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Abstract In this paper we describe the probability of all-

successful channel occupations in wireless Personal Com-

munication Systems (PCS) employing Packet Reservation

Multiple Access (PRMA) and Dynamic Channel Allocation

(DCA) techniques. The aim of this paper is to evaluate a

measure describing the probability of all-successful channel

occupations as a function of the user movement characteris-

tics, and channel allocation strategy measures. The evalua-

tion is carried out through step by step incorporation of

random variables of the relative conditional probability

measures. The developed measure is then compared with an

already existing channel allocation measure. In addition, it is

shown how the channel allocation strategy can affect the

developed measures. Finally, a total view of the wireless sys-

tem is developed by combining user’s and operational net-

work points of view.

1. Introduction

The PRMA [1] is a possible evolution of Time Division

Multiple Access (TDMA) technology where users are allo-

cated time-channels (similarly positioned slots in consecu-

tive frames of a given frequency-channel) on their call basis.

Time-channels are allocated at the beginning of the call and

are de-allocated at the end of each call (see Figure 2). In

other words, in TDMA, channel allocation is not a function

of the source’s transmission characteristics. As opposed to

the TDMA, in PRMA the time-channel allocation is a func-

tion of the source activity, transmission-permission charac-

terized as the probability of transmission , and the

success in contention for a time-channel. As a source

becomes active, it begins contending for the available time-

channels. If the source is successful during the contention

period, a time-channel is allocated to the source at the begin-

ning of its activity. Otherwise, the source continues contend-

ing for the remaining available time-channels with

probability  until a time-channel is allocated to the

source, and/or there are still packets to contend time-channel

access for. Packets at the source may be dropped if they are

delayed for more than a predefined threshold. Once the time-

channel is allocated, its deallocation is based on the source’s

activity and/or source’s type which are categorized as either

Periodic or Random for PRMA. For the Periodic sources

such as voice and the Periodic data, the time-channel deallo-

cation is only dependent on the activity of the source, where

the source has an unlimited ownership of its allocated time-

channel as long as it is active. For the Random data, how-

ever, the source does gain the channel access for only one

time slot, and it should contend for an available time-channel

on the time slot basis.

The PRMA time-channels are organized as frames

where each frame consists of time slots. When a source

P
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P
per

becomes active the first packet is sent through the defined

frequency channel [1] knowing that it may collide with simi-

larly contending packets of other sources. Thus, the source

contends for a time-channel for its first packet. If the packet

successfully reaches the Base Station (BS), the channel is

then allocated to the source of that packet and the time-chan-

nel is reserved as long as the periodic source is active. Once

the periodic source becomes inactive, its time-channel

becomes available for contention. The main part of current

work is concentrated on the development of measures [1],

[2], [3], applicability of the possible adjustments, and incor-

poration of new techniques that can result in improvement of

the quality of services [4], [5], [6]. One of these techniques is

DCA in which the frequency-channels are allocated to the

BSs in a dynamic fashion, which is a function of the offered

load to BSs, as opposed to the Fixed Channel Allocation

(FCA) in which the frequency-channel allocation does not

change as a function of time. Figure 1, for example, depicts a

possible distributed channel allocation process [7]:

Figure 1. Distributed Channel Allocation Process.

The current literature on the development of analytical

measures mainly assumes that a particular frequency channel

is allocated to a group of users that contend for the available

time slots in the frame. The mobility characteristics of users,

and the employed DCA technique are not usually factored in.

In this paper, our aim is to develop analytical measures for

the probability of all-successful channel occupations where

the mobility characteristics of users and the employed DCA

technique have visible effects on the developed measure.
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2. Evaluation of the Probability of All-Successful Chan-

nel Occupations

In the context of wireless PRMA employing the DCA

technique, let us consider the following channel organization

(both time and frequency organization):

Figure 2. Time and Frequency Channel Organization.

Let us further define the following notation:

: jth slots of the kth frame duration

: The number of potential users in the domain

of a given BS

: Total number of users that can become

a potential users of a given BS

: The number of active talk-spurts

: Number of available channels to

a given BS

: Number of all unsuccessful consecu-

tive channel occupations

: number of all successful consecutive

channel occupations

: Permission to transmit in a slot
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: Probability that MSs successfully occupy

the available  time slots

: Probability of being inside a given BS

domain

: Packet generation rate of the user-sources

Now, let us first employ the Bernoulli trial concept to

evaluate the probability of having  in the domain of

a given BS provided that there are  potential

users of a BS.

(1)

from which we can evaluate the probability of having

 as:

(2)

Next, let us evaluate the probability of having

 given that there are  in the domain

of a given BS.

(3)

from which we can evaluate  as:

(4)

Now, assuming that the wireless system does not

employ a capture mechanism (a mechanism to recover col-

lided packets) [4], [5], [6], the upper-bound of the probability

of having all-successful channel occupations given that there

are  and  is:

 if

; otherwise

(5)

from which we can find the probability of all-successful

P
Occ

j k,( )

j k,( )
P

inside

ρ

n
Users

n
TotalUsers

P n
Users

n
TotalUsers 

  =

n
TotalUsers

n
Users

 
 
 

P
Inside

n
Users

1 P
inside

– 
 

n
TotalUsers

n
Users

–

n
Users

P n
Users 

  =

P n
Users

n
TotalUsers 

  P n
TotalUsers 

 

N
TotalUsers

0=

∞

∑

n
Talk Spurts–

n
Users

P n
Talk Spurts–

n
Users 

  =

0, if n
Talk Spurts–

n
Users

>

n
Users

n
Talk Spurts–

 
 
 

ρ
n

Talk Spurts–
1 ρ–( )

n
Users

n
Talk Spurts–

–

Otherwise,





P n
Talk Spurts– 

 

P n
Talk Spurts– 

  =

P n
Talk Spurts–

n
Users 

  P n
Users 

 

n
Users

0=

∞

∑

n
Talk Spurts–

n
Avail Channels–

P
Occ

j k n
Talk Spurts–

n
Avail Channels–

, , 
  0=

n
Talk Spurts–

n
Avail Channels–

<

P
Occ

j k n
Talk Spurts–

n
Avail Channels–

, , 
  =

n
Talk Spurts–

n
Avail Channels–

 
 
 

p
Per

n
Avail Channels–

×

1 p
Per

– 
 

n
Talk Spurts–

n
Avail Channels–

–



channel occupations as:

(6)

However,

, where  reflects

the channel allocation strategy of the wireless system. In the

case of FCA, for example,

where C is a predefined system parameter describing the

number of channels allocated to a given BS. In the case of

DCA, however, the designer has much more freedom in set-

ting up the conditional probability density. The probability

density function, for example, may be designed to guarantee

a “healthy” operation for a set of given/expected population

concentrations at a given BS domain by having higher values

at the corresponding . The wireless system

“health” may be also related to the blocking probability due

to insufficiency of the available channels and/or to the wire-

less systems capability to dynamically adapt to the offered

load. In the former case, the system designer, may intend to

decrease the  for

the cases where  and

increase it otherwise so that channel availability is better

guaranteed. In the latter case, however, the design should

address the rapidness by which channel allocation can

respond to load changes, which may be related to the algo-

rithm implemented at a given BS and/or a global algorithm

in charge of distributing channels to a group of BSs. As far as

mathematical developments are concerned, the probability

theory keeps the discussions here general and abstract while

allowing any particular system to use the developments for

analytical purposes. However, it should be emphasized that

the localized channel allocation requirements are closely

related to the global/locally-global requirements.

From , we can find the probability of hav-

ing  channel accesses as

(7)

and the probability of having  channel accesses

as:
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from which we can find the following expected values

(9)

and

(10)

which give us again the  as

(11)

3. Discussions on the Applicability of the Evaluated

Measure

The measure we developed here addresses the probabil-

ity of all-successful channel occupations of a given wireless

PCS system employing PRMA and DCA techniques. The

difference between this measure and that developed in [2],

[3] is that the latter measure defines the probability of call

dropping of a given user assigned to a given channel, while

our measure addresses the overall performance of the wire-

less system. These two measures, although closely related,

address different aspects of the wireless system namely users

and outside observer’s or operational network points of view,

respectively.

Referring back to the ’s method of evaluation, it is

evident that one may not have to or be able to go through all

the steps in order to evaluate . If the users’ movement

characteristics are available, then it is possible to evaluate

 by just going through its evaluation in a step by step

fashion similar to the method used in describing the user’s

point of view [8]. However, in many instances, the move-

ment characteristics of the mobile users are not well known

and thus one can only consider the overall behaviour of the

wireless system. In other words, the outside observer’s point

of view [8] is the only available view of the wireless system.

In this case then one can just use equation (11) to evaluate

the desired , the value of which can be determined to

any degree of accuracy due to its convergence properties.

Let us go through an example wireless system setup to

further clarify the difference between the measure developed

in this paper and that developed by [2], and [3]. Let us

assume that there are 5 users of a PRMA-DCA wireless sys-

tem, 2 stationary and 3 mobile, producing information pack-

ets continuously (i.e. there are no idle periods). As far as the

DCA technique is concerned, let us assume that 10 or more

channels are assigned to the BS on average. Thus, according

to our measure,  is 0. However, the measure developed

in [2], and [3] would evaluate the least upperbound of the

probability of successful channel accesses as 1 showing that
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the users of such a system would be very satisfied of its per-

formance, although the network utilization is quite low. In

other words, the user’s point of view measure does measure

aspects of the communication directly observed by the user,

while the outside observer’s point of view measure, which

may be quite different, measures the overall performance

and/or utilization of the wireless network as shown in Figure

3.

Figure 3. User and Networking Perspectives of the Wireless

System

Finally, it should be noted that a combined view of a

wireless system can be constructed from these two different

and sometimes conflicting views of the wireless system

through employment of conditional probability measure as

P(Successful channel allocation by a user | Successful occu-

pations of channels). The resulting measure will then take

into account both the networking aspect as well as the user’s

point of view of the wireless system.

4. Conclusions

In this paper we evaluated a measure describing the

probability of all-successful channel occupations in a wire-

less PCS system employing PRMA and DCA techniques.

The evaluations have been carried out through two parallel

paths. On one path, the evaluations require a detailed knowl-

edge of the users’ movement and dynamic channel allocation

characteristics, while the other method just considers the

overall performance of the wireless system. The latter

method is based on the expected values of the consecutive

all-successful channel occupations. Finally, we pointed out

the construction of a total view of a given wireless system.

The former method also led to the development of condi-

tional probability measure distinguishing among different

channel allocation schemes (both localized and global ones).

The mathematics of this paper can be extended to more com-

plex situations in which a larger number of system parame-

ters are available for analysis.
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