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#3 Apr. 26 B-12 OFDM for wireless broadband
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AgendaAgenda
 Aim of todayAim of today

Derive throughput performance of basic SISO system

 Contents

• Narrow band system
– Channel capacity
– Path loss & multi-path fading
– QAM signaling & throughput performance
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Warming UpWarming Up
 Question Constellation
Given a transmission system with BPSK modulation
whose transmission rate is 1 bit per T seconds.
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Calculate spectrum efficiency C [bit/s/Hz] of
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Narrow Band SystemNarrow Band System
Received signal modelReceived signal model
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Channel CapacityChannel Capacity
Channel capacity of real number system 
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Achievable Data Rate of SISOAchievable Data Rate of SISO

Power dependency

SNR 20[dB] @ 100 [kH ] b d idth

Bandwidth dependency
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Wireless Communication ChannelWireless Communication Channel
Wireless is vulnerable!Wireless is vulnerable!

#1 P th l d t di tBasestation

#2 M lti th f di

#1: Path loss due to distance
Lower average SNR

#2: Multi-path fading
Deep SNR dip

#3: Time dispersive fading

Inter symbol interference

Terminal
#4: Multi-access interference

Co-channel interference
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Modern Wireless TransceiverModern Wireless Transceiver
 Transmitter

RF upOFDMAdaptive
modulation

Media
access

 Transmitter

convertermodulationmodulation
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Issue #1: Path lossIssue #1: Path loss
• Channel gain decreases in accordance with distance between Tx & Rx
• It results in lower SNR, higher BER, and lower throughput

Free space path loss Fading
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Receive SNRReceive SNR
Transmit power = 40dBm Noise power = 100dBm Frequency = 3 5GHzTransmit power = 40dBm,  Noise power = -100dBm, Frequency = 3.5GHz
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QAM ModulationQAM Modulation
QAM modulation
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BER on QPSK SignalingBER on QPSK Signaling
Channel estimation
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BER PerformanceBER Performance
QAM i li
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Throughput PerformanceThroughput Performance
Frame structure
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Issue #2: Multi path fadingIssue #2: Multi-path fading
• Instantaneous SNR variation due to multi-path fading
• Deep SNR dip results in serious BER performance

f

Received power variation

Multiple reflection waves

Random phase shift
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Multi-path Rayleigh FadingMulti path Rayleigh Fading
Multi-path channel
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BER Performance in Fading EnvironmentBER Performance in Fading Environment
Instantaneous BER
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BER & Throughput PerformanceBER & Throughput Performance
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SummarySummary
• In narrow system• In narrow system

– Channel capacity is achieved by Gaussian signaling
– Path loss & multi-path fading are major issues in wireless p g j

communication channel
– QAM for variable rate modulation with limited constellation

D i th h t f f QAM i l i BER l l ti– Derive throughput performance of QAM signal via BER calculation
– Throughput performance degrades severely due to multi-path fading

For wideband system

OFDM for wireless broadband

y
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