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Introduction
The FCC issued a Notice of Inquiry (NOI) on November 30th 2010 in an effort to begin an open discussion on the future of unlicensed sharing of licensed RF bands, with the initial focus on the TV bands.  What follows are some brief notes and a list by sction of the questions the NOI specifically poses.

“…we note that the terms “dynamic spectrum access radio,” “dynamic radio,” “cognitive radio,” and “opportunistic radio” often have distinct meanings. However, they are used interchangeably herein because we are interested in a broad range of developments in these areas.”

“…we seek any information that commenters believe would be relevant to help us assess how we can best ensure that the public can reap the benefits that dynamic spectrum access radio technology can provide.”
Paragraph 20

Spectrum Sensing
Spectrum sensing techniques can be classified into three categories – transmitter detection, cooperative detection, and interference-based detection.

· What are the criteria for determining available spectrum when employing interference-based detection?

· We request information on advances that have been made to sensing technology since [the FCC tested Television Band Device prototypes in 2008]. 
· What innovations to sensing are contemplated? 
· Are there critical component price points that must be reached for advances to take place? 
· Has there been any industry wide consensus regarding methods of implementing sensing? 
· Have there been studies regarding which sensing methods work best among using matched filters, simple energy detection, or cyclostationary detection or other techniques? 
· Are there ways to generalize sensing requirements, or do they need to be determined band-by-band based on the incumbent services? 
· How has filter technology advanced such that false positive detections due to adjacent channel signals can be minimized? 
· Can a common standard for spectrum sensing be developed? 
· What would need to be included in such a standard? 
· How should the detection threshold for spectrum sensing be determined? 
· How can dynamic spectrum access radios avoid adjacent channel interference to incumbent systems? 
· Upon detection, should a minimum frequency offset be established to avoid adjacent channel interference? 
· What factors impact detection time and how do they vary for different incumbent radio services (e.g., land mobile systems versus radar systems)?
Paragraph 22

Cooperative sensing
· Are there systems in place or tests underway today that make use of this technique? 
· If so, what have been the experiences of users in the ability to avoid interference? 
· Are new techniques and algorithms being developed? 
· Have there been studies conducted on the optimum number of sensors and required spacing to adequately cover a given geographic area? 
· How does this change for different environments (e.g., urban, suburban, rural)? 
· How does latency affect the ability of a device to access spectrum under a cooperative sensing regime? 
· Is there a threshold for latency beyond which the information is unreliable? 
· How often does the information need to be updated? 
· Has there been any real-world experience regarding this? 
· How successful have networks been in this regard? 
· Could additional information describing the radio frequency characteristics of the incumbent systems be used to improve the spectrum sensing capabilities? 
· What information would be needed? 
· How would the information be used?
· With respect to interference detection, we seek comment on any recent research that has been conducted regarding correlation of a rise in the noise floor with the ability for a device to access a channel. 
· What techniques are best for a device to measure the noise floor? 
· In a rising thermal noise floor environment, what is the implication for channel acquisition? 
· We also seek comment on any research or experiments that have been conducted combining two or more of these techniques. 
· Has such research been conducted? 
· What have been the results?
Paragraph 25

Interference Suppression

· In light of Dr. Mitola’s comments
*, we request comment on what models are best for simulating dynamic radio propagation effects relative to evaluating potential interference to other radio services.
· What has been learned regarding assumptions that must be made in using these models for dynamic radios? 
· How have analytical results compared to real-world tests? 
· What improvements can be made to these models? 
· What propagation loss models should be used for mobile-to-mobile interactions? 
· How should we approach development of technical standards for transmitters that employ dynamic spectrum access techniques? 
Paragraph 29

Policy Radios

A policy radio is a type of dynamic spectrum access radio whose behavior is governed by a set of rules (policies) that are independent of the radio implementation, regardless of whether the radio implementation is in hardware or software.

· How should policies be developed for these dynamic radios? 
· Who should be responsible for developing these policies? 
· Should the policies be incorporated as part of individual service rules? 
· What is the appropriate hierarchy among the Federal Government, industry, and users of policy radios? 
· If policies are developed by non-governmental entities, should the Commission or other appropriate agencies have the option to review or modify policies before they become effective? 
· What factors should be considered in developing dynamic radio policies? 
· How often should policies be reviewed for possible modification? 
· How do we ensure that dynamic policies are distributed to all devices in a timely manner? 
Paragraph 31

Certification, Authorization, Compliance, and Enforcement
· We … request comment on how dynamic radios should be tested for authorization and compliance. 
· What procedures can be used to ensure the distributed polices implemented properly?
· Are there compliance models that would permit this equipment to be introduced in a more rapid manner? 
· If so, what are they?
· Are our present enforcement mechanisms sufficient to resolve complaints of interference allegedly caused by dynamic radios? 
· If not, what new mechanism(s) should be put into place? 
· Are there approaches, such as registration in a database, which could be used to help with location of such devices? 
· Should a dynamic spectrum access device be required to transmit a code as part of its transmission containing the FCC license number?

Paragraph 33

The Commission’s Database and the Spectrum Dashboard
· We seek comment on how the information we make publicly accessible, including the specific information presented in the Spectrum Dashboard, could be made more useful in promoting more efficient use of the radio spectrum through adoption of dynamic spectrum access technologies.
· What particular information is most useful in facilitating the sharing of spectrum usage rights between prospective buyers and sellers? 
· How can this information be used to facilitate the deployment of dynamic spectrum access technologies? 
· Should we, for instance, do more to publicize or promote the availability of secondary market mechanisms for obtaining access to spectrum, including through use of opportunistic devices?
Paragraph 36

Flexible Use Licenses
· “…we seek comment generally on whether we should take additional steps to enable or promote the use of dynamic radios in spectrum licensed for flexible use. 
· Would further revisions in our flexible use policies be appropriate or necessary in order that we fully realize the promise of these technologies and techniques? 
· Will new business models or new classes of spectrum users develop such that further clarifications or modifications are desirable? 
· How can we best ensure that, on a going-forward basis, our policies and rules are sufficiently flexible to facilitate the development and deployment of these efficiency-enhancing technologies and techniques?
Paragraph 38

Secondary Market Mechanisms
In the Secondary Markets Second Report and Order, the Commission took additional steps to facilitate the development of spectrum usage arrangements that employ advanced technologies that can more efficiently share use of licensed spectrum. In particular, the Commission clarified that licensees and spectrum lessees may enter into a wide variety of “dynamic” spectrum leasing arrangements that enable users to share use of the licensed spectrum based on the particular parameter and arrangements that the licensee and spectrum lessee(s) have agreed upon. The Commission also permitted licensees to make spectrum available to individual users or groups of users through “private commons” arrangements.

With the continuing evolution of dynamic spectrum access radios, we might expect that licensees and spectrum lessees would have the technical capability to avail themselves of the opportunities afforded by dynamic spectrum leasing arrangements.
· What are the barriers to such arrangements? 
· Why haven’t licensees and spectrum lessees been entering into such arrangements to date? 
· Is the technology sufficiently developed to enable the sharing of spectrum pursuant to these arrangements? 
· Have business models developed for which such arrangements would be mutually beneficial to both the licensee and spectrum lessee? 
· Do commenters anticipate that parties will be entering these arrangements in the near future?
· What additional steps should the Commission take to facilitate and encourage these arrangements?
· We seek comment generally on the role of private commons arrangements as more advanced and dynamic radio technologies are developed. How, if at all, should our equipment certification and authorization processes be adapted? 
· Why haven’t licensees and spectrum users entered into any such arrangements to date? 
· Have business models evolved that would make use of this type of arrangement? 
· What additional steps should the Commission take to promote these kinds of arrangements?
Paragraph 42

Unlicensed and Licensed Uses
· What different types of complementary spectrum models have developed, and what kinds of models are anticipated in the future? 
· How should these developments, and the emergence of converged wireless networks, inform our spectrum policies? 
· What steps should we take to facilitate use of different spectrum bands and network architectures?
Paragraph 45

Identifying Frequency Bands Suitable for Dynamic Access Use

· We invite comment as to what spectrum bands might be most appropriate for use of dynamic spectrum access techniques. 
· Might we provide access to this spectrum for some period of time, such as two or three years, before offering that spectrum for re-auction?
· What other spectrum might be suitable for use based on dynamic spectrum access? 

· “…future, we are seeing the emergence of technologies that allow non-contiguous spectrum to be bonded or joined together such that what might have previously been thought of as “scraps” can be woven together to provide viable communications capacity. What is the minimum usable size of the scraps?
· Would there be any difference in the performance of a dynamic spectrum access device that uses scraps as compared to contiguous spectrum? 

· We invite comment on this issue, as well as inviting comment more generally as to the role dynamic spectrum access techniques might play in increasing spectrum capacity.

Paragraph 48

Real-Time Databases

An alternative approach for enabling dynamic spectrum use is to extend the concepts underlying the rules for Television Band Devices to additional spectrum bands. Under such a system, devices would rely on a real-time database to obtain up-to-the-minute information on spectrum availability for any given location.
· Commenters should address whether they believe this concept is practical for other bands. 

· If so, they should identify in which bands they believe such a system could work and provide details on how it would work.
· We seek comment on whether such an approach would also work in fixed microwave bands. 

· How might such an approach be instituted in these bands? 

· Should the Commission consider promoting such an approach, and if so, how? 

· Are there other candidate bands? 

· How would a real-time database be maintained so that it contains up-to-date information?

· Similarly, we seek comment on whether and how such an approach would work in highly mobile bands.

· We also seek comment on whether such an approach could work in satellite bands, including bands characterized by both geostationary satellite orbit (GSO) and non-geostationary satellite orbit (NGSO) usage. 

· Additionally, we seek comment on whether different rules would need to be imposed for satellite up-link versus down-link bands. 

· If so, what are these differences?

· We therefore inquire whether development of such a database is feasible. 

· Could such an approach be implemented in a cost-effective manner? If the database could not determine the exact location of all mobile stations at any given time, what degree of predictive accuracy would be required? 

· Could this predictive accuracy be readily calculated in advance? 

· How could non-registered receive-only earth stations be protected? 

· Could international coordination problems arise, if this approach were implemented?

Paragraph 50

Real-time Spectrum Monitoring
· Generally, we seek comment on whether such a system of monitoring equipment could be deployed at a reasonable cost. 
· Should such a network be administered by the U.S. Government or the private sector? If the private sector, how should the collected information be disseminated? 
· For example, should a fee be charged? 
· Could a low-cost sensor be developed to effectively detect the presence of weak radio signals?
· How would a system of sensors perform in urban areas or in areas where there is irregular terrain? 
· Additionally, we seek comment on the reliability of the output of the sensors used to measure spectrum use.
· What requirements would need to be imposed on equipment for monitoring spectrum usage?

· Should there be standard settings for detection (e.g., resolution bandwidth, dwell time on any given frequency, type of detector, etc.)? 
· What type of deployment geometries must be used for various areas? 
· How should the information be collected to allow for changes over a period of time? How many monitoring stations would be needed to cover an urban, suburban, or rural area, or to eliminate (or minimize) the possibility of hidden nodes? 
· If monitoring is used to create predictive models for spectrum usage at any given location and time, what type statistics must be reported? 
· What time frame is needed for obtaining statistically relevant results? 
· What steps can be implemented to ensure that all dynamic devices receive real-time spectrum information? 
· What criteria should be established for determining whether an incumbent system is present?
· A further extension of this concept would be for devices, using real-time monitoring data,

· to not only determine the best radio path, but to also determine the best technical parameters (e.g.,

· power, bandwidth, etc.) for ensuring successful communications. Is such a scheme possible?
· What are the decision points for determining the various operating parameters? 
· How could rules be developed to allow such usage? 
· Should such a system apply to both licensed services and unlicensed devices? 
· Would there be any benefit in the FCC and NTIA developing a set of “Best Practices” to be used in performing spectrum monitoring?
Paragraph 54

Use of Dynamic Spectrum Access Radios by the Public Safety Community
· Can dynamic spectrum access radios be deployed in a seamless manner to replace existing public safety radios, including PTT radios? 
· If such a process would not be seamless, are there some public safety bands that would be better candidates than others for an initial transition to dynamic spectrum access radios?
· We seek comment on all issues related to the potential use of dynamic spectrum access radios by the public safety community and within public safety frequency bands.
Paragraph 55

FCC Participation in Technology and Standards Development
FCC staff recently participated in the NSF workshop on spectrum efficiency and access, with dynamic spectrum access techniques a principal focus of discussion towards possible grant funding from NSF. FCC staff has also participated in and helped to organize recent international and domestic IEEE DySPAN conferences that focused on developing the science of dynamic spectrum access. Recently, the Institute of Telecommunications Sciences, in collaboration with NTIA, conducted an international symposium on advanced radio technologies (ISART) in which the FCC participated. Members of the FCC engineering staff have spoken about dynamic spectrum access at a variety of other conferences and workshops.
· Is there more that the Commission can do through its participation in the technical community to help advance this technology and help identify and remove any regulatory barriers? For example, are there working groups or forums that the Commission can participate in, sponsored by Federal agencies or industry, related to dynamic spectrum access techniques?
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� Dr. Joseph Mitola III of Stevens Institute of Technology stated that the Longley-Rice model is inadequate for cognitive radios. Dr. Mitola noted the great variability of radio signal strength in urban areas, and emphasized the importance of three dimensional high-fidelity spatial modeling, as well as temporal modeling to account for differences in daily use.
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