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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 "NIl 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 NIl 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 NIl 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, NIl 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-PeS offerings, the NIl Band will support very high-bandwidth

transmissions and communications over longer distances. Unlike the proposed

unlicensed bands above 40 GHz, the NIl Band will support certain in-building and
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longer-distance communications that are not feasible using very high frequencies

and will be amenable to more rapid product deployment.

The NIl Band would promote the full deployment of a National Information

Infrastructure ("NIl"), extending the effective reach of the NIl 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 NIl 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 NIl 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 ("GIl"); 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

NIl Band and adopt technical rules to hasten the development and deployment of

new technologies.



Before the
FEDERAL COMMUNICATIONS COMMISSION

Washington, D.C. 20554

In the Matter of

Allocation of Spectrum in the 5 GHz Band
To Establish a Wireless Component of the
National Information Infrastructure

To: The Secretary

)
)
) RM- _
)
)

PETITION FOR RULEMAKING

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 NIl, 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 NIl 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 NIl 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 NIl Band.
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The NIl 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 NIl 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 NIl Band are as follows:

• Adequate bandwidth: The NIl 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: NIl 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.
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The bands proposed for use as an NIl 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 NIl Band would increase U.s. competitiveness and create new

export opportunities by enabling U.s. manufacturers to develop products for use

in both the NIl 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.

I. STATEMENT OF INTEREST.

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.l 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

1 Apple Computer, Inc. 1994 Annual Report (citing statistics of Dataquest).
2 Id. (citing statistics of Quality Education Data., Inc., "Technology in Public Schools,
1994-95.").
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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

3 For additional information regarding Apple's role in developing educational
applications for computing and communications technologies,~ Statement of Cheryl
Vedoe, Vice President and General Manager, Education Division, Apple Computer, Inc.,
before the U.S. Senate Committee on Commerce, Science, and Transportation Hearing on
Education and Telecommunications Infrastructure and S. 1822 (May 25, 1994).
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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 NIl Band.

II. THE IMPORTANCE OF UNLICENSED SERVICES, OPERATING IN PROTECTED
SPECTRUM, HAS BEEN RECOGNIZED WIDELY.

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 devices would be treated as a recognized radio service, would

operate in a protected spectrum band reflected in a Part 2 allocation, and most
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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,S and, more recently, by

proposing to dedicate 8.5 GHz of spectrum to unlicensed operation in the bands

above 40 GHz.

III. UNLICENSED NIl BAND WIRELESS SERVICES WILL CONSTITUTE AN
INTEGRAL PART OF THE NIl.

A. The NIl Will Be Comprised of Different Types of
Communications Technolo~ies,Each Uniquely Suited To Satisfy
Different Types of Communications Requirements.

The NIl will not be a monolithic national infrastructure that is used,

controlled, or designed by any single person or organization. Rather, the NIl will

be a widespread, interconnected network of networks, carrying a variety of

4 See, g.g" First Report and Order and Second Notice of Proposed Rulemaking, ET
Docket No. 94-32, 77 Rad. Reg. 2d 314, 132 (1995) (Part 15 devices "provide a variety of
consumer and business oriented services" that "have the potential to benefit Virtually
every person and business in the nation, as well as to promote American
competitiveness abroad"); Letter to Reed Hundt, Chairman, FCC from Larry Irving,
Assistant Secretary, U.S. Dept. of Commerce, ET Docket No. 94-32, ET Docket No. 94
124, PR Docket No. 93-61 (Dec. 12,1994) ("[s]ome new technologies and
applications ...may require higher status and greater interference protection in some
bands and for certain applications [than traditional Part 15 operation]," and the
Commission"should consider designating spectrum for some nonlicensed uses or
establishing a new nonlicensed radio service and associated allocations" to "facilitate
particular applications that may require a more protected environment"); "Budget
Reconciliation Act," House Report No. 103-111 at 253 (describing scope of FCC's auction
authority and stating that competitive bidding would not be permitted to be used for
unlicensed spectrum).
5 While the Commission's Data-PCS decisions did not adopt the Part 16 designation,
they incorporate the essential attributes of a Part 16 service.
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voicer datar 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 NIl is not inherently solely a national, or wide-area, or revenue

producing network. While it will support communications on a nationwide (and

even world-wide) basis, it also encompasses local connections and contentr 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.

B. Unlicensed Operation Has Unique Attributes That DistinGuish It
From Other Services.

Certain core attributes of unlicensed "Part 16" operation distinguish it

from any other type of communications service, whether wired or licensed

wireless. In particularr 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 regulationr 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 orr where a more permanent network is desiredr they

can quickly, easily, and relatively inexpensively design, deploy and

reconfigure a network suited to their individual needs. In addition,
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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 uneeds.u6

• Spectrum efficiency: Unlike private networks, unlicensed spectrum is

not dedicated to any particular user, but rather is shared by all users

on a dynamic, instant-by-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? 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.

6 Even the most optimistic forecasts for the NIl anticipate a decade or more of slow and
uneven growth before high-data-rate infrastructure becomes accessible ubiquitously.
With unlicensed spectrum, users can link themselves to the information resources upon
which they rely where other advanced broadband connections have not yet been
deployed, where they will never be deployed, or where they are unsuited to the
communications needs of the user.
7 For example, some estimates of the cost of hard-wiring classrooms run as high as
$250,000 per school. Based upon this estimate, it would cost nearly $30 billion dollars to
connect each of America's 118,000 K-12 schools to the NIL
8 Until recently, the typical fee for attachment to the Internet at 56 kbps in many parts of
the country has been approximately $15,000 a year. While competition will drive these
rates down, high-speed connections in much of the country will likely remain at high
levels for the foreseeable future.



-9-

C. The Characteristics Of Unlicensed Technologies Make Them
Uniquely Suited To Satisfy Certain Types of Communications
Requirements.

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 NIl 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 NIl 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 NIl 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
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or community-owned 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 /Igift," 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.

9 ~ Notice of Proposed Rulemaking, ET Docket No. 94-124,9 FCC Rcd 7078, ~ 14
(1994) ("some services that would be provided in unlicensed bands may not be
optimally provided in licensed bands because they have the characteristics of a public
good.").
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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

entrepreneurs-block 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 NIl:

The critical importance of [unlicensed] wireless systems...to the future
development of the National Information Infrastructure (NIl) 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 NIl will provide significant opportunities for
innovators and small companies to make contributions to the overall mix
of products and services available through the NIl."lO

IV. THE NIl BAND WILL SUPPORT NEW APPLICATIONS AND WILL COMPLEMENT
- NOT DUPLICATE - OTHER UNLICENSED ALLOCATIONS.

A. Existing and Proposed Unlicensed Allocations Can Satisfy Some,
But Not All, Demands for Unlicensed Wireless Communications.

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, NIl 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

10 Letter to Chairman Reed Hundt from Assistant Secretary Larry Irving, supra n.4, at 1.
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be capable of satisfying individuals' requirements for a wide variety of

communications.

1. Traditional Part 15 technologies.

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 NIl

Band.

2. Data-peS.

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.ll Data-peS connections will be valuable for applications such as

11 The 10 Mbps data transfer must support not only actual communications traffic, but
also requisite network overhead. Moreover, it must be shared by all users in a given
location - whether a small number seeking to transmit at a high rate, a large number
generating lighter loads, or a mix of the two.
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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.l2 Indeed, the availability of Data-PCS capabilities

will raise expectations and demands for spectrum even as it demonstrates higher

levels of performance.

3. Unlicensed Bands Above 40 GHz.

The Commission recently issued a proposal to develop for private sector

use the "mm waves" above 40 GHz.l3 The bandwidth and the potential

applications contemplated by the FCCs 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 NIl 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.

12 The FCC's Data-PCS allocation can be likened to one step in the development of the
Internet. The original ARPANET connected major research centers nationwide,
commonly with leased circuits that conveyed 56 Kbps. It was almost immediately
swamped with traffic. Successor NSFNET backbones eventually carried DS-l rates
(1.544 Mbps), and newer networks then developed to support speeds of 45 Mbps, and
then of 155 Mbps. Now, high speed connections are becoming widely available, making
it possible for businesses, interest groups, schoolchildren (and even adults) readily to
establish their own "home page" presence on the World Wide Web.
13 Notice of Proposed Rulemaking, supra n.9.
14 ~~id. at 111, 4 (until recently, the technology to operate in bands above 40
GHz has been prohibitively expensive and, to date, millimeter wave technology has
been limited to military and scientific applications); see also Comments of Hewlett-
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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,IS

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,l? and may require substantial refinements to

existing approaches.IS

(footnote continued)
Packard Co., ET Docket No. 94-124, at 2 (filed Jan. 30, 1995) (mm wave technology has
advanced to a point where commercial applications may be feasible, but the actual
development of products capable of operating in these bands will not (and can not)
occur until regulators provide the protection and stability required to justify the
substantial product development expenditures required).
15 Metricom argued that the development of technologies for the unlicensed mm wave
bands could be especially difficult due to the Commission's proposed allocation of the
59-64 GHz band - a band with poor propagation characteristics - for unlicensed
services. Comments of Metricom, Inc., ET Docket No. 94-124, at 3 (filed Jan. 30, 1995).
16 ~~Notice of Proposed Rulemaking, supra n.9, at 1[ 8.
17 See id. at 1135-36, 37-40, 41-42.
18 ~,~ Comments of Metricom, Inc., supra n.15, at 4 (the development of technical
rules for the mm wave bands will be especially difficult due to the number of
"unknowns" about operations in the bands).
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Finally, unlike the mm wave band, the NIl 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

B. The NIl Band Will Satisfy Communications Needs That Cannot
Be Met Using Other Unlicensed Bands.

Like Data-PCS and unlicensed networks above 40 GHz, the NIl 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 NIl

Band will be suited to satisfying several communications needs that cannot

adequately be supported in existing and proposed unlicensed bands.

1. Higher Individual-User Data Rates.

In contrast to Data-PCS's 2 x 10 MHz allocation, NIl 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

19 By considering allocations and operating rules for the 5 GHz NIl Band at the same
time it considers allocations and operating rules for the mm wave bands, the
Commission and industry will be able to write standards that take advantage of each
band's unique capabilities and limitations.
20 The actual data transfer rates experienced by any individual user that could be
supported by a 300 MHz NIl Band will depend on the technical rules governing
operation, the design of particular devices, and the radio environment. The example of
24 Mbps is based upon efforts by the HIPERLAN community to address multipath
propagation conditions and their conclusion that, with sufficient signal processing and
other measures, an indoor data communications path could deliver upwards of 24 Mbps
raw data rate. At this juncture, such performance has not been demonstrated using
market-ready hardware, but experiments and simulations have been successful.
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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. Using an ISDN 64 kbps circuit, it would take one day.

Using a T1 (1.544 Mbps) circuit, it would take 1 hour. 21 NIl 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 NIl 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.

2. HIPERLAN Compatibility.

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 NIl Band would build upon, but greatly extend HIPERLAN. Like

HIPERLAN, the NIl Band would be packet-switched in nature and would

guarantee all compliant devices fair access to spectrum. By creating an NIl Band

within the United States, with a spectrum allocation corresponding to the

21 "Making Government Work: Electronic Delivery of Federal Services," OTA-TCT-578,
at 40 (Sept. 1993). One CD can contain 5 billion bits, the equivalent of an encyclopedia.
22 Many European countries have allocated the entire 150 MHz band, although some
have allocated only 100 MHz.
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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 NIl 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 NIl Band rules should accommodate HIPERLAN

conformant devices, the NIl 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 NIl 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.

3. Community Networks.

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

23 Data-peS devices are allowed a power output proportional to their bandwidth. See
47 C.F.R. §§15.319(c)-(e). Peak transmit power is limited to 100 microwatts multiplied by
the square root of the emission bandwidth in hertz. For example, a 1 MHz signal would
be allowed 100 mW, and a 10 MHz signal 316 mW output.
24 As discussed above, it is not yet clear the distances over which mm wave band
devices will be capable of communicating. Traditional Part 15 devices, as a general rule,
are distance limited due to the restriction on the use of highly directional antennas. ~
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In contrast, the NIl Band rules will permit much larger distances for

unlicensed operation outdoors. With NIl 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 NIl 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 NIl 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

(footnote continued)
47 c.F.R. §15.247 and §15.203. Certain manufacturers have increased communications
distances by incorporating relatively high-cost technologies, and others have obtained
waivers or were grandfathered under prior regulations that did not limit antenna gain.
While these solutions may be viable for some users, their price may place them beyond
the reach of other users, including, in particular, low income individuals, government
agencies, and schools and libraries.



-19-

two-way basis. These centers could in tum 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 NIl Band will allow them to flourish.

C. The NIl Band Will Provide Unique Solutions for Public Users,
Such as Schools and Libraries.

While it is important to recognize the important applications that the NIl

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

NIl Band effectively, it is illustrative of the solutions this Band will make

possible.

25 Low cost, mass-market unlicensed 5 GHz data links should cost in same range as,
and be as readily installed by consumers as, the recently-introduced 18" satellite TV
receivers. The cost of commercial microwave links runs to the tens or hundreds of
thousands of dollars, albeit that these latter devices are orders of magnitude more
robust.
26 NTIA has funded some of these community network extensions; several national
level foundations including the Marino Institute, the Benton Foundation, the Rockefeller
Foundation, to name but a few, support deployment; and the National Public
Telecomputing Network promotes the establishment of "Free-Nets" around the country
(with such networks now operating in more than 100 communities). Many states,
including Maryland, North Carolina, and Iowa, have aggressive networking projects,
while private non-profit organizations such as the Community Networking Institute
based in Kearney, Nebraska leverage modest local assets into powerful public resources.
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1. Schools.

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.

27 See,~ Presentation of Chairman Reed E. Hundt before the 1994 National Urban
League Conference Ouly 26,1994) (discussing the benefits computers provide in
improving learning capacity, educational performance, and self esteem, and discussing
opportunities for using the communications revolution to revolutionize education).
28 Sources for these figures include the Department of Education, "Advanced
Telecommunications in U.S. Public Schools, K-12/" FCES 95-731, February, 1995; Office
of Technology Assessment, Congress of the United States, "Teachers and Technology
Making the Connection/" OTA-EHR-616 (Apr. 1995); U.S. Department of Education,
"Connecting K-12 Schools to the NIl: A Preliminary Assessment of Technology Models
and their Associated Costs," Working Paper, Russell I. Rothstein (Aug. 4/ 1994). While
different estimates do not agree precisely, they do not disagree in material substance.


