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Abstract 
The last decade has seen several exciting developments in wireless communications. Two 
of the most notable ones are the emergence of (i) MIMO (multiple-input multiple-output) 
systems, which utilize multiple antennas link ends, thus exploiting the spatial domain, 
and (ii) ultrawideband systems, which spread the signal over extremely large bandwidths, 
and can operate simultaneously with narrowband (legacy) systems, thus exploiting the 
frequency domain in a new way.  
 
The ultimate performance limits, as well as the performance of practical systems, of any 
wireless system is limited by the wireless propagation channels that the system is 
operating in. It is thus critical that we understand the channel properties that are relevant 
for the systems under consideration: directional properties of the multipath components 
in the MIMO case, and variations of the channel frequency response over a large 
frequency range for UWB systems. Any such understanding must be based both on the 
understanding of the physical propagation processes and actual measurements; 
furthermore, it is very helpful to have good channel models that can be used to test the 
performance of algorithms and systems. All of these aspects will be treated in our 
tutorial.  
 
We start out with an introduction of channel sounding techniques, emphasizing the 
spatial sounding techniques that form the basis for spatial channel measurements and 
spatial channel characterization. We will present new measurement results of the 
directional channel properties as seen from the base station and from the mobile terminal 
only, as well as measurements of the double-directional propagation characteristics. Both 
indoor and outdoor scenarios will be treated. We will explain how these measurement 
results can be utilized and included in spatial channel models, which are required for the 
design and development of adaptive antenna and MIMO systems. 
 
Then, the various methods to model the directional radio channel will be discussed. The 
relative merits and shortcomings of measurement-based stochastic models, relying on 
parameter estimation techniques; of geometry-based parametric models, approximating a 



radio environment by geometry, but adding stochastic processes; and of deterministic 
models (ray-tracing or measured) will be highlighted. The accuracy of prediction of the 
channels as well as the need for tuning of these various approaches will be compared. 
Finally, a comprehensive report on standardized MIMO channel modeling will be given. 
It includes the models of 3GPP/3GPP2 for outdoor environments, the IEEE 802.11n 
models for indoor environments, and the COST 273 model, which is valid for all 
environments.  
 
We then turn our attention to UWB channel measurements. We first discuss the generic 
differences between UWB propagation and narrowband propagation. We then discuss the 
results of several existing measurement campaigns, and how the results reflect those 
differences. Finally, we describe the standardized UWB channel models of IEEE, namely 
the 802.15.3 and 802.15.4a models, and how the propagation characteristics reflected in 
those models influence UWB system design.  
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