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Abstract— In this paper we have studied the OFDM for 

different Quadrature amplitude modulation technique 

(QAM) The scatter plot and their output signal to noise 

ratio, dependent bit error rate variation is analyzed for every 

type of modulation in OFDM. After observing the BER for 

each SNR in the system, switching threshold range has been 

prepared and now system is ready to face the Adaptive 

coded modulation (ACM).The results shows the switching 

of modulation technique.  

Key words: Adaptive coded modulation (ACM), Orthogonal 

frequency division multiplexing (OFDM), Signal to noise 

ratio(SNR), Bit error rate(BER) 

I. INTRODUCTION 

In a conventional serial data system, the symbols are 

transmitted sequentially. The frequency spectrum of each 

data symbol allowed to occupying the entire available 

bandwidth. Suppose a high rate data transmission have very 

short symbol duration. It conduces at a large spectrum of the 

modulation symbol. Here introducing ISI (Intersymbol 

Interference) because the frequency selective channel 

response affects in a very distinctive manner the different 

spectral components of the data symbol. The same 

phenomenon, regarded in the time domain consists in 

spreading of information symbols such that the energy from 

one symbol interfering with the energy of the next ones, in 

such a way that the received signal has a high probability of 

being incorrectly interpreted. If we transmit the data 

simultaneously on several narrow band channels (with a 

different carrier corresponding to each subchannel) then we 

can mitigate the problem of frequency selective channel 

which is arises due to sequentially transmission. If we 

transmit the data simultaneously then frequency response of 

the channel looks “flat”. Hence, for a given overall data rate, 

increasing the number of carriers reduces the data rate that 

each individual carrier must convey, therefore lengthening 

the symbol duration on each subcarrier. Slow data rate and 

long symbol duration on each subchannel merely means that 

the effects of ISI are severely reduced. This is in fact the 

basic idea that lies behind OFDM. Transmitting the data 

among a large number of closely spaced subcarriers 

accounts for the “frequency division multiplexing” part of 

the name. Unlike the classical frequency division 

multiplexing technique, OFDM will provide much higher 

bandwidth efficiency. This is due to the fact that in OFDM 

the spectra of individual subcarriers are allowed to overlap. 

In fact, the carriers are carefully chosen to be orthogonal one 

another. As it is well known, the orthogonal signals do not 

interfere, and they can be separated at the receiver by 

correlation techniques. The orthogonality of the subcarriers 

accounts for the first part of the OFDM name.  

Above figure shows the setup for a basic OFDM 

transmitter and receiver. An OFDM transmitter converts 

serial data to parallel, modulates it, converts it to time 

domain and transmits serial data. 

 
Fig.1: Block diagram of OFDM 

A. Serial to parallel conversion 

The input serial data stream is formatted into the word size 

required for transmission, e.g. 2bit/word for QPSK, and 

shifted into a parallel format. The data is then transmitted 

parallel by assigning each data word to one carrier in the 

transmission. 

B. Modulator 

 Modulation is a process of facilitating the transfer of 

information over a medium. Modulation is the process of 

mapping of the information on changes in carrier phase, 

frequency or amplitude or combination. Modulation 

schemes such as QAM (4-QAM, 8-QAM, 16-QAM, 32-

QAM, 64-QAM, 128 QAM, 256 QAM) are used. 

C. Inverse fastfourier transform (IFFT) 

IFFT block is used to change domain of the signal from 

frequency to time. IFFT is a mathematical concept which 

accepts amplitudes of some sinusoids; crunch these numbers 

to produce time domain result. Both IFFT and FFT will 

produce identical result on same input. Adding cyclic prefix 

is a process in which we extend the symbol such each 

symbol is more than one cycle, which allows the symbol to 

be out of delay spread zone and it is not corrupted. Cyclic 

prefix will be around 10% - 25% of the symbol time. 

D. Adding cyclic prefix 

Addition of cyclic prefix mitigates the effects of fading, 

intersymbol interference and increases bandwidth.  

E. Channel: 

A channel model is then applied to the transmitted signal. 

The model allows for the signal to noise ratio, multipath, 

and peak power clipping to be controlled. The signal to 

noise ratio is set by adding a known amount of white noise 

to the transmitted signal. Multipath delay spread then added 

by simulating the delay spread using an FIR filter. The 

length of the FIR filter represents the maximum delay 

spread, while the coefficient amplitude represents the 

reflected signal magnitude. 

F. Receiver 

The receiver basically does the reverse operation to the 

transmitter. The guard period is removed. The FFT of each 

symbol is then taken to find the original transmitted 

spectrum. The phase angle of each transmission carrier is 

then evaluated and converted back to the data word by 

demodulating the received phase. The data words are then 

combined back to the same word size as the original data. 
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F. Removing cyclic prefix 

Cyclic prefix added in the transmitter is removed to get 

perfect periodic signal.  

H. Fast Fourier Transform: FFT block performs reverse 

operation to IFFT block. It is used to change domain of the 

signal from time to frequency. A demodulator performs 

reverse process of modulator which returns information. 

Faezah et. al. in 2009 first investigated the OFDM 

system performance of uncoded adaptive modulation using 

quadrature amplitude modulation (QAM) and phase shift 

keying (PSK), then to further enhance the system, 

convolutional coding to OFDM system is employed . The 

obtained results show that a significant improvements in 

terms of bit error rate (BER). 

Islam et. al. in 2009   analysis of an Wimax 

(Worldwide Interoperability for Microwave Access) system 

adopting concatenated Reed-Solomon and Convolutional 

encoding with block interleaver has been carried out. The 

BER curves were used to compare the performance of 

different modulation. 

II. SYSTEM MODEL 

 The OFDM system always suffers with the problem of 

increase in bit error rate and decrease in spectral efficiency. 

Various modulation techniques are available for OFDM 

communication like 4QAM, 8QAM and higher modulation 

techniques. Lower modulation techniques like 4QAM and 

8QAM reduces the bit error rate but decreases the spectral 

efficiency. So a technique is required which provides better 

tradeoff between them. So, adaptive coded modulation is the 

answer to this problem. We have designed the adaptive 

coded modulation system for OFDM in MATLAB. To 

design the adaptive coded modulation system. First of all we 

have decided some OFDM specification like FFT size, 

number of data subscribers, number of bits per OFDM 

symbols, number of OFDM symbols. After these 

specifications we have find out effective signal to noise 

ratio. To find out effective signal to noise ratio, following 

algorithm has been proposed in which signal to noise ratio 

and cyclic prefix is also included.  

Effective SNR = SNR dB  +10log10(number 

of data subscriber/FFT size) + 10log10(FFT 

size / FFT size+ cyclic perfix ) 

(1.1) 

After finding the effective signal to noise ratio we 

have to find out Normalizing factor 

k =  (1/((2/3) (M-1))) (1.2) 

Where  

k= Normalizing factor. M=Modulation technique. 

After calculating the Normalizing factor we 

provide the data at the transmitter in complex form. After 

that step grouping into multiple symbol and taking FFT .The 

term (FFT size /   (number of Data subscriber)) is for 

normalizing the power of transmit symbol to 1.We also add 

noise in the term( FFT size / FFT size+ cyclic prefix) is  to 

account for the  wasted of energy due to cyclic prefix. 

Noise = 
1/ (2) [(number of OFDM symbol 80) 

+j(number of OFDM Symbol 80)] 
(1.3) 

After adding the noise, format the received vector 

and removing the cyclic prefix. After removing the cyclic 

prefix convert it into frequency domain. When  we get the 

output at the receiver then we counting the error. 

The received signal at any subcarrier can be 

expressed as : 

             (1.5) 

Where    is the channel coefficient at any subcarrier,    is  

Simulated value of SNR = Error/(number of OFDM         

symbol×number of bits per OFDM symbol) (1.4) 

the transmitted symbol and    is the Gaussian  

noise sample. So the instantaneous BER can be calculated 

using  

BER = 
Total Error/Total number 

of bits transmitted 
(1.6) 

III. LITERATURE SURVEY 

Albertazzi et.al. in 2004 proposed Fuzzy Rule Based System 

assisted Adaptive Coding and Modulation scheme and 

analyzed in contrast to other adaptive techniques as well as  

fixed techniques. It is shown that FRBS is more powerful in 

terms of throughput and bit error rate especially when bit 

error rates are10
-2

, 10
-3

,10
-4

 . 

Birla et.al. in 2012 presented capacity enhancement 

of WiMAX system using adaptive modulation and code rate 

in MATLAB. This paper focusing on the physical layer 

design that is modulation (BPSK, QPSK, 8QAM, 16QAM, 

32QAM,64QAM are used in this work) and convolution 

codes(CC) with ½, ⅔ codes. Here various used modulation 

types will be implemented in a single MATLAB function 

that can be called with the appropriate coefficient 

Bello et. al. in 2013 analyzed that for a constant 

value of SNR, if we are decreasing the signal power then it 

implies that noise is also decreasing & therefore bit loss & 

packet losses are also reduced. These losses are almost zero 

for a very low value of signal power such as 0.4 watt & 

SNR greater than 15dB, but transmission will not be faithful 

practically with this much low power. 

Chatzidiamantis et .al. in 2012 proposed a new 

algorithm to utilize the BER information at the receiver 

based on Error Estimation Coding (EEC) to realize a simple 

adaptive modulation selection scheme. Compared to the 

adaptive modulation and coding selection schemes (AMC), 

which are based on SNR, our scheme needs less 

computational time and resources to decide which 

modulation type, is best suited for the current channel 

conditions. 

Faezah  et .al. in 2009 first investigated the OFDM 

system performance of uncoded adaptive modulation using 

quadrature amplitude modulation (QAM) and phase shift 

keying (PSK), then to further enhance the system, 

convolutional coding to OFDM system is empolyed. The 

obtained results show that a significant improvements in 

terms of bit error rate (BER). 

Harivikram et.al. in 2013 provided a background of 

the High Speed Downlink Packet Access (HSDPA) concept; 

a new feature which has been introduced in Release 5 

specifications of the 3GPP WCDMA/UTRA-FDD 

standards. 

Islam et.al. in 2009   analysis of an Wimax (Worldwide 

Interoperability for Microwave Access) system adopting 

concatenated Reed-Solomon and Convolutional encoding 
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with block interleaver has been carried out. The BER curves 

were used to compare the performance of different 

modulation. 

Mohamed et. al. in 2010  described current trends 

in WiMAX systems for achieving high speed mobile 

wireless access services and outlined the technologies 

supporting these systems. The performance of the WiMAX-

PHY layer based on the IEEE 802.16e standard, was 

evaluated and assessed at different: (i) modulation schemes; 

(ii) coding rates; (iii) FEC coding schemes, and (iv) noise 

levels. As a result of the comparative study, it was found 

that: when channel conditions are poor, energy efficient 

schemes such as BPSK or QPSK were used and as  the 

channel quality improves, 16-QAM or 64-QAM was used. It 

adjusts the modulation method almost instantaneously for 

optimum data transfer, thus making a most efficient use of 

the bandwidth and increasing the overall system capacity. 

Nagare et. al. in 2013 considered only adaptive 

modulation. First it investigated the OFDM system 

performance of uncoded adaptive modulation using 

quadrature amplitude modulation (QAM) and phase shift 

keying (PSK). To further enhance the system, it employs 

convolutional coding to OFDM system. The obtained results 

show that a significant improvements in terms of bit error 

rate (BER) and throughput can be achieved demonstrating 

the superiority of the adaptive modulation schemes 

compared to fixed transmission schemes. 

Rao et. al. in 2012  analyzes the CPVR and VPVR 

schemes over  i.n.i.d. Nakagami fading channels when the 

best user is chosen in a multiuser environment. Closed-form 

expressions have been derived for the average channel 

capacity, spectral efficiency, and BER with uncoded /coded 

M-QAM. Numerical results have shown that, by selecting 

the best user, we can still considerably improve the 

performance through the diversity gain. In addition, the 

impact of time delay on BER has also been studied. 

Sastry et.al. in 2010 presented an adaptive 

modulated OFDM system which uses NDA (Non-data 

Aided) SNR estimation using fuzzy logic interface. The 

proposed system is simulated in MATLAB 7.4 and the 

results of computer simulation show the improvement in 

system capacity. As demand for high quality transmission 

increases increase of spectrum efficiency and an 

improvement of error performance in wireless 

communication systems are important. One of the promising 

approaches to 4G is adaptive OFDM (AOFDM). Fixed 

modulation systems uses only one type of modulation 

scheme (or order), so that either performance or capacity 

should be compromised Adaptive modulated systems are 

superior to fixed modulated systems, since they change 

modulation order depending on present SNR. In an adaptive 

modulation system SNR estimation is important since 

performance of adaptive modulated system depends of 

estimated SNR. Non-data-Aided (NDA) SNR estimation 

systems are gaining importance in recent days since they 

estimate SNR range and require less data as input. 

Sharma et. al. in 2012 discussed various digital 

modulation techniques such as BPSK (2bits), QPSK (4 bits), 

QAM, 16 QAM and 64 QAM. It had designed simulation 

environment in MATLAB with various configurations of 

OFDM technique. The main objective of this work is to 

measure Bit Error Rate with different modulation schemes 

and come to the best configuration to achieve better 

utilization of bandwidth. Authors have studied existing 

configurations with analog and digital modulation 

techniques and compared the results. 

Sharma et. al. in 2011 presented to exploit the 

fading dynamic along with the adaptive modulation coding 

to achieve a higher energy efficiency in the purposed FD-

AMC approach the frame transmission is suspended 

judiciously during the outages, thereby saving energy  

particularly harsh channel condition. 

Sharma et. al. in 2013 analysis of physical layer of 

WiMAX system using simulink is done. Firstly, BER for 

different addative modulation techniques are evaluated in 

AWGN channel. Then performance is evaluated using 

simulink models. It is observed that for a particular value of 

Bit error rate SNR value for BPSK, QPSK is lower then 

16QAM and 64QAM. So 64QAM has highest value of 

SNR. 

IV.  PROPOSED WORK 

To find the switching threshold for activating different 

modes can be determined by extensive simulation of the 

fixed mode modulation system. Every time system will be 

run for a particular modulation technique and observations 

are taken. Based on these observations, switching range of 

modulation will be decided. The switching algorithm used 

for the adaptive modulation schemes are presented in 

Table1. The design parameters used in the simulation of 

OFDM are listed in Table 2. The SNR in table1 accounts for 

the used subcarriers and cyclic prefixes.  

 

Fig. 2: Flow chart of ACM Scheme 

 Modulation Thresholds 

1 QAM4 SNR_eff<15.6 

2 QAM8 15.6<SNR_eff <18.6 
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3 QAM16 18.6<SNR_eff <21.5 

4 QAM32 21.5<SNR_eff <24.6 

5 QAM64 24.6<SNR_eff <26.6 

6 QAM128 26.6<SNR_eff <28.6 

7 QAM256 28.6<SNR_eff 

Table 1: Switching Thresholds for ACM in OFDM 

Parameters Values 

IFFT size 64 

No of Subbands 512 

No of subcarriers per subband 52 

SNR Range 0-33 

Modulation Scheme MQAM 

Table 2: Parameters considered for OFDM simulation 

V. SIMULATIONS 

We have developed a graphical user interface so that 

without interacting with technical description in detail 

anyone can observe the results of adaptive coded 

modulation scheme.  

In this a panel of buttons are provided on left hand 

side of Graphical user interface (GUI) and as per button 

pressed, a graph between bit error rate and signal to noise 

ratio will be displayed on right side axis. As discussed above 

to define the switching threshold initially every QAM 

modulation technique is studied and their outputs are 

observed.  The input random signal generated by random 

number generator.  

 Initially 4QAM modulation scheme is implemented. It is 

also called quadrature amplitude modulation scheme. The 

quadrature amplitude modulation scheme modulated the two 

carrier signal by changing their amplitudes and created 

differences in their phases by 90
o
, hence named quadrature. 

The constellation diagram for 4QAM is shown in figure 4. 

A constellation diagram is a representation of a signal 

modulated by a digital modulation scheme such 

as quadrature amplitude modulation or phase-shift keying. 

 
Fig. 3: Graphical user interface for purposed scheme. 

It displays the signal as a two-dimensional scatter 

diagram in the complex plane at symbol sampling instants. 

In a more abstract sense, it represents the possible symbols 

that may be selected by a given modulation scheme as 

points in the complex plane. Measured constellation 

diagrams can be used to recognize the type of interference 

and distortion in a signal. 

 
Fig. 4: Plot between SNR and BER for QAM4 

For SNR upto 13 dB approximately BER becomes 

very less, thus marginally the switching range has been kept 

less than 15.6dB. Similarly scatter plots and BER vs SNR 

graphs at the output for each modulation technique 

considered as shown above figures. After observing the 

SNR values in case of every modulation technique, the 

switching ranges have been finalized. 

 
Fig. 5 : Plot between SNR and BER for 8QAM 
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Fig. 6: Plot between SNR and BER for 16QAM

 
Fig. 7: Plot between SNR and BER for 32QAM 

 
Fig. 8: Plot between SNR and BER for 64QAM 

 
Fig. 9: Plot between SNR and BER for 128QAM 

 

Fig. 10: Plot between SNR and BER for 256QAM 

Now if the algorithm of adaptive coded modulation 

is implemented in OFDM then the combined curves 

between BER and SNR of each modulation technique is 

shown in figure 11. As is clear from the above figure that 

switching is done at various SNR values and at last 

modulation technique selected is QAM256 which maintains 

the low BER for high value of SNR. 

 

Fig. 11: Adaptive coded Modulation 

VI. CONCLUSION 

In this work we have studied the OFDM communication 

system and that is implemented in MATLAB. There is 

always requirement of bandwidth enhancement so that 

multicarrier can be transmitted through the limited 

bandwidth assigned. But as the number of carriers increase, 

interference between them is also increased. So it is always 

need of such a technology which can mitigate this 

limitation. Adaptive coded modulation has risen as the 

solution to this problem. But there is always question on the 

range defined for switching the modulation in ACM. So 

before designing the ACM for OFDM communication 

system, we have studied the OFDM for different quadrature 

amplitude modulation (QAM) technique like 4QAM, 

8QAM, 16 QAM, 32 QAM, 64 QAM, 128 QAM and 256 

QAM. The scatter plot and their output signal to noise ratio 

dependent bit error rate variation is analyzed for every type 

of modulation in OFDM. After observing the BER for each 

SNR in the system, switching threshold range has been 

prepared and now system is ready to face the Adaptive 

coded modulation (ACM).The results shows the switching 

of modulation technique.  
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