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OFDM

Orthogonal Frequency-division Multiplexing
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OFDM

 Orthogonal?
* Frequency-division multiplexing?
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OFDM: Transmit independent streams

Let’s observe the following problem: transmit and receive independent streams of
data through a channel

1,0,0,1,1,0 \ / 1,0,0,1,1,0

0,1,0,0,1,0 0,1,001,0

0,1,1,0,1,1 0,1,1,01,1

1,0,1,0,1,1 / \ 1,0,1,0,1,1
LUND

3(24) UNIVERSITY

Z 1\
2\l =



OFDM: Transmit independent streams

1,0,0,1,1,0 1,0,0,1,1,0
0,1,001,0 0,1,00,1,0
0,1,1,0,1,1 0,1,1,0,1,1
1,0,1,0,1,1 1,01,01,1

 Orthogonality: Allows the receiver to separate the original
subchannels and recover the bits without error (ideally)

e FDM: The subchannels occupy different frequencies,
which allows multiplexing

How is it done?
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FDM system block diagram

1,0,0,1,1,0 1,0,0,1,1,0
» MOD LPF |—{ DEM >
0,1,0,0,1,0 0,1,0,0,1,0
»| MOD LPF —{ DEM >
Orllllollll 0,1,1,0,1,1
MOD LPF — DEM
101,011 — — — 1,0,1,0,1,1
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OFDM: Approach 1

Approach 1: Separate frequencies to minimize interference.
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OFDM: Approach 2

Approach 2: For a given frequency separation, the subcarriers do not
interfere -> orthogonality.
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OFDM: Approach 2

If we sample at the peak position then no interference!
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OFDM: Block diagram

1,0,0,1,1,0 1,0,0,1,1,0
»/ MOD LPF |-»] DEM S
0,1,0,0,1,0
»! MOD LPF |-> DEM 0.1,0,0,1,0 -
o0,1,1,0,1,1
— — — 011,011
1,0,1,0,1,1 »{ MOD LPF > DEM 101,011 >
How can it be efficiently done?
P/S: Parallel-to-serial e
9(24) S/P: Serial-to-parallel LUND
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OFDM: Considerations

* One complex symbol from each data stream forms
the input of IFFT (frequency samples).

 Samples obtained after FFT (time samples),
serialized and transmitted through the channel.

e Same amount of frequency and time samples.

What if | need to transmit more symbols?

Compute IFFTs successively
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OFDM Transmitter

Input bits QAM Analog output
R —
ENCODER VAPPER IFFT Ccp DAC
rc M K B Fs

- <
=\ |2
AN <
CANH &)
LS
S

11(24) LUND

UNIVERSITY



OFDM Transmitter

- T
I\ I:put biis) QAM Analog output
= — ENCODER MAPPER IFFT CP DAC —
rc M K B Fs
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OFDM Transmitter

7
y: N
Input bits / \ QAM Analog output
— |5 ENCODER IFFT CP DAC ——
\ / MAPPER
\ /
b | | |
S o -
rc M K B Fs
Coding Rate
ND
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OFDM Transmitter

’
’ AR
Input bits / QAM \ Analog output
| .
— ENCODER 1 ] IFFT CP DAC ——
\ MAPPER /
\ /
b | |
S~ o -
rc M K B Fs
Modulation Order
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OFDM Transmitter

- ~
/ \
Input bits / \
QAM | | :
—— ENCODER IFFT CP DAC
MAPPER | \ !
\ /
T |
-~ -
rc M K B Fs
Number of
subcarriers O Syt
BW = K4 cpP IFFT
[ T, ZAl ] Tep Ty '
f < >
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OFDM Transmitter

Input bits
QAM
—3 ENCODER IFFT
MAPPER
rc M K
OFDM symbol

CP IFFT
‘ TCP" Tu '
16(24) ) Torpm '

Cyclic prefix

DAC

Analog output
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Cyclic Prefix

x(t) hit) yit)

» 1 L»l V E\ > 1

DMT frame Channel distorted DMT frame

DMT frames Avo Cyclic Prefix:

j"1 zI
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DMT frames Av Cyclic Prefix (CP):
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Combating multipath dispersion using cyclic prefix (CP).

Lee, S. & Breyer, F. & Randel, S. & Boom, Henrie & Koonen, A.. (2020). Orthogonal
frequency division multiplexing over multimode optical fibers.
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Cyclic Prefix

IFFT| CP | IFFT output i CP | IFFT
!( TorpM \i
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OFDM Transmitter

’ \
Input bits / VAnalog output
QAM ,
—— ENCODER IFFT CP DAC —1—
MAPPER \ /
\ /
| | | 1
-~ -
rc M K B Fs
Sampling frequency
_ _ NorpMm
TOFDM - NOFDM TS - T _‘
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OFDM System

Input bits —

Output bits --——

CP

DAC

AM
ENCODER QAM | IFFT
MAPPER
QAM
DECODER FFT
DEMAPPER

Note: FFT and IFFT include S/P and P/S.
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OFDM: Throughput calculation

OFDM symbol
e [ . — ) ] aonns | e
| | | | gor o
re M K B Fs TorpMm
Throughput: Information bits per second
1) Encoded bits in an OFDM symbol:
Enc. bitSOFDM = K l()g2 (M) < [if all subcarriers have same order, what if not?]
2) Information bits in an OFDM symbol: K: active subcarriers
Bitsorpm = 7K log, (M)
3) Throughput:
Ropon = 1K log, (M) Lu:D
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OFDM: Throughput considerations

OFDM symbol
Input bits Analog output
" encoper —{  OAM T o oac [ P IFFT
| | | | N
re M K B Fs TorpMm
* What is the effect of encoding in the throughput? r-K lOg (M)
__'c 2
Less redundancy increases the throughput. Drawback? R =
* What is the effect of K? TOFDM
Enabling more subcarriers increases throughput.
 What s the effect of M? —
at is the effect o Tu—l/Af

Increasing modulation order increases throughput. Drawback?
* What is the effect of Tcp?
Decreasing Tcp increases throughput. Drawback?
* What is the effect of A¢?
Increasing A¢, decreases T, which increases throughput. Drawback?
* What is the effect of E;?
22(24) Changing F; changes T,, and therefore A¢. Potential issue? UNIVERSITY




OFDM: Throughput considerations

OFDM symbol
Input bits Analog output
" encober [——{  OAM T o oac [ P IFFT
| | | | e D
rc M K B Fs Torpm
How are throughput and BW related? T'CK lOgZ (M)
If ToppMm and A¢ are constant, both are proportional to K. R =
* What if K is constant and A¢ changes? TOFDM
BWgorpMm changes proportionally, but not Rgppym (Why?)
1 —
TOFDM - Tcp + Tu == Tcp + — BWOFDM — KAf

Ag
* What if Tcp=0?
Both are linearly proportional.
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OFDM: Throughput example

OFDM symbol
e ENCODER M%ﬁlll/llfR IFFT CP DAC Lalog e CP IFFT
| | | | T T,
rc M K B Fs TorpMm
LTE example: T'CK lOgZ (M)
e 1.=1/3 R =
. K= 1200 TorpM
 M=16
* A¢=15KHz BWorpm = KA
* Tcp=5us
R and BW?
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