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Abstract- Orthogonal Frequency Division Multiplexing 
(OFDM) is a multicarrier transmission scheme. OFDM 
transmits data by using a large number of narrow bandwidth 
carriers. In an OFDM transmission system, each subcarrier is 
attenuated individually under the frequency-selective and fast 
fading channel if the same fixed transmission scheme is used 
for all OFDM subcarriers thus it results in highest attenuation  
and hence poor performance. The purpose of this paper is to 
introduce the adaptive modulation to get  an understanding of 
the differences between fixed and adaptive modulations 
schemes. In this work adaptive modulation is implemented by 
dividing whole subcarriers into blocks of adjacent 
subcarriers. Based on calculated average instantaneous signal 
to noise (SNR) same modulation scheme is applied to all 
subcarriers of same block. Here average bit error rate (BER) 
performance of OFDM system under fixed modulation and 
adaptive modulation is observed. Average BER performance 
of these modulation techniques is observed with various 
inverse fast Fourier transform (IFFT) size and using simpler 
adaptive quadrature amplitude modulation (QAM) schemes. 
The simulation results show that BER performance of OFDM 
system using adaptive modulation is better than fixed 
modulation. 
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I. INTRODUCTION 
 
 OFDM based wireless systems are spectrally 
efficient, but they are vulnerable to inter carrier interference 
(ICI). In a wide area scenario, users will experience varying 
signal strength due to different individual path loss and also 
varying amount  of Doppler spread because of their 
independent velocities. Therefore, the ICI among users will 
vary over a wide range. Adaptive sub carrier bandwidth (ASB) 
along with adaptive bit loading mitigates ICI in such 
conditions, which will keep receivers simple while 
maintaining maximum throughput in each situation. [1] 
Adaptive modulation is introduced by presenting some of the 
simpler adaptive quadrature amplitude modulation schemes 
and their performance for both perfectly known and predicted 
channels.[2] 

    A sub-band spreading technique for 
adaptive modulation (AM) in OFDM systems reduces 
signalling overheads and averages frequency selective fading 
channels causing different signal-to-noise ratio (SNR) values 
for subcarriers in each subband. [3]The adaptive code-rate and 
modulation OFDM system using punctured convolution code 
and various constellation size maximizes total capacity and 
adapt proper service for each user according to channel 
conditions and transmit   power while maintaining 
transmission’s quality of service (QoS) at the receiver.[4] The 
system throughput of an OFDM system is enhanced by adding 
turbo coding and adaptive modulation (AD). Each OFDM 
block is individually modulated according to channel state 
information acquired during the previous burst.[5] 

 
This paper is organized as follows: The OFDM 

system implementation is described in Section 2. Block 
diagram of adaptive modulation is presented in Section 3.The 
adaptation procedure and switching thresholds used in the 
simulations are presented in Section 4.Simulation results of 
the adaptive  modulation systems is discussed in Section 
5.Finally conclusions are made in section 6. 
 

II. OFDM SYSTEM 
 

The concept of OFDM is the Orthogonality of 
subcarriers. When sine wave is multiplied by another of 
different frequency then area under sine wave multiplied by its 
own harmonic is always zero. 

 
If n and m are frequencies of sine waves then multiplied 

sine waves is, 
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In adaptive OFDM transmission, all subcarriers in an 
AOFDM symbol are split into blocks of adjacent subcarriers. 
The same modulation is employed for all subcarriers of the 
same block [1][2]. The choice of the modulations to be used 
by the transmitter for its next OFDM symbol is determined by 
the channel quality estimate of the receiver based on the 
current OFDM symbol. In this simulation the instantaneous 
SNR of the subcarriers is measured at the receiver. The 
channels quality varies across the different subcarriers for 
frequency selective channels. The received signal at any 
subcarrier can be expressed as: 

 
 (6) 

 

 
 

 
 

III. BLOCK DIAGRAM 
 

The block diagram of this system is shown in Fig1. 
The channel estimation and modulation selection are done at 
the receiver side and the information is sent to the transmitter 
using a feedback channel [6]. In this modulation the 
adaptation is done frame by frame. The channel estimator is 
used to estimate the instantaneous SNR of the received signal. 
Based on the instantaneous SNR calculated, the best 
modulation will be chosen for the next transmission frame. 

This task is done by the modulation selector block. At the 
transmitter the adaptive modulator block consists of different 
modulators which are used to provide different modulation 
modulations. The switching between these modulators will 
depend on the instantaneous SNR. 
 

 
Figure. 1. Block diagram of Adaptive OFDM System 

 
IV. ADAPTIVE MODULATION ALGORITHM 

 
The following figure shows instantaneous SNR of received 
symbol for fixed MQAM techniques .  It  shows that when 
fixed 64QAM is applied to system the instantaneous SNR is 
less than 0.2 dB. Similarly when fixed 32QAM is applied to 
system the instantaneous SNR is in the range 0.2dB to 0.5dB. 
Also for 16QAM instantaneous SNR is in the range 0.5dB to 
0.75dB and for 4QAM instantaneous SNR is in the range 
1.1dB to 1.75dB. For fixed 2QAM ,system response shows 
that , instantaneous SNR is more than 1.75dB. 

 
Hence, it is clear that for higher modulation 

instantaneous SNR is less as compare to lower modulation and 
therefore 64QAM is utilized when instantaneous SNR is 
greater than 1.75dB.Hence, from these instantaneous SNR 
values switching  threshold are made for adaptive modulation 
as shown in Table 1. When instantaneous SNR is good then 
higher modulation scheme is applied and vice versa 
 

 
Figure. 2. Instantaneous SNR of fixed modulation 
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The switching threshold for activating different modulations 
can be determined by extensive simulation of the fixed 
modulation system. the  switching algorithm used for the 
adaptive  modulation  is presented in Table 1. 
 

TABLE 1. SWITCHING THRESHOLD FOR ADAPTIVE 
MODULATION 

 
 

Following figure shows flowchart of Adpative 
Modulation. It takes OFDM symbol as an input to AWGN 
Channel receiver. This adds White Guassian noise into OFDM 
symbol. Then, instantaneous SNR of received symbol is 
calculated. This instantaneous SNR is compared with the 
switching threshold values , as shown in Table 1, where it 
checks the each threshold value against respective modulation 
scheme. 
Once it found appropriate switching threshold range, It select 
respect modulation scheme for next OFDM symbol. 
 

This selected modulation scheme information goes 
simultaneously to transmitter and receiver. In this way, flow-
chart defines selection of modulation scheme based upon 
instantaneous SNR of received symbol. 
 

In the next section – ‘V Simulation Results and 
Discussion’, we will analyse the BER performance of adaptive 
modulation based upon switching threshold values. 
 

 
Figure. 3 . Adaptive Modulation flow-chart 

 
V. SIMULATION RESULTS AND DISCUSSION 

 
In this simulation, the performance of adaptive 

modulation is investigated in terms of BER performance. To 
highlight the advantages of adaptive modulation comparison is 
made with fixed modulation system under various IFFT size. 
BER is calculated using following formula 
 

 
 

Here IFFT size is denoted by N. For IFFT size N=64, 
128, 256,512 ,1024,2048 BER performance has shown below. 
  

The average BER for 2QAM is 0.244035 for IFFT 
size N=64 and it is 0.043715996 for N=2048. 

 
For 64 QAM the average BER is 0.974035 for IFFT 

size N=64 and it is 0.961319 for N=2048.  For adaptive 
modulation the average BER is 0.979106 for IFFT size N=64 
and it is 0.29479604 for N=2048. For higher IFFT size 
adaptive modulation has low average BER as compared to 
higher MQAM techniques such as 64QAM, 32QAM, 16QAM 
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For  IFFT  size N-  64,  128,  256,  512, 1024 ,2048   
theSNR vs BER graph has shown below for all MQAM 
techniques and adaptive modulation. At SNR=0 dB and N-
2048, 2QAM has BER 0.17722 and 4QAM has BER 0.41816, 
for 8QAM BER is 0.77773. At SNR=0 dB and N-2048  
16QAM  has  BER  0.89892  and  32QAM hasBER 0.95548, 
for 64QAM BER is 0.97994. Thus it has been observed that as 
SNR varies from 0 to 27 dB , for lower     modulation     
techniques     such     as  2QAM 
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4QAM,8QAM has less BER as compared to higher 
modulation such as 32QAM,64QAM. Graphical results 
matches with theoretical results for high value of IFFT 
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Following results shows that at IFFT size N-1024 
adaptive modulation has average BER 0.36013139 and 
64QAM has 0.961941 ,for 32QAM average BER is 0.914403 
and 2QAM has 0.043923932 average BER. 

 

 
 

To further enhance adavantage of adaptive 
modulation over fixed modulation average BER comparison is 
made with IFFT size N= 2048. Following analysis shows that 
average BER of adaptive modulation is still less at higher 
IFFT size but with fixed modulation average BER remains 
still high remain.. 
 

 
 

 

In QAM modulation technique, by moving to a 
higher- order constellation, it is possible to transmit more bits 
per symbol. However, if the mean energy of the constellation 
is to remain the same , the points must be closer together and 
are thus more susceptible to noise and other corruption; this 
results in a higher bit error rate and so higher-order QAM can 
deliver more data less reliably than lower-order QAM, for 
constant mean constellation energy. In order for the OFDM 
carriers to remain orthogonal to each other, the channel 
response must be approximately flat over the bandwidth of 
each subcarrier For OFDM to operate effectively, the 
frequency response must be approximately flat over the 
bandwidth of a subcarrier. If insufficient subcarriers are used 
then the frequency response changes too rapidly, leading to 
degraded performance. 

 
VI. CONCLUSION 

 
In adaptive modulation, modulation rate changes 

based upon value of an instantaneous SNR. The BER 
performance comparison between fixed and adaptive 
modulation shows that BER performance for all modulation 
techniques is better, when IFFT size is greater than 512. For 
all values of IFFT sizes, average BER of Adaptive modulation 
is approximately 0.203568 and for higher order fixed 
modulation it is approximately 0.913545 .Hence, it concludes 
that BER performance of adaptive modulation is better than 
fixed modulation with the cost of more execution time. 
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