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Abstract. In an analytical form, the dependence of the MAC-efficiency of frames transmission on 

the coefficient of their fragmentation is obtained, taking into account retransmissions of dam-

aged frames, the number of which changes in accordance with the noise level. When the noise 

intensity is high, the dependence of   transmission efficiency on the fragmentation factor has the 

extreme character.   
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Introduction. At the present time, there is an intensive development on fifth 

and sixth wireless networks generations (IEEE 802.11ac, IEEE 802.11ax) [1]. One of 

the priorities of these technologies is their use for the automation of production 

processes in mechanical engineering, metallurgy and a number of other industries. 

The need arises to safely and conveniently connect hundreds and thousands of elec-

tronic devices to corporate network in accordance with their operational and engi-

neering requirements. Traditionally, these needs are met through problem-oriented 

technologies, but nowadays, corporative Wi-Fi is increasingly been chosen as the in-

ternal platform for such networks, due to its significant advantages in speed, scale 

and ease of management. 

A common factor that reduces the efficiency of wireless networks is the in-

creased noise level in the shops of industrial enterprises, due to the operation of 

technological equipment. In addition, the intensity of thermal noise, which increas-

es with temperature, must also be taken into account [2]. 

The peak speed of a wireless network is determined by: the channels band-

width, the density of subcarriers, the number of spatial streams, the amount of 

housekeeping data per transmitted symbol. Increasing the data transfer rate in the 

IEEE 802.11ac and IEEE 802.11ax networks to several Gbps necessitates the use of 

extended channels with a width of 160 MHz, which leads to an increase in the noise 
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power in the channel.  Improving the coding, that is, moving from 256 QAM to 1024 

QAM increases the data rate. However, being denser, subcarriers are more suscepti-

ble to mutual interference. Therefore, 1024 QAM technology provides speed im-

provements at a shorter distance from the access point and under normal conditions 

the signal to noise ratio decreases sufficiently fast as the coverage area with a single 

access point is expanded.  

Thus, the use of modern high-speed technologies for wireless data transmis-

sion in industrial conditions requires the development of methods and means to in-

crease the noise immunity of computer networks.   

Problem statement. It is necessary to determine the possibility of increasing 

the efficiency of the transmission of fragmented frames in Wi-Fi networks with an 

infrastructure topology, taking into account the retransmissions of frames distorted 

by interference.   

Main part.  We will carry out our research within the framework of using the 

distributed coordination function (DSF) [3]. 

For an ideal data transmission channel, when there is no noise and in each cy-

cle only one station transmits a frame, and the ACK receipt from the access point ar-

rives without delay, the throughput Sid can be expressed as follows [4]:     

 
d+++++

= ,    (1) 

where Ldata  is the data size of frame in bits ; -Ч=s , where σ is the 

idle slot duration; CWmin is the minimum (initial value) of the contention window; 

SIFS and DIFS are the interframes intervals; ACK is the acknowledgment  frame; δ is 

the propagation delay.  

It is known that an increase in the noise immunity of transmitted data with a 

significant noise level is achieved by reducing the size of the frame data field or by 

its fragmentation. In [5], we modified formula (1) to calculate the transmission effi-

ciency Q  of frames fragmented with a coefficient k : 

+++++
==

d
,   (2) 

where ++= , TPHYhdr  and  TMAChdr are headers of PHY and MAC lev-

els respectively; R  is the physical rate.  

For the parameters corresponding to the IEEE 802.11ac standard, we calculated 

the dependences Q(R,k). The results show that the value of the  efficiency Q  de-

creases significantly with an increase in physical rate R.  This is primarily due to the 
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growth in the contribution of the total duration of the transmitted service infor-

mation TS∑, which does not change with the physical rate increasing, while the 

transmission time of the actual data Tdata   decreases.  

The study carried out in [5] does not take into account the probability of frames 

distortion and need of retransmission.  

 For a more objective evaluation of the process of frames transmitting with the 

possibility of their distortion, we propose, as a first approximation, instead the pa-

rameter Q to use the parameter U: 

                                             -Ч= ,     (3) 

where Pfe is the probability of frame distortion during transmission.  

                                           --= ,     (4) 

where pb is the bit error rare (BER) for discrete-time memory less Gaussian chan-

nel [6], L is the frame data size. 

Table 1 shows the values of U(R,k) at BER=10-4  and L=12000 bit. 

Table 1 

Modified parameter of frames transmission efficiency 

R, Mbps 
U 

k=1 k=2 k=3 k=4 k=5 

54 0,133 0,200 0,207 0,198 0,187 

100 0,091 0,131 0,131 0,124 0,115 

200 0,054 0,074 0,074 0,068 0,062 

300 0,038 0,052 0,051 0,047 0,043 

400 0,029 0,040 0,039 0,036 0,030 

600 0,020 0,028 0,027 0,024 0,022 

800 0,016 0,021 0,020 0,019 0,017 

1000 0,013 0,017 0,016 0,015 0,013 

1200 0,011 0,014 0,013 0,013 0,011 

       

Graphs of U  versus k  at different values of the physical transmission rate R  are 

shown in Fig.1. 
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Figure 1 – Dependences of the modified efficiency parameter U on the frames frag-

mentation coefficient  k  at different values of  the physical transmission rate R 

  

At the next stage of research, we took into account the number of retransmis-

sions of frames, distorted by interference during transmission. With this, we calcu-

lated the MAC efficiency of the network Q  by the formula: 

                                                 
+

=
S

,     (5) 

where the value of T∑  denotes the denominator (2), and 

                                           += ,    (6) 

where m is the number of retransmissions, TACKtimeout is the timeout value of waiting 

for acknowledgment of data frame successful reception. We took this timeout to be 

120 μs. 

Let us consider the procedure for determining the number of retransmissions in 

stages for a given BER level using an array of N0 frames. 

At the first stage (m =1), the average number of successfully transmitted frames 

will be: 

                                             -= .    (7) 

At the second stage (m =2): 

                         -=-Ч-= .  (8) 

At the third stage (m =3): 

                   -=-Ч+-= .  (9) 
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In general 

                                         -= -
,    (10) 

where NSm  is the number of successfully transmitted frames at the m-th  stage of 

transmission. 

The sum of frames successfully transmitted at m stages will be:                

                                  =++++=S  

                               
-+++++-= .  (11) 

The expression in square brackets is the sum of the terms of a decreasing geo-

metric progression with the first term a1=1 and the denominator q =Pfe. From here: 

                                          -=S .    (12) 

The number of retransmission attempts m we can approximately calculate from 

the condition N0-N∑m =0,01N0.  In this way: 

                                                 -= .     (13) 

Substituting (13) into (5) and taking into account (6), we obtain: 

                                     
+-

=

S

.   (14) 

Figure 2 shows the graphs of dependences Q(k) at different levels of BER. The 

physical data transfer rate is equal to R = 54 Mbps. 

Comparing the plot in Fig.1 for R = 54 Mbps and the plot in Fig.2 for BER=10-4 

and the same rate, we see that they are similar.  

As follows from the Fig.2, a decrease in the noise intensity not only increases 

the efficiency of frame transmission Q, but also changes the character of the de-

pendence Q(k) from extreme to monotonically decreasing.  

At the same time, the dependence at high noise intensity (BER=10-4) is the 

greatest practical interest. As can be seen from the corresponding plot, here the 

maximum value of the transmission efficiency Q  is observed when the fragmenta-

tion coefficient is k =3 for the standard size of the frame data field.  
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Figure 2 – Dependences of the MAC - efficiency of frames transmission Q  

on the coefficient of their fragmentation k  at different noise level (BER) 
 

Conclusions 

1. In an analytical form, the dependence of the MAC-efficiency of frames 

transmission on the coefficient on their fragmentation is obtained, taking into ac-

count retransmissions of damaged frames, the number of which changes in accord-

ance with the noise intensity.   

2. At a high noise intensity, corresponding to the level of bit error rate  BER=10-

4, the dependence of the transmission efficiency on the fragmentation factor has the 

extreme character. The maximum efficiency for a standard frame data field size cor-

responds to a fragmentation factor of 3. 
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Есдкрзвліпрь ндод�афі соаг�длрмвалзт соди�ів  

в км�н’юрдолзт �додеат IEEE 802.11 

О�лз� ж ноімозрдрів �йя Wi-Fi �доде н’ярмгм і хмпрмгм нмкмйіль (IEEE 802.11ac,ax) 

є їт взкмозпралля �йя аврм�арзжа�ії рдтлмймгіфлзт ном�дпів ла взомблз�рві. Взлзкає 

лдмбті�ліпрь бджндфлмгм і жоуфлмгм ні�кйюфдлля пмрдл і рзпяф дйдкромллзт нозпромїв �м 

кмонмоарзвлмї �додеі у ві�нмві�лмпрі ж їт дкпнйуара�іилз�з ра іледлдолз�з вз�мга�з. 

Загайьлз� сакрмом�, якзи жлзеує єсдкрзвліпрь омбмрз ракзт �доде є ні�взцдлзи оі-

вдль ху�у в �дтат взомблзфзт ні�нозє�прв влапйі�мк омбмрз рдтлмймгіфлмгм упрарку-

валля, цм вз�агає омжомбкз жапмбів ні�взцдлля жава�мпріикмпрі км�н’юрдолзт �доде. 

В праррі �мпйі�еуєрьпя �мейзвіпрь ні�взцдлля дсдкрзвлмпрі ндод�афі  �алзт жа 

оатулмк соаг�длра�ії соди�ів ж уоатувалля� нмврмолзт ндод�аф взкозвйдлзт соди�ів, 

кійькіпрь якзт жайдезрь ві� ілрдлпзвлмпрі ху�у. Дмкажалм, цм ноз жбійьхдллі кійькмпрі 

бірмвзт нм�зймк �алзт, цм ндод�аюрьпя (BER), лд рійькз ж�длхуєрьпя  дсдкрзвліпрь 

ндод�афі соди�ів, айд и ж�ілюєрьпя таоакрдо жайделмпрі дсдкрзвлмпрі ві� кмдсі�ієлра 

соаг�длра�ії ві� �млмрмллм пна�лмгм �м дкпрод�айьлмгм. Поз �ьм�у взоіхайьлу омйь 

рур ві�ігоає ж�ілдлля кійькмпрі нмврмолзт ндод�аф, яка взоаедла фдодж і�мвіоліпрь вз-

козвйдлля соди�у �алмї �мвезлз. Макпз�у� дсдкрзвлмпрі �йя взпмкмілрдлпзвлмгм ху�у 

(BER=10-4), ноз прал�аорліи �мвезлі нмйя �алзт соди�у ві�нмві�ає кмдсі�ієлру соаг�д-

лра�ії цм �моівлює 3.   
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