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1. Introduction

In wireless communication systems:, Wi-Fi, WiMAX, in
the cellular and sensor systems throughput, link utilization,
quality of service QoS largely depend on the choice of mu-
Itiple access method (MA) (MAC Access Protocol). Over
recent years MA is usually developed within modernization
techniques with carrier sense (CSMA Carrier Sense Multip-
le Access), derived from the ALOHA method [1-3]. In its si-
mplest form, this method is based on the fact that subscriber
stations or sensor nodes scan in the selected frequency band

and time window size T they start to send information, if the
access point, the base station (BS) or a node, that collects
sensor information, are in standby mode [4-6]. Otherwise,
the attempt to transmit is repeated. Such MA method is si-
mple and reliable in implementation, it does not require clock
synchronization. However, ALOHA has some drawbacks:
the actual capacity of the system reduces proportionally to
the number access elements and their activity, coefficient of
channel utilization is reduced as well.

Combined M A method is more promising [7], it is based
on the union of CSMA TDMA (Time Division Multiple




Access) - the access method with the division of information
flows over time. Conflict-free transmission at MD TDMA is
achieved through tight clock synchronization of a network
and sequence of packets from each of the objects. In practice,
when all subscribers are active, system performance is reduc-
ed as well. This MA method has also the name of polling.

Let us consider operation of the combined MA method
in details. It should be noted that one of these methods MA
- Binary Exponential backoff (BEB), has gained popularity
among specialists [8]. The main feature of the BEB method
is that during ordinary conflict repeated access is allowed
for i-subscriber station (sensor node) through exponential
time interval (backoff). There exist an other implementation
of backoff, when the choice of a successful is made randomly.
At the same time slot is selected on the basis of random dis-
tribution P;, in which the selection of first slots I = 1,2...has
low probability, but for the following slots I = ..n-1,n the
probability increases:

po (=

= (1)

where d<1 is chosen according to the number of slots [9].
Let’s analyze the combined M A method.

2. The Probabilistic Model of the Combined MA

Useful indicator of the channel can be represented as
the ratio

k=1, /1,, (2)

where 1, - the time spent on the successful transmission of
one packet, T, - the average time system spends for transmi-
ssion of one packet. It is obvious that k<.

Let’s denote probabilities connected with characteristics
of time:

Py - the probability of conflict;

Py - the probability of a successful solving of the conf-
lict;

P, - the probability of packet expectance in the queue
during conflict soling.

These probabilities form an full event group, that’s why

P=P+Py+P,=1. 3)

Despite the fact that the system the period T is divided
into slots for subscriber node (SN) an average window size
is smaller because of the backoffs. The window size W is a
random variable. Its average value is:

Wo = (W-1)/2.

probability that a node selects the slot in time t is equal to
1/ Wy, so:

P=(1-1/W)". )

3. Description of the function of the combined MA
method model

Each MA algorithm usually consists of two other algorit-
hms: ACA — algorithm for channel access and ARC - conflict
resolution algorithm. ACA regulates the procedure for subscri-
ber access to the medium, while ARC specifies how to separate
conflicts between packages during simultaneous transmission
of two or more objects. Conflict resolution time is T,

We derive the following assumptions, which are usually
performed in practice:

1. Suppose cellular or sensor system has N-subscriber no-
des. Signal propagation time t, between each of the i-nodes
and base (central) station t, = R/C is much less than mean
square value of instability in the system of clock synchroni-
zation, where R is the distance between SN; and BS, C- the
speed of light. All SN and BC are synchronism.

2. Each SN has an information package, ready for tran-
smission and tries to pass it to the BS as soon as possible in
accordance with the MAC protocol.

3. Packet transmission is made after the initial backoff of
i-th SN if the corresponding information space is free. If the
channel is busy, the SN stops backoff and receive a package
from BS. At the end of the reception it continues attempts of
transmission with a random value of backoff.

4. MAC protocol has two different types of backoff - the
initial (pre-transfer) and reloading one for cases when the
channel is defined as occupied.

At the same time, on the same lines, we determine the pr-
obability that a given timeslot which will be used for succes-
sful transmission, is equal to probability that one SN selects
this timeslot and all others will choose other timeslots:

P =3 (1/W,) (1-1/ W)™ =(m/W)(1-1/W,)"" . (6)

Values of collision probability are derived from (2)

P =1-P,-P . (7

Substituting (5) and (6) to (7) we get:
B, =1-(m / Wo)(1—1/ W)™ —(1=1/ W,)" =

P(m,w)=
Let’s determine
the probability of the
channel use. Considering (2) we have:
T P

P(m, W)= L . (4)
t,-B+1,-P +1P,

Let us find the value of probability. The probability
that the jth successful slot is idle is equal to the proba-
bility that none of the SN did not choose this timeslot.
Considering that m nodes may be involved the conflict, the

T, (1=(1=1/ W)™ (m / W) +1/ Wy =D+71,(m / Wo)(A -1/ W)™ +1,(1-1/W)"

8
=1-(1=1/W,)"(m / W, +1/ W, —1). ®)
As a result, the required probability is expressed as:

W )(1-1/ W, )™!
t,(m/ Wo)(=1/ W) ©

To obtain quantitative data for the activity factor (2)
we can obtain distributions (9) and find an appropriate
expectation. However, while we use mean values and then
substitute them into P(m,Wy) we will recieve an estimation
of the k coefficient. Calculated values obtained by the form-
ula (9) are presented graphically in Fig. 1. For definiteness,
we took the following initial data: the initial screen 32,
the reloading window 16. As we expected, the coefficient



k decreases with the increase of active SNs. A small slope
at the beginning of the graph is obviously connected with
drawbacks of the model.

0,5

0 4 8 16 20

Fig. 1. Schedule dependence probability uses of timeslots for
success transfer such subscriber numbers of nodes

We present here the results of comparisons of the BEB
protocol and polling method, obtained in our study [10].
Fig. 2 shows a dependence curve of the average packet delay
on the parameter D = np/L, where n is the number of active
SNa in BEB technology, P is the probability of a request, L is
the number of mini-windows that receive requests from SN
to send a package.

Obviously N characterizes an average load of the
system.
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Fig. 2. The curve of the dependence of the average packet
delay on the average load

4. Conclusions

1. The obtained value of the probability of useful chan-
nel utilization in complex technology CSMD / TDMA the
analysis of which showed that the increase of the number of
active sensors, subscriber stations, etc., causes gradual redu-
ce of channel utilization index.

2. Comparative effectiveness of BEB technology related
to group of CSMA / TDMA showed that the given method
of multiple random access has the advantage in relatively
low loads. With the increase of load one should proceed to
the regular methods of access (polling).
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