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Scope: Communications in Multiple–
Input Multiple–Output (MIMO) Channel

M M

multiple–output

Receiver 
techniques

multiple–input

Transmission 
techniques

channel

Channel models



Tutorial #2: MIMO Communications with Applications 
to (B)3G and 4G Systems, 16/8/2004

© J. Ylitalo & M. Juntti, University of Oulu, Dept. Electrical and
Inform. Eng., Centre for Wireless Communications (CWC)    3

Vehicular

Pedestrian

Stationary

Data Rate (Mbps)
0.1 1 10 100

WCDMA Rel 5 WLAN

W
C

D
M

A R
el 4 HSDPA

C
dm

a2000 1X, ED
G

E = Evolved 2G

MIMO can 
contribute 

here?

Scope: Cellular System Evolution

3G evolution, 
WiFi, WiMax, 
4G, UWB, ...

M
ob

ili
ty



Tutorial #2: MIMO Communications with Applications 
to (B)3G and 4G Systems, 16/8/2004

© J. Ylitalo & M. Juntti, University of Oulu, Dept. Electrical and
Inform. Eng., Centre for Wireless Communications (CWC)    4

Objectives

The main objective is to learn the basic concepts 
and possible techniques of multiple antenna and/or 
MIMO communication systems.

In particular, a participant should understand:
– The concept and the basic ideas of MIMO communications 

and B3G cellular communication systems.
– The basics of MIMO channel capacity.
– The basics of possible MIMO and multiantenna access 

solutions and transceiver algorithms:
• beamforming
• spatial diversity
• spatial multiplexing.
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Outline

1. Introduction
2. Capacity limits of MIMO channels
3. MIMO radio channel models
4. Beamforming and adaptive antennas
5. Spatial diversity
6. Spatial multiplexing
7. Comparisons and discussion
8. Summary and future prospects for MIMO
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