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______________________________________________________________________________________ 

Abstract: Orthogonal frequency division multiplexing (OFDM) is a multi-carrier system where data bits are 

encoded to multiple sub-carriers, while being transmitted simultaneously. OFDM modulation can reduce the 

influence of inter-symbol interference (ISI) and enables high-quality communication, and is increasingly being 

used in environments that exhibit severe multipath. Although OFDM in theory has been in existence for a long 

time, recent developments in digital signal processing (DSP) and field programmable gate array (FPGA) 

technologies have made it a feasible option. In this paper, an implementation of an OFDM transceiver on FPGA 

by instantiating parameter able signal processing intellectual property (IP) functions is presented. The FPGA 

resource requirements of the various sub-systems are reported and the design methodology employed IP design, 

verification and FPGA implementation is described. Recent theoretical studies show much interest on high-level 

modulation, such as M-ary quadrature amplitude modulation (M-QAM), and most related works are based on 

the assumption of phase synchrony. The possible presence of synchronization error and channel estimation 

error highlight the demand of analyzing the bit error rate (BER) performance under different phase errors. 

Assuming synchronization and a general constellation mapping method, which maps the superposed signal into 

a set of M coded symbols ,this paper, analytically derive the BER for M-QAM We obtain an approximation of 

BER for general M-QAM modulations, as well as exact BER for quadrature phase-shift  keying (QPSK), i.e. 4-

QAM.The simulation is done on MATLAB 2013 environment. 
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I. Introduction 

If the information signal is digital and the amplitude lV of the carrier is varied proportional to the information 

signal, a digitally modulated signal called amplitude shift keying (ASK) is produced. If the frequency (f) is 

varied proportional to the information signal, frequency shift keying (FSK) is produced, and if the phase of the 

carrier (0) is varied proportional to the information signal, phase shift keying (PSK) is produced. If both the 

amplitude and the phase are varied proportional to the information signal, quadrature amplitude modulation 

(QAM) results. ASK, FSK, PSK, and QAM are all forms of digital modulation. 

 

. 
Figure 1: A Simplified Block Diagram for a Digital Modulation System 

 

Square M-ary QAM involves the amplitude modulation of two carriers in quadrature expressed as 

S(t)=Accos2πfct-Assin2πfct          0≤t<T              (1) 

where Ac and As are the signal amplitudes of the in-phase and quadrature components respectively. T is the 

symbol duration and fc  is the carrier frequency [1]. Ac and As in (1) are represented by log2M  level amplitudes 

which take values of either – (√M-1)d,-( (√M-3)d,…..  (√M-1)d,( (√M-3)d 

where d is half of the minimum distance between two symbols. 

For the discussion of this paper, a perfect 2 dimensional Gray code [2] is assumed to be used in assigning bits to 

each point in the QAM constellation. This assures that each symbol differs to its nearest neighbors by the 

minimum number of bits possible. It is also assumed that all the symbols are equiprobable. In addition, the noise 

to be considered in this paper is zero mean Additive White Gaussian Noise (AWGN) with variance 345. Finally, 

it is assumed that there is no error contributed by carrier recovery and symbol synchronization. 
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II. M-ary Encoding 

M-aryis a term derived from the word binary. M simply represents a digit that corresponds to the number of 

conditions, levels, or combinations possible for a given number of binary variables. For example, a digital signal 

with four possible conditions (voltage levels, frequencies, phases, and so on) is an M-ary system where M = 4. If 

there are eight possible conditions, M= 8 and so forth. The number of bits necessary to produce a given number 

of conditions is expressed mathematically as    N=log2M.    

Where:  N= number of bits necessary and M = number of conditions, levels, or combinations possible with N 

bits 

It can be simplified and rearranged to express the number of conditions possible with N bits as 2
N
=M.  

M-QAM is a well known modulation technique use in wireless communication. In wireless communication 

fading phenomenon is a boundary condition. So the practice for combating fading in wireless communication 

over such a time varying channel is to use diversity technique. Due to the high spectral efficiency M-QAM is an 

attractive modulation technique for wireless communication. 

For a large number of signal points (i.e., M-ary systems greater than 4), QAM outperforms PSK. This is because 

the distance between signaling points in a PSK system is smaller than the distance between points in a 

comparable QAM system. As the number of bits in each symbol is increased i.e. increase in M value in M-QAM 

the speed of communication is increased which results increase in bandwidth but at the same time symbol error 

rate is increased due to decrease in bit distance. 

16-QAM is mainly used technique for implementation of OFDM with less probability of error(BER) in 

comparison of higher order QAM . With increase in order of QAM size of IFFT/IDFT blocks are also increased 

which results increase in complexity.. But in future work and in order to ensure the correct functionality of the 

OFDM system, frame synchronization would need to be implemented. In addition, the OFDM transceiver will 

be further improved to allow a high order modulation scheme such as 256-QAM. Equalization techniques will 

also be utilized to mitigate the effect of multipath fading, particularly over the 60 GHz wireless radio 

channel.[1]. 

But this increase in order of QAM to implement OFDM results in increase in BER for the same SNR in 

comparison of error of  lower order QAM because symbol distance is decreased with increase in M value. 

 

III. Fading 
In wireless communications, fading is deviation or the attenuation that a telecommunication signal experiences  
over certain propagation media. The fading may vary with time, geographical position and/or radio frequency, 

and is often modeled as a random process [9]. 

 

Slow Fading 

Slow fading arises when the coherence time of the channel is large relative to the delay constraint of the 

channel. So the amplitude and phase change imposed by the channel can be considered roughly constant over 

the period of use. 

 

Flat Fading 

Flat fading attenuates or fades all frequencies in a communications in the same amount. In this fading, the 

coherence bandwidth of the channel is larger than the bandwidth of the signal. 

 

 Rayleigh fading 

Rayleigh fading is a statistical model which assumes that the magnitude of a signal that has passed through a 

transmission medium will vary randomly, or fade, according to a Rayleigh distribution. It is most applicable 

when there is no dominant propagation along a line of sight between the transmitter and receiver. 

 

Ricianfading 

Rician fading is a stochastic model for radio propagation anomaly caused when the signal arrives at the receiver 

by two different paths, and at least one of the paths is changing.Rician fading occurs when one of the paths, 

typically a line of sight signal, is much stronger than the others. 
 

IV. QAM Error Performance 

For a large number of signal points (i.e., M-ary systems greater than 4), QAM outperforms PSK. This is because 

the distance between signaling points in a PSK system is smaller than the distance between points in a 

comparable QAM system. The general expression for the distance between adjacent signaling points for a QAM 

system with L levels on each axis is 

 
whered = error distance 
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L = number of levels on each axis 

D = peak signal amplitude 

The general expression for the bit error probability of an L-level QAM system is 

 

 
M-ary Quadrature Amplitude Modulation 

In M-QAM modulation scheme, the in-phase and quadrature components are both in-dependently PAM 

Modulated. The signal constellation for MQAM consists of a square lattice of message points. 

The error probability as a function of K, and N of the system can be calculated by averaging the conditional 

probability of error over the pdf of γ, 

 

 
Where, PS (E /γ) is the conditional probability of symbol error. 

The probability of symbol error for QAM over a Gaussian channel is given as [10] 

 

 
Figure 2: Theoretical Behavior for SNR vs BER of M-QAM 

 

Physical-layer network coding (PNC) [2] is considered as a promising technology to improve the throughput 

performance of wireless relaying networks. It employs both the broadcast nature of wireless channels and the 

natural network coding ability introduced by the superposition of electromagnetic waves. Between the two 

methods of PNC, i.e. amplify-and forward [3] and de noise-and-forward (DNF), the DNF method shows more 

performance advantages because it avoids noise amplification [4]. Hence, DNF has attracted much interest in 

recent research, and we also focus on DNF in this paper. Recently, PNC (using the DNF method) with high-

level modulations or nested lattice code attracts much interest [5]– [8], but these are generally based on the 

assumption of perfect synchronization. Although there is also some work focusing on asynchronous PNC [8]–

[9], synchronous PNC still has advantages because it allows more efficient constellation design [4] and can 

make use of capacity-approaching channel codes [7]. The capacity region of the Gaussian two-way relay 

channel can also be reached with synchronous PNC [8]. 

In this paper, the analysis of the SER for M-QAM modulated PNC with arbitrary phase error is done. We 

consider a general constellation mapping, which maps the superposed (2√M-1) by (2√M-1) constellation into a 

set of M coded symbols. By projecting the 2-dimensional signal onto the in-phase and quadrature axes, we 

derive an approximation of the SER for M-QAM analytically. 

For an M-ary PSK system with 64 output phases (n = 6), the angular separation between adjacent phases is only 

5.6° (180 / 32). This is an obvious limitation in the level of encoding (and bit rates) possible with PSK, as a 

point is eventually reached where receivers cannot discern the phase of the received signaling element. In 

addition, phase impairments inherent on communications lines have a tendency to shift the phase of the PSK 

signal, destroying its integrity and producing errors. 
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V. Probability of Error and Bit Error Rate 

Probability of error P(e) and bit error rate (BER) are often used interchangeably. Probability of error is a 

function of the carrier-to-noise power ratio (or, more specifically, the average energy per bit-to-noise power 

density ratio) and the number of possible encoding conditions used (M-ary). Carrier-to-noise power ratio is the 

ratio of the average carrier power (the combined power of the carrier and its associated sidebands) to the thermal 

noise power Carrier power can be stated in watts or dBm. Where 

 

C(dBm) = 10 log [C(watts) / 0.001] 

 

VI. Simulation Model 

With increase in number of bits there is increment in number of symbols to be transmitted. It results in 

decrement in distance between symbols so increase in probability of error. The constellation diagram for 32 

QAM is simulated in MATLAB 2013 and shown in fig. 3. 

 
 

Figure 3: Constellation Diagram of 32-QAM 
 
In figure 4 the simulation results of SNR vs BER are shown using MATLAB 2013. 

 
 

Figure 4: Simulated SNR vs BER for General M-QAM 
 

VI. Conclusion 

Theoretically with increase in order of M-ary QAM the BER must be increased with increasing the M value for 

a particular level of signal to noise ratio because and the simulation results also follows it. So it is concluded that 

to increase the rate of transmission in digital communication using OFDM if it is implemented using higher 

order QAM then it will result in increase in error probability because the distance between the transmitted 

symbols is decreased which cause the fading between these symbols. 
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