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 Towards the Next Generation Mobile 

Communications 
 

Davide Grillo, Yong-Hwan Lee, Edward Tiedemann, John Visser, and Bernhard Walke 

 
The range of requirements and challenges characterizing mobile communications include speed of movement 

combined with demand for high bit-rate, coverage combined with economy of deployment, exploitation of 
available spectrum combined with system control, etc. These have been faced through designing systems to 
optimally accommodate particular ranges of the relevant parameters. This has led to a diversity of systems and a 
fruition of mobile services either confined to isolated systems or severely limited by difficulties in migrating from 
one system to another and/or in system interoperation. 

Although the advances in design and transmission techniques for the third generation of mobile systems have 
enabled the achievement of substantial gains in terms of services, quality, capacity, and performance, it continues 
to be true that there is no single system solution that meets all operational requirements in a cost-effective way. At 
the same time, it is becoming increasingly desirable that the consequences of system diversity be no longer 

perceived by the customer base - in other words, that the collection of different systems became a seamless 
communication environment in the users’ perception. Moreover, emerging services are setting always more 
demanding requirements in terms of bit-rate, security, convenience, and personalization of user interaction. 

With this background, a new generation of systems, systems beyond the third generation (B3G), are being 
considered and standardized with the aim of providing the required high data-rates via enhanced/new radio 
interfaces and the seamless communication environment via an open wireless access and core network 
infrastructure architecture. 

Associated with these two main objectives are a number of study and research areas. 
One of these is focusing on techniques to provide wireless broadband access to mobile subscribers, at least in 

the so-called hot zones. There, the vision is to provide Wireless DSL like transmission speed for a very low cost per 
bit transmitted, similar to that of the fixed accesses, e.g., a low flat rate per month. The applications to be served are 
simply the well-known Internet applications including that available in Intranets. First solutions towards this might 
be based on forthcoming standards like IEEE 802.11n (high speed WLAN of 100 Mbps and more), 802.11s (mesh 
for Access Points), the Gigabit initiative in 802, 802.16n (high speed metropolitan up to 500 Mbps) and the 
scalable air interface able to cover the full range of application environments from high speed mobility down to 
slow/no mobility developed in the Wireless World Initiative New Radio project WINNER in Europe. There is a 
considerable amount of interest in time division duplex air interfaces for unpaired spectrum allocations and because 
of the potential to exploit channel reciprocity. Others are working on frequency division duplex air interfaces for 
paired spectrum allocations where there is considerable interest in exploiting asymmetrical frequency allocations, 
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typically to enhance the downlink capacity. OFDM(A), single carrier, and multiple carrier frequency domain 
equalization techniques are being considered. 

Very high data rates require a sufficient bandwidth that typically is available only at high frequency carriers, 
beyond 3 GHz where radio propagation conditions are increasingly unfavorable. It is foreseeable that the radio 
range will substantially decrease with increased data rate making multi-hop communication necessary to keep the 
number of access points (and the investment for these) low. Research in cellular radio networks focuses on fixed 
relay station operating either in store-and-forward or co-operative relaying (diversity) mode whereas mobile relays 
are discussed on an opportunity driven basis to occasionally assist to connect a mobile terminal to reach its access 
point and the fixed network. 

Another study and research area is the applicability of smart array antennas on top of existent and forthcoming 
air interfaces. The challenge is here to estimate in real-time the current channel conditions and to schedule as much 
as possible concurrent sessions at the same time across an air interface, taking the real needs of the applications into 
account: cross layer optimization is the buzzword here, highlighting what is clear to specialists, namely that 
neighbored layers in the protocol stack have efficiently to co-operate to be able to make a maximum use of the 
information available in the respective lower layer for the benefit of the higher one, for improving the capacity and 
performance of the whole radio access system. 

Configurable radio architectures able to easily switch between air interfaces and keeping the session and 
parameters to be used after switching at the chosen air interface is another mainstream research activity. Currently, 
we see hardware defined radios in operation able to alternately support one out of multiple air interfaces or 
frequency bands of the same air interface. Software defined radios are expected to reconfigure their hardware 
components and software based protocol stack to adapt to changing environment conditions.  

Since a number of radio access networks are already deployed, one big challenge is on how to make use of 
multiple air interfaces available concurrently to a mobile terminal, either for vertical handover or for load sharing, 
e.g., to carry the basic layer of a video streaming application in the capacity limited wide area network and to carry 
the enhancement layer of the same service in a local broadband radio network. Seamless vertical handover and 
infrastructure based support to control it in an optimal way is one of the subjects researched currently. 

Processing speed of mobile devices is continuously increasing and complexity of algorithms that must be 
realized to bring very high speed systems into existence keeps (at least) pace with this. The potential for much 
higher performance terminals than known today is visible, however, the cost reduction of the whole access network 
to a degree that reduces the cost per bit transmitted by 2 to three orders of magnitude, compared to today’s cost, 
seem very difficult to reach. 

 
Within the limits of a dedicated issue, this special issue of JCN provides the reader with contributions that are 

representative of the challenges that the next generation mobile communications are experiencing. 

 
This issue is organized in four sections. 
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The first set of contributed papers relates to design decisions and technology choices for the radio access 
segment. This set starts with the contribution “Fixed Relays for Next Generation Wireless Systems - System 
Concept and Performance Evaluation” by Ralf Pabst, Norbert Esseling, and Bernhard H. Walke. The contribution 
introduces an architecture concept based on fixed relay stations acting as wireless bridges for supporting broadband 
services. The architecture proposal is analyzed in terms of traffic handling capability both when used as an overlay 
to cellular radio systems and when used to provide wide-area coverage. The following contribution “An OFDMA-
based Next-Generation Wireless Downlink System Design with Hybrid Multiple Access and Frequency Grouping 
Techniques” by Won-Ick Lee, Byeong Gi Lee, Kwang Bok Lee, and Saewoong Bahk discusses the design of a 
B3G downlink based on orthogonal frequency division multiple access (OFDMA) employing hybrid multiple 
access (HMA) and frequency group (FG) techniques. The combination of these techniques not only enables to 

optimally accommodate current user operation space - as expressed by mobility, service, and environment - but 
also combats the feedback overhead of OFDMA systems and the inter-cell interference. In “An Adaptive Power 
Saving Mechanism in IEEE 802.11 Wireless IP Networks” by Sangheon Pack and Yanghee Choi the static wake-
up mechanism defined in IEEE 802.11 for alerting a dormant mobile host about incoming data packets (and thus 
resuming adequate power supply) is made adaptively dependent on previous session activity at the IP layer. The 
benefits of the proposed scheme are analyzed through simulation and contrasted with both the performance of the 
static wake-up and the ideal wake-up mechanism. The last contribution in the set, “An Investigation of Satellite 
Radio Access Technology for Beyond IMT-2000 Systems” by Kunseok Kang, Sunheui Ryoo, Byoung-Gi Kim, 
Sooyoung Kim and Do Seob Ahn considers the role of satellites in B3G systems as basically providing fill-in 
coverage to terrestrial infrastructure for services and applications supported by the latter. The LEO (Low Earth 
Orbit) satellites considered so far for flanking the terrestrial infrastructure pose problems to B3G systems that may 
be overcome by GEO (Geostationary Earth Orbit) satellites, however characterized by longer round trip delay. The 
contribution proposes solutions such as delay compensation algorithm and new radio access technologies including 
adaptive coding with H-ARQ (Hybrid Automated Repeat ReQuest) and STTD (Space-Time Transmit Diversity) as 
a means of providing good performance for GEO-based systems. 

Two papers comprise the second set on coding and transmission techniques. The contribution “MUVIS: Multi-
source Video Streaming for Video-on-Demand over IEE802.11 WLAN” by Danjue Li, Chen-Nee Chuah, Gene 
Cheung, and S. J. Ben Yoo proposes a multi-source video streaming (MUVIS) system to support high quality video 
streaming service over IEEE 802.11-based wireless networks. The contributed framework is based on a proxy-
driven approach, where the proxy is located within the Access Point of an IEEE 802.11 wireless LAN. A distortion 
minimized smart caching in the proxy is proposed. The other contribution, “Transmission Techniques for 
Downlink Multi-Antenna MC-CDMA Systems in a Beyond-3G Context” by F. Portier, I. Raos, A. Silva, J-Y. 
Baudais, J-F. Hélard, A. Gameiro, and S. Zazo proposes an adaptive use of multiple antenna transmission 
algorithms. This adaptivity is made dependent on the operating environment, described in terms of channel state 
information and mobile terminal mobility, in a multi-carrier code division multiple access (MC-CDMA) system. 
The use of the algorithms (prefiltering for indoor and pedestrian microcell environments, beamforming for 
suburban macrocells including high-speed trains, and space-time coding for urban conditions with moderate to high 
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speeds) involves (reasonable) complexity at the mobile terminal which is compensated by the flexibility in the 
number of antennas to be provided at the mobile terminal.  

Four papers address the subject of mobility management in the third set. The first, “Mobility Management 
Requirements and Framework for Systems Beyond IMT-2000” by Hee Young Jung and Seok Joo Koh, provides an 
essential perspective on the requirements and framework for seamless mobility management in systems beyond 
IMT-2000 (3G) and a review of some currently available candidates for meeting these requirements. This is 
followed by Taehyoun Kim’s paper “Mobility and QoS Support in 4G Wireless Networks” which presents and 
analyzes two methods for the support of mobility and Quality of Service in fourth generation wireless networks, 
based on IPv6. Both methods are based on Hierarchical Mobile IPv6, and foresee the presence of a Mobility 
Anchor Point. The schemes mainly aim at reducing the signaling load not only along the whole path, but also on 
the wireless local network. Tony Janevski’s paper “AAA System for PLMN-WLAN Internetworking” looks at the 
integration of mobile cellular networks and WLANs for high speed Internet access with a focus on achieving 
interoperability of Authentication, Authorization and Accounting (AAA) mechanisms. The fourth paper in this area, 
“Seamless and Secure Mobility Management with Location Aware Service (LAS) Broker for Future Mobile 
Interworking Networks”, by Minsoo Lee, Gwanyeon Kim, and Sehyun Park, presents a novel approach to derive 
security associations based on location information. Accordingly, new entities, as the Location Aware Service 
Broker, are introduced and put in relation to the overall architecture of a future integrated Vertical Handover 
scenario comprising wireless local area networks, wireless metropolitan area networks and third generation 
wireless networks. 

Finally the last paper in this issue is an example of experimental activity. The contribution “Usability and 
Evaluation of a Deployed 4G Network Prototype” by Antonio Cuevas Casado, Pablo Serrano, Jose I. Moreno, 
Carlos J. Bernardos, Jürgen Jähnert, Rui L. Aguiar, and Victor Marques presents a field evaluation of an IP-based 
architecture for heterogeneous environments. The experimental activity exercises Mobile IPv6, Fast Handovers, 
AAA-control (Authentication, Authorization, Accounting), Charging and Quality of Service (QoS) in an integrated 
framework and relates to TD-CDMA (Time Division-Code Division Multiple Access) wireless access technology, 
wireless and wired LANs.  

In offering this issue to the readers, the Guest Editors would like to thank the authors for their interest in JCN 
initiatives and for their enthusiasm in making this issue possible. They would also gratefully acknowledge the 
numerous reviewers for their time and cooperation in enhancing the quality of the contributions. Finally, special 
thanks to JCN management and publication office for their continued support and encouragement in this endeavor. 
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