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COMPARISON OF THE THROUGHPUT OF THE CARRIER
SENSE MULTIPLE ACCESS PROTOCOL WITH CONFLICTS
RESOLVING ON THE PHYSICAL LEVEL
At present, the global growth of communication needs makes us more efficient in
using of the frequency spectrum. Assuming that at one frequency there is an opportunity
to transmit several mutual interference signals at one time, the problem is the separation
of these signals. But, complexity of demodulation procedures has significantly increased
compared to the classical. Thus, we must determine whether a reasonable increase of
complexity and how will increase the throughput of some communication system. In
researching we will choose carrier sense multiple access protocol.
Keywords: RMA – random multiple access, CSMA – carrier sense multiple access,
CD – collision detection, CRPL – conflicts resolving on the physical layer, MDT –
multiuser detection theory, QS – queuing system, SRC – source of recurring calls.
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Â íàñòîÿùåå âðåìÿ ãëîáàëüíûé ðîñò ïîòðåáíîñòåé â ñâÿçè äåëàåò íàñ áîëåå
ýôôåêòèâíûìè â èñïîëüçîâàíèè ÷àñòîòíîãî ñïåêòðà. Ïðåäïîëàãàÿ, ÷òî íà îäíîé
÷àñòîòå èìååòñÿ âîçìîæíîñòü ïåðåäàâàòü íåñêîëüêî ñèãíàëîâ âçàèìíûõ ïîìåõ
îäíîâðåìåííî, ïðîáëåìà çàêëþ÷àåòñÿ â ðàçäåëåíèè ýòèõ ñèãíàëîâ. Íî ñëîæíîñòü
ïðîöåäóð äåìîäóëÿöèè çíà÷èòåëüíî âîçðîñëà ïî ñðàâíåíèþ ñ êëàññè÷åñêîé. Òàêèì
îáðàçîì, ìû äîëæíû îïðåäåëèòü, áóäåò ëè ðàçóìíî óâåëè÷èâàòüñÿ ñëîæíîñòü è
êàê áóäåò óâåëè÷èâàòüñÿ ïðîïóñêíàÿ ñïîñîáíîñòü êàêîé-ëèáî ñèñòåìû ñâÿçè.
Ïðè èññëåäîâàíèè ìû âûáåðåì ïðîòîêîë ìíîæåñòâåííîãî äîñòóïà ñ êîíòðîëåì
íåñóùåé.
Êëþ÷åâûå ñëîâà: ñëó÷àéíûé ìíîæåñòâåííûé äîñòóï, ïðîòîêîë ìíîæåñòâåííîãî äîñòóïà ñ êîíòðîëåì íåñóùåé, îáíàðóæåíèå êîíôëèêòîâ, ðàçðåøåíèå
êîíôëèêòîâ íà ôèçè÷åñêîì óðîâíå, òåîðèÿ ìíîãîïîëüçîâàòåëüñêîãî äåòåêòèðîâàíèÿ,
ñèñòåìû ìàññîâîãî îáñëóæèâàíèÿ, èñòî÷íèê ïîâòîðíûõ âûçîâîâ.
Introduction. Mobile communication is one of the most important modern
telecommunications trends that been undergoing intensive development over the last
four decades, both general and special. The rapid development of mobile communication
is, in essence, a new era in telecommunication, which has accrued to the present time
for five generations and offers more and more unique services. At the same time, the
growing information multimedia needs of humanity inevitably led to the rapid reloading
of radio resources.
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In radio systems with random access multiple access (RMA), radio resources are
usually generalized, that is, they are provided to more than the maximum number of
users, on condition that they are simultaneously successful. Objectively, this is justified
by the fact that users of such systems needs radio channel not all the time, but some
segments, randomly, depending on the circumstances, in the general case,
nondeterministic, non-stationary and therefore difficulty predicted.
The problem of the shortage of radio resources, which thus arises, can be solved
by applying simplex modes of operation. However, the decentralized management of
radio because inevitably there are overlays (collision) of signals of different users with
mutual independent behavior. According to the terminology defined in the sevenlayer Open System Interconnection model [2], such overlays (leading to distortions)
will be classified as conflicts at the physical layer.
The task of organizing access of the end users (subscribers) devices to the
common resource rests on the additional sub-layer, which is called access syb-layer to
the distribution medium [2].
Enormous intellectual resources was spend on the development of the RMA
theory [3–6] over the half of the last century. The main purpose was the development
of more advanced access protocols, characterized by more high parameters. At present,
the theory of RMA has developed into a powerful independent discipline within the
general theory of communication.
Together with the above, one must admit the obvious pattern that the algorithmic
possibilities of the further significant development of the theory of the RMA are
asymptotically exhausted.
The multiuser detection theory (MDT) arose and develops rapidly, with some
delay and until recently, independently of the theory of RMA. One of its branches –
the statistical theory of separation of digital signals [7].
One of the most common approaches to increasing the throughput of an RMA
channel is the using of user signals with some power gradations transmitted in the
common frequency-time resource [5–7]. The disadvantage of these protocols is obvious –
only one of the most powerful signals from several conflicting can successfully be
processed (and not in all cases).
At the present time, against the background of traditional independence of the
development of the theories of RMA and MDT, takes a separate place so far insignificant
series of works [1, 8, 9], in which the parameters of the RMA protocols are investigated
with the additional assumption about the possibility of simultaneous transmission
more than one signal (package) in one channel.
This assumption was caused by two factors – the implementation of broadband
signals and the phenomenon of suppression in the demodulator (nonlinear for a
powerful signal) of a weak signal by a strong.
Interpenetration and, even in some tasks, the merging of theories of RMA and
MDT becomes a reality, because, obviously, the efficiency of access protocols can’t not
be improved by the implementation of conflicts resolving at the physical layer (CRPL).
On the other hand, the Bayesian approach in the MDT theory to the synthesis of
procedures for digital signals demodulation inevitably leads to the dependence of some
parameters of the demodulators from the properties of the incoming traffic of RMA
system.
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Carrier Sense Multiple Access protocol with Conflicts Detection (CSMA- CD)
have long been used only in cable (optic fiber) networks due to the fact that it was
impossible to detect any foreign radiation in the radio networks on the background of
relatively powerful signals from their transmitting devices. Now we can hope that the
achievements in theory and practice of MDT and modern elemental base gradually
eliminate this limitation. The results of the research indicate that it is possible not
only to significantly increase the throughput of the RMA protocols with CRFL in the
demodulators of radio receivers, as well as the complex of RMA procedures with
CRPL. At the same time, the researching of RMA protocols of the CSMA family with
an additional assumption of the possibility of CRPL to the present in full has not been
completed yet.
To analyze the RMA protocols of his time, A. Nazarov [10] proposed an asymptotic
method, which plays an important role in the researching of the appropriate mathematical
models, including those that describe the operation on queuing systems (QS). However,
accurate formulas for solutions can be obtained, as a rule, only in exceptional situations
characterized by forced overlay of rigid simplifying limitations on the statistical nature
of the investigated processes. At the same time, often applying asymptotic methods,
one can obtain an approximate solution to a problem with fairly broad assumptions
about input flow statistics and service even in the absence of an explicit form of the
corresponding distributions [10].
Method of analysis. Consider the CSMA-CD protocol with assumptions about
CRPL and analyze its throughput. Let’s consider several cases when only single, pair
and triple applications are served.
The traditional way of describing the QS is the graph of the probability of the
transitions of states and differential systems of equations.
The graph vertex denotes the state of the system. The edges of the graph are
oriented and show possible transitions from one state to another.
The convenience of such method for describing the QS is its clarity and the
possibility of implementing a simple rule for the construction of a system of differential
equations for the probabilities of states of QS.
The service of each requirement is two-stage exponential with parameter ȝ1 on
the first and ȝ 2 on the second stage. The requirement of service in the analyzed QS in
the form of a two-stage procedure is due by the fact, that at a certain random interval
of time the transmission of messages to all users should be allowed. At the end of this
random interval of time, depending on the number of processed applications on the
first stage, there is a its resetting in a source of repeated calls (SRC) (if there was an
unresolved conflict), or a successful non-conflict service on the second stage. Thus, the
task of the first stage is to “collect” a certain number of applications for further service,
and the second task – a useful (successful) service. In real communication networks,
this can be interpreted as the generation by terminals of some autonomous signal of a
prohibition of transmission after the first stage to the end of the second stage –
autonomously for each terminal, that is, as a detecting procedure by all terminals of the
fact of the busy channel by the permissible number of signals (for example, that is
considered – one, two or three) or as a procedure for detecting an unresolved conflict
on the first stage, which, however, arose as a result of decentralized management.
We built mathematical model of such queuing system. Requirements for the
simplest (Poisson) flow with the parameter Ȝ enter the service system. If on the first
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stage three applications are detected, then they start to be immediately served. If at
the end of the first stage comes more than three applications, then they and next reset
to SRC, which may persist indefinitely. Graph of states this CSMA-CD protocol,
when it have only three applications at the same length with prohibition of service of
single and pair applications shown at Figure 1.
We write down the appropriate system of difference equations of the investigated
process. Here and ahead we will set ³ number of applications in the SRC, Ȟ – the state
of the process, and make a replacement PȞ i ' P t , i, Ȟ ' P i t i, Ȟ t Ȟ
 P t  't , i, 0 ª¬1 
°
° P t  't , i,1 ª¬1 
°
° P t  't , i, 2 ª¬1 
°°
® P t  't , i,3 ª¬1 
°
° P t  't , i, 4 ª¬1 
°
° Ȝ'tP t , i  1, 4 ;
° P t  't , i, 7 ª1 
¬
°̄

Ȝ  iı 't º¼ P t , i, 0  ȝ 2 'tP t , i, 7  4ȝ1'tP t , i  4, 4 ;
Ȝ  iı 't º¼ P t , i,1  Ȝ'tP t , i, 0  i  1 ı'tP t , i  1, 0 ;
Ȝ  iı 't º¼ P t , i, 2  Ȝ'tP t , i,1  i  1 ı'tP t , i  1, 1 ;
Ȝ  3ȝ1  iı 't º¼ P t , i,3  Ȝ'tP t , i, 2  i  1 ı'tP t , i  1, 2 ;
Ȝ  4ȝ1 't º¼ P t , i, 4  Ȝ'tP t , i, 3  i  1 ı'tP t , i  1, 3 
Ȝ  ȝ 2 't º¼ P t , i, 7  3ȝ1'tP t , i,3  Ȝ'tP t , i  1, 7 .

After limit transition 't o 0:

 Pc
°
° Pc
° Pc
°
®
° Pc
° Pc
°
° Pc
¯

t , i,1

 Ȝ  iı P t , i, 0  ȝ 2 P t , i, 7  4ȝ1P t , i  4, 4 ;
 Ȝ  iı P t , i,1  ȜP t , i, 0  i  1 ıP t , i  1, 0 ;

t , i, 2

 Ȝ  iı P t , i, 2  ȜP t , i,1  i  1 ıP t , i  1, 1 ;

t , i,3

 Ȝ  3ȝ1  iı P t , i,3  ȜP t , i, 2  i  1 ıP t , i  1, 2 ;

t , i, 4

 Ȝ  4ȝ1 P t , i, 4  ȜP t , i,3  (i  1)ıP t , i  1, 3  ȜP t , i  1, 4 ;

t , i, 7

 Ȝ  ȝ 2 P t , i, 7  3ȝ1P t , i,3  ȜP t , i  1, 7 .

t , i, 0

In the stationary mode we have:


°
°
°
°
®
°
°
°
°
¯

Ȝ  iı P i , 0

ȝ 2 P i, 7  4ȝ1P i  4, 4 ;

Ȝ  iı P i,1

ȜP i, 0  i  1 ıP i  1, 0 ;

Ȝ  iı P i , 2

ȜP i,1  i  1 ıP i  1, 1 ;

Ȝ  3ȝ1  iı P i,3
Ȝ  4ȝ1 P i, 4
Ȝ  ȝ 2 P i, 7

ȜP i, 2  i  1 ıP i  1, 2 ;

ȜP i, 3  (i  1)ıP i  1,3  ȜP i  1, 4 ;
3ȝ1P i,3  ȜP i  1, 7 .

After replacing i ı ' x , ı
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İ o 0 and designating P i, Ȟ 'ʌ Ȟ x we get:
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Ȝ  x ʌ0 x
Ȝ  x ʌ1 x

ȝ 2 ʌ 7 x  4ȝ1ʌ 4 x  4İ ;
Ȝʌ 0 x  x  İ ʌ0 x  İ ;
Ȝʌ1 x  x  İ ʌ1 x  İ ;

Ȝ  x ʌ2 x
Ȝ  3ȝ1  x ʌ3 x
Ȝ  4ȝ1 ʌ 4 x
Ȝ  ȝ 2 ʌ7 x

Ȝʌ 2 x  ( x  İ)ʌ 2 x  İ ;
Ȝʌ3 x  ( x  İ)ʌ3 x  İ  Ȝʌ 4 x  İ ;

3ȝ1ʌ3 x  Ȝʌ 7 x  İ .

Expanding in the Taylor series, bounded by the first terms and adding all
the equations of the system (1), we obtain the condition of stationary:

^x ¬ª ʌ0

`

x  ʌ1 x  ʌ 2 x  ʌ 3 x ¼º  16ȝ1ʌ 4 x  Ȝ ¬ª ʌ 4 x  ʌ 7 x ¼º c

0

On the other hand, assuming in the
system (1) that İ 0 , we can write the
5
solution of this system through ʌ x ' ¦ ʌ Ȟ x and through ʌ0 :
Ȟ 0


°
°
°
°
®
°
°
°
°
¯

Ȝ  x ʌ0

ȝ 2 ʌ 7  4ȝ1ʌ 4 ;

Ȝ  x ʌ1

Ȝʌ 0  xʌ 0 ;

СИСТЕМИ ТА МЕТОДИ ОБРОБКИ ІНФОРМАЦІЇ


°
°
°
°
®
°
°
°
°
¯

³µ¹¢³¯¢³±§¸¢¾¯¢´§·¯¬¢  
02'(5163(&,$/7(&+1,&6

Ȝ  x ʌ 2 (Ȝ  x)ʌ1;
Ȝ  3ȝ1  x ʌ3 (Ȝ  x)ʌ 2 ;
Ȝ  4ȝ1 ʌ 4 (Ȝ  x)ʌ3  Ȝʌ 4 ;
Ȝ  ȝ 2 ʌ 7 3ȝ1ʌ3  Ȝʌ7 ;

(1)

Therefore:
ʌ1

ʌ0

ʌ3

Ȝx
ʌ2
Ȝ  3ȝ1  x

ʌ4
ʌ7

ʌ2

2

Ȝx
ʌ3
4ȝ1
3ȝ1
ʌ3
ȝ2

Ȝx
ʌ0
Ȝ  3ȝ1 

Ȝx
ʌ0
4ȝ1 Ȝ  3ȝ1  x

3ȝ1 Ȝ  x
ʌ0
ȝ 2 Ȝ  3ȝ1  x

Write down the amount:
5

ʌ x

¦ ʌȞ

x

ʌ0 x u

Ȟ 0

12ȝ1ȝ 2 Ȝ  3ȝ1  x  4ȝ1 Ȝ  x (ȝ 2  3ȝ1 )  ȝ 2 Ȝ  x
u
4ȝ1ȝ 2 Ȝ  3ȝ1  x
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Let’s denote the numerator in (2) through f x ! 0 . Then,
ʌ0 x

ʌ1 x

ʌ2 x

ʌ4 x

ȝ2 Ȝ  x
f x

4ȝ1ȝ 2 Ȝ  3ȝ1  x
ʌ x ; ʌ3 x
f x

2

ʌ x ; ʌ7 x

4ȝ1ȝ 2 Ȝ  x
ʌ x ;
f x

12ȝ12 Ȝ  x
ʌ x .
f x

Now the equation that determines the conditions of stationary, we represent as
follows (substituting the value of ʌ x )
x ª¬ ʌ 0 x  ʌ1 x  ʌ 2 x  ʌ3 x º¼  16ȝ1ʌ 4 x  Ȝ ª¬ ʌ 4 x  ʌ 7 x º¼
Or

ɋ

ʌ x
ª¬ 4 xȝ1ȝ 2 3 Ȝ  3ȝ1  x  (Ȝ  x) 16ȝ1ȝ 2 (Ȝ  x) 2  Ȝ(Ȝ  x) ȝ 2 (Ȝ  x)  12ȝ 21 ) º
¼ f x

C

Let’s write a numerator in the form of a polynomial:
ª¬  x 2 P2 O  x(16OP1P2  36 P 21P2 OP12  2P 2 O 2 ) 
S x
 P2 O 3  16 P1P2 O 2  12 P12 O 2 º¼
C
f x

(3)

Obviously, the equality of the constant Ñ  0 will be observed with

S ( ɯ)

f ( x) ª¬ x 2 P2O  x(16OP1P2  36P 21P2 OP12  2P2O 2 )  P2O3  16P1P2O 2  12P12O 2 ¼º

1

After changing the sign, because it doesn’t matter:

S ( ɯ)

f ( x) ª¬ x 2 P2 O  x(16OP1P2  36P 21P2  OP12  2 P2 O 2 )  P 2 O3  16P1P 2 O 2  12 P12 O 2 º¼

1

1

. Then
However, for such an expression for ʌ x we can show that ʌ x o f
Ȝ2
the integral of the last expression in the domain x t 0 will diverge. Accordingly, it
remains in the expression (3) to make an assumption C { 0 .
Due to the fact that f x ! 0 , we should make an assumption ʌ x 0 at all points
where the polynomial in the numerator (3) is not zero, i.e. where the condition is not
fulfilled:
ª¬ x 2 P 2 O  x (16OP1P 2  36 P 21P 2  OP12  2 P 2 O 2 )  P 2 O 3  16 P1P 2 O 2  12 P12 O 2 º¼

0

This is the third-degree equation with real coefficients. This equation obviously
solves analytically. Let us give equation to a form that is convenient for the interpretation of the results of analysis, for what divide each term of the equation on.

[ z 2  (16[ k  36k 2 [ k 2  2[ 2 ) z  [ 3  16[ 2 k  12[ 2 k 2
24
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P1 z ' P1
,
.
P2
P2
P2
The results of the solution of this equation are based on the graphs given in the
next section. Similar analysis has been carried out for other several CSMA-CD protocols.
Their equations of stationary are obtained as follows:

P
Where the denotation is used: k ' 1 , [ '

[ z 2  (16[ k  36k 2  [ k 2  2[ 2 ) z  [ 3  16[ 2 k  22[ 2 k 2

0

(5)

hen solving triple conflicts of different duration;
2

2

2

2

[ z 2  (9[ k  12k  [ k 2  2[ ) z  [ 3  9[ k  3[ k 2

0

(6)

when solving paired conflicts of the same duration;

[ z 2  (9k[  12k 2  k 2[  2[ 2 ) z  [ 3  9k[ 2  9k 2[ 2

0

when solving paired conflicts of different duration [11].

(7)
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Fig. 1. Graph of states of the CSMA-CD protocol with only triple applications service
of equal duration
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Comparison of protocols. First Protocol CSMA-CD with only one application
processing was analyzed in the 90s by A. Nazarov [10], where a full throughput reaches
1, on condition of increasing intensity of detection and service ratio.
In all varieties of the CSMA-CD protocol researched in the previous section,
throughput is significantly increased in comparison with the classic protocol [10]
when the CRPL was assumed impossible. For example, if the CRPL is implemented
in the multiplicity 2, with their exponentially distributed mismatching durations of
service requests on the second stage the throughput reaches 1.33, and with the same
time randomly, but coinciding in duration – 2 (i.e., doubles).
Similarly with previous, the next case analyzed when success service of 3
applications is possible. It also gives a further increasing of throughput. When servicing
on the second stage applications with random mismatched duration throughput reached
1.63, and while exponential law of service applications the same random length – 3
(increased threefold compared to [10]).
For clarity, the results of the analysis of equations (4–7) are shown in Fig. 2.

Fig. 2. Throughputs of the CSMA-CD protocols

The results of comparing the throughput of CSMA-CD protocols with the
procedure of the CRPL with the protocol, which serves exclusively simple applications,
are shown in Fig. 3.
Here ȟ(1) – results of the solution (search of the maximal real root) of the
equation first obtained by A. Nazarov [10] , ȟ(2) – results of solutions of equations (4–
ȝ1
7). In accordance, ȟ(2)/ȟ(1) – relative throughput as a function of k
.
ȝ2
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Fig. 3. Dependence of relative changes in throughput of CSMA-CD protocols with CRPL with
multiplicity 2 and 3 on the relative intensities of service on 1 and 2 stages

СИСТЕМИ ТА МЕТОДИ ОБРОБКИ ІНФОРМАЦІЇ

³µ¹¢³¯¢³±§¸¢¾¯¢´§·¯¬¢  
02'(5163(&,$/7(&+1,&6

In Figure 4 shows the results of comparing protocols with the same multiplicity
of the CRPL under different conditions of service on the second stage – service
applications of mismatching and matching random durations. In this case, the win at
full resolving of paired conflicts reaches 1.5, and for triple reaches 1.8.

Fig. 4. Comparison of CSMA-CD protocols of the same multiplicity by throughput
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At Figure 5 showed the results of comparing protocols with the same conditions
of service on the second stage (coinciding and mismatching durations), which shows
an increase in throughput depending on the multiplicity of the CRPL (comparing the
triple full CRPL with a pair).

Fig 5. Comparison of changes in throughput when solving conflicts of multiplicity 2 and 3 under
the same conditions of the service

Comparison of the throughput of the CSMA protocols proves the expediency of
the implementation of the CRPL even at a minimum multiplicity of 2–3. Problem of
solving conflicts with multiplicity greater than 2–3 exponentially complicates
demodulators, but subsequent additional increasing of throughput slows down, unless
the duration of all serviced application matched.
Therefore, in practice, it should be limited of the CRPL by doubles (at most
triple). This will significantly increase the throughput of telecommunication systems
with RMA and, as can be proven, in the vast majority of modifications of the CSMACD protocols to reduce the average waiting time for the success service beginning.
It is also important to note (see Fig. 4 and Fig. 5) that on the interval 0,19 <
k < 0,6 the probability of detecting conflicts of multiplicity 2 is greater than the
probability of detecting conflicts of multiplicity 3. Therefore, in this range of values
k should be limited by the successful servicing of conflicts at least multiplicity 2,
requiring the use of substantially simpler demodulation procedures than when solving
conflicts of multiplicity 3.
Conclusions. The implementation of CRPL procedures even minimal multiplicities
2 and 3 in the communication system protocols such CSMA-CD was increase significantly
throughput in the area of achievable k.
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A protocol with CRPL opens qualitatively new opportunities for improving
access protocols. For example, according to the results of the analysis on the stage of
detection, one can recommend a waiver of service not only in case of unsolvable
conflicts, but also in the case of receipt of single applications. At sufficiently high
intensity detecting such tactics to improve the protocol will result in the common
service resource will be used only sets of allowable multiplicity applications (i.e., two
applications in the two most simple cases, when implemented CRPL multiplicity two,
or three). Thus, the combination of two-stage CSMA-CD protocols and the procedures
of the CRPL open up the possibility of realizing the parallel using of the common
channel resource, when such resource for single and double applications (in solving
conflicts of multiplicity 3) will not be provided. It should be added that the refusal
to service single (or even double) applications with reasonable with significant intensity
of input stream, corresponding throughput.
The actual fee for increasing the serviced load will be certain increase in the
average time delay before the successful transmit beginning. Thus, it’s already evident
at the heuristic level that the two areas mentioned above for improving the communication
systems with RMA – improving the access protocols at the sub-level of access to the
transmission network and implementing procedures for ÑRPL not only do not oppose
each other, but rather, are mutually complementary, interrelated and, at the same time,
quite independent ways of modern development of communication systems with common
resources and decentralized management. Also worth further researching and assess the
real time delay before the successful transmit beginning.
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