
International Journal of Computer Applications (0975 – 8887) 

Volume 121 – No.5, July 2015 

30 

Optimization of Threshold based Rate Adaptation 

Technique in Wireless Network

 

Lily Mishra 
Postgraduate Student 

Department of Electronics and Telecommunication 
D.J.Sanghvi college of Engineering, 

Mumbai, India 
 

 

M.H.Patwardhan 
Assistant Professor 

Department of Electronics and Telecommunication 
D.J.Sanghvi college of Engineering, 

Mumbai, India 

 

ABSTRACT 
Adaptive Modulation and Coding technique has emerged as a 

bandwidth efficient transmission scheme. It is motivated by 

its ability to improve spectral efficiency by adapting the 

transmission rates to the variations in channel signal-to-noise 

ratio. The implementation of apt rate adaptation algorithms 

based on either signal to noise ratio or successful packet 

transmission has been the crucial factor in Adaptive 

Modulation and Coding. This work focuses upon enhancing 

the data rate while implementing Adaptive Modulation and 

coding by modifying the rate adaptation algorithm in the 

context of IEEE 802.11 WLAN network. The signal to noise 

ratio threshold based rate adaptation algorithm was modified 

using MATLAB/SIMULINK. The said modification in the 

algorithm without disturbing the signal-to-noise ratio 

threshold values resulted into the enhancement of data rates.  

It also demonstrated that in the varying channel conditions, 

the modified algorithm would be able to minimize the number 

of transitions needed to achieve a particular mode of adaptive 

Modulation and Coding. 
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1. INTRODUCTION 

The IEEE 802.11 standards support multiple bit rates at the 

physical layer so that stations can maximize the system 

performance by controlling the transmission rate responding 

to the conditions of underlying time-varying channels. The 

process is basically known as link adaptation which is 

commonly known by the name Adaptive Modulation and 

Coding (AMC) as well. With the technological advancement, 

the demand for bandwidth has increased many fold. 

Especially in wireless communication where bandwidth is a 

shared resource, spectrally efficient transmission schemes 

have always been in demand. AMC could be implemented by 

varying different parameters known as degrees of freedom 

and varying the data rate is one of the popular varieties known 

as Rate Adaptation. A number of Rate Adaptation schemes 

using Rate-adaptive Acknowledgment (RARA) [2], Rate 

Adaptation in Mobile Environments (RAM) [3], Rate 

Adaptation using Coherent time (REACT) [4] are used to 

implement AMC in IEEE 802.11 environment.  

2. RELATED WORK 

2.1 Rate Adaptation 
Rate adaptation is the process of dynamically switching data 

rates to match the channel conditions, with the goal of 

selecting the rate that will give the optimum throughput for 

the given channel conditions. Rate Adaptation is the heart of 

AMC. It helps choose the best rate for the current channel 

condition. The aim is to maximize the throughput by 

exploiting the multiple transmission rates available for 802.11 

devices and varying their transmission rates dynamically to 

the time-varying and location dependent wireless channel 

conditions. 

2.2 Threshold-based Rate Adaptation 
The threshold-based rate adaptation algorithm is a special 

case of rate adaptation algorithm. In [5], it has been first 

investigated via a reverse engineering approach where the 

implicit objective function is revealed. Then, a threshold 

optimization algorithm is proposed which can dynamically 

adjust the up/down thresholds and converge to the stochastic 

optimum solution in arbitrary stationary random channel 

environment. In the same paper, two categories of rate 

adaptation are defined namely open loop and closed loop. 

Most commercialized IEEE products follow this up/down 

scheme. The paper has focused upon the open-loop rate 

adaptation algorithms due to the practical merits. 

 

In our work, we have focused upon a threshold based rate 

adaptive algorithm which uses the channel condition known 

by measuring the SNR value according to which the bit rate 

of the system is decided. The bit rate corresponds to which 
mode gets selected depending upon the SNR value. The mode 

is restricted by the up and down threshold values of the SNR. 

However, we have tried to enhance the bit rate keeping the 

up/down threshold values to be fixed for a particular mode. 

The set of data rates, modulation and coding rates used are as 

per IEEE specifications [6].The table no.1 below shows the 

same:- 

Table 1: Various Modes 

Modulation Coding Rate (R) Data Rate( Mbps) 

BPSK ½ 6 

BPSK ¾ 9 

QPSK ½ 12 

QPSK ¾ 18 

16-QAM ½ 24 

16-QAM ¾ 36 

64-QAM 2/3 48 

64-QAM ¾ 54 
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Flowchart of AMC Algorithm 

The logic of the flowchart is explained as below:- 

1) The eight different modes are initialized first and SNR is 

fed as the input. 

2) It is compared with the SNR up threshold of the 1st 

mode, if it is greater, then the mode is increased to the 

next higher mode i.e, mode+1. If it is not then the input 

SNR value is compared with the SNR down threshold 

value. 

3) If the input is lesser than or equal to the SNR down 

threshold then mode is decremented. Otherwise the same 

mode is selected. 

4) Corresponding bit rate is achieved and next value of 

SNR as input is fetched. 

Fig.1. shows the flowchart for a threshold based rate 

adaptation algorithm which has been used in the AMC model 

implemented as the core of the working of the system. 

 

Fig.1. Flowchart of Original Threshold Based Rate 

Adaptation Algorithm 

3. OVERVIEW OF THE RESEARCH 

PROBLEM AND THE PROPOSED 

SOLUTION APPROACH 

A number of different protocols, schemes and algorithms 

were studied which were used to implement the process of 

Adaptive Modulation and Coding. The classification scheme 

and categorization methods from the relevant literature 

indicated that threshold based rate adaptation algorithms were 

the most frequently used for IEEE 802.11 standard. However, 

these algorithms differed in the way the process of adaptation 

was executed.  

The issues of major concern in the implementation of AMC in 

wireless environment have been, apt selection of modulation 

scheme and coding rate (i.e. the mode of AMC), the average 

data rate achievable in the network with AMC 

implementation, and the dynamicity of the rate adaptation, 

especially in the presence of fast fading environment. Thus, 

ideally the rate adaptation algorithm implemented should be 

able to maximize the data rate, at faster pace and all this 

without compromising the quality parameters of the link in 

the network. The enhancement of data rate at a faster pace 

with the same set of threshold SNR values remained an issue 

which has been addressed in our work to achieve optimization 

in AMC implementation.The following have been the major 

implementation steps of the work. 

• Development/ Adaptation of the basic SIMULINK 

model for IEEE 802.11 

• Verification of implementation AMC scheme in the 

above mentioned model and compilation of the 

relevant results.  

• Logical development of the proposed modified Rate 

Adaptation algorithm 

• Coding and execution of the proposed modified 

Rate Adaptation algorithm 

• Comparing the performance of the proposed 

modified Rate Adaptation algorithm with the 

original Rate Adaptation algorithm 

4. MODIFYING THE RATE 

ADAPTATION ALGORITHM 

In order to achieve improvement in the data rate at a faster 

pace, the existing original algorithms has been modified and 

its revised version has been proposed. The proposed 

algorithm has been implemented in MATLAB which has the 

potential to get interfaced with the SIMULINK modelthe 

proposed modification is as given below:- 

Fig.2 Flowchart of Modified Algorithm 
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The logic of the flowchart is explained as below:- 

1) The eight different modes are initialized first and SNR is 

fed as the input. 

2) It is compared with the SNR up threshold of the 1st 

mode, if it is greater, then the mode is increased to the 

next higher mode i.e, mode+1. If it is not then the input 

SNR value is compared with the SNR down threshold 

value. 

3) If the input is greater than the SNR down threshold then 

mode is decremented. However if it is found to be lesser 

than or equal to the down threshold then it is compared 

with the down threshold of the next higher mode and the 

process repeats and repeats till it gets till suitable mode 

gets selected. 

Accordingly the mode is incremented or decremented and bit 

rate corresponding to it is achieved. Then the next value of 

SNR as input is fetched. 

5. RESULTS 
The performance of the modified threshold based rate 

adaptation scheme was analyzed as per themethodology 

explained here. The important parameters to observe for 

assessing the performance of the rate adaptation algorithms 

are: 

1) Data rate enhancement: As SNR increases, it is expected 

that the higher modes will get allotted by the algorithm 

leading to the enhanced data rate. 

2) Time to acquire a particular mode: When higher data rates 

are being allotted, how soon the link adapts or allots a 

particular higher mode can be analyzed on the basis of 

number of transition that algorithm goes through before 

getting allotted the final higher mode. 

5.1 Comparison of the data rate achieved: 
The following methodology was adapted to compare the data 

rate enhancement performance of the original and the 

modified algorithm  

 

a) Generate a set of thousand randomized SNR values and 

feed that as an input to the algorithm 

b) Observe and find out the modes allotment done as per 

the algorithm being implemented 

c) Identify the data rates allotted as per the allotment of 

the mode. 

d) Step a) to c) will form one complete iteration. 

e) Repeat the iteration ( i.e. step a) to c))for number of 

times   

f) Find out the average data rate after completing all the 

iterations.  

Table no.1 shows the number of times a particular mode got 

allotted in each iteration when thousand randomize values of 

SNR were fed in to the original algorithm.  The next table i.e, 

table no.2 shows the number of times a particular mode got 

allotted in each iteration when thousand randomized values of 

SNR were fed in to the modified algorithm. The average of a 

particular mode allotted by implementing both the algorithms 

(original and modified) are provided in table no.3. 

 

 

 

Table 1:Mode allocation data of original algorithm    
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Algorithm 

 
Table 2: Mode allocation data of modified algorithm 

 



 

Fig.4. Mode Allocation Frequency Plot of Modified 

Algorithm 
 

 Table 3: Mode allocation comparison: Original v/s 

Modified Algorithm 

 

Mode allocation comparison

No. of times modes allotted

  Original Algorithm New Algorithm

Mode 1 237 

Mode 2 21 

Mode 3 61 

Mode 4 81 

Mode 5 78 

Mode 6 84 

Mode 7 40 

Mode 8 400 
 

Fig.5. Mode allocation comparison Graph: Original v/s 

Modified Algorithm 
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Fig.4. Mode Allocation Frequency Plot of Modified 

Table 3: Mode allocation comparison: Original v/s 

Mode allocation comparison 

No. of times modes allotted 

New Algorithm 

121 

21 

59 

82 

80 

80 

153 

405 

 
Fig.5. Mode allocation comparison Graph: Original v/s 

The performance of both the algorithms was compared with 

the help of the graph shown in 

indicating that in the modified algorithm lowest mode gets 

selected less number of times compared to the original

while highest mode i.e. mode 8 gets selected higher number 

of times. The difference is appreciable if we see the frequency 

of selection of mode1 and mode7. It is obvious from the graph 

that, when modified algorithm was used frequency of 

occurrence of mode 1 is very low and that 

comparatively very high. Thus, 

getting offered more frequently in the modified algorithm, as 

compared to the original algorithm.

5.2. Comparison in terms of total bits 

transmitted per iteration
As a result of higher number of modes being offered, the data 

rate improvement is expected and the same has been shown 

by calculating average data rates, corresponding to each mode 

allotted. 

Table 4: Average Data Rate achieved: Original Algorithm 

v/s Modified Algorithm

 Average data rate achieved in each iteration

Iteration 

Original Algorithm

Data rate in MBPS

  

1 19.99  

2 19.04  

3 19.22  

4 20.27  

5 20.43  

6 18.98  

7 19.91  

8 19.68  

9 19.33  

10 20.36  

Average 

data rate 19.72  

 

Fig.6. Average Data Rate achieved: Original Algorithm 

v/s Modified Algorithm
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The performance of both the algorithms was compared with 

the help of the graph shown in the figure no.5 above 

indicating that in the modified algorithm lowest mode gets 

selected less number of times compared to the originalone, 

mode 8 gets selected higher number 

of times. The difference is appreciable if we see the frequency 

of selection of mode1 and mode7. It is obvious from the graph 

that, when modified algorithm was used frequency of 

occurrence of mode 1 is very low and that of mode7 is 

 it shows that higher modes are 

getting offered more frequently in the modified algorithm, as 

compared to the original algorithm. 

2. Comparison in terms of total bits 

transmitted per iteration 
gher number of modes being offered, the data 

rate improvement is expected and the same has been shown 

by calculating average data rates, corresponding to each mode 

Table 4: Average Data Rate achieved: Original Algorithm 

v/s Modified Algorithm    
verage data rate achieved in each iteration 

Original Algorithm 

Data rate in MBPS 

Modified 

Algorithm 

Data rate in 

MBPS 

  

27.82  

27.32  

27.43  

28.07  

27.88  

27.85  

27.18  

28.37  

27.02  

27.17  

27.61  

 

Fig.6. Average Data Rate achieved: Original Algorithm 

v/s Modified Algorithm 
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The average data rates shown in table no.7 and graph in figure 

no.19 are clearly indicating that the modified algorithm is able 

to enhance data rate i.e. from 19.72 MBPS to 27.61 MBPS 

(40% increase).  

5.3. Comparison of the time to acquire a 

particular mode 
The following methodology was adapted to compare the time 

required to acquire a particular mode performance of the 

original and the modified algorithm.  

1. Generate a set incremental SNR values  (covering the 

minimum to maximum range of SNR) and feed that as 

input the algorithm 

2. Observe and find out after how many number of steps 

next mode gets selected.  

3. Note down the corresponding number of steps when all 

the eight modes get allotted as a result of linear 

increment of SNR. 

4. Step a) to c) will form one complete iteration. 

5. Repeat the iteration ( i.e. step a) to c)) for number of 

times. 

6. Find out the cumulative value of number of turns needed 

when a particular mode is being allotted after completing 

all the iterations.  

7. While analyzing and comparing the SNR value for which 

a particular mode gets allotted for the first time, the 

following results as mentioned in table no.8 were 

obtained.  

 

Table 5:  Comparison of turns needed to achieve next 

higher mode 

 Cumulative value of minimum number of turns 

 

Original 

Algorithm Modified Algorithm 

Mode 

1-2  24.8  11.6 

Mode 

2-3  51.8  25.4 

Mode 

3-4  85.4  45.8 

Mode 

4-5  127.8  75 

Mode 

5-6  179  112.6 

Mode 

6-7  217  159.4 

Mode 

7-8  257.8  220.6 
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Fig.7. Cumulative value of turns required to achieve next 

higher mode 

6. CONCLUSION 
From the above discussion the following points are 

concluded: 

We have seen that by estimating the channel condition with 

the help of its varying SNR value, the Adaptive Modulation 

and Coding scheme has been well implemented choosing 

higher order modulation and coding technique at high SNR 

values. Thus, this gave the higher bit rates, whereas choosing 

lower order modulation and coding schemes at lower SNR 

values for lower bit rates. Also, By modifying the algorithm 

we have shown through the results that for same values of 

SNR, we were able to achieve enhancement in the data rates 

and reduction in the number of transitions needed to achieve a 

particular mode in the AMC environment.  
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