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SUMMARY
This Petition for Rulemaking calls for the creation of a new band of frequencies for high capacity, unlicensed wireless data -- the "NII Band." Specifically, Apple
proposes that the Commission allocate 300 MHz of spectrum in the 5 GHz range, comprised of the 5150-5300 MHz band (which has been allocated throughout
most of Europe for "HIPERLAN" unlicensed wireless local area networks) and the 5725-5875 MHz band (which currently is used by unlicensed Part 15
technologies; industrial, scientific and medical ("ISM") devices; and Amateur operators).
The essential characteristics of the NII Band are:
* Adequate bandwidth to support high-speed applications (up to 24 Mbps or more) and large numbers of users;
* "Part 16" operation in protected spectrum and in conformance with an overarching set of technical rules, developed by the information industry;
* Equal access to the spectrum for all compliant devices and all types of communications; and
* Longer distance communications (10-15 km or more), creating new possibilities for unlicensed community networks.
The NII Band will be fundamentally different from any other wired, licensed-wireless, or unlicensed service. Unlike licensed-wireless services, no single entity will
have an exclusive license to provide service using the spectrum. Unlike both licensed-wireless and wired services, availability will not be determined by a service
provider's deployment plan or the economics of a fee-for-service offering.
Unlike traditional Part 15 operation, NII Band devices will not have to contend with unpredictable and uncontrollable interference, a host of different devices
employing a variety of modulation schemes and power levels, and the continuing threat of giving way to incompatible services.
Unlike Data-PCS offerings, the NII Band will support very high-bandwidth transmissions and communications over longer distances. Unlike the proposed
unlicensed bands above 40 GHz, the NII Band will support certain in-building and longer-distance communications that are not feasible using very high frequencies
and will be amenable to more rapid product deployment.
The NII Band would promote the full deployment of a National Information Infrastructure ("NII"), extending the effective reach of the NII by making possible
high-bandwidth access and interaction throughout a limited geographic area -- where mobility is key -- both on a peer-to-peer, ad hoc basis and through wireless
local area networks. Moreover, it would provide for unlicensed, wireless, wide area "community networks" connecting communities, schools, and other groups
underserved by existing and proposed telecommunications offerings.
The NII Band would advance a host of public policy objectives, including assuring that all segments of society have access to the "information superhighway;"
extending advanced telecommunications offerings to schools, libraries, hospitals, and government agencies; and promoting the participation of small businesses,
businesses owned by women or minorities, and pioneering firms in tomorrow's telecommunications marketplace.
Because the NII Band would build upon, but transcend, both the European HIPERLAN effort and existing Part 15 unlicensed use, it would increase U.S.
competitiveness and create new export opportunities; provide interconnectivity between U.S. and European markets, thereby furthering the creation of a Global
Information Infrastructure ("GII"); and dramatically expand the applications that can be supported by, and the market for products operating in, the 5 GHz ISM
band.
These goals can be achieved while accommodating most current and proposed uses of the 5150-5300 and 5725-5875 MHz bands, including Microwave Landing
Systems ("MLS") (if, contrary to current expectations, MLS is used in the United States), "Big LEO" system feeder uplinks, Amateur operators, existing Part 15
devices, and ISM products.
Accordingly, Apple requests that the Commission expedite creation of the NII Band and adopt technical rules to hasten the development and deployment of new
technologies.
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Apple Computer, Inc. ("Apple"), pursuant to Section 1.401 of the Federal Communications Commission's ("FCC" or "Commission") Rules, 47 C.F.R. Section
1.401, respectfully requests that the FCC initiate a rulemaking to create a new unlicensed wireless radio service consisting of 300 MHz in the 5 GHz range, which
will promote the full deployment of a National Information Infrastructure ("NII"). This "NII Band" would extend the effective reach of the NII, making possible
high-bandwidth access and interaction throughout a limited geographic area, where mobility is key, and providing as well for a wireless element of "community
networks" serving a larger area.
Specifically, Apple proposes that the FCC:
* allocate for use as part of the NII Band the 5150-5300 MHz band, a shared private-government band that currently is not heavily used within the United States
and has been allocated throughout most of Europe for unlicensed wireless local area networks;
* allocate for use as part of the NII Band the 5725-5875 MHz band, a shared private-government band that currently is used by unlicensed Part 15 technologies,
industrial, scientific and medical ("ISM") devices, and Amateur operators; and

* adopt technical rules governing operation of unlicensed technologies in the NII Band.
The NII Band would provide capabilities that are not now possible using any other present or proposed technology: wired or wireless, licensed or unlicensed. It
would support users engaged in ad hoc, peer-to-peer communications, those operating as part of a wireless local area network ("LAN"), and those communicating
over longer distances, who lack access to adequate alternatives. It would hasten the full development of the NII and help to ensure that no segment of society will be
excluded from tomorrow's information-based world. In short, an allocation of 300 MHz, within which unlicensed devices would operate pursuant to an agreed set
of technical rules, will assure that all Americans have the opportunity to participate in and benefit from a fully-developed, fully-integrated information
infrastructure.
The essential characteristics of the NII Band are as follows:
* Adequate bandwidth: The NII Band would provide sufficient spectrum resources to accommodate a wide range of high-bandwidth video, voice, and high-speed
data applications, up to 24 Mbps or more, for large numbers of users.
* "Part 16" operation: NII Band technologies would operate in protected spectrum and in conformance with an overarching set of technical rules.
* Open entry: All compliant technologies would be permitted to operate within the band.
* Equal access: All devices and types of communications would have equal access to the spectrum resource.
* Limited technical rules: Technical standards would be set at the minimum level necessary to assure equal access, giving manufacturers the flexibility to design a
variety of devices suited to different types of communications needs.
* Longer distance: Users would be able to employ directional antennas without paying a power penalty, in order to support community networking and similar
applications.
The bands proposed for use as an NII Band would build upon current spectrum allocations. In particular, the lower of the two sub-bands has been allocated
throughout most of Europe for HIgh PErformance Radio Local Area Networks ("HIPERLAN"), while the upper of the two is used within the United States by
unlicensed Part 15 devices. As a result, dedication of these spectrum resources to the NII Band would increase U.S. competitiveness and create new export
opportunities by enabling U.S. manufacturers to develop products for use in both the NII Band and as part of European HIPERLAN networks; provide
interoperability between U.S. and European markets, thereby furthering the creation of a Global Information Infrastructure ("GII"); and dramatically expand the
applications that can be supported by, and the market for products operating in, the 5 GHz ISM band. Moreover, as discussed below, these goals can be achieved
while accommodating most current and proposed uses of the 5150-5300 and 5725-5875 MHz bands.
Apple is the largest vendor of personal computers for the American home, the second-largest vendor to the Japanese market, and the third largest vendor to
businesses worldwide. Apple is the leading computer company in business communications and publishing. This market accounted for one-quarter of Apple's net
sales which, in fiscal 1994, exceeded $9 billion overall.
In addition, Apple long has been the leading computer supplier to schools. According to one research firm, Apple has the number one position in the worldwide
education market, with a 28% share.[1] Apple occupies an even stronger position in the K-12 education market, with a 61% share of the U.S. installed base.[2]
Apple's commitment to education goes well beyond merely supplying equipment. Apple is deeply involved in the technological, social, and cultural issues that
influence educational reform globally. Apple plays a leading role in allowing educators and students to take advantage of advanced computing and
telecommunications technologies as catalysts for creating a community of lifelong learners. Through its Apple Classrooms of Tomorrow ("ACOT") technology
research group, Apple has learned that technological tools can be used to motivate students and foster their abilities, revolutionize the way they learn, and ease their
access to the world around them.[3]
The absence of suitable spectrum resources for unlicensed wireless communications for educational and other uses led Apple to work with the Commission to
develop such resources. Apple's 1991 "Data-PCS" Petition for Rulemaking defined the essential attributes of a pioneering unlicensed radio service and launched the
effort that led to the FCC's recent decisions to allocate 30 MHz of spectrum for unlicensed voice and data services.
Since Apple filed its Data-PCS petition, the company also has participated in other proceedings addressing the spectrum available for, and the rules governing,
unlicensed operation under Part 15 of the Commission's rules. These include, for example, the proceeding addressing the accommodation of LMS systems within
the 900 MHz ISM band; the Commission's proposal to introduce licensed services into the 2.4 GHz ISM band; various proposals to modify the rules governing the
operation of unlicensed spread spectrum devices; and the Commission's effort to develop suitable rules regarding the environmental effects of RF emissions. Apple
also is involved in the FCC's proceeding to allocate spectrum above 40 GHz for a wide variety of uses, including a substantial band of frequencies for unlicensed
operations.
On the international level, Apple has been involved substantially in the development of HIPERLAN and has chaired committees and dedicated company resources
to the effort to draft suitable technical standards for this new service. Apple is also one of a small number of private sector companies who are working together in
project "Hiperion," an effort funded by the European Commission that has been charged with building a demonstration system for HIPERLAN.
In all of these efforts, Apple has focused on the distinct benefits that can be derived from various unlicensed wireless technologies. Apple now seeks to build upon
the important steps recently taken by the Commission to preserve and advance unlicensed operation by proposing the creation of a new, unlicensed, high-capacity
NII Band.
Unlicensed uses of the radio spectrum developed on the periphery of the Commission's regulation of wireless services. Operation on an unlicensed basis is
permitted in bands allocated to other uses, but is subject to two substantial constraints: unlicensed devices must not cause interference to any authorized spectrum
user and they are not protected from any interference they might receive. In short, until recently, unlicensed operation was not a recognized radio service, had no
spectrum allocation reflected in Part 2 of the Commission's rules, and operated solely on an "at sufferance" basis.
This has imposed serious constraints on the types of communications for which unlicensed technologies can be used effectively. In particular, data communications
-- which require high reliability -- had to overcome an environment characterized by the constant threat of unpredictable and uncontrollable interference from other
communicating and non-communicating devices. Moreover, unlicensed operation often has been constrained by regulatory requirements and boundaries, such as
provisions requiring the use of spread spectrum modulation, designed to make unlicensed devices "invisible" to other spectrum users. Finally, because unlicensed
technologies rest on the bottom rung of the spectrum ladder, their continued existence in particular bands often has been threatened by proposals to dedicate those
bands to other, incompatible services.
When Apple filed its Data-PCS Petition for Rulemaking, it therefore described and urged the Commission to adopt a new "Part 16" paradigm, in which unlicensed
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devices would be treated as a recognized radio service, would operate in a protected spectrum band reflected in a Part 2 allocation, and most importantly, would
share allocated frequencies pursuant to a etiquette designed to ensure that all devices have fair and equitable access to the spectrum.
While this was a somewhat radical proposal in January of 1991, when Apple filed its Data-PCS Petition, the "Part 16" approach now has become well-accepted.
During the past four years, the Commission, the Administration, and Congress each have recognized the importance of unlicensed use of the radio spectrum and, in
particular, the merits of a "Part 16" approach.[4] The Commission, moreover, has implemented this approach by allocating two 10 MHz bands specifically for
unlicensed asynchronous operation, in protected spectrum and pursuant to a spectrum etiquette,[5] and, more recently, by proposing to dedicate 8.5 GHz of
spectrum to unlicensed operation in the bands above 40 GHz.
The NII will not be a monolithic national infrastructure that is used, controlled, or designed by any single person or organization. Rather, the NII will be a
widespread, interconnected network of networks, carrying a variety of voice, data, and video communications services to and from a host of different users. Each of
the many services to be provided will be characterized by different intensities and priorities of information and by a wide variety of requirements for bandwidth,
accuracy, privacy, time-of-delivery, and geographic coverage.
The NII is not inherently solely a national, or wide-area, or revenue-producing network. While it will support communications on a nationwide (and even worldwide) basis, it also encompasses local connections and content, for information is created, stored, and retrieved locally, and individuals work and learn locally.
Indeed, much of an individual's communications "traffic" never leaves his or her premises.
Certain core attributes of unlicensed "Part 16" operation distinguish it from any other type of communications service, whether wired or licensed-wireless. In
particular, unlicensed operation offers:
* Open entry: Any manufacturer of a device that complies with the FCC's minimum technical standards may sell that product and anyone with such a device may
use it to communicate with others. There is no licensing process that grants exclusive rights to any particular entity and no licensee or service provider who controls
how or where the spectrum will be used.
* Equal access: No entity or device can deny others access to the spectrum or grant certain transmissions or users preferential treatment.
* Innovation: Due to its "open entry" characteristic and limited technical regulation, unlicensed operation promotes the evolution of technology and the
development of new applications.
* Flexibility: Because users do not have to obtain licenses, engage in frequency coordination, or hard wire networks, they can communicate on an ad hoc basis or,
where a more permanent network is desired, they can quickly, easily, and relatively inexpensively design, deploy and reconfigure a network suited to their
individual needs. In addition, they can communicate even where wired solutions are impossible -- such as in remote areas or where asbestos in walls precludes the
use of wire-based connections.
* Independence: Because deployment of unlicensed devices is controlled by end users rather than centralized network operators, systems can be deployed and
operated to meet the users needs, rather than solely pursuant to a network controller's "needs."[6]
* Spectrum efficiency: Unlike private networks, unlicensed spectrum is not dedicated to any particular user, but rather is shared by all users on a dynamic, instantby-instant, MHz-by-MHz basis. This technique, which is the invariable operating characteristic of the Internet and other data networks, provides the most flexible
and efficient means of maximizing the sharing of the spectrum resource.
* Low cost: Unlike wired systems, unlicensed wireless systems are free from the often prohibitive costs of constructing a physical connection between locations.[7]
Unlike commercial offerings (whether wireless or wired), use is not subject to often prohibitive connection or air-time charges.[8] Unlike private wireless networks,
users do not incur the high costs of system design and construction, frequency coordination, and FCC licensing.
Unlicensed wireless technologies can serve public needs either that cannot be met at all with alternative technologies or that can be met with these technologies
only if elaborate, costly, and intrusive regulation or extensive government rate subsidies are employed.
Many of the networks that will form the future NII will be outgrowths of the networks we now rely on: those owned by telephone companies, cable companies,
television broadcasters, satellite operators, cellular (and, soon, PCS) providers, and the like. These subsets of the NII will be built by entities who will provide
services, most often for a fee, to their subscribers. These network operators generally will decide which neighborhoods to serve and which to bypass, what uses and
applications to support, and what charges to impose upon users. In many cases, they will also decide what information to put on their networks. To a very
significant extent, networks will be built, and services provided, only when they can be justified by anticipated advertising revenues, service fees, access charges, or
other similar revenue sources.
The Administration, the Commission, the Congress, the states, and others have recognized the importance of ensuring that the NII is available to all segments of the
population, in particular low-income households, those living in rural and other difficult-to-serve areas, and those with special needs. In addition, they have
emphasized the need to ensure that adequate services are provided to core public institutions, including schools, libraries, hospitals, and government agencies.
Moreover, even beyond basic "universal service" goals, policymakers are striving to develop ways to promote the offering of the broadest possible array of
communications, information, and computing services to every individual and organization in every walk of life -- every student and teacher, every health care
professional, every home maker, every tribal community, every worker, and every entrepreneur and researcher.
Yet few service franchisees or wireless network licensees have a compelling business case for extending their networks to each student's desk, to each patient's bed
in a medical center, to each library carrel and table, or to each worker's bench or office; for making their infrastructures freely available for civic or communityowned and operated networks; or for laying the cables or building the wireless infrastructures needed to provide advanced services to rural and difficult-to-serve
areas.
In some cases, people may be left behind, without access to the information and communication resources they need. In others, service providers may elect to
extend their networks into schools and other public facilities or to provide services on a low-cost basis to public entities. In still others, regulatory requirements
(including universal service contributions and "carrier of last resort" obligations) may force network extensions or low-cost services. Even when service is provided
as a "gift," or in response to a regulatory mandate, however, service costs will need to be subsidized by ratepayers or taxpayers.
The public interest would be served better if access could be secured, and service provided, through low-cost, market solutions that do not depend on either
corporate largess or regulatory mandates. Thus, for example, when competition can lower prices to acceptable levels or expand service offerings into previously
unserved areas, competition -- rather than government requirements and cross subsidies -- can be used to advance universal service goals. Once one moves beyond
a basic "universal service" package, market forces -- not government regulation -- will be even more important in determining what services are available to whom
and on what terms.

Unlicensed wireless communications technologies can be an important part of such a market-based solution. Spectrum devoted to unlicensed operation serves, in
the Commission's words, as a "public good" through which a variety of communications needs can be met.[9] The deployment of networks relying on unlicensed
spectrum is not dependent on the centralized deployment plans of traditional service providers or on the economics of wireline and licensed-wireless networks.
In addition to advancing "universal service" goals, the creation of suitable, sufficient unlicensed bands will further other important policy objectives. As the FCC
seeks to adopt, refine, and implement various policies intended to assure broad participation in the communications marketplace (most notably, its entrepreneursblock rules for auctioned spectrum and its pioneer's preference policies), unlicensed spectrum provides a continuing opportunity for minorities, women, small
businesses, and pioneering firms to develop new offerings and enter the telecommunications marketplace. Likewise, unlicensed wireless devices, such as portable
computers creating wireless extensions to the Internet, can create new, flexible, immediately functional computing and communicating opportunities for the
disabled, the elderly, and others with limited mobility.
The NTIA recently recognized the benefits of unlicensed wireless technologies and the important role they will play in the NII:
The critical importance of [unlicensed] wireless systems...to the future development of the National Information Infrastructure (NII) is well recognized and
supported. Wireless connectivity will be essential to support ubiquitous, affordable and adaptable networking capabilities, and it will facilitate many mobile
applications. Furthermore, nonlicensed wireless components of the NII will provide significant opportunities for innovators and small companies to make
contributions to the overall mix of products and services available through the NII."[10]
Just as unlicensed wireless communications will form only one "lane" on the information superhighway, different types of unlicensed devices, operating in different
parts of the radio spectrum and in accordance with different technical parameters, will form distinct subsets of this lane. Traditional unlicensed, Part 15 devices,
Data-PCS devices, NII Band devices and devices deployed in the bands above 40 GHz each will be tailored to meet various communications needs. Together, these
unlicensed technologies will provide an array of choices that will be capable of satisfying individuals' requirements for a wide variety of communications.
As discussed above, traditional Part 15 devices, particularly those that operate in the ISM bands, support many important communications needs. However, their
operation is, and will continue to be, constrained by the cluttered environment within which they must operate and by the risk of regulatory changes that introduce
new, incompatible, higher-status services into their operating bands. As a result, traditional "at sufferance" Part 15 operation is fundamentally different from new
"Part 16" approaches, such as Data-PCS and the unlicensed bands above 40 GHz, and different still from the proposed NII Band.
The Commission's recent decisions to dedicate two 10-MHz bands for low-power, local-area unlicensed data (or, more specifically, asynchronous)
communications, subject to compliance with an overarching spectrum etiquette, dramatically will broaden the range of applications that can be supported on an
unlicensed basis. Most importantly, the Data-PCS allocation has created new, immediately-available spectrum for local-area data communications at speeds of up to
approximately 10 Mbps, for nomadic and collaborative computing, for spontaneous networking and, where there is a nearby wireless-compatible point-of-presence
for wide area networks, for "gateway" access to those networks.
Data-PCS also represents a leap forward from traditional Part 15 operation in terms of the bandwidth it will be capable of supporting. Within each of the two 10
MHz Data-PCS bands, wireless transmissions at a given locale can approximate the performance of a single Ethernet cable, i.e., a data transfer rate of 10 Mbps.[11]
Data-PCS connections will be valuable for applications such as collaborative classroom activities, reaching shared file servers in hospitals, and numerous nomadic
activities. As data compression techniques continue to develop, they will also support some types of video teleconferencing and transfers of elaborate graphics.
While the value of the FCC's decision to launch Data-PCS cannot be overstated, Data-PCS, alone, cannot satisfy all demands for unlicensed wireless
communications. In particular, the 20 MHz Data-PCS band will not be capable of supporting the ever-higher data transfer rates required by new applications and
the exponential growth in the number of users relying on those applications, which ultimately will evolve.[12] Indeed, the availability of Data-PCS capabilities will
raise expectations and demands for spectrum even as it demonstrates higher levels of performance.
The Commission recently issued a proposal to develop for private sector use the "mm waves" above 40 GHz.[13] The bandwidth and the potential applications
contemplated by the FCC's proposal can have important benefits, and Apple fully supports the Commission's efforts in this regard.
Several factors, however, distinguish the mm wave bands from Apple's proposed NII Band.
First, as the Commission has recognized, additional technological development is needed before commercial use of the mm wave bands will be fully possible.[14]
The problems associated with product development are several. Most importantly, not only must manufacturers design products capable of providing the required
throughput, with the required reliability, over the required distance, they must reach a point where this can all be done at a commercially reasonable cost.[15]
Second, transmission distances for a given power in the mm wave bands are more limited than for radio signals at lower frequencies.[16] This affects the ability to
use mm wave devices for relatively long-range communications. In addition, mm wave signals are more easily blocked by walls, which may limit this band's
usefulness for some in-building applications. At this point, however, it is impossible to state with certainty the limits of mm wave systems, because any final
assessment of which uses unlicensed mm wave systems will support depends in significant part on how the FCC resolves questions regarding allowable transmitter
power, the use of directional antennas, and other open issues.
Third, it will be necessary to resolve some potentially complex regulatory issues before product deployment in the mm wave bands may occur. In particular,
compliance testing standards and procedures and questions regarding appropriate RF safety exposure standards and susceptibility to emissions from other devices
must be resolved,[17] and may require substantial refinements to existing approaches.[18]
Finally, unlike the mm wave band, the NII Band builds upon European efforts to develop HIPERLAN networks. For a host of reasons -- including, most
importantly, international competitiveness and global interconnectivity -- the United States cannot afford to focus exclusively on a mm wave allocation while
ignoring the distinct attributes of, and opportunities presented by, the 5 GHz band.[19]
Like Data-PCS and unlicensed networks above 40 GHz, the NII Band will support a combination of ad hoc, peer-to-peer communications, wireless LANs, and
wireless wide-area networks ("WANs"). While it thus can be used in many of the same types of networking situations in which other unlicensed spectrum can be
used, due to its comparative strengths and weaknesses, the 5 GHz NII Band will be suited to satisfying several communications needs that cannot adequately be
supported in existing and proposed unlicensed bands.
In contrast to Data-PCS's 2 x 10 MHz allocation, NII Band users would have access to 300 MHz of unlicensed spectrum, with much broader latitude for sharing and
usage. As a result, individual users' devices could be capable of faster access to networks and transfer of information -- for example, the 24 Mbps data rates
expected for HIPERLAN, or two and one-half times the nominal capacity of Data-PCS connections -- because the total bandwidth available to use and share would
be much greater.[20]
The dramatic effect of increased bandwidth perhaps can best be understood in reference to the time it would take to transmit the contents of one typical, multimedia
CD-ROM at various speeds. Using a 1200 bps modem, the transmission would take two months to complete. Using a 9600 bps modem, it would take one week.
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Using an ISDN 64 kbps circuit, it would take one day. Using a T1 (1.544 Mbps) circuit, it would take 1 hour.[21] NII Band users, however, even among groups at
the same locale, each could accomplish such transactions, simultaneously, in a few minutes. Moreover, the copious bandwidth of the NII Band will permit
microcellular frequency re-use for yet more spectrum capacity and efficiency. This capability translates not only into the ability to do conventional tasks more
quickly, but also into the ability to do things not previously possible.
In much of Europe, the 5150-5300 MHz band has been allocated for HIPERLAN, a family of unlicensed wireless LAN products conforming to internationally
agreed-upon standards.[22] HIPERLAN products are expected to provide a 24 Mbps connection among computing devices, including computers, servers, printers,
and ad hoc portable networks. After several years of intense development, agreement on the HIPERLAN standard has been reached at the Committee level.
Although some additional procedures are required prior to final adoption, the HIPERLAN standard could be made final as soon as early 1996. From that day
forward, HIPERLAN products could, in theory, be deployed in countries that have allocated spectrum to this use, although in fact product development has barely
begun.
The NII Band would build upon, but greatly extend HIPERLAN. Like HIPERLAN, the NII Band would be packet-switched in nature and would guarantee all
compliant devices fair access to spectrum. By creating an NII Band within the United States, with a spectrum allocation corresponding to the European HIPERLAN
allocation, the FCC would create market opportunities for U.S. manufacturers and would enable users to operate on both sides of the Atlantic Ocean using similar
technologies.
The details of NII Band operating rules, however, would not be identical to the HIPERLAN standard. HIPERLAN is near the edge of practical technology at this
time. Under the HIPERLAN standard, every HIPERLAN device must be capable of operating at a very high data rate (24 Mbps). However, this capability currently
can be accomplished only at significant product manufacturing costs and with high power consumption. It could easily be the end of the decade before HIPERLAN
will be practical for desktop computers at a reasonable cost or, for portable devices, at all.
Accordingly, while the NII Band rules should accommodate HIPERLAN-conformant devices, the NII Band must not be dedicated exclusively to HIPERLAN or
restricted in any way that favors HIPERLAN operation at the expense of other technologies. Neither should the NII Band be limited to a narrow range of data rates
or band subdivision that would result in some services being precluded and permit others to consume too much spectrum.
Just as there are upper limits on the bandwidths that Data-PCS devices can support (due to the size of the Data-PCS allocation), they are limited with respect to the
distances over which they can communicate (due to the low maximum output power allowed Data-PCS devices).[23] As a general rule and consistent with Apple's
original Petition, Data-PCS devices generally will be suited to indoor operations, through walls on a single floor, within approximately 50 meters -- perfect for
many office, home, hospital, factory and school situations.[24]
In contrast, the NII Band rules will permit much larger distances for unlicensed operation outdoors. With NII Band devices, it will be possible to communicate at
distances on the order of 10 to 15 km or more, depending, of course, on terrain, bandwidth, and other factors. The capability to communicate on an unlicensed,
wireless basis over such distances will open up new ways of communicating. Perhaps most importantly, it will make possible an entirely new application of
wireless networking: the community network. Until the NII Band becomes available, there will be no appropriate regulatory provision for unlicensed
communications of this nature.
The United States is made up of population centers of all sizes -- large cities, small rural communities, farms, ranches, industrial parks, suburban housing
developments, universities, resorts, and a host of other groupings -- along with vast reaches of mountains, desert and croplands. Communications infrastructures
within some of these population centers are well developed and will be upgraded in the coming decade to support a full range of advanced communications
services. Others, however, may never see these offerings or may lag so far behind major urban centers that the businesses and individuals living in them will fall so
far behind their urban counterparts in education, health care, and competitiveness that they are placed at a permanent disadvantage.
The NII Band could be used to prevent this disparity of opportunity. Using relatively low-cost equipment, groups of users could create a high-bandwidth,
community-wide network that could then, as a unit, interconnect with the broader telecommunications infrastructure. For example, a community center, university,
rural school district, or Native American tribal council could employ omnidirectional antennas for low power, high bandwidth transmissions throughout an area,
while their members could use antennas directed towards the source, enjoying the ability to interact because the system would operate on a two-way basis. These
centers could in turn be joined together by point-to-point links and connections could be established between the community network and the broader
communications infrastructure. Deployment of such networks would mean that community organizations could acquire equipment at low cost, they would not incur
license or coordination fees, and would not be subject to a service provider's fees.[25]
There already are a number of community networks in operation, using a combination of wired and wireless technologies and licensed and unlicensed services.
Even on their present limited scale, they have demonstrated their ability to promote participation in the democratic process, to give access to government resources,
to mobilize and resolve issues through communications, to empower individuals and improve business opportunities.[26] The allocation of the NII Band will allow
them to flourish.
While it is important to recognize the important applications that the NII Band will support, the value of the Band can be understood adequately only by also
examining the types of users for whom such an allocation could make full participation in tomorrow's information-based society a reality. While this discussion is
by no means exhaustive of the types of institutions that could use NII Band effectively, it is illustrative of the solutions this Band will make possible.
It is imperative that the United States develop individuals who are capable of sustaining and extending tomorrow's information economy. It is also imperative that
we capitalize upon the opportunity to use computers and communications to improve educational opportunities and overcome the chasms that continue to divide
our society. To do so, it is vital that we ensure that students across the country have access to adequate computing resources that are linked to the vast information
resources that lie outside each school building.[27]
As Chairman Hundt has discussed, however, this is not yet occurring. There are more than 45 million American students in kindergarten through grade twelve,
taught by 2.8 million teachers, in more than 2 million classrooms, in 110,000 American schools. Yet there are computers connected to telephone lines in only 3% of
America's classrooms, and 78% of U.S. schools do not have even a single modem.[28]
The numbers are not much better when one moves into the world of higher education. Although the scene has shifted dramatically in recent months because of
increased public awareness, as recently as early 1994 only approximately 1,100 of the more than 3,000 higher education institutions in the United States were
connected to the Internet. The numbers are particularly distressing when one considers minority populations. For example, as recently as last year only one of the
28 colleges that are controlled by Native Americans was connected to the Internet.
The use of networking for K-12 education promises to be one of the basic tools for repairing what is, in many ways, a "broken" education system. As National
Research Council ("NRC") has stated, the Internet "is a holy grail...[for] the K-12 education community, which should have greater access to it but has not been
able to afford that access."[29] Through networking, schools will be able to gain access to a world of information resources that is not defined by the size of the
local school budget, but rather is available across district lines, across income, even across national boundaries.
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Currently, however, network access is stymied by costs and logistics. According to information submitted to the Department of Education, after insufficient funds
and the associated lack of equipment, the most significant barrier to schools' acquisition of advanced telecommunications capabilities is "too few access points in
building."[30] Even many schools with substantial computing resources still find it necessary to move classes to "the computer lab" where networking is possible,
thus diluting many of the benefits that computers could provide to enrich the flow of classroom activities. As a result, computer competence and computer use often
become ends in themselves, instead of aids to other instructional goals.
One of the core problems facing schools is, then, the "last link" problem -- creating a connection from the point of entry of an infrastructure connection, to the
computers themselves. Wireless technologies -- particularly unlicensed wireless technologies, including the NII Band -- are uniquely suited to solving this problem.
The Commission took the first major step in making this solution a reality when it created the Data-PCS band. As discussed above, Data-PCS devices will provide
low cost, flexible means for last link connections supporting applications involving data rates of up to 10 Mbps. Increasingly, however, educators will require
higher-bandwidth networking. As the NRC reported, "To achieve many of the benefits anticipated by educators will require access to the high-end networking that
would make possible better video and multimedia exchanges. This implies higher bandwidth, reliable service, and so on. More sophisticated systems and higher
bandwidth enable better graphical interfaces and functionalities."[31]
The NRC report continues by urging, among other things, access to current information sources, collaborations among students and teachers, a more active (as
opposed to passive) acquisition of information and learning, reinforcement of basic learning skills, expansion of interests in sciences, and the "ability to build a
bridge from school to home...". These networking features and their combined richness of information content will be best implemented in the NII Band, where
signals can readily pass from one part of a school to another,[32] where bandwidth-intensive uses can be accommodated, and where, in many locales, the longer
distances possible with directional antennas will help knit the home-school fabric.
Libraries long have served as a vital and opportunity-laden public resource. Over the years, they have evolved from repositories of books, to sources of diverse
media including CD ROM data bases, video tapes, audio books, and music and drama recordings. In addition, increasingly they have become interconnected with
other information resources, although, in the past, this has principally involved a physical connection, such as a dedicated telephone line.
As the form in which information is retained and distributed changes, however, libraries themselves know they must change if they are to continue to serve their
core functions. New ways of exchanging information can make the long waits associated with inter-library loans of printed matter a thing of the past.
Communications resources can provide access to on-line card catalogues, centralized scholarly databases, and a host of other resources to local users. In addition,
they can make it possible for libraries to share their resources with individuals in other communities. Just as schools can provide students with access to the world's
information resources, libraries can act as a gateway between entire communities and these resources, ensuring that every individual has a way to connect into and
benefit from the information economy.
Currently, however, libraries are ill-equipped to serve this important role. There are about 15,000 public libraries (in addition to numerous corporate and private
libraries) in the United States. But as of the middle of 1994, libraries with Internet access were numbered only in the hundreds, or fewer than 10%.[33] In light of
funding constraints, it is unlikely that libraries will be able to expand significantly their offerings in the areas of computing and communications unless low cost,
easily implemented alternatives are available to them.
The High-Performance Computing Act of 1991 recognized the importance of ensuring that libraries are connected to the nation's information infrastructure.
Similarly, it is possible that Congress will pass legislation guaranteeing libraries at least limited access to the Information Superhighway. Yet while Congress can
take some steps to promote access by public institutions such as libraries, as discussed above, private solutions, rather than government mandates, will need to be
relied upon to a very significant extent in achieving this objective.
The NII Band can be an integral part of such a solution. Libraries are already starting to experiment with community and inter-library wireless networks as a means
of achieving increased interconnectivity. Yet because there are as yet no adequate spectrum resources for unlicensed, wideband, wireless communications, there is
no clear path for widespread deployment of such networks. The NII Band could provide this path and permit the deployment of unlicensed networks connecting
libraries within a city, across a university campus, or especially, in rural America. As a noted expert stated:
"[M]any communities, rural and urban, want network access, especially for their children now. While many have never heard of the "Super Highway,"...many
others hope this will be the "yellow brick road" out of isolation: lack of education, remoteness, being out of contact; out of vulnerability: increasing capacity to
handle shocks and contingencies through contact with distant places and reciprocal relationships; out of powerlessness: ability to access resources, obtain legal
redress and negotiate new possibilities."[34]
The NII Band could be used not only to connect buildings within or across library systems, but also to connect users within the library to information resources -whether the library's own or, via the Internet or another network, those housed elsewhere. For example, researchers and others could use computers with NII Band
communications capabilities (through a wireless access point) to search the library system's electronic card catalog and collection of electronically-stored books,
maps, and other reference sources, organize the results, compare those results with the results of other researchers at other institutions, and compile a consolidated,
nationwide reference resource on a particular topic. Similarly, those who do not themselves have a computer and an Internet connection could use library computers
and wireless connections to access government documents or communicate with colleagues or friends from the carrel or desk at which they are working.
Like the role played by the Carnegie Foundation more than a half-century ago, the federal government must "invest" in libraries by dedicating unlicensed wireless
spectrum. This one-time in-kind investment will create a public resource that will inure to the benefit of generations to come, and play a critical role in preventing
the creation of a society of information "haves" and "have nots."
The success of the NII Band depends upon the adoption of a set of operating requirements to govern unlicensed use of the frequencies.[35] These requirements
should be minimal and should establish standards at the lowest possible level in order to allow a wide variety of wireless communication options (much as the
present Section 15.247 of the Commission's rules defines modulation techniques and power limits, but little else). The operating requirements also must be explicit
enough at higher levels as to be consistent with the way digital information is communicated effectively.
While the development of a specific set of operating requirements for the NII Band will require a great deal of work and the input of a large number of interested
parties, the following describes the essential attributes that would be mandated, as well as some general recommendations on the manner in which the requirements
should be developed.
The rules governing the NII Band must assure that all devices retain an equitable right to access and share the spectrum resource. In particular, they must prohibit
any rules for operation which are based upon (or display the preclusive behavior of) a circuit-switched network,[36] as well as any requirement (or exceptional
priority) for centralized "gatekeepers."
An essential quality of the NII Band is that, like the Internet and virtually all other data networks, it must be used only for packet-switched (or "connectionless")
information transport. Moreover, each packet's "right" to access the spectrum must be equitable at all times. Any operating rules that incorporate a hierarchy among
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packets that permits certain types of packets to monopolize a transmission path by excluding other packets would, in essence, transform packet-based connections
into traditional connection-based communications.
Similarly, any requirement (or "super-priority") for networks employing a centralized control mechanism that can deny other users access to the spectrum resource
contradicts the essential nature of unlicensed operation. Some unlicensed networks (such as some wireless LANs), of course, will employ a central control function.
Other users must be free, however, to communicate without obtaining the approval of, or deferring to, any type of hegemonic controller.
In designing its proposal for the NII Band, Apple has sought to identify a suitable amount of spectrum that will minimize the possibility of spectrum overcrowding.
Even with a suitable allocation, however, there may be circumstances in which overcrowding occurs. In such cases, it is imperative that all communications share
this burden equally (through delays in transmission times), rather than permitting some types of applications to monopolize the network at others' expense.
The fact that a particular type of traffic (e.g., some voice circuits) may require a guaranteed service quality does not mean that this traffic is more "worthy" than
other types of traffic. There is, quite simply, no correlation between the mode of transmission and the value of the content of the "message." For example,
information critical to patient care could be contained in a voice conversation between physicians (a voice circuit), in medical records (a data circuit), or in x-ray
images (either a data or video circuit). Any effort to create a hierarchy among users based upon the transmission type is fundamentally misguided and should be
rejected.
By providing for equal access, the Commission would not in any way preclude applications that deliver what appears (to the user) to be real-time voice, video or
similarly time-dependent material. Creative developers and users have found ways to use the Internet (a packet-based network), for example, to convey and deliver
live music performances and high-quality video without monopolizing the available communications bandwidth. There are continuing developments of Internet
protocols, including those intended to convey ATM cells. Even though a "wireless ATM" has not been fully researched, it remains a possibility that should not be
precluded; the capacity of the NII Band allocation may be the agent for full development of wireless ATM and other innovations.
There may, of course, be some types of communications for which the risk of delay inherent in true "packet-based" unlicensed operation will be unacceptable.
These requirements, however, can be met using wired networks or a licensed, homogeneous wireless service (where quality of service can be guaranteed). Indeed,
because overcrowding will most often occur in precisely the same densely-populated environments in which advanced wired networks will be deployed promptly,
wired service will generally be an option reasonably available to these users.
The point is that the value of the NII Band could be undermined, unless steps are taken to prevent its saturation by telephony, entertainment-video, or other
connection-based services, before technologies are invented to better accommodate mixtures of packet- and circuit-switched. The NII Band is not intended to be a
substitute for other wireless and wired offerings. Rather, it is intended to be a complement to those offerings and its integrity should not be compromised to achieve
objectives that are not needed in light of the capabilities of other types of networks.
For the reasons discussed in the preceding section, it is imperative that the Commission play an active role in developing a set of broad objectives designed to
assure that the NII Band actually will be used for the purposes that justify its creation. These objectives should be flexible enough to encourage innovation and
technological evolution, but not so broad as to allow a variegated mix of incompatible users with mutually exclusive technical, operating, and quality of service
characteristics and requirements. This only would duplicate on a larger scale the problems presently associated with traditional Part 15 unlicensed operation.
The FCC need not, however, take the lead in defining on a "micro" level the technical rules governing the NII Band. Instead, it should rely substantially on the
expertise of a working group composed of industry experts, such as the Internet Architecture Board ("IAB") and its Internet Engineering Task Force ("IETF"),
along with wireless data industry members.
A possible starting point for NII Band rules could be that any transport and service functionality that is consistent with, and successfully conveyed by, today's
Internet, should be provided for in the NII Band rules. The converse should also prevail. As the Internet and other elements of the NII develop, the NII Band rules
could be evolved as well to keep pace.
As discussed above, it is particularly appropriate to allocate the 5150-5300 MHz band to the NII Band, since this band already has been allocated in most of Europe
for HIPERLAN. U.S. users and manufacturers, therefore, will benefit from the opportunities for interoperability, roaming, and increased exports that will flow from
an NII Band allocation. Moreover, such an allocation will respond to the desires of our trading partners for a HIPERLAN-type allocation within the United States,
which likely will be expressed in international fora including, at WRC-95.[37]
The 5725-5875 MHz also is singularly appropriate as a component of the NII Band. It represents a large contiguous allocation that is not currently heavily used.
Moreover, its allocation as part of the NII Band will mesh with -- rather than displace -- most or all existing and planned uses. Thus, by upgrading this band from
traditional Part 15 to protected "Part 16" use, the Commission essentially will be able to create a 150 MHz resource capable of supporting the broad range of highbandwidth services described above.[38]
Finally, these two NII Band segments make an attractive frequency-duplex pair. While computer networks do not often have the luxury of separate fore and back
wiring, future developments (including the use of control channels) could open new opportunities for approaching even more closely the "guaranteed" quality of
service of circuit-switched networks without sacrificing the equality that is so essential to the NII Band's success.
The 5150-5300 MHz Band is a shared government/non-government band that is not currently heavily used. The frequency range 5000-5250 MHz is allocated to the
aeronautical radionavigation service and to the aeronautical mobile-satellite service on a primary basis.[39] In addition, it is allocated to the fixed-satellite service
for earth station uplinks when these services are used in conjunction with the aeronautical radionavigation and/or aeronautical mobile service.[40] Finally, a portion
of this band (5150-5216 MHz) is also allocated for downlink feeder link transmissions used in conjunction with certain radiodetermination-satellite systems.[41]
The frequency range 5250-5350 is allocated to the radiolocation service on a primary basis for government operations and on a secondary basis for non-government
operations; radiolocation stations installed on spacecraft may also be employed for the earth exploration-satellite and space research services on a secondary
basis.[42] The band below 5000 MHz is allocated to the radio astronomy service on a primary basis and to space research (passive) operations on a secondary
basis.[43]
The 5000-5250 MHz band was intended to be used principally for the operation of an international Microwave Landing Systems ("MLS") and, under the
international allocation, the requirements of this system take precedence over other uses of the band.[44] In 1994, however, the United States canceled further
development of its MLS system, preferring to concentrate instead on the use of the Global Positioning Satellite ("GPS") system for the next-generation aeronautical
navigation system.[45] This decision likely will free up the 5150-5250 MHz band. Even if the United States ultimately decides to use MLS, sharing issues likely
can be resolved because European nations also propose to employ MLS and, as a result, MLS-HIPERLAN compatibility will need to be addressed.
In addition, one licensee of a "Big LEO" mobile satellite system, Loral/Qualcomm Partnership, L.P. ("LQP"), has proposed to operate its system feeder (or
gateway) uplinks in the 5025-5225 MHz band,[46] and two other MSS applicants have also urged the FCC to make this band available for MSS feeder links.[47]

gateway) uplinks in the 5025-5225 MHz band,[46] and two other MSS applicants have also urged the FCC to make this band available for MSS feeder links.[47]
This use of the band, however, would require a modification to the existing allocation at the upcoming WRC-95. If such use is authorized at WRC-95 and adopted
by the Commission, the proposed NII Band could accommodate a limited number of U.S. MSS feeder link stations, such as has been proposed by LQP.
While the NII Band will not replicate exactly the HIPERLAN standard, as discussed above, the two bands will share many elements and will likely have similar
sharing characteristics vis-a-vis other services, including MSS feeder links. The question of sharing between HIPERLAN and MSS feeder links was considered at
the Conference Preparatory Meeting for WRC-95 and WRC-97, which concluded that HIPERLAN could share spectrum with MSS feeder uplinks, although a
"quiet zone" around gateway uplink sites likely would be required[48] -- not unlike the approach that will be used to protect radioastronomy locations from
unwanted interference from unlicensed Data-PCS devices.
In light of the work that has already been done in this area, and because MSS systems will operate on a global basis and, therefore, sharing between HIPERLAN
systems and MSS feeder uplinks will have to be resolved in a mutually acceptable manner, Apple is confident that an acceptable sharing scenario can be developed
within the United States. To promote the development of such a sharing approach, Apple urges the Commission to take into consideration an NII Band allocation in
developing and promoting the needs of MSS systems at WRC-95 and support efforts to maximize opportunities for operation of both MSS feeder links and NII
Band devices within this band.
With respect to radiolocation services being provided in the 5250-5300 MHz band, there is insufficient information publicly available for Apple to determine the
extent to which this band is being used and the exact nature of operations in the band. However, Apple believes that the technical rules governing the NII Band can
be designed in a manner that will promote sharing opportunities and is hopeful that NII Band technologies could share spectrum with existing and planned users of
this band. Moreover, radiolocation services occupy only 50 MHz of the 300 MHz NII Band, which may create further opportunities for successful sharing.
The 5725-5875 MHz band is allocated for use by U.S. military radiolocation services on a primary basis and for use by non-government Amateur operations on a
secondary basis.[49] In addition, the band is used for ISM equipment and by Part 15 equipment.[50] The 5850-5875 MHz portion of the band is also allocated to
fixed-satellite uplinks on a primary basis, although this use is limited to international inter-continental systems and is subject to case-by case electromagnetic
compatibility analysis.[51] The 5830-5850 MHz portion of the band is also allocated for amateur-satellite service downlinks on a secondary basis.[52]
Operations throughout the 5725-5875 MHz band are constrained by the presence of ISM devices and the requirement that radiocommunications services using this
band must accept any harmful interference caused by these devices.[53] Because NII Band technologies generally will be a more hospitable "neighbor" than ISM
devices (which currently are not subject to power limitations or emission restrictions), the NII Band allocation likely will not adversely affect existing radiolocation
or Amateur operations.
The technical rules governing the NII Band will be sufficiently broad to accommodate most, if not all, Part 15 devices deployed in, or currently planned for, this
band. The NII Band operating rules will be even more flexible than the Data-PCS etiquette and, therefore, will not require segregation from most or all devices
designed in accordance with Sections 15.247 or 15.249 of the Commission's rules. Moreover, Apple anticipates that Part 15 manufacturers will welcome the
significant opportunities presented by the NII Band, even if, in a limited number of cases, slight adjustments in products are required. Finally, Part 15 manufacturers
will have the opportunity to participate in the development of the NII Band technical rules and, therefore, will have an opportunity to assure that these rules
appropriately accommodate existing and planned products.
With respect to ISM use of the band, the NII Band allocation could share spectrum with currently-deployed ISM devices. The question recently has been raised,
however, about whether future ISM devices should comply with more restricted emission masks or other protections to assure that their use does not make it
impossible or impracticable for the spectrum also to be used for communications purposes.[54] This question merits further consideration, in the context of the NII
Band as well as other bands shared by Part 15 and ISM devices.
For the reasons stated herein, Apple requests that the Commission promptly issue a Notice of Proposed Rulemaking proposing the creation of an NII Band and the
adoption of technical rules as outlined by Apple. The Commission should proceed expeditiously in order to assure that any decision at WRC-95 regarding MSS
feeder links in the 5 GHz band appropriately protects future NII Band operation.
Expeditious action also is required to maximize the opportunities for developing the technical rules and business plans for the 5 GHz and above 40 GHz unlicensed
bands harmoniously and in a manner that capitalizes upon each band's unique capabilities. Finally, due to the time it necessarily takes to design, develop, test, and
deploy new communications products, it is imperative that the Commission move forward quickly if NII Band products are to take their appropriate place within
the overall NII and provide benefits to U.S. consumers, manufacturers, educators, and others in a timely manner.
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