OFDM
(Orthogonal Frequency Division Multiplexing)
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Why OFDM?
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What is OFDM?

— High-rate data stream
= Number of lower rate
streams

Parameters under consideration
— Number of subcarriers
— Guard time
— Symbol duration
— Subcarrier spacing
— Modulation type
— Error correction coding

Sprint Nextel MIRS
Channel spacing > 1/T



Orthogonality: subcarrier spacing = 1/T

Baseband Mathematical Expression

— Transmitted signal

N-1 T
s(t)=>d, exp(jzszi(t—ts)j, t <t<t +T
i=0

s(t)=0, t<t, and t>t +T

Serial

QAM data —— to
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. OFDM
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®

<_18 3. OFDM modulator>
Frequencies: 0, 1/T, 2/T,...(N-1)/T
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Orthogonality
— Each subcarrier has exactly an integer number of cycles
— Adjacent subcarriers = exactly 1 cycle difference
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Spectrum of One OFDM Signal

-1CI (inter carrier interference) is avoided by having the
maximum of one subcarrier spectrum

occur at zero crossings of all the others.

— =

Figure 2.3 Spectra of individual subcarriers.
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* |IDFT implementation....
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. IFFT

— OFDM signal generation = inverse Fourier Transform

— The number of multiplications in the IFFT can be reduced even
further by using a radix-4 algorithm. This technique makes use of
the fact that in a four-point IFFT, there are only multiplications by
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Figure 2.4 The radix-4 butterfly.

M=

ol

1l OlsSAldA4 11



Guard time & Cyclic extension

e Guard Time

— The guard time is chosen larger than the expected delay
spread, so that the delayed symbol cannot interfere with the
next symbol.

— If the guard time consist of no signal...
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« Single Carrier (I1SI)

Symbol 1 Symbol 2
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« Multiple Carrier (Inter carrier interference)
Cyclic Extension
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Cyclic Extension

— OFDM signal should be extended in guard time
— Subcarriers should have integer number of cycle difference in FFT interval

— Orthogonality lost when multipath delay > guard time
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Figure 2.9 16-QAM cons}ellation for a 48-subcarrier OFDM link with a two-ray multipath channel, the
second ray being 6 dB lower than the first one. (a) delay < guard time; (b) delay exceeds
gtiard llnmc by 3% of the FFT interval; (c) delay exceeds guard time by 10% of the FFT
interval.
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Windowing

Windowing: results in lower sidelobes
Raised Cosine Window

0.5+0.5cos(z +tz/(5T,)) O<t<}fT,
w(t)=41.0 BT, <t<T,
0.5+0.5cos((t—T,)7/(BT,)) T, <t<(1+p)T,

Fower Spectral Densiry (IR
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Figure 2.11 OFDM cyclic extension and windowing. T, is the symbol time, T the FFT interval, T the
guard time, T,z the preguard interval, Tpo.y, the postguard interval, and B is the rolloff

factor.
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OFDM system design parameters

— Guard time >> Delay spread
— Symbol duration >> Guard time
— Number of subcarrier

— Subcarrier spacing
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OFDM system design

System requirements

— Bit rate : 20Mbps
— Tolerable delay spread : 200ns
— Bandwidth : < 15MHz

guard time = 800ns

OFDM symbol duration = 6 * guard time = 4.8us
FFT time =4.8 - 0.8 = 4us (T=T+Tg)

subcarrier spacing = 1 / 4us = 250kHz

symbol rate = 1/ T, =1/4.8us

ymbol duration
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OFDM system design (cont'd)

. No. of bits/OFDM symbol = Bit rate/OFDM symbol rate

20Mbps
(1/4.8us)

= 96bits / OFDM symbol

(1) 16-QAM
4bits/subcarrier, 1/2rate coding -> 2 information bit/subcarrier

number of subcarriers = 48
requiered Bandwidth = 48 * 250 kHz = 12MHz < 15MHz

(2) OPSK

2bits/symbol, 3/4rate coding -> 1.5information bits/subcarrier
number of subcarrier = 96/1.5 = 64
required Bandwidth = 64 * 250kHz = 16MHz > 15MHz
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OFDM signal processing
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Implementation complexity of OFDM
vs. Single-carrier modulation

« Complexity

— Single-carrier systems need equalizer when delay spread over 10% but OFDM
systems don’t

— FFT does not need full multiplication but rather phase rotation
— The complexity in OFDM grows slightly faster than linear

« Robustness

— Sigle-carrier system performance degrade abruptly when delay spread exceeds the
value which equalizer is desiged

— OFDM systems are robust against delay spread
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OFDM £E4

= J.Jang and K. B. Lee, "Transmit Power Adaptation for Multiuser OFDM Systems," IEEE

Journal on Selected Areas in Communications, vol. 21, no. 2, pp. 171-178, Feb. 2003.
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