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ABSTRACT 

I n  this paper we present our vision of the Software 
Radio (SR) concept. To the author's knowledge this 
vision of an Intelligent Re-configurable Network 
encompasses and adds to the main SR concepts 
presented to date, namely SWSDR, Re-configurable 
radio systems and networks, and Cognitive radio. The 
newly proposed architecture and supporting technology 
provides a flexible way to introduce re-configurability 
into any network node and protocol layer of a network 
fixed or mobile, while simultaneously providing a 
structured framework in which re-configurability can be 
introduced and hence networks can evolve. This concept 
has provided a solid foundation and plays a central role 
in  providing a suitable context in which to examine re- 
configurabilty issues in the Mobile Terminal and Base 
Station. We believe that this concept has the potential 
to help the telecommunications industry in facilitating; 
the introduction, development and harmonization of 
reconfigurability within existing and future fixed and 
mobile networks. 

1. Introduction 

Our vision of the Software Radio (SR) is of an intelligent 
re-configurable mobile terminal and serving mobile 
network. It extends on the idea of Mitola's SR concept 
[ 1-51. in that is considers low implementation complexity 
re-configurability the salient issue and not just defining 
radio functionality in software. It also differs from this 
definition by embracing the idea of re-configurability not 
only i n  the mobile terminal but also in the serving mobile 
network, as in the work on Re-configurable radio systems 
and networks [6-81. Our work then further extends on 
this idea by considering the necessary technology to 
support intelligent reconfiguration, through the use of 
model-based automated reasoning and a Network 
Reconfiguration Language (NRL), addressing similar 
problems as the cognitive radio concept [9-IO]. However, 
our work is not just restricted to the terminal but applied 
to the serving mobile network as well. In this paper we 

start with a generic definition of intelligent re- 
configurable networks, and apply the essential principles 
of this to 2"d and 3rd generation mobile radio networks. 
This allows us to build a definition of a generalized re- 
configurable mobile architecture and identify the 
essential technology it requires to support re- 
configuration. This definition is playing a central role in 
our research investigations into re-configurability in 
existing and future networks carried out in the EC 
Framework V CAST project [ I  11. 

We believe, that the essential principles that have been 
used to build the newly proposed architecture provide a 
way to introduce re-configurability into any network 
node and protocol layer of a fixed or mobile network. 
This provides flexibility but at the same time a structured 
framework in which re-configurable networks can 
evolve. Hence it could potentially be useful to the 
telecommunication industry in facilitating; the 
introduction, development and harmonization of re- 
configerability within existing and future fixed and 
mobile networks. In this paper we focus on its 
application to mobile networks, as we are concentrating 
on case studies based on GSM 1800 and UMTS UTRA. 

2. Intelligent Re-configurable Network 

The essential elements of a re-configurable network are 
illustrated in figure 1.0. This diagram shows that we 
have a re-configurable network that consists of re- 
configurable hardware and software modules. To re- 
configure any part of the network it is necessary for the 
network to have some intelligence and re-configuration 
control. The intelligence is used to decide what part or 
parts of the network should be re-configured, based on 
relevant information supplied to it, it then gets the re- 
configuration controller to implement these decisions on 
the appropriate hardware andor software modules. It is 
important to note that in our definition that the concept 
of re-configurability is applicable to all varieties of 
networks, fixed or mobile. In this paper we are 
considering mobile networks, and more specifically using 
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case studies of GSM 1800 and UMTS UTRAN as tlie 
foundation for intelligent re-configurability. The most 
essential infonnation for this generic definition is 
presented here, and further details can be found i n  

reference [ 121. 

3. Mobile Network Architecture 

We define the Mobile Network to consist of two basic 
elements the: 

Mobile User Terminal and 
Serving Mobile network. 

What we mean by Mobile Radio User Terminal is very 
clear, but the Serving Mobile Network needs further 
clarification. The Serving Mobile Network is defined as 
the network elements that facilitate mobile radio 
communication. 

The scope of the network architecture examined and the 
level of detail to which it would be necessary to 
investigate is illustrated in figure 2.0, labeled Re- 
configurable Mobile Network Architecture. The mobile 
network architecture is of course common to both GSM 
1800 and UMTS UTRA even though the air-interfaces 
are completely different. 

Although we are examining re-configurability issues and 
enabling technologies in the handset and the base station, 
it is necessary to study the hardware and protocol 
functionality all the way up-to the mobile network 
elements. Applying the definitions of Serving mobile 
network, here the serving network elements consist of 
Base Transceiver Stations (BTS). Base Station 
Controllers (BSC), and Mobile Switching Center (MSC), 
as these are the network elements that facilitate mobile 
communication. 

As our approach, in this research, is to examine 
intelligent re-configurability issues in the whole Mobile 
Network in  relation to Terminal and Base Station, it is 
necessary to examine the Software (protocols) and 
hardware functional building blocks for all Network 
nodes and Protocol layers. Here the network nodes are 
the MS, BTS, BSC and MSC, as illustrated in Figure 2.0. 

The purpose is to from a functional point of view to 
identify generic hardware and softwareiprotocol 
platfonns and potential areas for re-configurable 
softwareiprotocol and hardware. 

4. Intelligent Re-configurable Mobile 
Network Architecture (IRMNA) 

We will now present our visioii of an Intelligent Re- 
configurable Mobile Network Architecture. Figure 2.0 
displays the essential components of an IRMNA. These 
are: 

Global and Local Intelligent Re-configurable 

A Re-configurable Mobile Network 
A Network Re-configuration Language (NR 

Controllers 

language) 
A software down load mechanism 

To Re-configure a network intelligently, it is necessary 
for the terminal and network to be aware of the: 

End user Environment (application profiles 

Radio Environment, 
etc) 

Network Environment (i.e. the current state of 
the different hardware and software 
components of the nodes and protocol layers of 
the network). 

It is obvious that it will be necessary for the network to 
have quiet a sophisticated information gathering engine, 
and processing capability, in order to make intelligent 
decisions about re-configuration. Our definition of the 
SR concept reflects this fundamental understanding. 

We will now explain tlie function of the basic network 
elements to gain an overall understanding of how the 
systems works. 

4.1 Global Intelligent Re-configurable Controller 
(GIRC) 

The GIRC consists of a Network Manager, Intelligence, 
a Database, and a Re-configuation Controller. GIRC 
along with the Local Intelligent Reconfigurable 
Controllers (to be discussed later), are considered the 
heart of the Intelligent Re-configerable Technology. I t  
gathers the following information: 

from the reconfigurable mobile network, 
regarding the state of different hardware and 
software components in the different nodes and 
protocol layers; 
the end user applications, regarding the user 
profiles and environment; 
the radio environment, via the Network Manager. 
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This is stored in the database, were it may be further 
processed and filtered. The intelligence, working in 
conjunction with the database, then makes a decision or 
decisions on what needs to be re-configured. A model- 
based automated approach will be used to implement the 
intelligence. We are considering the CODA technology 
[ 131 to implement the intelligence, but in principle any 
intelligence technology that is appropriate can be 
deployed. 

The re-configuration decisions are then passed to the 
network manager who then passes this information to the 
Re-configurable Controller who’s function it is to ensure 
that the re-configuration decision is implement, and if 
there is any problems to inform the Network Manager. 
The Re-Configurable Controller then passes the re- 
configuration decision to the Local Intelligent 
Reconfiguration Controller, in the appropriate network 
node and protocol layer, were a the request for re- 
configuration will be implemented on the relevant re- 
configurable hardware and/or software. If it does not 
agree with the request it will inform the Global 
Reconfiguration Controller. There are two types of re- 
configuration Globally Instigated and Locally Instigated. 
This is an example of a globally instigated re- 
configuration. In a locally instigated Re-configuration 
the local Intelligent Reconfiguration Controller will 
identify the need for re-configuration in its particular 
node and protocol layer, and may execute this re- 
configuration immediately if it is appropriate to make the 
decision locally (hence the distributed nature of network 
management and intelligence), or inform the Global 
Intelligence Re-configurable Controller for permission. 

In general all information gathered form the Re- 
configurable mobile network is passed to the Network 
manager who then passes it to the Database or 
Intelligence as necessary. Also all global instigated 
requests for re-configuration are passed from the 
Intelligence to the Network Manager who then passes it 
to the Re-configuration Controller, and like wise locally 
instigated requests for Re-configuration are passed from 
the Re-configurable Controller to the Network Manager 
who then passes it to the Intelligence. So we can see that 
all relevant information to re-configuration from the 
mobile network and all requests for re-configuration go 
through the Network Manager, to ensure co-ordination 
and synchronization of re-configuration activities. The 
only time that the Network Manager is by-passed is if 
there is an emergency re-configeration, in this case the 
Intelligence directly informs the Re-configuration 
Controller to save time. 

As we can see, the intelligence will be distributed 
between global and local, understanding how this will be 
apportioned is currently part of our research effort. Also, 
we are investigating how the Global Intelligent 
Reconfigurable Controller Technology will be 
incorporated into existing 2G, 3G, and future mobile 
networks. 

Note that an important distinction between Intelligent 
Re-configurable Technology and Re-confignrable 
Enabling Technology is being made. As we feel that a lot 
of research effort is being made into Re-configurable 
Enabling Technology but very little into Intelligent Re- 
configurable Technology. It is important to appreciate 
that without the latter the former will not work. Hence 
one of the main goals of this project is to contribute to 
the development of the Intelligent Re-configurable 
Technology with respect to re-configurability issues in 
the handset and basestation. This project is also 
developing a re-configurable Terminal and basesation 
demonstrator, which contributes to Re-configurable 
Enabling Technology, but the primary purpose of the 
demonstrator, is to test out the Intelligent Re- 
configurable Technology concepts. 

The Re-configurable Mobile Network, therefore, consists 
of the re-configurable network nodes; Mobile Terminal, 
Base Station, Base Station Controller and Mobile 
Switching Center, and the different protocol layers 
associated with these nodes. The interconnection of these 
nodes resembles the architecture of GSMl800 and 
UMTS UTRA because our research is based on case 
studies of these networks, even though they have 
completely different air-interfaces UMTS UTRA has 
been developed in such a way as to take advantage of 
existing GSM supporting network infrastructure. 

4.2 General structure of an Intelligent Re- 
configerable Layer (IFU) within a Node 

This is illustrated in figure 2.0, and this structure is 
applicable to any layer. This figure shows that an IRL 
consists of a Local Intelligent Re-configuration 
Controller (LIRC), Fixed Hardware and Software 
platform (or platforms), and Re-configurable Hardware 
and Software Platform (or platforms). The LIRC has a 
similar intemal architecture a functioning as the global 
one but is scaled down, as it only has to manage re- 
configuration within its protocol layer and node. As 
explained in the previous section it works in co-operation 
with the GIRC to facilitate re-configuration within its 
protocol layer and node and can also make local 
independent intelligent decisions in appropriate 
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circumstances. The LIRC basically co-ordinates the re- 
configuration of the hardware and software components 
within the protocol layer and node. This is achieved by 
communicating with different re-configurable 
components to find out about their current state, using a 
Network Re-configuration Language (NRL). It is 
necessary to develop a NRL so that the re-configurable 
modules within a node and protocol layer can report 
necessary information about their state to the LIRC when 
required, the LIRC can make requests to re-configure, 
the LIRC can instruct software and hardware modules to 
re-configure, and the LIRC can communicate with the 
GIRC when necessary Object Oriented programming 
techniques will be used to ensure that user-friendly 
message interfaces can be built, and manufacturing 
implementation detail can be hidden. Allowing different 
manufactures to build the same re-configurable hardware 
or software modules. Re-configuration of these modules 
will be achieved by software downloading. 

Software down loading is used to re-configure software 
and hardware module personalities within the mobile 
network, patch-up bugs, and up-grade software when 
new release come out. 

5.0 Conclusions 

The main aim of the this paper was to clearly define our 
vision and understanding of the Software Radio concept, 
so as to have a suitable context in which to examine re- 
configerability issues in the Mobile Terminal and Base 
Station and their associated intelligent re-configurable 
technologies and enabling technologies. 

In doing so we have made a decisive move away for 
emphasizing software radio and prefer to focus on 
intelligent re-configurability. We have embraced the idea 
of re-configurability in the whole mobile network, as 
opposed to just in the terminal, but added to this by 
identifying and defining the essential elements that 
facilitate intelligent decision making to support re- 
configuration across all the network nodes and protocol 
layers for the networks under examination. 

The proposed architecture is a flexible re-configurable 
mobile network that employs distributed (global and 
local) intelligence / network management and the 
essential technology to facilitate its re-configuration. 

This is based on the generic definition of an intelligent 
re-configurable network presented in section 2.0. Note 
that this vision of an intelligent re-configurable network 
encompasses the main Software Radio concepts 
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presented in section 1 .O. We believe that the fundamental 
definition can also be applied not only to any mobile 
network but also to any fixed network. 

The newly proposed architecture and supporting 
technology provides a flexible way to introduce re- 
configurability into any network node and protocol layer 
of a network. At the same time it provides a structured 
framework in which re-configurable networks can 
evolve. Therefore we believe it has the potential to help 
in facilitating; the introduction, development and 
harmonization of reconfigurability within the existing 
and the future fixed and mobile networks. We are 
currently refining this initial concept within the CAST 
project, the results of which will be presented in due 
course. 
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Figure 1.0: Essential elements of re-configurable network. 

Figure 2.0: Essential components of an intelligent reconfigurable 
mobile network architecture 
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