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Sub-carriers and Symbol Transmission:

In OFDM, a block of symbols from the outgoing data stream is transmitted simultaneously using multiple sub-carriers.
Each symbol is transmitted on a different radio frequency, known as a sub-carrier. These sub-carriers are orthogonal to each other, meaning they do not interfere with one another.
Symbol Mapping:

The value of each symbol is mapped onto the power levels of the In-phase (I) and Quadrature (Q) components of a given sub-carrier.
By adjusting the amplitude and phase of the I and Q components, the symbol value is transmitted over the sub-carrier.
Bandwidth and Symbol Rate:

Each individual sub-carrier has a small bandwidth, which limits the symbol rate that it can support.
However, by using multiple sub-carriers in parallel, OFDM systems can achieve high symbol rates collectively.
The parallel transmission over multiple sub-carriers enables efficient utilization of the available frequency spectrum, leading to high data transmission rates.
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Serial-to-Parallel Conversion:

The serial-to-parallel converter takes a block of N complex symbols from the outgoing data stream.
These symbols are then divided into N parallel sub-streams, with each sub-stream containing one symbol.
Modulation onto Sub-Carriers:

Each symbol from the sub-stream is used to modulate the amplitudes of one of the sub-carriers.
Typically, the In-phase (I) and Quadrature (Q) components of a sub-carrier are modulated based on the amplitude and phase of the symbol. This modulation can be achieved using inverse Discrete Fourier Transform (DFT) or Fast Fourier Transform (FFT) techniques.
Inverse DFT/FFT Modulation:

Inverse DFT or FFT modulation is a straightforward digital modulation technique used in OFDM systems.
It involves applying the inverse DFT or FFT operation to the symbol values to generate the time-domain OFDM signal.
The resulting time-domain signal represents the modulation of the sub-carriers with the symbol values.
OFDM Signal Generation:

After modulation onto the sub-carriers, the parallel sub-streams are combined to form the complete OFDM signal.
This OFDM signal consists of multiple sub-carriers, each carrying modulated symbols, and is ready for transmission over the channel.
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Efficient Implementation of DFT:

DFT is a mathematical operation used to transform a discrete signal from the time domain to the frequency domain.
FFT is an algorithm that greatly speeds up the computation of the DFT for certain input sizes, typically those that are powers of two.
Power-of-Two Restriction:

FFT algorithms are most efficient when the number of data points in the input signal is a power of two.
This means that for optimal performance, the number of samples in the input signal should be 2^N, where N is an integer.
Handling Non-Power-of-Two Inputs:

In practice, if the number of data points in the signal is not a power of two, the input size is often rounded up to the nearest power of two before applying the FFT algorithm.
Unused data points may be padded with zeros to reach the required input size.
Application in LTE:

In Long-Term Evolution (LTE) cellular networks, FFT is used for the modulation and demodulation of OFDM signals.
LTE typically uses OFDM with a certain number of sub-carriers. For example, in LTE, there are 1200 sub-carriers.
To efficiently process these sub-carriers using FFT, the FFT size is often chosen to be larger than the number of sub-carriers, rounded up to the nearest power of two.
For instance, LTE may use an FFT size of 2048, with the extra data points padded with zeros.
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