blocking of handoff voice calls. Special provision of subrating is made in an
improved policy so as to give priority to handoff voice attempts. This results in
reducing the loss of ongoing calls, but of course at the cost of new calls in case
of heavy traffic.

We consider four prioritized channel assignment schemes for which the
optimal channel allocation is done. In scheme 1, a fixed number of channels are
reserved exclusively for the hand-off calls. In order to accommodate more and
more hand-off voice call users and to reduce the blocking of these calls, there 1s
a provision of finite buffer for hand-off voice attempts in scheme 2. In scheme
3, the channels reserved for handoff calls may also be accessed by the new calls
if available, in case of low handoff traffic. Subrating of the reserved channels in
order to accomunodate more voice calls, 1s done in scheme 4. The rest of the
paper is organized as follows. In section 2, we discuss the traffic model along
with the assumptions and notations being used in the formulation of the
mathematical model. Section 3 describes all the channel assignment schemes

45



t.uum.edu.my/

/ljic

http

Journal of ICT, 2 (2), pp: 41-64

with the expressions for respective blocking probabilides. An iterative
algorithm for computing the optimal number of channels to be allocated in
each cell of a cellular cluster is provided in section 4 by formulatng a
constrained non-linear integer-programming problem. Numerical illustrations
are reported in section 5. Finally, conclusions are drawn in section 6.

2.0 THE TRAFFIC MODEL

We consider a cluster of K hexagonal cells of uniform size in a cellular network
as shown in Fig. 1. The traffic in the network is non-uniform and is supposed
to consist of two types of calls i.e., voice calls and data calls. The arrival rates of
all the calls are assumed to be Poisson and the service times are distributed
exponentially. Also, the mean call holding times, call degradation times and call
residence times follow exponential distribution.

Fig 1: A Cluster of K Hexagonal Cells of Uniform Size in a Cellular
Network

The following notations are used for formulating the mathematical model:
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C Number of channels allocated to a cell

TE Number of channels allocated to the cluster

r Number of channels reserved for handoff calls

s Number of channels which serve both types of calls
N Buffer size for handoff voice calls

1/ Mean call-holding time

1714 Mean call-degradation time

I/m Mean cell residence time of each portable

Mgvw (hgys)  Arrival rates for new voice (new data) calls in cell j, (j=1,2,...,K)
Agme (hons) Artival rates for handoff voice (handoff data) calls m cell j,

G=12,...K)
Mo Arrival rate of new calls so thatA, v =Agve+ Aova, (=1,2....,.K)
A Arrival rate of handoff calls so that Apy=hons + Aens »
G=1.2.....K)
A, Arnval rate of calls in each cell; A=Ay vtApn , (=1,2,...,.K)
P Steady state probability that there is no call in cell j
Pin Steady state probability that there are n calls in cell j
B Blocking probability of new calls in cell j, (=1,2,....K)
Bn Blocking probability of handoff data calls in cell j, (j=1,2,....K)
B,y Blocking probability of handoff voice calls in cell §, (=1.2,....K)
B Overall blocking probability
CL Carried Load

“Note: For the sake of simplicity, we have dropped the suffix j in section 3.

3.0 CHANNEL ASSIGNMENT SCHEMES

In this section, we discuss all the four prioritized channel assignment schemes.
‘The expressions for the steady state probabilities, blocking probabilities of new
and hand-off calls and the carried load are provided for each scheme. The
steady state diagrams for all the schemes are shown in Figures 2-5.

3.1 Channel Assignment Scheme 1 (CAS 1)

In cellular communication systems, it is important to give priority to the
ongoing calls in compatison to the new calls. In this scheme, r channels among
the total C channels are reserved for serving the hand-off calls only. The
remaining s=C-r channels serve both new and hand-off calls. The steady state
probabilites for this scheme are given below:
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L (kg +1)
o An ' ASAH—S =
where =|:Z, T s = 2
n=onl(fy +1)"  w=snnl(l, +1)

The blocking probabilities and carried load for this scheme are obtained as
follows:

o Blocking probability of new calls is
c
B,=ZLP, 3

n=s

° Blocking probabilities of handoff data and voice calls are given by
By =By, =B, =P ®

° The overall blocking probability is calculated as

+A,B

g DB+ AyB, (5)
A

° The carried load is given by
- +A,(1-B

CLZAn(l Bn)A h( h) (6)

3.2 Channel Assignment Scheme 2 (CAS 2)

In this scheme, a finite buffer of size N is provided to the hand-off voice calls
along with reserving r channels for the hand-off calls of both types. The hand-
off voice calls wait in the buffer till the channel gets free. The data calls are not
allowed to be stored i the buffer. The following are the steady state
probabilities for CAS 2:
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[ An
i F 0 > 0<n<s
nl(tty +1)
s+lsn<C
A N—F
Pn = A Afi -
nl(y, +1)" C+1<n<C+N
s AT qn=C
I 5
n—C ?
Cl(tty +mM) TILC (g +m) + jitp +1)] %
L "=0
where
A" c ASAES B
z i + z ! L
H:iﬂl(ﬂ(j +1)" n=sl )I!(,L[c +1)
fo= AN, ce b
& sl el
C!(Juc +7]) C+] H;[C(ﬂg +??)+j(#p+7?)] (8)
2=
Now, we obtain performance mndices as follows:
o Blocking probability of new calls is given as
CHN
B,=3F, ©)
° Blocking probability of handoff data calls is given by
C+N
Bku’ = ERI (10}
n=C
° The blocking probability of handoff voice calls is
Bfn' = PC+N (1 1)
° The overall blocking probabilitv is calculated as
B= AII'BH + /’]"thhd o+ }"hl‘Bhv (12)

A
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° The carried load is given by
CL= A, 0=-B)+A4,(1-B,,)+A,(1-B,)
A

(13)

3.3 Channel Assignment Scheme 3 (CAS 3)

When there is heavy traffic on the network and it becomes difficult to deal with
the overflowing traffic, then it becomes desirable to serve the new calls in a
different manner. This can be done by using this scheme where the new calls
can use the r reserved channels also if they are free, in case of light traffic of
handover calls. For this purpose, the following teserve channel releasing
function is used

f)=—x,wherei=12....r

1
2vi
which is a decreasing function of the chance of occupying reserved channels by
new traffic load.
Now, we get
A—n Py
(g +1)

0<n<s
W THA, 4 BE=gR
P =3 aﬂ;{ p FS=s) n}PO ’ s+1snsC
nl(f, +m)"
. c i C+1snsC+N
A TIHA, + fG—9)A, P

i=s+]
PO

Cl(u, + n)”ﬁi[c(uo +)+ iy +m)]
L o2

E]

(14)
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where

n
5 A" c A ‘H{Ah + 0 -~ S)An}
2 + i=5+1
n=1nl(lg +1)"  wsen (g +m)"
P, = e )
A H{All+f(1_s)Arr}C+N /ftrkC
+ i=s5+1 i
€ n—C
o +m) N TIIC (o +m) + i +m)]
L J=0 .
(15)
Blocking probability of new calls is obtained by using
c C4N
B, =3P A-f(n-s)}+ 3P, (16)
n=s n=C+l

Other performance measures are obtained by using the same formulae as given
by equatons (10)-(13) for scheme CAS 2.

3.4 Channel Assignment Scheme 4 (CAS 4)

The previous scheme (CAS 3) can be further improved by increasing its
capacity to serve more hand-off voice attempts. Scheme CAS 4, is the result of
incorporating subrating in scheme CAS 3. Here, a reserved channel is divided
into two channels of equal frequency, thus creating a new channel, which serves
the hand-off voice attempts at degraded but acceptable quality. The new
channel is created only when all the C channels are busy and a new hand-off
voice attempt 1s made.
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A—HPD , 0<n<s
ni(, +1)
A THA, + f-5)A, }
=541 - Po . s+lsn<csC
nl(fy +1)
A TTA, + (G -9)A, }H{M +fU=C)Ay}
Pn =, f=5+1 Po ,
nl(py +17)"

C+lsnsCH+r

AT, + FG-9)A, }H{lm+f(l (&Y ¥ Vit

I=s+1

(C+ MY, +m)' " HO[{C+ P +m)+ j(tp +1)]
p=

£,

C+r+l€nsC+r+N

CHr+N
where Py 1s calculated by using normalizing condition Y P, =1.
n=l1

In this scheme, we obtain various petformance indices as follows:

o Blocking probabﬂity of new calls is given by
B, = zp i-f(n-9)}+ zP - f(n-O}+ CZPI
n=C+1 n=Ctr+

° Blocking probability of handoff data calls is
C+r+N

Bhd = ZPH
n=C

° The blocking probability of handoff voice calls is given by
Bhv = PC+]'+N

(18)

(19)

(20)

. The overall blocking probability and carried load are determined using

equations (12) and (13) as in CAS 2 scheme.
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4.0 OPTIMAL CHANNEL ALLOCATION

We formulate a Non-linear Integer Programming Problem (NIPP) below for
calculating the optimal number of channels in each cell. This will minimize the
overall handoff call blocking probability as

NIPP:
T K /lj.f;n' K ﬁ'j.ild
Minimize BH= _El T B,;‘.hv(sf’rj) +,§l T B.I'Jld(sj’rf) (21)
sibjestio B, Ls.r P By y 1B ekl (22)
K
ZJ(SJ- +r,)STC (23)
J:

5,520, 5,5(0=1, 2, ...,, K) being integers.

Here B is the minimum level of grade of service (GoS) to be satisfied by

K
both type of calls and T’ IEAM . To solve NIPP we suggest the following

J=l

algorithm:

Input: 4, .4, s Aj s A (for j =12, K), 10,1, 1, TC, B -

Step 1 Forj=1.2,...K
Step 1.1 setk =0;

Step 1.2 set i’jo =0;

Step 2 Forj=12,....K
find the smallest integer 5 such that B, (s7,0)< B_,

K
Sep3  Compute Z=TC-Ys;

J=l

Step3.1  £(Z>0)
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Step 3.1.1 set (s, r))=(s9, 0) forall;
Step 3.1.2 go to step 4;
Step 3.2 If(Z =0)
“=s%and r; =0 foralls
Step 3.2.1 set §; =5, ana r; =0 forall;
Step 3.2.2 exit;

Step 3.3 If(Z<0)

Step 3.3.1 problem NIPP is infeasible and the
given channel set TC can not satisfy
the pre-specified GoS.

Step 3.3.2 exit;

Step 4 For;j=12,...

Compute B, n(s F+1) forall

J’J

Step 5 IE(BM(SJ, ;
Step 5.1 set

EFEl.

A
jl;hd B (shorf) = Bgatshorf + 1)}

e A '
D:f :—;_‘ {Bj_,”.(s;,rf)—Bj‘,,,.(sj.rf +]}}+

t.uum.edu.my/

Step 5.2 set IA(])=O,

O else
f— Step 5.3 set
Ry i A
ﬁ a;‘ :ITM{BW(‘Y;?"'J‘* 1= B, (3? +1 "Jﬁ )}"'_?i{B;,M (Sj( ”'} V=B, (Sf +1. r)k )}

Step d.4set [, (j)=1;

http

Step 6 Find 7€ {1,2,...,K} so that (Xlk 1$ maximum;
Step 6.1 If (1,(;)=0)
set{( el A+1 k+| ! +1)}
Step 6.2 If (I, (j)—l)
{5,y =(sf +1,r0

wn
(IS]
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Step 7 Setk = k+1;
Step 7.1 Ifk=2)

Step 7.1.1  sets;=s

f,‘” and r; =r{*! forallj;
Step 7.1.2 exit;
Step 7.2 If(k<Z)
set O(jf =gt

j for all / except /selected in step 6;

Step 8 Compute B, ,(s/, ¥ +1);

Step81  If(B,,(s/,# +1)<B_.)
Step 8.1.1 set
1 ]
at :JT'*‘{B”‘ (shrty=B , (s5.rf + D 4 i‘_*" B et rby - Batsfrt 41}
Step 8.1.2 set [, (j)=0;
else
Step 8.2.1 set
K AH'" R E k j’]-’ﬂf koh k 3
o= T {B;.m(sw'} V=B, (s; L1 )}+T g (8575 )= By (s #1075 )}
Step 8.2.2 setl, (f)=1;
Step 8.2.3 2o to step 6;

Output: Optimal number of reserved channels r; and optimal number of

Ea

*
unreserved channels § J forj =12,0.4K.

gy ey

5.0 NUMERICAL ILLUSTRATIONS

In this section, we compute the optimal number of reserved and unreserved
channels in an individual cell of a cellular cluster. By taking numerical
illustrations, the algorithm developed in the previous section is examined. We
also compare all the schemes considered for optimal channel allocation, in
terms of the respective blocking probabilities. The code for optimal channel
allocation is written using C programming language, which takes about 4-5
seconds to run on a Pentum III. We consider a cellular cluster of seven cells
1.e., K=7. The arrival rates of new calls in each cell are generated randomly and
the arrival rates of hand-off calls are taken as 10% of that of the new ones. We
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compute the blocking probability Bns of hand-off data calls and By, of hand-off
voice calls by taking Ly = pa = 0.5, 1 = 0.4 and N = 10 (for CAS 2).

For various values of TC, Tables 1-4 provide the optimal number of channels
(unreserved channels + reserved channels) to be allocated in each cell using the
optimal allocation scheme for CAS 1-CAS 4 respectively by taking B, =2%.
We obsetve that the optimal number of channels for each cell in the cluster can
be determined, thereby minimizing the overall blocking of the handoff calls.
The performance indices like blocking probability of new ecalls, blocking
probability of hand-off calls, overall blocking probability and carried load in
every cell for each of schemes are also tabulated. It is clear that the blocking of
new calls is smaller in CAS 3 and CAS 4. This is quite obvious since in these
schemes, the new calls are also allowed to use the reserved channels.

CAS 4 have lesser By, than CAS 1 and CAS 3 respectively. This implies that
the provision of a finite buffer for hand-off voice calls in CAS 2, decreases the
blocking probability to a desirable extent so as to facilitate low frequency
channels. Also, by subrating a reserved channel for serving the hand-off voice
calls, By is decreased further significantly. This indicates that CAS 4 offers
lesser blocking to hand voice attempts as compared to CAS 3. Moteover, it can
be seen in each of the schemes that By, increases with the increase in the
number of channels.

Fig. 4 illustrates the effect of TC on the blocking probability of hand-off data
calls Bra. We note that Bpg decreases as TC increases in all the four schemes
CAS1-CAS 4.. Furthetmore, it can be seen that the curves for CAS 1 and CAS
2 coincide with each other. This is due to the reason that the hand-off data calls
in CAS 2 are served in a similar manner as in CAS 1, and the buffer is provided
to the hand-off voice calls only in CAS 2. Therefore, there is no change in the
blocking of hand-off data attempts in CAS 2. We also observe that Bpg fot a
particular value of TC increases from CAS 1(and CAS 2) to CAS 4 through
CAS 3 ie., at any particular value of TC, By(CAS 1) = Bpa(CAS 2)< Bpa(CAS
3)< Bna(CAS 4). This 1s because in CAS 3, priority is given to hand-off voice
calls by providing a finite buffer which decreases their blocking, and
simultaneously increases the blocking of the hand-off data calls. This blocking
is further increased in CAS 4 since in this scheme, the blocking of hand-off
voice calls 1s decreased by subrating a reserved channel. This results in a
noticeable increase in the blocking of hand-off data calls.
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On the whole we conclude that

»  The Optimal number of reserved channels can be determined in each cell
of the cluster such that the overall blocking probability of the handoff
calls could be minimized to a desirable extent.

#  The prioritized channel assignment schemes considered for determining
the optimal channel allocation offer lesser blocking to the handoff calls.

#»  The provision of the buffer for the handoff voice calls in CAS?2 helps in
accommodating more and more handoff voice calls. The users may
suffer delay i service but they would not suffer from call losses.

#  The subrating facility in CAS4 helps in dealing with heavy traffic of
handoff voice call.

Figs. 2-4 show the effect of the total number of channels (TC) in the cluster on
the blocking probabilities of hand-off voice and data attempts for the four
schemes. In Fig. 2, logarithmic curves for By, ate plotted for CAS 1 and CAS 2
by varying TC. In Fig. 3, By, is depicted against TC for CAS 3 and CAS 4. It
can be noted that the blocking probability of hand-off voice calls is most
prevalent in CAS 1 and has least value in CAS 4 for a particular value of TC.
Further, CAS 2 and

6.0 CONCLUSION

We have presented an iterative algorithm for determining the optimal number
of channels to be reserved for handoff calls in a cellular radio system. The
optimal allocation of reserved and unreserved channels in a cell is done 50 as to
minimize the overall blocking probability of the handoff calls in a cluster. For
this purpose, four prioritized channel allocation schemes are considered. All the
schemes can be successfully emploved in a real time wireless system for
providing a good quality of service to the hand-off calls, as all the schemes
reserve 2 fixed number of channels to serve the hand-off attemprs only. CAS 2
offers a finite buffer to the hand-off voice calls to avoid the forced terminarion
of these calls. In CAS 4, the number of channels for serving these calls is
increased by subrating the reserved channels. To deal with heavy traffic
conditions, schemes CAS 3 and CAS 4 can be utilized, since here the new calls
have the facility of using the reserved channels also. It is concluded that the
scheme CAS 4 is the best among all the schemes as it can deal with both light
as well as heavy traffic efficiently and can reduce the blocking of the hand-off
calls of both types to a desirable extent.

n
[¥a°



t.uum.edu.my/

/ljic

http

Table 1: Optimal channel allocation and performance indices for CAS 1
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TC [(%™]| Ba | Bu=Bw | B CL
(25,2) | 0.01571 | 4.95E-05 | 0.01428 | 0.98572
(26,2) | 0.01866 | 6.27E-05 | 0.01697 | 0.98303
(19,1) | 0.01714 | 8.85E-04 | 0.01566 | 0.98434
170 (22,2) | 0.01770 | 5.28E-05 | 0.01609 | 0.98391
(15,1) | 0.01811 | 8.62E-04 | 0.01654 | 0.98346
(25,1) | 0.01472 | 8.14E-04 | 0.01346 | 0.98654
(27,2) | 0.01853 | 6.35E-05 | 0.01685 | 0.98315
(25,3) | 0.01571 | 2.71E-06 | 0.01428 | 0.98572
(26,3) | 0.01866 | 3.56E-06 | 0.01697 | 0.98303
(19,3) | 0.01719 | 2.27E-06 | 0.01562 | 0.98438
180 (22,3) | 0.01770 | 2.79E-06 | 0.01609 | 0.98391
(15,3) | 0.01815 | 1.80E-06 | 0.01650 | 0.98350
(253) | 0.01477 | 2.50E-06 | 0.01343 | 0.98657
(27,3) | 0.01853 [ 3.65E-06 | 0.01685 | 0.98315
(25,5) | 0.01571 | 7.33E-09 | 0.01428 | (.98572
(26,5) | 0.01867 | 1.03E-08 | 0.01697 | 0.98303
(19.4) | 0.01719 | 1.08E-07 | 0.01562 | 0.98438
190 (22,4) | 0.01770 | 1.42E-07 | 0.01609 | 0.98391
(154) | 0.01815 | 7.59E-08 | 0.01650 | 0.98350
(254) | 0.01477 | 1.31E-07 | 0.01343 | 0.98657
(27,5) | 0.01853 | 1.09E-08 | 0.01685 | 0.98315
(25,6) | 0.01571 | 3.62E-10 | 0.01428 | 0.98572
(26,6) | 0.01867 | 5.31E-10 | 0.01697 | 0.98303
(19,6) | 0.01719 | 2.12E-10 | 0.01562 | 0.98438
200 (22,6) | 0.01770 | 3.29E-10 | 0.01609 | (.98391
(15,5) | 0.01815 | 3.04E-09 | 0.01650 | 0.98350
(25,6) | 0.01477 | 3.26E-10 | 0.01343 | 0.98657
(27,6) | 0.01853 | 5.69E-10 | 0.01685 | 0.98315
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Table 2: Optimal channel allocation and petformance indices for CAS 2
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TC | (%™ | B. B B B | EEcr
(25,2) | 0.01571 | 4.96E-05 | 8.09E-24 | 0.01428 | 0.98572
(26,2) | 0.01866 | 6.28E-05 | 8.19E-22 | 0.01697 | 0.98303
(19,1) | 0.01714 | 8.86E-04 | 2.26E-21 | 0.01562 | 0.98438
170 (22,2) | 0.01770 | 5.29E-05 | 6.25E-24 | 0.01609 | 0.98391
(15,1) | 0.01811 | 8.64E-04 | 4.69E-21 | 0.01649 | 0.98351
25,1) | 001472 | 8.16E-04 | 4.70E-20 | 0.01341 | 0.98659
(27,2) | 0.01853 | 6.36E-05 | 3.25E-22 | 0.01685 | 0.98315
(25.3) | 001571 | 2.71E-06 | 3.15E-25 | 0.01428 | 0.98572
(26,3) | 0.01867 | 3.56E-06 | 3.33E-23 | 0.01697 | 0.98303
(19.3) | 0.01719 | 2.27E-06 | 2.46E-24 | 0.01562 | 0.98438
180 (22,3) | 0.01770 | 2.80E-06 | 2.27E-25 | 0.01609 | 0.98391
(15,3) | 0.01815 | 1.81E-06 | 3.53E-24 | 0.01650 | 0.98350
(25,3) | 0.01477 | 2.50E-06 | 7.19E-23 | 0.01343 | 0.9865%
(27,3) | 0.01853 | 3.65E-06 | 1.35E-23 | 0.01685 | 0.98315
(25,5) | 0.01571 | 7.33E-09 | 443E-28 | 0.01428 | 0.98572
(26,5) | 0.01867 | 1.04E-08 | 5.14E-26 | 0.01697 | 0.98303
(19,4) | 0.01719 | 1.08E-07 | 7.76E-26 | 0.01562 | 0.98438
190 (224) | 0.01770 | 1.42E-07 | 8.01E-27 | 0.01609 | 0.98391
(154) | 0.01815 | 7.60E-08 | 9.22E-26 | 0.01650 | 0.98350
254) | 001477 | 1.31E-07 | 2.71E-24 | 0.01343 | 0.98657
(27,5) | 0.01853 | 1.09E-08 | 2.18E-26 | 0.01685 | 0.98315
(25,6) | 001571 | 3.63E-10 | 1.60E-29 | 0.01428 | 0.98572
(26,6) | 0.01867 | 5.32E-10 | 1.95E-27 | 0.01697 | 0.98303
(19,6) | 0.01719 | 2.13E-10 | 7.11E-29 | 0.01562 | 0.98438
200 (22,6) | 0.01770 | 3.29E-10 | 9.25E-30 | 0.01609 | 0.98391
(15,5 | 0.01815 | 3.04E-09 | 2.33E-27 | 0.01650 | 0.98350
(25,6) | 0.01477 | 3.27E-10 | 3.58E-27 | 0.01343 | 0.98657
(27,6) | 0.01853 | 5.70E-10 | 8.48E-28 | 0.01685 | 0.98315
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Table 3: Optimal channel allocation and performance indices for CAS 3
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TC  |*®] Ba | Bu | Bw B CL
(25,2) |0.01817| 1.34E-03 | 2.19E-22 | 0.01659 | 0.98572
(27,1) 10.00205| 4.08E-03 | 5.33E-20 | 0.00202 | 0.98303
(19,1) 10.00265| 5.29E-03 | 1.35E-20 | 0.00263 | 0.98437
170 (22,1) [0.00287| 5.73E-03 | 1.00E-21 | 0.00293 | 0.98391
(15,1) 0.00259| 5.16B-03 | 2.80E-20 | 0.00252 | 0.98350
(25,2) |0.00324| 1.24E-03 | 5.04E-20 | 0.00298 | 0.98657
(28,1) 0.00207| 4.14E-03 | 2.11E-20 | 0.00207 | 0.98315
(25,3) [0.01837| 2.85E-04 | 3.31E-23 | 0.01671| 0.98572
(27,2) 10.00272| 1.05E-03 | 9.83E-21 | 0.00251 | 0.98303
(19,2) |0.00344|1.24E-03 | 2.05E-21 | 0.00318 | 0.98438
180 (23,2) |0.00225| 8.26E-04 | 6.70E-23 | 0.00210| 0.98391
(16,2) 10.00167| 5.34E-04 | 1.04E-21" | 0.00153 | 0.98350
(25,3) |0.00342| 2.63E-04 | 7.56E-21 | 0.00312| 0.98657
(28,3) |0.00292| 2.32E-04 | 6.30E-22 | 0.00267 | 0.98315
(25,4) |0.01841| 5.28E-05 | 4.39E-24 | 0.01673 | 0.98572
(27,4) 10.00290| 4.15E-05 | 2.06E-22 | 0.00264 | 0.98303
(19,4) |0.00364| 3.96E-05 | 2.85E-23 | 0.00331 | 0.98438
190 (23,4) 10.00239| 2.80E-05 | 1.11E-24 | 0.00217 | 0.98391
(16,3) [0.00173| 8.74E-05 | 1.06E-22 | 0.00158 | 0.98350
(254) |0.00346| 4.83E-05 | 9.98E-22 | 0.00314 | 0.98657
(28,4) |0.00296/ 4.37E-05 | 8.75E-23 | 0.00269 | 0.98315
(25,6) |0.01841| 1.31E-06 | 5.80E-26 | 0.01674 | 0.98572
(27,5) 10.00291| 6.90E-06 | 2.53E-23 | 0.00265 [ 0.98303
(19,5) |0.00365| 5.82E-06 | 2.84E-24 | 0.00331 | 0.98438
200 (23,5) [0.00239 4.27E-06 | 1.20E-25 | 0.00218 | 0.98391
(16,4) 0.00174| 1.22E-05 | 9.39E-24 | 0.00158 | 0.98351
(25,6) |0.00346] 1.18E-06 | 1.30E-23 | 0.00315 | 0.98659
(28,6) 10.00296| 1.14E-06 | 1.27E-24 { 0.00269 | 0.98315
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Table 4: Optimal channel allocation and performance indices for CAS 4
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TIC | (%1% Ba Bua Biw B Ci
(25,2) | 0.01826 | 1.52E-03 | 1.30E-24 | 0.01669 | 0.98572
(27,1) | 0.00244 | 4.87E-03 | 7.47B-21 | 0.00240 | 0.98303
(19,1) | 0.00309 | 6.17E-03 | 1.47E-21 | 0.00306 | 0.98438
170 (22,1) | 0.00323 | 6.46E-03 | 8.66E-23 | 0.00330 | 0.98391
(16,0) | 0.00002 | 9.42E-03 | 5.11E-20 | 0.00032 | 0.98350
(25,2) | 0.00340 | 1.56E-03 | 9.00E-22 | 0.00313 | 0.98658
(28.1) | 0.00243 | 4.86E-03 | 2.72E-21 | 0.00243 | 0.98315
(25,3) | 0.01839 | 3.23E-04 | 1.01E-26 | 0.01673 | 0.98572
(27,2) | 0.00283 | 1.27E-03 | 1.36E-22 | 0.00262 | 0.98303
(19,2) | 0.00356 | 1.46E-03 | 1.67E-23 | 0.00329 | 0.98438
180 (23,2) | 0.00231 | 9.31E-04 | 3.31E-25 | 0.00215 | 0.98391
(16,2) | 0.00172 | 6.32E-04 | 8.01E-24 | 0.00158 | 0.98350
(25,3) | 0.00345 | 3.28E-04 | 1.21E-23 | 0.00315 | 0.98657
(28,3) | 0.00295 | 2.76E-04 | 537E-25 | 0.00269 | 0.98315
(25/4) | 0.01841 | 5.95E-05 | 5.81E-29 | 0.01674 | 0.98572
(27.4) | 0.01447 | 5.01E-05 | 3.61E-25 | 0.01315 | 0.98303
(19.4) | 0.00365 | 4.61E-05 | 6.83E-28 | 0.00332 | 0.98438
190 (23,4 | 0.00239 | 3.13E-05 | 1.00E-29 | 0.00218 | 0.98391
(16,3) | 0.00174 | 1.03E-04 | 4.63E-26 | 0.00158 | 0.98350
(254) | 0.00346 | 5.98E-05 | 1.20E-25 | 0.00315 | 0.98657
(284) | 0.01455 | 5.87E-05 | 3.31E-24 | 0.01323 | 0.98315
(25.6) | 0.01841 | 1.48E-06 | 3.85E-29 | 0.01674 | 0.98572
(27,5) | 0.01447 | 1.44E-05 | 4.31E-24 | 0.01316 | 0.98303
(19.6) | 0.00365 | 8.85E-07 | 9.75E-33 | 0.00332 | 0.98438
200 (23.5) | 0.00239 | 4.76E-06 | 3.69E-32 | 0.00218 | 0.98391
(16,5) | 0.00174 | 1.75E-06 | 6.21E-31 | 0.00158 | 0.98350
(256) | 0.01729 | 1.60E-06 | 2.36E-25 | 0.01572 | 0.98657
(284) | 0.01455 | 5.87E-05 | 3.31E-24 | 0.01323 | 0.98315
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Fig. 6: Comparison of hand-off voice blocking by varying total number of
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Fig. 8: Comparison of hand-off data blocking by varying
total number of channels for various schemes

The suggested algorithm for calculating the optimal number of channels to be
allocated to each cell in a cellular cluster provides results for all the schemes in
equally good manner and can be employed in any wireless communication
system. Though we have determined the optimal channel allocation for the
total handoff calls i.e., inclusive of voice and data calls, our work can be further
extended to find the optimal number of channels to be reserved for the
handoff voice and handoff data calls separately.
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