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Major Learning Objectives Major Learning Objectives 

• Upon successful completion of the course the student will be able to:

• √ Describe the complete architecture of an OFDM system, ( serial to parallel, 
FFT/IFFT, Cyclic prefix, Modulation techniques, coding techniques)

• √ Evaluate the response of OFDM in Gaussian channels and fading channels.
• Define the problems associated of using multi-carrier in time 

varying channels and how to mitigate these problems.
• Design and analyze standards using OFDM such as IEEE 802.11a,g and IEEE 

802.16
• Describe the principle mechanisms by which multiple access techniques are 

supported using OFDM.
• Able to categorize the different type of MC-CDMA and the degree of flexibility 

provided by each type.
• Able to simulate the basic and advanced techniques used in OFDM systems



SyllabusSyllabus
• Analysis of OFDM systems (15%) 2

– RF subsystems, amplifier classification and distortion
– Crest factor (PAPR) reduction techniques 

• Pre-distortion & adaptive pre-distortion techniques 
• clipping 
• coding techniques 
• partial transmit sequences (PTS) & modified PTS v. selective mapping 
• nonlinear quantization (companding) 

– Phase noise and I&Q imbalance for QAM 

– Performance of OFDM in Gaussian channels √√√√
– Performance of OFDM in Wide-band channels √√√√

• Synchronization and Estimation (15%) 2

– ICI and OISI problems √√√√
– Timing estimation 
– Frequency synchronization 
– Frequency error estimation algorithms 
– Carrier phase tracking 

– Frequency domain and time domain approaches for channel estimation √√√√
• coherent detection 
• differential detection 



Pilots and Waterfilling concept
Clarifying Slides
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WaterfillingWaterfilling in Frequency Domainin Frequency Domain



WaterfillingWaterfilling CapacityCapacity



Transmit More when Channel is GoodTransmit More when Channel is Good



PerformancePerformance



Performance: Low SNRPerformance: Low SNR



Peak to Average Power Ratio



Definition of PAPRDefinition of PAPR

• PAPR & PAR: Peak-To-Average Power Ratio
• Crest factor of x(t): square root of PAR
• Definition: PAR = (||x||

����
)2 / E[(||x||2) 2]

• OFDM signals have a higher Peak-to-Average Ratio (PAR) –
often called a Peak-to-Average Power Ratio (PAPR) – than single 
carrier signals

• The reason for this is that in the time domain, a multicarrier signal 
is the sum of many narrowband signals. 
– At some time instances, this sum is large, at other times it is small, 

which means that the peak value of the signal is substantially larger 
than the average value. 

– This high PAR is one of the most important implementation challenges 
that faces OFDM because it reduces the efficiency and hence increases 
the cost of the RF power amplifier, which is one of the most expensive 
components in the radio





What is PAPRWhat is PAPR

• Definition
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• When a high peak signal is transmitted through a nonlinear 
device such as a high power amplifier (HPA) or digital-to-
analog converter (DAC), it generates out-of-band energy 
(spectral regrowth) and in-band distortion (constellation tilting 
and scattering).



Why PAPR happens(1/2)Why PAPR happens(1/2)

• Large peaks cause saturation in 
power amplifiers



Complementary CDF of PAPRComplementary CDF of PAPR



Peak to Average Power Ratio



PAPR EffectsPAPR Effects

• High Peak-to-Average Power Ratio (PAPR) of the 
transmitted signal result in:

− Clipping noise (limited quantization levels, rounding 
and truncation, during IFFT and FFT computation)

− Nonlinear distortions of power amplifiers 

− BER performance degradation, 

− Energy spilling into adjacent channels, 

− Intermodulation effects on the subcarriers, warping of 
the signal constellation in each subchannel. 



PAPRPAPR RReductioneduction
• PAPR reduction

− Clipping and windowing, recursive clipping 

− Reference signal subtraction















PAPR PAPR RReduction, eduction, contcont..
− Coding

� Golay complementary codes

� generalized Reed-Muller codes

− Parallel combinatory OFDM signaling

− Multiple signal representation

− Pre-distortion







Most of the decoding techniques for these codes require an exhaustive search so are 
feasible only for a small number of subcarriers. Moreover, it is difficult to maintain a 
reasonable coding rate in OFDM when the number of subcarriers grows large





PAPR PAPR RReductioneduction -- Multiple Multiple SSignalignal RRepresentationepresentation
� Selected Mapping

•Each block is multiplied symbol-by-symbol, before the IFFT 
operation, by one of pseudo-random but fixed set of vectors ri whose 
elements are complex numbers with the amplitude equal to one and a 
random phase uniformly distributed between



SLM method for OFDMSLM method for OFDM

• This method is based on generating M 
statistically independent transformed blocks 
for each data block and transmitting the one 
with the lowest PAPR.

• It requires transmitting some side 
information about the identity of the 
selected block . 
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Improvement achieved by SLM on OFDM amplitude Improvement achieved by SLM on OFDM amplitude 
distributiondistribution
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� Partial Transmit Sequences
PAPR Reduction PAPR Reduction -- Multiple signal representation, cont.Multiple signal representation, cont.

•The objective is to design an optimal phase for the subblock set that minimizes the 
PAR. The phase can then be corrected at the receiver.
•An input data block of N symbols is partitioned into disjoint subblocks
•The subcarriers in each subblock are weighted by a phase factor for that subblock
•The phase factors are selected such that the PAPS of the combined signal is minimized





How to solve the PAPR problem(1/6)How to solve the PAPR problem(1/6)
• Signal distortion

– Clipping, Peak windowing, Peak cancellation

• Coding 
– Error correction, Use lower PAPR signals

• Scrambling 
• Selected Mapping (SLM) 
• The transmitter selects one favorable transmit signal from a set of 

sufficiently different signals which all represent the same information. 
• � Partial Transmit Sequence (PTS) 
• The transmitter constructs its transmit signal with low PAR by coordinated 

addition of appropriately phase rotated signal parts. 
• The difference between SLM and PTS is that the first applies independent 

scrambling rotations to all subcarriers, while the latter only applies 
scrambling rotations to group of subcarriers. 



How to solve the PAPR problem(2/6)How to solve the PAPR problem(2/6)

• Peak windowing
– Multiplied by certain window function 
– Rectangular, Kasier, Hanning, Hamming …..

• Different window with same window length
• Same window with different window length



How to solve the PAPR problem(3/6)How to solve the PAPR problem(3/6)
• Different window with same window length (time domain)

rectangular kaisar hamminghanning



How to solve the PAPR problem(4/6)How to solve the PAPR problem(4/6)
• Different window with same window length (frequency domain)



How to solve the PAPR problem(5/6)How to solve the PAPR problem(5/6)
• Same window with different window length-hamming window (time domain)

N=7
N=11

N=13 N=15



How to solve the PAPR problem(6/6)How to solve the PAPR problem(6/6)
• Same window with different window length-hamming window (frequency domain)



Comparison of PAPR reduction techniques.


