6th WSEAS International Conference on CIRCUITS, SYSTEMS, ELECTRONICS,CONTROL & SIGNAL PROCESSING, Cairo, Egypt, Dec 29-31, 2007 495

Design and Analysis of a TDMA Call Assignment Scheme
for Cellular Networks
HAMED NASSAR

Suez Canal University
Fuaclty of Computer and Informatics

HASSAN AI-MAHDI
Suez Canal University
Fuaclty of Computer and Informatics

Department of Computer Science
Al Shekh Zayed, Ismailia
EGYPT

Department of Computer Science
Al Shekh Zayed, Ismailia
EGYPT

Abstract: In this paper, we introduce a multiple access scheme suited for use in packet switched personal
communication services (PCS) networks is introduced. This scheme is called Handoff TDMA (H-TDMA).
Under this scheme, three type of traffic, new voice calls, handoff voice calls and data packets, compete to
use a number of free time slots called frames. The priority is given to voice calls over data packets while a
number of slots is exclusively used by data packets. To avoid the undesirable situation in which a free slot
in data packets partition remain idle while handoff or new calls requests rejected, a dynamic boundary
concept is introduced. Given a binomial arrival distribution, we derive distribution of the number of
new voice call , handoff calls and data packets. We evaluate the forced termination probability and the
blocking probability, as well as the data packets loss probability. The numerical results indicate that the
H-TDMA improve both the forced termination probability and data loss probability in both low and high
MS.
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1 Introduction

In cellular networks (CNs) [2, 3] a mobile phone,
henceforth called mobile station (MS), can move
freely from cell to cell. The phone is managed in
each cell by the base station (BS) of that cell. If
the MS is moving and a call is in progress, the
call will be transferred (handoffed) each time a
new cell is entered [5].

Each base station (BS) in a CN provides a
fixed number of communications channels [2, 4]
in a preallocated frequency bandwidth. Requests
for new voice calls, handoff voice calls and data
calls arrive at the BS of a cell competing for the
free channels in that cell. This requires a careful
channel assignment scheme [3, 6] that efficiently
utilizes the scarce bandwidth used by the network
[7].

In principle, handoff can be carried out for
both types. However, in our model we will as-
sume a system that has handoff only for voice
calls. This assumption is realistic in view of the
fact that data calls are typically messages so short
that they can be completed at the same cell they

are started. The duration of the call, no mat-
ter how many handoffs are made, is called the
call holding time. The duration an MS stays in a
given cell is called the cell residence time or dwell
time.

Modern cellular networks, e.g. GSM, use
Time-division multiple-access (TDMA). The idea
of TDMA is to divide time into slots, with ¢ time
slots comprising a frame. A channel is basically
a particular time slot that reoccurs every frame.
Each frame is made up of a preamble, an infor-
mation message, and tail bits. Various TDMA
channel assignment schemes have been proposed
and analyzed in the context of cellular networks.

In [8], an access scheme that combines TDMA
multiplexing with an efficient reservation strategy
for the dynamic allocation of slots within a frame
is presented. The arrival process of both voice
and data calls is assumed to be Bernoulli in each
slot. However, no distinction is made in this paper
between new and handoff voice calls.

In [9], the performance evaluation of a voice
and data integration scheme has been carried out.
However, voice and data calls in this work are con-



sidered independent of each other, and as a con-
sequence, voice and data subsystems are analyzed
separately.

In [10], a reservation TDMA scheme is pre-
sented. It provides integrated voice/data trans-
mission in a cellular network. In this scheme,
voice calls can use all the frame slots while data
calls can use only the free slot. In other words, no
resources are exclusively allocated to data calls,
seriously threatening the quality of service for
data calls.

In [11], two multiple channel access control
schemes have been proposed and analyzed for in-
tegrating voice and data traffic in both medium
and high capacity microcellular environments.
Voice traffic is offered almost absolute priority
over data traffic, due to its more stringent quality
of service requirements. However, no distinction
is made in this paper between new and handoff
voice calls.

In [12], three TDMA channel assignment
schemes are considered, namely Sequential Trunk
Hunt (STH), Intelligent Channel Assignment
(ICA), in the context of call packing/repacking.
However, no distinction is made in this paper be-
tween new and handoff voice calls.

In the present paper, we propose a new hand-
off TDMA call assignment scheme for an inte-
grated voice/data cellular network. This scheme
differs from the above in the way it treats new
and handoff voice calls, basically favoring the lat-
ter, and in the fact that it dedicates some channels
for the exclusive use of data calls, in order to im-
prove their quality of service. Details of how the
scheme works are given in Section 2.

The performance of our scheme is analyzed
using a Markovian queueing model. The analysis
culminates with such important measures as the
blocking probability, the forced termination prob-
ability, the system occupancy, the expected num-
ber of new and handoff voice calls and expected
number of data calls. The analysis is carried out
under the assumption that the cell residence time,
the call degradation time and the call holding time
have geometric distributions.

This paper is organized as follows. In section
2, the proposed scheme is presented. In section
3, the system occupancy is evaluated. In sec-
tion 4, the blocking probability, expected num-
ber of voice calls, forced termination probability
and data call loss probability are obtained. Some
numerical results are presented in section 5 and
conclusions are drawn in section 6.

One frame with c slots
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Figure 1: Channel assignment scheme

2 Model Assumptions

We consider a typical GSM cellular system that
operates under the following assumptions.

1. That is, the time axis is divided into succes-
sive periods called frame. Each frame con-
tains ¢ > 0 slots, each equal to the transmis-
sion time of one packet.

2. The bandwidth is divided into two logical
channels, the information channel, used for
information packets, and request channel,
used for request packets, as shown in Figure
1. These packets are either voice packets or
data packets. The voice packets can either
belong to a new call or a handoff call.

3. Information packets are of the same length,
as are request packets, with the latter much
shorter than the former.

4. As shown in Figure 1, the slots in each frame
are divided into three partitions. Note that
the slots in the each partition are in reality
not necessarily contiguous, as might be in-
ferred from the logical diagram in Figure 1.
Partition 1 is of size 0 < dy < ¢, with ¢;
a predetermined nonzero maximum, and is
dedicated to new calls. Partition 2 is of size
0 < dy < c9, with ¢ a predetermined nonzero
maximum, and is dedicated to handoff calls.
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10.

11.

Partition 3i1sof size c—¢; — o < d3 < c an
is dedicated to data. The value of d3 at any
time is given by

ds =

max (¢ — ¢; — ¢g,¢ — min (¢, 1)

—min (¢, j))

where ¢ and j are the current number of new
and handoff calls respectively.

. When a request packet arrives at the BS dur-

ing frame k, its type will be investigated.
New and handoff call requests are placed into
the New Request Buffer (NRB) and Handoff
Request Buffer (HRB), respectively. These
two buffers are assumed to be large but fi-
nite. Data requests are not buffered, but
their corresponding packets are placed into
a Data Buffer (DB) whose size is L. The BS
keeps a slot allocation table (SAT) to store
information about the state of each slot (free
or used) in frame k. At the end of the frame,
the BS updates the SAT.

. At the start of frame k + 1, if there is a new

call request, the BS

tries to assign a slot within partition 1 to it.
If such a slot is not available, the request is
blocked.

Partition 2 is managed in the same way as
partition 1 above, but here if the assignment
fails, the handoff request is forcefully termi-
nated.

. As for partition 3, there are two cases. If the

number of packets in the DB is less than or
equal to ¢ — ¢; — ¢9, then all of them will be
assigned slots in the frame. Else, ¢ —d; — do
packets will be assigned slots and the remain-
ing packets will have to attempt in the next
frame.

. The call holding time of new and handoff

calls is geometrically distributed with param-
eters i, and pp,, respectively.

The cell residence time is geometrically dis-
tributed with parameter p,.

By the end of each frame, an ongoing new
call will leave the cell, either by being com-
pleted or by making a handoff to a neighbor
cell, with probability s = py + p, or will not
leave with probability 57 =1 — s;. In a sim-
ilar way, an ongoing handoff call will leave
the cell with probability sy = up + pr or will

not leave with probability s3 =1 — s9. Let
D¥ and D% be two random variables (RVs)
denoting the number of new calls and hand-
off calls leaving a cell at the end of frame &,
respectively. Then D¥ and D§ follow a bino-
mial distribution with parameters d;, s; and
ds, s2, respectively.

12. The service time of each data packet is deter-
ministic to one slot per frame. Let D§ denote
the number of data packets that will leave a
cell by the end of frame k.

13. The arrival of calls in each of the three types
follows a binomial distribution. The param-
eters of this distribution are My,r, for new
calls, Ms, ro for handoff calls, and Ms, rg for
data calls. We shall assume that M; >
ci, My > ¢y, and M3 > ¢ Let A]f =
0,1,--- ,M;, be RV denote the number of
new calls that arrive at the BS during frame
k. And let A5 = 0,1,---, M,, denote the
number of handoff calls that arrive at the BS
during frame k. Also, let A% =0,1,---, M3,
denote the number of data calls that arrive
at the BS during frame k. The three RVs
A%, Ak and A% are assumed mutually inde-
pendent. The RVs A¥ are iid, and so are the
RVs A% and A%. Then the common distribu-
tion of the A¥ i =1,2 3, is

M.
(1)

3 System Occupancy

In this section, we analyze the steady state cell
occupancy, i.e. the number of new and handoff
calls, as well as the number of data packets in the
cell at the end of an arbitrary frame during steady
state. For this propose, a detailed Markov model
is established.

Let Plk =0,1,--- ,c1, be a RV denoting the
new calls occupancy in frame k, i.e. the number
of active new calls at the end of frame k. The
number of new calls that are completed by the
end of frame k + 1, D]f"'l, is dependent on Pl”c
with the following conditional distribution:

Pr[D'f“:n‘P{“:i} = B (nyi,s1),0<n<i<e

Let PQk =0,1,--- ,c2, be a RV denoting the
handoff calls occupancy in frame k. The number



of handoff calls that are completed by the end of
frame k£ 4+ 1, D’QC'H, is dependent on PZ”c with the
following conditional distribution:

Finally, let P¥ = 0,1,---, be a RV denoting
the data packets occupancy in frame k, i.e. the
number of data packets in the buffer at the end
of frame k. Note that data calls in a frame are all
completed by the end of the frame.

In the next subsections, we will embark on
finding the distribution of the number of new,
handoff and data packets in the system. We will
follow a similar strategy to that used in [13].

3.1 Voice Calls

Since new voice calls are given higher priority over
data calls in partition 1, the new voice call is in-
dependent of both handoff calls and data calls.
Recall that the maximum number of voice call
arrivals in the cell is M7 and the maximum num-
ber of new voice calls that can be accommodated
simultaneously is c; calls per frame. Let py,;
be the one-step transition probability from the
state PF =i at the start of frame & to the state

Plk"'1 = j at the start of frame k + 1. That is,

pli,j:Pr[Pf+1:j|P1k:i], 0<i<ec,0<5<¢

(4)

Let us define IV = [7r6’, Tyt wgl] to be the
steady-state probability distribution of Plk, where

’/TZI-}:PI“[Plz’i], Ogiécl

The probability distribution IIY must satisfy the
following matrix equation

= Qe (5)

where QY is the transition probability matrix with
elements p;, ; = Pr(j | i) and size ¢; +1x ¢ + 1.
That is,

plo,o plo,l plo,cl
QY = Plio Py Pl
Pic,o Plea Picy ey

The approach of solving the c¢; equations in ¢
unknowns was not taken because of the size of
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the transition matrix which can in practice be as
large as 500x500. It such large sizes, roundoff
errors would be dangerous, and computation time
prohibitive. Instead, an iterative procedure [14] is
used, which makes use of the fact that the steady-
state probability distribution of a Markov chain
may be expressed as

I = i 130

where 11§ is an arbitrary initial distribution. The
iteration will stop when there is a sufficiently
small change from one iteration to the next. In
other words, the criterion

()

Tt

—7rZ’-’Ic <k 0<i<q

where & is the convergence threshold. x = 1079 is
adopted here.

Now, we will embark on obtaining the el-
ements of matrix Q). The one-step transi-
tion probabilities pi,; (0<i<c, 0<7 <)
has two cases. First, for + = 0, 1, ... ,¢; and
7=0,1,...,c1 —1 we have

p., = Pr|Pfl=j|pf=i]

i

= X

I=max(0,i—7)

x Pr [D’f“ — | Pk = z] (6)

Pr[A’f+1:l+j—i|P1k:i

Second, for 1 =0, 1, ... ,c; and j = ¢; we have

Plic, = PY[P{CHZHP{C:?;}
M i
- ZZPr[A’f“:Hm—qu:i]
m=c1 [=0
xPr[D’f“:l|P1k:i] (7)

Noting that A]f"'l is independent of Plk, and sub-
stituting (2) into (6) and (7), the one-step tran-
sition probabilities py, ; are given in steady state
as follows

( i
> B(+j—4M,m)B(li,s1)
l=max(0,i—j)
0§i§6170§j<61
pli,]‘ :<
M 3
> > B(+m—i;Mi,m)B (L1, 1)
m=c1 [=0
\ Oéiécla j:cl

(8)



In a manner similar, the one-step transition

probability po, ; for handoff calls can be found to
be
( i
.  B(l+j—14Mar) B(l;i,s2)
l=max(0,—3)
0<i1<e,0<)<e
pZij = <
M
. 2. Bl +m—i;Ms,re) B (l;i, 82)
m=cz [=0
0 < { < C2, ] = C2

(9)

3.2 Data Calls

Since the DB is assumed to be finite of size L, the
size of the transition probability matrix is also
finite with size L + d3. Let D3y i be the one-
step transition probability from the current state
Pf = [ at the start of frame k to the next state
Pf“ = m at the start of frame k 4 1 conditioned

on both Plk"r1 and P2k+1. That is,

k k k! - pk )
D3y i = Pr [P3+1 =m| P} :l,P1+ =i, P} +1 :]]

Let us deﬁne Hz,j = [71—0|i,ja ’/Tl\i,j" ey 7TL+d3|i,j]
to be the steady-state probability of Pf, where

Ty =Pr[P3=1|Pr=i,P,=j], 0<I<L+d3

The probability distribution II; ; must satisfy the
following matrix equation

IL; =11 ;Qi,j (10)

where Q;; is the transition probability matrix
with elements p3 .. = Pr [m | 1,i,j] and size

ds 4+ L+ 1x d3 + L+ 1 given i and j. That is

D30,0)i,5
D341,

P3o,1)i,5
IEIRTIR

P30,a5+L1i

P31 ay4L1i

Qij=
P3asir0iy  P3ag+rig

The approach of solving the L + d3 + 1 equations
in L+d3+ 1 unknowns is not taken because of the
size of the transition matrix . Instead, an iterative
procedure is used, which makes use of the fact
that the steady-state probability distribution of a
Markov chain may be expressed as

M;,; = lim T13;Qf;

P34gt1,a5+10i,
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where 11V ; is an arbitrary initial distribution given
7 and j. The iteration will stop when there is suf-
ficiently small change, from one iteration to the
next, in the probability distribution using the fol-
lowing criterion:

<1077,

‘k“ 0<1<L+ds

k
l|ZJ 71-”7'7]

% = 1077 is adopted here. The elements of matrix
Qi is given as

B (m;N,r3),
0<I<d;,0<m<ds+1
D3y iy =
B(m —1+ds;N,rs),
d<Il<L+d3,0<m<L+ds
(11)

where p3, . =0 form —1+d3 <O0.

4 Performance Measures

In this section three performance measures will
be analyzed: the blocking probability of new
calls, the forced termination probability of hand-
off calls, and the loss probability of data calls.
The blocking probability of new calls will be ob-
tained as follows. Since new calls can use a max-
imum of ¢; slots in each frame, a new call will
be blocked if ¢; slots in the frame are occupied
with new calls. According to the proposed scheme
and the probability distributions given in (8), the
blocking probability, B, of new voice call can be
expressed as B = ¢ and the forced termina-
tion probability, F, of a handoff call is given by
F = rgwélz. Finally, the data packets loss proba-

bility P3,, _ is given as
c1 co
Prie = D ing 2
08s i=0 §=0

5 Numerical Results

7Td3+L|i,j’/T;}’/T§l (12)

To get a feel for the performance measures ob-
tained above, we will consider an example cellu-
lar network. Numerical results for this network
will be obtained and plotted in graphs for visual
convenience. In this example, we assume that the
number of slots per frame, ¢ = 20., size of DB
L = 5, size of new call population M; = 100,
size of handoff call population My = 600, size of
data packets population M3 = 50, the new voice
call and handoff call arrival rate vy = 0.02 and
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Figure 2: The expected number of handoffs vs the
handoff arrival rate, 5.

ro = 0.04 respectively, and the holding time pa-
rameters are pp = iy, = 0.01 = 0.002. As for the
parameters u, and rs3, and the maxima c; and ca,
various values are assumed and shown directly on
the respective graphs.

In Figure 2, the user mobility is fixed to 10.
The Figure shows that the expected number of
handoffs increases as the arrival rate of handoff
voice call increases. The number increases almost
linearly then saturates at a certain point. This
phenomenon is due to the fact that as ro gets
larger, slots of partition 2 become busier. This
indicates that at high handoff traffic, the value of
the threshold co can be adjusted to decrease the
handoff forced termination probability.

Figure 3 shows the data packets loss probabil-
ity in both low and high MS mobility. The Figure
shows that the data loss probability increases as
the arrival rate of data packets increases, which is
intuitively true. It also show that the loss proba-
bility increases in high mobility operating condi-
tions. This phenomenon is due to the fact that
high mobility results in an increase in the number
of free slots shared by voice calls and data pack-
ets. This in turn leads to a decrease in the data
queue length and hence a decrease in the data loss
probability.

6 Conclusion

In this paper, a TDMA channel assignment
scheme, with dynamic boundaries, for cellular
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Figure 3: Data packets loss probability vs. data
packet arrival rate.

networks is introduced and analyzed. The princi-
pal feature of the scheme is that it gives voice calls
priority in getting channels over data calls and
gives the latter exclusive access to a number of
channels with non-preemptive power. The analy-
sis, based on a Markov chain, is used to derive a
system of linear equations. An iterative algorithm
is provided to obtain the system steady-state solu-
tion. System performance measures, namely, the
call forced termination probability, the data pack-
ets loss probability and the expected number of
active voice calls, are obtained. The numerical
results obtained for an example cellular network
indicate that the scheme can be of practical value
and can be used as an alternative to previously
proposed channel assignment schemes.
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