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Summary

As innovation advances wireless communications from the business of providing mobile broadband to consumers into new businesses built around the Internet of Things, the need to revisit spectrum policy may gain in legislative importance. Many policy decisions since the 1990s that deal with spectrum assignment and allocation have focused on assuring the "highest and best use" for spectrum rights by assigning them through competitive auctions. To facilitate the transfer of federal spectrum to commercial wireless services, Congress, in 2004, created the Spectrum Relocation Fund to reimburse federal agencies for costs incurred in vacating spectrum.

In recent legislation, the 2012 Spectrum Act (Title VI, Middle Class Tax Relief and Job Creation Act of 2012, P.L. 112-96) includes provisions to increase the amount of spectrum licenses available for auction and to improve management of the Spectrum Relocation Fund. The Spectrum Pipeline Act of 2015 (Title X, Bipartisan Budget Act of 2015, P.L. 114-74) has a similar focus on providing new spectrum licenses for auction but takes a somewhat broader approach to meeting spectrum needs, offering more support for spectrum sharing and for federal research to improve spectrum and network efficiency. Both acts also include provisions to provide unlicensed spectrum (typically allocated for Wi-Fi applications).

Additionally, the Spectrum Act (sometimes referred to as the Public Safety and Spectrum Act) establishes a process for television broadcasters to release spectrum licensed to them to be auctioned as commercial licenses for mobile broadband (Broadcast Incentive Auctions). The act also includes provisions to apply spectrum-license auction revenues toward deficit reduction; to establish a planning and governance structure to deploy public safety broadband networks, using some auction proceeds for that purpose; and to assign additional spectrum resources for public safety communications. Two auctions required by the Spectrum Act have been completed. The final auction required by the Spectrum Act is the Broadcast Incentive Auction, which began in March 2016 and may conclude by year-end.

The Spectrum Pipeline Act requires the release of 130 MHz of federal and commercial spectrum in three phases, with the process beginning in 2022. Licenses for exclusive use and shared spectrum as well as allocations for unlicensed spectrum are allowed uses for repurposed federal spectrum. The act gives priority to using auction proceeds deposited in the federal Spectrum Relocation Fund for research programs that improve spectrum efficiency.

A number of bills concerning spectrum policy may be considered during the second session of the 114th Congress. These are likely to include the MOBILE NOW Act (S. 2555); and the DIGIT Act (S. 2607) and its companion bill (H.R. 5117). In brief, MOBILE NOW might be described as meeting the needs for growth within the existing wireless industry, and the DIGIT Act as expanding the availability of spectrum to meet the needs of the industries developing products and services for the Internet of Things. Both of these bills reaffirm the role of the Federal Communications Commission (FCC) in directing spectrum policy. The FCC, meanwhile, is moving forward with a "Spectrum Frontiers" ruling to make additional spectrum available for new technologies. As in past proceedings regarding the allocation and assignment of spectrum rights, the FCC appears to be basing many decisions on enhancing mobile broadband services for consumers as the "best use." However, the consumers of wireless access to the Internet of Things, by most accounts, will include many other categories of users. The customers of wireless carriers have in the past been drivers of industry growth; in the future, substantial growth is expected from industry and other business sector demand for wireless access to the Internet of Things.
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Spectrum Management

Electromagnetic spectrum refers to electromagnetic waves that, with applied technology, can transmit signals to deliver voice, text, video, and other wireless communications. Electromagnetic spectrum is the entire range of wavelengths or frequencies of electromagnetic radiation extending from gamma rays to the longest radio waves.1 As new technologies become perfected and demand for access to spectrum increases, the use of all parts of the electromagnetic range is expanding as well. Common terms used in discussing electromagnetic spectrum include radio frequency spectrum, wireless spectrum, and airwaves.

Allocation and Assignment

The allocation and assignment2 of radio frequency spectrum are managed by the Federal Communications Commission (FCC) for commercial and other nonfederal uses and by the National Telecommunications and Information Administration (NTIA) for federal government use. For purposes of allocation and assignment, spectrum is segmented into bands of radio frequencies measured in cycles per second, or hertz. Standard abbreviations for measuring frequencies include kHz—kilohertz or thousands of hertz; MHz—megahertz, or millions of hertz; and GHz—gigahertz, or billions of hertz. The designation can refer to an entire band, such as the 700 MHz band, or to specific frequencies within a band. Most licenses are issued on a geographic basis, serving a specific area (license coverage).

As wireless technologies have evolved, the preferred size of licensed bands has increased. Current technologies, such as Long Term Evolution (LTE) and advanced Wi-Fi technologies, perform best on bandwidths of at least 20 MHz (for example, 10 MHz x 10 MHz of paired spectrum, although 20 MHz x 20 MHz or greater is preferred for LTE and LTE-Advanced). Geographic coverage for many licenses has been expanded as well, providing economies of scale for larger carriers while sometimes raising barriers to entry for smaller businesses.

Current spectrum policy is based on managing channels of radio frequencies to avoid interference.3 The FCC, over many years, has developed and refined a system of exclusive licenses for users of specific frequencies. Auctions are perceived by many to be a market-driven solution to assigning licenses to use specific frequencies and are a comparatively recent innovation in spectrum management and policy. Previously, the FCC granted licenses using a process known as "comparative hearings" (also known as "beauty contests"), and has used lotteries to distribute spectrum licenses. The FCC also allocates spectrum for designated purposes, such as Wi-Fi, without assigning a license to a specific owner (unlicensed spectrum).

Auction Authority

The legislation that first authorized the FCC to establish "a system of competitive bidding"4 for a limited period was included in the Omnibus Budget Reconciliation Act of 1993 (P.L. 103-66). The Balanced Budget Act of 1997 (P.L. 105-33) gave the FCC auction authority until September 30, 2007. This authority was extended to September 30, 2011, by the Deficit Reduction Act of 2005 (P.L. 109-171) and to 2012 by the DTV Delay Act (P.L. 111-4).

Title VI of the Middle Class Tax Relief and Job Creation Act of 2012 (P.L. 112-96) addresses spectrum allocation and assignment in its provisions and is often referred to as the Public Safety and Spectrum Act, or the Spectrum Act. The Spectrum Act extended the FCC's auction authority until the end of FY2022.5 The Spectrum Pipeline Act extends auction authority through FY2025 for auctions required by the act.6

Auction Revenue

When radio frequency spectrum licenses are auctioned for commercial purposes by the FCC, the net proceeds are typically deposited in the U.S. Treasury.7 Each time Congress extends the FCC's authority to conduct auctions of spectrum licenses, new revenue is created for the Treasury. This revenue may be used to offset direct spending or other purposes, such as deficit reduction. For budget purposes, Congress typically does not extend auction authority more than 10 years from the effective date of any enacting legislation. Recent Administrations have recommended making the FCC's auction authority permanent.

Over $40 billion in net proceeds have been generated by two auctions conducted by the FCC to meet requirements of the Spectrum Act, of which approximately $33 billion has been applied to deficit reduction.8 A third auction required by the act, the Broadcast Incentive Auction, began on March 29, 2016.9 The Congressional Budget Office (CBO) has projected that this auction will provide from $10 billion to $40 billion for deficit reduction, with the expected value set at $25 billion.10

Separately, the CBO has projected that net revenue from various actions, including auctions, required by the Spectrum Pipeline Act will contribute $4.4 billion to deficit reduction by the end of FY2025.11

Distribution of Proceeds from Auctions Required by the Spectrum Act

Net proceeds from auctions of spectrum licenses as specified in the Spectrum Act are directed to the Public Safety Trust Fund, created by the act. Some revenue in the Public Safety Trust Fund is designated for specific purposes, primarily public safety.12 Of the initial projected revenue of nearly $28 billion, $20.4 billion was directed for deficit reduction.13 Additional auction revenues in excess of the projected amount are to be applied to deficit reduction.

Proceeds from the sale of licenses of repurposed federal spectrum identified in the Spectrum Act are to be directed first to the Spectrum Relocation Fund, to cover costs of moving federal users, with the balance going to the Public Safety Trust Fund. Proceeds from the sale of advanced wireless service licenses in the other spectrum bands identified by the act are to go directly to the Public Safety Trust Fund. Proceeds from the auction of new licenses created by the release of television broadcasting spectrum are to go to cover costs specified in the act, with the balance to the Public Safety Trust Fund.14 Balances remaining in any fund created by the act are to revert to the Treasury in 2022 to be used "for the sole purpose of deficit reduction."15

The Public Safety Trust Fund

The law provides for specific transfers from the Public Safety Trust Fund. A major beneficiary of funding is FirstNet (First Responder Network Authority), the nationwide broadband network to be developed for public safety communications as a federal agency within the NTIA.

Auction proceeds are to be distributed in the following priority:


	To the NTIA, to reimburse the Treasury for funds advanced to cover the initial costs of establishing FirstNet: not to exceed $2 billion.

	To the State and Local Implementation Fund for grants to states to assist in their planning for FirstNet: $135 million.

	To the Network Construction Fund for FirstNet, for costs associated with building the nationwide network and for grants to states that qualify to build their own networks: $7 billion, reduced by the amount advanced to establish FirstNet in the first round of funding.

	To the National Institute of Standards and Technology (NIST) for public safety research: $100 million.

	To the Treasury for deficit reduction: $20.4 billion.

	To the NTIA and the National Highway Traffic Safety Administration for a grant program to improve 911 services: $115 million.

	To NIST for public safety research, phase two: $200 million.

	To the Treasury for deficit reduction: any remaining amounts from designated auction revenues.



All of the funding obligations of the Spectrum Act have been met with proceeds from auctions held in 2014-2015. As required by the act, remaining net proceeds will be deposited in the Treasury for the purposes of deficit reduction.16

Establishing the Value of Spectrum Licenses

In scoring the Spectrum Act, CBO had originally projected that net revenue from all three auctions required by the Spectrum Act would be approximately $30 billion for three auctions.17

In order to score a bill18 that includes the auctioning or reassigning of spectrum licenses the CBO must establish a value for licenses. Three key estimates of value considered by the CBO are quantity of spectrum auctioned; market value of spectrum; and net proceeds. It also considers the historical values of earlier auctions. Spectrum license auctions that were considered in scoring the Spectrum Act were held during the period FY2001-FY2010. They yielded an average MHz-pop19 of $0.80, within a range of $0.55 to $1.10. Weighing these and other factors, the CBO initially projected that spectrum licenses auctioned during the FY2013-FY2021 period would have an average market value of $0.70 per megahertz per person.20 The score was subsequently revised slightly upwards to cover the period FY2013-FY2022.21

The results for completed auctions required by the Spectrum Act, in MHz-pop, are


	H Block, concluded February 2014; $0.50 MHz-pop, by a single winning bidder.

	AWS-3, concluded January 2015; average $2.21 MHz-pop.



As noted in the section on auction revenue, the CBO later provided a new estimate for the remaining required auction, the Broadcast Incentive Auction. The expected value for this auction of $25 billion in net proceeds is based on a number of assumptions. At the time of the estimate, the quantity of spectrum to be auctioned was unknown as was the total amount broadcasters might be paid for relinquishing spectrum.22 The CBO reported that it assumed that the MHz-pop value would be similar to the $2.21 average of the AWS-3. An estimate in a February 2015 report commissioned by the FCC projected the MHz-pop would average $1.50.23

Completed Auctions (H Block and AWS-3)

The Spectrum Act requires the FCC and the NTIA to identify specific bands for auction from spectrum designated for commercial advanced wireless services and for federal use, and in most cases to commence the auction process within three years. The act mandates spectrum license auctions for frequencies at 1915-1920 MHz; 1995-2000 MHz; 2155-2180 MHz; an additional 15 MHz to be identified by the FCC; and 15 MHz of spectrum between 1675 and 1710 MHz, subject to conditions in the act. The Secretary of Commerce was required to submit a report to the President identifying 15 MHz of spectrum between 1675 and 1710 MHz for reallocation from federal to nonfederal use.24 The NTIA reaffirmed an initial recommendation to reassign 1695-1710 MHz and submitted a report, as required by the act, recommending that the FCC reallocate the band for commercial use.25

The FCC scheduled the first designated auction for January 2014. Frequencies at 1915-1920 MHz and 1995-2000 MHz, known as the H Block, were offered in Auction 96. The reserve price was set at $1.56 billion, that is, the combined final bids for all licenses offered had to total at least $1.56 billion.26 The licenses cover 176 Economic Areas.27 Auction 96 was completed on February 27, 2014, with a total winning bid of $1.564 billion from Dish (rebranded from Dish Network) for all licenses.28

On January 30, 2015, the FCC completed a second auction (Auction 97), for Advanced Wireless Service (AWS) spectrum licenses, providing an additional 65 MHz of frequencies to fulfill the congressional mandate for certain auctions by 2015.29 The frequencies cover 1695-1710 MHz; and paired licenses at 1755-1780 MHz; and 2155-2180 MHz. The auction, referred to as AWS-3, grossed almost $44.9 billion, of which $5.1 billion is to be applied to the costs of relocation or sharing of frequencies now used by the federal government. There were 31 winning bidders for a total of 1,611 licenses. AT&T reportedly acquired 251 licenses for approximately $10.4 billion; Verizon acquired 181 licenses for approximately $10.4 billion; and T-Mobile received 151 licenses for nearly $1.8 billion. Sprint, the fourth national carrier, did not bid. Dish acquired 702 licenses with a value of $13.3 billion through two joint ventures that had registered as designated entities30—SNR Wireless LicenseCo., LLC (357 licenses) and Northstar Wireless, LLC (345 licenses)—thereby receiving a discount of over $3 billion. The FCC subsequently reversed the designated entity status, requiring the companies to pay the full auction price.31 The Dish affiliates consequently returned roughly 200 licenses, valued at approximately $3.5 billion, and paid penalties for defaulting.

Release of Federal Spectrum for Auction

Federal frequencies at 1695-1710 MHz and 1755-1780 MHz were reassigned for commercial use on a shared basis with federal incumbents as part of Auction 97.32 The frequencies at 1755-1780 MHz are paired with unencumbered spectrum already allocated for commercial use at 2155-2180 MHz; auction of the latter frequencies is required by the Spectrum Act. The released federal frequencies, with multiple federal incumbents, are to be shared indefinitely with successful commercial bidders, although some federal systems are to migrate to other frequencies. The frequencies at 1695-1710 MHz were auctioned as unpaired spectrum on a shared basis with weather satellite systems. Licensees are obligated to coordinate with federal users to avoid harmful interference and to meet other requirements of transition plans.33 The transition plans are posted on the NTIA website.34

Broadcast Incentive Auctions

The Spectrum Act permits the FCC to conduct incentive auctions, that is, to establish a mechanism whereby spectrum capacity may be relinquished for auction by some license-holders, who would then share in the proceeds.35 Many commercial wireless licenses can be resold directly by their license-holders for comparable uses; the purpose of incentive auctions is to reward license-holders, such as television broadcasters, for repurposing their spectrum for a different use. Although incentive auctions might be used for other types of license-holders, the act specifically addresses spectrum assignments for over-the-air television broadcasters.

The act establishes procedures and guidelines for the FCC to follow in reallocating television broadcasting spectrum licenses for commercial auction. Through a reverse auction process, the broadcasters are to establish the amount of compensation they are willing to accept for the spectrum they voluntarily release for auction.36 Additionally, broadcasters that do not voluntarily relinquish spectrum rights, but are required to relocate or incur certain other costs, may be compensated. In lieu of cash payments as compensation for relocation, broadcasters may choose to accept regulatory relief that would allow new uses for their spectrum.

Spectrum voluntarily released by TV broadcasters is to be repurposed for commercial broadband communications, with licenses sold through what the law refers to as a forward auction. At least one successful reverse auction is required to set minimum prices for a forward auction. The outcome of the forward auction for spectrum licenses depends on the results of the reverse auction in which the broadcasters agree to the price at which they will release spectrum. For the results of a forward auction to be valid, auction proceeds must at a minimum cover (1) payments to broadcasters that relinquished spectrum for auction, (2) the costs to the FCC of conducting the auctions, and (3) the estimated costs for relocation of other broadcasters, which are not to exceed $1,750 million, deposited in a TV Broadcaster Relocation Fund for relocation costs. If auction revenues do not cover costs as specified in the act, the FCC may not assign new licenses, and planned reassignments and reallocations may not occur.

If the reverse auction and forward auction conditions are met, the FCC may "make such reassignments of televisions channels" (repacking) as appropriate in its consideration, subject to certain conditions. Examples of conditions include a general prohibition against reassigning licenses to frequencies from one band to a band below an existing assignment, and obligations to determine that a reassigned channel is not adversely affected by cross-border channel assignment agreements with Canada and Mexico. The auction and channel reassignment process may only occur once.37

The Public Notice establishing Incentive Auction bidding procedures was released on August 11, 2015.38 Auction 1000, as it is called, consists of two parts, as required by the Spectrum Act: Auction 1001 (reverse) and Auction 1002 (forward). The notice also describes the process for setting the initial target of spectrum to be cleared in the repurposed 600 MHz band.

Among other actions, the FCC also issued an Order on Reconsideration, reaffirming an earlier Report and Order that created a "market-based spectrum reserve of up to 30 MHz" to enhance competitive bidding.39 Based on the amount of spectrum released by the broadcasters, a block of spectrum will be set aside in each market with competitive bidding open to any wireless company deemed not to have national network coverage.

Auction Status

The Broadcast Incentive Auctions began on March 29, 2016, with the first phase of the reverse auction,40 in which broadcasters volunteered to make up to 126 MHz of spectrum available for sale to commercial interests and for unlicensed use. The FCC had developed nine separate scenarios for creating licenses from relinquished broadcast spectrum: 126 MHz was the highest target analyzed. The next phase of the reverse auction, which established prices payable to broadcasters, began on May 31, 2016.41 This phase concluded on June 29, 2016. The total value of offers by broadcasters was over $86 billion and the amount of spectrum that might have been reassigned through licensing was 100 MHz.42 The minimum amount that would have to be recovered in auctioning licenses for this spectrum was in excess of $88 billion.

The auction of spectrum licensees in the first forward auction began on August 16, 2016. Bidding for commercial licenses in this first stage concluded on August 30, without meeting rules and conditions established by the FCC. The FCC therefore scheduled a second stage to set new targets for clearing spectrum. The reverse auction of Stage 2 concluded on October 17, establishing $54.6 billion as the amount to be met by wireless carriers in the next forward auction, beginning October 19. Licenses covering 90 MHz of spectrum were offered in the Stage 2 forward auction, but the auction concluded after one round, with bids reaching $20.95 billion. The FCC then set new goals for Stage 3. The next reverse auction will ask broadcasters to establish their values for clearing 108 MHz of spectrum, with a total of 80 MHz to be offered in the Stage 3 forward auction. Stage 3 begins on November 1, 2016.43

Many industry analysts believe that there is not enough demand in the wireless industry to cover the $88 billion, with some citing $40 billion as the total amount potential buyers might be willing to invest in new spectrum.44 The FCC's auction rules call for the FCC to repeat the auction process with modifications of the spectrum band plan until either the market clears at an equilibrium point between supply and demand, or demand by wireless carriers for licenses is insufficient to meet the price at which broadcasters are willing to sell. If the auction fails, the FCC may consider a new proceeding to reallocate broadcast spectrum, within limitations established by the act.45

One hundred eight companies completed applications to bid in Auction 1002.46 Of these, 62 qualified applicants submitted good faith payments by July 1, 2016.47 How many of these qualified bidders will participate in Stage 3, and possible subsequent stages, is confidential information.

Spectrum Pipeline Act of 2015

The Spectrum Pipeline Act of 2015 passed as part of the Bipartisan Budget Act of 2015 (P.L. 114-74, Title X). The act requires the NTIA to make available 30 MHz of spectrum currently used by federal agencies for licensing on an exclusive or shared basis to nonfederal users. The frequencies must be located below 3 GHz on the spectrum chart;48 must be available in bandwidths of at least 10 MHz; and may not be within the 1675-1695 MHz range (primarily used for weather forecasting). Not later than January 2022, the NTIA must identify suitable spectrum and begin the process of reallocation. The FCC must commence the auction proceedings for released federal spectrum by July 2024.49

Two additional tranches of spectrum, of 50 MHz each, must be identified by the FCC for nonfederal use, either licensed or unlicensed, in frequencies below 6 GHz. The FCC is to provide corresponding reports to congressional committees by January 1, 2022, and January 1, 2025. The reports are to include an assessment of federal use of these frequencies, where applicable; a timeline for competitive bidding; and a proposed plan for balancing licensed and unlicensed use.50 The act extends the FCC's auction authority to the end of FY2025 exclusively for the purpose of conducting auctions required by the act.51

As regards the federal Spectrum Relocation Fund, the act provides new criteria for the administration of the fund and for eligible uses of the fund. In particular, the act expands the availability of funding for research and development, engineering studies, economic analysis, and other planning activities that facilitate the efficiency and availability of federal spectrum, among other purposes.52

Other provisions require reports to Congress from the FCC analyzing (1) the impact of rules changes governing radio frequencies at 3550-3650 MHz and (2) "proposals to promote and identify additional spectrum bands that can be shared between incumbent uses and new licensed, and unlicensed services under such rules and identification of at least 1 gigahertz between 6 gigahertz and 57 GHz for such use."53

Release of Federal Spectrum under the Spectrum Pipeline Act

The Spectrum Pipeline Act requires three tranches for identification of auctionable spectrum as well as spectrum for unlicensed use.

Federal Spectrum Below 3 GHz

The first requirement is for the release of 30 MHz of federal spectrum below 3 GHz.54 Possible bands for reallocation include


	1300-1390 MHz, allocated for Aeronautical Radionavigation, used for radar by the Federal Aviation Administration and other federal agencies; the 1300-1370 MHz bands may be evaluated by the NTIA for sharing and the 1370-1390 MHz band for relocation.

	2200-2290 MHz, allocated and used primarily for space research and communications, including Tracking and Data Relay Satellite Systems.

	2700-2900 MHz, allocated for Meteorological Aids and Aeronautical Radionavigation, used notably for Air Traffic Control and Next Generation Weather Radar; identified by NTIA for study to repurpose.

	2900-3100 MHz, allocated for Radiolocation and Maritime Radionavigation, uses include Next Generation Weather Radio and by DOD for defense purposes.



Clearing of identified spectrum is to begin no later than January 1, 2022. The FCC is to reallocate the frequencies for nonfederal use or shared use for assignment through competitive bidding. The bidding process is to commence no later than July 1, 2024.

Federal Spectrum Below 6 GHz

The Spectrum Pipeline Act further requires that the NTIA provide information to the FCC so that it may identify additional spectrum for reallocation and assignment to nonfederal or shared use.55 The FCC is to issue two reports to Congress, each identifying 50 MHz of spectrum below 6 GHz suitable for licensed or unlicensed use, including an assessment of federal operations on identified spectrum and a timeline for competitive bidding. The first report is to be submitted not later than January 1, 2022; the second report is to be delivered by January 1, 2024. Additional possible bands for reallocation include bands within:


	3100-3500 MHz, shared federal and nonfederal uses, allocated for Radiolocation for federal use, used by DOD for national defense; in the private sector used primarily for earth-exploration satellites and space research.

	3500-3650 MHz, federal allocation for Radiolocation and Aeronautical Radionavigation used by DOD for radar; nonfederal uses are for Radiolocation in 3500-3600 MHz and Fixed Satellite for 3600-3650 MHz; as noted above, the FCC is overseeing a proceeding that would allow nonfederal users to share with military radar systems within the 3550-3650 MHz band, and extends into the 3650-3700 band.

	3700-4200 MHz, used by federal and civilian agencies for satellites, carries space-to-Earth signals and is paired with 5925-6425 MHz for Earth-to-space transmissions.

	4200-4400 MHz, globally reserved for altimeters on federal and nonfederal aircraft; the NTIA has recommended studying the release of two 20 MHz bands within these frequencies.



Federal Spectrum Use and Reallocation

The Spectrum Act and the Spectrum Pipeline Act address how spectrum resources might be repurposed from federal to commercial use through auction or sharing, and how the cost of such reassignment would be defined and compensated, among other provisions.56 To facilitate the transfer of spectrum rights to commercial purchasers from the agencies relinquishing spectrum, the Commercial Spectrum Enhancement Act of 2004 (P.L. 108-494, Title II) was amended by the Spectrum Act, and further amended by the Spectrum Pipeline Act. In general the amendments deal with describing reimbursable costs and providing guidelines to the Office of Management and Budget, which approves transfers. The Spectrum Pipeline Act expands the types of reimbursable plans to include agency expenditures not previously considered eligible for reimbursement.

The Commercial Spectrum Enhancement Act of 2004 put in place statutory rules for covering the costs to federal agencies of relocating wireless communications facilities to new spectrum assignments. The act created the Spectrum Relocation Fund to provide a means for federal agencies to recover relocation costs directly from auction proceeds when they are required to vacate spectrum slated for auction. In effect, successful commercial bidders cover the costs of relocation. Among key provisions of the act were requirements that the auctions must recoup at least 110% of the costs projected by the NTIA, and that unused funds would revert to the Treasury after eight years. These provisions remain in effect. Specific frequencies were designated for immediate auction57 by the Commercial Spectrum Enhancement Act but the law was written to apply to any federally used frequencies scheduled for reallocation and possible auction.58

The Spectrum Act required the establishment of a Technical Panel within the NTIA to review transition plans that each federal agency must prepare in accordance with provisions in the act. The Technical Panel is required to have three members qualified as a radio engineer or technical expert. The Director of the Office of Management and Budget, the Assistant Secretary of Commerce for Communications and Information Administrator of the NTIA, and the Chairman of the FCC have been required to appoint one member each. A full discussion and interpretation of provisions of the act as regards the technical panel and related procedural requirements such as dispute resolution have been published by the NTIA as part of the rulemaking process.59 The Spectrum Pipeline Act added specific criteria for the Technical Panel to consider in approving plans, including whether a plan will "increase the net expected auction proceeds in an amount not less than the time value of the amount of the payment.... "60

Making Federal Spectrum Available for Commercial Use

In 2010, the NTIA, with input from the Policy and Plans Steering Group (PPSG),61 has produced a 10-year plan and timetable that identifies bands of spectrum that might be available for commercial wireless broadband service.62 As part of its planning efforts, the NTIA prepared a "Fast Track Evaluation" of spectrum that might be made available in the near future.63 Annual reports of progress for the 10-year plan are available on the NTIA website.64

Unlicensed Spectrum

Unlicensed spectrum is not sold to the highest bidder and used for the services provided by the license-holder but is instead accessible to anyone using wireless equipment certified by the FCC for those frequencies. Both commercial and noncommercial entities use unlicensed spectrum to meet a wide variety of monitoring and communications needs. Suppliers of wireless devices must meet requirements for certification to operate on frequency bands designated for unlicensed use. Examples of unlicensed use include garage door openers and Wi-Fi communications. Wi-Fi provides wireless Internet access for personal computers and handheld devices and is also used by businesses to link computer-based communications within a local area. Links are connected to a high-speed landline either at a business location or through hotspots. Hotspots are typically located in homes or convenient public locations.

Unlicensed Spectrum at 5 GHz

New technologies are being developed by companies in various industry sectors to expand the usefulness of unlicensed spectrum without causing interference. For example, to use unassigned spectrum, known as white spaces, between broadcasting signals of digital television, geolocation database technology is being put in place to identify unencumbered airwaves. Similar technologies will be used to expand the availability of spectrum for unlicensed use at 5 GHz. Commercial providers, such as for wireless Internet, currently share parts of the spectrum at 5 GHz with federal users. With the objective of improving future Wi-Fi capacity, the Spectrum Act required new studies and evaluations of frequencies at 5 GHz.65 The FCC was required to commence a proceeding that might open access for some unlicensed devices in the 5350-5470 MHz band.66 The NTIA was required to prepare an evaluation of spectrum-sharing technologies for the 5350-5470 MHz and 5850-5925 MHz bands.67 Pursuant to the findings of the two agencies, the FCC has issued a Report and Order68 that adds 100 MHz of spectrum for unlicensed use by changes in usage at frequencies ranging from 5.15-5.85 GHz part of the band. Future actions are likely to release additional segments of the band.

FCC Measures to Improve Competition

Implementation of the Spectrum Act and the Spectrum Pipeline Act raises a number of policy issues such as allocation of spectrum between licensed and unlicensed use and how to structure competitive bidding systems to maximize both competition and innovation. Actions taken by the FCC that are intended to improve competitive access to spectrum include modifying FCC auction rules to provide licenses with smaller area coverage; encouraging participation by designated entities; and establishing limitations on the number of licenses available to Verizon or AT&T. Spectrum caps might limit the amount of spectrum available through auction to the top two carriers in key auctions such as those for repurposed television spectrum.

Geographic Coverage of Spectrum Licenses

A number of comments and petitions for reconsideration have been filed to request that the FCC include licenses for Cellular Market Areas (CMAs) in its auction rules, arguing that smaller licenses are more affordable to small, primarily rural, carriers and more nearly match the location of their target customer base. For example, using auction rules that allowed only for Economic Areas (EAs), the FCC created 176 licenses for the H Block auction (Auction 96), as compared to a potential 700 CMA licenses. For the Broadcast Incentive Auction, the FCC created Partial Economic Area licenses within Economic Areas, to allow for a greater choice between urban and rural coverage among bidders for licenses.69

Spectrum Caps and Screens

The history of spectrum caps as a policy to promote competition dates to preparations for the first spectrum license auctions in the 1990s. The FCC decided to set caps on the amount of spectrum any one company could control in any geographically designated market. The FCC's support of spectrum capping was based on the theory that each license has an economic value and a foreclosure value. The economic value is derived from the return on investment in spectrum licenses and network infrastructure. The foreclosure value is the value to a wireless company that already has substantial market share and wants to keep its dominant position by precluding competition. Spectrum caps were chosen as the method to prevent foreclosure bidding. The intent was to ensure multiple competitors in each market and to restrict bidding to only the licenses that could be used in the near term.

Beginning in 2001, spectrum policy placed increased emphasis on promoting spectrum and market efficiency. The FCC ruled to end spectrum caps, citing greater spectral efficiency from larger networks as one benefit of the ruling. Spectrum caps were seen as barriers to mergers within the wireless industry, to the growth of existing wireless companies, and to the benefits of scale economies. The spectrum caps were eliminated on January 1, 2003.70 Auction rules requiring the timely build-out of networks became a key policy tool to deter hoarding. The FCC instituted a policy for evaluating spectrum holdings on a market-by-market, case-by-case basis—a practice referred to as spectrum screening—as a measure of competitiveness.

The FCC will apply new criteria for the Broadcast Incentive Auction intended to limit the ability of Verizon and AT&T to acquire licenses in certain areas, noting their substantial holdings of licenses below 1000 MHz. These criteria will limit the amount of spectrum that any one carrier may hold, by placing restrictions on bidding activity.71 The majority of the 700 MHz band commercial licenses were purchased at auction in 2008 (Auction 73) by Verizon and AT&T,72 which together also hold approximately 70% of commercial spectrum licenses below 1000 MHz.73 The other two national carriers, Sprint (majority-controlled by SoftBank, Corp., a Japanese telecommunications provider) and T-Mobile, Inc. (majority-owned by Deutsche Telekom, AG), own 15% of commercial licenses below 1000 MHz. Although T-Mobile is generally viewed by observers as the primary beneficiary of the bidding rules, the rules are also intended to provide opportunities for smaller carriers to bid successfully. Based on the amount of spectrum released by the broadcasters, a block of spectrum will be set aside in each market with bidding priority for bidders deemed not to have national network coverage. If, for example, 60 MHz of spectrum is made available by broadcasters, 20 MHz will be reserved; as described by the staff report, all registered bidders would be eligible to compete for licenses not acquired in priority bidding as well as in the remaining 40 MHz. T-Mobile and smaller carriers, among others, have unsuccessfully pressed the FCC to increase the amount of spectrum reserved for priority bidding. Although some would like to see Verizon and AT&T excluded entirely from participation in the Broadcast Incentive Auction, the Spectrum Act prohibits exclusion of any qualified bidder.74

How spectrum caps might be implemented and how limitations might affect auction revenue have been topics of spirited debate. Numerous position papers have argued that any form of spectrum cap would depress auction revenues or, from a different perspective, that spectrum caps would have no impact on revenue and might even enhance it.75 The Department of Justice has filed comments regarding the important role of spectrum access for competition and innovation. It has urged the FCC to promulgate auction rules that would prevent bids based on the foreclosure value of spectrum and that would enhance bidding opportunities for smaller carriers.76

Designated Entities

One tool that the FCC regularly uses to improve competition among current and potential wireless network providers is the establishment of bidding credits for smaller companies, referred to as Designated Entities. A Designated Entity meets established criteria for size and revenue and is awarded a credit against the purchase price of an auctioned license, based on these criteria.77 Presently, small businesses with average gross revenue of no more than $40 million in the preceding three years receive a credit of 15%. A very small business, with revenue of $15 million or less over three years, receives a credit of 25%. Rules governing eligibility for designated entity status include restrictions on the use of spectrum assets acquired through a successful bid at auction. For example, currently not more than 25% of spectrum assets acquired with a bidding credit can be leased to a larger partner with which the company has what is described as an attributable material relationship (AMR). 

The FCC has reconsidered the rules for designated entities in a Notice of Proposed Rulemaking.78 Among the rules reevaluated are those for AMR, which the FCC believes may be discriminating against entrepreneurs that have formed partnerships with larger companies.79 The history of Designated Entity status and benefits—especially for minority ownership—of relaxing the rules are detailed in a report by the Minority Media & Telecom Council (MMTC).80 

Issues for the 114th Congress: Planning for Future Needs

The Spectrum Act and the Spectrum Pipeline Act focus on three key policy tools for increasing the availability of radio frequency spectrum for wireless broadband: allocating additional spectrum through competitive auctions; reassigning federal spectrum for commercial use; and opening up spectrum for unlicensed use.

The MOBILE NOW Act

These policies dominate provisions of the MOBILE NOW81 Act (S. 2555), which was approved by the Senate Committee on Commerce, Science, and Transportation on March 3, 2016.82 The act would address a range of issues related to the deployment of mobile broadband including providing infrastructure and minimizing regulatory hurdles. It would expand on provisions in the Spectrum Pipeline Act to make additional federal spectrum available for commercial use by 2020. In referring to the Administration goal of repurposing 500 MHz of federal and nonfederal spectrum for mobile broadband, the act would require that at least 225 MHz of new spectrum be released below 6 GHz. Of this, at least 100 MHz would be made available for unlicensed use and 100 MHz would, where possible, be auctioned as exclusive use licenses. Where exclusive use is not deemed feasible, spectrum might be shared using procedures similar to those for the AWS-3 auction. Some bands of federal spectrum, where discussions on possible reassignment or sharing have commenced, would be excluded from consideration.83 The act also includes several provisions that would facilitate the release of federal spectrum.

Several provisions would expedite the deployment of communications facilities, including requirements governing placement of sites on federal land, and mandated action by the FCC regarding deployment of small cell networks.84 For example, the bill would require the Office of Science and Technology Policy to establish a database to provide information on communications facilities installed on federal property or where communications equipment might be installed, including new properties when acquired. In general the database would be available to states and localities, which would be encouraged to include comparable data for properties under their jurisdiction.

The law also provides for an exception to the Miscellaneous Receipts Act (31 U.S.C. §3302 (b)), thereby allowing federal agencies to accept funds from commercial carriers to assist them in expediting release of spectrum that has been designated for clearance.

Congressional Budget Office Cost Estimate85

The Congressional Budget Office (CBO) has estimated that implementing the bill would cost $85 million over the 2017-2021 period if funds were appropriated. These expenditures would be primarily to develop new data systems ($71 million) although the cost could be less or greater depending on what data is collected for analysis and the degree of participation by state and local governments.

The impact on spending would be $135 million for the period 2017-2026 because of accelerated spending related to clearing federal spectrum for commercial use.

There are no provisions for generating revenue in the bill and pay-as-you go provisions apply.

Preparation for the Future

The MOBILE NOW Act also recognizes the needs of future technologies with requirements to evaluate millimeter wave86 spectrum bands. Communications technology for transmission over millimeter waves is generally expected to be a key component in developing fifth-generation (5G)87 commercial mobile broadband and the Internet of Things.88

The act identifies bands that would be evaluated by the NTIA, in consultation with affected agencies, for possible impacts on existing federal users of commercial mobile operations within those bands.89 The NTIA would have 18 months from date of enactment to complete its assessment, and another 30 days to report its finding to the appropriate congressional committees.

Similarly, the FCC would be required, within two years, to publish a notice of proposed rulemaking for service rules in high band frequencies. Other millimeter wave bands were included in an FCC Notice of Inquiry (NOI),90 covering high-band and millimeter wave frequencies.91 On July 14, 2016, the FCC followed up on the NOI by proposing rules that would make high-band spectrum available for 5G. The proposed rules, referred to as the "Spectrum Frontier Order"92 would make a total of 10.85GHz of high-band spectrum available for licensed, unlicensed, and shared use. Spectrum in the 28 GHz, 37 GHz, and 39 GHz totaling 10.85 GHz would be allocated for flexible use licenses. 93

Overall, the provisions of the MOBILE NOW Act appear to provide leeway for accommodating new technology in its requirements for licensed, unlicensed, and shared use of spectrum resources. There is no measure that would create additional revenue for the Treasury. It seems likely that, either on the Senate floor or in the House Committee on Energy and Commerce, provisions will be added that identify new bands of spectrum for auction. These provisions may impinge on forward-looking parts of the MOBILE NOW Act by constraining the power of the FCC to propose new forms of spectrum access.

The DIGIT Act

The Developing Innovation and Growing the Internet of Things Act, or DIGIT Act (S. 2607), and its companion bill (H.R. 5117) seek to ensure appropriate spectrum planning and interagency coordination in support of the Internet of Things. The DIGIT Act would direct the FCC to prepare a report assessing spectrum needs required to support the Internet of Things. It would also convene a working group of both federal and private entity stakeholders to provide recommendations to Congress. These recommendations would focus on how to plan for, and encourage, the growth of the Internet of Things in the United States.

The 114th Congress has passed resolutions that call for strategic planning at the national level for the Internet of Things (S.Res. 110, H.Res. 195). The Senate passed their Internet of Things resolution on March 24, 2015, supporting a strategy to maintain U.S. global competitiveness in the digital age. It also called for a modern framework around innovation, recognizing the importance of consensus-based best practices and the need for innovators to drive the future development of the Internet of Things.

Congressional Budget Office Cost Estimate94

The CBO has estimated that it would cost $3 million to create the working group and fund the reports required by the DIGIT Act. These costs would be spread among the federal agencies participating in the working group and would be subject to the availability of appropriated funds. This would not affect direct spending or revenues. Therefore, pay-as-you-go procedures do not apply.

Introduction of 5G and the Internet of Things

The introduction of 5G is expected to develop from current trials to rapid commercial expansion in the period 2020-2025. Trials for early 5G technologies are scheduled to begin in late 2016.95 Initial standards for transitioning existing LTE and LTE Advanced technologies to 5G may be ready as early as 2018.96

Expansion plans of the major wireless carriers in general appear to assume an orderly progression in existing technologies for mobile broadband. However, a number of new spectrum-dependent industries are emerging that include much of the Internet of Things (IoT),97 such as advanced robotics, autonomous vehicles, cloud computing, and machine-to-machine communications. Many industry experts expect that new—possibly disruptive—technologies will emerge as 5G develops. Many of these technologies are expected to be based on new concepts for network organization and communications and not on existing cellular technology. In other words, 5G is seen by many as including IoT solutions outside mobile broadband.

A recent study98 estimated that projected worldwide demand for IoT in 2020 can be largely met by Wi-Fi (67%) and by the current development plans for Long Term Evolution (LTE)99 and related technologies (13%), but that 19% cannot be met by current or projected network development plans. To address this gap between demand and supply, the study concludes that network operators must accelerate the existing trend to 5G as defined by their plans for investment in LTE.

An alternative interpretation, using the above projections, is that 19% of the near-term (2020) market for IoT network technologies, therefore, is open for entrepreneurial solutions that may produce an entirely new business model for competition in communications technologies. It is conceivable that this approximately 20% slice may in the future provide the platform for exponential growth. This leads to a possibility for a surge in innovation and technological change similar to what experts often attribute to the introduction, development, and commercialization of Internet technologies.



Next Steps

Assuming that the MOBILE NOW or DIGIT acts are enacted, there would still remain a number of gaps in national planning and preparation for the communications technologies of the future. The DIGIT Act, for example, would create a temporary working group that would be required to examine specific policy questions related to the Internet of Things: spectrum needs; regulatory environment; consumer protection; privacy and security; and preparedness of federal agencies to adapt future technologies. The MOBILE NOW Act would provide mechanisms for the FCC and the NTIA to work with federal agencies in identifying federal spectrum that can be licensed or otherwise made available to the commercial sector for mobile broadband. Neither bill provides the framework for public-private collaboration on important factors that might influence the continued success of the United States and its current leadership in technology. These factors include investment in IoT infrastructure; international negotiations; programs for technology transfer; processes to identify, support, and coordinate basic research in 5G for emerging technologies; consideration of how current FCC rules for auctions might be changed to allow access for new entrants; protection of intellectual property; and many other aspects important to competition and innovation.
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	FCC, "Fact Sheet: Spectrum Frontiers Rules Identify, Open Up Vast Amounts of New High-Band Spectrum for Next Generation (5G) Wireless Broadband," July 14, 2016, http://transition.fcc.gov/Daily_Releases/Daily_Business/2016/db0714/DOC-340310A1.pdf.




	94.
	Congressional Budget Office Cost Estimate, S. 2607, https://www.cbo.gov/publication/51776.




	95.
	Recode.net, "A&T, Like Verizon, to Begin Testing 5G Wireless This Year, As US Aims to Stay Ahead of the Pack," by Ina Fried, February 11, 2016.




	96.
	Remarks of Tom Keathley, Senior Vice President, Wireless Network Architecture and Design, AT&T, at "The Next Generation of Wireless: 5G Leadership in the U.S.," program sponsored by CTIA, February 9, 2016.




	97.
	The Internet of Things refers to the interconnection of things and sentient beings using communications networks, such as the Internet, and advanced software to collect, manage, store, analyze, and act upon data gathered by a variety of sensors and through other information sources. The Internet of Things is one of a number of applications of Cyber-physical systems. See, for example, the work of the National Institute of Standards and Technology, http://www.nist.gov/cps/.




	98.
	Juan Pedro Tomas, "Study Urges Operators to Accelerate Investments in 5G, Cloud," RCR Wireless News, April 15, 2016, http://www.rcrwireless.com/20160415/internet-of-things/study-urges-operators-accelerate-investments-5g-cloud-tag23. The study was released by Bell Labs Consulting.




	99.
	LTE is a standard for fourth-generation mobile broadband that is being expanded to provide 5G services.
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