ECE 598HH: Advanced Wireless Networks and
Sensing Systems

Lecture 3: Part 1: Review Wireless Channel
Haitham Hassanieh
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Wireless Data Rates

* Data Rate
— Bandwidth: Samples/sec

— Modulation: Bits/se€ Sawv\f:(ﬁ- SER HAeu re-ed

— Coding Rate: Data Bits/Coded Bits S VR Aow ‘r\a\h:..
Data Rate = Bandwidth-<xBits/saniple XCode-Rate
* Capacity

— Maximum Achievable Data Rate
— Shannon Capacity Theorem:

Capacity = BandwidthX log,(1 + SNR)
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Wireless Channel
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Channel Estimation & Correction
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How to estimate and

correct for channel?

Send Preamble Bits




Channel Estimation & Correction

Data Bits X(t) y(t) — h X(t) + Tl(t)
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Preamble Bits: Known bits Data Bits
x(0) =1 - ¥(0) = h +n(0)
x(1) =1 - y(1) = h+n(1)
x(2) = —1 - ¥(2) =—-h+n(2)
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Estimate channel: h = & | -
y(t)

Correct channel: X(t) =
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Multipath Wireless Channel
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Multipath Propagation: radio signal reflects off objects
ground, arriving at destination at slightly different times

y(t)=hlw+h23c(t\—rz)+h3x(t—r3)
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Multipath Wireless Channel
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" Inter-Symbol-Interference:

Symbols arriving late interfere
with following symbols.

" Channel Fading:

Paths can sum up destructively
or constructively




Multipath Wireless Channel

Example 2 paths with distance d, = 1m,d, = 1.06m:
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Multipath Wireless Channel

Example 2 paths with distance d, = 1m,d, = 1.06m:
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Frequency Selective Fading




Multipath Wireless Channel
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y(t) = ) hex(t — 1) = L4(t) * x(t) = H()X(f)
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Wide Band vs Narrow Band Channel

y(t) = Z hx(t — ) = h(t) * x(t) & HOX(F)
k

‘ /ﬁ/\(\/\‘ ‘ ‘ ‘ ‘
80 -60 -40 -20 0 20 40 60 80
Frequency in MHz

IHI?

2 L
1t
A \
0 10 20 30 40 50 60 70
|



Wide Band vs Narrow Band Channel

y(t) = Z hx(t — 1) = h(t) * x(t) © H()X(f)
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Wide Band vs Narrow Band Channel
y(t) = Z hex(t — 1) = h(E) * x(t) & H(F)X(f)
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Wide Banst Narrow Band Channel
y(t) ( hgx(t —@) h(t) x x(t) & H(f)X(f)
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Narrow band channel: _S= g

« same A = c/f. forall f > h = constant

—> y(6) AHx(t) = h X(f)
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Wide Band vs Narrow Band Channel

y(t) = Z hx(t — 1) = h(t) * x(t) © H()X(f)
| k

Wide band channel:
* hisvaries with f > Multi-tap channel
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Wide Band vs Narrow Band Channel

Narrow band channel: Wide band channel:

* Flat channel  Multi-tap channel

+ y(6) =Rx(t) + y(t) <@ 2x (T
S hX(f) @HS&ZXS()%

B = —(% ewyaymbb’\




= Solution:
OFDM: Orthogonal Frequency Division Multiplexing

" |dea: transmit symbols in frequency not time.
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