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Ultra-wideband (UWB) radio is emerging worldwide as a
particularly appealing transmission technique for applications requiring either high bit rates over short ranges or
low bit rates over medium-to-long ranges, that is, scenarios that favor compliance with the severe power constraints
imposed by regulatory bodies under the coexistence principle. The high-bit-rate/short-range case includes wireless
personal area networks (WPANs) for multimedia traffic, cable replacement such as wireless universal serial bus (USB),
and wearable devices, for example, wireless Hi-Fi headphones. The low-bit-rate/medium-to-long-range case applies to long-range sensor networks such as indoor/outdoor
distributed surveillance systems, non-real-time data applications, for example, e-mail and instant messaging, and in
general all data transfers compatible with a transmission rate
in the order of 1 Mbps over several tens of meters. In this
light, the moment seems appropriate for taking a snapshot of
the state of the art in UWB methods and technologies. The
aim of this special issue is to present recent research in UWB
systems and technology from several points of view. After a
tutorial on UWB, we classified the further 16 contributions
into five major categories, namely, antennas and propagation, multiple antenna systems, system analysis, parameter
estimation and synchronization, and implementations.
The invited tutorial by Scholtz et al. covers multiple aspects of UWB, starting from history via regulations, antenna design, link budget analysis, propagation, pulse shaping, and finishing with receiver architectures and circuits.
Several challenges for designing a complete UWB transmission link are highlighted and first solutions are substantiated
by real data and simulations.

The next three papers of the issue are related to antennas
and propagation. The first paper by Xu et al. presents an approach for multiuser channel estimation based on the introduction of a pulse-rate discrete-time system model. The proposed method applies blind multiuser channel estimation on
the basis of first- and second-order statistics of received signals. In the paper by Menouniet al., typical statistics are modeled based on the method of eigendecomposition. The model
is furthermore supported by measurements to verify it in realistic environments. Both line-of-sight (LOS) and non-lineof-sight (NLOS) scenarios are covered in the examinations.
The last paper on antennas and propagation by Sörgel and
Wiesbeck focuses on the characterization of several known
types of antennas with regard to the very special characteristics like “ringing” which are of interest for UWB system
implementation. The paper first gives a mathematical introduction. In the second part of the paper, measurements and
analysis for several UWB antenna types are shown.
Though belonging to “beyond UWB” challenges, three
papers are devoted to UWB combined with multiple antennas. In the contribution by H. Zhang and Gulliver, receive
diversity of time-hopping UWB is investigated in terms of
error probability and capacity for AWGN channels. Besides
conventional modulation schemes, namely, pulse amplitude
modulation (PAM) and pulse-position modulation (PPM),
results are also given for multiuser environments. The second paper by Sibille studies MIMO diversity to further improve the performance of a UWB link, for example, enlargement of the link margin by extra gain at the receiver. An SNR
gain almost independent of the modulation schemes (PAM,
PPM, and DS-CDMA) and proportional to the number of
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transmit antennas multiplied with the number of receive antennas has been observed under moderate channel conditions. Beam switching is proposed so as to reduce complexity. The last paper on UWB-MIMO by Siriwongpairat, et al.
proposes a combination of space-time coding with a RAKE
receiver to simultaneously exploit spatial and multipath diversity. UWB-SISO and UWB-MIMO are compared in terms
of diversity and coding gain and an upper bound for the average pairwise error probability (PEP) in case of Nakagami
frequency-selective channels has been derived.
The following five papers are dedicated to system concepts, analysis, and performance. In the paper by NuñoBarrau and Páez-Borrallo, new methods for system simulation are studied and applied to a frequency-hopping UWB
system concept. The approach includes a multipath indoor
channel model and derives system performance parameters
based on this propagation channel. The next paper by Durisi
and Benedetto compares the performance of coherent detections schemes versus noncoherent concepts in terms of BER
under the assumption of realistic propagation channel models. In the paper by Abreu et al., a jitter-robust extension of
orthogonal Hermite polynoms for pulse shaping in AWGN
channels is proposed. The approach relies on a transform
from the convolutional jitter channel model into a multiplicative matrix model, leading to a generalized eigendecomposition problem. The auto- and cross-correlation functions
of the jitter-robust pulses are given and compared to conventional ones. The next contribution by Gerrits et al. proposes
a mixed analog and digital frequency modulation (FM) with
constant envelope UWB transmission for low- and mediumbit-rate WPAN systems. The performance of this approach in
AWGN or multipath channels and for narrowband interferers is investigated. Further validation of double FM in praxis
is achieved by a hardware demonstrator. The final paper on
system concepts by Molisch et al. suggests a low-complexity
time-hopping impulse radio system for high data rate transmission. The approach is multiuser capable, all-baseband
with symbol rate sampling, and obeys the FCC spectral mask
requirements.
Three papers are focusing on the estimation of parameters and synchronization issues. The paper by Xu et al. is dedicated to multiuser scenarios. Based on a method for channel
estimation, optimal receivers for multiuser detection are derived and their performance is analysed. A more theoretical
approach is presented in the paper written by J. Zhang et al.,
where theoretical thresholds for several performance parameters are derived and presented. The performance bounds are
analyzed for Gaussian channels as well as in the case of multipath propagation conditions. In the contribution by Tian
and L. Wu, low-complexity timing synchronizers are introduced for use with correlation-based receiver types. The performance of these synchronization algorithms is studied in a
multipath environment.
Last but no least, the two remaining papers focus on
some aspects of implementation. The implementation of the
correlation algorithm is a crucial topic for coherent UWB
systems. The paper by Tu et al. presents an implementation of
a correlator which may be used for UWB implementations in
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the frequency band from 3 GHz to 10 GHz. The correlator is
characterized by frequency-domain and time-domain analysis via simulations. In the last contribution by Christensen,
the adaptive linear minimum mean square error criterion is
exploited for joint synchronization, channel estimation, and
multiuser detection of a single-band DS-CDMA UWB radio
link. In order to reduce the receiver’s complexity, a nonrecursive least-squares algorithm is developed with similar beneficial performance known from a recursive least-squares approach.
We thank the authors, the reviewers, the publisher, and
the Editor-in-Chief for their efforts. We also hope that this
special issue will stimulate further research on UWB communications.
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