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The roots of communications

0.33 bits/sec

Chapé / Betancourt

100 Kbps.
15 Mbps..
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Comm. Layers

Physical Layer  (wired, wireless, optical)

Access Layer

Session

SIGNAL 
PROCESSING
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Wireless Systems

• Challenges
• Higher data rate
• Wider coverage
• Energy efficient
• Affordable
• Reliable

• Possible solution
• Multiple antenna systems:
ANTENNA ARRAYS (Spatial diversity)

QUALITY OF SERVICE

EFFICIENCY



5 Combination of Wired Communications / 
Spatial Diversity contributions

Radar/Sonar

DSL Comm.

Wireless Communications
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Acoustics/Sonar/Radar/Civil 

Eng./Wireless
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The Wireless Channel

Attenuation

Distance

Path Loss

Shadowing

FADING

)(.)( tgth 
Frequency Selective

)(th
Flat Fading

Multicarrier Systems-> OFDM, Poly-Phase Filter Bank



9

THE SPATIAL CHANNEL
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hhh 

Channel 
Mean

Rayleigh component

  ,hGh
- Steering and/or Scattering cluster
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Multi-Antenna Tx/Rx (MIMO)

• INCREASE SPECTRAL EFFICICIENCY ‐> RATE 
• 4x4  ‐> 16 Channels (???) RELIABILITY 

B H HA

QUALITY/RATE trade-off
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The MIMO Channel Model

• is modeled statistically with a 
general Gaussian distribution

• Also known as the Kronecker 
model
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The Optimum Receiver

G s(n)

e(n)

-G=E(Xn.s(n)H)
- /e(n)/2 minimum over s(n) ЄTx Alphabet
- Scenario free of interference
- Beamforming for quality limited by interference
- Instantenous/Indpendent decission on every stream
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Tx/Rx  Multichannel Processing
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Spatial Diversity
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Tx Architecture
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Tx Architecture
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Tx Architecture
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The channel architecture
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CSI Channel State Information
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CSI: Channel 
State Information

Hard to afford perfect 
CSI, especially CSIT
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The LOS MIMO Channel

 321 TTT SSSH 
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Use the best channel (#2) or all the available paths?

Eigenvectors interpretation of steering vectors
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CSIT (Complexity)

Tx Rx

Errors:
-estimation

-quantificación
- BER

- Capacity of the feedback channel

- Not accurate

-User Mobility, FDMA, TDMA
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SUMMARY
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Flat Fading, CSIT and CSIR, Single Symbol
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