GUEST EDITORIAL

4G MoBILE CoMMUNICATIONS: TOWARD OPEN WIRELESS ARCHITECTURE

he number of sub-

scribers for mobile com-

munications has
increased much faster than
predicted, particularly for
terrestrial use, and the
majority of traffic is chang-
ing from speech-oriented
communications to multi-
media communications. Itis
generally expected that the
number of portable handsets will exceed the number of PCs
connected to the Internet. First steps toward the fourth
generation (4G) or beyond 3G (B3G) have been taken to
support advanced and wideband multimedia services. The Inter-
national Telecommunication Union — Radiocommunica-
tion Standardization Sector (ITU-R) defines 4G to be developed
over time as depicted in Fig. 1. Radio-based telecommuni-
cations, currently under requirements definition, will be
standardized from 2007 on and will be deployed from about
2010 on.

According to the ITU-R visions, a steady and continuous
evolution of existing radio access networks will be one of
the characteristics of B3G systems, besides the functional fusion
of
* Existing, enhanced, and newly developed elements of cel-

lular systems
* Nomadic wireless access systems
* Systems with high commonality and seamless interwork-

ing

ITU-R further expects that new radio interface(s) are
likely to be used in conjunction with enhanced IMT-2000
wireless access technologies, higher data rates with adaptive
interfaces, and seamless services, where the user may not
need to be concerned with the underlying technology used
at a particular time or location.

ITU isstillnot clear on the 4G definition, and currently there
are two groups defining the 4G: one is on high data rates
(up to 100 Mb/s), the other on open architecture.

Since 4G on its introduction will find many predecessor
systems operational, interworking between 4G and other radio
access systems in terms of horizontal and vertical handover and
seamless services with service negotiation, including mobili-
ty, security, and quality of service (QoS), will be one key require-
ment. Therefore, the mostimportantissue in developing future
4G mobile systems is the architecture based on the con-
verged broadband wireless platform and targeted for open wire-
less architecture.

In addition to ultra-high bit rates, ubiquitous coverage
via heterogeneous access, low cost, and machine-to-machine
and sensor networks, the Wireless World Research Forum
(WWRF) names the following characteristics of B3G sys-
tems:
 Usersarein control through intuitive interactions with appli-
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cations, services, and
devices.

Services and applications
are personalized, ambi-
ent-aware, and adaptive (I-
centric); ubiquitous from
the point of view of the user.
Seamless services are pro-
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vided to users, groups of

users, communities, and

machines (autonomously
communicating devices) irrespective of place and net-
work, and with agreed QoS.

* Users, application developers, service and content
providers, network operators, and manufacturers can
efficiently and flexibly create new services and business mod-
els based on the component-based architecture of the
wireless world.

Both ITU-R and WWREF are telecommunications driv-
en, but there are other actors, like IEEE with Project 802,
that will impact the future (4G) of wireless and mobile
radio communications focusing on a much shorter time axis.
It is quite natural to reflect this by taking the progress in all
of these domains into account.

This specialissue is very timely and valuable for those involved
in the research of next-generation mobile communications.

In the first article, “Cross-Layer Design in 4G Net-
works,” Carneiro and Ricardo present an overview of some
important problems faced by all-IP wireless mobile termi-
nals and a framework for solving these problems with cross-
layer design. The framework classifies known problems in
one of four coordination planes: security, QoS, mobility,
and wireless link. An interlayer coordination model (a
cross-layer manager) is presented to address the problems.

In the second article, “Ambient Networks: An Architecture
for Communication Networks Beyond 3G,” by Niebert et
al., a novel networking concept (the ambient network) for a
future wireless network is described. The approach is to embrace
the heterogeneity arising from the different network control
technologies and to allow agreement for cooperation
between networks on demand.

The third article, “Two-Hop-Relay Architecture for
Next-Generation WWAN/WLAN Integration” by Wei and
Gitlin, proposes an integrated two-hop-relay architecture
that both enhances the system capacity of existing WAN
systems and extends the system coverage area of WLAN
terminals. The proposed two-hop-relay architecture can be
considered as a system-level macrodiversity technique that uti-
lizes temporal channel quality variation to achieve increased
system capacity.

In the article “Real-Time Traffic Support in Relayed
Wireless Access Networks,” Zhao and Todd first discuss
some open issues related to real-time QoS support in a
relayed wireless access network (RWAN). They propose an
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M Figure 1. The ITU-R timeline for the evolution to 4G/B3G.

RWAN architecture to support real-time packet transmis-
sion based on the IEEE 802.11 standard, simplified multi-
hop relaying, and a packet scheduling scheme.

The enhanced role of IP in 4G systems and the assimila-
tion of WLAN technology will enable further advances
toward pervasive computing and the pursuit of complete
context awareness in state-of-the-art applications and services.
4G services canbe smarter and more adaptive by taking advan-
tage of all types of context available to them, within a well-
defined context management framework. The article “Context
Management for the Provision of Adaptive Services to
Roaming Users” by Xynogalas et al. brings us closer to the
definition of such a flexible framework for the efficient
management of context, to support the development of advanced
telecommunication services and integrated real-time infor-
mation provision and processing systems.

Inthe article “Quality-of-Service Provisioningin4G CDMA
Cellular Networks” by Jiang and Zhuang, a vertically cou-
pled system model (between the transport layer and link
layer) is proposed to provide QoS in 4G CDMA cellular
networks. A packet switching medium access control
(MAC) scheme is provided to achieve efficient multiplex-
ing, based on information from the coupled higher layer.

The MAC scheduler uses only per-flow information in
packetscheduling, thussignificantly reducing the computation
complexity and system overhead.

The use of an out-of-band signaling path apart from data
paths enables flexibility in developing new services for wireless
overlay networks. In the article “Novel Out-of-Band Signal-
ing for Seamless Interworking between Heterogeneous
Networks,” Inoue presents an out-of-band signaling system
based on the tunneled network model. The system enables
the handover of connections from one radio access network
to another seamlessly.

Inthefinal article, “Flexible Spectrum Use and Better Coex-
istence at the Physical Layer of Future Wireless Systems via
a Multicarrier Platform,” Hijazi et al. propose a new multi-
carrier platform to optimize the efficiency of wireless oper-
ators’ licensed bands and enable flexible sharing of licensed
and unlicensed bands (in different spectral regions). This
research appears able to also support a recent FCC propos-
al that goes beyond suggesting improved spectral efficiency,
and instead suggests innovative spectrum management reg-
ulations.

The guest editors would like to thank the authors of all
the articles submitted to this issue. The initiatives of the
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R&D activities in 4G mobile communications were evident
from the large number of submissions we received. The editors
would also like to acknowledge the contribution of many experts
who participated in the review process for this issue. The
guidance from and discussion with Dr. Michele Zorzi, Edi-
tor-in-Chief of IEEE Wireless Communications, are greatly
appreciated.
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