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1
Introduction

Radio technology, where functionality was previously confined to fixed hardware implementations, continues to migrate towards software reprogrammable radios, which can be reconfigured to incorporate new communications protocols and frequency bands.

This technological evolution to software defined radios (SDR) coupled with related advanced radio technologies such as cognitive radio, policy-based adaptive radio, and reconfigurable radio may have a profound effect on spectrum efficiency, utilization and allocation in general. The impact of SDR could be far reaching with possible applications in military systems, emergency response, medical imagery, automobile sensors, commercial wireless systems and more.

2
Scope

This document addresses the application and implications of software defined radio and closely related advanced radio technologies to land mobile systems including, but not limited to, dispatch systems, intelligent transport systems (ITS), public mobile systems including public protection and disaster relief (PPDR), and first and second generation cellular systems including their enhancements. It addresses issues on the efficient use of spectrum using SDR techniques, frequency sharing issues relating to SDR and general technical issues.  The requirements from, and application to, IMT-2000 are covered in a separate report (Report ITU-R M.[IMT.SDR]).  

3
Related documents

Recommendation ITU-R M.1579 
Global circulation of IMT-2000 terminals
Recommendation ITU-R M.1580
Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-2000
Recommendation ITU-R M.1581 
Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-2000
Recommendation ITU-R M.1678
Adaptive antennas for mobile systems
Report ITU-R M.2038
Technology trends
Report ITU-R M.2040
Adaptive antennas concepts and key technical aspects

Draft Report ITU-R M.[IMT.SDR] 
The impact of Software Defined Radio on IMT-2000, the future development of IMT-2000, and systems beyond IMT‑2000

4
Definitions and illustrations of basic concepts

Software defined radio: A radio in which RF operating parameters including but not limited to frequency range, modulation type, or output power can be set or altered by software, and/or the technique by which this is achieved.

NOTE 1 – Excludes changes to operating parameters which occur during the normal pre-installed and predetermined operation of a radio according to a system specification or standard.

NOTE 2 – SDR is an implementation technique applicable to many radio technologies and standards.

NOTE 3 – Within the mobile service, SDR techniques are applicable to both transmitters and receivers.

Software controlled radio:  A radio whose radio functionality is controlled by software.  Software controlled radios may be considered to be a subset of SDR.  A radio can be considered to be a SDR if the radio signal is processed by software; such a radio is not a software controlled radio however, unless this radio signal processing is under software control.
Cognitive radio: A radio or system that senses, and is aware of, its operational environment and employs knowledge representation, automated reasoning and machine learning mechanisms in establishing
, conducting, or terminating communication or networking functions with other radios. Cognitive radios can be trained to dynamically and autonomously adjust their radio operating parameters accordingly. 

Policy-based adaptive radio: A radio that is governed by sets of rules for behaviour that are independent of the radio implementation regardless of whether the implementation is in hardware or software and both senses and adapts to its environment. The rules define the operating limits of such a radio. The definition and implementation of these rules can be:

•
during manufacture or reconfiguration;

•
during configuration of a device by the user or service provider; 

•
during over-the-air provisioning; and/or 

•
by over-the-air or other real-time control.

Reconfigurable radio: A reconfigurable radio is a radio whose hardware functionality can be changed under software control.

NOTE – Reconfiguration control of such radios may involve any element of the radiocommunication network.

Dynamic frequency selection (DFS): is a general term used to describe mitigation techniques that allow, amongst others, detection and avoidance of co-channel interference with other radios in the same system or with respect to other systems. 

Figure 1 gives an illustration of the relationship between some of these concepts:

FIGURE 1

Interrelationship of concepts relating to software defined radio






Interrelationship of SDR and other types of advanced radios







NOTE – This diagram is not drawn to scale; there is no significance to the shape of the circles or ellipses.  
–
Software defined radios are a subset of all radios.

–
The majority of radios are policy-based, whether SDR or conventional radios.  Policy-based radios which are adaptive are the subjects of considerable research in several countries.
–
The majority of cognitive radios use SDR, because cognitive radio inherently requires adaptation of its radio operating parameters. Some simple cognitive radios may not need SDR
.

· A radio using SDR may have no cognitive abilities, and rely purely on external reconfiguration commands and data.
· All policy-based adaptive radios are software controlled radios.  Most cognitive radios and reconfigurable radios are also software controlled radios.
[The following descriptions may be relevant to the work of WP 8A. Confirmation of the terms by ITU‑R WP 8F in their PDNR on SDR is awaited.

IMT-2000 radio: A radio that operates according to one or more of the IMT-2000 radio standards defined in Recommendation ITU-R M.1457, or in due course, operating according to standards subsequently developed for systems beyond IMT-2000.

Pre-IMT-2000 radio: A public cellular-based radio that operates according to one or more of the pre-IMT-2000 radio standards defined in Recommendation ITU-R M.1073.M.622, M.1033.

Other radio: For the purpose of this document, any radio not operating according to one or more of the IMT-2000 radio standards defined in Recommendation ITU-R M.1457, or standards subsequently developed for systems beyond IMT-2000. (Note: this includes pre-IMT-2000 radios.)]
4.1 Illustration of Advanced Radio Concepts
A common understanding of the terminology used to describe various interrelated advanced radio concepts including software controlled radio (SCR), software defined radio (SDR), reconfigurable radio (RR), cognitive radio (CR), and policy-based adaptive radio (PBAR) is critical to the furtherance of new spectrum management concepts.  Figure 2 is provided to illustrate several advanced radio concepts.  Note that only the transmitter portion of the radio is depicted; the comments that follow apply equally well to the receiver portion of the radio.

Figure 2 illustrates the differentiation of the radio signal processing functionality and the radio control functionality.  Radio signal processing functionality includes all of those operations between the input to the radio and the transmission of the radio signal (upper portion of the figure going from right to left).  The radio control functionality is depicted in the lower portion of the figure.  
According to the definition of SDR provided above, a radio could be considered to be a software radio if:
1) Some or all of the baseband or rf signal processing is accomplished through the use of digital signal processing software.

2) The baseband or rf signal processing is accomplished through the use of multiple hardware modules which are controlled/selected by software.

3) A combination of the above
A software controlled radio has the property that the radio control functionality is accomplished through software.  Thus software controlled radios are a subset of software defined radios, i.e., a radio could be a SDR and not a SCR if the radio incorporates software signal processing of the radio signal but does not incorporate software in the radio control functionality.
A radio is a policy-based adaptive radio if the software control functionality incorporates the inputs listed on the lower left of Figure 2.

A reconfigurable radio has the characteristic that there are multiple hardware signal processing modules as shown in the IF section in Figure 2; conceptually these could be selected by either a manual hardware control or by software control.  Most usually it would be software control.
FIGURE 2

Illustration of SCR/SDR/RR/CR and PABR concepts
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4.2
Practical Considerations
In general, the concepts of SDR and other advanced radio technologies such as cognitive radio, policy based adaptive radio, and reconfigurable radio are applicable to essentially any radio device.  However, there are practical considerations which may limit the use of the technology for a particular communication system.  These practical considerations include:
· Cost

· Power limitations including practical battery limitations for handheld devices

· Size

· Weight
Technology advances will diminish these limitations with time.  Just as the processing power of computer chip technology has allowed smaller and smaller and lighter and lighter computers with increased functionality, the same technology advances will allow more and more to be put into radio devices including handheld devices.  At the present time, however, the application of SDR is most prevalent in radios in which power, size and weight are not overriding design factors.  This is likely to change in the near future because technology advances will make SDR and related technologies more applicable to radios whtich require a small form factor such as handsets.
5
SDR application to specific mobile systems (not including IMT-2000)

[Editor’s Note: Introductory text is required to this section.]

An aspect of SDR that is important to mobile system interoperability is the SDR-enabled flexibility to allow operation with multiple air interfaces, given the use of available specifications, and across multiple RF bands. An SDR enabled portable radio can be used in many different systems by employing its capability to operate on the particular RF band and on the particular air interface that is in use by the system. This allows a user with an SDR enabled portable radio to roam into various different systems and communicate with the local users on that system. When an SDR enabled portable radio is used in conjunction with a system employing a cross-networking interface, a capability to communicate with local system users and remote users on other systems is established. The software in an SDR portable allows the user to easily select the RF band, air interface, and group affiliation. The software in the SDR portable presents these selections to the user in terms that he can understand.  

The ability described above, to allow heterogeneous radios to communicate together by changing their air interface, could be further enabled by the following items:

1)
The air interface specifications are made public so every radio vendor can implement and offer them on their radio.

2)
The software architecture(s), on which the air interfaces are built, allows air interface software developed by Company A to be used on a Company B’s radio.  

5.1
Wireless access systems (WAS) including radio local area networks (RLAN)

Many WAS including RLAN devices generally operate on an unlicensed or licence-exempt basis. In addition to widespread deployment for networking computers in companies and for personal computers in private homes, many international carriers and service providers are offering service via “hot-spots”. This has been termed “heterogeneous roaming” – staying connected to the same operators, but roaming between different air interfaces. 

However, operations on a licence-exempt or unlicensed basis may raise some special considerations. Such operations can be localized and varied in nature. Such devices have traditionally been used for personal, localized purposes, rather than for widespread commercial services by major carriers or service providers. Thus, case-by-case treatment with regard to operating parameters may materially raise costs in the manufacturing and certification of the devices; uncertainty in product planning; and unreliability of QoS in operation. Many of the variations are small; the use of WAS including RLANs is still allowed and viable but needs to be slightly different because of local needs. Examples are variations in power restrictions because of other devices sharing spectrum. 

SDR will permit the manufacturer to develop a product once and then have it deployable globally, allowing jurisdictions to tailor to fit local needs. 

5.2
Public protection and disaster relief (PPDR)

SDR technology can be an important tool to improve interoperability for a variety of radio services. For example, SDR can facilitate interoperability among public-safety agencies on multiple air interfaces and may reduce the total cost of ownership of public-safety wireless systems by reducing post-deployment costs, such as maintenance costs and cost to upgrade. SDR can be used to enable overlays on existing systems without disruption and smooth subsequent legacy upgrades as standards based systems supplants the legacy systems. 
An aspect of SDR that is important to PPDR interoperability is the SDR-enabled flexibility to allow operation with multiple air interfaces as was described above.  The software in an SDR portable allows the user to easily select the RF band, air interface, and group affiliation. It presents these selections to the user in terms that he can understand, like “State Capitol – North Police” or “City/Federal Task Force”.  

Detailed information on specific PPDR implementation of SDR can be found in Annex A.
[Editor’s Note: Further subsections will be developed based on input contributions.]

6
Functional characteristics

Some administrations have made great progress in exploring SDR's ability to emulate numerous legacy air interfaces and act as a bridge between incompatible air interfaces. This effort will lengthen the useful life of legacy systems, diminish the barriers to communications between military services and allied forces, and ease the transition from legacy radios to SDRs. Their level of interoperability will develop incrementally as SDR technology advances and expands the universe of standards, frequency bands, and modulations over which SDR-enhanced equipment can operate reliably, and as other network issues that might hinder interoperability are resolved. 
SDR technology does not guard against eventual hardware obsolescence. There will come a point in time when the next version of software is too complicated to run on a given hardware platform. The reasons for this are the same reasons why a personal computer running an Intel 286 processor will not run the Windows XP operating system.
7
Operational characteristics

Services and applications can be implemented with SDR to facilitate interoperability in any of several ways. The specific method chosen will be market-driven, but the following are possible ways interoperability can be achieved: 
1)
Bridging between multiple air interfaces. 
2)
Allowing a subscriber to enable his equipment to implement a specific service according to his requirements.
3)
Device reconfiguration that includes everything from enabling tokens to entire protocol stacks and air interfaces. The specific reconfiguration process could itself take one of several possible forms, including: 
–
over the air transmission; 
–
infrared link; 
–
download from a personal computer; 

–
reconfiguration while in a battery charger;
–
factory authorized update at local kiosks; or 
–
memory card insertion by a network operator; and 
The ability to reconfigure an SDR radio and system will require protection mechanisms. The radio must be protected from being reconfigured to transmit in an inappropriate way, such as prohibiting broadband data transmissions on the VHF frequency band. The radio and system must be protected from reconfiguration by individuals with malicious intent. The radio and system must also be protected by inadvertent reconfiguration by authorized technicians.

8
Architectural characteristics

SDR can be viewed as an implementation technique which potentially is of great value to radio designers and manufacturers.  However, in certain applications, a major benefit of SDR and related technologies is in their ability to aid in achieving a more efficient use of the spectrum as described elsewhere in this document.  

Transmodulation and transcoding methods can support interoperability between systems with different transmission standards. The ability to implement multiple air interfaces, and even gracefully add new air interfaces as they are developed, stems naturally from the SDR-supported ability to add waveforms by adding software. 

SDR enabled radios do not negate the need for standardized air interface protocols, such as those described in Report ITU-R M.2014 in the case of PPDR. These air interface protocols establish a language that the portable radio will use when speaking with the system. These standardized air interface protocols identify features, such as encryption, authentication, scanning, priority, emergency, caller-ID, and define how they will work. SDR technology allows the radio to change itself so that it can operate using several different standardized air interfaces.  

SDR can provide an effective means to bridge operational requirements involving multiple bands and protocols. However, requiring an SDR radio to operate with too many different standards will result in a more costly radio, that is more cumbersome to use, and has reduced battery life. [Also, SDR implementations may be less optimal than dedicated radios.]  SDR technology is best applied to operating with a minimum number of air interface standards, and to bridging the gap as the large number of legacy standards is reduced to a minimal number of newer and more capable standards.
9 Technical characteristics

9.1 Technical characteristics of SDR
ITU-R Report M.2038 describes technology trends including technical characteristics of SDR and associated technologies such as reconfigurable processors and radio frequency micro-electro-mechanical (RF MEMS).  
ITU-R Report M.[SDR] also contains descriptions of the technical aspects of SDR and related technologies such as antenna systems.  This report also includes many technical references.  Much of the technical aspects of SDR and related technologies described in this report is equally applicable to SDR application to all land mobile systems.
9.2 Technical characteristics of cognitive radio
The term “cognitive” has been used in the radio world to describe radios with varying levels of adaptive capability.  In this document, the definition of cognitive radio is drawn from technical definitions from the artificial intelligence world along with specific considerations of the radio domain.

The term “cognitive” comes to the radio community via the artificial intelligence (AI) and computational science realm.  The study of intelligence and reasoning systems in the AI sense can be shown to fall into two broad categories: 1.) systems that think and act like humans and 2.) systems that think and act in a purely rational (e.g., “logical”) manner.

In the AI literature, the term “cognitive” is consistently applied to systems that exhibit human-like qualities in its processing.  Cognitive science is concerned with modelling machine reasoning processes in accordance with those exhibited by humans.  The human-like processes are not limited to purely rational ones, but can encompass processes that are inconsistent with strict rationality when reasoning, problem solving, planning, and learning.  Furthermore, the inputs, outputs, and internal behaviors of a cognitive system are consistent with human behavior in both conduct and timing.
A system is said to be rational (rather than cognitive) if it does the “right thing,” given what it knows.  In this sense, a rational system obeys the well-defined laws of inference and logic in processing information.  It may use a combination of deductive and inductive processes for reasoning, problem solving, planning, and learning.

Clearly, a radio that is useful and supportable must be deterministic insofar that it will always obey a set of rules or policies that govern its behaviors.  These rules may be regulatory in nature (e.g. ensure the radio is not harmful to other radios) or optimizing (e.g., maximize or minimize a certain aspect of the radio’s operation).  Within that deterministic bound, the radio may be free to adapt by whatever processes are deemed appropriate.  These processes may be purely rational and deterministic or may incorporate non-rational processes for learning and adaptation.

In 1950, Alan Turing proposed a set of tests (known as the “Turing Test”) for a system to possess intelligence:

· Natural Language Processing: communicates in human-understandable language

· Knowledge Representation: store information (in an ordered manner)

· Automated Reasoning: answer questions and develop new conclusions

· Machine Learning: adapt to new circumstances and detect/extrapolate new patterns

Looking at the Turning Test criteria, three of the four criteria are applicable to establishing cognitive radio characteristics.  Radios with appropriate memory, software, and processing capabilities can store information (knowledge representation), reasoning in an automated manner to develop new conclusions, and employ machine learning processes.  Radios, however, don’t communicate with each other using human-understandable languages.  

Applying practical radio considerations to the AI definitions of cognitive, the characteristics of a cognitive radio emerges:

· Maintains knowledge representation, automated reasoning, and machine learning capabilities in accordance with the Turing test

· Automated reasoning can be purely rational (deterministic) or can be inconsistent with strict rationality when reasoning, problem solving, planning, and learning.

· For practical implementations, the degree of inconsistent (non-deterministic) rationality must be limited by a deterministic bound such that it consistently obeys a set of rules or policies that govern its behavior.  

The use of “cognitive” throughout the wireless communications community spans the spectrum of dynamic radio capabilities.  It has been used to describe systems that mechanically adapt in a fixed fashion as well as ones that learn from past experiences and adapt how they operate accordingly.  
9.3 Technical characteristics of policy-based adaptive radio
A major driving requirement for policy-based adaptive radios is the need for opportunistic access to spectrum so that the spectrum is utilized more efficiently.  The current method of allotting spectrum provides each new service with its own fixed block of spectrum.  Since the amount of useable spectrum is finite, as more services are added, there will come a time at which spectrum is no longer available for allotment.  We are nearing such a time, especially due to a recent dramatic increase in spectrum-based services and devices.

However, as noted by the FCC
, there are large portions of allotted spectrum that are unused when considered on a time and geographical basis.  There are portions of assigned spectrum that are used only in certain geographical areas and there are some portions of assigned spectrum that are used only for brief periods of time.  Studies have shown that even a straightforward reuse of such “wasted” spectrum can provide an order of magnitude improvement in available capacity.  Thus the issue is not that spectrum is scarce – the issue is that most current radio systems do not utilize technology to effectively manage access to it in a manner that would satisfy the concerns of current licensed spectrum users.  Policy-controlled adaptive radio is one approach for achieving better spectrum utilization, dynamic spectrum management, and flexible spectrum use
, 
.
As noted earlier, software controlled radios may be considered to be a subset of software defined radios as that term has been defined in this document.  Policy-based adaptive radio is a software-controlled radio in which the control information includes:
· Policies (regulatory, operational, user)

· Sensor information

· Available rf bands

· Propagation data

· Available protocols

· Performance requirements

· Information about the radio network infrastructure
Policy-based adaptive radio is an approach wherein static allotment of spectrum is complemented by the opportunistic use of unused spectrum on an “instant-by-instant” basis in a manner that limits interference to primary users.  This approach is called “opportunistic spectrum access” spectrum management.  The basic parts of this approach are to:

· Sense the spectrum in which one wants to transmit.

· Look for spectrum holes in time and frequency.

· Transmit so that you do not interfere with licensees.
The concept of policy-based adaptive radio potentially provides a new regulatory policy framework, particularly for use in unlicensed bands.  For licensed bands, it potentially allows licensed holders a method for improved utilization of the spectrum covered by their license.  The concept allows for diversity of privacy sources from different regulatory sources.  It also allows for policies that change with time and geographical location.  The concept will facilitate regulatory traceability provided the computer-coded policies trace to the original regulatory documents.
The key technologies needed for policy-based adaptive radio include:

· Real-time, wideband spectrum monitoring capability achieved at low-power consumption.
· The capability to perform waveform identification and characterization within 10’s of milliseconds.

· The capability to synthesize autonomous, dynamic time-frequency-space waveforms.

· The ability to perform network reconfiguration and transformation operations.
· Policy-based meta-language

· Translates policy rules into radio behaviour controls
· Radio control operating rules are based on policies and situations
· Decouples the radio technology from the regulatory process

There are a number of research challenges to this adaptive spectrum management including:

· Wideband sensing.

· Opportunity identification.

· Network aspects of spectrum coordination when using adaptive spectrum management.

· Traceability so that sources can be identified in the event that interference does occur.

· Verification and accreditation.

10
Special interference considerations
[Editor’s Note: In this section any issue pertinent to special interference considerations will be addressed on a technical basis rather than a regulatory basis.]

11
Potential regulatory implications

[Editor’s Note: This section will raise potential regulatory issues but will not provide solutions to these issues.]

[Editor’s Note: Introductory text is required to this section.]
There are a growing number of regulatory agencies around the world that believe that there is a need for a new approach to spectrum management, spectrum allocation and spectrum utilization.  The new spectrum paradigm is driven, in part, by the increasingly keen competition for spectrum – a problem common to many parts of the world and to all segments of the communications industry: military, commercial wireless, public safety, etc.  This section describes how SDR and the related advanced radio technologies defined in Section 4 and described in Section 9 potentially have regulatory implications that may lead to a more effective utilization of spectrum world wide.
11.1 Current regulatory issues to which SDR technologies are applicable
The following is a list of some current regulatory issues that are being addressed by various administrations.  
· Increasing demands for access to more spectrum

· Requirement for more efficient use of the spectrum 

· Spectrum trading

· Dynamic frequency sharing 

· Dynamic spectrum management
· Need for a new spectrum management paradigm 
· Balance of different types of spectrum management

· “Command and control” – Inflexible frequency assignments
· “Market mechanisms” – The market manages the spectrum within the constraints of the licenses.
· “License exempt use” – Nobody controls who uses the spectrum; power constraints or other mechanisms restrict usage to reduce interference. 

· Interrelationship of developments in technology, market and regulatory practices.
· Pace of technology development – regulation has to keep up.
· International coordination

· Security (ensure that disruption to communication services can not occur as a result of inadvertent or malicious changes to software in advanced communications devices and systems).

· Interference (ensure that users can use the spectrum assigned to them without disruption).
· Noise temperature 
· Certification and conformity issues (see Section 11.3)
· Circulation issues (see Section 11.4)
The SDR technologies defined in Section 4 and described more fully in Section 9 are applicable to many of these issues.   For the bands designated by administrations for use for unlicensed services, each individual administration is responsible for establishing the rules associated with these bands.  Whilst some manufacturers are most interested in the use of SDR because of its potential for decreased costs and quicker time to market, some regulatory agencies have demonstrated interest in SDR, cognitive radio, and policy-based adaptive radio because of the potential for addressing the issues of dynamic spectrum management and dynamic frequency selection to improve the efficiency with which the total spectrum is utilized.  Dynamic spectrum management is an issue for further consideration by the ITU-R and possibly future Radiocommunication Conferences.
11.2 Implications for spectrum management
Software defined radios and the related technologies defined in Section 4 can assist in access to those bands already allocated to a particular service, as well as assisting in allocation of additional harmonized frequency bands for services. 

Unencumbered spectrum is increasingly difficult to identify on a global basis. Because of this, the need for additional band sharing may be a requirement for some administrations; these administrations will need to address local legacy issues.  
In addition there is a dynamic or temporal component to the spectrum management issue. Even in a given administration, sharing requirements will change over time as existing services are relocated or retired thereby making more of the band available for new uses.  There is also a spatial or geographical component for many administrations regarding spectrum management.
The magnitude of the task of not only comprehending all of these sharing requirements, but also anticipating changes to all of these sharing arrangements in order to code them into the devices ex ante, makes a strong case for devices to have the ability to have their operating parameters modifiable via software in the field.  Equally important is the need to be able to change the policies that dictate the radio’s behaviour.
Administrations have begun investigating the use of SDR and associated advanced radio technologies defined in Section 4 and described in Section 9 to address these issues and have begun activities to develop regulatory regimes that would enable spectrum to be allocated contingent on devices possessing flexible capabilities.

–
The European Conference of Postal and Telecommunications Administrations, Electronic Communications Committee Working Group, has established a Project Team (PT8) with the task to develop a Report concerning a more flexible regulatory structure to enable the introduction of new radio technologies. Within the scope of this team is the introduction of increased opportunities to share, including sharing on the basis of geographical area(s), time and service should be studied.

–
In March 2005, the U.S. Federal Communications Commission publicized a Report and Order entitled, “Facilitating Opportunities for Flexible, Efficient, and Reliable Spectrum Use Employing Cognitive Radio Technologies” (FCC 05-57, ET Docket No. 03-108).  This document addresses issues related to software defined radio as well as cognitive radio.
11.2.1  New spectrum management paradigm
Research and studies conducted under the purview of some administrations have concluded that spectrum management should increasingly depend on the marketplace rather than administrative systems.
  There are a number of questions associated with the development of a new spectrum management paradigm using SDR and related technologies such as cognitive radio and policy-based adaptive radio.  The questions include:
1) To what extent can the technologies delineated in this report be applied to spectrum management in the unlicensed bands?  How much spectrum should be set aside for the unlicensed bands?  These are questions that administrations may choose to address.
2) For licensed bands, should national regulators permit cognitive radio access if they wish but not mandate the use of cognitve radio in the band on a secondary use basis?  This may be an issue of import to the ITU-R World Radio Conference as well as national regulatory agencies.
3) To what extent can the market be relied upon as a major part of the new spectrum management paradigm?
4) What, if any, broad framework of international rules are needed to promote a new spectrum management paradigm and the use of SDR and related technologies to achieve enhanced efficiency in the use of the spectrum?
11.2.2  Frequency band considerations in the application of SDR and related technologies
In general, SDR and the related technologies defined in Section 4 are applicable to all bands.  However, there may be practical limitations such as power, size, weight, and cost and legacy considerations that may restrict the use of SDR and related technologies.  This may be an area of interest for further investigation by various administrations.  Some administrations have already started investigating the possibility of increased unlicensed spectrum in which SDR and related technologies could be utilized.
11.3 
Implications for certification and conformity

The impacts to certification arise from the fact that historical certification regimes have been developed based on an ex ante determination that the operating parameters of the device are in accordance with local regulations. Such regimes have no mechanisms to deal with a fundamental capability attributed to SDRs – that such devices can change their operating parameters ex post of its certification or declaration of conformity. 

Administrations have also recognized the conformity issues and have begun activities to examine and/or modify conformity regulations to enable SDR devices to be deployed.

•
The European Commission Telecommunication Conformity Assessment and Market Surveillance Committee (TCAM) created SDR workgroup in December 2001 that has been studying the applicability of the R&TTE Directive to SDR. The group is preparing conclusions on a European level.

•
The Ministry of Public Management, Home Affairs, Posts and Telecommunications in Japan, has commissioned studies on SDR since 2000, and in December 2003 invited comments on a blueprint for technical regulations and a certification system concerning radio facilities whose functions are changed with software. 

•
The U.S. Federal Communications Commission (FCC) adopted new rules in September 2001 authorizing SDRs, and in December 2003 instituted a new rulemaking (mentioned above) proposing modifications to these rules.

Common themes and questions were addressed in each of these proceedings including modifying existing conformity regulations to authorize the use of software defined radios and cognitive radios. 

Certification and conformity issues:

–
Enabling such radios to be reconfigured in the field by establishing rules to allow for equipment identification, recertification or declaration of conformity of such terminals post deployment.

–
Conformance certification.

–
Software installation issues such as:

•
Installation rights
•
Installer certification

•
Media delivery

•
User and operator installation

•
Installation procedures and mechanisms
•
Recovery from installation failure
–
Roaming and reconfiguration mechanisms 

–
Prevention of unauthorized software changes

–
Prevention of harmful interference.

11.4
Implication for circulation
In order to address the new scenarios introduced by SDR and closely associated advanced radio technologies defined in Section 4, it may be necessary to review the technical basis for circulation.

Common themes and questions have arisen when administrations examine existing conformity regulations to authorize the use of software defined radios and other advanced radio technologies such as cognitive radios and policy-based adaptive radios. However, though common themes and questions are addressed, different approaches might be taken by different administrations to achieve the desired effect.

[For instance one administration may require specific type approval for SDRs and requires that the manufacturer must take steps to ensure that only software that has been approved with a software defined radio can be loaded into such a radio
. The software must not allow the user to operate the transmitter with frequencies, output power, modulation types or other parameters outside of those that were approved.

Administrations with other conformity regimes might require different procedures.]

[Editor’s Note: Further subsections will be developed based on input contributions.]

12. Business Use Cases and Market Drivers
There is a complex interplay between business requirements, technology development, technical standardization, and the development of regulatory/policies for spectrum.  Figure 3 illustrates some major components of this relationship.  The business requirements for the provision of new services drive the need for increased spectrum and for the need for new technologies to satisfy those requirements.  This in turn has an impact on the development of technical standards and specifications.  Key to the ultimate deployment of dynamic spectrum access networks are new policies and regulations that can be considered to be a new paradigm.  These policies and regulations are developed by the various spectrum regulatory agencies around the world and by the International Telecommunication Union Radiocommunication Sector (ITU-R).  Security is but one example of why technology and policy/regulation are closely intertwined.  Policies are a key aspect of the new paradigm for dynamic spectrum management.  Regulatory policy is an issue that many administrations are investigating. 
FIGURE 3 
Interrelated drivers of advanced radio and dynamic spectrum management concepts
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FIGURE 4
Conceptual Timeline for SDR and related advanced radio technologies
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14 Summary and Conclusions
[Add text during the WP8A Meeting in Geneva]

Annex A

PPDR implementation
The benefit of SDR technology is increased when an SDR enabled portable radio is used with an SDR enabled system employing a cross-networking interface. Under these conditions, a user simply selects a group that she wishes to talk to, such as “City/Federal Task Force”. The SDR enabled system locates all users that are affiliated with the “City/Federal Task Force”, whether they are located near the user making the call, or if they are located in a different system from the user making the call. The SDR-enabled infrastructure brings all of the participants of the “City/Federal Task Force” group together into the call, regardless of where they are located, what system they are talking on, what RF band they are using, and what air interface they are using.
Public safety systems can communicate in this way across networks today, but not without difficulty. Such communications are currently accomplished by use of the dispatch operator and console cross-patch, or by bringing separate patch panel equipment to the field site, and attempting to connect to one of each of the field radios. This technique does not provide the sophisticated policing of priority-of-service rules required in multi-agency and multi-jurisdiction emergency situations. SDR technology in portable radios will be a prime enabler of more efficient and reliable cross-network communications in such situations. When fully implemented, SDR can lower total cost of ownership of public-safety wireless communications while also improving system responsiveness to interoperability issues. 
[Editor's Note: Further annexes will be developed based on input contributions.]
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� Knowledge representation, automated reasoning, and machine learning are explained in Section 9.2.


�	For example, radios employing DFS (Dynamic Frequency Selection) in wireless access systems including RLANs for the purpose of detecting and protecting the radio determination service in the 5 GHz band in compliance with Rec. ITU-R M.1652, these radios are rule based and the rules (DFS) could be fixed at time of manufacture.


� United States Federal Communications Commission, Spectrum Policy Task Force Report 


� Review of Methods for Flexible Spectrum Use, Nokia Research Center; presentation at Wireless World Research Forum Meeting, San Diego, July 2005. 


� Policy-based Spectrum Navigation of Cognitive Radios in Open Spectrum, Aachen University and Swisscom, presentation at Wireless World Research Forum Meeting, San Diego, July 2005.  





� UK Ofcom, “Radio Spectrum Management Review”; Australian ACA, “Vision 20/20 – Future Scenarios for the Communications Industry – Implications for Regulation; Japan MPHPT, Outline of Report Radio Policy Vision.”


�  	See Title 47 Section 15 of the United States Code of Federal Regulations, 47 C.F.R. Sec. 2.932.





�IEEE comment:  The phrase “and vocabulary of terms” seems redundant with the use of the word “definitions.”  Also, it sees important to provide illustrative example of the definitions and to discuss practical limitations.


�IEEE Question for Clarification:  What is meant by “hardware functionality?”


�IEEE comment:  Suggest that if this definition is from another ITU-R document, that the definition be referenced.


�IEEE comment:  Suggest replacing the above figure and title with that given below.


�IEEE comment:  This is a very useful figure.  However, the way the title was worded and the labels within the ellipses implied that we were comparing a radio (SDR) with concepts.  We want to compare radios or radio capabilities.





�IEEE comment:  The material that is in this section is not really a description of architectural characteristics.  Rather, it mostly reads like “benefits of SDR.”


�IEEE Comment:  The document should leave the impression  that while there are regulatory issues, there are potential wide-ranging benefits from the use of SDR and related technologies.  The word “impact” tends to have a negative connotation.  The word “implications” is more positive.


�IEEE question for clarification:  Is this paragraph representative of the latest UCAM developments?


�IEEE comment:  Suggest that issues be a separate section (Section 11.1 is suggested by IEEE.  Recommend that the list that is provided here be integrated into the list that IEEE provided for the new Section 11.1.  Note that the issues in this list are both regulatory and technical issues that have no regulatory impact.


�IEEE comment:  IEEE believes that there is a need for a conceptual timeline.  If WP8A participants are in agreement with this figure or a modified version of this figure, we will submit supporting text.


�IEEE comment:  The WP8F Report on SDR contains a “Summary and Conclusions” section.  It is suggested that the WP8A Report on SDR contain a similar, compatible, but not redundant section.





Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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