ECE 598HH: Advanced Wireless Networks and
Sensing Systems

Lecture 4: OFDM
Haitham Hassanieh




Wireless Channel
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* Multi-tap Channel = ISI (Inter Symbol Interference)
* hisvaries with f-> Frequency Selective Fading
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= Solution: )
OFDM: Orthogonal Frequency Division Multiplexing

" |dea: transmit symbols in frequency not time.



Transmit In Frequency Domain

@V‘“‘&(n

W LD 7
~ DM

J - ‘ ] J } | I |
-20 0 20 40 60 80
Frequency in MHz



Orthogonality
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Orthogonality
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Orthogonality

FDM

Individual Channels

AVAYAYAYA

& Frequency
OFDM
Channel 0 Channel 1 Channel 2
N N A
( N N A

Overlapping Sub-Carriers

1|
|
|

Frequency




Discrete Fourier Transform

z jankt
(W = X=4= 2y & "N

P;i \/\/\/\/
TOCN XI)=f = e i

Q"s’)W\oo\uU‘ 1) = XD = 7((4)_ 2D<ﬂﬂ

e« Band it & >o!»7(|/3. banchs A

NENCE RN
A%;_ __l_/ -~ gsm{\ekec

T Tmes =



Orthogonal Frequency Bi¥ison Multiplexing

Frequency-Domain Time-Domain Frequency-Domain
QAM Sum of Sinusoids QAM
Transmitter Receiver
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Mapping QAM source data onto Summation of all Recover mapped
N orthogonal subcarriers N subcarrier sinusoids QAM source data

Simplified OFDM System Block Diagram
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OFDM Symbo
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OFDI\/I Symbol Guard & DC Bins
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Channel Estimation
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FFT Window Synchronization
Gl - - @\~-~- B S

X,(F) / (O
TDPT AW
(/\(é ‘/{‘)UW

A - | - - ’McYm\ -f- - _m}, - —~\
)

n [+ {
_ >
STOET Wirde

AT T Weadow

N
= oredcor ‘I—LOM,J,g

—



2 g\ l—z 1 @7{ 3 (“‘) /
E _— |

Cyclic Prefix
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Packet Detection: Sliding Window
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Packet Detection: Cross Correlation
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CFO: Carrler Frequency Offset
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CFO: Carrier Frequency Offset




CFO: Carrier Frequency Offset
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CFO Estimation and Correction
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CFO Estimation and Correction
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Sampling Frequency Offset
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Phase Tracking
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v  Phase Tracking
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How many subcarriers?
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Putting It Together: OFDM
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Putting It Together: OFDM
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OFDMA: Orthogonal Frequency Division
Multiple Access

 Use OFDM: Assign different subcarriers to different users.

 More efficient than FDMA since no guard bands are needed

* Requires Time Synchronization
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FICA: Fine Grained Channel Access
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FICA: Fine Grained Channel Access
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