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0. EXECUTIVE SUMMARY 
This report has been prepared for Ofcom as part of a study into Software Defined Radio 

(SDR). The study evaluates the impact of this technology on the spectral efficiency of future 

communication systems.  

0.1 PROJECT SCOPE 

The primary requirement was to investigate the potential gains in spectrum efficiency that 

SDR technology may offer. These gains may come at the cost of technological complexity or 

regulatory implications. Based on a comprehensive literature survey, the study highlights the 

main application areas for SDR Technology. This includes:  

• equipment sharing for and between different Radio Access Technologies (RATs),  

• enabling of Spectrum trading and Spectrum borrowing through SDR Technology,  

• separation of the classical combination of Service, RAT and Frequency Band, to 

enable service use and provision across different air interface technologies and 

frequency bands.  

Implementation of each application area raises demands towards regulation; these include 

matters of equipment use and circulation as well as spectrum use and access. Identification of 

these regulatory limitations and impacts as well as of approaches to solve some of these 

limitations are part of this work. A set of recommendations of how limitations and restrictions 

may be overcome has been developed and is documented in this report.  

0.2 TECHNOLOGY STATE OF THE ART 

SDR Technology has been on the research agenda for more than 20 years. During this period 

both the original intended use, as well as the associated implications, have changed. The basic 

idea of SDR Technology is to allow the functionality of communication devices to be similar 

to that of personal computers. Such SDR based device architecture will allow the 

programming of different communication modes and RATs on one device platform. When 

strictly following this principle, SDR Technology mainly reduces the number of 

communication platforms required but it does not introduce new system functionality. Hence 

it can be seen as an enabler rather than as complete system technology. 

If SDR technology is properly applied, it will facilitate this single platform design, and will 

also provide a path towards the realisation of concepts such as reconfigurability, run-time 

reconfiguration, and eventually self-governed learning (cognitive) radio. These technologies 

can be very useful in enabling new application areas such as dynamic handling of spectrum 

and radio resources. There are many R&D programmes and initiatives investigating 
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possibilities for SDR system architectures and supporting technologies. Supporting 

technologies include antennas, performance of chip sets, battery technologies and RF-

digitization. Most R&D programmes tackle either individual technologies, combinations of 

several supporting technologies or the platform architecture.  

In the military domain research efforts include SPEAKeasy, the US Joint Tactical Radio 

System (JTRS) programme, the DARPA neXt Generation (XG) programme or the Finish 

Software Radio Programme. SDR research in the commercial domain ranges from 

international initiatives (e.g. European 5th and 6th framework research projects) to national 

programmes (e.g. Réseau National de Recherche en Télécommunications) and commercial 

products. The report documents the approaches investigated within the most significant 

projects researching Software Defined Radio, this aims to help understanding the capabilities 

and possibilities of SDR Technology.  

0.3 APPLICATION AREAS 

The single platform concept and run-time bug fixes are the classical applications for SDR 

Technology. Both of them have been repeatedly investigated and the relevant advantages are 

well documented. Ofcom however sees the potential impact of SDR Technology in the area of 

increased spectrum utilisation efficiency.  

This study has investigated application scenarios where SDR Technology is expected to help 

increasing spectral efficiency. SDR Technology will enable the dynamic reconfiguration of 

radio equipment (both base stations as well as user devices). Currently, Services are bound to 

a Radio Access Technology (RAT), which is bound to a spectrum band. The flexibility SDR 

Technology offers will make the split of this Service-RAT-Band triple possible and will 

enable dynamic allocation of Service/RAT/Band combinations possible. This in turn 

facilitates load based Dynamic Spectrum Allocation (DSA). Simulations have shown that 

the shared use of spectrum can deliver utilisation efficiency gains in the range of 38% to 52% 

for schemes without and with spectrum borrowing, respectively. Band sharing is based on two 

different RATs with identical bandwidth requirements (i.e. UTRAN and DVB-T, each using a 

5MHz channel bandwidth). The requirements for DVB-T channels assume more efficient 

coding mechanisms than considered in the current DVB-T standards. Spectrum borrowing is 

based on the short term usage of public spectrum.  

The duration of channel borrowing depends on the allocation period used in the DSA system - 

for the documented investigations an interval of 30 minutes was chosen. The simulation 

results obtained are indicative and are based on a limited DSA area; borrowing is restricted to 

one 5MHz channel in a public band. 
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0.4 SOFTWARE DEFINED RADIO AND REGULATION 

SDR based equipment may be configured to practically any setting and may potentially 

implement any radio interface (a RAT standard or even a rogue scheme). The 

reconfigurability capability opens way for any type of intended as well as unintended 

(incorrect) system implementation. In particular SDR Technology based terminals can be 

easily circulated and may be put into use in administrative areas where regulation or law 

prohibits the use of a reconfiguration capability. There also will be the problem of how to 

prevent unintentional and intentional configurations causing interfering emissions and the 

unintentional incrimination of users arises.  

SDR Technology based reconfigurable equipment allows the dynamic change of network and 

node functionalities. This means that, in principle, any (reconfigurable) terminal may be 

configured to act as a base station or as a terminal. An implication of this is that one ‘actor’ 

may assume different ‘roles’; a subscriber could assume the ‘role’ of provider if the regulation 

regime allows spectrum sharing or retail. Independent of the application scenario, 

reconfiguration always includes the exchange of operational software. Such software may be 

obtained from authorised sources, but also from unsolicited ‘garage-factories’.  

A scheme, based on the E2R responsibility chain concept1 extends the R&TTE directive with 

the aim to allow the run-time certification of SDR equipment, by assigning the responsibility 

for a new radio configuration to the declarer of ‘intended use’ and ‘conformity’. With 

appropriate safeguards in place, this scheme could be used to run-time certify SDR equipment 

even if reconfigured with unsolicited software. Such safeguards include hardware restrictions 

in the terminal that allow only the installation and execution of codes (configuration software) 

with digital watermarks or other agreed certificates. While a global solution needs to be 

found, the scheme described is only applicable in countries following/implementing the 

R&TTE Directive. This includes most of the European countries; however, countries in 

regions 2 and 3 do have other certification (or type approval) mechanisms in place and the 

scheme may not be mapped directly. 

0.5 ROADMAP 

It is not easy to identify an exact time-frame for the roll-out of SDR technology since there 

are many complimenting technologies which have their own, uncertain, roadmaps (e.g. the 

use of Dynamic Spectrum Allocation technology may be instrumental in defining how 

                                                      
1 The E2R Responsibility Chain concept defines a framework to govern, monitor and enforce reconfiguration rules 

with the aim to ensure that only authorised radio configurations can be deployed 
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Software Defined Radio technology should be implemented). On the other hand adoption of 

SDR technology will undoubtedly depend on the economic and service benefits it would offer 

to the equipment manufacturers, operators and/or end-users. Manufacturers have already 

deployed mobile phones capable of “over-the-air” manufacturers are already capable of 

sending software up-grades to mobile phones (which saves costs in terms of not having to 

recall phones when patches are found to be necessary to the, factory installed, software) and 

arguably this is already the beginning of SDR technology usage.  

The roadmap for SDR might thus be seen to be dependent on a number of issues such as; 

• SDR deployment scenario(s) – including usage of Dynamic Spectrum Allocation, 

Opportunity Driven Multiple Access (ODMA). 

• SDR technology itself (e.g. Management, Reconfiguration of all Communications 

“blocks”, i.e. baseband, converters and RF blocks including improved antenna 

technologies and multiple access systems). 

• Testing and Certification Procedures (an area that needs thorough addressing since 

the nature of Type Approval itself may change – SDR terminals for example may 

have the capability to upgrade themselves for operation on future systems for which 

they could not have been Type Approved, but would still need to be tested to ensure 

correct operation on this, new, system). Manufacturers are likely to have to re-certify 

such upgradeable terminals, or regulation needs to be put in place that ensures 

upgrades for which Type Approval has not yet been obtained are barred from taking 

place. 

• Reconfiguration Methods and Procedures: Convergence of Networks, Multi-standard 

terminals, increased network and terminal intelligence. 

• Security Features: To prevent ID stealing, virus transmission, unwanted 

reconfiguration and in general, both to prevent non-malicious or malicious attacks. 

• Government Regulation - Ability for authorities to regulate the spectrum itself 

• Economic Factors – SDR Technology needs to be affordable and its deployment cost 

effective. 

On the terminal side, the Radio Interfaces are set to become faster and more flexible and in 

line with this, networks need to be more intelligent and adaptable in a complimentary fashion. 

The reliance on wireless resource and the capacity it can sustain is likely to increase in the 

future, particularly as the wireless world moves through 3G towards 4G and possibly beyond. 

Despite the development of highly efficient air interfaces this demand for increased user bit 

rate (which is directly linked to the increased user Service capability) is likely to outstrip any 

capacity gains associated with these new air interfaces. Use of SDR Technology together with 

Spectrum Sharing will allow new more dynamic ways of allocating spectrum and radio 
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resources, even for the short term. This capability can alleviate the spectrum scarcity scenario. 

As current regulation restricts the use of reconfigurable technology, the development progress 

and deployment of SDR Technology in the commercial domain is cost sensitive and 

influenced by the regulatory perspectives for commercial manufacturers and operators. To 

narrow the gap between military and commercial deployment of SDR Technology, the 

aforementioned issues (bullet points) need to be considered. The figure below illustrates how 

suitable regulation may influence the deployment timescales of software defined radios. A 

comprehensive overview of the roadmap can be found in section 5.  
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1 INTRODUCTION 

The idea of implementing radio functions in software rather than hardware had already been 

established when, in 1991, Joseph Mitola coined the term ‘Software Radio’ [1]. SDR 

Technology was originally conceived as a means to facilitate better communications between 

the different forces of the US military. SDR was seen as a technology that could facilitate the 

interworking of all different radios and radio systems used within the forces. The aim was to 

eventually reduce the number of different radio systems used by the different military 

services. 

However, implementation of such software radio is not possible with current processor 

technology and it will even be unnecessary for many applications. In some cases the 

possibility to connect to only a small number of different air interfaces might suffice, while in 

other cases only higher layer functionality needs reconfiguration with the radio configuration 

remaining unaltered. Until processors reach sufficient capabilities and processing power to 

fully implement all functions within a radio in software, compromises and customised 

solutions for terminals able to connect via multiple modes will have to be made. In the 

military domain, the main aim of SDR Technology was to reduce the number of different 

radio systems and to increase interworking between the different systems. In contrast, in the 

commercial domain SDR Technology can help to increase service offerings through temporal 

allocation of extra frequency bands.  

1.1 PURPOSE OF THIS DOCUMENT 

The purpose of this document is to, first, highlight the state of the art in the research and 

development of SDR technology; second to show how SDR technology can be used to make 

the most of the spectrum liberalisation approaches and how it can help to increase spectral 

efficiency. A third aim of this document is to report on some of the most challenging issues 

associated with the usage of SDR Technology. Finally, the fourth aim is to draw a roadmap of 

how SDR Technology and the associated regulation should evolve to actually reach the aim of 

increasing spectral efficiency.  

1.2 SDR TECHNOLOGY  

SDR technology should be seen as an enabler rather than a system technology, if properly 

applied, it will facilitate reconfigurability and run-time reconfiguration, and eventually 

cognitive radio. The first section of this document delivers a general overview on R&D 
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programmes and initiatives that investigate SDR technology. It also provides an overview of 

companies that already market SDR based products (mainly SDR base stations). The section 

also provides an overview of the state of work ongoing within the three radio regions.  

1.3 SPECTRUM ON DEMAND 

Much of the research focus into SDR technology has shifted towards finding attractive 

application areas. In the US and in Asia the SDR research focus remains on the development 

of powerful SDR platforms. This also includes reduction of power requirements and 

development of platforms capable of digitising and computing IF (and in future RF) signals. 

Efforts in Europe concentrate mainly on the development of hybrid radio architectures and on 

the mechanisms necessary to smoothly reconfigure radios. The idea of using SDR 

Technology as a facilitator for a ‘seamless experience’, based on services flexibility (i.e. 

service provision via different underlying technologies) is the driver for the European E2R 

initiative. Cognitive radio and therein the dynamic and flexible allocation of radio resources is 

the other main application area currently researched. Section 3 describes a simulation based 

approach to quantify possible gains in spectrum efficiency that may be achieved through the 

use of SDR technology.  

1.4 SDR TECHNOLOGY AND REGULATORY ASPECTS AND CHALLENGES 

Flexible combinations of software and hardware are typically needed to implement the 

transmission characteristic of a radio. Within the old regulatory scheme, the time to certify 

such a terminal would have been intolerably long. Introduction of the R&TTE directive, 

allowing manufacturers to self-certify radio wave emitting equipment eased the situation. 

However, with the potential to install an unlimited number of possible software 

configurations on one programmable SDR platform, the current ways of regulating and 

certifying equipment are not sufficient. Technical solutions are required to overcome this 

problem. These technical solutions have to include mechanisms to determine, dependent on 

the scenario, the combination configuration (i.e. HW/SW combination) that may be 

implemented on a reconfigurable SDR platform.  

The report describes the main problems and summarises a model solution developed to 

capture and assign reconfiguration related responsibilities. In section 4, it also discusses an 

approach, based on the R&TTE, which potentially may allow reconfigurable equipment to be 

certified, during run-time, and still fulfilling all requirements set out in the R&TTE.  

One of the main targets of this project was to identify and describe the regulatory obstacles in 

terms of equipment circulation, certification, update control etc. Hence, a roadmap that 
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outlines which regulatory aspects need to be tackled and which technological solutions are 

required to allow the use of SDR technology and to reap the gains it can provide has been 

defined (see section 5).  

Section 5 draws conclusions on the findings of the report and lists a number of 

recommendations about how regulation can support and accelerate the deployment of SDR 

Technology based communication devices and systems.  
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2 SDR TECHNOLOGY 

2.1 BACKGROUND: SDR REQUIREMENTS AND CHALLENGES 

The shift away from hard-wired communication terminals towards software defined and 

configured communication devices will introduce new ways for existing and future 

technologies to bind terminals and networks in entirely different business models.  The 

reconfigurable nodes (terminals or base stations) will have the possibility to download any 

type of software from any possible type of software source, this includes not only the 

databases of manufacturers and network providers, but it enables also third party software 

(configuration, application and services) provision and downloads.  Manufacturers already 

provide wireless communication equipment that allows subscribers to download new 

applications such as interactive games, banking and ticketing applications, wireless 

collaboration etc.  However, such customisability will not remain limited to the application 

layer only, but will stretch to the lower layer and radio implementations of communication 

devices. In addition, it will extend to telemetric services such as automotive management and 

control where engines may obtain control software updates, washing machines may 

dynamically download new washing programs, electronic toys may install updated programs, 

etc.  Customised and personalised applications require many more dynamic features for 

application development platforms than those which are currently available in small consumer 

devices.  The capabilities of a widely used, extensible programming environment such as the 

Java™ platform or the implementation of comparable virtual machines, which will simplify 

the development of highly flexible and reconfigurable applications, services and finally 

configurable communication platforms. 

This part of the document intends to give the reader an overview of the various potential 

approaches and technologies enabling Software Radio at the system level. It focuses on 

present methodologies, technologies and results of former research projects regarding SDR, 

requirements, business models and architecture issues. It also presents already existing 

technologies as well as emerging ones.  

2.2 EVOLUTION OF COMMUNICATION SYSTEMS 

New algorithms and new technologies have greatly increased the efficiency of wireless 

communication systems. System evolution, by definition, involves all aspects of a system, 

from the air interface and access method, using the different wireless technologies, to the 
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networks that provide different communication services.  Evolution, for a communication 

system, usually has the main aim of increased throughput, reduced delays and increased 

overall quality and reliability of the services provided. 

2.2.1 Air interface 

The technologies of 2G cellular systems has been based, in the main, on relatively narrow 

band TDMA&CDMA access techniques, working in a circuit switched communication mode, 

initially targeting and providing voice services (with a maximum data rate of 64kbps). 

Modifications to these 2G systems have provided enhanced capabilities under certain 

conditions. These enhancements constitute what has been termed 2.5G systems. They can 

provide users with a theoretical, maximum, data rate of 144kbps (e.g. GPRS) at the expense 

of, for example, reduced total system capacity (i.e. less users in a cell). The next generation, 

so called 3G Systems, based on the IMT2000 family of standards, has, as an option, the use of 

Wideband CDMA (WCDMA) – referred to as UMTS, which itself can be used in two modes 

(FDD and TDD). 3G can provide for a mixture of circuit and packet modes. In the data mode 

(and assuming ideal conditions) a maximum of 2Mbps data throughput may be achieved 

(when considering the UMTS standards of the IMT2000 family of standards). The outlook for 

the next “generation” points to the gigabit air interface ([2], [3]).  

2.2.2 Wireless Technologies 

The roadmap for wireless technologies depends on a number of aspects and the actual 

evolution may be based on the desire for increased availability, usability and reliability of 

services. This requires some degree of interworking between the different technologies of the 

radio but, in addition, also impacts the networking and system layers. Looking at the 

availability of radio access networks, in densely populated areas, the radio environment tends 

to be rather diverse, i.e. many, separate, wireless technologies are available. Using a more 

flexible approach, based on the enhancements that reconfigurable SDR technology has to 

offer, the services of one wireless technology or system may be achieved using resources 

from another. There are many different approaches of how flexible interworking may be 

achieved, some are based on network integration and coupling, while others assume more 

reconfigurable terminal technology capable of interacting and providing services via any 

available network.  

The classical delivery mechanisms for services may not always be the most efficient (e.g. 

DVB broadcast for only a few active users would be less resource efficient than using UMTS 

Multicast or even individual point-to-point connections). Coupling of these technologies and 

coordinated or common resource management could be used to increase the overall efficiency 
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of the available resources. While the mere coupling on the network side already faces some 

obstacles, the radios that have to cope with service provision via different air interfaces are 

even more challenged.  

2.3 RECONFIGURABILITY AND CONTROL 

Network nodes in reconfigurable mobile communication networks, in particular 

reconfigurable terminals, have at least to be reconfigurable to a degree which enables them to 

provide a common application execution platform independent of the current configuration of 

underlying layers (i.e. transport, network, data-link and physical layers). This includes the 

need for functional independence between the layers as well as the facility to reconfigure 

layers within individual network nodes/terminals without affecting neighbouring layers. This 

immediately leads to the requirement for encapsulation of the functions within each layer thus 

raising the need for modularisation of protocol and radio functionality. The process of 

reconfiguration does include the need for literally any module within a programmable node to 

be dynamically linked into the overall structure. This also implies that, if modules from 

different sources are to be used in radio configurations, any architecture should follow an 

“open platform paradigm” as proposed by the SDR Forum. Following such a paradigm will 

enable third parties to provide customised configuration software, but will also raise the issue 

of how to control the reconfiguration of nodes (terminals) - different approaches have been 

discussed within the SDR community and are summarised in this report.  

A number of ‘failure-determined’ reconfiguration scenarios would become possible if either 

configuration monitoring or controlling measures were in place.  These scenarios include non-

conformant configurations of source and data sink (network and terminal) as well as a 

possible misconception of standards within one single network node, i.e. protocols with 

different service access points (SAPs) may be placed in the stack but due to the different 

SAPs, they will not be able to communicate (non compliant protocols). Effects caused by 

reconfiguration failure or inaccuracies may range from misinterpretations of arriving packets 

to severe disruptions of traffic and signalling within a data/communications network. 

Therefore, it is important to employ techniques designed to prevent such effects and to avoid 

all types of reconfiguration related failure.  The basic requirement for reconfigurable systems 

is that the conformance of all (reconfigurable and non-reconfigurable) entities within the 

network (terminals, base stations, etc.) has to be ensured at all times and under all 

circumstances. 

Open terminal platforms and software configurability are the crucial technologies required to 

realise reconfigurable mobile communication networks and their nodes, such as software-
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definable radio terminals (soft-radios) and base stations, etc.  Meanwhile, hardware and 

processing capabilities are advancing and wireless terminals are evolving towards all-purpose 

radios that can implement a variety of different standards or protocols through re-

programming.  These terminals will enable and support cross access scheme roaming and 

service delivery via different air interfaces as well as dynamic allocation of the radio 

spectrum these access schemes work with. Early implementations of multi-mode capable 

terminals were based on the “Velcro-approach” in which the operational mode is merely 

switched between two (or more) independent implementations of air interface standards 

within one single terminal. Other, newer, multimode terminals re-use much of their 

functionality and are implemented following a modular approach. More recent developments 

are aiming at truly reconfigurable software architectures for both terminals as well as network 

nodes; where the goal is to provide open programmable hardware platforms and to define any 

implementation of a network node (including the terminal) purely by software. Examples for 

research in this area includes the SRA (Software Radio Architecture) of the SDR Forum 

(Software Definable Radio Forum), aiming to specify reconfigurable open platforms; 

OPtIMA (Open Protocol Programming Interface Model & Architecture) of MVCE for 

reconfigurability of protocol stacks and at the higher layers the MExE (Mobile Application 

Execution Platform being specified by 3GPP and included in the OSA framework), etc. 

The SDR concept shifts the engineering efforts away from hardware designers to the software 

area; eventually this will allow usage and flexible exchange of implementations from many 

different vendors.  SDR technology is expected to allow mixed processor hardware platforms 

to be configurable to any radio standard. This modular approach is in contrast to the concept 

of an ideal Software Radio, which assumes the absence of any analogue technology (i.e. 

through sampling at the antenna) so that the complete radio is implemented in software and 

executed on a single processor platform. A classification of the different levels of radio 

configurability is shown in table 5-1.  

Current processor technology does not allow the implementation of high-bandwidth fully 

reconfigurable SDR systems.  This is mainly due to the lack of suitable A/D converters. In 

addition, decoding within the digital domain, i.e. at sample rates of several Giga Samples per 

second (GSps) is not yet possible due to limitations in processing speed and also power 

limitations of the platforms. All currently available SDR nodes, mainly base stations, as well 

as all architectures currently under investigation are hybrid designs consisting of an analogue 

domain and additional digital execution hardware (and software).  

To be able to deliver configurability across standards, platforms and networks, suitable 

architectures as well as software development kits are required. As described in [1], the 
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design of SDR configurations will be, to a great extent, a software development exercise, 

while the provision of radio execution platforms (configurable /SDR hardware) still requires 

much effort from industry.  

2.4 FROM SPEAKEASY TO SDR FORUM – SDR IN US 

Initiatives aimed towards developing requirements and architectures for SDR equipment have 

blossomed over the last two decades. The software-radio concept itself has been evolving 

from its origins, which lie mainly in the realms of military communications.  Technologies 

such as wideband digital techniques for radio, the support of ADCs and DSP technology etc., 

were pioneered in the 1970s and 1980s.  The origins of SDR technology dates from the early 

1970s when the US Air Force, in order to improve its avionics suits, used the concept of 

integrating functions into common programming modules, allowing the addition of many new 

features and capabilities. In the 1980s manufacturers developed software-defined digital high 

frequency receivers, with adaptive signal processing on programmable DSPs, to 

accommodate different standard air interfaces. In the 1990s such technology had then been 

applied at higher frequencies for other applications, such as defence radios.  However, this 

early ‘SDR Technology’ (of the early 1990s) still lacked the necessary processing 

capabilities.  

The concept of software radio was first published in the early nineties by Joseph Mitola III in 

a paper on radio architectures at the National Telesystems Conference, New York, in May 

1992 [1].  This was followed in May 1995 by a special issue of the IEEE Communication 

magazine describing the architecture, ADC, DSP, systems, smart antennas technology and the 

economy of SDR Technology.  At the same time the US DoD initiated SPEAKeasy as the 

first publicly announced military software radio, then DARPA continued with the 

SPEAKeasy II program, see [4].  The interest was further spurred on by the formation of the 

MMITS Forum in 1996 (later transformed into the SDR Forum) [5]. 

The SDR Forum, created in 1996, is an industrial association aimed at promoting the 

development and the use of SDR for advanced wireless systems for civil, commercial and 

military applications. It has been created with the objective of developing the requirements 

and standard for SDR, to facilitate the adoption of open architectures for wireless systems and 

to pave the way for regulation suitable for software definable equipment.  

2.4.1 SPEAKeasy  

The SPEAKeasy program started with a phase where functions such as programmability, 

flexibility, reconfigurability, and the use of signal processors were illustrated. It showed the 
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capability of being able to communicate with multiple legacy systems simultaneously at 

demonstrations. The demonstrations in 1994 were conducted with over-the-air transmission 

and reception using standard HF, VHF, and UHF antennas covering the 90-200MHz band. 

The successes of the initial phase lead to a continuation in 1995 where the objective was set to 

develop field capable prototypes with full RF capability. The implementation had to include 

commercial off the shelf (COTS) components, the use of non-proprietary buses, open 

architecture, INFOSEC and wideband data waveforms. Lacking additional funding the 

SPEAKeasy program was restructured in 1997 as all the tasks related to the wideband 

capability were eliminated. However, there was sufficient interest to initiate a new 

programme and the Joint Tactical Radio Systems program was established to investigate the 

requirements for scalability, the portability of waveforms, and the development of a common 

software communications architecture (SCA) that would facilitate the simple exchange of 

waveforms. 

2.4.2 SCA – Software Communication Architecture 

The Joint Tactical Radio Systems (JTRS) program is the US-DoD program that initiated and 

controlled the development of the software communication architecture (SCA) to manage the 

hardware and software of digital signal processing platforms. The SCA is a framework set of 

specifications, named Core Framework (CF), which enables software application portability 

between platforms - here platforms means hardware with associated framework. This 

architecture has been adopted by the SDR Forum and promoted for adoption by the OMG 

(Object Management Group) for standardisation. The objective, as stated by the JTRS-

Programme, was to establish the SCA as a widely accepted standard enlarging the number of 

potential adopters and providers and to decrease the equipment purchasing costs for the DoD. 

SCA is a structure connecting the various building blocks of a radio set. SCA has been 

designed to support applications such as waveforms and other network layer protocols. SCA 

comprises a (radio communications) framework and a set of design rules. The architecture is 

based on the CORBA model, indicating that it strictly follows object-oriented principles. The 

whole architecture is component-based and also implements the layered ISO/OSI 

Communications model. As the SCA has its roots in the military domain, there is a distinction 

between the levels of security: a red part, that deals with the information security of the 

transmitted content and a black part dealing with the security of the communication system in 

general.  

While being based on the CORBA model, one significant characteristic of the SCA is the 

presence of Non-CORBA components used to implement Physical, MAC, Security or I/O 

functionality. A non-CORBA component has to provide an adapter that exhibits a SCA-



Evaluation of SDR Technology   2. SDR Technology 

 

 
February 2006  10 

compliant component interface. In the SCA, all control functionality is decentralised: there is 

no central co-ordinator and/or scheduler. Each component schedules the data flows to and 

from its ports on its own.  While limiting the performance of the system, this decentralised 

control is a key design decision, which enforces the openness of the architecture.  

On the assumption that SDRs provide an optimum of reconfigurability, other issues where 

this flexibility can be put to use can be investigated. One of these areas is the more dynamic 

and flexible management of radio resources in order to achieve higher spectrum efficiency 

and also higher communication security (through frequency hopping). To investigate such 

mechanisms, based on cognitive radio principles, DARPA is undertaking a 5 year research 

programme (i.e. the XG programme NeXt Generation communications) [6]) that aims to 

increase spectrum usage by an order of magnitude.  

2.4.3 XG –Next Generation Communication 

Following the JTRS initiative, the XG Communications program has been conceived with the 

aim to develop the technologies and system-level concepts needed for deploying networks of 

spectrum-adaptive, wireless communications systems. The technologies developed aim to be 

applicable to military and commercial systems, and enable a radio to be operated worldwide. 

The programme’s objective is to develop the systems and technologies necessary to enable 

dynamic access to available spectrum resources within constraints provided by machine-

readable policies.  The program leverages the existing technologies in microelectronics, 

Medium Access and Control (MAC) protocols, policy-based behaviour controls, and new 

waveforms to construct an integrated system. 

To develop the rapid, low-power, wideband sensing required by an integrated XG-enabled 

system, the program is investing in advanced sensor/transceiver technologies. The target is to 

construct a frequency-domain sensor for mobile and hand-held applications in the range of 

relevant military bands (30MHz to 3GHz) with sufficient resolution for detection of 

narrowband communication signals. The program also investigates technologies for low-

spurious transmissions to enable wideband operations by combining non-contiguous 

narrowband channels. New waveforms that react and “fill” spectral opportunities in both time 

and frequency are also being pursued. 

Developing the system designs and adaptive algorithms for application to the widest range of 

existing and future MAC concepts is central to the program. The analysis of these concepts is 

being addressed by both theory and simulation. The challenge will be to maximize utilization 

while allowing short duration allocations using low communication overhead that is stable.   
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Of equal importance is the development of policy-based mechanisms that regulate system 

behaviour. These XG technologies are being developed in advance of spectrum-sharing 

regulations and policies, so the mechanisms must be adaptable to a wide range of future 

policies.  Their development is being pursued separately from the system engineering such 

that new and different policy controls may be applied without the need to redesign the system. 

The target application for the designs will be developed consistent with the Software 

Communications Architecture (SCA) framework so as to fit with DoD’s strategy for Software 

Defined Radio (SDR) development and commitment to acquire Joint Tactical Radio System 

(JTRS)-based platforms. Early development efforts, however, will seek to create technologies 

that can be applied to the broadest range of system architectures to allow general application 

to numerous classes of military and non-military wireless systems. This effort ensures that the 

XG development is consistent with the capabilities of multiple platforms while providing a 

direct transition to SCA-based programs at the completion of the DARPA effort. 

2.4.4 Cognitive Radio approach for usage of Virtual Unlicensed 
Spectrum (CORVUS) 

As one of the projects aligned with the DARPA-XG, CORVUS’s objective is to utilise 

unused frequency bands for the creation of “virtual unlicensed spectrum” [7], i.e. to exploit 

the capabilities of cognition enhanced SDR technology. Within its assumptions, the project 

distinguishes between PU (Primary Users) and SU (Secondary Users – cognitive radio 

enabled) of the available spectrum, thus enabling the use of market based allocation 

mechanisms.  

2.5 EUROPEAN SDR RESEARCH 

In Europe, initially the research into Software Radio was perceived when the difficulties of 

securing a single global air interface standard for the IMT-2000 family became apparent. It 

was a common understanding that the near term impact of SDR and reconfigurable 

technologies would be in the field of services and application innovation, using software 

download rather than the changing and adaptation of radio modes. The interest was spurred 

by the first European workshop on Software Radio in Brussels in 1997 [8]. The role of the 

European Commission in the research and development of reconfigurable radio in Europe has 

focused on the drivers and the requirements for reconfigurable radio from a more commercial 

prospective with the scope of supporting the developments within European industrial parties. 

There were, and are, successive initiatives and the concept of reconfigurability and SDR has 

been included in the various framework programmes; relevant projects from ESPRIT, ACTS, 
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and IST programs, but also some national initiatives within Europe, are presented in the 

following section, starting from SDR platform research towards a more integrated approach 

including the networks and control of SDR terminals as well as the processing platform.  

2.5.1 Early European SDR related work 

2.5.1.1 Advance Communication Technologies and Services (ACTS) 

The FIRST (Flexible Integrated Radio Systems Technology) 1995 project demonstrated 

feasibility of Intelligent Multi-mode Terminals for 2nd and 3rd Generation mobile systems 

(GSM 1800, TD-CDMA) examining many aspects of software-reconfigurable air interface 

implementation. Some 230Mips processing power is needed to support eight-slots of 1.6 MHz 

simplified TD-CDMA air interface; additional processing would be needed to implement the 

ETSI UTRA specifications. 

One of the most important early European projects undertaken in order to better understand 

the requirements for software radio for UTRA was FRAMES (Future Radio Wideband 

Multiple Access Systems). FRAMES’ [9] main focus was the radio interface definition, 

validation and demonstration to operate in relevant radio operating environments and to 

support all UMTS services including voice, low, medium and high data rate services. The 

project developed a demonstrator comprising of one base station and two mobile terminals to 

demonstrate the basic functionality of the FRAMES specification. As part of its development 

activities, FRAMES has estimated the baseband processing complexity required as between 

500 and 2,000Mips. 

The main objective of the project MEDIAN [10] was to evaluate and implement a high speed 

wireless customer premises local area network (WCPN/WLAN) pilot system for multimedia 

applications and demonstrate it in real-user trials. The pilot system relies on a multicarrier 

modulation scheme, which is adaptive to the transmitted data rates and channel characteristics 

and supports wireless ATM network extension. The system, connected to 3rd and further 

generation mobile systems via the ATM interface, also utilised the 60 GHz frequency band. 

Another project, part of ACTS is SUNBEAM (Smart Universal BEAM forming) [11].  Its 

objectives were to develop innovative base station array processing architectures and 

algorithms for UMTS that are sufficiently flexible to support a range of architectures and 

Software Radio techniques.  

ACTS-RAINBOW (Radio Access IndepeNdent Broadband On Wireless) [12] investigated, 

through a laboratory implementation, the architectural and integration issues relevant to 

expected transport and mobility control functions of UMTS. The implementation is based on 
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the conceptual designs developed within the project. The radio access part of UMTS was 

implemented mainly to study a “generic” UMTS access infrastructure capable of coping with 

different innovative radio access techniques and, at the same time, guaranteeing a soft 

migration from the second to third generation mobile systems. 

The project SORT (Software Radio Technologies), [13] part of ACTS projects, set the 

requirements for adaptive Radio Access including the definition of a functional architecture 

and digital signal processing. It developed a real-time hardware demonstrator consisting of an 

anti-aliasing filter, an ADC converter and the functioned blocks to be developed for 

channelisation and sample rate adaptation (GSM, W-CDMA). This aims to differentiate 

between critical real-time and common functions to determine the performance/ 

implementation complexity trade-offs. 

2.5.1.2 ESPRIT 

The (ESPRIT) SLATS (S/W Libraries for Advanced Terminal Solutions) project, [14] also 

part of ESPRIT, was the design and development of a software architecture as well as of 

software library elements implementing the base band functionality of GSM and W-CDMA 

for real-time implementation on a selected DSP platform.  

The ESPRIT project M3A [15] integrated existing network protocols into a single mobile 

platform permitting data delivery via different access means (GSM, DAB, HIPERLAN), 

switching communications between them as and when necessary, making them work 

transparently to a browser. 

PROMURA [15] (PROgrammable Multimode Radio for Multimedia Wireless Terminals), 

also part of ESPRIT, was the first step towards evolution of Multi-Band and Multimode 

Markets, which lead to the production of Multimedia Wireless Terminals supporting UMTS, 

TD-CDMA and WB-CDMA. The main project objective was to develop a prototype of a 

programmable RF System that would support TDMA & CDMA Wideband – RF architecture. 

This accommodates operating frequencies from 500 to 2,500MHz, with 6MHz channel 

bandwidths. 

2.5.2 SDR Workshop in 1997 

The European Commission recognised early that the benefits to be derived from a widespread 

adoption of SDR concepts would have important implications for all mobile communications 

sector actors, namely manufacturers, operators, service providers, users, regulators, and 

standardisation bodies. As a consequence of this, a one day workshop on Software Radio was 

organised in May 1997 [16] with the objective of raising the awareness of Industry and 
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Academia to SDR in light of the Third Call for Proposals of the ACTS programme. The 

workshop highlighted the need for a European voice in the area of SDR, as the only co-

ordinated activity in this area was found in US, in the MMITS Forum (now SDR Forum). 

2.5.2.1 Information Society Technologies (IST)– Framework 5 

TRUST (Transparently Reconfigurable UbiquitouS Terminal) [17] was part of IST and 

investigated the user requirements and the perspective of the terminal, continuing with 

Enabling Technologies such as analogue signal processing, adaptive baseband processing, 

novel transceiver algorithms, and smart power management. It also investigated system 

aspects such as spectrum sharing techniques, multi-mode monitoring, intelligent mode 

switching, and software download including security issues.  

The work aimed to provide and validate concepts for networks supporting reconfigurable 

mobile equipment and concepts for terminal reconfiguration that are intelligently customised 

and managed when used by mobile users for a wide range of wireless access technologies. 

This took into account the relationship between the customers, operators and regulators 

[18].The overall aim of SCOUT (Smart user-Centric cOmmUnication environmenT) was to 

provide and validate concepts for All-IP Networks supporting reconfigurable mobile 

equipment and concepts for terminal reconfiguration that are intelligently customized and 

managed when used by mobile users for a wide range of wireless access technologies. 

MOBIVAS (downloadable MOBIle Value-Added Services through Software Radio & 

Switching Integrated Platforms) [19] part of the IST projects, aimed at developing 

architectural approaches for integrated software platforms and systems, adaptable to different 

network services and technologies, to open new opportunities for advanced Value Added 

Service (VAS) providers, and at developing innovative and modular network components for 

seamless and efficient service provision, enabling downloadable Software Defined Radio 

VAS.  MOBIVAS combined wireless technology with CORBA/TINA principles and with 

sophisticated QoS mechanisms.  

CAST (Configurable Radio with Advanced Software Technology) project [20] part of the IST 

projects, aimed to capture and present the foundations for intelligent and adaptable 

configuration of the physical layer in wireless communications links, enabling users to access 

customized services over networks operating with different radio standards across different 

frequency bands. CAST targeted implementation of the protocol stack by proposing a three 

layer (management, procedural, physical) re-configurable architecture to provide the interface 

between the application and the underlying physical layer of a terminal (processing platform). 
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The project built a validation platform to assess the operation of the proposed architecture for 

the delivery of selected user services.  

The IST funded project MuMoR (Multi-Mode Radio), see [21], had its main objectives in 

investigating mobile terminal architectures for multi-mode operation. The investigated radio 

systems were mainly UMTS/FDD, UMTS/TDD, and HSDPA/FDD. Additional investigations 

towards the operability with other cellular and non-cellular standards like GSM and WLAN 

(IEEE 802.11 a/b) are also considered. MuMoR covered physical layer aspects for the 

analogue RF part as well as for the digital baseband part of a terminal. 

WIND-FLEX (Wireless Indoor Flexible High Bitrate Modem Architecture) see [22], also an 

IST FP5 project investigated a high bit rate adaptive modem architecture, configurable in 

real-time, for indoor single-hop, ad hoc networks, concentrating on algorithms, protocols, and 

RF/IF subsystems. 

IST-DRIVE (Dynamic Radio for IP services in Vehicular Environment) was a project, see 

[23], aimed at developing methods for dynamic frequency allocation and for coexistence of 

different radio technologies (Dynamic Radio) to increase spectrum efficiency and reach. It 

developed an IPv6-based multi-radio infrastructure to ensure optimised inter-working of 

cellular and broadcast networks for the provision of adaptive high-quality multimedia services 

in vehicular environments.  

The OverDRiVE (Spectrum Efficient Uni- and Multicast Over Dynamic Radio Networks in 

Vehicular Environments) [24] aimed at UMTS enhancements and coordination of existing 

radio networks into a hybrid network to ensure spectrum efficient provision of mobile 

multimedia services. An IPv6 based architecture enables interworking of cellular and 

broadcast networks in a common frequency range with dynamic spectrum allocation (DSA). 

The project objective was to enable and demonstrate the delivery of spectrum efficient multi- 

and unicast services to vehicles. OverDRiVE addressed resource efficiency by sharing 

network and spectrum resources. 

The PASTORAL (Platform And Software for Terminals: Operationally Re-configurAbLe) 

project [25] aimed at developing a re-configurable, real-time platform for third generation 

mobile terminal baseband development, using FPGA devices developed through a new co-

simulation, co-design methodology which allows for an accelerated design cycle. It also 

looked into downloading applications and protocols over the air for re-configuration.  

Moby Dick – Mobility and Differentiated Services in a Future IP Network ([26]) aimed to 

facilitate the development of seamless access to existing and emerging IP-based applications. 

The project tried to facilitate new business opportunities for operators, manufacturers, 
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services providers, and content providers for wireless, access, and backbone technology and 

services. The architecture was defined to support mobile IP end-to-end communication with 

QoS, seamless hand-over and all necessary AAA and charging mechanisms to satisfy the user 

and the network operator. 

The ARROWS, or Advanced Radio Resource Management for Wireless Services project (see 

[27]) defined and evaluated new and efficient Radio Resource Management methodologies, 

including both call admission and allocation of the radio resources (scheduling), for the 

UMTS Radio Access Network. Simple mechanisms for deriving the Radio Bearer QoS 

parameters from the end-to-end QoS application requirements were also studied, including 

the interactions between call control, application signalling and QoS negotiation procedures. 

SATURN (Smart Antenna Technology in Universal bRoadband wireless Networks) [28] was 

another of the IST projects, it looked into adaptive/smart antenna techniques, on both the 

terminal and the base station side, for outdoor (UMTS) and for local/campus area wireless 

networks (HIPERLAN), aiming to promote high bit rate wireless services as well as to 

provide enhanced location information for location-based services.  

IST – SODERA [29] (Re-configurable low power radio architecture for Software Defined 

Radio for 3rd Generation mobile terminals) aimed at defining and validating the feasibility of 

the RF architecture best suited for Re-configurable Radio taking into consideration the 

terminal constrains of low consumption, low cost and small form factor, as well as at studying 

the optimum partitioning between different technologies (BICMOS-SiGe, SOI, Micro-

Machining). Advanced RF libraries were developed in order to validate this approach.   

2.5.3 IST Framework Programme 6 Projects 

The EC continue to support the SDR concept through the next set of projects within the 6th 

research framework. There are a number of FP 6 projects tackling network adaptability and 

compatibility, new Air Interfaces or the definition of mobile service and application support 

platforms to enhance usability and user friendliness - yet currently there are only two projects 

that directly tackle the issue of Software Radio in the context of Reconfigurability.  

2.5.3.1 E2R – End-to-End Reconfigurability 

The E2R project research scope covers the complete end-to-end system (stretching from user 

device all the way up to internet protocol and services) [30] as well as reconfigurability 

support (intrinsic functionalities such as management and control, download support, 

spectrum, regulatory issues and business models) along the whole communications path. 
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The E2R architecture envisages that several capabilities in dynamically reconfiguring the 

radio access systems will be reconfigurable. The radio access network topology could be 

dynamically reconfigured with equipment – such as reconfigurable terminals, base 

stations/Node Bs, gateways – and related reconfiguration support entities in the core network 

and internet/intranet.  

The E2R project aims to use the topology presented in [31] to describe and implement the 

transition from multi-mode to smart reconfigurable equipments and related reconfiguration 

support. Several associated aspects of this vision will also be investigated, such as dynamic 

spectrum allocation and flexible radio resource management, regulatory issues, and business 

models. 

In the E2R scope, all layers of the system stack are assumed as being subject to 

reconfiguration, implying that the interfaces between terminals, radio access networks and the 

core network entities need to be defined in a consistent and coherent manner.  

One of the major working areas in E2R is research into mechanisms to increase Spectrum and 

Resource Efficiency through application of reconfigurability, the technologies investigated 

aim at both networks as well as on the Air Interface with the aim to optimize the 

communication links from end-to-end.  

2.5.3.2 Simplicity 

The Simplicity – Secure, Internet-able, Mobile Platforms LeadIng Citizens Towards 

Simplicity – project’s [32] scope includes the development of an architectural framework that 

allows the simplification of configuration procedures in a rather complex technological 

communications world. The goal of Simplicity was to reduce this complexity by designing, 

developing and evaluating an architectural framework that will provide automatic 

customization of user access to services and the network as well as automatically adapting 

services to terminal characteristics and user preferences.  

The architecture consists of two main components: the Simplicity Device and a Brokerage 

Framework. The Simplicity Device is designed to be implemented as a physical plug-in (e.g., 

Java card, Java ring, enhanced SIM card, USB pen, etc.) or a functional entity (e.g., software 

agent).  The mechanisms defined allow users to easily shift from one terminal device to 

another by storing user preferences and allowing automated customization of terminals or 

network services, including, for example, the policy-controlled selection of network 

interfaces.  
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The Brokerage Framework will employ easily extensible, policy-based mechanisms to 

coordinate network capabilities (e.g., mobility support, QoS, security, etc.) by allowing the 

user to adapt network capabilities to the user’s preferences and to the characteristics of the 

user’s terminal. The Brokerage Framework will also provide the ability to re-configure using 

policy-controlled SW downloads and installations. 

2.5.4 National Initiatives and Industrial work in Europe 

Apart from the research that has been, and is being, undertaken on a collaborative European 

level, there are also a number of examples of national initiatives for research into both SDR 

Technology itself and also into the mechanisms necessary to harness the flexibility of 

software definability.  

2.5.4.1 Mobile VCE (United Kingdom) 

The Mobile Virtual Centre of Excellence (Mobile VCE) [33] developed and proposed in its 

second core research programme an architecture aiming at the control of reconfigurable 

radios. The so-called Reconfiguration Management Architecture (RMA) was designed to 

handle all signalling and functional issues related to terminal reconfiguration and to support 

the connectivity of reconfigurable terminals in heterogeneous radio environments. The RMA 

was defined as a complete software environment for control of both stationary as well as 

mobile SDR devices. The architecture follows a distributed structure, where the parts that 

control the implementation of new configurations on an SDR device are located within the 

domain of either a network provider or of any other entity permitted to authorise device re-

configurations. The reconfigurable terminal device contains two of the RMAs architectural 

elements: the “terminal reconfiguration management part” and the “radio module part”. The 

“reconfiguration control part”, which validates the proposed configuration, resides in the 

SDR-enabled network. 

Those parts within the RMA, which are located in the network, are responsible for the 

coordination of configurations and also for the approval (validation) of anticipated terminal 

configurations. The parts of the RMA that reside in the terminal, are responsible for managing 

the reconfiguration process, security and the control of the reconfigurable hardware. The 

configuration approval process is based on a mechanism, where the intended terminal 

configuration is captured in a script that can be passed between terminal and network parts for 

approval of the configuration. Details of these mechanisms can be found in [34].  

The RMA has been designed to enable, manage and support secure and reliable 

reconfiguration of terminals and network nodes, to facilitate the download of trusted and 
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approved reconfiguration software and also to implement an additional functional plane that 

supports terminal and equipment reconfigurability (i.e. a ‘reconfiguration plane’).  

2.5.4.2 Finish SDR (Finland) 

In Finland research and development in SDR are incorporated in the demonstrator phase 

“Finish Software Radio Programme” [35], undertaken by the Finish Defence Forces. This 

programme, divided into several projects, involves investigation of software radio platforms 

and future waveforms with an output of building a demonstrator by 2006 and a prototype by 

2009. The objective is to specify and develop a radio communication system, which will 

enable efficient and flexible communications, control and co-operation in the future electronic 

warfare environment. The radio system will be a software defined radio platform to guarantee 

easy upgrade of the system and compatibility between different radio systems. 

2.5.4.3 Réseau National de Recherche en Télécommunications 

(France) 

Asturies was a project belonging to the national French program RNRT [36]. The aim of the 

project is to define and demonstrate a reconfigurable radio cellular front-end, for an industrial 

occurrence around 2006-2010. This is a mid-term initiative trying to address some of the 

technological bottlenecks, particularly in the realisation of the analogue part of the front end 

of the future, connected to a digital reconfigurable baseband. Moreover the growing influence 

of the Wireless LANs into the mobile communication system world has been taken into 

account as a convergence enabler. Advanced radio interfaces to be defined up to now have 

also been taken into account for the project to be able to foresee the evolution of the needs in 

the wireless world: more bandwidth combined with a more efficient use of the relatively 

scarce spectral resource.  

2.6 SDR IN ASIA 

Due to the same problems as those faced in the other regions – interoperability, compatibility 

and portability – in Asia (mainly Japan) SDR technology is being considered as an important 

driver for multimode and multifunctional capability. The Japanese Institute of Electronics, 

Information and Communication Engineers (IEICE) formed in 1998 a Software Radio 

Technical Group with the aim to promote research and development in the field of software 

defined and reconfigurable radio systems. The group covers various subjects in SDR such as 

architectures, devices, algorithms, and APIs for reconfigurability and download. The focus is 

more on wireless hardware rather than software architectures. Various prototypes have been 

developed to prove the feasibility of SDR applications and functions.  
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The main research focus in Asia was, similar to the work in US, on the development of 

processing platforms and SDR receiver architectures and a number of projects and initiatives 

were initiated and are partly still ongoing. The most noteworthy of these efforts include: The 

software receiver defined by a study group of ARIB (Association of Radio Industries and 

Businesses), the National Institute of Information and Communications Technology (NICT, 

formerly known as the Communications Research Laboratory – CRL of the Ministry of Posts 

and Telecommunications) which investigated parameter-controlled SDR.  

In the commercial domain, the Advanced Telecommunication Laboratory (ATL) of the Sony 

Corporation developed and proposed a SDR platform called SOPRANO (Software 

Programmable and hardware reconfigurable architecture for networks, see [37]. NTT (The 

Nippon Telegraph and Telephone Corporation) developed prototypes for both base stations as 

well as ‘personal stations’, a commercial use has not yet been reported. Initiatives from 

Toshiba (Handheld direct conversion receiver), NEC/Anritsu (Environmentally Adaptive 

Receiver), Hitachi (Digital and Analogue Prototype) and a Radio Base Station from the Toyo 

Communication Equipment and Tohoku Electric Power have been pursued. However, as of 

today none of these initiatives has been commercialised and no products have been rolled out.  

2.7 INDUSTRIAL INITIATIVES – WORLDWIDE 

A number of companies are developing SDR products, some of these products are still at the 

conceptual stage while others are already partly rolled out. Noteworthy work includes:  

LSI Logic Corporation developed an SDR (baseband) handset architecture based on a DSP 

core baseband architecture. The architecture using handset requirements such as flexibility, 

multifunctional multimode operations, and power efficiency can handle new generations of 

mobile handsets accommodating both baseband processing algorithms and media processing 

algorithms.  

Between 1998-2001 Vanu Inc. built software radio implementations of a variety of 

commercial and government waveforms including the cellular standards IS-91, AMPS, IS-

136 TDMA, and GSM. All these implementations are executed on general-purpose processors 

rather than DSP or FPGAs. The main mechanisms are implemented using C++ on a standard 

portable operating system (POSIX). The company completed the FCC certification process 

for commercial use of Software Radio GSM basestations [38]. Vanu provided the first SDR 

base stations for a small cellular provider (MidTex Telecom) in USA [39]. 

Analog Devices Inc. - recent technology development includes Blackfin and TigerSHARC 

processor families respectively for handsets and basestation applications. The target systems 
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of the two processors are 2.5 and 3G cellular and both are used for implementation of wireless 

digital baseband platforms for SDR systems. The Blackfin is a 16-bit fixed-point core that 

combines DSPs and microcontrollers. It enables an efficient application of multimedia 

algorithms for 2.5 and 3G wireless applications with integration of multiple cores into single 

baseband and reconfiguring them when needed. The TigerSHARC is a fully programmable 

solution for SDR for implementing an entire 3G basestation. As a powerful DSP, it can be 

used as a simple upgrade to increase capacity, or to include new features, or to facilitate new 

standards. 

QuickSilver Technology Inc. developed a product called an Adaptive Computing Machine 

(ACM) for satisfying system requirements for next generation mobile and wireless devices 

with high performance, low power consumption, architectural flexibility and low cost. It is a 

combination of DSPs and ASICs in a single IC that provides multi-functionality for SDR. It 

offers an efficient mapping of silicon resources to the algorithm and thus higher performance 

and lower power consumption.  

Sandbridge Technologies provides an architecture facilitating reconfigurable baseband 

processing. It supports different data types and has the ability to execute Java, digital signal 

processing and control code. Designs of 2Mbits/s WCDMA, IEEE802.11b, GSM/GPRS and 

GPS physical layers have been implemented and tested with multiple RF front ends for 

validation of the architecture. 

Altera Corporation addresses all the baseband SDR system partitioning – narrow and wide 

band wireless, as providing an integrated set of devices and design support for SDR solutions. 

A variety of FPGA solutions and tools for implementation are available meeting the current 

SDR designs without compromising speed, power or cost. 

Xilinx Inc., identifies that current solutions need to communicate with the broader network 

such as the Internet with interlinking wired and wireless technologies, so integrated 

components like PowerPC 405 and multi-gigabit transceivers in the Virtex-II Pro FPGA 

addresses these considerations by providing a platform based approach to system 

implementation with SDR solutions. This reflects the primary value proposition of the FPGA 

as a possibility of accelerating time-to-market, product future proofing and flexibility as well 

as high performance. 

Morpho Technologies has developed spatial mapping of signal processing algorithms to the 

computing fabric resulting in a highly parallel processor MS1 rDSP. This architectural 

solution has been tested for supporting the requirements of cellular systems such as 

UMTS/WCDMA, cdma2000, GSM/EDGE/GPRS wireless data systems such as 
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IEEE802.11a, b, and location technologies such as GPS for chip-rate and symbol-rate 

processing. This provides one approach for future SDR based systems [40]. 

RadioScape developed a family of Digital Radio Receiver modules for the consumer 

electronics market.  Each module is a complete digital radio receiver from antenna RF input 

to audio output. The use of a Software Designed Radio approach allows multiple standards on 

one module, such as Eureka DAB with FM and RDS. The benefit is that these additional 

standards are available at very little extra cost, provided that the majority of the signal path, 

and all the baseband processing hardware is common to all standards. Commonality also 

extends to a fully integrated user interface that can be customised for specific products [41]. 

Rohde & Schwarz was one of the first to develop Software Defined Radios in the market for 

airborne, tactical/mobile and stationary/ship-born applications. The technology platform 

provides an architectural framework that is comparable to the Joint Tactical Radio 

System/Software Communications Architecture (JTRS/SCA) and eases the scalability of the 

radio and the portability of software functions between different radio execution platforms 

[42].  
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3 SDR DEPLOYMENT AREAS 

While SDR Technology continues to evolve and the first commercial products have been 

deployed (e.g. MidTex telecom’s SDR base stations), the wide spread application of SDR 

equipment is yet to come. There are still many technical hurdles to be overcome, including: 

the completion of the reconfigurable Baseband, modularisation of all hardware blocks, higher 

power efficiency, implementation of a digital front-end, new radio design methodologies, 

smart antennas, reconfigurable physical layer, integrated radio execution platform and finally 

reconfigurable radio hardware (possibly MEMS based). Work is underway to solve most of 

these technical problems; but there are also difficulties with the actual deployment of the 

technology.  

Taking the aforementioned example of a small, local cellular operator [39] using SDR base 

stations; they claim that the use of standard server based SDR base stations reduced both their 

deployment as well as operational cost, but due to a lack of capabilities the system is still 

limited to only a limited number of radio implementations. The main gain for the operator is 

that the roll out of this reconfigurable access network allows them to dynamically alter the 

network configuration depending on the actual load situation (e.g. change the number of 

carriers, cell size, transmission power, etc. ) and eventually, it will allow the exchange of the 

air interface without need to change the base station hardware. Additionally, if regulation 

would permit, a small operator could use their reconfigurable equipment to implement short 

and medium term spectrum sharing with other services (e.g. using temporally available 

bands), see figure below.  
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Figure 3-1: Sharing of re-configurable infrastructure 

The example of MidTex [39] shows that such infrastructure sharing can reduce the 

deployment costs, it also would lower the deployment risk for operators (“Did I invest in the 

right technology?”). But it would also serve as the basis for future spectrum scenarios such as 

virtual spectrum pooling and dynamic resource allocation between vertical operators (e.g. 

DVB/UMTS).. Reconfigurable networks could implement virtual spectrum pooling (i.e. 

pooling of non contiguous bands) and could support new methods of short term (eventually 

down to the per packet level) spectrum allocation, thus supporting the implementation of an 

open spectrum market.  

However, there are a few basic, mostly regulatory but also commercial, restrictions that 

prevent the widespread application of SDR equipment. In the first instance, most (regulatory) 

restrictions relate to the fact that radio wave emitting equipment (including both base stations 

as well as terminals) requires certification/conformance testing and usually some form of type 

approval before it can be used (or even distributed to users). While a global solution for 

regulation would be desirable, history has shown that this will be next to impossible to realise. 

One way forward would be the definition of a regional solution (within one radio region) for 

SDR equipment certification. Such an approach is described in section 4.  

SDR technology has a wide range of different possible deployment areas in the commercial 

arena, the most obvious and already active deployments include the use of the technology in 

base stations (i.e. see [43], [39]), and approaches for partly software defined terminal 



Evaluation of SDR Technology   3. Deployment Areas 

 

 
February 2006  25 

architectures are also being pursued (see section 2). SDR Technology may be perceived as 

providing a rather costly alternative to current day solutions since the technology will cause 

(initially) higher platform costs and will further increase the complexity of the corresponding 

systems. Yet there are indications that the potential advantages will outweigh the additional 

costs. These advantages can be grouped into two main categories: on one hand deployment 

security (i.e. capital expenditure security) and on the other hand are the operational 

advantages (such as system flexibility, extensibility and performance). SDR technology as 

part of a reconfigurable communication system will affect all parts of the communication 

network, table 3-1 outlines the advantages and disadvantages of SDR deployment.  

Table 3-1: SDR Technology: deployment advantages-disadvantages  

SDR Technology 

Advantages Disadvantages 

User 

portability complexity increase 

flexibility restriction to basic control 

Compatibility security vulnerability 

“AAA” (anything, anyplace, anytime) service complex billing 

interoperability 

openness to configure as wanted 

increased service availability  

problems in provision of services 

Operator (Network and Service Provider) 

better control of systems additional provision of services 

easy problem fixes 

mass upgrade 

utilisation of the network efficiently 

possible diversification of clients roles 

Manufacturer (Network and Terminal Equipment Provider) 

easy to maintain the equipment 

easy to develop and support systems 

concentration on the software side 

single platform 

more competition from 3rd party software 

providers when using open architectures 

 

The advantages listed (in table 3-1) provide input and justification for different business 

models and deployment scenarios. However there are still major technical and regulatory 

obstacles to be overcome.  
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There is a dependency between the technology development/deployment and some areas 

where regulatory changes or clarification may be needed in order to speed up the 

development process. Table 3-2 outlines these areas.  

Table 3-2: SDR Technology: deployment constraints  

 

Terminal  
definition 
 

SDR based terminals are flexible; their definition may and will 
change many times during their life time. Thus the common 
definition that “a SDR terminal is a radio whose emission 
patterns can be altered by means of software” needs to be 
considered in regulation. This means that equipment 
certification will not be granted for a radio “R”, but for a 
combination of execution platform and software configuration 
that may be valid at the time of certification. The radio at 
time t becomes Rt = HWn × (SW0+SWk)t.  (see section 4.2) 

Equipment  
circulation 
 

Global wide changes to national regulatory regimes will take 
more time than the technological development. Even if many 
administrations will allow the use of SDR equipment, others 
may not. Mechanisms to ensure regulation conform use of 
SDR equipment need to be developed.  (see section 4.1) 

Software  
downloads/ 
installation 
 

Download and installation of configuration software needs to 
be equipped with a number of safeguards. While all software 
should be downloadable (i.e. preventing download would be 
rather difficult), only validated code should be installable. 
Safeguards like a security engine allowing only marked code 
to be executed on the radio platform need to be put in place.  

Equipment  
control 
 

To ensure an open market for software provision and at the 
same time protecting the interests of other users (prevention 
of harmful interference), mechanisms to remotely remove 
terminals from operation need to be put in place.  

Rogue  
terminals 
 

Mechanisms to remove rogue terminals from service need to 
be defined. This may lead to the requirement that  a terminal 
will have to reboot to its last validated configuration.  

Lawful  
interception 
 

The network operator should in any case be responsible for 
ensuring the possibility of lawful interception of calls. Cases 
of lawful interception must be clearly defined in the 
agreement between customer and operator, if it is done by 
the operator. If lawful interception happens for other reasons 
responsibility must be taken by causer. The regulator may 
need to adapt current ruling and ought to set out under 
which conditions operators can "block" calls. 

Spectrum  
access and  
usage 
 

UK regulation has already taken large steps towards allowing 
more liberalised spectrum usage. In the long term rulings in 
favour of spectrum borrowing for dynamic (short term) 
allocation would be required in order to benefit from the 
flexibility of SDR equipment. (see section 3.2)  
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SDR stand-alone will be merely another enabling technology towards the next 

generation of systems and terminals; it can only unfold all its features and possibilities 

when used in a suitable context.  

As shown in the state of the art section (see section 2), there are already many military 

applications yet only a few commercial ones available. The real technology pick up and wide 

spread usage has yet to take place. The general view in Europe could be summarised as that 

SDR technology will enable the cost effective integration of legacy and future Radio 

networks and it is expected that it will facilitate the implementation of a more flexible 

spectrum assignment scheme. 

3.1 RECONFIGURABILITY BASED COMMUNICATION SYSTEMS  

SDR is widely seen as the main enabling technology for reconfigurable communications 

systems - similar to the role of adaptive protocols and network management in the backbone 

network. SDR technology will facilitate the flexible configuration of radio access networks. 

The concept of reconfigurability will take the role of managing the reconfigurations of the 

Software Defined Radio equipment. Within the reconfiguration space of such communication 

systems are the ‘usual’ actors, and SDR technology offers each of these players their unique 

(as well as shared) advantages. The following three subsections outline these advantages for 

manufacturer, user and operator, respectively.  

3.1.1 Single Platform Concept  

With the main principles for SDR established and initial products [43] already in the test 

stage, cellular and other wireless communication systems operators/providers have started to 

consider where SDR based systems can be deployed to provide the most benefit. For cellular 

infrastructures, one of the main considerations is radio planning and actual spectrum 

allocation, firstly on the local level, but also among different regions of the world. One of the 

strongest cases for SDR deployment is in the rather fragmented spectrum environment of 

commercial communication services in the US, where multiple air interface standards are 

allowed to operate in the same frequency band, this situation has gradually worsened due to 

the fact that many different air interface standards have been deployed, and also due to 

commercial reasons including the market consolidation that has been taking place in recent 

years. The 1900 MHz band (in US) can be taken as a prime example. This band currently 

allows operation of IS-136, IS-95, GSM (DCS1900), CDMA2000 and UMTS. Deployment of 

SDR would allow the different operators to use a single platform in their base stations to 

implement any number or combination of these air interface standards.  
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The situation in Europe is more organised, and each (air interface) standard is allocated to an 

otherwise un-occupied frequency band. Possible commercial applications for SDR in such an 

environment would include the co-hosting (on a single platform) of GSM and UMTS, this 

may be complex, yet equipment manufacturers could implement a common radio platform 

instead of multiple platforms. Such multi-standard terminals are already in existence and are 

set to become more commonplace as UMTS gains market share.  

3.1.2 Spectrum Efficiency and the Spectrum Market  

Research into dynamic spectrum allocation and management mechanisms in general has 

shown that any scheme that dynamically reacts to demand and availability of spectrum can 

achieve higher efficiency. The currently, most often deployed, long term allocations which 

have been defined to cover peak traffic demands remain underused most of the time.  

Ofcom have initiated first steps towards the liberalisation of spectrum by directing the 

handling and allocation of spectrum into a level where market forces can steer the actual 

allocation of spectrum. This process started with an initial statement on spectrum trading [44], 

continued with a first detailed consultation on spectrum liberalisation [45] and the publication 

of draft spectrum regulations [46] and finally the Publication of a proposed Spectrum 

Framework Review [47] and its implementation [48]. Eventually this should lead to a rather 

consumer oriented market where only the ‘goods used/occupied’ will be charged.  

The state of the art in SDR Technology and the, so far, analysed models and approaches 

towards SDR indicate that the technology will be sufficiently flexible to adapt to any wireless 

access scheme. This opens the possibility of choosing the most efficient configuration (or 

radio access technology) for the required application. Such flexibility will give both users and 

operators the choice to use the air interface standard that would be most suitable and most 

efficient (in terms of resource usage) to provide/use a service.  

3.2 SDR TECHNOLOGY TO INCREASE SPECTRUM EFFICIENCY 

SDR technology has been heralded as one of the facilitators of the ABC paradigm (‘Always 

Best Connected’ – [49]), enabling the seamless interoperation between different 

communication platforms, not only within one family (e.g. cellular) but also between different 

hierarchical levels of systems (satellite, broadcast, cellular, wireless local area and personal 

networks). SDR is expected to enable the inter-operability of wireless heterogeneous radio 

access networks. This in turn raises a new range of challenges in terms of spectrum and radio 

resource management.  
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As mentioned earlier, one of the core features offered by SDR technology is the possibility of 

implementing spectrum management in a more dynamic fashion. Use of SDR Technology for 

dynamic allocation of spectrum was initially proposed and investigated by the IST 

OverDRiVE project [24] and is currently being continued in the IST (FP6) Project on End-to-

End Reconfigurability (E2R) [31].    

Dynamic spectrum management requires a high degree of interoperability between the 

different access networks, but it might also require fundamental changes in the way spectrum 

is regulated and used by the operator. The spectrum liberalisation efforts (of Ofcom) are a 

significant step towards regulation, which will allow such flexible management and 

allocation.  

SDR Technology will facilitate the split of the classical combination between service/radio 

access technology/spectrum band. The examples in figures 3-2 to 3-4 illustrate the principle. 

Figure 3-2 displays the classical arrangement where a, lets say, GSM voice service is 

provided by a GSM system using a GSM band.  

 

Figure 3-2: current definition of service- access technology- band 

The example in figure 3-3 shows the first degree of flexibility that may be imagined, where, 

taking the example from before, the GSM voice service is implemented in a WLAN system, 

using the ISM band at 2.5GHz. 

 

 

Figure 3-3: service over different access technology with fixed band 
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Finally, depicted in figure 3-4, the limitation of an access technology to operate in one 

particular band is removed; the access system can use resources that may be available in a 

band other than that originally assigned.  

 

 

Figure 3-4: service over different access technology in any band 

 

SDR technology provides the means to flexibly and quickly implement such scenarios; this 

forms the basis for any market driven spectrum regime, where the spectrum can be used for 

operation of any radio access technology that stays within the specifications (e.g. limitations 

such as power and interference levels) that have been defined for a band.  

 

SDR Technology can enable communication services to temporally make 

use of bands that are not occupied or underused. 

 

The approach to evaluate the potential spectrum gains that SDR technology may introduce by 

enabling dynamic spectrum allocation schemes are investigated in this report. The work 

included definition and simulation of dynamic spectrum algorithms for flexible allocation of 

spectrum within different cells within a confined geographical area. Building on the premises 

of the aforementioned flexible allocation structure, suitable scenarios mirroring real life 

traffic and demand patterns for the simulation of reconfigurability based dynamic spectrum 

allocation schemes had to be defined.  

The simulation results have been used to quantify the potential and expected gains in 

spectrum efficiency that may be achieved through targeted use of SDR based reconfigurable 

technologies.  
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3.3 CELL-BY-CELL DYNAMIC SPECTRUM ALLOCATION SCHEME 

The cell-by-cell dynamic spectrum allocation scheme is an assignment scheme where the 

individual base stations of each radio access network (RAN) could be allocated any part of 

the spectrum. This means that each individual base station of a RAN could be operating on 

completely different frequencies and cells of one RAN could be using the same frequencies of 

other cells of another RAN in another location. A basic representation of this scheme 

compared to fixed allocations, and the contiguous and fragmented schemes can be seen in 

figure 3.5. The reason for investigating this type of DSA scheme, over the previous schemes, 

is that it is able to adapt to both temporal and spatial variations in load demand 

simultaneously. Furthermore, it has the potential to give greater improvements in spectrum 

efficiency, as the allocations can follow the demands more closely for each individual cell. 

However, this will depend on the algorithms used to implement the scheme. 
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Figure 3-5: Basic operations of fixed, contiguous, fragmented and cell-by-cell 

DSA 

The fundamental idea behind a cell-by-cell DSA scheme is that it only allocates the amount of 

spectrum actually needed in each individual cell in the system. Traffic seen on radio access 

networks varies both over time and over space, and the cell-by-cell DSA scheme needs to 

reconfigure the allocations of spectrum to the cells in the system in order to adapt to these 

changes. However, the key problem that the scheme needs to overcome is that of handling the 

interference that could occur between different systems sharing a block of spectrum, and 

ensuring that all the systems have fair access to the spectral resources. 

The scenarios considered here involve multi-radio systems using different radio access 

networks covering the same geographical area. This includes a UMTS cellular system and a 

DVB-T broadcast system. The aspect that makes much of the work challenging is that the 

overlaid RANs sharing the spectrum are likely to have very different cell sizes, making the 
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management of interference between them more complex. However, the mitigating factor is 

that, since the types of system are disparate, it is likely that the time and space varying traffic 

patterns on the networks will be different from each other, giving scope for gain by spectrum 

sharing. 

An example of the way a cell-by-cell DSA scheme operates can be seen in figure 3.6. This 

shows an example of a large-celled DVB-T system, sharing spectrum with a small-celled 

UMTS system. In this figure, there are four carriers available to be shared between the RANs. 

This only shows the UMTS cells around the border area between the DVB-T cells, for clarity, 

although in reality they would cover the whole area. It can be seen that the allocation of 

carriers to the RANs changes from cell to cell. In this case, there may be high demand for 

UMTS services on the left hand side of the figure, and high demand for DVB-T services on 

the right side. This is shown by the allocations of frequencies, which reflect the levels of 

demands for the two networks. 
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Figure 3-6: Example spectrum allocation for cell-by-cell DSA 

The scheme uses an algorithm to distribute the frequencies to the cells and thereby satisfy the 

users as much as possible, whilst at the same time managing interference between the radio 

accesses networks, by ensuring networks on the same frequency are not too close together.  

3.3.1 DSA usage scenario 

It has been stated that the main aim of the research work detailed in this document is to 

investigate the spectrum efficiency gain that could be achieved in a WCDMA based 

hierarchical cellular radio system that can access unused spectrum bands. The system under 
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consideration consists of a UMTS cellular voice service and modern digital DVB-T broadcast 

network, both of which are capable of delivering multimedia traffic to the users. Furthermore, 

both these systems have the advantage of utilising a similar carrier bandwidth. 

For the dynamic spectrum allocation operation, the spectrum is only shared on the downlink 

of the radio access networks as the traffic seen on future mobile environments is expected to 

be largely asymmetric, with most of the traffic loads seen on the downlink. 

3.3.2 Basics of the optimisation model 

To analyse the performance of a cell-by-cell DSA scheme with dynamically variable 

spectrum bandwidth, a simple simulation model with optimisation strategies is constructed. 

The model consists of 300 micro UMTS cells each of 1km radius with three overlaying macro 

DVB-T cells of 10km radius. The users are distributed uniformly and move around the area 

covered by the three DVB-T cells according to the mobility model discussed below. The 

number of users in the simulation was varied to change the overall traffic loads generated by 

real world measurements as described under the following traffic model. A diagram of the 

cell structure (not drawn to scale) is presented in figure 3.7. Since radio access networks are 

UMTS, which has a frequency re-use factor of one, and DVB-T that could be operating in a 

single frequency network, all base stations and transmitters in each of the radio networks are 

able to use the same frequencies. 

3.3.2.1 Traffic model 

The traffic load pattern considered for the cell-by-cell dynamic spectrum allocation scheme 

assumes temporally varying demands on the participating radio access networks. The users 

within the simulation are assumed to be able to independently request two different services, a 

speech service from UMTS, and a multicast video stream from DVB-T. In keeping with the 

designs of the different access networks, only unicast services were considered over UMTS, 

and only multicast services were considered over DVB-T. The basis for the multicast video 

services is that the user can select one of six different multicast programmes such as news 

bulletins, sports updates, football goals weather/travel information, etc. In other words there is 

a selection of short but frequently requested video clips. The multicast service is transmitted 

over DVB-T once 200 users have selected the same programme. If after ten minutes an 

insufficient number of users have selected the service for it to be transmitted then a time out 

occurs, and all the waiting requests would be blocked. 

The arrival rates of the speech and multicast service requests were varied over the course of 

the simulated day using actual measurements taken in New York City. Spectrum Shared 
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Company (SSC) has published a comprehensive report on the New York City spectrum 

occupancy measurements during a period of high occupancy [50] (during the Republican 

Convention, August 30-September 1, 2004).  The measurements covered 30 to 3000 MHz 

range including the high interest Public Safety band (138MHz to 174MHz, and 406MHz to 

470MHz   in the USA). These measurements were specially selected with a view to finding 

the maximum spectrum efficiency gain under most extreme conditions.  After studying the 

spectrum measurement, three spectrum bands were identified to generate realistic traffic 

patterns and their details are shown in table 3.3.  

The spectrum demand or arrival rate for DVB-T service is derived from the TV broadcast 

measurements through channels 52- 69 (698MHz to 806MHz); assuming similar demand of 

multicast video service over DVB-T in the future. Similarly, for voice service demand over 

UMTS, the adjacent 806MHz to 902MHz band is chosen. For the third spectrum block, 

2390MHz-2500MHz with low average duty is selected. As the duty cycle in the third band is 

comparatively low, there are a lot of unoccupied frequencies that can be used for better 

allocation. Moreover, the exponentially distributed mean call duration of 120sec. was 

assumed for the UMTS voice services. 

 

Table 3-3: Selected frequency bands and their usage during the 

Republican Party Convention in NYC in 2004   

 

Start Freq. 
(MHz) 

Stop 
Freq. 

(MHz) 

Band 
width 
(MHz) 

Allocation 
Average 

Duty 
Cycle 

Occupied 
Spectrum 

(MHz) 

698 806 108 TV52-69 0.2958 32.59 

806 902 96 Cell phone and SMR 0.4619 44.46 

2390 2500 110 U-PCS,ISM (Unlicensed) 0.1347 15.93 
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Figure 3-7: Traffic demand for the ISM, cell Phone and TV services 

144 frequency scans were taken over a period of 24 hours at intervals of every 15 minutes in 

order to generate the three traffic demand curves. Figure 3-7 shows the spectrum demand for 

the above services after normalizing with their largest peaks. The three traffic services show 

different fluctuation patterns over the day. The maximum spectrum demand for TV viewing 

can be seen around 8:00pm, probably at the news time and the second highest peak usage 

around 2 o’clock during the day. The lowest demand is seen after midnight about 2:00am. 

The usage of cell phones shows a gradual increase as the day goes (from 2:00am to 2:00pm) 

and the highest usage around 2:00pm in the afternoon and thereafter a rapid decrease towards 

the evening. However, ISM demand does not fluctuate as TV and cell phone demand does, 

with maximum usage again around 6:00pm. 

The operation of a temporal dynamic spectrum allocation scheme relies on the time-varying 

traffic patterns of the radio networks sharing the spectrum being different. The traffic patterns 

have a major impact on the potential for DSA to improve the use of the spectrum. If the two 

networks have exactly the same pattern, then they are perfectly correlated, a correlation of +1 

would give spectrum efficiency gain 0 %, since both networks require spectrum from DSA to 

support their peak loads simultaneously - giving no advantage compared to fixed spectrum 

allocation. The other extreme would be where the traffic patterns for the two wireless 

networks are perfectly uncorrelated, that is a correlation coefficient of -1, with the demands 

normalized to one. If the networks had equal peak demands for the spectrum, then for FSA, 
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an equal block of spectrum would be required for each RAN to support its peak load. If the 

radio networks were to share this overall block of spectrum, then the networks would be able 

to support at least twice as much spectrum as they would with FSA, in the same total block of 

spectrum, leading to a spectrum efficiency gain of 100%. However, both these extremes, 

traffic correlations of -1 or +1 are unrealistic and therefore can not be used in evaluating 

different spectrum allocation methods. 

The correlation coefficients between traffic patterns are shown in table 3.4. All the patterns 

are positively correlated. TV and Cell Phone traffic patterns show the highest correlation of 

+0.468 indicating similar patterns and the lowest correlation of +0.06 is seen between TV and 

ISM. 

Table 3-4: Correlation coefficients between models  

Models 

 

Correlation 

Coefficient 

TV- Cell Phone 0.468 

Cell Phone-ISM 0.431 

TV-ISM 0.064 

 

3.3.2.2 Mobility model 

The mobility model used in the simulations assumes that the mobile stations/users move at a 

speed of 60~120km/h, and could turn by 3600 at each position update with a probability of 

0.2. It is assumed that between updates, their speeds are constant. Poisson updates were 

performed every 200 meters. The mobiles are uniformly distributed over the considered area, 

and their directions are randomly chosen at initialisation. Whilst moving around the simulated 

scenario, handovers can occur for the UMTS radio access networks. These handovers are 

simply based on geometric cell boundaries, and not on signal measurements, in order to save 

simulation time. A similar handover procedure is considered for the DVB-T services. Since 

the DVB-T is a broadcast system, the same information would be transmitted from all cells, 

and therefore handovers would never fail in the same way as UMTS. The only way a call 

could be dropped from DVB-T, once it has been set up, would be for it to receive inadequate 

signal strength.  
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Figure 3-8: example (a) user mobility traces and uniform user distribution (b) 

 

Figure 3.8(a) shows the track of a mobile in the simulation, as it makes six calls. It can be 

seen how the track lengths vary, due to the random selection of the call duration, and also 

how some of the calls wrap around at the borders of the UMTS cell. The mobiles update their 

positions every 200m and the direction changes by a random angle through 3600. Figure 3.8 

(b) displays the randomly generated positions of some mobile stations in twenty-one UMTS 

cells, in order to demonstrate uniform MS distribution. 

3.3.2.3 Spectrum & Radio Resources Scenario 

The simulator modelled two (DVB-T and UMTS) radio access networks sharing the same 

spectrum bandwidth. It is assumed that a reduced 5MHz bandwidth is used for DVB-T 

multicast services, instead of the currently specified 6, 7 and 8MHz bandwidths. This can be 

done by reducing the orthogonal frequency division multiplexing (OFDM) sub-carrier 

spacing to give 5MHz bandwidth, and this can be achieved at the expense of larger signal 

degradation, but with no loss of data rate. 

The total amount of spectrum available for the UMTS/DVB-T system is dynamically varyied 

between 20MHz ~ 60MHz, depending on the frequency occupancy of the third spectrum band 

(unlicensed or public safety band) unused spectrum is borrowed as per availability in order to 

provide UMTS/DVB-T services.  

The cell capacity determines the maximum number of mobile stations (users) a cell can 

support. It depends on a number of factors including interference from neighbouring cells, 
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antenna type, etc., and calculated using equation 3.7.  Each DVB-T cell with a 5MHz carrier 

could support 4 multicast services by multiplexing the programmes onto the MPEG transport 

stream, and the value of 4 is stated as a typical value for a mode suitable for mobile reception 

in [51] and [52]. This process of multiplexing is described in the MPEG-2 system 

specifications. 

3.3.2.4 Cell capacity: 

As the number of channels in the network depends on the level of total interference (at least 

for the UPLINK, i.e. mobile to Base Station link), the WCDMA system is limited by 

interference in the UPLINK. The WCDMA transmissions in neighbouring cells, which use 

the same carrier frequency, are accounted for by introducing a factor β. This modification 

reduces the number of users in a cell since the interference from users in the other cells must 

be added to the interference generated by the other mobiles in the user’s cell. The practical 

range for β is 0.4~0.55. The power control accuracy is represented by a factor α and its range 

is 0.5~0.9. The reduction in the interference due to the voice activity factor υ has range 

0.45~1.0. The type of antenna used at the base station is directional rather than omni-

directional. The antenna used at the cell each radiate into sectors spaced at 1200, and therefore 

an interference improvement factor λ is included in the equation. For a three-sector cell, the 

practical value of the improvement factor is 2.55. With the introduction of these factors, the 

number of users that can be supported by a cell can be mathematically expressed as follows: 

 

Mobile users per cell λ
υβ
××

+
×=

1
1

1
/
/

0NE
RBM

b

w   equation (3.7) 

 

Where, Bw is the bandwidth, R is the information rate, Eb is the energy per bit and N0 is the 

noise power spectral density. 

3.3.3 Structure of the simulation 

Figure 3.9 shows the main modules of the simulator. Mobile station and base station 

parameters are calculated in the initialisation modules. The dynamic cell capacity of each cell 

is calculated using equation 3.7 for the UMTS cells taking into account adjacent cell 

interference and dynamically varying spectrum bandwidth. All this information is used in the 

main functions of the simulator for call admission control, resource allocation, handover 

management, and finally to calculate blocking and dropping probabilities and then an overall 
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user satisfaction ratio as described in the next section. Table 3.5 shows the parameters used in 

the simulator. 

 
 

Figure 3-9: Modules of the simulator 

Table 3-5: Simulation parameters 

Parameter Value 

Total cell area 1880 km2 

Number of DVB-T cells 3 

Number of UMTS cells 300 

Threshold Eb/N0  in base station 6dB 

Handoff Margin 1dB 

Mean MS speed(Fast) 120km/h 

Mean MS speed( Slow) 5km/h 

Maximum swing angle 3600 

Probability of direction change 0.2 

Mean call duration 120 sec. 

Chip rate 3.84Mchip/s 

Information rate 12.2kbit/s 

Total Simulation time 24 hours 

DSA interval 30 minutes 

Interference  
Handoff 

Resource Allocation 

Base Stations 

Spectrum 
Bandwidth 

Blocking/Dropping probability          
Spectral Efficiency Gain            
User Satisfaction Ratio 

Mobile Station 

Mobility 
Model 
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3.3.4 Performance metrics and simulation results 

One of the two main performance metrics in the simulator is the percentage of satisfied users 

(user satisfaction ratio). A satisfied user is defined as one that is not blocked or dropped from 

UMTS, or one that is not blocked due to the lack of a channel or blocked due to insufficient 

users requesting a service for DVB-T. This is recorded as the percentage of satisfied users on 

UMTS, and on DVB-T separately, and also as a total for the overall system. These are 

calculated as:  

 

RAN

RAN
RAN ζ

γ
=Φ      Equation (4.8) 

 

TDVBUMTS

TDVBUMTS
OVERALL

−

−

+
+

=Φ
ζζ
γγ

       Equation (4.9)  

   

Where γRAN is the number of satisfied users for a particular RAN, ζRAN is the number of 

offered calls to a particular RAN, ΦRAN is the satisfaction ratio for a particular RAN and 

ΦOVERALL is the satisfaction ratio for the overall system. 

The other key measure is the spectrum efficiency gain that cell-by-cell dynamic spectrum 

allocation scheme and dynamically varying spectrum band could collectively achieve. 

Spectrum efficiency can be measured in a wide variety of different ways. Within the scope of 

this work, the spectrum efficiency is measured according to the definition given in equation 

4.10. This states that the spectrum efficiency gain, η, is given by the load supportable at a 

98% user satisfaction level, as demonstrated in figure 3-11. The definition in equation [53] 

gives the load in units of Kbps/cell/MHz. For the simulations presented here, this is not a 

reasonable measure to use for load, due to traffic load varying over the course of the 

simulation, according to the time and spatial varying patterns. One particular constant value 

of load is not present in the simulation, as the arrival rate of the services is changing, making 

an absolute value of the load a misleading measure. In order to vary the overall loads in the 

simulation, the number of users in the simulation is changed in other words the user density is 

varied. Therefore, in the simulation the traffic patterns and traffic parameters are kept 

constant, but the user density is changed to increase or decrease the overall load. The user 

density is in MS/km2 and gives a convenient value to use that represents the load in the 

simulation, since it is a constant regardless of the time-varying traffic pattern, and can also be 
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compared across the two different networks in the simulations. This results in simulation 

results similar to those shown in figure 3.10. 

 

 
 

Figure 3-10: Measurements of spectrum efficiency from 3GPP and used in this 

work 

The user density is directly proportional to the absolute value of the loads in the simulator, but 

cannot be used to directly measure a value for η, as in figure 3-10(a) instead; the main focus 

of the work here is the increase in spectrum efficiency when dynamic spectrum allocation is 

compared to its fixed spectrum allocation equivalent. Since the value of the user density 

measured at 98% satisfaction for FSA and DSA are both directly proportional to the absolute 

load, then the change in user density supportable is the same as the change in spectrum 

efficiency, ∆η, shown in figure 3-10(b). This is generally calculated as a percentage as shown 

below, and is called the “Spectrum Efficiency Gain” (SEG). 

 

100
%98,

%98,%98, ×
−

=∆
DSA

FSADSA

D
DD

η                                   Equation (4.10) 

 

Where ∆η is the spectrum efficiency gain in percent, DDSA,98% is the user density of the 

dynamic spectrum allocation at 98% satisfaction and DFSA,98% is the user density of fixed 

spectrum allocation at 98% satisfaction. 
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3.3.4.1 Simulation results  

The results obtained from the simulations are presented in figure 3-11. Three sets of results 

are obtained under different spectrum allocation techniques including the cell-by-cell with 

dynamically varying bandwidth. The curves show the overall percentage of satisfied users of 

both services (UMTS/DVB-T) against the user density. As expected, both DSA schemes are 

better than the currently existing fixed spectrum allocation scheme. 

 
 

Figure 3-11: Overall performances for different DSA schemes 

The fixed spectrum allocation scheme shows a sharp decrease in satisfaction ratio as the user 

density increases, mainly due to insufficient channels in the system to support the increasing 

traffic load. At 98% satisfaction the FSA scheme can support an average 130.35 MS/km2 or 

an average call arrival rate of 3 calls/hour. The cell-by-cell DSA also shows a similar drop of 

satisfaction ratio as the user density increases. However, the user density that can support a 

98% satisfaction ratio has increased to 181.90 and the average call rate that can support the 

system has risen to 3.99 calls/ hour. The same technique with dynamically varying bandwidth 

further increased the user density to 198.79 MS/km2 - which is an average of 4.5 calls/hour. 

The curve corresponding to this scheme does not show a sharp decrease. Instead, it shows 
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more steady decrease with a fluctuating satisfaction ratio mainly due to dynamically varying 

cell capacity as a result of expanding and shrinking total spectrum bandwidth.   

To calculate the spectrum gain, values obtained by the above graph at 98% satisfaction ratio 

are substituted in the following equations: 
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Figure 3-12 summarises the spectrum efficiency gain achieved by the two dynamic spectrum 

allocation schemes. The cell-by-cell scheme achieved a spectrum efficiency gain of 39% 

compared to the traditional fixed allocation scheme. This is about 9% more than that that 

achieved by the contiguous DSA scheme. The same technique, under varying bandwidth, 

achieved 52% gain over FSA and moreover, it is approximately 14% more than the cell-by-

cell scheme itself. In other words, this would increase the number of satisfied mobile users in 

the system by a factor of 0.66. 
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Figure 3-12: Spectrum efficiency gain for the two DSA schemes 

3.4 CONCLUSIONS 

Dynamic Spectrum Allocation can achieve notable gains in terms of spectrum efficiency (i.e. 

serving a higher number of users with the same amount of available spectrum). This is true 
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for scenarios, where three radio access technologies share their resources. The scenarios 

mirror the spectrum occupancy in each of the bands over a period of 24hrs and the duration 

for the dynamic allocations was limited to 30mins. This initial scenario would not require the 

use of SDR equipment; mere multimode terminals could serve the same purpose.  

However, significant additional spectrum efficiency gain can be achieved by DSA schemes 

running on SDR Technology based systems. The main difference is that such devices may use 

their reconfigurability capability to temporarily use (“borrow”) other parts of the spectrum, 

even in bands that are originally not assigned for communication purposes.  

The cell-by-cell DSA scheme used for channel allocation shows, in any case, higher spectrum 

efficiency compared to the fixed allocation method. The cell-by-cell scheme with 

dynamically varying spectrum bandwidth outperforms the cell-by-cell scheme with fixed 

bandwidth by 14% with respect to spectrum efficiency gain. The highest gain achieved was 

52% higher than with fixed allocation. The case investigated is based on a rather simple 

example with only limited spectrum borrowing, if higher numbers of channels can be 

borrowed, higher gains can be achieved.  

Summarising; using the load and occupancy indicators from a spectrum measurement 

campaign (in Manhattan [50]) as input and following aforementioned system assumptions, 

cell-by-cell DSA in conjunction with SDR Technology can greatly increase system 

performance with respect to capacity and efficiency.  

SDR Technology enabling dynamic spectrum allocation with temporal 

spectrum ‘borrowing’ in under-occupied bands can greatly increase the 

spectrum efficiency.  
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4 SYSTEM CONSIDERATIONS 

4.1 DEPLOYMENT 

There are different technological as well as commercial cases where SDR Technology can be 

deployed. The radio equipment may be configured to practically any setting and may 

potentially implement any radio interface (either standard radio access technology or any 

rogue scheme). This capability opens the way for any type of intended as well as unintended 

incorrect system implementation. In particular, software definable radio terminals can be 

easily circulated and may be used in administrative areas where regulation or law prohibits 

the use of a reconfiguration capability or, in very strict cases, even the mere possession of 

such equipment. The problem of how to prevent unintentional configurations causing 

interfering emissions as well as the unintentional incrimination of users arises. 

The most promising deployment case requires use of the reconfigurable capabilities that 

facilitate cross air interface technology roaming. This includes the ability to adapt to any 

(legacy and public standard) air interface available. In some cases download and installation 

of new system software in both the home but also when being in a foreign (administrative) 

environment may be required. The question of “what happens when a user wants to install 

software, obtained from a third party provider, on their terminal, which should operate in the 

network of another operator” can become a question of ‘does the user act unlawful when 

doing the reconfiguration or is he still within the rules’.  

Focussing on security, mechanisms are required to verify the source of system program code. 

This verification has to happen well before a piece of system software becomes implemented 

in a reconfigurable device. Mechanisms that can be deployed for such case include: 

• digital watermarking of reconfiguration software,  

• hardwired mechanisms preventing execution of unmarked code,  

• remote activation and de-activation.  

Regarding reliability, mechanisms and procedures are needed to ensure that a reconfiguration 

will not stop the correct system function. Suitable mechanisms for validation, fault diagnosing 

as well as error recovery procedures have to be in place. Possible mechanisms include:  

• remote validation,  

• physical or virtual shadow chain.  
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Remote validation is a mechanism that allows the testing of configurations prior to 

installation on the SDR Terminal. The configuration testing takes place within the network, 

where the intended software configuration is executed and validated in an emulator, as 

proposed in [34].  

To enable terminal recovery after a faulty configuration, every reconfigurable terminal needs 

to be able to revert to the previous, stable configuration. This implies that either a (physical or 

virtual) shadow transceiver chain has to be in place [54]. Terminal fallback will need to be 

triggered either remotely or locally.  

Apart from these functional issues, the main difficulty is the validation and certification of 

radio configurations; they are discussed in sections 4.2 and 4.3.  

SDR AND SPECTRUM LIBERALISATION AND HARMONISATION 

Software radios facilitate different spectrum usage scenarios, ranging from spectrum sharing 

to short-term dynamic allocation. Following Ofcom’s efforts for spectrum liberalisation, SDR 

technology provides the means for the unique opportunity to increase the competition in UK’s 

communication services market. Reconfigurable networks and terminals offer the possibility 

to quickly re-deploy parts of the radio spectrum for usage by different services and different 

access technologies. SDR Technology can offer the possibility to introduce “service 

dependent roaming”, moving away from the communication system dependent roaming (as 

described in section 3).  While many application cases may be implemented using Multimode 

equipment, SDR Technology will also allow the ability to react to short term changes of 

requirements (spectrum/service demand. It could support the telecoms market by:  

• offering the possibility to re-assign and re-sell spectrum in a very flexible manner 

(e.g. if a secondary spectrum market is being introduced, what should stop spectrum 

‘owners’ to further re-sell the spectrum, even on a very short term - for a download - 

basis?), and even in bands that may be only available for a short period of time. 

• increasing consumer choice (i.e. strengthening the possibility for market forces to 

operate) and reacting to short term usage opportunities. 

• allowing operators to reduce their prices/increase their network capacity by 

implementing load balancing across different parts of the spectrum, using different 

radio access technologies, while providing the same service (e.g. using the principle 

of BT’s Bluephone, but on a Metropolitan area scale rather than in the home area 

only). 
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• allowing a more flexible regime to assign operator licenses (i.e. no expiry date, but 

annual usage fee) i.e. assignment only on short term market merits rather than license 

auctioning or beauty contest.  

Yet the freedom and flexibility SDR technology offers comes at the price of complexity. 

Section 4.2 highlights how the roles of the different parties may change depending on the 

deployment scenario.  

One effect of SDR terminals and network equipment when used internationally is that the 

need to harmonise spectrum allocations would be reduced. SDR terminals could be 

reconfigured to operate within the given bands. Frequency allocations are decided at World 

Radiocommunication Conferences and these allocations result in a rather flexible potential 

use. Globally, many bands are actually allocated to different radio services. As a 

consequence, it should not be expected that SDR Technology would have, at least in the short 

and medium term, any direct impact on allocations. Regarding the global harmonisation, 

removal of the different approaches in the regions is currently not a real aim and unlikely to 

enter the agenda. The current (allocation) situation takes into account that geographical 

separation, in particular between Regions 1 and 3 on the one hand, and Region 2 on the other 

hand, allows de facto different spectrum use. The introduction of SDR Technology should not 

be expected to change this, but it will allow users to more easily carry their radio equipment 

from one Region to another without high risk of suffering or being responsible for 

interference. 

4.2 COMPLEXITY OF RECONFIGURABLE SYSTEMS 

Reconfiguration of radio equipment is the basic requirement to enable the splitting of the 

service-technology-spectrum combination as described in section 3. As discussed, this split is 

required in order to change the used spectrum band (or transmission technology) to be able to 

temporarily offload some of the communication traffic from heavily used bands to underused 

bands (this includes the possibility for temporal use of public bands). Simple multi mode 

terminals may be sufficient in some application cases. However, to make use of a wider range 

of bands and to achieve higher spectral efficiency, terminals should be reconfigurable, 

providing customization for the forthcoming usage period. Thus reconfiguration of terminals 

is one of the important enablers for dynamic spectrum allocation. This raises the question of 

how radio reconfigurations can be validated or approved. 

In the current framework for terminal type approval and certification (as well as for command 

and control in terms of spectrum management), the roles and responsibilities in the system are 

clearly identified and defined. Taking equipment as example; terminals were manufactured 
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implementing all functional layers according to the given standards. The standard compliance 

of equipment was verified through an independent type approval process undertaken in test 

houses. Radio configurations or emission patterns of these terminals could not be changed, 

except perhaps through a long lasting and tedious procedure. The scheme evolved and with 

the introduction of the R&TTE directive, manufacturers were allowed to certify that their 

equipment complied with the relevant standards. This was a first shift of responsibility as well 

as a change of the role of the manufacturer (i.e. they effectively assumed the ‘role’ of 

‘certifier’ which was previously held by the independent test house). With the change of role 

also the responsibility (for certification) and the associated liability were shifted to the 

manufacturer.  

With the expected appearance of increasingly programmable and reconfigurable SDR 

technology based terminals, the assignment of responsibility for reconfiguration becomes 

even more blurred. Once the remaining technical hurdles for SDR Technology are overcome, 

such equipment may be freely reconfigurable. The required configuration software may be 

obtained from a competitive market or even through open source distribution. Together with 

the associated functional split of a terminal into (radio) platform and (radio) configuration 

software, the classical role of manufacturer also becomes fragmented. A distinction between 

(platform) manufacturer and configuration software provider needs to be made.  

This problem has been acknowledged by the TCAM who, in its TSG (TCAM Software 

Defined Radio Group) defined two models that are applicable when it comes to configuration 

of SDR Technology based radio terminals. The models defined are:  

• A vertical model, which foresees that terminal reconfiguration can only be 

undertaken (and authorised) through the original equipment manufacturer. This 

includes that any software exchange, update or upgrade as well as any possible 

software configuration that may be instantiated on a (radio) platform will have to be 

certified and authorised by the equipment manufacturer. Following this vertical 

model, the manufacturer combines the role of platform manufacturer and software 

provider. The assignment of responsibility is rather immediate; the manufacturer will 

be liable for any mis-configuration of a terminal.  

• A horizontal model, which allows that reconfigurations can be authorised by 

different actors. The configuration software in this case only needs a declaration of 

standard compliance. The advantage of this horizontal model is that the markets for 

radio software will be wide open for new players, such as third party software 

vendors or brokers. The main disadvantage of this model is that any implementation 
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of a new configuration will be harder to control and that assignment of responsibility 

for reconfigurations would be much more difficult.  

Compared to the vertical model, the horizontal model introduces new actors (i.e. software 

vendors/brokers) as well as their associated roles. In addition, by allowing declaration of 

standard conformance for software, the validation/certification of the software installation 

(i.e. the complete radio configuration) becomes more complicated. Taking the configuration 

of personal computers as an example, the order of installation and the combination of 

software applications impacts the performance and stability of a system. The same can be 

expected for SDR Technology based radios; different software combinations or even a 

different configuration history may reduce the stability or even standard conformance of a 

terminal. Hence, while all individual software modules may be declared as  conforming to 

given standards, the overall configuration may fail such conformity. The question of 

responsibility assignment remains. 

The example so far only describes the shift of role for the manufacturer. However, changes of 

role are not restricted to the manufacturer and the certification of equipment, but they affect 

all actors within a reconfigurable communication system. Moreover, if in addition a 

liberalised spectrum market is considered, this problem becomes multidimensional. 

RECONFIGURATION ISSUES - SCENARIO 

Assumes a communication situation in a secondary spectrum market, where 

reconfiguration of base stations and terminals are permitted. The spectrum 

may be owned by a classical operator, who permits the sublease of  that 

spectrum. The reconfiguration software may be obtained from different 

sources (3rd party SW providers, operators, manufacturers), and 

reconfiguration can take place at any time.  

The main problem in such a situation would be that the classical roles of each of the players 

may change at any time. With the changes of the roles, the assignment of responsibility for 

radio configurations would change. The E2R project [31] has looked into this problem area 

and identified a number of potential pitfalls and issues:  

• Issue 1: Radio configuration software may be obtained directly from third parties. 

This includes accredited software houses which provide declared standard compliant 

radio configuration software as well as backyard hackers providing their non solicited 

software implementations.     
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• Issue 2: Radio configuration software may be obtained from an equipment 

manufacturer, but it may have been optimised for use on the manufacturers own 

platforms. While the software would be standard compliant, it could have adverse 

effects when executed on a different (SDR) platform.  

• Issue 3:  Radio configuration software may be obtained from the operator. If the user 

obtains configuration software while in the administrative domain of a competing 

operator, the software may conform to the standards, but may be optimised for use 

within a specific network.  

• Issue 4: Reconfigured radios may enter a foreign administrative domain; the visited 

operator (or spectrum owner) may choose to prevent access of a radio with a certain 

configuration.  

• Issue 5: A user may choose to download and install software from different sources 

and the resulting configurations may or may not conform to the standards or may 

generate harmful interference.  

Issues 1-3 cover the sourcing and installation of reconfiguration software. Many of the 

problems relating to reconfiguration software can be alleviated with the introduction of a 

general installation mechanism. Such a mechanism will require means to test the software 

before installation and to assign markers about the software’s standard compliance. An 

example is introduced as part of the responsibility chain concept in the remainder of this 

section.   

Issues 4 and 5 include the prevention of misuse of spectrum and the assignment of the 

responsibility to the relevant party. These issues are most crucial; they directly address the 

operation of SDR Technology based reconfigurable terminals.  

ACTORS AND ROLES IN RECONFIGURATION SCENARIOS 

To solve the problems aforementioned issues raise, a clear understanding of the relationships 

between the actors in end-to-end reconfigurable environments is required. The responsibility 

chain concept [55] extends the classical list of actors (regulator, manufacturer, 

operator/service provider, user) to meet the needs of reconfigurable systems. The scheme 

encompasses all actors that influence reconfiguration procedures or merely participate in such 

procedures.  

The concept assumes that both, the vertical as well as the horizontal model, as defined by the 

TSG, should be supported. It further assumes that, depending on the application scenario, the 

roles of the different actors may change. Hence the concept defines a number of new ‘roles’, 
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which provide mechanisms to support both horizontal and vertical model. The (initial) roles 

of the different actors are defined through their responsibilities:   

• The Regulator will be responsible to define the framework for configurations and 

reconfigurations, for the allocation of Spectrum, definition of use and usage policies 

and for the definition of usage rules and penalties for violation of responsibilities.  

 the role of the regulator would not be very different from today’s definition, tasks 

like monitoring and policing may be mandated to other actors (E2R proposes for this 

task a ‘reconfiguration controller’) 

• The Reconfiguration Controller (i.e. a type of system monitor) must perform the 

monitoring of: Standard Conformity and Certification, of Security, and of the 

Spectrum Manager. Its responsibilities include the supervision of spectrum 

management and the registration of equipments configuration history. Additionally, 

in the horizontal market, it has to monitor and police the implementation of spectrum 

usage policies and it has to monitor and police the implementation of equipment 

updates.  

 the new introduced role of reconfiguration controller is required to oversee the 

overall use of reconfigurable technology and to mediate in case a violation of the 

procedures or policies occurs. The extent of the tasks of the reconfiguration controller 

depends on the detailed definition by the regulator.   

• The Service Provider must ensure the authenticity of the content, it must make 

provisions to ensure content delivery and optionally it may request (radio software 

configuration) updates, but has no responsibilities associated with this request.  

 the service provider role remains rather passive, a service provider may only 

request a reconfiguration to optimise their service delivery, but they are not involved 

in the actual reconfiguration procedure. 

• The Reconfiguration Support Service Provider (RSSP) is a new role, its 

mechanisms have to implement control and security mechanisms to facilitate secure 

download. It has to verify the compliance of download software as well as the 

suitability of the intended configuration (HW/SW combination). In the vertical model 

is the additional requirement that the RSSP must ensure that only manufacturer 

endorsed software can be downloaded and installed. In the horizontal model, the 

RSSP must facilitate the run-time evaluation of configuration software and it must 

provide the mechanisms to prevent a terminal from reconfiguring.  



Evaluation of SDR Technology   4. System Considerations 

 

 
February 2006  52 

 the role of the RSSP is of particular importance, as its functionality includes the 

validation of downloadable radio software as well as the overall software 

configuration that will be executed on a SDR platform.  

• The Network Operator has to provide the infrastructure and secure connectivity for 

communication, signalling and for reconfiguration software downloads; it is 

responsible for the proper operation of equipment within their administrative domain. 

In the vertical model the network operator has to prevent unauthorised parties  access 

to the network, while in the horizontal model it has to facilitate software updates by 

providing suitable connectivity.  

 the role of the network operator foresees the same operations and responsibilities 

as there are in the current systems, however, as the roles of different actors may 

change, these tasks may be assigned to the new role holder. 

• The Equipment Manufacturer is responsible for the proper operation of their 

hardware in terms of radio performance (e.g. linearity of power amplifier, adjacent 

channel interference, intermodulation ratios, spurious emissions, etc.), and it is 

responsible for the proper operation of the support software provided with the 

hardware platform (i.e. the radio execution platform). Additional requirements for the 

vertical model include that it has to prevent users from downloading unauthorised 

software, to prevent the hardware from using/accepting unauthorised software, to 

ensure suitability of the initially provided radio software and ensure suitability of 

downloadable radio software. Additional requirements for the horizontal model are to 

ensure suitability of the initially provided radio software (if any). Then, to ensure 

suitability of any other downloadable radio software the equipment manufacturer may 

provide. Furthermore, to provide descriptions of potential problems, limitations and 

system APIs. Finally, to facilitate certification of configuration software for their 

radio hardware.  

 if the communication system and the participating SDR Technology based 

terminals are open programmable, it becomes important to introduce technical means 

into the equipment to prevent the execution of unauthorised radio software 

components. Examples for such means are part of [56] and [57].  

• The Software Provider has to implement/provide an established authentication 

mechanism (preventing impersonation), and to implement security features when 

providing radio software (e.g. security of radio SW download). For the vertical 

model, they have to provide radio software in accordance to agreements with the 

manufacturer of the hardware. Additional horizontal requirements are: a) to declare 
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with which hardware platforms software may be used, b) for which hardware 

platforms particular software has been designed, and c) to make a declaration of 

conformity in accordance with the statement of intended (modified) use.  

 Not all configuration software provided may originate from authorised sources, in 

these cases physical means on the terminal (SDR execution platform) together with a 

network based validation mechanism (implemented by the RSSP) will validate the 

intended configuration (or prevent the platform to accept such configuration).  

• Finally the User/Subscriber has to read the instructions provided with the terminal 

instantiation (i.e. as terminals will consist of combinations of hardware and 

exchangeable software, this documentation may change with every new 

configuration) and act according to them. In particular, they have to be aware of local 

possibilities/restrictions that may make the use illegal (in terms of usability of radio 

interfaces, maximum power levels, etc.). In the vertical model, the user is expected to 

obtain configuration SW from the appropriate manufacturer (exclusively!), while in 

the horizontal model they are expected to obtain configuration software exclusively 

from authorised sources (in accordance with the hardware used).  

 a certain level of care needs to be expected from the user, e.g. configuration 

information together with data about a users geographical location could be used to 

trigger warning messages or notifications of noncompliant configuration.  

The list above summarises the responsibilities of each role, the relationships between the roles 

are depicted in the responsibility chain in the figure below. The responsibility chain is related 

to the classical value chain of mobile telecoms; this helps to identify matches and to approach 

the assignment of responsibilities in reconfigurable radio systems. The responsibility chain 

defines a model where the accountability for reconfigurations can be consigned to the 

different actors (depending on their role) within end-to-end reconfigurable systems.  
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Figure 4-1: Roles within the administrative dimension of reconfigurable 

communication systems and their relations [31] 

Based on the description of roles and the identified ‘problematic issues’ different 

reconfiguration scenarios can be assumed. These include the non-conformant configurations 

(causing harmful interference) as well as the issue of obtaining downloadable reconfiguration 

software from different sources. The following subsection maps the actual responsibilities for 

reconfigurations to the different roles/actors. 

4.3 RESPONSIBILITY AND CERTIFICATION OF SDR EQUIPMENT 

Each of the roles described holds a defined set of responsibilities. Depending on the 

application scenario, the responsibility for a ‘reconfiguration action’ may be assigned to a 

different role:  

Assuming that SDR technology will allow new actors to enter the market, the role 

of some of the incumbent actors will change even during operation of a 

reconfigurable terminal. This raises the question about which actor will take the 

responsibility for the configurations implemented by third party software and 

who guarantees that such radio configuration software can be employed to 
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implement a radio protocol and air interface standard on the platform that was 

built and supplied built by a specific manufacturer?  

  In such a case the responsibility to validate the software may be assigned to the 

provider of the software, or if the software source is unknown the RSSP will 

have to test and validate the software and also to take the responsibility.  

Assuming that reconfiguration software may be provided by either the equipment 

manufacturer, operator or a third party, and considering that the configurations 

may be operated in different administrative domains, who will be liable if any 

configuration does not comply with the standards?   

 The responsibility chain gives each operator the possibility to exclude 

terminals from accessing their networks. The operator may request (from the 

RSSP) a proof of conformity before allowing (the terminal) access to their 

network. Responsibility for malfunction would be assigned to the RSSP.  

Who will decide whether or not reconfigured terminals are to be permitted to 

access/use an operator’s Radio Access Technology (RAT) and what are the 

mechanisms to prevent such access in case a configuration does not comply to 

the standards?  

 The decision should remain with the network operator, however, to ensure 

competition, the reconfiguration controller should monitor whether the 

exclusion of a terminal was on technical or commercial grounds.  

The question about who can (and will) take the responsibility if a terminal is 

being reconfigured needs to be answered. And the assumption in this case is that 

each configuration may be different and that each possible configuration may 

require their type approval.  

 The responsibility chain concept provides an answer to this; all configurations 

need to be authorised (validated) before they can become active. The RSSP has 

the task of validating and authorizing radio software independent of its origin. 

If the validation fails, the RSSP will not allow a configuration to be 

implemented. In case a rogue terminal is in operation and causes harmful 

interference, the RSSP has the possibility to withdraw the operating 

permission. 
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Considering these restrictions and responsibility allocations and also the various scenarios in 

which reconfigurations may occur or in which reconfigurable terminals may be operated, 

there are two main requirements towards equipment manufacturers: 

The execution platforms of SDR Technology based terminals should 

implement unalterable, hardwired mechanisms that require a validation 

code.  

This is necessary to prevent the use of non-validated software. The validation code could be 

attached directly to the reconfiguration software (for example as a digital watermark) or, in 

case of the responsibility chain concept could be provided by the RSSP.  

The second requirement is that:  

SDR Technology based terminals require hardwired mechanisms that allow 

the remote removal from service. 

This latter requirement is needed to take rogue terminals out of service in case they cause 

harmful interference. However, the mechanism should be implemented in a way that the 

terminal can fall-back to its last approved configuration.  

4.3.1 Certification of SDR Equipment 

Concentrating on possible ways to certify reconfigurable equipment, and taking the R&TTE 

directive for equipment certification as example, there are already mechanisms defined which 

provide some considerable flexibility. The R&TTE directive allows the manufacturer to self 

certify any radio wave emitting equipment they produce. To be allowed to certify such 

equipment, a manufacturer has to design and specify their equipment according to a set of 

harmonised standards; the equipment has to fulfil a set of “Essential Requirements” that are 

captured and implemented in the relevant standard. The manufacturer has to make a 

declaration of intended use for their equipment. Furthermore, they will need to provide a 

declaration of conformity (i.e. certifying that a module conforms to the harmonised 

standards), then they have to apply the CE marking and to add the required documentation 

(fulfilling Article 6.3) specifying how the equipment has to be used. The R&TTE Directive 

specified certification process is outlined in the sequence depicted in the figure 4-2.  
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Figure 4-2: R&TTE Equipment Certification (following the definitions of TCAM) 

 

Based on the original R&TTE procedure, and considering the capability of reconfigurable 

terminals, a small set of extensions can be included to enable that even reconfigurable SDR 

equipment may be certified. Such certification may take place even after initial delivery 

through the manufacturer and it can be repeated as many times as necessary during the 

lifetime of equipment.  

Starting with a radio, a piece of reconfigurable equipment (see figure 4-3), the initial 

configuration (i.e. hard- software combination) has already been certified by the original 

equipment manufacturer. Any alteration that may be implemented, be it a complete 

reinstallation, or a partial upgrade of radio software that may be intended, and will alter the 

configuration, will again have to comply with the set of harmonised standards that are 

applicable for radios defined for the target radio access.  

SDR based communication equipment always consists of a combination of hard and software. 

While the hardware remains (usually) unaltered, the software may be changed at will. The 

configuration of a radio can be described as:  

Rnk = HWn × (SW0+SWk) 
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Where Rnk represents the radio implementation, HWn the radio execution platform, SW0 the 

initial installation and firmware provided with the radio (only the manufacturer should be 

allowed to make firmware changes) and SWk the configuration software (which again may 

consist of many different software modules). While HWn can be assumed as being 

unalterable, the combination of (SW0+SWk) may be changed.  

Independent of the complexity of the re- or new configuration, the combination of a 

reconfigurable terminal and the new (or incremental) software installation (e.g. SDRn(k+1)) has 

to fulfil the essential requirements and a declaration of the intended use (of the new HW/SW 

combination) has to be made. 

 

Figure 4-3: Extended R&TTE Equipment Certification for Reconfigurable 

Equipment (derived from the definitions of TCAM) 
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With making a “declaration of conformity”, the actor (operator, manufacturer, etc) who 

undertakes the reconfiguration will be assigned the responsibility for the resulting radio 

configuration. In case a user undertakes the reconfiguration, the assignment of responsibility 

depends on the source of the software used. In case of manufacturer or operator originated 

software the responsibility would be assigned accordingly. Should the software originate from 

a third source, the responsibility for a granted reconfiguration would be with the RSSP.  

To enforce such a scheme, there would be the aforementioned requirement towards the 

hardware to implement a hardwired security module that prevents the execution of non-

validated code.  

Once this declaration has been made, a new CE mark and the required, associated, 

documentation have to be provided (i.e. both could be implemented in SW and be accessible 

via the telephone screen). Provision of the CE mark and documentation is also part of the 

responsibilities of the party (actor) declaring the conformity to the set of harmonised 

standards applicable.  

 

SDR Technology based terminals are combinations of hard and software, 

each iteration or change of software will require validation. An open 

scheme for validation will allow the entrance of new players to the market; 

the TSG and R&TTE directive provide the basics for a scheme that may be 

applied to implement dynamic equipment validation.  

 

The scheme described in this section is only applicable for countries following/implementing 

the R&TTE Directive on equipment certification. This includes most of the European 

countries; however, countries in regions 2 and 3 do have other certification (or type approval) 

mechanisms in place and the scheme may not be mapped directly. 
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5 ROADMAP FOR SDR DEPLOYMENT 

As an enabler, using SDR technology promises higher spectrum efficiency as well as the 

facilitation of possible new market models. The simulations of example deployment scenarios 

have indicated the type of spectrum efficiency gains that can be expected. However, 

development and actual deployment of SDR Technology depends on a number of factors and 

constraints. This section summarises which constraints need to be overcome to facilitate SDR 

deployment. The section draws a possible roadmap setting technology and regulatory 

developments into perspective.   

SDR Technology should be seen as a concept or enabler rather than a system implementation. 

There will be system implementations based on SDR Technology (for example cognitive 

radios) as well as equipment enhanced with SDR capabilities. To be able to distinguish the 

different implementation types, the SDR Forum introduced a classification scheme for radios. 

The scheme identifies the levels of configurability and reconfigurability as outlined in table 5-

1 and, according to the class type, the mechanisms to ensure that equipment can be certified  

Table 5-1: SDR Forum Classification of Radios  

 

Tier      Type Reconfigurability level 

0 HW Hardware 
Radio 

Reconfiguration through exchange of hardware 
components only 

I SCR Software 
Controlled 
Radio 

Reconfigurations through control functions in 
software, limited to pre-defined set of 
configurations 

II SDR Software 
Defined 
Radio 

Software control and reconfigurability of a 
variety of modulation techniques (waveforms) 

III ISR Ideal 
Software 
Radio 

Analogue conversion takes place at antenna, 
speaker and microphone, everything else is 
digitised and software configurable 

IV USR Ultimate 
Software 
Radio 

Understands all traffic and control information 
and supports (most) applications and radio air-
interfaces 

 

Although this classification scheme can limit the problems for certification (or type approval) 

of class 0 and class I equipment, classes II, III and IV provide too much flexibility to be easily 

and quickly (i.e. in run-time) certifiable (with every change of configuration). 
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Figure 5-1: Roadmap for SDR Deployment  

The roadmap drawn (figure 5-1) relates the technological progress of SDR development to the 

progress that ought to be made in regulation. The roadmap considers General Technology 

Progress, SDR Technology progress, active radios and the related regulatory milestones 

anticipated. The predictions for the technological progress are based on literature, and the 

mapping of the different types of SDR Technology based radios is derived from this. The 

predictions about the increasing activeness of radios towards the implementation of a first 

“spectrum common environment” is more vague and depends on the development of the 

regulatory policies. The following subsection highlights expected developments towards a full 

SDR realization, although, as would be expected when considering the future part of the 

timeline, the further along the timescale we progress, the less accurate the prediction will be. 
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2003/4 - JavaPhone: Limited programmability of radio functionality was implemented in 

the ‘Java Phone’ libraries as well as the Microsoft Mobile or Symbian operating systems. 

[58] 

2004/5 GNU Radio: the open source community provided a first, pure software 

implementation of an FM receiver, demonstrating that radios can be implemented on 

standard DSP boards. [59] 

2004/5 SDR Base Stations: Companies like Vanu Inc. were the first to provide SDR 

Base Stations [38] (running on standard HP servers) to a small cellular provider. Other 

companies offering similar equipment include ‘PA consulting’ [60] and Allgon (Kevab) 

[61], they provide pure software based pico cellular products for UMTS.  

2006/7 – Reconfigurable Baseband: In terms of processing requirements the software 

definition and implementation of the baseband part of terminals is already feasible for 
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some radio systems (e.g. GSM). But some of the required algorithms are still too 

processing intensive for current general-purpose processors. Hybrid architectures and 

systems on chip will help overcome these limitations [62].  

2007/8 - modularisation of all hardware blocks: in particular in the RF part of radios 

there are physical limitations that cannot be overcome by purely software based systems. 

Examples include antennas and filters, military SDR developers circumvent this by using 

‘plug and play’ components [42] that, based on modular hardware blocks, allow the 

(physical) adaptation of the usable frequency range. [63]. However, other concepts might, 

in the future, be used to overcome these physical limitations, for example the use of a 

Virtual Antenna System, or the use of Relaying (through another terminal that supports a 

different RF configuration). 

2007/8 - higher power efficiency: processors in personal computers show the relation 

ship between increased processing power and energy consumption quite drastically, while 

new generations of processors have clock cycles beyond 4GHz, all of these processors 

require both significant power as well as considerable cooling mechanisms. The limited 

battery capacity of mobile devices renders such power/speed approach unusable. This 

shortcoming is being compensated through new battery (and energy sources) technology 

like Lithium Ion, possibly Lithium Polymer and micro fuel cells, but also through 

decreased gate-size and new micro-architectures. [64] 

2007/9 - implementation of a digital front-end: Progress in VLSI design and ever 

denser gate width will allow the provision of a reconfigurable digital frontend. Current 

state of the art already allows the definition of digital frontends for radios with low(er) 

processing requirements [65]. Fully reconfigurable DFE’s can be expected by 2007/9 

[66]. 

2009/10 - new radio design methodologies: the performance of reconfigurable and 

software definable radio highly depends on the software architectures used. The 

developments in software design methodologies have lead to new system usage patterns 

and have enabled significant system performance gains. The reason for these gains was 

the tailoring of the design methodologies to the problem space. Radio specific design 

methodologies, such as the principle of a radio virtual machine, will further increase the 

usability and programmability of software based communication systems.  [67] 

2010/1 - smart antennas: A smart antenna system combining antenna elements with 

signal-processing capability to optimize its radiation and/or reception pattern 

automatically in response to the signal environment. There has already been good 
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progress but the form factor often limits the use on commercial handsets. More integrated 

antennas can be expected within four to five years. [68] 

2011/2 - integrated radio execution platform: once the limitations of processing power 

and battery lifetime are overcome, a hybrid, integrated platform for reconfigurable radios 

will be technically feasible. Such architecture will allow the re-configuration of terminals 

to literally any radio setting and modulation scheme, the integration of software 

architecture, high performance processing platform and MEMS based reconfigurable 

radio hardware will lead to such integrated platform. [69] 

SDR TECHNOLOGY BASED RADIOS 

Mapping the SDR Forum classification to the development and expected emergence of 

the facilitating technologies leads to the following phases: 

Up to 2006, most new radio designs are still software controlled (SCR-class I terminals) 

rather than software configured.  

Starting from 2006, some of the radio functionality will be software configured (SDR-

class II terminals), this will affect mainly baseband functionality [70], but increasingly 

higher frequency ranges will be software configured. Modular radio designs 

(exchangeable hardware blocks) [71] will enable the use of one single ‘motherboard’ to 

implement a range of different radios.  

New software design methodology, tailored for wireless communication equipment [72] 

together with a “radio processing platform” integrating most of a reconfigurable physical 

layer will enable the ideal software radio (ISR-class III terminals). Such terminals 

should be completely functional by 2011. Most likely they will be based on “on chip” 

lattice structures [73] which allow the switching between functional blocks, together with 

MEMS based reconfigurable hardware, and possibly appropriate RF digital converters 

(closer to the antenna to enable earlier digitisation of the received analogue signal) [74].  

Finally, (~2012) reconfigurable radio technology will fully merge with knowledge based 

and learning systems, thus implementing radios that can understand their environment 

and adapt to it (USR-class IV terminals). [31] 

SYSTEM-EVOLUTION: ACTIVE RADIOS 

On the system level, radio communication may evolve from a network controlled- to 

network supported- and, possibly, terminal controlled operation.  
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The network controlled operations include service delivery and resource allocation within 

one access technology (“3 Mode Terminals”). This scheme is currently being extended 

to inter-access-system operations (integration GSM/UMTS/WLAN, “n Mode 

Terminals”), but essentially it will still be network controlled. This will allow the 

implementation of Dynamic Spectrum Allocation as documented in section 3.  

With the initial liberalisation of the spectrum market, load aware terminals with limited 

decision making capabilities can be expected; their reconfigurability will be restricted to 

mode switching only. They are likely to be replaced by radio environment aware 

terminals that will be reconfigurable to any access technology, but they will still be 

network controlled. At this stage scenarios like DSA with spectrum borrowing could be 

implemented (see section 3). Finally, once the necessary regulation is in place agile or 

cognitive radios (USR) will enable large-scale trials of the spectrum common concept 

mentioned earlier.  

REGULATORY ISSUES 

The regulatory influences on deployment of SDR Technology can be divided into two 

main parts; equipment and spectrum regulation. Both of the areas will impact the 

willingness of the industry to invest into the rapid development as well as the deployment 

of SDR based systems. Figure 5.2 depicts the projected development of SDR in the 

military domain and the expected deployment in the commercial domain.  

 



Evaluation of SDR Technology   4. System Considerations 

 

 
February 2006  65 

Figure 5-2: Regulatory Influence on SDR Deployment Roadmap 

While the development in the military domain mainly depends on the investment 

willingness of the national defence research organisations (e.g. DARPA), the deployment 

in the commercial domain depends on techno-economic benefits and the regulatory 

perspectives for commercial manufacturers and operators. To narrow the gap between 

military and commercial deployment of SDR Technology, a number of regulatory 

changes and/or initiatives ought to be undertaken to trigger research efforts.   

In terms of spectrum regulation, the Ofcom policies for partial spectrum liberalisation 

from 2007 will allow the implementation of some extended, short term, load-balancing 

scenarios, based on different allocation strategies (e.g. DSA). To enable field trials with 

SDR equipment some spectrum should be set aside as a “test band” for industry to trial 

reconfigurable equipment and to evaluate real world use. The outcomes of these trials 

should be reviewed and the efficiency gains should be determined at the end of this trial 

period. At a later stage the SDR trial bands could become part of an allocation for 

spectrum for ‘common use’.  

Equipment certification will also require some changes. While less regulation would be 

desirable, the authors believe that, for most application scenarios, regulation should set out 

some functional requirements for SDR Equipment. This includes means to enable equipment 

certification and mechanisms to prevent unauthorised configurations to be implemented (as 

described in section 4), and possibly anti-virus measures to safeguard the interference of a 

terminal’s operating or communications system.  
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6 CONCLUSIONS AND RECOMMENDATIONS 

SDR Technology development is progressing and eventually the technology will be available 

to implement even the most demanding radio configurations in software. However, the pace 

at which this is going to happen will be highly dependent on external incentives such as a 

regulatory regime that allows the use of reconfigurable radio technology. The major 

foreseeable usage areas for SDR Technology include Dynamic Spectrum Allocation and once 

the learning capabilities of cognitive radios are in place, Opportunity Driven Multiple Access 

(ODMA). But again, deployment of such mechanisms will be determined by the regulatory 

environment. Simulations undertaken (see section 3) have shown that use of SDR Technology 

can achieve increases in efficiency gain, but to reap the benefits of such a scheme, regulation 

will need to allow the use of reconfigurable equipment as well as the temporary use of 

hitherto underused frequency bands.  

SDR technology itself has evolved and, in the military domain, a range of products is already 

available. Progress in the military domain still precedes the developments in the commercial 

arena. However, even in the commercial domain, there is already some form of 

reconfiguration of most communications “blocks”, i.e. baseband, converters and RF blocks 

including improved antenna technologies and multiple access systems. 

The main limitations in the area of technology deployment relate to the testing and 

certification Procedures (an area that needs thorough addressing since the nature of Type 

Approval itself may change – SDR terminals for example may have the capability to upgrade 

themselves for operation on future systems for which they could not have been Type 

Approved, but would still need to be tested to ensure correct operation on this, new, system). 

Manufacturers are likely to have to re-submit such upgradeable terminals, or regulation needs 

to be put in place that ensures upgrades for which Type Approval has not yet been obtained 

are barred from taking place. Within Europe a scheme, based on the R&TTE Directive can 

potentially close this gap. 

Based on the findings of the study pursued and documented herein, the following 

recommendations are made, with regards to terminal implementations, and in order to support 

the faster deployment of SDR Technology:  

• The execution platforms of SDR Technology based terminals should 

implement unalterable, hardwired, mechanisms that require a validation code.  

• SDR Technology based terminals require hardwired mechanisms that allow the 

remote removal from service. 
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• SDR Technology based terminals are combinations of hard and software, each 

iteration or change of software will require validation. An open scheme for 

validation will allow the entrance of new players to the market; the TSG and 

R&TTE directive provide the basics for a scheme that may be applied to 

implement dynamic equipment validation.  

In terms of spectrum regulation, the following recommendation is made:  

The Ofcom policies for partial spectrum liberalisation from 2007 will already allow the 

implementation of some extended, short term, load-balancing scenarios, based on different 

allocation strategies (e.g. DSA). To enable field trials with SDR equipment some spectrum 

should be set aside as a “test band” for industry to trial reconfigurable equipment and to 

evaluate real world use. The outcomes of these trials should be reviewed and the efficiency 

gains should be determined at the end of this trial period. At a later stage the SDR trial bands 

could become part of an allocation for spectrum for ‘common use’, thus providing the means 

for a completely liberalised spectrum market.  
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