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UWB technology has recently received increasing attention in both academia and 

industry for wireless communication applications. It was first among CNN's top-ten 
technologies to watch in 2004. UWB has many benefits, including high data rate, 
possibility of low-cost transceivers, low transmit power, and low interference.  It operates 
with emission levels that commensurate with common digital devices such as laptops, 
palm pilots and pocket calculators. The U.S. Federal Communications Commission (FCC) 
in 2002 reserves the unlicensed frequency band between 3.1 to 10.6 GHz   for indoor 
UWB wireless communication systems. Industrial standards including the IEEE 
802.15.3a (high data rate up to 480 Mbps) and IEEE 802.15.4a (very low data rate up to 
1Mbps) and some Department of Defense (DOD) UWB systems have been introduced 
based on UWB technology. The DOD systems can benefit from UWB in its enhanced 
ability in secured communication (due to extremely wideband).  The market success of 
802.11 WLAN (Wi-Fi) has led to calls for unlicensed spectrum such as used by UWB. 
The popularity of the agile software-defined radio will facilitate the dynamic spectrum 
management. The UWB co-existence with narrowband sources will be alleviated by the 
above trends. The Moore law will further drive down the cost of the circuits. The 
feasibility of implementing UWB radios using low-cost CMOS serves as the driver 
behind UWB industry. The availability of UWB pulse generation, broadband antenna 
design and power-efficient transceivers indicates that the time for UWB has come. 

This special issue is timely in response to the trend of UWB technology 
development. The twelve papers in this issue cover the physical layer, the Media Access 
Control (MAC) layer, and applications. Basic issues about the modulation and detection 
are emphasized. This issue is balanced. Three papers are from industry and the rest are 
from academia. The first three papers are invited.  

The first paper by Molisch gives a tutorial overview of UWB propagation channel 
models. In contrast to conventional channels, a UWB channel extends over such a large 
bandwidth that the propagation conditions for the different frequency components can be 
markedly different. There is also a much better temporal resolution of multipath 
components, which leads to a breakdown of the usual assumption of Rayleigh fading. 
The second paper by Qiu, following the statistical modeling of UWB channel, gives the 
physics-based modeling and related detection. Physics-based modeling complements the 



empirical statistical modeling in some aspects. The optimum and sub-optimum detection 
of these physics-based signals is presented. Time reversal is one of promising 
technologies to simplify the receiver structure. The third paper by Hoctor and Tomlinson 
deals with the so-called transmitted reference (TR) scheme that simplifies the receiver 
structure. One of the most challenging problems in UWB is to simplify the receivers such 
that the current semiconductor industry can support. The traditional coherent RAKE 
receiver proves to be too expensive. In a paper (first an internal GE technical report) 
Hoctor and Tomlinson were the first authors who used TR for UWB. Now TR is one of 
the major receiver schemes in UWB. In particular standard bodies are considering TR for 
possible receiver schemes. This paper describes a form of impulse radio called delay-
hopped, transmitted-reference (DHTR).   
 We have eight regular papers. The first five papers cover the physical layer issues. 
The last three papers are concerned with the MAC and applications. The paper by 
Onunkwo and Li deals with the popular pulse position modulation (PPM). In particular, 
the modulation index is derived in a closed form. The paper by Tian deals with the timing 
acquisition critical to UWB. Optimum data-aided timing offset estimators are derived in 
this paper based on the maximum likelihood (ML) criterion. The paper by Vemulapalli 
and Liu treats the UWB MIMO, a relative new issue. They study the system architecture 
and error performance of space time-frequency coding. The paper by Yue, Chen, Luo, Ge, 
and Li deals with the RAKE receiver in a UWB multipath model channel. The interpath 
interference of PPM is found to degrade the performance of PPM rake receiver and leads 
to the unbalanced BER between transmitting “0” and “1” in multipath environment. The 
paper by Wu and Nassar proposes a novel pulse waveform referred to as the Carrier 
Interferometry (CI) pulse waveform for use in UWB systems. The proposed receiver 
decomposes the received signal into its carriers and recombines these carriers to (1) 
exploit frequency diversity (instead of path diversity) and (2) minimize the effects of 
inter symbol interference. 
 The last three papers treats the MAC and applications. The paper by Lu, Wu, and 
Fang addresses the timing acquisition problem at the MAC layer, and propose a general 
framework for medium access control in UWB systems. Furthermore, we design an MAC 
protocol based on the framework. The paper by Xiao introduces the standardization 
efforts of IEEE 802.15.3a and its current status at the physical layer. This paper also 
provides a throughput analysis for the MAC layer for UWB, and addresses several MAC 
issues such as suitability for higher data transmissions. Finally the paper Mo, Ngo, Gopal, 
and Kim presents some important characteristics of UWB that make it better suited for 
the home networking and explains some of its limitations as well.  Standardization efforts 
aimed at achieving seamless inter-operability of various devices for a wider and easier 
acceptance of the UWB by consumers is highlighted in this paper. 
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