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The Technical Advisory Council (TAC) for the FCC was convened for its fourth meeting at 1:00 P.M. on Septebmer 27th , 2011 in the Commission Meeting Room at the FCC headquarters building in Washington, DC.  A full video transcript of the meeting is available at the FCC website at http://www.fcc.gov/encyclopedia/technology-advisory-council together with a copy of all materials presented at this meeting.  In addition, all materials presented at this meeting are included in electronic form in an Appendix to this document.

In accordance with Public Law 92-463, the entire meeting was open to the public.

Council present:

	Shahid Ahmed, Accenture
	Gregory Lapin, Independent Consultant

	Mark Bayliss, Visual Link Internet, Lc
	Paul Mankiewich, Juniper Networks

	Nomi Bergman, Bright House Networks
	John Marinho, Dell Inc.

	Peter Bloom, General Atlantic
	Brian Markwalter, Consumer Electronics Association

	John Chapin, Massachusetts Institute of Technology
	John McHugh, OPASTCO

	kc claffy, UC at San Diego
	Tony Melone, Verizon

	Wesley Clark, Wesley K. Clark and Associates
	Geoffrey Mendenhall, Harris Corporation 

	Lynn Claudy, National Association of Broadcasters 
	Jack Nasielski, Qualcomm, Inc.

	Richard Currier, Loral Space and Communications
	Randy Nicklas, XO Communications 

	Brian Daly, AT&T
	Deven Parekh, Insight Venture Partners

	Adam Drobot, 2M Companies
	Daniel Reed, Microsoft

	Tom Evslin, Evslin Consulting
	Dennis Roberson, Illinois Institute of Technology

	Charlotte Field, Comcast Corporation
	Jesse Russell, incNetworks

	Lisa Gelb, FCC
	Andy Setos, Fox Group

	Mark Gorenberg, Hummer Winblad Venture Partners
	Marvin Sirbu, Carnegie Mellon University

	Russ Gyurek, Cisco Systems
	Paul Steinberg, Motorola 

	Dale Hatfield, Silicon Flatirons Center for Law, Technology, and Entrepreneurship University of Colorado at Boulder
	Harold Teets, Time Warner Telecom, Inc.

	Nicholson Hilton , SIXNET
	David Tennenhouse, New Venture Partners

	Erwin Hudson, WildBlue Communications, Inc.
	Bud Tribble, Apple, Inc.

	Ari Juels, RSA Laboratories / EMC
	Tom Wheeler, Core Capital Partners, LLC 

	Kevin Kahn, Intel Corporation
	Robert Zitter, Home Box Office



Non-council members presenting:

John Brzozowski, Comcast
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Tom Wheeler, Chairman of the TAC began the meeting by noting two new TAC members:  Tony Melone replacing Dick Lynch as Verizon’s representative and Charlie Vogt serving as a representative of Genband.  In addition, Tom Evslin, who had been serving as a representative of the Governor, State of Vermont is now representing the Von coalition on the TAC.  Finally John Chapin formerly representing the Wireless Innovation Forum has accepted a position at DARPA and will continue serving as a subject matter expert.

Tom noted that the TAC had been doing yeoman like work but challenged them at the next meeting to present up to five actionable ideas to be presented to the Chairman  He noted that after a year of work, we need to revisit our past ideas and recommendations, and use this as a basis for direct, actionable recommedations.  In addition, he solicited input on a TAC agenda for 2012 urging members to be prepared to discuss this at the next meeting and to send any ideas in this regard via email to the staff members and himself.  He then reviewed progress on recommendations from the TAC made to the Chairman in the 4/22 report.

Work is progressing on eight recommendations:

· (Jointly) Municipal Race-to-the-Top Program (#1); Best Practices/Technology Outreach to State & Local Governments (#4)
· Broadband Infrastructure Executive Order (#2) 
· Promote Small Cell Deployment (#8)
· Prepare for PSTN Transition & Stranded Investments (#7)
· New Metrics to Measure Broadband Network Quality (#6)
· Facilitate a National IPv6 Transition (#9)
· Develop Materials Highlighting Benefits of Broadband Deployment in Private Buildings (#11)

Further analysis is being pursued on three more recommendations:

· Advocacy for Rapid Tower Siting (#3)
· Model an Online Deployment Coordination System (#5)
· Develop Consensus on Spectrum Efficiency Categories and Metric Definitions (#10)

The working groups reported on their continuing work.

Critical Legacy Transition Working Group

There are now seven subgroups established under this working group and statements of work have been developed for the subgroups.  A number of meetings have been held with other parties to solicit input on work areas.  Examining the issue of whether wireless can be a viable substitute for the PSTN, it was noted that wireless substitution is correlated with age demographics.  In addition, there is little difference in urban/rural in desire to migrate from PSTN.  Nearly thirty percent of the nation is already using wireless as a substitute.  Wireless may have substantial cost savings in many parts of the country.  The FCC will review wireless under the Universal Service Fund as a viable replacement technology.  It was noted during discussion that replacement of technologies may have social implications regarding communications.  In addition, it was noted that the concept of identity should be expanded to include machines as well as people.  It was also noted that willingness to move to new replacement technologies should be investigated for any dependencies with communications needs for the disabled as for example powering requirements.  It was also noted that even after 2018 (sunset date) fifty percent of wireless will still be based on PSTN technology.  Due to the advantages offered by new converged broadband communication systems, the US should accelerate transition towards these new technologies and “sunset” the PSTN.  The US should create an orderly transition from the system of record, the PSTN; identify alternative mechanisms for achieving the key goals the PSTN was designed to serve; and recognize that this may or may not lead to withdrawal of services and technologies associated with the PSTN.

IPv6 Transition Working Group

The IPv6 working group has recommended a sector driven approach to managing the IPv6 transition.  It has recommended an ongoing benchmarking approach to mark progress towards this goal and developed a draft benchmarking document.  In addition, it recommends greater collaboration between industry and government in progress tracking, goal setting and the development of policy in these areas.  It also recommends the development of a joint industry/government workgroup to initiate and continue an ongoing tracking effort for IPv6 evolution.  As part of its recommendations on a sector driven group, it has worked with the Consumer Electronics Association to develop an IPv6 working group within this organization.  The CEA working group can serve as a prototype for other sectors.  The work group noted that more work needs to be done to identify the change makers in IPv6 evolution.  To further these efforts, it is working towards a collaborative workshop with the NTIA/FCC to discuss IPv6 day experience, policy and benchmarking efforts. It is also starting to identify future work issues for the working group that might include providing context for a “sunsetting of IPv4”, development of an awareness campaign for the transition, identification of key industry groups influencing the transition and working with retailers towards further education on this subject.

Sharing Working Group

The sharing working group reported on progress from the last meeting.  Regarding metrics for spectrum efficiency they noted that metrics should encourage both technical and operational efficiency.  They have developed a draft white paper on spectrum efficiency and included a section on receiver related issues that have occurred over the last twenty years.  The impact of achieving spectrum efficiency will be positive on the job creation market.  They solicited TAC feedback on the white paper and hope to transform it into a living document.  They are also looking to develop a set of research topics to be presented at the next TAC meeting.  The work group suggested that the FCC may wish to coordinate with the NTIA on spectrum efficiency issues and on development of incentives to increase efficiency.  It noted that the sharing taxonomy has also been incorporated into the white paper for comment and that again, development of technologies to support sharing will have positive impact on the economy.  They will be holding a workshop on 10/28 to discuss small cell deployment that will cover both technologies and business opportunities.  Analysis is still being pursued on reducing friction points on sharing with a goal towards producing a white paper on this subject.

The meeting was adjourned at 4:00 PM.



Walter Johnston, Chief/ECD
FCC
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Background



For decades, the PSTN has had such dominant penetration (>90%) in U.S. households and businesses that, it is de facto, one of our national “systems of record” for achieving social and economic goals related to communication. The assumption that such goals can be achieved via the PSTN was based on its high level of penetration and some of those goals, such as universal service, created a positive feedback loop that further reinforced the central position of the PSTN.



Problem Statement:



•Our population is quickly migrating to voice services that are not part of the traditional PSTN, thus negating the assumption, that the current system of PSTN regulation and subsidy can continue to support our social and economic needs as a nation. Examples include: 3G and 4G cellular; VoIP; over the top services such as Skype; and many others.



•PSTN services may continue to be made available to subscribers at some price, but the cost per user may increase dramatically as the number of users decreases. Thus, the cost of subsidizing access to the system will rise dramatically – even though the PSTN will no longer achieve a number of the goals it has supported in the past. 



•Thus, when we talk about sun-setting the PSTN we are talking about: (a) the orderly transition from the PSTN’s role as a “ system of record” for achieving key national goals; and (b) the identification of and migration to alternative mechanisms of achieving the subset of those goals that remain important to our society and economy.  This may or may not lead to the withdrawal of specific PSTN technologies and/or services.



Opportunity Statement



In addition to the availability of alternative mechanisms for voice communication there are now new services, a number of which have high levels acceptance and use within U.S. households and businesses, that could provide equivalent or even vastly superior means of achieving some of the social and economic goals previously attained via the PSTN. Among others, these new services include: messaging services such as IM/SMS; mature applications like email; social networking services such as Facebook, Twitter, and many others; web and cellular based Geographical Information Systems such as Google Maps, Mapquest, TomTom, Garmin, and Navteq; and many widely accepted applications on smart phones.  Furthermore, since the PSTN does not provide anything close to the services and capabilities of many of the replacement technologies, new national-scale social and economic opportunities may be enabled through near universal adoption of some of these technologies.  For example, in the past it has been argued that universal access to voice telephony was essential to helping unemployed individuals gain access to job opportunities. Today, it is hard to imagine, how a job seeker could be effective without access to Internet-based job postings and social networking. Similarly, social networks, GIS applications, and similar software services have proven themselves to be effective tools in providing critical national capabilities in dealing with problems such as large-scale disasters.



Facilitating the new Sunrise: What are we transitioning to?



With the advent of digital communications technologies (especially those that are packet-based, such as the Internet) we have the opportunity to think differently about “systems of record”, separating the underlying packet transfer mechanisms from the services provided over them. Thus we can replace the prior approach to vertically integrated “systems of record” (such as telephony, radio, television) with a multi-level  approach consisting of:



•Broadband digital services, attained through a multiplicity of systems that transfer digital information (cellular, WiFi, other RF, xDSL, cable, fiber, etc.). To meet our national goals these may collectively have to achieve certain targets with respect to universal penetration, reliability, emergency pre-empt, etc. This includes the supporting infrastructure (power, OAM, DNS, management processes, etc) required to keep these systems functioning.  



•Collections of application services (voice, video, text, social networks, information services. etc.) which, when combined with the broadband services (and each other), can attain national goals, such as emergency notification, E-911, accessibility, etc. It may be important for some services to meet goals with respect to characteristics, such as reliability, predictable operation during periods of overload, etc. in order to function as adequate alternatives to the traditional system(s) of record.

There will also be a need for coordination mechanisms (e.g. market mechanisms, standardization, self-regulation, testing, simulation, emergency preparedness drills, government oversight, etc.) to ensure that selected combinations of the above operate sufficiently well to meet specific national needs. This does not mean they have to be perfect or absolutely universal, just as the existing systems of record have never achieved 100% universality or reliability. Furthermore, it is important to realize that the specific combinations will evolve over time as new broadband and application services become available and achieve relevant degrees of penetration.



History



•The United States has been a prime driver in creating new technology, business models, and regulatory frameworks for modern information and communications infrastructure. For the Nation to fully realize the benefits of current and future innovations and to improve its competitive posture there is considerable benefit in accelerating the transition to a set of interoperable, more scalable and capable services. The result of doing so has benefits for our citizens, the competitiveness of our commercial sector, and for our public and government institutions. 



•One of the existing “systems of record” for our national communications is the PSTN – the Public Switched Telephone Network. It has been extremely successful and in its heyday the envy of much of the world. This system consists of a core technology that has evolved over a considerable period of time and has been adopted to serve all of our citizens in their every day lives, and our business and public institutions in almost all sectors. The PSTN was based on a point-to-point infrastructure that provided service to a ‘fixed’ location, with 2-way interactive voice as its primary service.  The PSTN has been used as a common mechanism to attain a number of national social and economic goals related to communication. 





Attaining national goals



•Examples of such goals include universal service & accessibility, emergency services and reliability at the individual incident level, emergency services, robustness and priority access at larger scales, to deal with crisis and disasters. Uses of the PSTN have also expanded beyond telephony to include critical services, Facsimile transmission, payment systems, and alarms, among others. 



•For many of these cases, both policy & otherwise, the PSTN is the “system of record” whose use is mandated by standards, regulations, building codes, business practices, etc. 



•With the availability of new and more capable modes of communication and information services (e.g., VoIP, text messaging, IPTV, social networks, and wireless) there are now alternative ways to achieve many of these national goals and/or non-voice services, and to go beyond the current benefits provided by the PSTN.



Beyond Vertical Integration



•The PSTN consists of four components: the physical infrastructure, the underlying technology; economic and business models; and the regulatory regimes that govern service requirements, investment incentives, and government oversight. In the past, these components were considered in the context of a vertically integrated environment in which voice telephony was the primary service offering. 



•The PSTN is rapidly being displaced by a less integrated environment, in which the transfer of information, through broadband packet services, is decoupled from the application services operating over them. This diverse and rapidly evolving collection of services offers richer functionality, a lower cost structure, capabilities beyond geographically fixed services and have been widely adopted on a competitive market basis. 



•The loose coupling creates opportunities to provide exploit redundancy and provide superior services but also makes it difficult to reason about the properties of the overall system, e.g., with respect to robustness, prioritization, etc. 



Orderly and Timely Transition 



•The PSTN no longer functions as a universal communication infrastructure and thus it may no longer meet a number of the goals our society has previously relied on it for.



•As the number of users of core PSTN services decreases, the corresponding cost per user may increase until maintaining the PSTN becomes prohibitive.



•The distinguished position of the PSTN as “a system of record” and all that entails may be a barrier to the rapid penetration of advanced technologies and new business models. 



•It makes sense to create an orderly process for sun-setting the role of the PSTN as a system of record. This will require the identification of, and orderly transition to, alternative approaches to meeting those national goals previously attained through the PSTN that remain valid. It may also involve ending certain regulations and subsidies that would otherwise artificially prolong the existence and usage of the PSTN beyond its economic viability. Where appropriate, it may involve the redirection of subsidies and incentives to replacement solutions and/or the creation of new industry governance mechanisms.



•A timely and orderly transition process may also create new economic opportunities by stimulating growth and experimentation within the communications sector and improve our national competitiveness by accelerating the (near) universal adoption of new and more efficient technologies throughout the public and private sectors or our economy.



•To ensure a timely and orderly process, a data certain should be established by which the above transition, especially with respect to regulation and subsidies, will be completed.





Summary



•When we talk about Sun-Setting the PSTN we are talking about: 



(a) The orderly transition from the PSTN’s role as a “ system of record” for achieving key national goals; 



(b) The identification of and migration to alternative mechanisms of achieving the subset of those goals, which remain important to our society and economy.  



(c) This will leave specific PSTN technologies and/or services to compete with other technologies and may or may not result in the withdrawal of some PSTN services in the future.
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Government/Industry Collaboration

The transition towards IPv6 involves national policy matters as well as industry sector and company specific issues.  The workgroup believes that government and industry should collaborate to establish appropriate goals on both a sector and national level, establish tracking mechanisms gauging progress in attainment of target goals, and develop incentives to attain goals in an efficient manner.  It is believed that normal market drivers are not sufficient to support a timely and globally competitive US evolution towards IPv6.  A formal collaborative effort joining government and industry to oversee the evolution towards IPv6 should be established.



Sector Driven Approach

The working group believes that IPv6 evolution issues are best addressed within targeted industry or consumer sectors, e.g. consumer electronics, Internet Service Providers, government, etc.  As part of an ongoing government/industry collaboration, critical sectors should be identified and their IPv6 evolution strategy identified and/or developed.  Target metrics associated with a proposed sector driven evolution plan should be identified and integrated into a program to track US progress on IPv6 evolution.  Issues confronting sector evolution should be identified and brought forward to a joint government/industry collaborative effort for policy development and resolution.



Sector/Company Meetings

The IPv6 working group met with a number of companies and individuals to draw input on these issues.  We acknowledge and thank the following companies and individuals: D-Link, Cisco Systems, Silver Springs, OnStar, the Veterans Administration, SIXNET, John Curran, CEO, ARIN, Peggy Smedley, Editorial Director, Connected World Magazine.

Consumer Electronics Association IPv6 Working Group

The Consumer Electronics Association has established a working group to develop recommendations for IPv6 evolution for the consumer electronics sector.  The IPv6 TAC working group believes this can provide a ‘template’ to examine a sector driven approach to IPv6 evolution and should be supported.  Objectives might include the development of sector specific evolution goals, timelines, and the identification of evolution issues.  Opportunities for sector programs or policies that would encourage or support IPv6 evolution can also be examined.  Lessons learned could be brought to other targeted sectors.

Benchmarking

The TAC working group believes that overall progress towards IPv6 should be tracked across a broad range of sectors and should incorporate metrics providing a more contextual image of status, going beyond mere address adoption.  It has developed a draft proposal to begin this process.  It expects that as more knowledge of sector needs is acquired, benchmarking metrics can be evolved to provide a more holistic view of the nation’s overall progress towards IPv6.  As a representation of national progress, the management of such benchmarking efforts should be under the auspices of the government as part of the government/industry collaborative effort.

IPv6 Workshop

As a beginning of a government/industry collaboration, the TAC working group is supporting a planned NTIA workshop on IPv6 evolution involving participation of NTIA, FCC, Whitehouse, TAC and other industry representatives.  The workshop will discuss lessons learned from the recently passed IPv6 day, dialogue on current policy issues associated with IPv6 evolution as well as benchmarking activities associated with IPv6.  The TAC working group recommends that this effort evolve towards an ongoing and more formal government/industry collaborative effort to oversee the IPv6 evolution.

Sun-setting IPv4

As an exercise and consistent with the TAC working group on legacy issues, the IPv6 Working Group is considering the construct of a ‘sun-setting’ of IPv4.  This effort is being pursued to provide some perspective and context on the issues of IPv6 evolution in an environment of dual addressing schemes.  The question to be addressed is what policy or environmental changes might be imposed at a future point in time when IPv6 is the dominant addressing mechanism within the nation’s Internet infrastructure to sun-set or limit the use of IPv4 addressing?  For example, should potential communication subsidies be redirected at this point to favor infrastructure compliant with IPv6?  Should new communications equipment be limited to IPv6 capability?  Are there addressing or other governance policies that might limit or accelerate the decline of IPv4 addressing?  Should incentive or awareness programs be developed to encourage the abandonment of IPv4 addressing?  What timelines would be expected for these events?  

Future Directions

The TAC working group is considering other recommendations and ongoing work activities associated with IPv6.  For example, development of an IPv6 awareness program is being considered that might work as a collaboration of ISPs and consumer equipment vendors to incent upgrades of consumer home equipment to IPv6 and increase consumer awareness of the value of IPv6 capable equipment.  Industry certification and labeling of equipment attesting to IPv6 capability and shipment of equipment with IPv6 as the default setting may also be desirable.  As noted, the long term goal for the TAC working group is to formalize an ongoing government/industry collaboration for IPv6 evolution.









FCC TAC IPv6 Working Group – Benchmarking

Draft Work Product		9-27-11
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I. Introduction

The radio spectrum is a national (and international) resource of increasing economic and social value, and it is critical to the safety of life and property and to national defense and homeland security.  Wireless systems of all types are dependent upon this resource, and the spectrum efficiencies achieved by such systems must improve at an accelerating rate if the Nation is to accommodate rapidly increasing demand for wireless systems and applications and to stimulate related job growth.  Unfortunately, as discussed in more detail herein, there is no single measure of spectrum efficiency that can be applied across the myriad of different services that rely upon wireless systems.


While it does not appear possible to develop a single measure of spectrum efficiency, metrics have been developed that allow efficiency comparisons to be made across similar systems (e.g., as explained below, bits-per-second per Hertz of bandwidth per square kilometer for personal communications systems, or more accurately, information bits-per-second, since we are interested in the actual useful information and not the rate at which we can convey overhead bits).  Such metrics can be a useful tool in analyzing and comparing similar systems.  For example, they can be useful in assessing historical gains in efficiency, evaluating the gains that might be achieved with new or improved technologies, in identifying opportunities for evolving to more efficient systems, or even to implementing a wholesale replacement technology.  It should be emphasized at the outset, however, that, although spectrum efficiency is an important factor (because it allows the maximum amount of service to be derived from the radio spectrum) it is not the only factor to be considered in spectrum management decisions.  Other factors including the overall cost, the quality of service (QoS), the availability of equipment, the compatibility with existing equipment and techniques, the reliability of the system, the security afforded by the systems, and operational factors all affect the choice of the best system in a given circumstance.


With that caveat, the purpose of the Working Group’s effort and of this White Paper is to identify, analyze, and describe spectrum efficiency metrics for a taxonomy of different systems with the hope that jobs will be created immediately to design, manufacture, deploy, and maintain more spectrally efficient technologies that are “fit for purpose” and, over the longer term, to create expanded opportunities for the growth of the wireless industry and, hence, for the Nation’s economy more generally.


The balance of this report is divided into six additional sections.  Section II summarizes prior work in the area of spectrum efficiency metrics while Section III identifies and describes the six classes of systems upon which the Working Group concentrated its initial effort and also identifies additional classes that may be analyzed in its future efforts.  Section IV then addresses spectrum efficiency metrics for satellite systems while Section V addresses terrestrial systems.  Section VI offers further thoughts on spectrum efficiency metrics and in particular the importance of viewing these metrics from a systems perspective, while Section VII offers the summary and conclusions associated with the Working Group’s efforts on spectrum efficiency metrics to date.  Appendix A provides a table (still largely unpopulated at this point) illustrating the use of spectrum efficiency metrics.  Appendix B provides a table illustrating representative examples of spectrum sharing experience in US FCC history.  Appendix C provides an initial set of case studies of instances where receiver performance played a significant role in spectrum allocation decisions and often the related inefficiencies in the current use of the spectrum.


II. Summary of Prior Work

The Working Group began its work on Spectrum Efficiency Metrics by identifying and reviewing prior work in the area.  An important item in that regard was a report entitled “Definitions of Efficiency in Spectrum Use” which was prepared by Working Group 1 of the Commerce Spectrum Management Advisory Committee (CSMAC) and dated October 1, 2008.A  As touched upon above, the CSMAC report recognized that it was impossible “to establish a uniform metric for spectrum use efficiency that encompasses the wide range of services and uses for which spectrum is needed.”
  Therefore it first developed a taxonomy of spectrum use (i.e., classes of systems that had enough characteristics in common to indeed be comparable) and, second, identified and discussed possible spectrum efficiency measures for each such class.  The classes addressed in the CSMAC report included the following:



Broadcast Systems


Personal Communications Systems



Point-to-Point Systems



Radar Systems



Satellite Systems



Passive Listeners (e.g., radio astronomy)



Short Range Systems


The CSMAC report on definitions of spectrum efficiency drew upon an earlier report/recommendation by the International Telecommunications Union entitled “Recommendation ITU-R SM.1046-2, Definition of Spectrum Use and Efficiency of a Radio System.”B,
  In developing this report, the Working Group also took note of a presentation entitled “Frequency Use Status Investigation and Spectrum Utilization Metric” by Sang Yun Lee at the International Symposium on Advanced Radio Technology (ISART) in 2008C, NTIA Report 94-311 by R.J. Matheson entitled “A Survey of Relative Spectrum Efficiency of Mobile Voice Communication Systems” and dated July 1994D, and a presentation entitled “What is Spectral Efficiency” by Dag Åkerberg of the DECT Forum in 2005E.

Importantly for the study conducted by the Working Group, ITU-R SM.1046-2 “Definition of Spectrum Use and Efficiency of a Radio System”B provides a definition of Spectrum Efficiency.  ITU-R SM.1046-2 defines the Spectrum Utilization Efficiency, SUE, (or Spectrum Efficiency as a shortened term) of a radiocommunication system by the complex parameter: 


SUE={M,U}                        (1)

where: 


M: is the useful effect obtained with the system in question; and 


U: is the spectrum utilization factor for that system. 


The measure of spectrum utilization – spectrum utilization factor, U, is defined as the product of the frequency bandwidth, the geometric (geographic) space, and the time denied to other potential users:

U = B · S · T                        (2)

where: 


B: frequency bandwidth 


S: geometric space (usually area) and 


T: time. 

The Working Group relied on this definition of Spectrum Utilization Efficiency for several portions of its work.


III. Proposed Taxonomy and Focus


Having reviewed the prior work described above, the Working Group studied two broad classes of systems – Satellite Systems and Terrestrial Systems – and, within those two broad categories of systems, focused its initial analytical attention on six classes of systems:


Satellite Broadcast Systems


Point-to-Point Satellite Systems


Terrestrial Broadcast Systems


Terrestrial Personal Communication Systems


Terrestrial Point-to-Point Systems

Terrestrial Hybrid Systems

In the two sections which follow, each of these six classes of systems is discussed, and related spectrum efficiency metrics are proposed.  The challenges associated with the development and usage of the associated metric is discussed, and sample calculations for each efficiency metric are supplied.


In addition to the four classes of terrestrial systems listed above, the Working Group also considered radar systems.  In doing so, it concluded (as the CSMAC report on definitions of spectrum efficiency had done before) that commonly applied efficiency measures (such as bps/Hz) are not appropriate for radars since the spectrum efficiency of a radar system cannot be directly compared to the spectrum efficiency of a typical communications system.  The Working Group also recognized that radar systems themselves vary widely in terms of the services they provide and the technologies that they employ and that, subcategories of radar systems may be needed to properly compare them.  While the Working Group took note of recent technological advances that might allow significant spectral efficiency improvements (e.g., the adoption of linear solid state Laterally Diffused Metal Oxide Silicon – LDMOS transmitter systems and advances in pulse shaping technology), it was unable to identify or evaluate suitable spectrum efficiency metrics for radar systems at this time.  The Working Group also took note of the fact that the annual ISART conference held in July, 2011, was devoted almost entirely to spectrum management aspects of radar systems, and the presentations might provide a resource for developing an appropriate spectrum efficiency metric for radar systems.  This is especially important as radar systems utilize a significant portion of the most desirable regions of the radio spectrum resource.  In any event, the Working Group intends to continue to work on the radar issue by, among other things, incorporating results from the ISART conference and through engagement with academia.


Finally, the Working Group touched upon but did not address in any depth spectrum efficiency metrics for “passive” (mostly scientific) uses of the resource and short range systems that typically operate on an unlicensed or “licensed by rule” basis.  The CSMAC referred to the former as Passive Listeners, and it includes the receive-only systems that are used to detect natural electromagnetic omissions in certain bands that have been allocated for the purpose.  Perhaps the most well-known example is radio astronomy where users study radio emissions from stellar objects and distant galaxies, for example, to gain a better understanding of the universe and how it evolved.  The CSMAC report noted that, while the spectrum efficiency of a passive listening system may not be a definable metric, the amount of spectrum used (the frequency range or bandwidth, the guard band size, the geographic area and the time duration of the associated measurements) can be determined.  It went on to explain that, by using more directive receive antennas (at added cost of course), spectrum efficiency could be enhanced by reducing the separation distance between the passive receiving site and potentially interfering transmitters.  While the Working Group has so far been unable to pursue spectrum metrics for passive uses more extensively, it did reach out to radio astronomers in the National Radio Astronomy Observatory (“NRAO”)
 in order to understand current issues associated with radio astronomy spectrum and more fully explore potential alternatives for analyzing such systems.  The NRAO informed the Working Group that:

1. Appropriate dynamic spectrum sharing could work along with appropriate temporal and spatial exclusion zones.  Some exclusion zones may need to be in the range of 100 miles.


2. The 1400 – 1421 MHz “H1” radio astronomy band is used only in a couple dozen areas worldwide.  This band needs to be protected only around the limited number of locations where it is used.


3. The NRAO is quite concerned about consumer vehicle radar detectors in the 76 – 81 GHz band.  Because these radar detectors can destroy a radio telescope sensor if they cross the telescope bore sight, it would be helpful to have on/off switches in vehicles that could be operated in conjunction with warning signs near the telescope.

4. Bringing mobile devices into a radio astronomy site needs to be avoided because close proximity of mobile devices operating in any band will degrade radio telescope performance.


With regard to the latter, short range systems that typically operate on an unlicensed or licensed by rule basis, the Working Group noted the increased importance of unlicensed systems such as WiFi (the IEEE 802.11 family of standards) and Bluetooth (IEEE 802.15.1).  The Working Group also recognized that, while systems used in consumer applications like WiFi, Bluetooth, baby monitors and cordless telephones (and even microwave ovens) garner much of the attention in terms of unlicensed, short-range spectrum uses, the same spectrum is used in a wide variety of other commercially important applications, including “off-loading” cellular data traffic from licensed systems to WiFi.  While it is clear and demonstrable that WiFi systems, for example, have increased their spectrum efficiency rather dramatically over the past decade, it is far less clear how other unlicensed systems have evolved in that regard.  Thus, as pointed out in the CSMAC report, while the spectrum efficiency of say a campus-wide WiFi system can be assessed using the metric of bits/sec/Hz/km2, it is far less clear how to assess the spectrum efficiency of other specialized systems for which there is little information available, nor how to assess the efficiency of the usage of an unlicensed band in total.  It is also a challenge to assess the overall spectrum efficiency of a system that uses both conventional cellular technology and WiFi to provide commercial wireless data services.  As in the case of passive systems, it is the intention of the Working Group to study and/or support the study of these issues in more detail by, for example, further engaging the academic research community.   

IV. Spectrum Efficiency Metrics for Satellite Systems


Satellite systems encompass a significant diversity of service types
 such that it is difficult and not necessarily meaningful to establish a single spectrum efficiency metric that would apply to all service types.  For example, communication satellite systems include both broadcast television systems (“DirecTV” and “Dish” in the United States), which are intended to distribute the same content to a large number of viewers, and mobile telephone systems (“Iridium”, “Globalstar”, “Terrestar”, “Inmarsat”, etc.), which operate essentially as a satellite-based cellular telephone network.  Just as it has been recognized that different spectrum efficiency metrics are applicable to terrestrial broadcast television systems and personal communication systems, it is appropriate that different spectrum efficiency metrics should be applicable to satellite systems providing these different service types.  For satellite systems, therefore, appropriate spectrum efficiency metrics need to be defined based on service type.


Most fundamentally, satellite system service types can be divided between those that provide communication services, which are intended to convey a communication, typically digital data, from a sender to a receiver, and non-communication services, which include a variety of non-communication applications such as navigation services, weather monitoring, earth observation research, and imaging.  Within communication service types, it is useful to make the following distinctions:


1. Broadcast systems vs. point-to-point systems, in which broadcast systems are intended to distribute identical content from one origination point to many reception points, while point-to-point systems are intended to establish many individual communication links between two points (senders and receivers).


2. Fixed service vs. mobile service, in which a fixed service uses a stationary high gain antenna that requires precise pointing to the satellite, while a mobile service allows user mobility through the use of an omni-directional antenna that does not require pointing.


An additional distinction that will be useful for metric definition is geostationary vs. non-geostationary satellite system, which specifies whether or not the satellite operates in an orbit that is geostationary.  While this distinction is more of a system architecture characteristic as opposed to a service type, it does affect the amount of spectrum re-use that can be achieved between different satellite systems, so it therefore influences how spectrum efficiency is determined.


Within each service type, an appropriate spectrum efficiency metric will be proposed.  As a consequence of the system design tradeoffs in satellite systems, it is sometimes possible to improve a spectrum efficiency metric by making a change within the system design that degrades a value point for the end user.  For example, spectrum efficiency in terms of bits-per-second-per Hz of spectrum can be increased by increasing the size (antenna aperture diameter) of the user antenna, which enables higher order modulation to be employed.  Larger antenna sizes, however, are generally undesirable, especially in consumer applications.  It is therefore useful to identify additional efficiency considerations that will need to be evaluated along with the core spectrum efficiency metric to provide an overall evaluation of the spectrum efficiency so that the stand alone spectrum efficiency metric does not drive an undesirable satellite system design.


1 Communication Satellite Systems


Communication satellite systems are those intended to convey a communication, typically digital data, from a sender to a receiver.


1.1 Broadcast Systems


A satellite broadcast system is intended to distribute identical content from one origination point to many reception points within the common program area.  The satellite broadcast system may divide its total service area (coverage area) into multiple common program areas, each of which receive a common set of content.  Within the United States, typical common program areas can be the time zones or local television channel broadcast areas (“local into local”).


The proposed spectrum efficiency metric is Information bits per second per Hz of allocated (licensed) spectrum within each common program area (“bits / (second – Hz)”).


The spectrum efficiency metric needs to be assessed within each common program area because the number and size (square miles) of the common program areas are determined by the intended service objective and are therefore not an appropriate driver of the spectrum efficiency.  Whether a broadcast service is intended to deliver a single program, such as the Super Bowl, to the entire United States, or to deliver localized content to local areas such as individual US states is determined by the service objective and is not an appropriate measure of spectrum efficiency.  Rather, broadcast system spectrum efficiency is determined by how efficiently the spectrum within each common program area is utilized.


A broadcast satellite system can deliver the same content to an arbitrarily large number of users within the common program area.  Adding users does not consume any of the system capacity, as with terrestrial broadcast over-the-air television, so the number of users does not need to be considered when defining the spectrum efficiency metric.


1.2 Point-to-point Systems


Point-to-point satellite systems are intended to establish many individual communication links between two points (senders and receivers) to allow information, typically digital data, to flow between those two points.  The satellite system establishes this capability across the satellite’s service area (coverage area).  Because adding users does consume system capacity, unlike broadcast satellite systems, consideration does need to be given to the system capacity per area, since the number of potential users is proportional to the size of the service area.  Capacity per service area can be increased via frequency re-use, similar to terrestrial cellular systems, so the spectrum efficiency metric should give credit to higher levels of frequency re-use.6

The proposed spectrum efficiency metric is Information bits per second per Hz of allocated (licensed) spectrum per square mile (or square kilometer) of service area (“bits / (second – Hz – sq. mi.)”).

2 Additional Efficiency Considerations


These additional efficiency considerations need to be evaluated in addition to the spectrum efficiency metric so that a comprehensive determination of the satellite system efficiency is properly made.


2.1 Antenna Size


Satellite system user value is enhanced when the size
 of the antenna is reduced.  There is a correlation, however, between user antenna size and the spectrum efficiency metric.  Within certain limits, increasing the antenna size, and hence decreasing user value, will allow greater spectrum efficiency through the use of higher order modulations (i.e., moving from QPSK to 8PSK to 16QAM etc.).  In terms of overall system optimization and user value, it is not always desirable to use the largest possible antenna sizes to achieve the greatest spectrum efficiency.  Antenna size must therefore be included as an additional efficiency consideration when evaluating the spectrum efficiency metric of satellite systems.


2.2 Consumed Field of View for Geostationary Satellite Systems


A given geostationary orbital position (“orbital slot”) has a potential service field of view that is the approximate one-third of the earth’s surface that is visible from that orbital position.  A satellite placed at that orbital position will be designed to use a particular portion of the frequency spectrum to provide service to a defined service area, which will be a portion (subset) of the field of view.  No other satellite placed at that same orbital position can use the same portion of the frequency spectrum to provide service to the same service area.  If a second satellite is placed at approximately that same orbital position to re-use the same frequency spectrum to serve a different service area within the same field of view
, there will be a service exclusion zone surrounding the defined service area of the first satellite that cannot be served by the second satellite due to inter-system RF interference.
  The size of this service exclusion zone relative to the service area and the service field of view must therefore be included as an additional efficiency consideration when evaluating the spectrum efficiency metric of satellite systems.


2.3 Consumed Orbital Arc for Geostationary Satellite Systems


When a geostationary satellite at a particular orbital position (“orbital slot”) is providing service to a given service area using a portion of the frequency spectrum, there is an orbital arc exclusion range surrounding that orbital position from which no other geostationary satellite can provide service to the same service area using the same frequency spectrum due to inter-system RF interference.  The size of this orbital arc exclusion range must therefore be included as an additional efficiency consideration when evaluating the spectrum efficiency metric of satellite systems.  The size of the orbital arc exclusion range will be substantially greater for mobile service satellite systems, in which omni-directional antennas are employed by the user terminals, relative to fixed service satellite systems, in which narrow beamwidth antennas are employed by the user terminals.


2.4 Consumed Geographic Regions for Non-geostationary Satellite Systems


A non-geostationary satellite system will have satellites in one or more orbital planes that may or may not have rotational periods that synchronize with the earth’s rotation.  Based on the orbital planes and rotational periods, some percentage of the earth’s surface will be blocked from employing co-frequency satellite communications to other non-geostationary satellite systems and geostationary satellite systems.  The size of the geographic region that is consumed by a non-geostationary satellite system and unavailable for other co-frequency satellite systems must therefore be included as an additional efficiency consideration when evaluating the spectrum efficiency metric of non-geostationary satellite systems.


2.5 Responsiveness for Two-way Point-to-point Satellite Systems


In two-way point-to-point satellite systems, user value is enhanced when response time is decreased.  There is a correlation, however, between response time and the spectrum efficiency metric.  Within certain limits, decreasing the response time, and hence increasing user value, will reduce spectrum efficiency by reserving a greater percentage of the spectrum for the signaling associated with dynamic spectrum resource allocation.  In terms of overall system optimization and user value, it is not always desirable to cause excessively long response times to achieve the greatest spectrum efficiency.  Response time must therefore be included as an additional efficiency consideration when evaluating the spectrum efficiency metric of satellite systems.

3 Non-communication Satellite Systems


Non-communication satellite systems include a variety of non-communication applications such as navigation services, weather monitoring, earth observation, and imaging.  While it would be desirable to develop a set of spectrum efficiency metrics for non-communication satellite systems similar to what has been done for communication satellite systems, in fact, non-communication satellite systems are so unique that it is the Working Group’s current opinion that it is not practical to identify a spectrum efficiency metric that would be meaningfully extensible beyond any individual non-communication service or system.  Across service types, it is not practical to identify a common spectrum efficiency metric that would apply, for example, to navigation satellites, weather monitoring satellites, earth observation satellites, and imaging satellites, because these applications are so fundamentally different.  Within each non-communication service type, the service definition of each system will have great impact on the service capabilities and corresponding spectrum usage.  For example, in a navigation satellite system, the spectrum usage will be driven by the location precision required, specification of the cold-start acquisition time of the receivers, and the incorporation of ancillary information such as absolute time and/or frequency references.  Because of the vast range of specifications that is possible for each navigation service definition, a spectrum efficiency metric for a “generic” navigation satellite system would also not be meaningful or useful.  As a specific example, the service definitions for the existing and planned navigation satellite systems (GPS, Galileo, GLONASS, and BeiDou) are so different that any metric including “total spectrum consumed” is not meaningful in a comparative sense because of the differing service capabilities.  The Working Group recommends, therefore, that in the case of non-communication satellite systems, the designers and implementers of these systems should be encouraged to develop an appropriate spectrum efficiency metric for their particular system and use it as a guideline in the system design and license application processes with the objective of using spectrum efficiently.  The Working Group is also very interested in any university research that might provide further illumination in this area.

4 Concluding Thoughts on Metrics for Satellite Systems


In this subsection, spectrum efficiency metrics for both broadcast and point-to-point satellite communications systems have been proposed and additional efficiency considerations have been identified and discussed.  Non-communications systems and applications like navigation services (e.g., global positioning systems), meteorological (e.g., weather satellites), earth observation (e.g. ocean and earth temperature and humidity observation), and remote sensing (e.g., imaging systems) have been discussed, and given their unique nature, an individualistic approach to achieving spectrum efficiency has been proposed.  Finally several areas have been identified where additional academic research would be valuable to further refine these metrics and associated considerations.

V. Spectrum Efficiency Metrics for Terrestrial Systems


To an even greater degree than the satellite systems case discussed in Section IV, terrestrial systems encompass an extremely large variety of services including non-communications services such as radar systems.  For the reasons explained earlier, the Working Group was unable to identify or evaluate suitable spectrum efficiency metrics for radar systems for this version of the White Paper.  The Working Group was, however, able to address spectrum efficient metrics for the following classes of systems: Broadcast Systems, Personal Communications Systems, Point-to-Point Systems, and Hybrid Terrestrial Systems.  Each of these four classes of systems is discussed in the subsections that follow.

The working group recognized that the Commerce Spectrum Management Advisory Committee (CSMAC) had reported definitive findings for spectrum efficiency for the systems discussed here.  Therefore, the material below closely follows that work and some sections of the text have been taken directly from the CSMAC report. 


1  Terrestrial Communications Systems


1.1 Terrestrial Broadcast Systems


Terrestrial Broadcast systems are similar to satellite broadcast systems in that they distribute identical content from one origination point to many reception points within the common geographic area. A broadcast system can deliver the same content to an arbitrarily large number of users within the same geographic area.  Adding users does not consume any of the system capacity.  As the number of users increases, the spectrum efficiency improves when compared to point-to-point systems where each additional user consumes additional spectrum. Similarly, for broadcast systems there is a tradeoff between intended coverage areas and independent usage. For example, satellite systems may achieve large coverage areas but if the signal is intended as a local signal then much of the coverage may be effectively wasted. Conversely, if large coverage is desired then land based broadcast systems may need to operate using multiple frequencies with the same information content to avoid interference issues. Broadcast systems provide multiple data sets that are individually selectable by the many recipients. This may allow a definition of efficiency based on the number of independent data sets that are available per MHz.

For broadcast systems, efficiency can be defined in terms of the served audience per amount of utilized spectrum. For a national audience, a single frequency assignment carried everywhere may well be the most efficient, thus favoring systems such as satellite. For a localized but dense audience, localized reuse of spectrum may provide the most audience coverage per bandwidth, thus favoring traditional land based broadcast. For a sparse audience, some combination of broadcast with unicast with a more cellular arrangement might actually prove the most efficient, though perhaps not the most cost-effective from an overall system point of view.

Referring to formula 1 above from ITU-R SM.1046-2B, the useful effect (M) of a television broadcast is determined by the number of users (population) able to receive the broadcast. The useful effect of a television broadcasting system would vary with the population density in different parts of the geographical area in question and the number of television programs that can be received. 


ITU-R SM.1046-2 provides details on how to assess the Spectral Efficiency for television broadcasting systems. The spectral efficiency of audio broadcasting systems can be similarly derived.  For our purpose here, we will use the component parameters to establish a proposal for an efficiency metric. 

The table contained in Appendix A outlines several measures for spectrum efficiency of broadcast systems.
  They include: 1) bits/Hertz   2) bits/Hertz*km2   3) bits/Hertz*users  4) bits/Hertz*km2  *  duty cycle.  An additional column related to spectrum use duty cycle is also listed. The proposed spectrum efficiency metric could also include the area in square kilometers served by the same information bits per second per Hz of allocated (licensed) spectrum within each common geographical area (“bits / (second – Hz)” times the average number of users simultaneously served).

Therefore, the proposed spectrum efficiency metric per user, is: Information bits per second per Hz of allocated (licensed) spectrum within each common geographic area (“bits / second / Hz)” times the average number of users simultaneously served. Consideration does need to be given to the system capacity per area, since the number of actual users is proportional to the size of the service area for typical user densities.  Capacity per service area can be increased via frequency re-use, similar to terrestrial cellular systems, so the spectrum efficiency metric should consider higher levels of frequency re-use.

1.2  Personal Communications Systems

Terrestrial personal communications systems are similar to satellite point-to-point systems discussed above.  They establish many individual communication links between two points (senders and receivers) to allow information, typically digital data, to flow between those two points. Adding users does consume additional system capacity, unlike broadcast systems. For this class of service we can define spectral efficiency as:  Bits per second per Hertz per unit area in a fully loaded system for a given quality of service.  A problem with even this practical definition is that it still must assume what an acceptable bit error rate might be (quality of service) and, also, what an acceptable coverage level might be (since there is a relationship between coverage and levels of interference or frequency reuse). 


Another difficulty with this definition is that bits per second per Hz would suggest that higher degrees of modulation would always yield more efficiency.  However, frequency reuse is also impacted in multi-cell systems by interference, and in practical fact, this is the ultimate limitation on the capacity and / or performance of the system and therefore its spectral efficiency.  Higher order modulation might require lower channel reuse thus yielding lower efficiency in the multi cell environment. It is possible to use smaller cell sizes to increase the metric of bps/Hz/area and perhaps appear to get higher efficiency. This approach neglects the higher cost associated with an increased numbers of cells. 


Despite the above, we can define efficiency practically for this class of system using equation (1) by fixing a target cell size and computing for that cell size a net bps/Hz/area value over a sufficiently large area to encompass full frequency reuse of all assigned channels. 


Following Lee’s formulation:


Spectrum Efficiency (personal com)   =   info rate (bps/Hz) 


                                                                          Occupied Area


The proposed metric is: Information bits per second per Hz of allocated (licensed) spectrum per square Km of service area (“bits / (second – Hz – sq. Km.)”).  Once again, it is critical to account for an occupied area that includes a full system frequency re-use pattern in order to make fair comparisons among different systems.

1.3  Point-to-Point Terrestrial Systems

These systems have efficiency considerations that are similar to the previous category. Improved modulation schemes can achieve better use of an assigned band. Thus a simple bits/hertz/area metric can be a useful indicator. In addition, in point to point systems, higher directionality has the benefit of mitigating interference among nearby installations. 


Using equation (1) from ITU-R SM.1046-2, the useful effect M of a point to point (p-p) system can be estimated. However, in p-p systems, it is also important to consider the total distance over which the information is transmitted. For digital systems, the useful effect can be measured by the transmission rate, multiplied by the total distance over which the information is transmitted. The spectrum utilization factor U for a p-p system can be determined using equation (2).


Following Lee’s formulation:


Spectrum Efficiency (p-p)   =   info rate (bps/Hz) x Transmitted Distance


                                                                       Occupied Area
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  R : sector radius (Km) and θHP : halfpower beamwidth (rad)

The proposed metric is: (Information bits per second per Hz of allocated (licensed) spectrum) x (transmitted distance) per square Km of service area) 


More details on the above parameters as well as examples of calculation of Spectral Efficiency for point to point systems can be found in ITU-R SM.1046-2. Results are sometimes expressed using the metric of number of voice channels/Hz/area for analog p-p systems and bps/Hz/area for digital p-p systems.

1.4 Hybrid Terrestrial Systems


Hybrid terrestrial systems utilize a combination of broadcast and point-to-point communications modes, typically over wide operating areas.  Several other system-level considerations should be taken into account when measuring spectral efficiency for these types of systems.  As mentioned above, communications systems must often meet basic user needs in a number of quality of service (QoS) measures, including latency/access time, coverage/reliability, information error rates, and peak-loading requirements.  Maintaining this service level or even improving it in some of these areas may have a negative impact on spectral efficiency metrics, but may be required for particular system applications.  For example, mission-critical public safety systems have very rigorous QoS, coverage/reliability, and peak-loading requirements, which must be met for the system to be considered useful.  Certain communications modes may have much higher QoS requirements than others (e.g., mission-critical public safety voice communications vs. consumer-grade mobile broadband internet access).  Good system design practices will take these factors into account.  System-level cost considerations (e.g., of backhaul, user equipment, etc.) are also important in many applications.    

In general, spectrum is a limited resource with differing value based on geographic location and user density.  Spectrum in densely populated urban areas is generally much more valuable than spectrum in sparsely populated rural areas.  As such, it is more important to invest more resources into maximizing spectral efficiency in densely populated, high-use areas where the need for efficient spectrum use is the greatest.  Maximizing spectral efficiency in sparsely populated areas generally has a lower return on investment.  High spectral efficiency communications systems may be applied to low user density areas, as long as they meet all user QoS requirements, as well as any system cost constraints.  Note that some communications systems (e.g., public safety, utility systems) must cover large geographic areas even though few active users may typically exist per square kilometer.  Such systems should not be unduly penalized in any spectral resource optimization attempt.  

Since the class of public safety / utility communications systems have many distinct requirements in the above areas, an independent public safety  / utility (i.e., public good) system class is proposed to measure their spectral efficiency levels.  Public good systems are typically more performance driven than revenue and throughput driven in nature (as compared to commercial cellular systems, that attempt to deliver the largest number of bits per unit area
 in order to serve typically large numbers of users).  Public good systems may need to cover large areas with very high reliability,
 and may have very high peak-loading requirements (requiring significant over-resourcing of communications capability).
  

In many respects, the public safety / utility class of communications has similarities to broadcast and satellite communications (covering multiple users or groups over large geographic areas for most communications).  Similar to terrestrial broadcasting systems, as the number of users increases, the spectrum efficiency improves when compared to point-to-point systems where each additional user consumes additional spectrum.  Thus, a spectral efficiency metric similar to those discussed in ITU-R SM.1046-2 is proposed: Information bits per second per Hz of allocated (licensed) spectrum over the geographic area served “(info bits / second / Hz) * km2” times the average number of users simultaneously served.  Note that this metric directly takes into account the number of users served in each possible communications mode (whether it be broadcast messaging, talk-group messaging, or individual communications).  Most public safety / utility systems utilize a mix of these different communications modes, with a bias towards group communications.  The same mix of communications modes should be used whenever comparing different communications systems for spectral efficiency.  Also note that if a particular system solution does not meet the user QoS requirements discussed above, it is not generally useful and should be removed from consideration.  Therefore, the QoS requirements form a hard constraint on system viability, regardless of the underlying communication system’s spectral efficiency levels.

VI. Further Thoughts Relating to Spectrum Efficiency Metrics

1 Factors Impacting on Spectrum Utilization


While from the outset the Working Group recognized that spectrum efficiency necessarily requires consideration of both the transmitting and receiving portions of a wireless system as well as the interaction between the two, most of the initial emphasis was on transmitters.  Evaluation metrics, to be truly useful, must consider the entire end-to-end system since both transmitters and receivers use spectrum resources.  Communications systems can deny the use of part of the spectrum to another system that would cause interference to, or experience from, the first system.  Basically, a system consumes spectrum resources when it denies other systems the efficient and effective use of those resources.  

The importance of the receiving portion of a wireless system can perhaps be best seen through an example.  Imagine an ideal world in which a transmitter only occupies a single 10 MHz channel (i.e., there is no “spillover” into adjacent channels due to the use of “brickwall filters”) and further assume that the transmitter is achieving a very high level of spectrum efficiency (as measured in bits/second/Hz) in that channel.  Now imagine that the distant receiver associated with the transmitter is of poor design and is unable to reject signals that occupy the adjacent 10 MHz channels on either side of the channel actually occupied by the transmitter (i.e., the desired channel).  In this example, the relevant measure of the spectrum actually being consumed is not 10 MHz, rather it is 30 MHz.  Viewed in this manner, the actual spectrum efficiency is much less than that calculated considering the transmitter characteristics alone.

More generally, there are several items that should be considered when evaluating spectrum utilization efficiency
 and which may be worthy of further study, perhaps in an academic research environment.  As noted above, the amount of spectrum that is consumed by a radio system such that it is not available for other radio systems (i.e., the spectrum utilization factor
) is a function of both the transmitter and receiver performance.  When determining the spectrum utilization factor, therefore, a complete radio system view including both the transmitters and receivers must be undertaken.

A given radio system including both transmitters and receivers may only utilize portions of the spectrum as opposed to completely consuming the spectrum.  Three examples of instances where spectrum can be partially consumed are guard bands, spread spectrum modulation, and complex, higher order modulation schemes.  In the case of guard bands, the practical limits of filter rolloff in the receivers will likely require some mitigated spectrum use in the immediately adjacent guard bands, but it may be possible to partially load the guard bands with “quieter” less interfering competing radio systems.  In the case of spread spectrum modulation, by the nature of spreading carriers across a substantially greater bandwidth than theoretically necessary to support the information content, the occupied spectrum becomes partially loaded but can support, up to certain limits, additional spread spectrum carriers and/or standard, un-spread carriers from competing radio systems.  In the case of radio systems using higher order modulation with high complexity, these systems require especially high signal-to-noise ratios that may make them particularly sensitive to emissions from competing radio systems in nearby geographic areas and/or adjacent spectrum.  As a consequence, when determining the spectrum utilization of a given system, consideration must be given to any instance in which spectrum is partially consumed.

In certain types and architectures of radio systems, additional spectrum-related resources beyond the standard resources of frequency bandwidth, geographic area, and time may be consumed. Two such examples are orbital arc range consumed by a geostationary satellite system and spectrum available for aircraft at various altitudes consumed by a terrestrial radio system.  When the spectrum utilization of a particular type of radio system is evaluated, consideration must also be given to additional spectrum-related resources that are of value to radio systems and may also be consumed.

As discussed above, there are several figures of merit associated with a radio system that can be enhanced in a manner that may cause a reduction in spectrum efficiency.  These figures of merit include cost, physical size of the radio unit, physical size of the antenna, and QoS performance parameters such as bit error rate and response latency in multiple access systems.  It may be the case in certain radio systems that some combination of cost reduction, size reduction, and performance improvement can be achieved along with a necessary reduction in spectrum efficiency.  The impact of improving spectrum efficiency on these related figures of merit needs to be considered in making a comprehensive evaluation of the radio system.

2 Spectrum Sharing Experience in US FCC History

The US FCC has considerable experience in authorizing the sharing of the same spectrum among different applications and users via various sharing mechanisms.  These sharing mechanisms generally fall into the following categories:


· Separation in frequency: One user operating near to another selects a noninterfering frequency for transmission, and incorporates sufficient filtering to reject transmissions by the other.


· Separation in time: One user operating near to another on an interfering frequency avoids transmitting at the same time as the other.

· Separation in space – static:  Spectrum is re-assigned to different users operating with enough geographic separation to avoid interference among users (e.g., re-assigning the same broadcast television channel in different cities).

· Separation in space – dynamic: One user, operating on a frequency that would cause interference to another, avoids transmitting when near to the other.


· Separation in the receiver: One user, operating near another on an interfering frequency, selects a waveform that enables the receiver to correctly receive the desired signal despite interference from the undesired signal.

· Operational coexistence approaches: Users employ a range of coordination mechanisms among themselves for preventing interference or resolving it when it arises.

The Working Group felt it would be useful to develop a reference table of specific examples of successful sharing using these mechanisms so that it could be used as a basis for enhancing spectrum efficiency in the future by stimulating additional sharing via similar techniques.  Appendix B contains this sharing experience reference table, although we have chosen not to include examples of “separation in space – static” since this sharing mechanism is relatively straightforward, well understood, and has been widely employed since the earliest days of radiocommunications.

In the future, the Working Group hopes to analyze (or support the analysis of others) the past experience presented in the Appendix B reference table in more detail and provide guidance to assist in future efforts to establish greater spectrum sharing.  Additionally, the Working Group hopes to use that guidance to identify specific bands and services the Commission should investigate more closely when seeking to increase spectrum sharing.

3 Case Studies Illustrating the Importance of Receiver Performance


As the Working Group delved into its work and developed a more nuanced view of the factors that impact spectrum utilization and, in particular, the role of receiver performance, it recognized the close relationship between two of the focus topics that the group had been tasked to address: spectrum efficiency and receiver standards / guidelines or performance.  As part of its efforts to address the latter – receiver performance – the Working Group developed a draft paper entitled “Case Studies: The Role of Receiver Performance in Promoting Efficient Use of the Spectrum.”  The paper, included here as Appendix C, summarizes a number of recent examples where receiver performance was a significant issue affecting access to spectrum for new services.  It proposes an in-depth study, perhaps by an appropriate academic institution, of the current spectrum allocation table focusing on established guard bands and the characteristics of the receivers associated with existing band edges thus contributing to a better understanding of the possible scope for spectrum reallocation, compaction and sharing.

VII. Summary and Conclusions

· Spectrum efficiencies achieved by wireless systems must improve dramatically in general if the Nation is to accommodate rapidly increasing demand for the resource


· Unfortunately there is no single measure of spectrum efficiency that can be applied across all services


· Such metrics have been developed that allow efficiency comparisons across a variety of satellite and terrestrial based systems categories

· These metrics can play an important role in analyzing and comparing similar systems (e.g., as in bps/Hz/sq. km. in the case of personal communications systems)


· In carrying out its work, the Sharing Working Group recognized that, while spectrum efficiency is critically important, it is only one of the factor to be considered in making spectrum management decisions.  A variety of system figures of merit including user QoS requirements (e.g., bit error rate, response latency in multiple access systems, and peak-to-average loading ratios), size (e.g., physical size of the radio unit and the antenna), and cost must also be met for a system to be useful.

· Based upon a review of prior work, the Sharing Working Group focused its initial analytical attention on six classes of systems: Satellite Broadcast Systems, Point-to-Point Satellite Systems, Terrestrial Broadcast Systems, Terrestrial Personal Communication Systems, Terrestrial Point-to-Point Systems and Hybrid Terrestrial Systems

· For each of these six classes, the Sharing Working Group developed and discussed a proposed spectrum efficiency metric and sample calculations are supplied for each metric; in doing so, because of the makeup of the Sharing Working Group, it was able to make particularly strong progress in the satellite category


· The Sharing Working Group was unable, at least at this time, to identify and develop a suitable spectrum efficiency metric for radar systems, unlicensed systems, and terrestrial and satellite receive only observation systems, but it intends to continue to work on these systems as well as other system classes not addressed in this report
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bits/sec/Hertz  bits/sec/Hertz*km
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bits/sec/Hertz/km
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bits/sec/Hertz * 


km / km


2 


bits/sec/Hertz*users


bits/sec/Hertz*


km


2


*users


bits/sec/Hertz*km


2  


*  duty cycle


3.7 - 4.2 GHz


5.925 - 6.425 GHz


11.7 - 12.7 GHz


14.0 - 14.5 GHz


17.7 - 20.2 GHz


27.5 - 30.0 GHz


Satellite System Broadcast System


Compute for 


individual system 


under evaluation.


N/A N/A N/A N/A N/A N/A


3.7 - 4.2 GHz


5.925 - 6.425 GHz


11.7 - 12.7 GHz


14.0 - 14.5 GHz


17.7 - 20.2 GHz


27.5 - 30.0 GHz


Satellite System Point-to-point System N/A


Compute for 


individual system 


under evaluation.


N/A N/A N/A N/A N/A


Various Terrestrial Broadcast Systems N/A N/A N/A N/A


Compute for individual 


system under 


evaluation.


N/A N/A


Various Terrestrial


Personal 


Communications 


Systems


N/A N/A


Compute for 


individual system 


under evaluation.


N/A N/A N/A N/A


Various Terrestrial Point-to-point N/A N/A N/A


Compute for 


individual system 


under evaluation.


N/A N/A N/A


Various Terrestrial Hybrid N/A N/A N/A N/A N/A


Compute for 


individual 


system under 


evaluation.


N/A


High Definition DTV


 19.4 MBPS / 6 MHz 


= 3.23


 19.4 MBPS / 6 MHz * 


50km


2 


= 8075


N/A N/A


 19.4 MBPS / 6 MHz * 


100k users = 323k


N/A


 19.4 MBPS / 6 MHz * 


50km


2


  * 1.0 


= 8075


Standard Definition DTV


Mobile DTV


High Definition DTV


 19.4 MBPS / 6 MHz 


= 3.23


 19.4 MBPS / 6 MHz * 


50km


2 


= 8075


N/A N/A


 19.4 MBPS / 6 MHz * 


100k users = 323k


N/A


 19.4 MBPS / 6 MHz * 


50km


2


  * 1.0 


= 8075


Standard Definition DTV


Mobile DTV


Broadcast Digital 


Television


174 - 216 MHz


Broadcast Digital 


Television


470 - 698 MHz


---------------------------------------------------------------------------------------------------------------------------     Generic Systems      ----------------------------------------------------------------------------------------------------------


---------------------------------------------------------------------------------------------------------------------------     Specific Systems      ---------------------------------------------------------------------------------------------------------




Appendix B:  Examples of Spectrum Sharing in the US
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Coexistence 


method: 


Frequency 


separation


Coexistence method: 


Spatial separation


Coexistence 


method: Time 


separation


Coexistence 


method: 


Signal 


separation 


in receiver


Coordination Mechanism Characteristics of users/services Notes


54-88 MHz (VHF TV 


channels 2-6), 174-


216 MHz (VHF 7-12), 


470-608 MHz (UHF 13-


36), 614-698 MHz 


(UHF 38-51)


TV broadcast; Unlicensed 


TVWS


Geolocation by 


unlicensed user


Database of protected users 


checked by unlicensed before 


transmission (max 24 hrs)


TV broadcast occurs at fixed 


locations and changes slowly. 


Many TV channels locally unused 


for historical reasons and because 


of low revenues from TV broadcast 


service in many locations.


FCC can direct database administrator to 


never report any available channels to a 


specific make/model of unlicensed device; 


this enables rapid resolution of problems if 


source can be identified.


138-144 MHz, 154-156 


MHz


Federal, state, and local public 


safety agencies in Alaska.


Centrally managed 


trunked radio 


system


Centrally managed 


trunked radio system


Centrally 


managed trunked 


radio system


Sharing agreement. Compatible public safety land 


mobile needs, the sharing 


arrangement and P25 technology 


combine to make efficient use of 


Federal and local/state channels 


together. 


Called the Alaska Land Mobile Radio 


(ALMR) system. Pursuant to a sharing 


arrangement, Federal VHF channels under 


NTIA jurisdiction and local/state public 


safety VHF channels under FCC jurisdiction 


are both use for one combined P25 system 


serving public sa


174-216 MHz (VHF TV 


channels 7-12), 470-


608 MHz (UHF 13-36), 


614-698 MHz (UHF 38-


51)


Primary: TV broadcast


Secondary: Part 74 


stations/devices (Low Power 


TV, Wireless mics)


Low power TX by 


secondary


Mic users manually select 


channel; interference in either 


direction is easily noticeable, 


mic user self-corrects.


Locations with high mic usage 


(sports stadiums, theaters) do not 


have TV receivers with aerials 


trying to pick up distant stations.


Mics now operating under a waiver that 


limits power but gives them two channels 


free of TVWS devices. Transition to DTV 


("cliff effect") may make it harder to 


determine the source of interference.


225 - 400 MHz Primary: Federal LMR, other 


uses including aviation 


communications


Unlicensed devices: primarily 


at 318 & 390 MHz (e.g. key 


fobs, garage doors)


Filters on 


unlicensed devices 


were improved after 


interference 


occurred


Low power TX by 


unlicensed


Government users avoid specific 


channels where there is a high 


density of unlicensed users


Primary user not heavily populated.


Unlicensed user has low duty 


cycle.


Garage door openers had poor filters; when 


federal LMR systems were activated, 


openers opened at random time and/or got 


desensed. Solved by moving garage doors 


to a small portion of the band, improving 


filters, retrofitting some older devices and 


replacin


402-405 MHz Primary: Meterological Aids 


(weather balloons)


Secondary: Medical Device 


Radiocommunications Service


Listen-before-talk Density of balloon use is low. 


Medical devices are short range.


401-406 MHz Same as 402-405 Mhz Narrow bandwidth, low 


power TX by secondary


Same as 402-405 MHz


420-450 MHz Federal Radiolocation; 


amateurs; 


private LMR in Cleveland, 


Detroit and Buffalo


A few exclusion zones Social norms in amateur 


community abhor interference. 


"Official observers" self-police 


amateur use. Amateur stations 


automatically self-identify; each 


amateur user starts TX with ID.


Amateur community size is 


limited. Higher power use by 


amateurs (1500W) is repeaters at 


fixed locations; mobile use much 


lower power. Amateur use is low 


density low duty cycle.


There was a petition to allow higher power 


RFID at 433 MHz. It was strongly opposed 


by federal users because of aggregation 


concerns related to much larger user 


community and lack of responsiveness if a 


problem were to arise.


413-457 MHz 


(specifically the 


following 4 bands: 413-


419, 426-432, 438-


444, 451-457 MHz)


[Proposal] Secondary use by 


medical micro-power networks 


requiring a high degree of 


operational reliability


Listen before talk. 


Secondary 


chooses among 3 


10MHz sub-bands 


& dynamically 


switches when 


current sub-band 


becomes noisy


Low power TX by 


secondary


CDMA 


Spread 


spectrum 


used by 


secondary


Proposal by Alfred Mann/Bioness. Device 


roughly 1m away from user sends control 


signals to implant enabling paralyzed person 


to walk. Implanted receiver has both poor 


filters and low sensitivity. The primary 


concern is when person with implants 


comes very


849-851 Mhz Co-primary between two 


providers of air-to-ground data 


and radiotelephone services


polarization Two nationwide providers, having 


custom equipment built for them 


so can arrange to respect 


polarization requirements without 


significant additional cost.


Although coexistence via independent 


polarization was permitted in the rules, the 


licensees had the option to bid on non-


overlapping blocks; the winning bidders 


chose this option. 
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Coexistence 


method: 


Frequency 


separation


Coexistence method: 


Spatial separation


Coexistence 


method: Time 


separation


Coexistence 


method: 


Signal 


separation 


in receiver


Coordination Mechanism Characteristics of users/services Notes


902-928 MHz Extremely varied, includes:


Primary: federal radiolocation


Secondary: location and 


monitoring service


Unlicensed: RFIDs, cordless 


phones, etc.


Low power TX by 


unlicensed.


Spread 


spectrum TX 


by 


unlicensed.


"Safe harbor" provision deems unlicensed 


users not to cause interference to 


secondary users if they meet certain 


restrictions on signal, antenna height, etc. 


American Radio Relay League: "The 


allocation status of this band was not the 


result of any appare


1549.5-1558.5 MHz Primary: AMSS [aeronautical 


mobile-satellite service] safety-


related communications


Secondary: MSS [mobile 


phone satellite service], with 


proposed ground-based ATC 


[cellular style towers 


transmitting in MSS band]


Priority access 


for AMSS - FCC 


authorization for 


ATC in this band 


cites the 


applicant's use of 


"a centralized 


common control 


facility" capable 


of directing all 


mobile users to 


vacate a channel 


in < 1 sec, but 


does not specify 


the mechanism 


for determining


Only occasional use by AMSS 


safety communications


FCC 87.187(q) [paraphrase]: The 


frequencies in the band 1545-1559 MHz 


(space-to-earth) and 1646.5-1660.5 MHz 


(earth-to-space) are authorized for use by 


the Aeronautical Mobile-Satellite (R) 


Service. In the frequency bands 1549.5-


1558.5 MHz and 1651-1660 M


1710-1755 MHz DOD communication systems 


(at 16 protected sites in 


CONUS);  AWS (3G cellular).


AWS licensees must 


avoid transmission in 


exclusion zones around 


specified DOD sites.


AWS licensees must coordinate 


with DOD in coordination zone 


around specified DOD sites.


Section 27.1134 of the Commission’s rules. 


AWS licensees must accept any 


interference received from DOD operations 


at the specified sites.


1920-1930 MHz All unlicensed. Dominant use 


is cordless audio: mostly 


phones, some baby monitors 


and mics (DECT standard).


Listen before talk TX power backoff based 


on energy level sensed 


in band


Mostly indoors. Audio needs high 


quality of service.


LBT/backoff rules were designed to permit 


continuous connectivity for high audio 


quality. Original rules were more restrictive; 


channels were widened and some sensing 


and backoff rules relaxed before volume 


deployment took off.  


2360-2390 MHz [Proposal]


Primary: Aeronautical 


telemetry


Secondary: Medical body-area 


networks


Crypto key from access 


point required before 


mobile devices transmit; 


this prevents mobile 


device TX when too far 


from an approved 


location.


Healthcare institutions notify 


AMT users of MBAN usage, 


perform frequency coordination if 


close to an AMT site, agree to 


halt usage if a problem arises.


Body-area networks = use wireless links to 


eliminate the annoying wires attached to the 


sensors on a patient in the hospital.


2400 - 2483.5 MHz All unlicensed. Also 


microwave ovens.


WiFi is a de facto 


incumbent; other 


services often 


detect and avoid it.


TX power limit keeps 


interference range to a 


few hundred meters


WiFi uses carrier 


sense multiple 


access; some 


other services do 


not do time 


separation


Most services 


employ 


spread 


spectrum


3.1-10.6 GHz Primary: various


unlicensed: UltraWideBand


unlicensed TX 


has such low 


power in any 


channel that 


primary user 


signal-to-


noise ratio is 


not 


meaningfully 


affected
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Coexistence 


method: 


Frequency 


separation


Coexistence method: 


Spatial separation


Coexistence 


method: Time 


separation


Coexistence 


method: 


Signal 


separation 


in receiver


Coordination Mechanism Characteristics of users/services Notes


3650-3675 MHz Primary: satellite


Secondary: mostly fixed, 


some limited mobility


150 km 


exclusion/coordination 


zone around 64 


grandfathered satellite 


ground station sites


Secondary users must register 


sites and coordinate. No priority 


given to first secondary user into 


the band in a given area.


Primary user active at only a few 


locations. Secondary user is 


broadband data (e.g. WiMax) in 


rural areas.


Coordination is painful and causes lots of 


complaints; perhaps because this is not a 


serial negotiation?


3675-3700 MHz Same as 3650-3675 Same as 3650-3675 Regulatory 


requirement for 


systems to use 


a contention 


based protocol 


(e.g. CSMA/CD)


3700 MHz - above 10 


Ghz


Co-primary: Fixed Satellite 


Services, Point to Point 


Microwave


Directional antennas, 


directional propagation at 


these frequencies


Frequency coordination required


5250-5350 MHz,


5470-5725 MHz


Primary: Weather and military 


radars


Unlicensed: WiFi and other 


systems (U-NII)


Listen before talk Locations of weather radars in 


5600-5650 MHz are published. 


Outdoor unlicensed users 


located within 35 km of a 


published site must select a 


center frequency at least 30 


MHz away from the radar's 


center frequency and must 


register their transmitter locatio


Radars are highly sensitive to low 


noise levels. Original approach 


based on LBT only did not 


successfully prevent interference, 


so additional coordination was 


required in fall 2010.


5850-5925 MHz Vehicle-to-vehicle and vehicle-


to-roadside communications 


for intelligent transportation 


systems. Called the Dedicated 


Short-Range Communication 


service (DSRC).


Pre-specified dispute resolution 


process. All road-side units must 


be registered. All licensees 


required to work together to 


resolve problems. In case of 


dispute escalating to FCC 


complaint, systems supporting 


public safety have priority over 


others (gove


Mix of safety-critical usage and 


commercial services in the same 


band.


FCC prespecified in 90.377 that interference 


in DSRC will only be deemed to exist if the 


signal from the later registered unit is within 


18 dB of the power level of the earlier 


registered unit at some point in the coverage 


footprint of the earlier registe


12.2 - 12.7 GHz Direct broadcast satellite, 


terrestrial video broadcast 


High attenuation in this 


band by structures and 


foliage (isolates DBS 


receiver if on S side).


DBS 


antennas 


directional, 


pointed S. 


DBS sats TX 


from S to N 


(inherently), 


terrestrial TX 


from N to S 


(by choice). 


Terrestrial user has some 


obligations to provide 


interference remedies. DBS 


receiver can be moved to S side 


of house or tree to gain 


additional isolation.


Both continuous transmission; 


both broadcast (one-way).  


DishTV and Northpoint.


Incumbent and interested new licensee were 


competitors, so coordination mechanisms 


and detailed service rules had to be 


specified by FCC rather than happening 


voluntarily. Rules vary geographically due to 


local rainfall conditions; 


70-90 GHz Primary: Federal


Secondary: Point to Point 


microwave


Green/red database oracle. Highly directional antennas and 


propagation. Secondary users are 


fixed.
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      Subtypes: separation in frequency, time, space, or in the receiver


         Frequency: assign different frequencies to nearby users; each receiver rejects the frequency used by others


         Time: multiple nearby users are active on the same channel; make sure they don't TX at the same time


         Space: keep one user's TX from reaching another's receiver


         Receiver: design signals so receiver can separate the desired from the undesired signal


   Frequency separation:  filters


   Spatial separation:  low power TX, exclusion zone, directional antennas (TX), indoor/outdoor


   Time separation:  priority access


   Signal separation:  CDMA, polarization, notching, interference cancellation, directional antennas (RX)


   Coordination mechanisms:  negotiation, social norms, database of protected users, green light/red light database, 3rd party managers


This chart avoids listing examples where the sharing is accomplished by statically assigning the same frequency in distinct geographic areas





Columns in the spreadsheet


   Band: frequency range or common name of band





   Note: the listen-before-talk mechanism supports frequency, time, or spatial separation, based on what parameters are chosen


   Users: who is sharing the band


   Coexistence method: what mechanisms in the systems' design, operation or deployment prevent interference?


   Coordination mechanisms: what mechanisms external to the systems are used to prevent or respond to interference?


   Characteristics of users/services: what attributes are relevant that enable the selected coexistence methods to work?





Examples of coexistence mechanisms




Appendix C

Case Studies:  The Role of Receiver Performance

In Promoting Efficient Use of the Spectrum

Spectrum Management has generally focused on transmissions.  The radio spectrum is allocated among various radio services as reflected in the Table of Frequency Allocations.  Transmitters are subject to requirements to ensure they operate within the spectrum allocated for that service and any out-of-band and spurious emissions that might fall outside the spectrum allocated for that service are carefully controlled to minimize the risk of harmful interference to other services.  One might assume that receivers abide by the same principles as the transmitters, in other words, that they only receive transmissions within the spectrum allocated for the service in which they are designed to operate.  However, often that is not the case and receiver performance can dramatically affect access to and efficient use of the spectrum.


This Appendix summarizes a number of examples of situations where receiver performance was a significant issue affecting access to the spectrum for new services.  It is not intended to parcel responsibility among the various players in each case, but rather to illustrate the nature of the problem in order to develop better ways to prevent or address similar situations in the future.  Some of these examples are well-known and long-standing problems that have been dealt with in various ways, such as guard bands or geographic separation, but usually at the expense of some use of the spectrum that would be possible if receiver performance were better.

Many of the potential issues relative to receiver performance and interference between services operating in adjacent spectrum might be avoided through more appropriate placement on the spectrum chart.  For example, it is good practice to keep services relying on reception of weak signals in adjacent bands or high-power services in adjacent spectrum.  However, services generally cannot be rearranged on the spectrum chart by simply picking them up and moving them to new bands.  Often, new services must be placed snuggled into the spectrum space that is available at the time of introduction for the service.  This is where the issue of receiver performance that anticipated one type of neighbor and now must deal with a new one comes into play.

 Case Studies:

A) The Wireless Communications Service (WCS) was created in 1996 and included 15 MHz spectrum blocks located above and below the Satellite Digital Audio Radio Service (SDARS).   The WCS allocation allowed for mobile service, but the technical rules for out-of-band emissions were impractical for mobile devices.   After many years of attempting unsuccessfully to deploy a successful business model based on fixed service, the WCS licensees petitioned for rule changes to facilitate mobile service.   The performance of the SDARS receivers was one of the critical areas of contention.
  The receivers had been designed assuming only fixed operations in the adjacent bands and therefore did not anticipate a need for strong filtering of signals in nearby adjacent spectrum.  As a result, the prospects of overload interference to legacy SDARS receivers from mobile devices required application of strict technical rules and effectively created 5 MHz guard bands on each side of the SDARS spectrum.

B) The 3650-3700 MHz (50 megahertz) band was re-allocated from Federal government usage (military radars) to non-Federal use in order to meet the requirements of the 1993 budget act. This spectrum was also allocated to the fixed satellite service which had approximately 60 receive sites that could not be relocated to other spectrum.  The satellite C-band downlink operates in the upper adjacent spectrum at 3700 – 4200 MHz.  An issue that surfaced in the FCC rule making proceeding was that many C-band satellite earth station receivers had front ends extending well into the 3650 – 3700 MHz band.  While the FCC deemed the interference risk low due to the directional nature of the satellite service and the anticipated predominant fixed use of this spectrum, the issue risked the possibility of rendering much of this federal transferred spectrum useless.


C) Receiver performance was a major area of contention relative to potential use of the AWS-3 spectrum.
  The AWS-3 spectrum is upper adjacent to the AWS-1 spectrum.  A petition was filed to use the AWS-3 spectrum for time-division duplex operation.  However, the AWS-1 receivers were generally designed to operate across the AWS-3 spectrum consistent with international allocations.  Incumbent AWS-1 licensees argued that the receivers were not the issue, but rather that TDD operations must not be permitted to operate adjacent to downlink FDD spectrum without a significant guard band.  The potential use of the AWS-3 spectrum remains under consideration. 

D) The AWS-1 downlink spectrum at 2110 – 1155 MHz is upper adjacent to the broadcast auxiliary service (BAS) band at 2025 – 2110 MHz.  AWS-1 licensees were required as the newcomers to coordinate with and correct any harmful interference to the BAS operations.
  The AWS-1 band had previously been used for the fixed microwave service and so the BAS equipment had not been designed with sharp filters.  As a result, AWS-1 operations were found to cause harmful interference to BAS, requiring the AWS-1 licensees to pay to purchase new filters for the BAS equipment.


E)  TV Receiver performance was a significant issue for the access of unlicensed devices to the TV White Spaces.  The roll-off of the TV filters is the dominant factor limiting the amount of energy that a TV White Space device may emit in the white space and therefore the potential applications for the devices.
  The issue is pending under reconsideration.

F) The performance of analog TV Receivers was a major factor in the creation of white spaces.  Certain combinations of channels known as the UHF taboos were not permitted in any given market due to receiver performance issues.  Interestingly, the Commission in the early 1970’s contracted with RF Monolithics to develop a TV receiver that would avoid the need for all or most of the taboos.
  However, though the contracted work was successful, no changes came of this project.  DTV receivers were assumed to no longer have this need based on the established policies and the Commission did not apply the protections for the UHF taboos.  This would be an excellent candidate for an academic case study.

G) Other issues have occurred through the years relative to TV receivers and services operating in adjacent spectrum:  Amateur radio service operations at 50 – 54 MHz interfering with TV receiver on channel 2 at 54 – 60 MHz; mutual interference between TV and FM broadcast at the intersection between channel 6 and the FM broadcast band (largely ameliorated by using only a minimal number of DTV channel allotments on channel 6); interference from services operating in the spectrum at 216 – 220 MHz to TV channel 13 at 210 – 216 MHz; land mobile sharing in 11 major cities operating on TV channels 14 – 20; TV channel 51 operations adjacent to 700 MHz A block mobile wireless licensees -- CTIA has filed a petition asking the Commission not to assign any further TV stations to channel 51
; Garage door opener controls operating on Part 15 of the FCC rules on an unlicensed, non-interference basis receiving interference from primary federal land mobile radio systems that could not be remedied easily because the garage door opener controls used super-regenerative receivers with front ends up to 10 MHz wide.


H) Receiver performance relative to adjacent channel and intermodulation characteristics was a major element in the issue of rebanding the 800 MHz spectrum to avoid interference between Nextel and Public Safety operations on interleaved channels.


I) LightSquared’s proposed deployment of ancillary terrestrial component (ATC) base stations as part of a hybrid terrestrial – satellite service has raised significant concerns about potential harmful interference to the GPS service operating in the upper adjacent spectrum due to the potential for receiver overload.
  GPS receiver performance has been raised as one of the elements in this debate.  The FCC has not reached any conclusions on the merits nor made any decision on how to proceed in this matter.  The issue of overload interference to Inmarsat from L-band ATC operations was addressed by establishing minimal guard bands for certain safety operations and advising that the Commission does not regulate the susceptibility of receivers to interference from transmissions on nearby frequencies.  Rather, the Commission relies on the marketplace – manufacturers and service providers – to decide how much susceptibility to interference will be acceptable to consumers.  The Commission noted that it generally does not limit one party’s ability to use the spectrum based on another party’s choice regarding receiver susceptibility.


It is noted that universities (graduate students) might be a low cost means by which the FCC could obtain an in-depth study on the current spectrum allocation table focusing on the review of the established Guard Bands and the examination of the characteristics of the receivers associated with each of the identified “bands of interest” to determine the acceptable specifications for transmitters given the receiver characteristics in neighboring bands.   This study would be enormously valuable in understanding the full scope of the opportunity for spectrum re-allocation, compaction and sharing, and in parallel might serve as an excellent learning vehicle for appropriate graduate programs.  As with the rest of the Spectrum Efficiency effort, full Working Group and full TAC input on the development of appropriate company and academic R&D incentives for the creation of ever improving receiver offerings is solicited.

� EMBED Unknown ���











�  CSMAC, Working Group 1 “Definitions of Efficiency In Spectrum Use”, October 1, 2008, p. 2. 



� The CSMAC report also included a category labeled “Cognitive Systems” that addressed “cross application efficiencies” or inter-service efficiencies that could be produced by what it termed “cognitive adaptive spectrum use.”



� Rec. ITU-R SM.1046-2, "Definition of spectrum use and efficiency of a radio system," 2006.



� The National Radio Astronomy Observatory, founded in 1956, is a facility of the National Science Foundation that provides state-of-the-art radio telescope facilities for use by the international scientific community.  More information is available at http://www.nrao.edu/.



� Satellite system service types include non-communication systems such as navigation systems (“Global Positioning System”), weather sensors, and imaging systems (used for Google Earth and maps), and a variety of communication systems including television broadcast systems (“DirecTV” and “Dish”) and systems providing point-to-point two-way communication links.



� The spectrum efficiency will increase with frequency re-use both geographically and via dual polarization, and the proposed spectrum efficiency metric will give credit for both types of frequency re-use.



� Antenna size refers to physical aperture area for a parabolic reflector or phased array antenna, physical size for a microwave feed horn antenna, and dimensions for a dipole or other omni-directional antenna.



� As an example, two geostationary satellites co-located at 90° west longitude could each use the same frequency spectrum so that one satellite serves the United States and the other satellite serves Brazil.



� As an example, if a satellite has the United States as its service area, there will be a portion of southern Canada and a portion of northern Mexico that cannot be served by a co-located satellite operating in the same frequency spectrum.



� Later versions of the table will include spectrum efficiency metrics proposed for other systems.



� The metric proposed above for personal communications systems (“Information bits per second per Hz of allocated (licensed) spectrum per square Km of service area”) is equivalent to a bits per unit area measure.



� For example, mission-critical public safety systems generally have at least 95% coverage reliability requirements with less than 3% bit error rates over those areas.



� For example, public safety systems generally require at least a 15:1 peak to average communications capacity (i.e., having 15 times the user capacity available for emergency situations compared to average communications needs) with less than 1% call/access blocking probability.



� “Spectrum Utilization Efficiency” is defined in section 2 of Annex 1 of ITU Recommendation ITU-R SM.1046-2



� “Spectrum Utilization Factor” is defined in section 2 of Annex 1 of ITU Recommendation ITU-R SM.1046-2.



� For purposes of this discussion, receiver performance refers to the characteristics that affect the ability to reject harmful interference such as front-end filtering and not to characteristics that are effectively addressed in the marketplace such as voice or picture quality, data throughput, reliability, etc.



� See Report and Order and Second Report and Order in WT Docket No. 97-293, IB Docket No. 95-91, and GEN Docket No. 90-35, In the Matter of Amendment of Part 27 of the Commission’s Rules to Govern the Operation of Wireless Communications Services in the 2.3 GHz Band and Establishment of Rules and Policies for the Digital Audio Radio Satellite Service in the 2310-2360 MHz Frequency Band at http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-10-82A1.doc



� See Memorandum Opinion and Order in ET Docket No. 04-151, WT Docket No. 05-96 and ET Docket 02-380,In the Matter of Wireless Operations in the 3650 – 3700 MHz band,  at paras.56-60,   http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-07-99A1.doc.  See also NTIA Report 94-313Analysis of Electromagnetic Compatibility between Radar Stations and 4 GHz Fixed Satellite Earth Stations discussing solution of satellite receiver overload through use of filtering, http://www.its.bldrdoc.gov/pub/ntia-rpt/94-313/94-313.pdf



� See Notice of Proposed Rule Making in WT Docket No. 07-195 In the Matter of Service Rules for the 2155 – 2175 MHz band, at pars. 61 – 63,  http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-07-164A1.doc



� See Report and Order in WT Docket no.02-153 In the Matter of  Service Rules for Advanced Wireless Services in the 1.7 GHz and 2.1 GHz bands at http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-03-251A1.doc at paras. 127 - 130.



� See generally Second Memorandum opinion and Order in ET Docket No. 04-186 and  ET Docket No. 02-380 In the Matter of Unlicensed Operation in the TV Broadcast Bands and Additional Spectrum for Unlicensed Devices below 900 MHz and in the 3 GHz Band,  http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-10-174A1.doc



� See http://ieeexplore.ieee.org/Xplore/login.jsp?url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F5%2F31319%2F01456751.pdf%3Farnumber%3D1456751&authDecision=-203



� On March 15, 2011, CTIA - the Wireless Association (CTIA) and the Rural Cellular Association (RCA) submitted a “Petition For Rulemaking and Request for Licensing Freezes” RM-11626, wherein they requested certain actions to limit TV broadcasting on channel 51.  The Commission on August 22, 2011 issued a public notice announcing a freeze on the filing and processing of applications for operation on TV channel 51.  See  http://transition.fcc.gov/Daily_Releases/Daily_Business/2011/db0822/DA-11-1428A1.doc



� See Consumers May Experience Interference to Their Garage Door Openers Near Military Bases, February 15, 2005,  http://fjallfoss.fcc.gov/edocs_public/attachmatch/DA-05-424A1.doc



� See Report and Order, Fifth Report and Order, Fourth Memorandum Opinion and Order and Order in WT Docket No. 02-55, ET Docket No. 00-258, In the Matter of Improving Public Safety Communications in the 800 MHz band, http://www.800ta.org/content/fccguidance/FCC_04-168_08.06.04.pdf



� See http://licensing.fcc.gov/cgi-bin/ws.exe/prod/ib/forms/reports/related_filing.hts?f_key=-216679&f_number=SATMOD2010111800239



� See Memorandum Opinion and Order and Second Order on Reconsideration in IB Docket No. 01-185, In the Matter of  Flexibility for Delivery of Communications by Mobile Satellite Service Providers in the 2 GHz band, the L-band, and the 1.6/2.4 GHz bands, at paras. 51-59,  http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-05-30A1.pdf
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			Spectrum Efficiency Metrics - Taxonomy


			Proposed By:  Geoffrey N. Mendenhall


			Draft date: September 22, 2011


			Spectrum Efficiency Metrics - Taxonomy


			Frequency
Range						Wireless Service
Classification						Wireless Service
Sub-classification						Metric  #1						Metric  #2						Metric #3						Metric #4						Metric  #5						Metric  #6						Metric  #7						Metric  #8


																																													bits/sec/Hertz*users																		Spectrum Use 
Duty Cycle


			---------------------------------------------------------------------------------------------------------------------------     Generic Systems      ----------------------------------------------------------------------------------------------------------


			3.7 - 4.2 GHz
5.925 - 6.425 GHz
11.7 - 12.7 GHz
14.0 - 14.5 GHz
17.7 - 20.2 GHz
27.5 - 30.0 GHz						Satellite System						Broadcast System						Compute for individual system under evaluation.						N/A						N/A						N/A						N/A						N/A						N/A						100%


			3.7 - 4.2 GHz
5.925 - 6.425 GHz
11.7 - 12.7 GHz
14.0 - 14.5 GHz
17.7 - 20.2 GHz
27.5 - 30.0 GHz						Satellite System						Point-to-point System						N/A						Compute for individual system under evaluation.						N/A						N/A						N/A						N/A						N/A						100%


			Various						Terrestrial						Broadcast Systems						N/A						N/A						N/A						N/A						Compute for individual system under evaluation.						N/A						N/A						100%


			Various						Terrestrial						Personal Communications Systems						N/A						N/A						Compute for individual system under evaluation.						N/A						N/A						N/A						N/A						Various


			Various						Terrestrial						Point-to-point						N/A						N/A						N/A						Compute for individual system under evaluation.						N/A						N/A						N/A


			Various						Terrestrial						Hybrid						N/A						N/A						N/A						N/A						N/A						Compute for individual system under evaluation.						N/A


			---------------------------------------------------------------------------------------------------------------------------     Specific Systems      ---------------------------------------------------------------------------------------------------------


			174 - 216 MHz						Broadcast Digital Television						High Definition DTV						19.4 MBPS / 6 MHz = 3.23												N/A						N/A						19.4 MBPS / 6 MHz * 100k users = 323k						N/A												100%


															Standard Definition DTV																																																100%


															Mobile DTV																																																100%


			470 - 698 MHz						Broadcast Digital Television						High Definition DTV						19.4 MBPS / 6 MHz = 3.23												N/A						N/A						19.4 MBPS / 6 MHz * 100k users = 323k						N/A												100%


															Standard Definition DTV																																																100%


															Mobile DTV																																																100%


			NOTES:


			Draft to TAC sharing workgroup by June 10th and to full TAC group by June 17th


			Duty Cycle of Spectrum Utilization


			The goal of efficienct spectrum utilzation should be as nearly 100% time utilization of each spectral bandwidth slice as possible.  Spectrum not fully time utilized is "laying fallow".


			The time utilization of spectrum depends on the type of service and the ability of services to share the same spectrum if the duty cycle is less than 100%


			The spectrum efficiency metric should include the time utilization and/or the ability of a service to share the spectrum during the time the spectrum is not fully utilized


			Broadcast vs. Point-to-Point Systems (adapted from Richard H. Currier's Spectrum Efficiency Metrics for Satellite Systems)


			A broadcast system can deliver the same content to an arbitrarily large number of users within the common geographic area.


			Adding users does not consume any of the system capacity.


			As the number of users increases,  the spectrum efficiency improves when compared to point-to-point systems where each additional user consumes additional spectrum.


			The proposed spectrum efficiency metric per user, is Information bits per second per Hz of allocated (licensed) spectrum within each common geographic area (“bits / second / Hz)” times the average number of users simultaneously served).


			The proposed spectrum efficiency metric could also include the area in square kilometers served by the same Information bits per second per Hz of allocated (licensed) spectrum within each common geographical area ((“bits / (second – Hz)” times the average


			Point-to-point systems are intended to establish many individual communication links between two points (senders and receivers) to allow information, typically digital data, to flow between those two points.


			Adding users does consume additional system capacity, unlike broadcast systems.


			Consideration does need to be given to the system capacity per area, since the number of potential and actual users is proportional to the size of the service area.


			Capacity per service area can be increased via frequency re-use, similar to terrestrial cellular systems, so the spectrum efficiency metric should give credit to higher levels of frequency re-use.


			The proposed spectrum efficiency metric is Information bits per second per Hz of allocated (licensed) spectrum per square kilometer of service area (“bits / second / Hz – sq. km.)”.
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			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			Examples of Spectrum Sharing in the US


			FCC TAC 6/2011


			Notes on chart:


			This chart avoids listing examples where the sharing is accomplished by statically assigning the same frequency in distinct geographic areas


			Columns in the spreadsheet


			Band: frequency range or common name of band


			Users: who is sharing the band


			Coexistence method: what mechanisms in the systems' design, operation or deployment prevent interference?


			Subtypes: separation in frequency, time, space, or in the receiver


			Frequency: assign different frequencies to nearby users; each receiver rejects the frequency used by others


			Time: multiple nearby users are active on the same channel; make sure they don't TX at the same time


			Space: keep one user's TX from reaching another's receiver


			Receiver: design signals so receiver can separate the desired from the undesired signal


			Coordination mechanisms: what mechanisms external to the systems are used to prevent or respond to interference?


			Characteristics of users/services: what attributes are relevant that enable the selected coexistence methods to work?


			Examples of coexistence mechanisms


			Frequency separation:  filters


			Spatial separation:  low power TX, exclusion zone, directional antennas (TX), indoor/outdoor


			Time separation:  priority access


			Signal separation:  CDMA, polarization, notching, interference cancellation, directional antennas (RX)


			Coordination mechanisms:  negotiation, social norms, database of protected users, green light/red light database, 3rd party managers


			Note: the listen-before-talk mechanism supports frequency, time, or spatial separation, based on what parameters are chosen


			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			54-88 MHz (VHF TV channels 2-6), 174-216 MHz (VHF 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			TV broadcast; Unlicensed TVWS						Geolocation by unlicensed user									Database of protected users checked by unlicensed before transmission (max 24 hrs)			TV broadcast occurs at fixed locations and changes slowly. Many TV channels locally unused for historical reasons and because of low revenues from TV broadcast service in many locations.			FCC can direct database administrator to never report any available channels to a specific make/model of unlicensed device; this enables rapid resolution of problems if source can be identified.


			138-144 MHz, 154-156 MHz			Federal, state, and local public safety agencies in Alaska.			Centrally managed trunked radio system			Centrally managed trunked radio system			Centrally managed trunked radio system						Sharing agreement.			Compatible public safety land mobile needs, the sharing arrangement and P25 technology combine to make efficient use of Federal and local/state channels together.			Called the Alaska Land Mobile Radio (ALMR) system. Pursuant to a sharing arrangement, Federal VHF channels under NTIA jurisdiction and local/state public safety VHF channels under FCC jurisdiction are both use for one combined P25 system serving public sa


			174-216 MHz (VHF TV channels 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			Primary: TV broadcast
Secondary: Part 74 stations/devices (Low Power TV, Wireless mics)						Low power TX by secondary									Mic users manually select channel; interference in either direction is easily noticeable, mic user self-corrects.			Locations with high mic usage (sports stadiums, theaters) do not have TV receivers with aerials trying to pick up distant stations.			Mics now operating under a waiver that limits power but gives them two channels free of TVWS devices. Transition to DTV ("cliff effect") may make it harder to determine the source of interference.


			225 - 400 MHz			Primary: Federal LMR, other uses including aviation communications
Unlicensed devices: primarily at 318 & 390 MHz (e.g. key fobs, garage doors)			Filters on unlicensed devices were improved after interference occurred			Low power TX by unlicensed									Government users avoid specific channels where there is a high density of unlicensed users			Primary user not heavily populated.
Unlicensed user has low duty cycle.			Garage door openers had poor filters; when federal LMR systems were activated, openers opened at random time and/or got desensed. Solved by moving garage doors to a small portion of the band, improving filters, retrofitting some older devices and replacin


			402-405 MHz			Primary: Meterological Aids (weather balloons)
Secondary: Medical Device Radiocommunications Service			Listen-before-talk															Density of balloon use is low. Medical devices are short range.


			401-406 MHz			Same as 402-405 Mhz						Narrow bandwidth, low power TX by secondary												Same as 402-405 MHz


			420-450 MHz			Federal Radiolocation; 
amateurs; 
private LMR in Cleveland, Detroit and Buffalo						A few exclusion zones									Social norms in amateur community abhor interference. "Official observers" self-police amateur use. Amateur stations automatically self-identify; each amateur user starts TX with ID.			Amateur community size is limited. Higher power use by amateurs (1500W) is repeaters at fixed locations; mobile use much lower power. Amateur use is low density low duty cycle.			There was a petition to allow higher power RFID at 433 MHz. It was strongly opposed by federal users because of aggregation concerns related to much larger user community and lack of responsiveness if a problem were to arise.


			413-457 MHz (specifically the following 4 bands: 413-419, 426-432, 438-444, 451-457 MHz)			[Proposal] Secondary use by medical micro-power networks requiring a high degree of operational reliability			Listen before talk. Secondary chooses among 3 10MHz sub-bands & dynamically switches when current sub-band becomes noisy			Low power TX by secondary						CDMA Spread spectrum used by secondary									Proposal by Alfred Mann/Bioness. Device roughly 1m away from user sends control signals to implant enabling paralyzed person to walk. Implanted receiver has both poor filters and low sensitivity. The primary concern is when person with implants comes very


			849-851 Mhz			Co-primary between two providers of air-to-ground data and radiotelephone services												polarization						Two nationwide providers, having custom equipment built for them so can arrange to respect polarization requirements without significant additional cost.			Although coexistence via independent polarization was permitted in the rules, the licensees had the option to bid on non-overlapping blocks; the winning bidders chose this option.


			902-928 MHz			Extremely varied, includes:
Primary: federal radiolocation
Secondary: location and monitoring service
Unlicensed: RFIDs, cordless phones, etc.						Low power TX by unlicensed.						Spread spectrum TX by unlicensed.									"Safe harbor" provision deems unlicensed users not to cause interference to secondary users if they meet certain restrictions on signal, antenna height, etc. American Radio Relay League: "The allocation status of this band was not the result of any appare


			1549.5-1558.5 MHz			Primary: AMSS [aeronautical mobile-satellite service] safety-related communications
Secondary: MSS [mobile phone satellite service], with proposed ground-based ATC [cellular style towers transmitting in MSS band]									Priority access for AMSS - FCC authorization for ATC in this band cites the applicant's use of "a centralized common control facility" capable of directing all mobile users to vacate a channel in < 1 sec, but does not specify the mechanism for determining									Only occasional use by AMSS safety communications			FCC 87.187(q) [paraphrase]: The frequencies in the band 1545-1559 MHz (space-to-earth) and 1646.5-1660.5 MHz (earth-to-space) are authorized for use by the Aeronautical Mobile-Satellite (R) Service. In the frequency bands 1549.5-1558.5 MHz and 1651-1660 M


			1710-1755 MHz			DOD communication systems (at 16 protected sites in CONUS);  AWS (3G cellular).						AWS licensees must avoid transmission in exclusion zones around specified DOD sites.									AWS licensees must coordinate with DOD in coordination zone around specified DOD sites.						Section 27.1134 of the Commission’s rules. AWS licensees must accept any interference received from DOD operations at the specified sites.


			1920-1930 MHz			All unlicensed. Dominant use is cordless audio: mostly phones, some baby monitors and mics (DECT standard).			Listen before talk			TX power backoff based on energy level sensed in band												Mostly indoors. Audio needs high quality of service.			LBT/backoff rules were designed to permit continuous connectivity for high audio quality. Original rules were more restrictive; channels were widened and some sensing and backoff rules relaxed before volume deployment took off.


			2360-2390 MHz			[Proposal]
Primary: Aeronautical telemetry
Secondary: Medical body-area networks						Crypto key from access point required before mobile devices transmit; this prevents mobile device TX when too far from an approved location.									Healthcare institutions notify AMT users of MBAN usage, perform frequency coordination if close to an AMT site, agree to halt usage if a problem arises.						Body-area networks = use wireless links to eliminate the annoying wires attached to the sensors on a patient in the hospital.


			2400 - 2483.5 MHz			All unlicensed. Also microwave ovens.			WiFi is a de facto incumbent; other services often detect and avoid it.			TX power limit keeps interference range to a few hundred meters			WiFi uses carrier sense multiple access; some other services do not do time separation			Most services employ spread spectrum


			3.1-10.6 GHz			Primary: various
unlicensed: UltraWideBand												unlicensed TX has such low power in any channel that primary user signal-to-noise ratio is not meaningfully affected


			3650-3675 MHz			Primary: satellite
Secondary: mostly fixed, some limited mobility						150 km exclusion/coordination zone around 64 grandfathered satellite ground station sites									Secondary users must register sites and coordinate. No priority given to first secondary user into the band in a given area.			Primary user active at only a few locations. Secondary user is broadband data (e.g. WiMax) in rural areas.			Coordination is painful and causes lots of complaints; perhaps because this is not a serial negotiation?


			3675-3700 MHz			Same as 3650-3675						Same as 3650-3675			Regulatory requirement for systems to use a contention based protocol (e.g. CSMA/CD)


			3700 MHz - above 10 Ghz			Co-primary: Fixed Satellite Services, Point to Point Microwave						Directional antennas, directional propagation at these frequencies									Frequency coordination required


			5250-5350 MHz,
5470-5725 MHz			Primary: Weather and military radars
Unlicensed: WiFi and other systems (U-NII)						Listen before talk									Locations of weather radars in 5600-5650 MHz are published. Outdoor unlicensed users located within 35 km of a published site must select a center frequency at least 30 MHz away from the radar's center frequency and must register their transmitter locatio			Radars are highly sensitive to low noise levels. Original approach based on LBT only did not successfully prevent interference, so additional coordination was required in fall 2010.


			5850-5925 MHz			Vehicle-to-vehicle and vehicle-to-roadside communications for intelligent transportation systems. Called the Dedicated Short-Range Communication service (DSRC).															Pre-specified dispute resolution process. All road-side units must be registered. All licensees required to work together to resolve problems. In case of dispute escalating to FCC complaint, systems supporting public safety have priority over others (gove			Mix of safety-critical usage and commercial services in the same band.			FCC prespecified in 90.377 that interference in DSRC will only be deemed to exist if the signal from the later registered unit is within 18 dB of the power level of the earlier registered unit at some point in the coverage footprint of the earlier registe


			12.2 - 12.7 GHz			Direct broadcast satellite, terrestrial video broadcast						High attenuation in this band by structures and foliage (isolates DBS receiver if on S side).						DBS antennas directional, pointed S. DBS sats TX from S to N (inherently), terrestrial TX from N to S (by choice).			Terrestrial user has some obligations to provide interference remedies. DBS receiver can be moved to S side of house or tree to gain additional isolation.			Both continuous transmission; both broadcast (one-way).			DishTV and Northpoint.
Incumbent and interested new licensee were competitors, so coordination mechanisms and detailed service rules had to be specified by FCC rather than happening voluntarily. Rules vary geographically due to local rainfall conditions;


			70-90 GHz			Primary: Federal
Secondary: Point to Point microwave															Green/red database oracle.			Highly directional antennas and propagation. Secondary users are fixed.
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			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			Examples of Spectrum Sharing in the US


			FCC TAC 6/2011


			Notes on chart:


			This chart avoids listing examples where the sharing is accomplished by statically assigning the same frequency in distinct geographic areas


			Columns in the spreadsheet


			Band: frequency range or common name of band


			Users: who is sharing the band


			Coexistence method: what mechanisms in the systems' design, operation or deployment prevent interference?


			Subtypes: separation in frequency, time, space, or in the receiver


			Frequency: assign different frequencies to nearby users; each receiver rejects the frequency used by others


			Time: multiple nearby users are active on the same channel; make sure they don't TX at the same time


			Space: keep one user's TX from reaching another's receiver


			Receiver: design signals so receiver can separate the desired from the undesired signal


			Coordination mechanisms: what mechanisms external to the systems are used to prevent or respond to interference?


			Characteristics of users/services: what attributes are relevant that enable the selected coexistence methods to work?


			Examples of coexistence mechanisms


			Frequency separation:  filters


			Spatial separation:  low power TX, exclusion zone, directional antennas (TX), indoor/outdoor


			Time separation:  priority access


			Signal separation:  CDMA, polarization, notching, interference cancellation, directional antennas (RX)


			Coordination mechanisms:  negotiation, social norms, database of protected users, green light/red light database, 3rd party managers


			Note: the listen-before-talk mechanism supports frequency, time, or spatial separation, based on what parameters are chosen


			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			54-88 MHz (VHF TV channels 2-6), 174-216 MHz (VHF 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			TV broadcast; Unlicensed TVWS						Geolocation by unlicensed user									Database of protected users checked by unlicensed before transmission (max 24 hrs)			TV broadcast occurs at fixed locations and changes slowly. Many TV channels locally unused for historical reasons and because of low revenues from TV broadcast service in many locations.			FCC can direct database administrator to never report any available channels to a specific make/model of unlicensed device; this enables rapid resolution of problems if source can be identified.


			138-144 MHz, 154-156 MHz			Federal, state, and local public safety agencies in Alaska.			Centrally managed trunked radio system			Centrally managed trunked radio system			Centrally managed trunked radio system						Sharing agreement.			Compatible public safety land mobile needs, the sharing arrangement and P25 technology combine to make efficient use of Federal and local/state channels together.			Called the Alaska Land Mobile Radio (ALMR) system. Pursuant to a sharing arrangement, Federal VHF channels under NTIA jurisdiction and local/state public safety VHF channels under FCC jurisdiction are both use for one combined P25 system serving public sa


			174-216 MHz (VHF TV channels 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			Primary: TV broadcast
Secondary: Part 74 stations/devices (Low Power TV, Wireless mics)						Low power TX by secondary									Mic users manually select channel; interference in either direction is easily noticeable, mic user self-corrects.			Locations with high mic usage (sports stadiums, theaters) do not have TV receivers with aerials trying to pick up distant stations.			Mics now operating under a waiver that limits power but gives them two channels free of TVWS devices. Transition to DTV ("cliff effect") may make it harder to determine the source of interference.


			225 - 400 MHz			Primary: Federal LMR, other uses including aviation communications
Unlicensed devices: primarily at 318 & 390 MHz (e.g. key fobs, garage doors)			Filters on unlicensed devices were improved after interference occurred			Low power TX by unlicensed									Government users avoid specific channels where there is a high density of unlicensed users			Primary user not heavily populated.
Unlicensed user has low duty cycle.			Garage door openers had poor filters; when federal LMR systems were activated, openers opened at random time and/or got desensed. Solved by moving garage doors to a small portion of the band, improving filters, retrofitting some older devices and replacin


			402-405 MHz			Primary: Meterological Aids (weather balloons)
Secondary: Medical Device Radiocommunications Service			Listen-before-talk															Density of balloon use is low. Medical devices are short range.


			401-406 MHz			Same as 402-405 Mhz						Narrow bandwidth, low power TX by secondary												Same as 402-405 MHz


			420-450 MHz			Federal Radiolocation; 
amateurs; 
private LMR in Cleveland, Detroit and Buffalo						A few exclusion zones									Social norms in amateur community abhor interference. "Official observers" self-police amateur use. Amateur stations automatically self-identify; each amateur user starts TX with ID.			Amateur community size is limited. Higher power use by amateurs (1500W) is repeaters at fixed locations; mobile use much lower power. Amateur use is low density low duty cycle.			There was a petition to allow higher power RFID at 433 MHz. It was strongly opposed by federal users because of aggregation concerns related to much larger user community and lack of responsiveness if a problem were to arise.


			413-457 MHz (specifically the following 4 bands: 413-419, 426-432, 438-444, 451-457 MHz)			[Proposal] Secondary use by medical micro-power networks requiring a high degree of operational reliability			Listen before talk. Secondary chooses among 3 10MHz sub-bands & dynamically switches when current sub-band becomes noisy			Low power TX by secondary						CDMA Spread spectrum used by secondary									Proposal by Alfred Mann/Bioness. Device roughly 1m away from user sends control signals to implant enabling paralyzed person to walk. Implanted receiver has both poor filters and low sensitivity. The primary concern is when person with implants comes very


			849-851 Mhz			Co-primary between two providers of air-to-ground data and radiotelephone services												polarization						Two nationwide providers, having custom equipment built for them so can arrange to respect polarization requirements without significant additional cost.			Although coexistence via independent polarization was permitted in the rules, the licensees had the option to bid on non-overlapping blocks; the winning bidders chose this option.


			902-928 MHz			Extremely varied, includes:
Primary: federal radiolocation
Secondary: location and monitoring service
Unlicensed: RFIDs, cordless phones, etc.						Low power TX by unlicensed.						Spread spectrum TX by unlicensed.									"Safe harbor" provision deems unlicensed users not to cause interference to secondary users if they meet certain restrictions on signal, antenna height, etc. American Radio Relay League: "The allocation status of this band was not the result of any appare


			1549.5-1558.5 MHz			Primary: AMSS [aeronautical mobile-satellite service] safety-related communications
Secondary: MSS [mobile phone satellite service], with proposed ground-based ATC [cellular style towers transmitting in MSS band]									Priority access for AMSS - FCC authorization for ATC in this band cites the applicant's use of "a centralized common control facility" capable of directing all mobile users to vacate a channel in < 1 sec, but does not specify the mechanism for determining									Only occasional use by AMSS safety communications			FCC 87.187(q) [paraphrase]: The frequencies in the band 1545-1559 MHz (space-to-earth) and 1646.5-1660.5 MHz (earth-to-space) are authorized for use by the Aeronautical Mobile-Satellite (R) Service. In the frequency bands 1549.5-1558.5 MHz and 1651-1660 M


			1710-1755 MHz			DOD communication systems (at 16 protected sites in CONUS);  AWS (3G cellular).						AWS licensees must avoid transmission in exclusion zones around specified DOD sites.									AWS licensees must coordinate with DOD in coordination zone around specified DOD sites.						Section 27.1134 of the Commission’s rules. AWS licensees must accept any interference received from DOD operations at the specified sites.


			1920-1930 MHz			All unlicensed. Dominant use is cordless audio: mostly phones, some baby monitors and mics (DECT standard).			Listen before talk			TX power backoff based on energy level sensed in band												Mostly indoors. Audio needs high quality of service.			LBT/backoff rules were designed to permit continuous connectivity for high audio quality. Original rules were more restrictive; channels were widened and some sensing and backoff rules relaxed before volume deployment took off.


			2360-2390 MHz			[Proposal]
Primary: Aeronautical telemetry
Secondary: Medical body-area networks						Crypto key from access point required before mobile devices transmit; this prevents mobile device TX when too far from an approved location.									Healthcare institutions notify AMT users of MBAN usage, perform frequency coordination if close to an AMT site, agree to halt usage if a problem arises.						Body-area networks = use wireless links to eliminate the annoying wires attached to the sensors on a patient in the hospital.


			2400 - 2483.5 MHz			All unlicensed. Also microwave ovens.			WiFi is a de facto incumbent; other services often detect and avoid it.			TX power limit keeps interference range to a few hundred meters			WiFi uses carrier sense multiple access; some other services do not do time separation			Most services employ spread spectrum


			3.1-10.6 GHz			Primary: various
unlicensed: UltraWideBand												unlicensed TX has such low power in any channel that primary user signal-to-noise ratio is not meaningfully affected


			3650-3675 MHz			Primary: satellite
Secondary: mostly fixed, some limited mobility						150 km exclusion/coordination zone around 64 grandfathered satellite ground station sites									Secondary users must register sites and coordinate. No priority given to first secondary user into the band in a given area.			Primary user active at only a few locations. Secondary user is broadband data (e.g. WiMax) in rural areas.			Coordination is painful and causes lots of complaints; perhaps because this is not a serial negotiation?


			3675-3700 MHz			Same as 3650-3675						Same as 3650-3675			Regulatory requirement for systems to use a contention based protocol (e.g. CSMA/CD)


			3700 MHz - above 10 Ghz			Co-primary: Fixed Satellite Services, Point to Point Microwave						Directional antennas, directional propagation at these frequencies									Frequency coordination required


			5250-5350 MHz,
5470-5725 MHz			Primary: Weather and military radars
Unlicensed: WiFi and other systems (U-NII)						Listen before talk									Locations of weather radars in 5600-5650 MHz are published. Outdoor unlicensed users located within 35 km of a published site must select a center frequency at least 30 MHz away from the radar's center frequency and must register their transmitter locatio			Radars are highly sensitive to low noise levels. Original approach based on LBT only did not successfully prevent interference, so additional coordination was required in fall 2010.


			5850-5925 MHz			Vehicle-to-vehicle and vehicle-to-roadside communications for intelligent transportation systems. Called the Dedicated Short-Range Communication service (DSRC).															Pre-specified dispute resolution process. All road-side units must be registered. All licensees required to work together to resolve problems. In case of dispute escalating to FCC complaint, systems supporting public safety have priority over others (gove			Mix of safety-critical usage and commercial services in the same band.			FCC prespecified in 90.377 that interference in DSRC will only be deemed to exist if the signal from the later registered unit is within 18 dB of the power level of the earlier registered unit at some point in the coverage footprint of the earlier registe


			12.2 - 12.7 GHz			Direct broadcast satellite, terrestrial video broadcast						High attenuation in this band by structures and foliage (isolates DBS receiver if on S side).						DBS antennas directional, pointed S. DBS sats TX from S to N (inherently), terrestrial TX from N to S (by choice).			Terrestrial user has some obligations to provide interference remedies. DBS receiver can be moved to S side of house or tree to gain additional isolation.			Both continuous transmission; both broadcast (one-way).			DishTV and Northpoint.
Incumbent and interested new licensee were competitors, so coordination mechanisms and detailed service rules had to be specified by FCC rather than happening voluntarily. Rules vary geographically due to local rainfall conditions;


			70-90 GHz			Primary: Federal
Secondary: Point to Point microwave															Green/red database oracle.			Highly directional antennas and propagation. Secondary users are fixed.
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			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			Examples of Spectrum Sharing in the US


			FCC TAC 6/2011


			Notes on chart:


			This chart avoids listing examples where the sharing is accomplished by statically assigning the same frequency in distinct geographic areas


			Columns in the spreadsheet


			Band: frequency range or common name of band


			Users: who is sharing the band


			Coexistence method: what mechanisms in the systems' design, operation or deployment prevent interference?


			Subtypes: separation in frequency, time, space, or in the receiver


			Frequency: assign different frequencies to nearby users; each receiver rejects the frequency used by others


			Time: multiple nearby users are active on the same channel; make sure they don't TX at the same time


			Space: keep one user's TX from reaching another's receiver


			Receiver: design signals so receiver can separate the desired from the undesired signal


			Coordination mechanisms: what mechanisms external to the systems are used to prevent or respond to interference?


			Characteristics of users/services: what attributes are relevant that enable the selected coexistence methods to work?


			Examples of coexistence mechanisms


			Frequency separation:  filters


			Spatial separation:  low power TX, exclusion zone, directional antennas (TX), indoor/outdoor


			Time separation:  priority access


			Signal separation:  CDMA, polarization, notching, interference cancellation, directional antennas (RX)


			Coordination mechanisms:  negotiation, social norms, database of protected users, green light/red light database, 3rd party managers


			Note: the listen-before-talk mechanism supports frequency, time, or spatial separation, based on what parameters are chosen


			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			54-88 MHz (VHF TV channels 2-6), 174-216 MHz (VHF 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			TV broadcast; Unlicensed TVWS						Geolocation by unlicensed user									Database of protected users checked by unlicensed before transmission (max 24 hrs)			TV broadcast occurs at fixed locations and changes slowly. Many TV channels locally unused for historical reasons and because of low revenues from TV broadcast service in many locations.			FCC can direct database administrator to never report any available channels to a specific make/model of unlicensed device; this enables rapid resolution of problems if source can be identified.


			138-144 MHz, 154-156 MHz			Federal, state, and local public safety agencies in Alaska.			Centrally managed trunked radio system			Centrally managed trunked radio system			Centrally managed trunked radio system						Sharing agreement.			Compatible public safety land mobile needs, the sharing arrangement and P25 technology combine to make efficient use of Federal and local/state channels together.			Called the Alaska Land Mobile Radio (ALMR) system. Pursuant to a sharing arrangement, Federal VHF channels under NTIA jurisdiction and local/state public safety VHF channels under FCC jurisdiction are both use for one combined P25 system serving public sa


			174-216 MHz (VHF TV channels 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			Primary: TV broadcast
Secondary: Part 74 stations/devices (Low Power TV, Wireless mics)						Low power TX by secondary									Mic users manually select channel; interference in either direction is easily noticeable, mic user self-corrects.			Locations with high mic usage (sports stadiums, theaters) do not have TV receivers with aerials trying to pick up distant stations.			Mics now operating under a waiver that limits power but gives them two channels free of TVWS devices. Transition to DTV ("cliff effect") may make it harder to determine the source of interference.


			225 - 400 MHz			Primary: Federal LMR, other uses including aviation communications
Unlicensed devices: primarily at 318 & 390 MHz (e.g. key fobs, garage doors)			Filters on unlicensed devices were improved after interference occurred			Low power TX by unlicensed									Government users avoid specific channels where there is a high density of unlicensed users			Primary user not heavily populated.
Unlicensed user has low duty cycle.			Garage door openers had poor filters; when federal LMR systems were activated, openers opened at random time and/or got desensed. Solved by moving garage doors to a small portion of the band, improving filters, retrofitting some older devices and replacin


			402-405 MHz			Primary: Meterological Aids (weather balloons)
Secondary: Medical Device Radiocommunications Service			Listen-before-talk															Density of balloon use is low. Medical devices are short range.


			401-406 MHz			Same as 402-405 Mhz						Narrow bandwidth, low power TX by secondary												Same as 402-405 MHz


			420-450 MHz			Federal Radiolocation; 
amateurs; 
private LMR in Cleveland, Detroit and Buffalo						A few exclusion zones									Social norms in amateur community abhor interference. "Official observers" self-police amateur use. Amateur stations automatically self-identify; each amateur user starts TX with ID.			Amateur community size is limited. Higher power use by amateurs (1500W) is repeaters at fixed locations; mobile use much lower power. Amateur use is low density low duty cycle.			There was a petition to allow higher power RFID at 433 MHz. It was strongly opposed by federal users because of aggregation concerns related to much larger user community and lack of responsiveness if a problem were to arise.


			413-457 MHz (specifically the following 4 bands: 413-419, 426-432, 438-444, 451-457 MHz)			[Proposal] Secondary use by medical micro-power networks requiring a high degree of operational reliability			Listen before talk. Secondary chooses among 3 10MHz sub-bands & dynamically switches when current sub-band becomes noisy			Low power TX by secondary						CDMA Spread spectrum used by secondary									Proposal by Alfred Mann/Bioness. Device roughly 1m away from user sends control signals to implant enabling paralyzed person to walk. Implanted receiver has both poor filters and low sensitivity. The primary concern is when person with implants comes very


			849-851 Mhz			Co-primary between two providers of air-to-ground data and radiotelephone services												polarization						Two nationwide providers, having custom equipment built for them so can arrange to respect polarization requirements without significant additional cost.			Although coexistence via independent polarization was permitted in the rules, the licensees had the option to bid on non-overlapping blocks; the winning bidders chose this option.


			902-928 MHz			Extremely varied, includes:
Primary: federal radiolocation
Secondary: location and monitoring service
Unlicensed: RFIDs, cordless phones, etc.						Low power TX by unlicensed.						Spread spectrum TX by unlicensed.									"Safe harbor" provision deems unlicensed users not to cause interference to secondary users if they meet certain restrictions on signal, antenna height, etc. American Radio Relay League: "The allocation status of this band was not the result of any appare


			1549.5-1558.5 MHz			Primary: AMSS [aeronautical mobile-satellite service] safety-related communications
Secondary: MSS [mobile phone satellite service], with proposed ground-based ATC [cellular style towers transmitting in MSS band]									Priority access for AMSS - FCC authorization for ATC in this band cites the applicant's use of "a centralized common control facility" capable of directing all mobile users to vacate a channel in < 1 sec, but does not specify the mechanism for determining									Only occasional use by AMSS safety communications			FCC 87.187(q) [paraphrase]: The frequencies in the band 1545-1559 MHz (space-to-earth) and 1646.5-1660.5 MHz (earth-to-space) are authorized for use by the Aeronautical Mobile-Satellite (R) Service. In the frequency bands 1549.5-1558.5 MHz and 1651-1660 M


			1710-1755 MHz			DOD communication systems (at 16 protected sites in CONUS);  AWS (3G cellular).						AWS licensees must avoid transmission in exclusion zones around specified DOD sites.									AWS licensees must coordinate with DOD in coordination zone around specified DOD sites.						Section 27.1134 of the Commission’s rules. AWS licensees must accept any interference received from DOD operations at the specified sites.


			1920-1930 MHz			All unlicensed. Dominant use is cordless audio: mostly phones, some baby monitors and mics (DECT standard).			Listen before talk			TX power backoff based on energy level sensed in band												Mostly indoors. Audio needs high quality of service.			LBT/backoff rules were designed to permit continuous connectivity for high audio quality. Original rules were more restrictive; channels were widened and some sensing and backoff rules relaxed before volume deployment took off.


			2360-2390 MHz			[Proposal]
Primary: Aeronautical telemetry
Secondary: Medical body-area networks						Crypto key from access point required before mobile devices transmit; this prevents mobile device TX when too far from an approved location.									Healthcare institutions notify AMT users of MBAN usage, perform frequency coordination if close to an AMT site, agree to halt usage if a problem arises.						Body-area networks = use wireless links to eliminate the annoying wires attached to the sensors on a patient in the hospital.


			2400 - 2483.5 MHz			All unlicensed. Also microwave ovens.			WiFi is a de facto incumbent; other services often detect and avoid it.			TX power limit keeps interference range to a few hundred meters			WiFi uses carrier sense multiple access; some other services do not do time separation			Most services employ spread spectrum


			3.1-10.6 GHz			Primary: various
unlicensed: UltraWideBand												unlicensed TX has such low power in any channel that primary user signal-to-noise ratio is not meaningfully affected


			3650-3675 MHz			Primary: satellite
Secondary: mostly fixed, some limited mobility						150 km exclusion/coordination zone around 64 grandfathered satellite ground station sites									Secondary users must register sites and coordinate. No priority given to first secondary user into the band in a given area.			Primary user active at only a few locations. Secondary user is broadband data (e.g. WiMax) in rural areas.			Coordination is painful and causes lots of complaints; perhaps because this is not a serial negotiation?


			3675-3700 MHz			Same as 3650-3675						Same as 3650-3675			Regulatory requirement for systems to use a contention based protocol (e.g. CSMA/CD)


			3700 MHz - above 10 Ghz			Co-primary: Fixed Satellite Services, Point to Point Microwave						Directional antennas, directional propagation at these frequencies									Frequency coordination required


			5250-5350 MHz,
5470-5725 MHz			Primary: Weather and military radars
Unlicensed: WiFi and other systems (U-NII)						Listen before talk									Locations of weather radars in 5600-5650 MHz are published. Outdoor unlicensed users located within 35 km of a published site must select a center frequency at least 30 MHz away from the radar's center frequency and must register their transmitter locatio			Radars are highly sensitive to low noise levels. Original approach based on LBT only did not successfully prevent interference, so additional coordination was required in fall 2010.


			5850-5925 MHz			Vehicle-to-vehicle and vehicle-to-roadside communications for intelligent transportation systems. Called the Dedicated Short-Range Communication service (DSRC).															Pre-specified dispute resolution process. All road-side units must be registered. All licensees required to work together to resolve problems. In case of dispute escalating to FCC complaint, systems supporting public safety have priority over others (gove			Mix of safety-critical usage and commercial services in the same band.			FCC prespecified in 90.377 that interference in DSRC will only be deemed to exist if the signal from the later registered unit is within 18 dB of the power level of the earlier registered unit at some point in the coverage footprint of the earlier registe


			12.2 - 12.7 GHz			Direct broadcast satellite, terrestrial video broadcast						High attenuation in this band by structures and foliage (isolates DBS receiver if on S side).						DBS antennas directional, pointed S. DBS sats TX from S to N (inherently), terrestrial TX from N to S (by choice).			Terrestrial user has some obligations to provide interference remedies. DBS receiver can be moved to S side of house or tree to gain additional isolation.			Both continuous transmission; both broadcast (one-way).			DishTV and Northpoint.
Incumbent and interested new licensee were competitors, so coordination mechanisms and detailed service rules had to be specified by FCC rather than happening voluntarily. Rules vary geographically due to local rainfall conditions;


			70-90 GHz			Primary: Federal
Secondary: Point to Point microwave															Green/red database oracle.			Highly directional antennas and propagation. Secondary users are fixed.
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			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			Examples of Spectrum Sharing in the US


			FCC TAC 6/2011


			Notes on chart:


			This chart avoids listing examples where the sharing is accomplished by statically assigning the same frequency in distinct geographic areas


			Columns in the spreadsheet


			Band: frequency range or common name of band


			Users: who is sharing the band


			Coexistence method: what mechanisms in the systems' design, operation or deployment prevent interference?


			Subtypes: separation in frequency, time, space, or in the receiver


			Frequency: assign different frequencies to nearby users; each receiver rejects the frequency used by others


			Time: multiple nearby users are active on the same channel; make sure they don't TX at the same time


			Space: keep one user's TX from reaching another's receiver


			Receiver: design signals so receiver can separate the desired from the undesired signal


			Coordination mechanisms: what mechanisms external to the systems are used to prevent or respond to interference?


			Characteristics of users/services: what attributes are relevant that enable the selected coexistence methods to work?


			Examples of coexistence mechanisms


			Frequency separation:  filters


			Spatial separation:  low power TX, exclusion zone, directional antennas (TX), indoor/outdoor


			Time separation:  priority access


			Signal separation:  CDMA, polarization, notching, interference cancellation, directional antennas (RX)


			Coordination mechanisms:  negotiation, social norms, database of protected users, green light/red light database, 3rd party managers


			Note: the listen-before-talk mechanism supports frequency, time, or spatial separation, based on what parameters are chosen


			Band			Users			Coexistence method: Frequency separation			Coexistence method: Spatial separation			Coexistence method: Time separation			Coexistence method: Signal separation in receiver			Coordination Mechanism			Characteristics of users/services			Notes


			54-88 MHz (VHF TV channels 2-6), 174-216 MHz (VHF 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			TV broadcast; Unlicensed TVWS						Geolocation by unlicensed user									Database of protected users checked by unlicensed before transmission (max 24 hrs)			TV broadcast occurs at fixed locations and changes slowly. Many TV channels locally unused for historical reasons and because of low revenues from TV broadcast service in many locations.			FCC can direct database administrator to never report any available channels to a specific make/model of unlicensed device; this enables rapid resolution of problems if source can be identified.


			138-144 MHz, 154-156 MHz			Federal, state, and local public safety agencies in Alaska.			Centrally managed trunked radio system			Centrally managed trunked radio system			Centrally managed trunked radio system						Sharing agreement.			Compatible public safety land mobile needs, the sharing arrangement and P25 technology combine to make efficient use of Federal and local/state channels together.			Called the Alaska Land Mobile Radio (ALMR) system. Pursuant to a sharing arrangement, Federal VHF channels under NTIA jurisdiction and local/state public safety VHF channels under FCC jurisdiction are both use for one combined P25 system serving public sa


			174-216 MHz (VHF TV channels 7-12), 470-608 MHz (UHF 13-36), 614-698 MHz (UHF 38-51)			Primary: TV broadcast
Secondary: Part 74 stations/devices (Low Power TV, Wireless mics)						Low power TX by secondary									Mic users manually select channel; interference in either direction is easily noticeable, mic user self-corrects.			Locations with high mic usage (sports stadiums, theaters) do not have TV receivers with aerials trying to pick up distant stations.			Mics now operating under a waiver that limits power but gives them two channels free of TVWS devices. Transition to DTV ("cliff effect") may make it harder to determine the source of interference.


			225 - 400 MHz			Primary: Federal LMR, other uses including aviation communications
Unlicensed devices: primarily at 318 & 390 MHz (e.g. key fobs, garage doors)			Filters on unlicensed devices were improved after interference occurred			Low power TX by unlicensed									Government users avoid specific channels where there is a high density of unlicensed users			Primary user not heavily populated.
Unlicensed user has low duty cycle.			Garage door openers had poor filters; when federal LMR systems were activated, openers opened at random time and/or got desensed. Solved by moving garage doors to a small portion of the band, improving filters, retrofitting some older devices and replacin


			402-405 MHz			Primary: Meterological Aids (weather balloons)
Secondary: Medical Device Radiocommunications Service			Listen-before-talk															Density of balloon use is low. Medical devices are short range.


			401-406 MHz			Same as 402-405 Mhz						Narrow bandwidth, low power TX by secondary												Same as 402-405 MHz


			420-450 MHz			Federal Radiolocation; 
amateurs; 
private LMR in Cleveland, Detroit and Buffalo						A few exclusion zones									Social norms in amateur community abhor interference. "Official observers" self-police amateur use. Amateur stations automatically self-identify; each amateur user starts TX with ID.			Amateur community size is limited. Higher power use by amateurs (1500W) is repeaters at fixed locations; mobile use much lower power. Amateur use is low density low duty cycle.			There was a petition to allow higher power RFID at 433 MHz. It was strongly opposed by federal users because of aggregation concerns related to much larger user community and lack of responsiveness if a problem were to arise.


			413-457 MHz (specifically the following 4 bands: 413-419, 426-432, 438-444, 451-457 MHz)			[Proposal] Secondary use by medical micro-power networks requiring a high degree of operational reliability			Listen before talk. Secondary chooses among 3 10MHz sub-bands & dynamically switches when current sub-band becomes noisy			Low power TX by secondary						CDMA Spread spectrum used by secondary									Proposal by Alfred Mann/Bioness. Device roughly 1m away from user sends control signals to implant enabling paralyzed person to walk. Implanted receiver has both poor filters and low sensitivity. The primary concern is when person with implants comes very


			849-851 Mhz			Co-primary between two providers of air-to-ground data and radiotelephone services												polarization						Two nationwide providers, having custom equipment built for them so can arrange to respect polarization requirements without significant additional cost.			Although coexistence via independent polarization was permitted in the rules, the licensees had the option to bid on non-overlapping blocks; the winning bidders chose this option.


			902-928 MHz			Extremely varied, includes:
Primary: federal radiolocation
Secondary: location and monitoring service
Unlicensed: RFIDs, cordless phones, etc.						Low power TX by unlicensed.						Spread spectrum TX by unlicensed.									"Safe harbor" provision deems unlicensed users not to cause interference to secondary users if they meet certain restrictions on signal, antenna height, etc. American Radio Relay League: "The allocation status of this band was not the result of any appare


			1549.5-1558.5 MHz			Primary: AMSS [aeronautical mobile-satellite service] safety-related communications
Secondary: MSS [mobile phone satellite service], with proposed ground-based ATC [cellular style towers transmitting in MSS band]									Priority access for AMSS - FCC authorization for ATC in this band cites the applicant's use of "a centralized common control facility" capable of directing all mobile users to vacate a channel in < 1 sec, but does not specify the mechanism for determining									Only occasional use by AMSS safety communications			FCC 87.187(q) [paraphrase]: The frequencies in the band 1545-1559 MHz (space-to-earth) and 1646.5-1660.5 MHz (earth-to-space) are authorized for use by the Aeronautical Mobile-Satellite (R) Service. In the frequency bands 1549.5-1558.5 MHz and 1651-1660 M


			1710-1755 MHz			DOD communication systems (at 16 protected sites in CONUS);  AWS (3G cellular).						AWS licensees must avoid transmission in exclusion zones around specified DOD sites.									AWS licensees must coordinate with DOD in coordination zone around specified DOD sites.						Section 27.1134 of the Commission’s rules. AWS licensees must accept any interference received from DOD operations at the specified sites.


			1920-1930 MHz			All unlicensed. Dominant use is cordless audio: mostly phones, some baby monitors and mics (DECT standard).			Listen before talk			TX power backoff based on energy level sensed in band												Mostly indoors. Audio needs high quality of service.			LBT/backoff rules were designed to permit continuous connectivity for high audio quality. Original rules were more restrictive; channels were widened and some sensing and backoff rules relaxed before volume deployment took off.


			2360-2390 MHz			[Proposal]
Primary: Aeronautical telemetry
Secondary: Medical body-area networks						Crypto key from access point required before mobile devices transmit; this prevents mobile device TX when too far from an approved location.									Healthcare institutions notify AMT users of MBAN usage, perform frequency coordination if close to an AMT site, agree to halt usage if a problem arises.						Body-area networks = use wireless links to eliminate the annoying wires attached to the sensors on a patient in the hospital.


			2400 - 2483.5 MHz			All unlicensed. Also microwave ovens.			WiFi is a de facto incumbent; other services often detect and avoid it.			TX power limit keeps interference range to a few hundred meters			WiFi uses carrier sense multiple access; some other services do not do time separation			Most services employ spread spectrum


			3.1-10.6 GHz			Primary: various
unlicensed: UltraWideBand												unlicensed TX has such low power in any channel that primary user signal-to-noise ratio is not meaningfully affected


			3650-3675 MHz			Primary: satellite
Secondary: mostly fixed, some limited mobility						150 km exclusion/coordination zone around 64 grandfathered satellite ground station sites									Secondary users must register sites and coordinate. No priority given to first secondary user into the band in a given area.			Primary user active at only a few locations. Secondary user is broadband data (e.g. WiMax) in rural areas.			Coordination is painful and causes lots of complaints; perhaps because this is not a serial negotiation?


			3675-3700 MHz			Same as 3650-3675						Same as 3650-3675			Regulatory requirement for systems to use a contention based protocol (e.g. CSMA/CD)


			3700 MHz - above 10 Ghz			Co-primary: Fixed Satellite Services, Point to Point Microwave						Directional antennas, directional propagation at these frequencies									Frequency coordination required


			5250-5350 MHz,
5470-5725 MHz			Primary: Weather and military radars
Unlicensed: WiFi and other systems (U-NII)						Listen before talk									Locations of weather radars in 5600-5650 MHz are published. Outdoor unlicensed users located within 35 km of a published site must select a center frequency at least 30 MHz away from the radar's center frequency and must register their transmitter locatio			Radars are highly sensitive to low noise levels. Original approach based on LBT only did not successfully prevent interference, so additional coordination was required in fall 2010.


			5850-5925 MHz			Vehicle-to-vehicle and vehicle-to-roadside communications for intelligent transportation systems. Called the Dedicated Short-Range Communication service (DSRC).															Pre-specified dispute resolution process. All road-side units must be registered. All licensees required to work together to resolve problems. In case of dispute escalating to FCC complaint, systems supporting public safety have priority over others (gove			Mix of safety-critical usage and commercial services in the same band.			FCC prespecified in 90.377 that interference in DSRC will only be deemed to exist if the signal from the later registered unit is within 18 dB of the power level of the earlier registered unit at some point in the coverage footprint of the earlier registe


			12.2 - 12.7 GHz			Direct broadcast satellite, terrestrial video broadcast						High attenuation in this band by structures and foliage (isolates DBS receiver if on S side).						DBS antennas directional, pointed S. DBS sats TX from S to N (inherently), terrestrial TX from N to S (by choice).			Terrestrial user has some obligations to provide interference remedies. DBS receiver can be moved to S side of house or tree to gain additional isolation.			Both continuous transmission; both broadcast (one-way).			DishTV and Northpoint.
Incumbent and interested new licensee were competitors, so coordination mechanisms and detailed service rules had to be specified by FCC rather than happening voluntarily. Rules vary geographically due to local rainfall conditions;


			70-90 GHz			Primary: Federal
Secondary: Point to Point microwave															Green/red database oracle.			Highly directional antennas and propagation. Secondary users are fixed.
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[bookmark: _Toc177619777]Introduction

IPv4 resources depleted on a global level with IANA in February 2011, Regional Internet Registries (RIR) will follow. APNIC depleted their IPv4 resources in April 2011.  The remaining RIRs are expected to follow suit throughout 2011 and into 2012.  Refer to the following links respectively:



		IANA

		http://www.nro.net/news/ipv4-free-pool-depleted



		APNIC

		http://www.nro.net/news/apnic_announces_its_ipv4







As such the deployment of IPv6 remains a critical aspect of the Internet’s future.  Encouraging the deployment of IPv6 and measuring the success and progress of the same are both essential.  The Internet ecosystem consists of many moving parts, each of them different from the other.  The delay or absence in one area can have a significant impact to the overall adoption of IPv6.



As part of the FCC TAC IPv6 Working Group several key topics are being addressed related to the adoption of IPv6.  They are as follows:



1. Recommendations and Guidelines

2. Benchmarking

3. Cost benefit analysis

 

The purpose of this document is to outline the key areas where IPv6 must be adopted, specifically related to benchmarking.  Metrics and measurements for each of the key benchmarks are specified below.  Where possible existing data sources are recommended to support the documented metrics and measurements, however, in some cases the definition and creation of new techniques will be defined.

[bookmark: _Toc177619778]Network



The term computer network has many different flavors and meanings.  For the purpose of this document, a computer network will be a reference to an Internet Network with a unique autonomous system number (ASN).  Each network will have ingress and egress locations layers which will the demark points for benchmarking.  Also each network will have additional layers, which will need to be considered for enabling IPv6.



In the following diagram, a typical network is broken into the following layers.

· Border Layer – Connections to other networks.

· Core Layer – The central devices which all information flows

· Edge Layer – A spur or remote segment of a network

· Access Layer – The routing device a CPE (cell phone, cable modem, ONU, etc.) connects to.  







An analogy to be referenced throughout the document will be similar to road and bridge building.  Computer networks are the roads and bridges connecting different locations together.  Computer networks are not the vehicles on the roads (computers, tablets, phones, etc.) nor are computer networks the locations (applications) people travel to and use.  



Computer networks today are built to carry IPv4 traffic.  Computer networks will have to be built to carry IPv6 traffic.  Each element along the path will need to be upgraded to enable IPv6 vehicle and applications to function.  Each element in the border, core, edge, and access layers will have to be upgraded with hardware, software, or both to enable IPv6 functionality.  All layers must be IPv6 enabled to allow IPv6 to function.  



At the time of drafting this document, there are ~38,938 ASNs connected to the Internet.  By analyzing route table announcements, ~4,622 ASNs are announcing IPv6 space.  Which translates to ~11.8% of the Internet is IPv6 compatible.  



The proposal for benchmarking network readiness is to monitor IPv6 route announcements.  The proposal allows for simple metric to track when each network is actually functioning with IPv6.   We will avoid logistical pitfalls associated with status checkpoints for all 38,938 ASN owners as well as future ASNs.  



One company, Hurricane Electric, has already begun tracking the route announcements.  The efforts are tracked via the following web page:



http://bgp.he.net/ipv6-progress-report.cgi 



Also have another reference web site, Tracking IPv6 via BGP FIB:



http://bgp.potaroo.net/v6/as6447/

[bookmark: _Toc177619779]Consumer Electronics

Consumer electronics support for IPv6 is essential to ensure end users, or consumers, have the ability to leverage IPv6 when accessing the Internet.  Support for IPv6 is different for each type of consumer electronic device.  Following is a minimal list of consumer electronics that must support IPv6:



1. Small office (SOHO) or home networking equipment, including routers and customer home gateways

2. Personal computers

3. Operating systems

4. Tablets

5. Smart phones

6. Internet enabled televisions

7. Internet enabled media players, i.e. Blue Ray and DVD players

8. Internet enabled webcams



The following are measurement opportunities for consumer electronics:

· Home or SOHO router support for IPv6 

· % devices that are tested to support IPv6 

· – # devices sold or deployed

· Internet-‐enabled TVs, tablets, game consoles

· % devices that are tested to support IPv6

· # devices sold or deployed

· Popular operating system support for IPv6, includes percentage and penetration

· Windows 2000/XP/2003/Vista/7

· Mac OS X

· Linux (kernel 2.2 and higher)

· BSD – Free, Net, & Open BSD



The following resources reflect global operating system distribution:



1. http://www.w3schools.com/browsers/browsers_os.asp

2. http://www.netmarketshare.com/

3. http://en.wikipedia.org/wiki/Usage_share_of_operating_systems

4. http://gs.statcounter.com



Other aspects of the above may be attainable through collaborative efforts with the Consumer Electronics Association (CEA), specifically the CEA IPv6 Working Group. Profiles for IPv6 may be defined to ensure devices manufactures have sufficient guidelines to ensure support for IPv6 meets minimum requirements and most importantly is interoperable.



Support for IPv6 with regards to consumer electronic devices come generally falls into two primary categories:



1. Devices that have already been purchased and are is use today

2. New devices that are soon to be released



For both categories of devices it seems important to have a mechanism to determine and track which devices are capable being software upgraded to introduce support for IPv6.  With existing devices the challenge will remain how to incent or notify end users that an upgrade is available and to ensure the same is applied successfully to the device.  Further it is important that after being enabled to support IPv6, support for the same should be enabled by default.  This will help to ensure devices that are connected to a broadband service that supports IPv6 automatically begin taking advantage of IPv6.



More importantly it is critical that newly developed devices support IPv6 and meet the minimum requirements to ensure interoperability.  As in the case of existing devices it is important to ensure these devices are IPv6 enabled by default.



To ensure support for IPv6 meets minimum requirements and is interoperable the adoption of a third party label or logo program, which can be used to test and verify IPv6 functionality by device manufacturers and those procuring the same.  This program would provide for independent testing to ensure devices meet the minimum requirements through a series of generic, well-defined tests.  A suitable certification or testing program is currently being evaluated.

Finally, a label or logo program for IPv6 will simplify the process of identifying IPv6 capable devices.  This will allow retailers and others who procure devices to easily identify devices that support IPv6 when making purchasing decisions.  Since most consumers do not and should need to be familiar with the detailed inter-workings of IPv6 it is important that retail channels only stock products that support IPv6.

[bookmark: _Toc177619780]Applications

Applications are the main drivers for using the Internet.  Applications are items such as web browsers, e-mail clients, over the top videos, file transfers, instant messaging, social networking, etc.   Referencing the road analogy, these are the destinations people leave their homes to go to and go do on the Internet.



Since the destinations vary greatly for many reasons ranging from popularity to usefulness, the recommendation is to create major categories and the top applications per category for tracking.  For example:



		Web Browser

		IPv4 Compliant

		IPv6 Compliant



		Microsoft Explorer

		Yes

		Yes



		Google Chrome

		Yes

		Yes



		Apple Safari

		Yes

		Yes



		Opera

		Yes

		Yes







In the case of web pages and/or domains, using the domain name system (DNS) records as a source of truth we can collect stats rather quickly and effectively.  For example, using Hurricane Electric’s tracking page we find:



		Top Level Domains

		Domains

		A Records (IPv4)

		% domains with IPv4

		AAAA Records (IPv6)

		% domains with IPv6



		.COM

		97,054,298

		86,815,053

		89.45%

		826,459

		0.85%



		.NET

		14,123,452

		12,092,885

		85.62%

		177,052

		1.25%



		.ORG

		9,416516

		8,270,159

		87.83%

		110,075

		1.17%







The conclusion of this table points to 89.45% of domains using the .COM extension have actual IPv4 hosts and can be found on the Internet.  Meanwhile a mere 0.85% of web domains are using IPv6 today.



In the case of web browsing both the web browser and host server must use IPv6 to complete the experience over IPv6.  If ether is broken or does support IPv6 the experience is direct affected.  Web browsing will be the simplest of the applications to track due to DNS.  While other applications such as online gaming will prove to be extremely difficult to track results.  



Wikipedia has started a collection point for people to update as applications start to support IPv6.



http://en.wikipedia.org/wiki/Comparison_of_IPv6_application_support 



Below is a sample of the webpage[footnoteRef:1]: [1:  http://en.wikipedia.org/wiki/Comparison_of_IPv6_application_support] 




[bookmark: _GoBack]



As for the categories, we recommend to start with:

· Web Browsing

· Email

· Voice (Skype, Vonage)

· Video Services (Netflix, Hulu)

· Gaming (Consoles, PCs, Handhelds)

· Instant Messaging

· File Transfers

· Back Office and Provisioning (DNS, DHCP, TFTP)

[bookmark: _Toc177619781]Content and Services

Another important variable to ensure that IPv6 is universally available and usable by end-users is to ensure content and services are openly enabled to support IPv6.  There is no specific reference made with regards to IPv4, however, state of the art suggests that IPv4 support will remain for sometime while support for IPv6 is added.  Discussions related to deprecating or disabling support for IPv4 are out of scope for this document.



Support for content and services over IPv6, particularly that which is popular or essential from an end-users point of view is an important step to support and encourage the adoption of IPv6.  Following are the categories of content and services that are critical to measure where content refers mainly to websites and online Internet content like Internet properties, etc.  Following is a list of critical sectors as defined by the FCC TAC IPv6 Working Group:



1. Government – includes local, state, and federal government agencies.

2. Education – includes K-12 and university educational institutions.

3. Commercial – includes commercial organization of varying types.  Subsequent break out by industry may follow to allow for granular measurements.

4. Not for profit – includes all forms of not-for-profit organizations.  Subsequent break out by industry may follow to allow for granular measurements.



For each of the categories above the content and services are defined to minimally include the following:



1. Main Internet properties and web sites

2. Services that include and are not limited to the following:

a. Electronic mail (e-mail) 

b. Domain Name System (DNS)

i. Caching and Authoritative

ii. Presence of IPv6 DNS resource records (AAAA) in the authoritative DNS infrastructure

iii. Presence of IPv6 DNS glue records for authoritative DNS infrastructure

c. Internet video

d. Internet voice



For content and service by type of organization or sector the following metrics are the primary focus.  These metrics can be detected and measured independently using well known techniques and tooling.



1. % content and service supporting IPv6 by category

2. % traffic that each category represents of all traffic



Several organizations measure the enablement and availability of content over IPv6.  The top web sites and domains as published by Alexa (www.alexa.com) is the typical source for these measurements.  Further one or more of the below are examples of measurements that are actively being collected across the Internet:



1. http://www.vyncke.org/ipv6status

2. http://www.mrp.net/IPv6_Survey.html

3. http://bgp.he.net/ipv6-progress-report.cgi

4. http://mnlab-ipv6.seas.upenn.edu/

5. http://www.caida.org/research/topology/as_core_network/

6. http://atlas.ripe.net/

7. http://www.worldipv6day.org/other-measurements/index.html

[bookmark: _Toc177619782]End to End

For the purpose of this document the end-user measurement is intended to represent the intersection of a number of IPv6 attributes.  The goal for this metric is to represent the actual or effective IPv6 usage opportunity.  There is a material difference between being capable, enabled, and actively using IPv6. This measurement is focused on determining active IPv6 usage and focuses largely on end user capabilities and connectivity.  The following metrics will be minimally considered:



1. Service provider support for IPv6

2. Customer premise support for IPv6

3. Consumer electronics capabilities in the premise

4. Content and service availability over IPv6



The intersection of these attributes will determine effective support for IPv6, meaning truly whether IPv6 is available and being used.  The absence of support for IPv6 in one of these key areas represents a gap in the IPv6 communications path that will prevent end users from fully utilizing IPv6.  It is essential that the adoption of IPv6 occur across all areas to systematic adoption and utilization of the same.

[bookmark: _Toc177619783]Traffic Levels



Prior to IPv6, all Internet traffic was using IPv4.  As IPv6 is adopted and deployed in the networks, the traffic demographic will start to shift.  While a device, network, and application might be IPv6 compliant, this does not mean the experience is IPv6.  The thought behind measuring the traffic mix between IPv4 and IPv6 is to track the adoption of IPv6.  As IPv6 is adopted, the percentage of traffic will grow to be even with IPv4 and then eventually become the dominant protocol.



One key to measuring the traffic demographic will be the border layer between the ASNs.  Each network owner will be able to measure their own traffic flow on and off their network.  One such mechanism could be NetFlow 9 which is enabled on wide range of network devices.  The data is collected and presented via a different application such as MRTG.  



Another possible location will be the Internet gateways / exchange locations where the Tier 1 providers share connectivity.  In 2009, Martin Levy from Hurricane Electric presented information at NANOG 45 using the technique mentioned above. 



Example of MRTG Graph from Martin Levy’s Presentation at NANOG 45[footnoteRef:2]: [2:  http://www.nanog.org/meetings/nanog45/presentations/Tuesday/Levy_traffic_level_hurricane_N45.pdf
] 






[bookmark: _Toc176425435][bookmark: _Toc177619784]Conclusion

Since IPv6 was ratified in 1999 the adoption of the same has not taken the course expected.  Multiple techniques have been deployed to conserve IPv4 such as in home private NATs.  These techniques modified the depletion rate and ultimately delayed adoption of IPv6.  Meanwhile, the CPE market (smart phones, tablets, PCs, game consoles, etc) across the world has triggered a rapid consumption of the limited IPv4 resource.



In fact, it is arguable that the depletion of IPv4 reserves of IANA on Feb 3, 2011 was in the fact the turn point for the adoption of IPv6.  Over the past several years interest and activity related to IPv6 has dramatically increased.  During the transition to IPv6 organizations from around the world will have to employ a wide range of techniques to ensure their business and networks can grow and more importantly offer a consistent end user experience.  While the objective is noble, there are a number of technical challenges related to IPv4 extension that complicate maintaining the existing user experience.



As such the benchmarking efforts of the FCC TAC IPv6 Working Group is important to not only motivate and facilitate the adoption of IPv6 but also to measure and track the progress of the transition as it unfolds.  Ultimately, the long-term goal across the Internet community is to divorce from the IPv4 Internet and fully migrate to the use of IPv6.
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Technology Advisory Council

Status of Recommendations

September 27, 2011 













FCC Actions on TAC Recommendations

FCC has taken action on eight recommendations: 

		(Jointly) Municipal Race-to-the-Top Program (#1); Best Practices/Technology Outreach to State & Local Governments (#4)



FCC cited the TAC recommendations in its April NOI on Broadband Acceleration and is collecting data on best practices

NOI record closes September 30. FCC staff will report to the Chairman on recommended next steps, including timelines and necessary resources, by December.

		Broadband Infrastructure Executive Order (#2)



White House is working with FCC input on possible Exec. Order

		Promote Small Cell Deployment (#8)



Following initial FCC/GSA talks, TAC has recommended holding a workshop to explore implementing public & private building deployment

FCC is working with stakeholders to organize workshop October 28













FCC Actions on TAC Recommendations

FCC took immediate action on four recommendations: 

		Prepare for PSTN Transition & Stranded Investments (#7)



FCC will host a workshop on the PSTN transition Dec. 14. 

		New Metrics to Measure Broadband Network Quality (#6)



FCC hosted a workshop on Public Safety network reliability in Sept.

FCC is working with ISPs as part of Broadband Measurement Program (i.e. SamKnows effort) to gain agreement on and, in the longer term, standardize metrics for broadband service

		Facilitate a National IPv6 Transition (#9)



NTIA & FCC are organizing a November workshop on developing an IPv6 transition multi-stakeholder partnership

FCC is working with TAC members and with NTIA to propose metrics to benchmark IPv6 progress.  IPv6 benchmarking will be discussed at November workshop.

		Develop Materials Highlighting Benefits of Broadband Deployment in Private Buildings (#11)



FCC staff in WCB and CGB have been assigned to come up with ideas for materials by January 2012













FCC Actions on TAC Recommendations

FCC is waiting on further analysis on three recommendations:

Advocacy for Rapid Tower Siting (#3)

Chairman directed staff to collect and analyze data on  shot clock effectiveness in April Broadband Acceleration NOI

Staff will give recommendation to Chairman & Commissioners on response to TAC Rec. #3 after evaluating data



Model an Online Deployment Coordination System (#5)

FCC is collecting information from stakeholders to determine demand for model and possible design and functionality



Develop Consensus on Spectrum Efficiency Categories and Metric Definitions (#10)

Awaiting revised white paper from TAC
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CLT-WG

Meeting Agenda

		Progress since June meeting

		Critical Transition - Wireless

		Sun-setting the PSTN

		Feedback

		TAC discussion

		Next steps
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CLT-WG

		Shahid Ahmed  - Accenture

		Nomi Bergman - Bright House Networks

		Lynn Claudy - National Association of Broadcasters

		Brian Daly – AT&T

		Adam Drobot (Co-Chair) - 2M Companies

		Tom Evslin – Voice on the Net Coalition

		Lisa Gelb - FCC

		Russ Gyurek – Cisco



		Greg Lapin - American Radio Relay League (ARRL)

		Christopher Lewis – FCC

		 Paul Mankiewicz - Juniper

		Jack Nasielski - Qualcomm

		Roberto Padovani - Qualcomm

		Andrew Setos – Fox

		Doug Sicker - FCC

		David Tennenhouse (Co-Chair) New Venture Partners LLC

		Bud Tribble - Apple

		Robert Zitter –HBO



Working Group Membership
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Progress Since June TAC Meeting

We have continued work in the six existing subgroups – will report

Progress in December TAC. Each area has developed a SoW and has

been meeting on at least a weekly basis.



1. New Metrics for Broadband Quality

2. Sizing the Transition – Stranded Assets in operator hands

3. Stranded Assets in user hands

4. National Competitiveness

5. Regulations, Standards, and Common Practice – Impacts and Changes

6. Economic and Regulatory Impact



We have added a new subgroup which will report today:



7. The Role of Wireless in the transition
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Progress Since June TAC Meeting

We have had a number of briefings to the working group



		Jeff Goldthorp from the FCC Public Safety and Homeland



     Bureau – Unsolved issues of the PSTN Transition with Respect 

     to Public Safety and Homeland Security



		Walter Johnston from the FCC – Measuring Broadband 



      in America



		Marc Linsner from Cisco’s CTO Office – Presentation and



     discussion on E911 without the PSTN
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Contribution of Wireless to the Critical

Transition







The Role Wireless Plays in the PSTN Transition

		Problem/Opportunity Addressed:



Proposal to Sun-set regulated PSTN in 2018 

Wire-line users are migrating to Wireless as a replacement

What actions need to take place for wireless to be a leading replacement for wireline services

		E911, Location, universal service



Rural wireless deployment economics

Spectrum availability issues as more users move to wireless for voice, video and data services

		White spaces availability and usage

		Spectrum efficiency usage by devices

		Key Questions:



Is wireless a viable replacement for landline PSTN capabilities (Ref: regulated requirements of PSTN)?

How can we further incent and  accelerate the transition?

What needs to be done to provide social service needs related to E911 and rural coverage







The Role Wireless Plays in the PSTN Transition

		Observations:

		Wireless substitution for landline was 29.7% at the end of 2011

		Much of the population regard wireless as a replacement, and viable alternative to the PSTN with greater service options

		Wireless only replacement is tied to age demographics

		Willingness to move to wireless is not significantly different between rural and urban populations

		Wireless provides good E911 support, and potential for more options (texting)

		Wireless has an attractive CAPEX structure compared to wireline

		Wireless provides much greater capabilities than wireline









Draft CLT-WG Quantifying the PSTN Legacy Transition



*

Source: National Center for Health Statistics

Wireless Adoption is happening at a steady pace







Draft CLT-WG Quantifying the PSTN Legacy Transition



*

Source: National Center for Health Statistics

Wireless Adoption/Cord cutting is tied to age demographics
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Critical Transition - Wireless

Cost of deployment differences  between Wireline and Wireless, does not include OPEX analysis







Draft CLT-WG Quantifying the PSTN Legacy Transition
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Source: National Center for Health Statistics

Urban and rural segments have very similar willingness to cut cord and move to wireless
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Critical Transition - Wireless

		Findings/Summary:

		Transition from wire-line to wireless is already happening in much of the population

		The deployment of Wireless infrastructure may have significant cost advantages in many parts of the United States

		Universal Service is being replaced with multiple technologies and wireless is a significant part 

		Certain social objectives remain valid and new ones 



    uniquely served by Wireless, especially around mobility,  are emerging
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Critical Transition - Wireless















Recommendations:



		FCC to review USF in light of PSTN transition to wireless as one of the replacement infrastructures/technologies with focus on rural coverage (FCC has current review underway).

		Review of potential preemption of non-emergency services to support emergency service calls when the network is at capacity. The FCC could work to influence Public/Emergency Services to adopt SMS emergency reports in addition to voice calls for Emergency service capability (Satellite phones included)

		FCC to play larger role in harmonizing  global standards, and common reference systems for handling Emergency services for IP based systems (benefit to OS’s, vendors, and end users)

		Any government funded network builds for replacement of PSTN should be IPv6 capable
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Sun-setting the PSTN
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Sun-setting the PSTN

Background:

For decades, the PSTN has had such dominant penetration (>90%) in U.S. households and businesses that it is de facto  one of our national “systems of record” for achieving social and economic goals related to communication. The assumption that such goals can be achieved via the PSTN was based on its high level of penetration and some of those goals, such as universal service, created a positive feedback loop that further reinforced the central position of the  PSTN.

Problem Statement

		Our population is quickly migrating to voice services that are not part of the traditional PSTN, thus negating the assumption that current  system of PSTN regulation and subsidy can continue to support our  social and economic needs as a nation. Examples include: 3G and 4G cellular; VOIP; over the top services such as Skype; and many others.

		PSTN services may continue to be made available to subscribers at some price, but the cost per user may increase dramatically as the number of subscribers decreases. Thus, the cost of subsidizing access to the system will dramatically rise – even though the PSTN will no longer achieve a number of the goals it has supported in the past. 

		Thus, when we talk about sun-setting the PSTN we are talking about: (a) the orderly  transition from the PSTN’s role as a “ system of record” for achieving key national goals;  and (b) the identification of  and migration to alternative mechanisms of achieving the subset of those goals that remain important to our society and economy.  This may or may not  lead to the withdrawal of specific PSTN technologies and/or services.
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Sun-setting the PSTN

Opportunity Statement

In addition to the availability of alternative mechanisms for voice communication there are now new services many of which have high levels acceptance and use within U.S. households and businesses, that could provide equivalent or even vastly superior means of achieving some of the social and economic goals previously attained via the  PSTN. These new services include: messaging such as IM/SMS; mature applications like email; social networks such as Facebook, Twitter, and many others; web and cellular based Geographic Information Systems (GIS), such as Google Maps, Mapquest, TomTom, Garmin, and Navteq, and a new class of applications on smart phones.  Furthermore, since the PSTN does not provide anything close to the services and capabilities of many of the replacement technologies, new national-scale social and economic opportunities may be enabled  through near universal adoption of some of these technologies.  For example, in the past it has been argued that universal access to voice telephony was essential to helping unemployed individuals gain  access to job opportunities. Today, it is  hard to imagine how a job seeker could be effective without access to Internet-based job postings and social  networking. Similarly, messaging, social networks, GIS, and similar applications have proven themselves to be effective tools in dealing with large scale disasters.
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Sun-setting the PSTN

Facilitating the new Sunrise: What are we Transitioning To?

With the advent of digital communications technologies (especially those that are packet-based, such as the Internet)  we have the opportunity to think differently about “systems of record”, separating the underlying packet transfer mechanisms from the services provided over them. Thus we can replace the prior approach to vertically integrated “systems of record” (such as telephony, radio, television)  with a multi-level of approach consisting of:

Broadband digital services, attained through a multiplicity of systems that transfer digital information (cellular, WiFi, other RF,  xDSL, cable, fiber, broadband over power-lines, and satellite). To meet our national goals these may collectively have to achieve certain targets with respect to universal penetration, reliability, emergency pre-empt, etc. This includes the supporting infrastructure (power, OAM, DNS, management processes, etc. ) required to keep these systems functioning.  

Collections of application services (voice, video, text, social networks, information services. etc.) that , when combined with the broadband services (and each other), can attain national goals, such as emergency notification, E-911, accessibility, etc. It may be important for some services to meet goals with respect to characteristics, such as reliability, predictable operation during periods of overload, etc. in order to function as adequate alternatives to the traditional system(s) of record.

There will also be a need for coordination mechanisms (e.g. market mechanisms, standardization, self-regulation, testing, simulation, emergency preparedness drills, government oversight, etc.) to ensure that selected combinations of the above operate sufficiently well to meet specific national needs. This does not mean they have to be perfect or absolutely universal, just as the existing systems of record have never achieved 100% universality or reliability. Furthermore, it is important to realize that the specific combinations will evolve over time as new broadband and application services become available and achieve relevant degrees of penetration.
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Sun-setting the PSTN: History

		The United States has been a prime driver in creating new technology, business models, and regulatory frameworks for modern information and communications infrastructure. For the Nation to fully realize the benefits of current and future innovations and to improve its competitive posture there is considerable benefit in accelerating the transition to a set of interoperable, more scalable and capable services. The result of doing so has benefits for our citizens, the competitiveness of our commercial sector, and for our public and government institutions. 

		One of the existing “systems of record” for our national communications is the PSTN – the Public Switched Telephone Network. It has been extremely successful and in its heyday the envy of much of the world. This system consists of a core technology that has evolved over a considerable period of time and has been adopted to serve all of our citizens in their every day lives, and our business and public  institutions in almost all sectors. The PSTN was based on a point to point infrastructure that provided service to a ‘fixed’ location, with 2-way interactive voice as its primary service.  The PSTN has been used as a common mechanism to attain a number of national social and economic goals related to communication. 













*

CLT-WG

Sun-setting the PSTN: Attaining national goals

		Examples of such goals include universal service & accessibility, emergency services and reliability at the individual incident level, emergency services, robustness and priority access at larger scales, to deal with crisis and disasters. Uses of the PSTN have also expanded beyond telephony to include critical services, Facsimile transmission, payment systems, and alarms, among others. 

		For many of these cases, both policy & otherwise, the PSTN is the “system of record” whose use is mandated by standards, regulations, building codes, business practices, etc. 

		With the availability  of new and more capable modes of communication and information services (e.g., VoIP, text messaging, IPTV, social networks,  and wireless) there are now alternative ways to achieve many of these national goals and/or non-voice services, and to go beyond the current benefits provided by the PSTN.
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Sun-setting the PSTN: Beyond Vertical Integration

		The PSTN consists of four components: the physical infrastructure, the underlying technology; economic and business models; and the regulatory regimes that govern service requirements, investment incentives, and government oversight. In the past, these components were considered in the context of a vertically integrated environment in which voice telephony was the primary service offering. 

		The PSTN is rapidly being displaced by a less integrated environment in which the transfer of information, through broadband packet services, is decoupled from the application services operating over them. This diverse and rapidly evolving collection of services offers richer functionality,  a lower cost structure, capabilities beyond geographically fixed services and have been widely adopted on a competitive market basis. 

		The loose coupling creates opportunities to provide exploit redundancy and provide superior services but also makes it difficult to reason about the properties of the overall system, e.g., with respect to robustness, prioritization, etc. 
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Sun-setting the PSTN: Orderly and Timely Transition

		The PSTN no longer functions as a universal communication infrastructure and thus it may no longer meet a number of the goals our society has previously relied on it for.

		As the number of users of core PSTN services decreases, the corresponding cost per user may increase until maintaining the PSTN becomes prohibitive.

		The distinguished position of the PSTN as “a system of record” and all that entails may be a barrier to the rapid penetration of advanced technologies and new business models. 

		It makes sense to create an orderly process for sun-setting the role of the PSTN as a system of record. This will require the identification of, and orderly transition to, alternative approaches to meeting those national goals previously attained through the PSTN that remain valid. It may also involve ending certain regulations and subsidies that would otherwise artificially prolong the existence and usage of the PSTN beyond its economic viability. Where appropriate, it may involve the redirection of subsidies and incentives to replacement solutions and/or the creation of new industry governance mechanisms.

		A timely and orderly transition process may also create new economic opportunities by stimulating growth and experimentation within the communications sector and improve our national competitiveness by accelerating the (near) universal adoption of new and more efficient technologies throughout the public and private sectors or our economy.

		To ensure a timely and orderly process, a date certain should be established by which the above transition, especially with respect to regulation and subsidies, will be completed.
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Sun-setting the PSTN

When we talk about Sun-setting the PSTN what we mean is:



The orderly  transition from the PSTN’s role as a “ system of record” for achieving key national goals

The identification of  and migration to alternative mechanisms of achieving the subset of those goals that remain important to our society and economy. 

 This may or may not  lead to the withdrawal of specific PSTN technologies and/or services.
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Feedback

Members of the working group have participated in presentations

Which include:



		Wiley Rein Conference on Sun-Setting the PSTN

		The CSTB at the National Academy

		Telecom 2018





We have also broadened out the membership of the CLT-WG with

Additional members from the TAC



A Series of Workshops is planned for later in the year before 

The December TAC
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		TAC Discussion









Critical Legacy Transition Working Group







		Next Steps









Technological Advisory Council

IPv6 Working Group

27 September 2011













Prior Work

		Proposed sector driven approach to both understand and define goals for IPv6

		Met with sector proxies

		Enterprise

		Smartgrid

		Network equipment

		ISPs

		Consumer equipment

		Proposed development of benchmarks to gauge progress towards IPv6

		Encouraged greater collaboration between government and industry

		Progress tracking

		Goal setting

		Policy recommendations
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Sector Awareness

		Interacted with a variety of industry groups to understand IPv6 evolution challenges

		Increased awareness of IPv6 with Consumer Electronics; CEA has established Working Group on IPv6 Evolution

		Develop sector evolution strategy

		Communicate issues to government/industry

		Help evolve benchmarking effort with sector specific input

		Produce recommendations for IPv6 compliancy/focal point of IPv6 working group will be:



Messaging and Awareness, Development of IPv6 profiles and guidelines, Independent logo or testing program to verify interoperability

		CEA working group potential prototype for other sectors

		From an Ecosystem and Cloud Computing perspective need to identify who are the change makers (e.g NANOG, ARIN, CIO Forums etc..)
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Benchmarking

		Draft benchmark recommendations

		Evolved through discussions with working group members and interactions with sector groups

		Reference the draft of the working document that has the recommendations 

		Benchmarks generally includes measurements of adoption across consumer electronics, service provider adoption, content and services availability over IPv6, and overall IPv6 traffic increases

		Focused on broader tracking of IPv6 evolution

		Beyond measuring IPv6 address usage

		NTIA Interest

		Evolve as collaboration with industry sectors increases

		Set sector goals

		Track Progress

		Develop policy to encourage evolution

		Recommendation that a joint government/industry governance body be established to continue to track progress on IPv6 compliance across industries and track industry trends
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Government/Industry Collaboration

		NTIA workshop on IPv6 evolution

		Lessons learned IPv6 Day

		Policy Issues for IPv6 evolution

		Benchmarking

		TAC Working Group proposes continued collaboration/oversight of IPv6

		Sector based awareness/efforts

		Benchmarking down to sector level

		Identification of Policy issues 
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Future IPv6 Workgroup 

Areas of Focus

		Identify challenges/opportunities for sun­setting IPv4 (Date that IPv4 is sun-set?)

		‘Traditional’: alignment of broadband subsidies and grants with IPv6 infrastructure deployment

		Marketing incentives

		Sector based seal of approval

		e.g. CEA seal for customer facing devices

		Establish Government seal  of approval (Seal implies certification of compliance to Ipv6)

		Devices/Services certified for government use

		Economic incentive associated with deployment

		Rebates/incentives for buying IPv6

		Equipment Supplier opportunities for incentive of customers

		Default  settings on all Internet equipment become IPv6

		Standardize on techniques that will allow for IPv6 to be enabled by default

		Educational message

		Build awareness through commercial/consumer sectors of IPv6 value

		Other incentives?
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Other ideas from Working Group Members (Items for Consideration):

		Awareness campaign

		How different from current efforts?  Who coordinates?

		What industry groups are central to evolution issues?

		E.g. CEA, Cablelabs

		Government acquisition/contracting should favor IPv6 services/technology

		Work with Retailers to broaden knowledge as to what is coming next
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Technological Advisory Council

Sharing Working Group

27 September 2011







Charter

The purpose of the Sharing Working Group is to identify steps the FCC might take to promote near term private investment and job creation based on sharing techniques, including sharing of spectrum, facilities, or other techniques as the working group may find appropriate.







Statement of Work - Focus Topics

		Spectrum Efficiency Metrics

		Receiver Standards 

		Commercial Wireless Applications

		Hybrid Systems

		Emerging Technology Promotion / Deployment

		Additional Topics to be Identified by the Working Group









Working Group Members

		Peter Bloom

		John Chapin

		Richard Currier

		Brian Daly

		Dick Green

		Dale Hatfield

		Geoffrey Mendenhall

		Dan Reed



		Jesse Russell

		Paul Steinberg

		John Leibovitz

		Julie Knapp

		Dennis Roberson

		Strong support from: 

		Tom Wheeler

		Walter Johnston

		Chris Lewis









Ideas for Consideration

Develop Spectrum Efficiency Metrics

Encourage Receiver Standards

Create Spectrum Sharing Taxonomy

Accelerate Small Cell Deployments and Spectrum Sharing - especially Indoors

Remove Application Friction Points







Idea #1(&2): Spectrum Efficiency

Status – Longer Term Opportunity

Problem

		The system level spectrum efficiencies achieved by wireless systems of all types must improve if the Nation is to accommodate rapidly increasingly demand and stimulate job growth

		There is no single measure of spectrum efficiency at either the transmitter or receiver that can be applied across all services



Proposed Idea

		Metrics can (and have been) developed that allow efficiency comparisons to be made between similar types of systems which provide similar services. (e.g., bps/Hz/km2 for personal communications systems)

		Our initial taxonomy of similar systems: Broadcast, Personal Communications, Point-to-point directional, Radar, and Satellite. 

		The metrics should stimulate technical efficiency - the inherent efficiency of the modulation schemes, etc. and operational efficiency - the efficiencies achieved through the practices of service     providers and users (e.g., through dynamic loading/sharing)









Idea #1(&2): Spectrum Efficiency

Progress

		Enhanced our draft systems level spectrum efficiency white paper by including additional categories and related metrics and the challenges associated with the development and the usage of both the categories (and sub-categories) and the associated metrics.  A spreadsheet representation of the focus categories was also added to the document.

		The White Paper section listing the most significant receiver related issues that have occurred over the past twenty years or so was refined and expanded to include specific references to the cases discussed.

		PCAST meeting and initiation of a six month study on spectrum efficiency and technology policies





Economic Impact - Should stimulate the creation of high paying jobs 

		Research and development on transmitters and receivers meeting ever improving specifications 

		Deployment resources needed for replacement of outdated and highly inefficient equipment

		Enhanced spectrum utilization will free more spectrum allowing      exciting new wireless application to be more rapidly deployed











Idea #1(&2): Spectrum Efficiency



Next Steps

		Obtain full TAC feedback and proposed enhancements and edits by 28 October

		Transform the white paper into a “Living Document” that establishes best practices for ever improving systems level spectrum efficiency guidelines, particularly in power control, spectrum selectivity, sensitivity and linearity while addressing economic and form factor feasibility

		Develop a crisp list of research topics to engage the academic / business community to further vet the category and metric definitions – report on progress at next TAC meeting

		Once vetted, product / service providers to be recognized for leadership and encouraged to demonstrate progress against the metrics

		Commission may wish to coordinate with NTIA / other government agencies to encourage research into advanced methods for improved efficiency and positive incentives to encourage efficiency1





Note 1:  See http://www.ntia.doc.gov/advisory/spectrum/csmac_reports.html for NTIA work in this area.







 Idea #3: Spectrum Sharing Taxonomy

Status – Long Term Opportunity



Problem

		More spectrum sharing will be needed to meet the Administration and FCC goal of finding 500 MHz for Broadband 

		Sharing of allocations typically reflects incremental decisions, not an overall strategy





Proposed Idea

		Create a “sharing taxonomy” that identifies successful examples of sharing and proposes co-existence opportunities  









 Idea #3: Spectrum Sharing Taxonomy

Progress

		The initial spreadsheet created for the last meeting that indicates both the existing spectrum sharing / co-allocation bands and the means by which the sharing is accomplished has been integrated into our White Paper

		Vetting of this initial taxonomy continues and the analysis of this data to develop guidance for future sharing efforts has been initiated

		Spreadsheet incorporated into Draft White Paper for ease of TAC review



Economic Impact

		Enabling more efficient sharing across a wider set of spectral bands should accelerate and expand the mobile broadband ecosystem, creating jobs in the development and deployment of new and enhanced networks and in the deployment of new devices and services at the edge of the network



Next Steps

		The taxonomy of existing spectrum co-allocations was circulated at the last TAC meeting with a goal of having feedback from the TAC membership.  No feedback was received so it is hoped that by integrating this into our White Paper we will receive more feedback by 28 October

		Stage II of this effort should include:

		Examination of opportunities to enhance services to enable sharing

		Creation of a distilled spreadsheet to be put out for public comment

		









Idea #4: Encourage Small Cell Deployment

Status – Near Term Opportunity - existing spectrum; Mid- to Longer-Term Opportunity where new spectrum development is required

Problem

		How to accelerate deployment of fast, reliable integrated narrowband / broadband wireless solutions (e.g. Femtocells, PicoCells. NanoCells, Wi-Fi, DAS, etc.) to meet the breadth of demand for broadband services within high teledensity areas and to support new approaches of offloading high use spectrum (e.g. Wide Area Cellular Networks)

		Challenges include siting (i.e. nondiscriminatory access to venues and rapid review and approval), interference, QoS, incentives to deploy new small cell networks and the sharing of existing  / new backhaul infrastructure



Proposed Ideas

		Explore mechanisms, working with federal agencies, to expedite siting requests within federal lands and buildings

		Provide spectrum assignment/allocation for carriers, premise owners, and/or third party entities to install and operate in-building networks, including “provider agnostic” infrastructure









Progress

		Outreach to some stakeholder groups (e.g., premises owners, carriers, users)

		Development of strawman view of potential benefits, enablers, and roadblocks to inform FCC-hosted workshop

		Small cell Forum date and draft agenda established (see next slide)



Economic Impact

		Creation of a large number of high-paying jobs for design, installation, and operation of  systems  (e.g. in-building, in high traffic venues) - Over 2 million commercial buildings >5k Sq Ft in the U.S. (~ 60 million workers)

		Creates a more ubiquitous mobile network with scalable bandwidth and capability (e.g., improved indoor location accuracy and smart grid energy management services) sufficient to engender a new realm of application development.



Next Steps

		Follow up with GSA / federal agencies to understand deployment issues coordinating with the Infrastructure Working Group

		Progress on siting issues associated with various small cell options

		Convene forum on 28 October to align stakeholder groups around opportunity     and identify specific actions for consideration by FCC staff at next meeting



Idea #4: Encourage Small Cell Deployment







Idea #4: Small Cell Forum

		The FCC Wireless Telecommunications Bureau, in conjunction with the FCC’s TAC Small Cell working group and Spectrum Task Force, is organizing a forum focusing on deployments of small cell sites on Friday 28 October at the Commission’s Headquarters

		Recent technology developments offer an increasing array of wireless products providing service in limited or confined areas.  Together, they offer potential solutions to address the exploding demand for spectrum that is being driven by the exponential growth in wireless data services.

		The forum will provide an overview of the technologies that are currently available or soon to come on-line in both licensed and unlicensed spectrum, including software defined radios and enhanced WiFi.  In addition, panelists will explore the business opportunities and challenges involved in expanding wireless data coverage.  Finally, the forum will assess the potential economic impact of small cell deployments, particularly with respect to job creation, and explore possible policy approaches.









Idea #4: Small Cell Forum

Friday, October 28, 2011

Federal Communications Commission

445 12th Street SW, Washington, DC



Staff Contacts: Charles Mathias & John Leibovitz



Tentative Agenda

10:45am – Welcome and Opening keynote

11:00am – Panel #1: Emerging Small Cell Technologies

12:00pm – Lunch Break*

12:30pm – Panel #2: The Small Cell Business Case: Opportunities & Challenges

1:30pm – Panel #3: Moving Forward: Industry, Standards, & Public Policy

2:30pm – Summary and Concluding remarks

3:00pm – Close



* Attendees are invited to bring their own lunch or buy lunch in the FCC cafeteria.







Idea #5: Reducing Application Friction Points

Status – Longer Term Opportunity

Problem

		Friction Points are inhibitors to enabling public and private applications to be developed and deployed on wireless carrier networks. Public and private applications include:



Utilities (electric, gas, water, …)

Enterprise (education, energy/natural resources, healthcare, manufacturing, professional & consumer services, retail/hospitality, telecom/media, transportation/logistics, wholesale …)

Public Safety (police, fire, emergency services, …)

Proposed Idea

		Reduce / eliminate barriers for various applications and usages in a realistic and cost-effective manner: Privacy, Security, Robustness, Geographic Coverage, Survivability & Disaster Recovery, Certification.











Idea #5: Reducing Application Friction Points

Progress

		Tactics changed:  Conduct interviews with SMEs before convening workshop

		Completed Interviews:  Carriers, Entrepreneur, Selected Vertical

		Tentative Friction related findings to date



Future (Carrier) Network Interfaces and Certification of Applications that use them

Platform Variation (Operating System and Underlying Hardware Capabilities)

Dependence on a complete ecosystem of Open Source tools / building blocks

Need for accessible common services (e.g., mapping, speech recognition, etc.)

Economic Impact

		Reduction of friction is a critical step toward engendering innovation, economic development and significant job creation



Next Steps

		Complete interviews (Academia, Entrepreneurs, Vertical Applications)

		Publish white paper with findings and possible items to advance this area

		Convene a workshop (multiple disciplines represented) with three objectives

		Confirm and complete the identified friction points (from the paper)

		Further detail specific actions to promote advances in this area

		Promote the existing, considerable, carrier activities to support application development and certification







Workshop disciplines to be represented - Wireless carriers (including satellite), government users (national, state and local), service providers, energy companies, healthcare providers, investors, wireless entrepreneurs and academics in the space

*









Summary and Conclusions

		The Working Group met on numerous occasions since the last meeting as a full group and as “Idea” based sub-groups refining and making progress on our four Ideas” – System Level Spectrum Efficiency, Spectrum Sharing Taxonomy, Small Cell Deployment and Friction Reduction. 

		The Working Group members are now looking forward to the feedback of the full TAC and the FCC team on the White Paper covering the first two Ideas by 28 October

		The Working Group is anxious to complete the actions outlined above to move the Ideas to a state that creates jobs, improves the utilization of our nation’s spectrum resource and enhances the well-being of our citizens
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