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EXECUTIVE SUMMARY

ArrayComm commends the Commission for initiating this Notice of Proposed Rule

Making to allocate 27 megahertz of spectrum obtained from the United States Government

(“USG” or “the Government”) for use by non-Government licensees. Although the bands under

consideration are encumbered to varying degrees by existing co-channel and/or adjacent channel

users, ArrayComm believes that intelligent allocation decisions, coupled with the use of spectrally

efficient technologies that minimize interference, will enable the deployment of robust and viable

commercial services while protecting existing services.

The Commission's acknowledgment of time-division duplex (TDD) technology is also

welcome.  TDD is ideally suited to the wireless delivery of packet data for the mass market.

TDD's synergy with "smart" or adaptive antenna systems results in high spectral efficiency.

ArrayComm, the leading provider of smart antenna technology, seeks spectrum for its

“i-BURST” system.  i-BURST combines TDD technology, packet data, smart antennas,

portability and an open-access architecture into an integrated system which enables portable high-

speed IP packet data services, at speeds up to 1 Mbps initially, to be delivered at mass market

pricing.  i-BURST's open-access architecture allows multiple service and content providers to

serve their customers via a common access and transport network.  i-BURST is currently

undergoing field trials at ArrayComm's San Jose, California, facility and at those of its partners.

Therefore, it is particularly gratifying to note that the Notice not only points to TDD but

suggests that ArrayComm would be an appropriate candidate at 1670-1675 MHz. We agree with

the Commission.  Because of i-BURST's spectral efficiency, a viable mass-market service can be
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provided in 5 MHz.  Further, the propagation at these frequencies is suitable for a portable high-

speed data system designed to provide both indoor and outdoor coverage.

Critical meteorological and radio astronomical services in and adjacent to the 1670-1675

MHz band must be protected.  ArrayComm has expended substantial resources to investigate and

analyze those services' protection requirements.  ArrayComm has met with representatives from

the meteorology and astronomy communities.  It has also met with the FCC's technical staff as

well as with those of NTIA, NSF and other relevant agencies. ArrayComm has developed

practical coordination criteria that yield the requisite protections at acceptable cost to a

commercial system.  More important perhaps, the reaction to our approach from the

meteorological and astronomical communities has been overwhelmingly favorable.

There are some co-existence problems yet to be resolved, however.  In order to

coordinate to everyone’s advantage, i-BURST needs certainty.  In some cases, the identity and

location of incumbents are not known. New entrants appear and existing users become “new”

when they change location.  We have suggested procedures that will minimize these problems.

They only require a mutual commitment to allow viable commercial use of 1670-1675 MHz.

ArrayComm is of the opinion that it is not feasible to subdivide the 1670-1675 MHz band

(e.g. into an "A" and a "B" block).  Notwithstanding i-BURST's spectral efficiency, as the usable

spectrum dips below 5 MHz, moderate-to-high data rate mass market service becomes infeasible.

Any diminution in ArrayComm’s capacity to utilize the 1670-1675 MHz band in total will

foreclose, for all practical purposes, ArrayComm’s, or any other entity’s, ability to provide a
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genuinely competitive mass market data service; one that is of sufficient quality at a reasonable

cost.

Sharing the spectrum with other potential users also presents a critical problem.

ArrayComm has contacted the other commercial entities that have publicly expressed interest in

this band to explore the feasibility of sharing but it does not appear possible.  Fortunately, there

are seemingly suitable spectrum alternatives for those services.

i-BURST's business model is most attractive when it is a nation-wide service, providing

ubiquitous access for consumers and business people.  ArrayComm’s economic consultants have

analyzed the difficulty a new entrant faces against entrenched competitors.  They have determined

that a new entrant’s ability to successfully compete is significantly improved if a nation-wide

service can be established.  The establishment of nation-wide service is more apt to be realized if

this band were to be authorized via a single nation-wide auction.  There is Commission precedent

for such an approach.  A nation-wide auction would also reduce the likelihood of "spectrum

spoilers" who might purchase a regional license for defensive purposes �� to prevent a competitor

from access to a region or for speculation �� with no intention of deploying a useful service in a

timely manner.

While past proceedings to determine who will bring cellular or PCS service to the public

have been intensely competitive at the auction table, the ultimate result has failed to produce

diversity of offerings to the consumer.  This proceeding presents a unique opportunity to make a

relatively small amount of spectrum available for a technology and a system that will not only be

competitive but will be genuinely different.



I.  INTRODUCTION

A. Nature of this Rule Making

At issue in this Docket are 27 megahertz of spectrum, which have been transferred from

the U.S. Government to the FCC for reallocation to non-Government users.  The genesis of this

proceeding comes from two legislative initiatives:  the Omnibus Budget Reconciliation Act of

1993 (OBRA-93)1 and the Balanced Budget Act of 1997 (BBA-97).2  Both directed the Secretary

of Commerce to identify Federal Government spectrum for such reallocation.  Pursuant to

OBRA-93, 235 megahertz were made available, and via BBA-97 an additional 20 megahertz were

transferred.

The 27 megahertz under consideration here are not free from constraint.  There are

incumbent Government users operating in these bands that must be protected, and there are users

on adjacent channels who must also be afforded varying degrees of protection.

Moreover, it should be noted that in its 1999 Spectrum Policy Statement,3 the

Commission set forth criteria to effect its spectrum management goals:  (1) maximizing the value

of the spectrum; (2) accommodating incumbent users who provide valuable service to the public;

and (3) fostering competition that encourages the most economical and technically efficient use of

the spectrum.  It is our belief that ArrayComm’s i-BURST system is in accord with these criteria.

                                               
1 Pub. L. 103-66, 107 Stat. 312 (1993)
2 Pub. L. 105-33, 111 Stat. 251 (1997)
3 Principles for Reallocation of Spectrum to Encourage the Development of Telecommunications Technologies

for the New Millennium, Policy Statement, 14 FCC Rcd 19,868 (1999)
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B. Interest of ArrayComm

ArrayComm has been seeking spectrum in the United States for several years for its i-

BURST system which employs Time Division Duplexing (TDD).  Since TDD utilizes the same

spectrum for both transmit and receive, there is an advantage for ArrayComm and for the

Commission to operate i-BURST in spectrum that is not paired or that is not readily available for

pairing.4

Further, to enable the i-BURST system to operate at a level sufficient to provide quality

service, an allocation of 5 MHz, or more, is needed.  Obviously, the larger the allocation, the

greater the capacity of the system; 5 MHz appears to be the minimum for commercial viability.

Today, macro- and micro-cellular TDD systems are conspicuous in other parts of the

world, notably Europe (DECT) and Japan (PHS).  TDD is also particularly suited to the delivery

of  packet data where the offered uplink and downlink traffic may be asymmetric.  In fact, most

wireless LAN technologies are TDD.  Given the opportunity, it is ArrayComm’s intention to

establish TDD as a robust competitor to cellularized FDD systems in this country.

ArrayComm’s intentions and objectives should be clearly understood.  We are not merely

seeking to establish an unlicensed or a niche service.  We seek a primary spectrum allocation; we

intend to compete in any pertinent auction as vigorously as we need to, and our objective is to

achieve a footprint capable of offering nation-wide service.  We believe that the services of the

                                               
4 ArrayComm, for example, participated in WT Docket No. 99-168.  The spectrum at issue therein, 746-806

MHz, was proposed for pairing to accommodate Frequency Division Duplexing (FDD), the prevalent
technology used in the United States for land mobile systems.
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future will demand advanced mobile systems that are able, inter alia, to handle asymmetric traffic.

The ability to accommodate large quantities of data at high speeds will also be essential.  A high

degree of efficient spectrum utilization will be required, particularly in heavily populated areas,

where demand for information will threaten to overtax the available spectrum and disappoint the

consumer.  ArrayComm is convinced that its i-BURST system, which employs fully adaptive

antenna technology to improve spectrum efficiency dramatically, has clear-cut advantages over

today’s FDD systems.  What has been lacking has been access to spectrum and recognition of the

benefits of spectrally efficient technologies.  This proceeding does not offer a panacea, but it does

provide an opportunity to make a beginning, to find some spectrum that used intelligently can

provide services that not only are absent in the U.S. today but may well not be available in most

proposed future systems.

Of the 27 megahertz under consideration, ArrayComm’s analysis concluded that 1670-

1675 MHz is superior for its requirements.  It is gratifying that, in the Notice of Proposed

Rulemaking in this proceeding (the “NPRM” or “Notice”) the Commission arrived at the same

conclusion.5  As will be described infra, ArrayComm has already expended considerable effort and

resources to determine the extent to which other users in and adjacent to 1670-1675 MHz would

impinge on its operations, as well as measures ArrayComm would have to take to afford adequate

protection to those users.

                                               
5 See paragraph 41 of this Notice.
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We believe it is important for the Commission to understand who ArrayComm is, what its

technical and systems design expertise is capable of delivering, and what it is doing with respect to

users above and below 1670-1675 MHz.  Finally, ArrayComm will indicate how this band ought

to be regulated to provide the opportunity needed for i-BURST to provide a robust alternative to

FDD systems.

II.  ARRAYCOMM’S COMPETENCIES AND PROPOSALS

A. Company Background

ArrayComm is the leading worldwide supplier of fully adaptive (so-called “smart”)

antenna technology.  To date, there are over 65,000 base stations in commercial service

worldwide that incorporate the company’s technology under license to various infrastructure

manufacturers.  Enabled with adaptive antennas, these base stations are providing documented,

operational increases in spectral efficiency ranging from a factor of seven to a factor of forty

depending on the air interface.   The company’s background and experience extends significantly

beyond smart antenna technology, however, to include the end-to-end design of wireless systems

in commercial service today including air interface development.

ArrayComm was founded in 1992, by Martin Cooper6 and by researchers from Stanford

University who had been developing smart antenna technology funded, in part, by the Strategic

                                               
6 Mr. Cooper is the Chief Executive Officer and Chairman of the Board of ArrayComm.  After a distinguished

career at Motorola, Inc. where he led the development of the first portable cellular telephone, he founded
Cellular Business Systems, Inc., which became the model for billing by cellular carriers.  Recently, Mr. Cooper
was one of seven telecommunication pioneers elected to the RCR Wireless Hall of Fame.



5

Defense Initiative (SDI) program.  ArrayComm has participated in a variety of FCC rulemaking

proceedings and has interacted with the Commission in a number of other ways.  Most recently,

ArrayComm filed comments in WT Docket No. 99-168, and it has made numerous presentations

and in-house tutorials, all with the intent of providing education regarding TDD and adaptive

antennas and the need to provide these technologies with access to spectrum comparable to that

available to older technologies.

B. The Benefits of Adaptive Antennas

Adaptive antennas consist of a combination of antenna arrays and sophisticated signal

processing, generally applied at the base stations of a cellular system, that provide gain along with

interference mitigation for both the uplink and the downlink of radio systems.  This combination

translates into improved range, higher data rates, and improved spectral efficiency.  Smart

antennas are applicable to almost all types of air interfaces, though the highest performance can be

obtained when smart antennas are used with TDD systems and when they are designed into the air

interface from the outset.  By their very nature, TDD air interfaces provide highly correlated

uplink and downlink propagation channels leading to improved downlink performance of the

smart antenna system with a minimum of feedback from user devices.  This is in contrast to FDD

systems, in which the uplink and downlink can be separated by many tens of megahertz and for

which this correlation property does not necessarily hold.  ArrayComm has repeatedly

demonstrated the field and operational deployments that use of its technology can at least double

the capacity of a system in the worst case, and, depending on air interface and the type of service,

is capable of increasing its capacity forty times.
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C. The Need for Spectral Efficiency in Wireless Data Systems

Current and planned mobile cellular services provide comparatively low-grade digital

services.  Data rates today are in the vicinity of ~10kbps, and data quality has approximately a

0.1% bit error rate.  This is due, to some extent, to design choices that were made based primarily

on a desire to serve a large number of mobile voice users in a given geographic area at reasonable

costs.  But the quality of service is also, to a large extent, the result of limitations in spectral

efficiency and spectrum availability.  Broadband data services, on the other hand, must be able to

provide between hundreds of kbps to more than a Mbps of per-user throughput with error rates

closer to those delivered by wired networks, and the limiting factor in delivering these data rates

with commercially attractive levels of subscriber penetration will be self-interference generated by

the network.  In the absence of other alternatives for mitigating interference, these broadband data

services can only be provided by increased reuse distances as compared to today’s voice

networks.  Taking such a step would, in turn, lead to further reductions in spectral efficiency and

hence higher per-user capital and operating expenditures for operators.  Consequently, cellular

and PCS operators wishing to implement true broadband services would likely have to price them

well beyond mass market price points.

Smart antennas combined with efficient TDD packet data air interfaces achieve spectral

efficiencies that are orders of magnitude higher than competing approaches, enabling portable

broadband data services to be provided at mass market prices through improved operator

economics.



7

D. i-BURST Technology Overview

The radio access component of i-BURST is the marriage of smart antenna technology

with a state-of-the-art packet data air interface to provide portable mass market broadband access

at the highest achievable spectral efficiency.  This results in low costs and accessible pricing as

well as efficient utilization of scarce “mobility” spectrum.  It achieves a spectrum efficiency of 4

bits/s/Hz/cell, far higher than any alternative solutions.

The complete i-BURST system is an open services platform, in the sense that the radio

access technology described above is integrated into an end-to-end service environment that

allows multiple service providers to access their customers across a single radio access and

backhaul network. The end-to-end network incorporates the best broadband aggregation and

subscriber management practices employed in the wired networking industry today.  As such,

i-BURST provides access to wireless customers that is simple and inexpensive for service

providers as compared to alternative approaches.  Service providers can in fact use many of the

same remote access devices/concentrators, provisioning tools and billing tools, for i-BURST users

that they use for their current wired Internet customers.

Through its spectral efficiency and IP-centric architecture, i-BURST can offer low-cost,

high-speed wireless connectivity for desktop computers, laptops, palmtops and other devices.

For business users, this will provide an inexpensive way of connecting to their customers,

suppliers, and employees.  For consumers, it will enable the development of wireless-IP-enabled

household appliances and consumer devices such as cameras and gaming/entertainment devices in
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addition to providing untethered affordable access to the Internet and to specialized content and

service providers.

ArrayComm is uniquely positioned to support the rapid deployment of i-BURST systems

on a nationwide basis.  Through three years of development effort and experiments conducted in

San Jose pursuant to its experimental licenses, ArrayComm has demonstrated the performance of

i-BURST technology.  This fall, ArrayComm will conduct market trials in San Diego pursuant to

experimental authority granted by the Commission.  Thus, by the end of 2001, the i-BURST

system will have been extensively tested in the field.  ArrayComm, along with certain of its

investors and partners, is committed to a nationwide deployment of i-BURST.

III.  PROPOSED SERVICES

As noted above, the i-BURST system will provide portable broadband wireless IP service.

These adjectives, along with “multimedia,” “third generation,” and even “fourth generation,” are

used today in a variety of ways to define future service offerings for wireless. Given the rapidity

with which the wired IP network, along with the services and applications available over it,

continues to evolve, it is impossible to enumerate all the specific IP applications that will be most

important to wireless consumers in the not-too-distant future.  In order to meet the evolving

needs of the public, i-BURST will provide a platform for portable broadband wireless IP service

that will allow untethered access to the widest possible range of IP services and IP networks, such

as the Internet or corporate private networks.  The end-user performance and affordability of i-

BURST will compare favorably with consumers’ best wired access alternatives while also

providing both indoor and outdoor service.  All the above are accomplished with a minimum
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amount of new infrastructure in the wired portions of the carriers’ and service providers’

networks.

The combination of low-cost, high performance service and tetherless connections provide

i-BURST operators with a unique opportunity to establish an attractive and economically viable

business and, at the same time, meet a number of consumer and public needs that are, and will, in

all likelihood, continue to be unmet by other systems.  For example, it will allow operators to

provide service to markets that they might not otherwise be able to serve economically, such as

low income and rural areas.

i-BURST eliminates the historical coupling between the choice of access method and the

available computing devices and applications.  The initial i-BURST user terminal is a small

(pager-sized) device with a standard computer interface, compatible with virtually all personal

computers.   Consumers using i-BURST will be able to access the same content and services as

they would with a wired connection.  This is in distinct contrast to accessing the Internet via a cell

phone today.  Today, both the cell phone with its limited user interface and the application (a

WAP browser, for example) are distinctly different from, and often incompatible with, the

productivity tools that consumers use when they have wired access.

i-BURST’s open platform model will provide public access to a wide range of content

(and, conversely, access for the content providers to the public) through a single wireless

connection.  The open platform model and the use of existing service provider tools and

equipment also lower the barrier to entry for new content providers.
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In addition to enabling untethered access to IP content and applications from the

consumer’s computing device of choice, i-BURST’s unique service profile will enable the

development of new applications and devices which are complementary to those that will be

provided by IMT-2000 technologies.  i-BURST is intended to provide broadband data at low cost

to users moving at pedestrian, or slower, speeds.  IMT-2000, on the other hand, is intended for

highly mobile users.  Basic engineering principles dictate that reliable delivery of broadband data

to highly mobile users will be more complex and more costly for the equipment manufacturers and

operators, and hence for the consumer.  ArrayComm’s market research indicates that many

consumers do not need the high mobility associated with IMT-2000 and would prefer a less

expensive alternative with higher data rates.  It is that need that i-BURST is intended to meet.

IV.  i-BURST TECHNICAL CHARACTERISTICS

This section provides an overview of the i-BURST air interface and emissions

characteristics for i-BURST equipment as background for the spectral coexistence discussions of

Section V and Appendix C.

A. i-BURST Air Interface

The i-BURST air interface is organized around a TDD/TDMA physical layer and MAC

(media access control) layer structure combined with adaptive antenna processing to provide the

highest possible spectral efficiency.

Figure 1 depicts the basic i-BURST frame structure which repeats indefinitely when the

system is in operation. The i-BURST frame duration is exactly 5 ms.  Of that, 1.635 ms is devoted

to uplink transmissions and 2.150 ms are devoted to downlink transmissions.  The remaining time
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within the frame is consumed by a 10 us (N.B. for production reasons, we use “us” to denote

microseconds rather than “Ps”) guard period for switching from uplink to downlink transmissions,

and an 85 us guard period that permits operation at extended range (approximately 13 km or 8

miles).  There are three uplink slots per frame and three downlink slots per frame, typically

allocated in a paired fashion so that a user assigned downlink slot #1, for example, is also assigned

uplink slot #1.  Slots can be allocated on a frame-by-frame basis in response to user traffic

requirements, and users can be allocated multiple slots within a frame for higher throughput.  The

frame structures of all base stations (and hence user equipment) in the system are synchronized via

inexpensive GPS receivers at the base stations.  The internal structure of the slots includes

elements dedicated to conveying user data and elements dedicated to the supporting the MAC and

higher layer protocols.

Figure 1: i-BURST Frame Structure (not to scale)

i-BURST employs a hierarchical modulation and coding scheme in which the symbol

constellation and the level of channel coding adapt to the content of the slot � user data or

protocol data � and to the link quality, ensuring reliable delivery of protocol and user data under

all conditions.  In all cases, the symbol rate is 500 kSymbols/s and pulse shaping with 25% excess

bandwidth is employed.  The channel bandwidth is therefore 625 kHz.  The use of adjacent 625
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kHz channels is supported at any base station; hence, up to eight carriers can be used by each base

station in a 5 MHz allocation.  Channel and timeslot resource allocation is performed via the

MAC and higher layer protocols.

B. Adaptive Antenna Considerations

i-BURST base stations are equipped with adaptive antenna systems that provide gain and

interference mitigation leading to improved coverage and range and also to very high spectral

efficiency.  Classical cellular reuse schemes control interference by separating co-channel users by

several cell radii.  This has the benefit of producing tolerable interference from a given base

station’s operations to those of its nearest co-channel neighbor, but at the cost of having only a

fraction of the total radio resources, and hence capacity, available at any given base station in the

network.  Adaptive antennas control interference by an alternate mechanism: they transmit

directively towards a user that they are serving while actively minimizing the energy radiated

towards other co-channel users in the system; and, for reception, they receive directively from a

user that they are serving while actively minimizing the energy received from other co-channel

users.  Properly designed, adaptive antenna systems perform these operations independently and

simultaneously for each served user.

The combination of uplink and downlink interference mitigation results in an improved

interference environment and a corresponding reduction in reuse distance.  Adaptive antennas

generally provide the highest levels of interference mitigation for TDD (as opposed to FDD) air

interfaces � where the uplink and downlink propagation environments are highly correlated �

and with modest levels of user mobility (fixed or pedestrian speeds rather than vehicular speeds).
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In this situation � TDD and low user mobility � the level of interference mitigation provided by

the adaptive antenna is in fact adequate to support intra-cell reuse of radio resources (e.g., a

particular time slot on a particular carrier).  Although intra-cell reuse may be an unfamiliar

concept, it is by no means beyond the reach of today’s state-of-the-art adaptive antenna

technology.  All that is required is the ability to radiate energy on a channel towards a particular

location in the cell while reducing the energy radiated on that channel towards a second location

in the cell, and vice-versa with different information imprinted on the radio energy, so that the

SINR (Signal to Interference-plus-Noise Ratio) at each location exceeds the nominal threshold for

successful demodulation of its intended signal (e.g., 10-15 dB for typical cellular modulation

formats).  ArrayComm-designed equipment in commercial deployments in the Middle East and in

Asia has been routinely reusing channels within a cell for the past several years in a wireless local

loop (WLL) application.

The ability to reuse channels within a cell leads to high spectral efficiency.  In the WLL

application described above, the measured spectral efficiency in the network is 2.1 bits/s/Hz/cell.

In contrast, it is widely accepted that the spectral efficiency of 2G cellular systems (IS-95, IS-136,

GSM, etc.) is on the order of 0.1 bits/s/Hz/cell, or roughly twenty times lower, albeit for a

different service.  i-BURST is designed to provide a spectral efficiency of 4 bits/s/Hz/cell, or

roughly twice that of the company’s WLL system which was representative of ArrayComm’s

commercial technology several years ago.  Intra-cell reuse, or “spatial channels,” represent a

significant increase in cellular system capacity over that achievable without adaptive antennas.

Most second-generation cellular systems operate with an effective reuse of from seven to twenty-
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one.  In contrast, systems which are able to reuse the same channel twice in each cell operate at a

spectral efficiency that is a factor of from 14 to greater.  At 4 bits/s/Hz/cell and with 5 MHz of

usable spectrum, each i-BURST base station in an i-BURST network has a total throughput of 20

Mbps.

The general mechanism by which adaptive antenna systems create gain (e.g. on transmit) is

by supplying copies of a particular user’s signal, differing only in amplitude and phase, to each

element in the antenna array such that the signals transmitted from each element arrive coherently

at the user location.  As compared to the power that the user would have received if only a single

element in the array were used for transmission, the power received in the adaptive antenna case

where each element is radiating at the same power as the single element is greater by a factor of

M2, where M is the number of elements in the array.  One factor of M results from the fact that

there is M times as much total power being radiated as in the single antenna case; the second

factor of M results from the coherent combination of the signals from each antenna element that

occurs at the user location.  Everything else being equal, an adaptive antenna system with a ten-

element array and 1 W power amplifiers feeding each element provides the same EIRP as a single

element with a 100 W power amplifier.  For a given EIRP, therefore, the adaptive antenna

produces a factor of M less total radiated power than a single element transmitter that achieves

the same EIRP.  As will be shown infra, this increased ratio of EIRP to total radiated power

means that adaptive antenna systems are “good neighbors” from the perspective of adjacent

channel interference.  It also means that from an environmental safety perspective, the total
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emissions, and hence potential hazard, resulting from operation at a given EIRP are greatly

reduced as compared to radiation from conventional base station equipment.

A similar argument shows that the improvement in receive SINR provided by an adaptive

antenna is also a factor of M.  For any given location in a cell in a noise-limited environment,

therefore, a single antenna subscriber terminal requires a factor of M less power to communicate

with an adaptive antenna base station than with a single-antenna base station with the identical

receiver.  In adaptive antenna systems with uplink power control, like i-BURST, this leads to a

reduction in average user terminal transmit powers as compared to a single-antenna base station

all other things being equal.

In summary, the level of in-band and out-of-band interference presented by systems

incorporating adaptive antennas is roughly a factor of M less than that of other systems operating

at the same EIRPs.

C. Interference Mitigation for Other Co-Channel and Adjacent Channel
Systems

It should be clear from the preceding arguments that adaptive antenna systems also serve

to mitigate in-band and out-of-band interference presented to other systems.  The relatively high

ratio of EIRP to total radiated power for the smart antenna base station and the relatively low

required transmit power required of the single-antenna user terminals described above, both of

which factors are essentially equal to M, imply that the level of interference presented to other co-

channel and adjacent-channel systems is significantly less than for a system without adaptive

antennas operating at comparable EIRPs.
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With respect to the out-of-band emissions generated by a smart antenna base station, the

directivity of the out-of-band emissions from an adaptive antenna system is significantly reduced

from that of its in-band emissions.  The relative phases and amplitudes from power amplifier to

power amplifier of a user’s (in-band) signal are not preserved in the out-of-band emissions of the

system’s power amplifiers due to the non-linear mechanisms that create those out-of-band

emissions.  Hence, the directivity for out-of-band emissions is reduced from that of in-band

emissions due to lack of coherent combining in the former case.  Modeling this reduction directly

is very difficult due to the complexity of the underlying physical processes; empirically it is a

factor of approximately M.

The degree of interference mitigation afforded to other in-band users can also be

considered from a probabilistic standpoint.  The increased gain afforded by the adaptive

processing results in a substantially narrower “main lobe” for the composite pattern as compared

to the individual patterns of the elements in the array.  Conservation of energy arguments again

lead to a factor of M for the reduction in main lobe width.  The directions over which the adaptive

antenna provides each peak gain are therefore more restricted or focused than the pattern of a

single element, resulting in a reduction in interference in other directions.   As a result, while the

peak energy radiated by the base station in any particular direction is the same as a single antenna

system with the same EIRP, the average energy in that direction is roughly a factor of M less than

the single antenna system assuming a uniform distribution of active users within the cell.
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D. i-BURST Emissions Levels

i-BURST is designed to provide cellular-like coverage with a macrocellular deployment

model.  “Cellular-like” means ubiquitous coverage throughout the service area and first-tier �

rooms with an outside wall � indoor coverage at the system’s initial peak per-user data rates of

approximately 1 Mbps downlink and 350 kbps uplink.  Data rates elsewhere in the interiors of

buildings will be less.  The macrocellular deployment model provides significant capital and

operating expenditure benefits as compared to a microcellular deployment.

The EIRPs of i-BURST equipment are therefore comparable to those of other cellular

systems using a macrocellular deployment model.  Base station EIRPs will vary with the number

of elements in the base station array at a particular site as well as with the specific antenna

patterns of those elements.  A nine-element array of 12 dBi elements is representative, however,

and results in an EIRP of 52 dBm (160 W) with ArrayComm’s current amplifier designs.

Subscriber unit EIRPs will also vary with the specifics of the subscriber unit form factor and

power consumption constraints � PC Card, External USB device, wall-powered device, etc. A

27.5 dBm (0.6 W) EIRP is representative for current portable subscriber unit designs, however.

These base station and subscriber unit EIRP figures will be used in the interference analyses that

follow.

Base station EIRPs are fundamentally limited by two sets of considerations.  The first are

practical siting and deployment considerations such as antenna array form factor and individual

element gain � especially as they relate to vertical beamwidths, site aesthetics and wind loading.

Even though a nine-element array of 12 dBi elements is physically small � less than 1 m in both
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vertical and horizontal extents at 1670  MHz � the practical limits described above prevent the

array, and hence the EIRP, from being significantly increased via an increase in element gain or

numbers of elements.  The second set of considerations relates to the performance of the

wideband multicarrier power amplifiers employed at the i-BURST base station.  The use of

wideband multicarrier radios and power amplifiers considerably reduces the complexity of

adaptive antenna base stations, since only a single wideband radio/power amplifier pair is required

per element of the antenna array.  (With narrowband technology, the requisite number of power

amplifiers and radios would be the product of the number of carriers supported by the base station

and the number of elements in the antenna array.  In addition, power combiners would be

required.)  Linear multicarrier power amplifier technology is rapidly evolving, through the efforts

of ArrayComm and others in the industry, and substantial improvements in power, cost and

performance may be expected in the coming years.  For the moment, however, considerations of

linearity, performance and cost, in combination with the siting conditions described above, restrict

the i-BURST base station to EIRPs on the order of that described above for eight-carrier

operation.  Note that with a nine-element array of 12 dBi elements and eight carriers operating at

52 dBm EIRP, the power per user, per antenna is (52 dBm – 12 dBi – 10*log10(9 antennas) –

10*log10(9 power amplifiers))  21 dBm or roughly 125 mW ignoring cabling losses.

ArrayComm has also expended substantial effort on the design of base station transmit

filters to protect sensitive spectrally adjacent operations such as radio astronomy and radiosondes.

Figure 2 displays the emissions mask for an individual base station power amplifier, including the

special transmit filter, for a power amplifier operating at full power on all eight carriers with reuse
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of 0.5, or two users per carrier.  Note that in excess of 60 dB of isolation is provided for sensitive

radio astronomy operations at 1665 MHz, assuming worst-case (i.e., directed at radio astronomy

site) directivity of the base station, with over 30 dB of protection for radiosonde operations above

1676 MHz in the upper adjacent band (and more than 40 dB above 1677 MHz).  More aggressive

filtering could be employed on a case-by-case basis as necessary.  As multicarrier power amplifier

performance continues to improve, these same levels of protection can be practically provided at

higher power.  Hence, while the 52 dBm EIRP mentioned above will be representative for initial i-

BURST deployments, it should not considered an absolute limit for the future.

Figure 2:  i-BURST Base Station Individual Power Amplifier Emissions Mask

With respect to subscriber units, the EIRP is limited by form factor and power

consumption constraints along with power amplifier (transistor, in this case) efficiency and

linearity.  Power amplifier efficiency for these devices can be expected to improve modestly over

the next few years.  Moreover, in the case of devices intended for fixed use, one can contemplate

an increase in EIRP simply through the use of directive antennas at the subscriber’s premises.

Hence, while the 27.5 dBm EIRP mentioned above will be representative for initial i-BURST
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deployments, it should not be considered an absolute limit for the future.  Table 1 depicts the out-

of-band emissions mask for the initial i-BURST subscriber devices.

Frequency Offset
Band Edge (MHz) Emissions Level

< 500 kHz < -27 dBc

500 kHz � 1 MHz < -50 dBc

> 1 MHz < -60 dBc

Table 1:  i-BURST User Terminal Emissions Mask

Section V, below, provides a discussion of the protection requirements for government

and scientific operations adjacent to, or partially overlapping, the 1670-1675 MHz band. As part

of that discussion, specific coordination recommendations are provided for the protection of those

operations from commercial operations at 1670-1675 MHz.  These recommendations are to

applied on a site-by-site basis, however, which means that general emissions requirements for the

1670-1675 band must also be specified.  These general emissions requirements would hold in all

circumstances, and would be supplemented by the coordination procedures outlined in Section V

for the protection of specific sites.

ArrayComm believes that the general emissions limits for this band should primarily be

based on the requirement to protect adjacent band services and in a manner consistent with safety

considerations.  ArrayComm believes that both of these goals can be met with in-band emissions

limits of 1640 W EIRP for the base station and 4 W EIRP for the subscriber terminals.  If
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wideband radio equipment is employed, EIRPs should continue to be calculated on a per-carrier

basis.

With respect to general out-of-band emissions limits, ArrayComm proposes rules similar

to those of the broadband PCS service (cf. Section 24.238 of the Commission’s rules).  However,

recognizing that the goal of such rules is to protect adjacent band operations and in light of the

factor of M reduction in total emissions from a transmitter equipped with adaptive antennas

relative to a single-antenna transmitter with the same EIRP, ArrayComm recommends rules that

reflect the following notion:

In the case of adaptive antenna systems where the outputs of multiple

power amplifiers operating at comparable per-carrier powers are coherently

combined over the air by an antenna array at the transmitter site, the requisite

reduction is 43+10log(P)-10log(M) at each power amplifier, where P is the per-

carrier, per power-amplifier, power serving a carrier; and M is the number of

power amplifiers/antenna elements serving a carrier.

For a given EIRP (and for the reasons described supra), this concept results in a

comparable level of radiated out-of-band emissions from an adaptive antenna system as the

Commission’s “43+10log(P)” rule does for single antenna transmitters.  Although it is somewhat

different from out-of-band emissions rules appearing elsewhere in the Commission’s rules, it has

the advantages of clearly defining an out-of-band emissions measurement for adaptive antenna

systems and ensuring out-of-band emissions from adaptive antenna systems comparable to those
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emitted by single-antenna systems, while at the same time avoiding undue engineering constraints

on the wideband radios and power amplifiers that those systems will employ.

V. PROTECTION OF GOVERNMENT AND SCIENTIFIC OPERATIONS

ArrayComm is aware that its ability to utilize 1670-1675 MHz depends on providing

adequate protection to existing users in adjacent bands as well as those few co-channel

government systems.

Adjacent channel usage encompasses the Astronomy community and Meteorological

users.  Co-channel use, while limited because of a relocation program recently completed, or

nearly so, will continue to exist in three locations which will require protection from i-BURST.

To effect interference ground rules acceptable to both parties, ArrayComm and its

engineering consultants conducted in-depth engineering analyses and had numerous meetings with

virtually every involved Federal Agency and with leading radio astronomers.

We believe that effective methods of measuring interference have been established, based

on Power Spectral Flux Density (PSFD) and, certainly with respect to the stations now using

adjacent and co-channel spectrum, general agreement has been reached.

This section provides an overview of our research and of the negotiations that were

conducted.  Appendix C provides detailed interference and coexistence calculations.  Wireless

Facilities, Inc., (WFI) assisted ArrayComm in identification, interaction and interference

assessment for the co- and adjacent-channel systems described below.

We should point out that ArrayComm took every precaution to deal with every station

that now exists.  Changes in station locations by existing systems or the appearance of new
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systems would be situations over which ArrayComm has no control and for which it should not be

independently responsible.

A. Radio Astronomy

1. Background

Radio astronomy is a passive service based on the reception of radio signals of cosmic

origin through the use of radio telescopes. While the 1660-1670 MHz band has been identified by

the International Astronomical Union (IAU) as a preferred frequency band for continuum

observations, it is also useful for spectral-line observations.7  The U.S. National Table of

Frequency Allocations, published by the National Telecommunications and Information

Administration (“NTIA”), lists the radio astronomy service as having both primary and secondary

allocations; these allocations are shared.  Between 1660-1670 MHz band, radio astronomy has

primary status in three sub-bands.  Radio astronomy shares the first segment (1660–1660.5 MHz)

with the mobile-satellite (Earth-to-space) service.8  In the second segment, 1660.5–1668.4 MHz,

radio astronomy service shares primary allocation status with the space research (passive) service.

                                               
7 Electronic mail transmission from Dr Martha Haynes (Professor of Astronomy, Cornell University), Spectrum

Planning and Policy Advisory Committee (SPAC) member, to Joseph Camacho, National Telecommunications
and Information Administration (NTIA), Strategic Spectrum Planning Program (Sep 9, 1997), (on file with
NTIA). found in NTIA Special Publication 98–35, “Radio Astronomy Spectrum Planning Options”.

8 This band was reallocated by the WRC–97 from the aeronautical mobile–satellite (Earth-to-space) service to the
mobile–satellite (Earth-to-space) service. See the Final Acts of the World Radiocommunication Conference
(WRC-97) Geneva, 1997, at 30, found in NTIA Special Publication 98–35, “Radio Astronomy Spectrum
Planning Options”.
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In the last portion, 1688.4-1670 MHz, primary allocation status is shared with the meteorological

aids (radiosonde) service.

The radio astronomy service in the U.S. consists of the use of three types of key

instruments to study the sky:  classical single-antenna receivers, the Very Large Array (VLA) and

the Very Long Baseline Array (VLBA).

The VLA configuration resembles a "Y"-shaped pattern, with nine antennas on each of the

symmetric three arms. Each antenna is a steerable parabolic dish of 25 meters (82 feet) in

diameter, and weighing approximately 230 tons. A communications system utilizing buried

microwave waveguide controls and monitors information between the array and the central

control station.9

The Very Long Baseline Array (VLBA), much more powerful than the VLA, consists of

antennas situated in disparate locations throughout the U.S.   It implements a measurement

technique referred to as Very Long Baseline Interferometry (VLBI).  Cosmic signals from each

antenna are recorded on magnetic tape, and the data is analyzed and correlated at the National

Radio Astronomy Observatory in Socorro, NM.  Signals from different sites are analyzed

mathematically to make it appear that all observing stations are on the same plane, despite the

great distances between the stations and curvature and rotation of the earth. Data from all

                                               
9 Napier, Peter J., Thompson, A. Richard, and Ekers, Ronald D., The Very Large Array: Design and

Performance of a Modern Synthesis Radio Telescope, Proceedings of the IEEE, Vol. 71, No. 11, November
1983, pp. 1295-1322.
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elements of the array are combined to produce a 3-dimensional image of the observed object.

VLBI systems currently offer the best resolving power available to radio astronomers worldwide.

Technical contributions and innovations developed by radio astronomy researchers

continue to serve the public interest.  Astronomy continues to contribute to educational

knowledge and technical progress. Radio astronomy offers scientists a supply of cosmic

"laboratories" for observing physical phenomena and characteristics.  For example, while it may

not be possible to study the characteristics of a black hole, or a neutron star with a single antenna

system, astronomers can study the physics of such conditions routinely with instruments such as

the VLA and VLBA. Also, the VLBA is a primary instrument used by scientists to provide critical

data on the drift of Earth's continents and the mechanisms of global climate changes.10

ArrayComm and WFI have undertaken an exhaustive effort to contact both Government

and non-Government incumbents11 that might be affected by i-BURST system deployment in

order to learn the technical details necessary to understand the operation of these radio astronomy

telescopes.  In many cases, radio astronomy users were not aware of the re-allocation order

passed by congress in 1993.

                                               
10 Finley, David. “Why Do Astronomy?” presented by the National Radio Astronomy Observatory.  Published at

the NRAO website - (http://www.aoc.nrao.edu/intro/).
11 The list of incumbents contacted includes the facility at Hat Creek (Berkeley), CA, the private astronomical

observatory at Stanford University, the VLA array located at Los Alamos, NM and the Haystack Observatory
operated by the Massachusetts Institute of Technology.



26

The National Radio Astronomy Observatory (“NRAO”) is a facility of the National

Science Foundation (“NSF”) and is operated under cooperative agreement by Associated

Universities, Inc.  In this capacity, NRAO is the primary radio astronomy operator in the U.S.

and provides critical scientific data to several federal, civil, educational, and private institutions

which study radio astronomy telemetry.

As NRAO is part of NSF, ArrayComm met directly with the staff of the NSF.  A key

official concurred that spectrum sharing with radio astronomy incumbents, with advance

coordination efforts, is not only possible, but should be encouraged.  NSF provided additional

contact information for incumbent users and positively commented on efforts by ArrayComm to

reach out to existing incumbent users to understand both their use of spectrum and potential

concerns in future proceedings before NTIA and the FCC.  Additionally, the NSF acknowledged

that it itself is not aware of the identity of all private users

NSF representatives also agreed that PSFD-based coordination levels are the preferred

mechanism for meeting the protection needs of their existing facilities, so long as significant prior

coordination and testing accompanied this process.  Further, NSF commented that successful

adjacent-band operation of radio astronomy and commercial services is in fact possible if good

engineering practices are followed.

2. Coordination Requirements and Conclusions

The International Telecommunications Union (“ITU”), in Recommendation ITU-R

RA.769-1 (attached in Appendix B), establishes maximum permissible levels of interference to
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radio astronomy systems.    Limiting interference at 1665 MHz, in particular, is important because

at that frequency, there is a water maser that is the source for calibrating equipment.

The radio astronomy service is not co-channel to 1670-1675 MHz.  Rather, radio

astronomy measurements are taken below 1670 MHz at a center frequency of 1665 MHz.

Adjacent channel interference to these sensitive receivers is nonetheless an area of concern. The

requirement to detect very faint signals in combination with the practicalities of receiver dynamic

range and selectivity combine to make radio astronomy receivers potentially sensitive to such

interference.

The sensitivity of radio astronomy measurements to interference depends upon the type of

measurements being made and the type of radio astronomy equipment employed.  Pursuant to

Table 1 of ITU-R RA.769-1, the radio astronomy service requires that the power spectral flux

density of interference be less than –251 dB(W/m2/Hz) at 1665 MHz for non-VLBI

measurements. As the VLBI is intrinsically less sensitive to interfering sources that are only

present at a single antenna site or are uncorrelated from site-to-site, as would be the case with a

cellular system in the adjacent band, the tolerable interference levels are substantially higher than

for non-VLBI sites.  VLBI protection criteria are given by Table 4 of ITU-R RA.769.1 and are

roughly 43 dB less stringent than for non-VLBI measurements.

Radio astronomy antenna patterns in current use by radio astronomers generally conform

to ITU SA.509-2 (attached in Appendix B for convenience), with up to 40 dB of pattern rolloff at

more than 10 beamwidths from boresight.  Additionally, most radio astronomy antennas do not

allow elevation angles of less than 15 degrees.  Hence, terrestrial interference emitters are almost
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never received through the main lobe of the radio astronomy antenna, and more often through

low-gain sidelobes.

ArrayComm proposes that PSFD levels at the location of the protected site be the criteria

for coordination between commercial systems and radio astronomy receivers.  The alternative

coordination approach is to use predetermined “standoff” or “exclusion” radii which are

necessarily overly conservative in the absence of specifics regarding terrain morphology at a

particular site, and which do not, in any event, guarantee that the protected system’s interference

requirements are actually met.

The use of PSFD limits, rather than radial exclusion zones, allows engineering staff the

flexibility to modify a variety of characteristics to ensure non-interference.  Further, ArrayComm

has already worked with existing incumbents to understand the nature of their systems in order to

ensure protection.  PSFD-based coordination, in combination with understanding of the protected

systems and best engineering practices to insure interference protection, will allow coordination to

be done efficiently, and result in the best solution for all parties: protection of radio astronomy

sites and minimized loss of coverage for the commercial system.

Based on the ITU protection criteria, Appendix C of this filing presents different types of

analyses of the potential interference presented to radio astronomy sites from i-BURST

operations in 1670-1675 MHz.   The analyses include simple point-to-point calculations,

statistical analyses that account for the likely distribution of i-BURST base stations relative to a

radio astronomy site, and specific analyses for two particular radio sites that incorporate the

effects of local terrain morphology.
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ArrayComm can protect incumbent radio astronomy users.  As described in the technical

description of i-BURST (see IV, supra), ArrayComm has designed special transmit filters for its

base station equipment to provide more than 60 dB of suppression for any emissions into 1665

MHz.  Additional filtering or other engineering solutions can be developed to provide further

protection for radio astronomy facilities as necessary.  i-BURST mobile devices  also possess a

spectral mask with at least 60 dB of emissions attenuation at 1 MHz from band edge.  Moreover,

because i-BURST terminals do not transmit unless they can successfully receive base station

transmissions, those terminals will not transmit in the vicinity of radio astronomy sites.

The analyses of Appendix C show that commercial systems with out-of-band emissions

characteristics like those of i-BURST can in fact be operated at acceptable levels to radio

astronomy without a commercially unacceptable reduction in coverage area.  This is particularly

true in light of the sitings of radio astronomy receivers, which are specifically selected to be

distant from population centers of significant commercial interest.

It must be noted, however, that ArrayComm is concerned that future modifications of

current systems, or deployments of new radio astronomy systems, might have a preclusive effect

on the ability of ArrayComm or other entities to operate between 1670-1675 MHz.  Extensive

modifications to, or even the elimination of, commercial coverage areas could be necessary.  As

such, the Company believes that appropriate coordination procedures, as proposed in Section V

of this filing, are necessary to reduce potential risks to auction winners.

ArrayComm is confident, however, that coordination can be successfully achieved.

Current contacts and efforts have proved successful, and both ArrayComm and the radio
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astronomy service users are very willing to work towards a mutually beneficial solution.  Further,

the radio astronomy community generally seeks to locate sites in very rural environments where

ambient noise levels are low.  i-BURST systems, in contrast, will generally be deployed in areas

where there are high concentrations of potential customers for this new type of advanced wireless

service.

B. Radiosondes

1. Background

Radiosonde Operations are a wireless service based on the reception of radio signals from

airborne transmitters, mounted on weather balloons, which take meteorological signal

measurements at all levels of the earth’s atmosphere.  Once a radiosonde is released, a tethered

balloon carrying the system rises into the upper atmosphere, while transmitting meteorological

telemetry data to an earthbound receiver.   At the ground station, a computer system formulates

the thermodynamic and wind data into "rawinsonde" observations.  Radiosondes are used by the

National Weather Service (the “NWS”), the Army, Air Force, Navy, as well as by various non-

Governmental entities including a number of small universities, research institutions and

municipalities.  For many years, radiosondes have operated both in the 1670-1675 band and the

bands adjacent thereto as well as in other bands, notably the 401-406 MHz band.  In accordance

with OBRA-93, they must vacate the 1670-1675 band.  In its Spectrum Reallocation Final report,
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NTIA stated that “[r]eallocation of this band is scheduled for 1999 to permit design and

procurement of replacement equipment for meteorological radiosonde systems.”12  As the 1670-

1675 band has not yet been auctioned, some radiosonde operations remain in the band but are

expected to have complied with the Commission’s relocation requirements by the time of the

auction of that band.

In the NPRM, the Commission proposed to codify the obligation of radiosonde operations

to relocate from the 1670-1675 MHz band in footnote Usyyy:

“In the band 1670-1675 MHz, Government operations are on a non-
interference basis to authorized non-Government operations and shall not hinder
the implementation of any non-Government operations, except that the
Geostationary Orbit Environmental Satellite receiving earth station at Wallops
Island, VA [lat/lon omitted] operates on a co-primary basis.”

Radiosondes are operated by both Government and non-Government entities.

ArrayComm and WFI have attempted to contact all radiosonde operators using the 1670-1675

MHz band.  We believe we have been successful in contacting all Government agencies that use

radiosondes in the band, and it is ArrayComm’s understanding that all Government radiosondes

operating therein have been or are to be replaced or retuned so as to operate outside the band

before the band is auctioned.

Unfortunately, ArrayComm has not been able to identify all non-commercial institutions

that operate radiosondes in the 1670-1675 band.  Those institutions too are required to relocate,

                                               
12 NTIA Spectrum Reallocation Final Report, Executive Summary
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but as more fully set forth below, ArrayComm has not been able to confirm that they are aware of

this obligation and are in the process of relocating.

National Weather Service.  The NWS has established a program to replace the

radiosonde systems currently operating in the 1670-1675 MHz band.13  WFI and ArrayComm

have confirmed with the NWS that, by the time commercial service is authorized in the band,

existing radiosonde systems will have been replaced by newer systems in other bands and will be

able to coexist with commercial operations in the 1670-1675 MHz band.  In addition, during a

meeting on February 6, 2001, NTIA/NWS staff members affirmed that radiosonde operations are

subject to instant relocation upon the close of an auction of the 1670-1675 MHz band and that the

NTIA is willing to enforce the rules relating to use of reallocated frequencies.  A list of NWS

radiosonde sites is provided in Appendix D.

Department of Defense (DOD).  WFI contacted Spectrum Management Staff at the

Department of Defense agencies for the Army, Navy, and Air Force, both directly at the Defense

Information Systems Agency and through the Office of the Federal Coordinator  for Meteorology.

WFI has been assured that these agencies are either not operating in the 1670-1675 MHz band or

have plans to cease operation there before the start of commercial operations.

Based on a number of conversations between with representatives of the armed services,

ArrayComm has concluded that: 1) the Air Force currently operates a number of radiosondes in

                                               
13 NTIA – National Weather Service Radiosonde Replacement Program (http://www.rrs.nws.noaa.gov/)
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the 1670-1675 band but plans to modify its radiosondes in order to comply with the reallocation

plan;14 2) the Army does not use radiosondes in the 1670-1675 MHz band; 3) the Navy has no

operations would be affected by the reallocation of this band, but it is also continuing research on

spectrum use and may submit further information.

Other In-Band Radiosonde Operations.  Other radiosonde users include small

universities, municipalities, institutions, and other research facilities; many of whom  ArrayComm

has been unable to identify.  As noted above, these users are required to migrate to other

frequencies pursuant to OBRA-93.  ArrayComm is prepared to work with NTIA to ensure that

those entities are identified and notified of their obligation to relocate.  ArrayComm submits that

these users and others should be encouraged whenever possible to move to the 401-406 MHz

radiosonde band, rather than to the immediately superadjacent band of 1675-1690 MHz.  Such

relocation would ease the coordination process and would reduce the potential for interference

between radiosonde operations and commercial operations in 1670-1675 MHz.

2. Coordination Requirements and Conclusions

ArrayComm recognizes the importance of radiosonde operations to the Government and

the public and will ensure that they are protected pursuant to the rules which the Commission

ultimately adopts in this docket.  As described supra in the technical description of i-BURST,

ArrayComm has designed its system with special transmit filters for its base station equipment that

                                               
14 Id.
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provide more than 30 dB of suppression for any emission into 1676 MHz and more than 40 dB

above 1677 MHz.  Additional filtering or other engineering solutions can be developed to provide

further protection as necessary.  Also, i-BURST mobile devices possess a spectral mask with at

least 60 dB of emissions attenuation at 1 MHz from band edge.  Because i-BURST terminals do

not transmit unless they can successfully receive base station transmissions and because base

station deployments that provide the requisite protection for radiosonde receiver sites would not

provide signals at a demodulable level in the vicinity of those sites, i-BURST terminals will not

transmit in the vicinity of radiosonde receiver sites.

Appendix C of the NTIA Spectrum Reallocation Final Report states that NWS radiosonde

operations must be protected such that “power density in a 1.3 MHz bandwidth shall not exceed -

150 dBW/m2 more than 0.24% of the time, nor -135 dBW/m2 more than 0.03% of the time.

These power densities correspond to field strengths of 0.67 microvolts/meter and 3.5

microvolts/meter respectively.”  During the February 6 meeting with NTIA referred to above,

NTIA confirmed that these PSFD protection requirements would be adequate for radiosonde

operations superadjacent to the 1670-1675 MHz band.  We assume that there will be no

additional radiosonde protection requirements imposed on commercial systems operating in the

1670-1675 MHz band.

To mitigate or eliminate potential interference to each incumbent site, ArrayComm

proposes that the PSFD level at the location of the protected radiosonde receiver site be the

criterion for coordination between commercial systems and radiosonde receiver sites.
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Since PSFD is the criterion used in NTIA’s rules to protect radiosonde operations, it

seems logical to use that same criterion directly for coordination.  PSFD limits seem preferable to

pre-determined “standoff” or “exclusion” radii, which can be overly conservative in the absence of

specifics regarding terrain morphology at a particular site, and which do not, in any event,

guarantee that the protected system’s interference requirements are actually met.

The use of PSFD limits, rather than radial exclusion zones, also allows engineering staff

the flexibility to employ a variety of mitigation techniques to ensure non-interference while

minimizing loss of commercial coverage area.  Based on the protection criteria specified for

radiosondes in the 1995 NTIA Spectrum Reallocation Final Report, Appendix C of this filing

presents different types of analyses of the potential interference presented to radiosonde receiver

sites from i-BURST operations in the 1670-1675 MHz band.  The analyses include point-to-point

calculations, as well as statistical analyses that model the likely distribution of i-BURST base

stations relative to a radiosonde receiver site.

Those analyses show that i-BURST systems as well as other commercial systems with out-

of-band emissions characteristics similar to those of i-BURST can in fact be operated while

providing acceptable levels of interference protection to radiosonde operations, and without

reducing coverage so as to make commercial operations commercially non-viable.15

                                               
15 NWS has requested analysis of the potential i-BURST interference into the new (GPS-based) radiosonde

systems that will be deployed in the future.  That analysis is also reflected in Appendix C under the assumption
that the protection requirements for such systems are identical to those of the 1995 NTIA Reallocation Final
Report.
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As noted above, ArrayComm does not believe that it has been able to identify all

legitimate radiosonde users immediately above 1675 MHz.  Any commercial operator in the 1670-

1675 band will likely f ace a similar difficulty.  ArrayComm, therefore, suggests that a procedure

be adopted to: 1) notify radiosonde operators in the 1670-1675 band of their obligation to

relocate and 2) identify those radiosonde operations in the superadjacent band which warrant

protection.  Once a database of radiosonde sites has been established, ArrayComm proposes that

it be incorporated in the Commission’s rules applicable to service in the 1670-1675 band as the

definitive list of incumbent sites that must be protected.  Such a procedure would greatly assist

potential spectrum bidders in assessing the value of the spectrum between 1670-1675 MHz.

ArrayComm further proposes that radiosonde users be encouraged to operate in the alternate

radiosonde band at 401-406 MHz whenever possible and that, in any event, there be no

requirements on an eventual 1670-1675 MHz commercial operator to protect either existing users

who have not timely identified themselves or future radiosonde operators in the adjacent bands.

C. Meteorological Satellites

1. Background

The Meteorological Satellite Service (space-to-Earth) has a primary allocation in the

1670-1675 MHz band as well as in the superadjacent 1675-1710 MHz band.  Under the proposal
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made in the NPRM, it will be co-primary with the fixed/mobile service in the 1670-1675 MHz

band.

The National Oceanic and Atmospheric Administration (NOAA) is responsible for

operating the environmental weather satellites, which orbit over North America.  Within NOAA,

the National Environmental Satellite, Data, and Information Service (NESDIS) operates these

satellites. Federal agencies, such as the National Weather Service, uses data from NESDIS to

forecast weather patterns for public, television, radio, and weather advisory services through the

U.S. and for the North American hemisphere.16

The weather satellite system is composed of two types of satellites: geostationary

operational environmental satellites (GOES) for short-range warning and instant weather

forecasting, and polar-orbiting environmental satellites (POES) for longer-term forecasting.

GOES I through M satellites operate in 1673.5-1678.5 MHz � a 5 MHz band centered at 1676

MHz and straddling the upper edge of the 1670-1675 MHz band.  POES satellites operate in

1690-1715 MHz.  Both types of satellite are needed in order to provide a complete global

weather monitoring system.  Appendix D provides a functional diagram of the GOES system.

GOES Satellites.  The new GOES-I through M series provides spatial and temporal data,

as well as full-time operational soundings (vertical temperature and moisture profiles of the

atmosphere).

                                               
16 Source:  NESDIS web site:  (www.nesdis.noaa.gov)
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GOES satellites are controlled by the NESDIS Command and Data Control Center (CDC)

located in Wallops Island, VA.  That facility provides constant data to meteorologists regarding

atmospheric "triggers" for severe weather conditions such as tornadoes, flash floods, hail storms,

and hurricanes.

A backup facility for GOES operations is located in Greenbelt, MD.17  This facility has the

same engineering requirements for the reception of GOES satellite data as the Wallops Island, VA

facility.  As such, the Greenbelt, MD facility must be afforded the same primary status protection

as the facilities in Alaska and Virginia.

POES Satellites.  Polar-orbiting meteorological satellites (POES) provide atmospheric

temperature and moisture data in all weather situations. Two polar-orbiting satellites, one

operated by NOAA, and the other by the Defense Meteorological Satellite Program (DMSP),

utilize the Advanced Television Infrared Observation Satellite (TIROS-N or ATN).18  These two

orbiters circle the Earth in a north-south orbit orientation.  POES satellites are controlled by the

NOAA Command and Data Acquisition (CDA) stations located in Fairbanks, Alaska and Wallops

Island, Virginia.

                                               
17 Although this site was not mentioned in the NPRM, ArrayComm’s discussions with NWS revealed its existence

and protection requirements.
18 The DMSP provides weather data through all levels of conflict and disseminates global visible and IR cloud

data and other specialized meteorological and oceanographic data to support DoD operations. DMSP is
operated by the U.S. Air Force.
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Fairbanks CDA.  The Fairbanks, Alaska facility is the primary ground receive station for

POES satellites as well as for certain other Federal polar-orbiting, meteorological satellites.   The

Fairbanks CDA tracks POES satellites, analyzes telemetry data, and provides a data repository for

entities that wish to study such data.  The station is located 13 miles north of Fairbanks, AK, and

is geographically isolated by surrounding hillsides.

Wallops Island CDA.  The Wallops Island CDA is the primary ground receive station for

ensuring scheduled data flow from several types of NOAA satellites, particularly GOES satellites.

The Wallops Island CDA executes GOES spacecraft commands and schedules, while also

ensuring a continuous flow of meteorological satellite data.

Incumbent Research.  At the February 6 meeting with the staff of NTIA and NESDIS,

WFI and ArrayComm discussed the proper method for calculating interference to the three

meteorological satellite receive stations at Fairbanks, Wallops Island, and Greenbelt as well as any

concerns Government agencies might have over ArrayComm’s potential use of the 1670-1675

band.

As a by-product of that meeting, WFI learned that the DoD operations are unlikely to be

adversely affected by commercial deployments in 1670-1675 MHz19 because the TIROS satellites

operate at frequencies in 1690-1715 MHz.

                                               
19 DoD systems are closely coordinated with NOAA systems, and primary operations, per discussions with the

Office of the Federal Coordinator (OFC) and the Defense Information Systems Agency (DISA), are not in-band
or significantly adjacent to potential i-BURST Deployments.
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Following the meeting with NTIA, WFI contacted Receive Station Command and Data

Control system stations directly to obtain the operational data needed to complete an accurate

analysis.  As a result of these discussions and a great deal of research, ArrayComm believes it has

arrived at an acceptable set of protection requirements.

2. Coordination Requirements and Conclusions

As noted in the NTIA Spectrum Reallocation Report, the criterion to protect the CDA

stations at Wallops Island, VA and Fairbanks, AL (and which also apply to the Greenbelt, MD

site) is the following:

The cumulative interference at the receiver input in any 1 kHz band can be no

higher than 10 dB below the receiver thermal noise power in that band, for 99.99 percent

of the time during any one month period.20

The cumulative interference at the receiver input in any 1-Hz band can be no

higher than the receiver thermal noise power in that band, for 99.99 percent of the time

during any one month period.21

The currently deployed GOES satellites I through M broadcast on the frequency 1676

MHz with 5.0 MHz of occupied signal bandwidth.

                                               
20 NTIA Spectrum Reallocation Final Report, NTIA Special Publication 95-32,  Appendix C.  See also, Spectrum

Reallocation Report, NTIA Special Publication 98-36.
21 Ibid.
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In accordance with the 1995 NTIA Spectrum Reallocation Final Report, the receiver noise

temperature for GOES I through M between 1670-1675 MHz is assumed to be 50° Kelvin, which

means that the thermal noise power at the receiver input is -182 dBW / kHz, or -212 dBW / Hz.

The receive antenna, pointed at the geo-synchronous orbital arc between 75°W and 135°W

longitude, has a gain assumed to be approximately 49 dBi.22

Based upon the protection criteria specified for meteorological satellite earth stations in

the 1995 NTIA Spectrum Reallocation Final Report, Appendix C of this filing presents analyses

of the potential interference presented to sites from i-BURST operations in 1670-1675 MHz.  The

analyses include simple point-to-point calculations, and statistical analyses that account for the

likely distribution of i-BURST base stations relative to a meteorological satellite earth station

receiver site.

The analyses show that commercial systems with out-of-band emissions characteristics like

those of i-BURST can in fact be operated while providing acceptable levels of interference to

meteorological satellite earth station operations, and without a commercially unacceptable

reduction in coverage area, at least when viewed on a national basis.  Interference mitigation

techniques that may be employed include adaptive antennas, internal guard bands and transmit

filters.  Note that since the meteorological satellite downlink straddles the upper edge of 1670-

1675 MHz, protecting these receiver sites, while feasible, presents a significant challenge to

                                               
22 Ibid.



42

geographically adjacent commercial services in the 1670-1675 MHz band.  (Note that this co-

channel protection for the meteorological satellite receiver sites also results in protection for their

operations in the superadjacent band due to the rolloff of the transmit filters at the i-BURST base

stations and subscriber units.)

Because i-BURST terminals do not transmit unless they can successfully receive base

station transmissions, and because base station deployments that provided the requisite protection

for meteorological satellite receiver sites would not provide signals at a demodulable level in the

vicinity of those sites, i-BURST terminals would not transmit in the vicinity of meteorological

satellite receiver sites.

As in the case of radiosondes, and for the reasons set forth in the discussion thereof,

ArrayComm proposes that PSFD levels at the location of the protected site be the criterion for

coordination between commercial systems and meteorological satellite earth stations receivers.

The use of PSFD limits, rather than radial exclusion zones, allows engineering staff the

flexibility to modify a variety of characteristics to ensure non-interference.  WFI and ArrayComm

have already contacted existing incumbent systems to understand the nature of their systems in

order to ensure protection from i-BURST deployments.  PSFD-based studies, in combination with

understanding of the protected systems and the use of good engineering practices, insures

interference protection to incumbent systems, and allows the proper coordination of new i-

BURST system deployments.  The proposed levels of PSFD protection are to be those of the

1995 NTIA Spectrum Reallocation Final Report, as measured at the incumbent site.
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D. Summary: Protection of Meteorological and Astronomical Services

The preceding section of this filing described the agencies contacted, the interference

analyses conducted and the expressions of support from various Government agencies.

Past rulemakings, with regard to incumbent systems, have imposed the use of radial

exclusion zones around specific individual incumbent locations.  Because of the unique nature of

government and scientific systems under consideration, ArrayComm believes that rather than

radial exclusion zones, the use of PSFD limits is a better measure for determining interference

concerns.  Radial exclusions zones are necessarily based on conservative analyses and, in any

event do not guarantee appropriate protection at an incumbent site.

ArrayComm believes that such radial exclusionary zones would greatly inhibit the

potential success and viability of any deployment in 1670-1675 MHz.  The protection of radio

astronomy and meteorological satellite stations alone will deprive large areas of territory from

receiving service in this band.  Potential investors in this spectrum would see this as a notable

downside risk to the acquisition of this spectrum.  Commercial operators must protect these

government and scientific stations, but they must also be given the flexibility to provide that

protection with minimum loss of commercial coverage.

ArrayComm believes that VLB, and other radioastronomy, radiosonde, and

meteorological satellite stations can be sufficiently protected through a synergistic coordination

process.  The commercial operator should review potential PSFD interference to those sites, both

theoretically and in the field, and should then share this data with the incumbent Government or

scientific operator during the coordination process.  Once shared, the operator and the
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Government or scientific user should discuss the results and agree on the protection needed to

enable both parties to utilize their respective spectrum.  This will enable the commercial operator

to do the engineering work necessary to prepare the system for use at a given site.  Prior to

system launch, actual measurements of signal strength can be made, in concert with civil or

federal engineering staff, to ensure that signal strengths are at levels acceptable to incumbent

operations.

ArrayComm further proposes that the PSFD protection criteria be those of the 1995 ITU-

R RA.769-1 recommendation for protected radio astronomy sites, and the PSFD specifications in

the NTIA Spectrum Reallocation Final Report for protected meteorological satellite and

radiosonde receiver sites.

E. Summary of Coordination Issues

ArrayComm has pursued the issue of coordination with the incumbent users of 1670-1675

MHz and those occupying spectrum adjacent to it with great diligence and thoroughness.

ArrayComm recognized that it must be a good spectral neighbor and that it must convince

astronomers and meteorologists of its ability to mute potential interference to acceptable levels.

Because a satisfactory resolution of this coordination issue is so crucial to the success of

commercial operation at 1670-1675 MHz, ArrayComm believes that the unresolved aspects of

this problem should be emphasized.

For example, as noted above, ArrayComm found it difficult to locate all users of spectrum

in and adjacent to 1670-1675 MHz.  Indeed much of the information presented in this proceeding

was obtained through contacting and meeting with NTIA, DOD, NSF, NOAA, and the NWS.
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Officials at each organization conceded that the process of identifying actual users of the spectrum

could be, in many cases, difficult.

One exacerbating factor that emerged at these meetings is that not all users of government

spectrum have actual licenses to operate on its frequencies.  For example, a non-profit and

university might make or have made use of 1670-1675 MHz for the general studies of

meteorology for an undergraduate course, or for laboratory testing.  In such instances, licenses

may not have been given or even requested prior to actual system operation.  Naturally, it is

difficult to ascertain whether or not they may be still operating.  This problem must be coupled

with those occupants of 1670-1675 MHz, many of whom were interviewed, who were totally

unaware that they were/are required to vacate this band.

ArrayComm appreciates that there are recognized, identified uses of this spectrum by

public entities that must be protected.  It is ArrayComm’s understanding that pursuant to NTIA’s

Spectrum Reallocation Final Report23, all users except those specifically identified had five years

to vacate the band.  If they have not done so by the time the band is auctioned, they are entitled to

no protection from commercial operators in this band.  ArrayComm asks that the Commission

confirm our understanding of this Government policy.

To further this policy, it would be useful if a list coordinated by the FCC and NTIA, which

clearly identified known civil or federal entities, in or adjacent to the band, that must receive

                                               
23 NTIA Special Publication 95-32
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specific protection were made available. Those not in that category should be officially requested

to migrate to other frequencies prior to the close of any auction of spectrum in this service, or

they should be informed that they, too, will not be afforded protection.

This problem has a different and potentially more serious dimension in the case of radio

astronomy sites.  Not only is there a lack of reliable information about who is operating at a

particular site, but the landscape keeps changing as existing users move and new ones emerge.

How a commercial operator at 1670-1675 MHz can, in fact, effect coordination with them is a

serious problem.  If i-BURST, for example, were already deployed in a given market area,

significant re-engineering would be required to provide protection to this “new” entrant, (whether

it was previously unidentified or moved or was literally new) as though it were an incumbent.  It

could literally destroy an i-BURST market.

To ameliorate these situations, ArrayComm requests that the Commission and NTIA

afford advance notification of one year or greater for new radio astronomy or meteorological

satellite installations to winners of a 1670-1675 MHz spectrum auction.  Such notifications would

encompass new operations that are either within the selected geographic area of the auction

winner, or within a specified radial distance of an existing market.  The notification should also

contain relevant engineering, operation, and contact information.  This would allow for the

necessary business planning and engineering modeling which would need to be done to determine

the effects on this service.  It also would allow for a constructive coordination process to be

undertaken.
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Though these stations are not all co-channel, the ArrayComm/WFI research and analysis

set forth in Appendix C showed that the receiver sensitivities are so low that i-BURST

deployments must be carefully engineered.  The cost of re-engineering an entire market based

upon ex post facto activities by these users can be staggering.

Given these potential problems, ArrayComm wishes to emphasize that its experiences in

working with governmental entities to create a win/win situation have been positive.

ArrayComm, for its part, recognizes the importance of the Meteorological Satellite

stations for Wallops Island, VA, Fairbanks, AL, and Greenbelt, MD, and the major

radioastronomy sites (e.g., those referenced in Section 25.213 of the Commission’s rules), and

they will be factored into initial designs.  As a result, coordination rules will not be needed as to

these sites, unless one of these facilities were being moved, or significantly modified.  In that

event, the procedures set forth above should be followed.

Regarding new radiosonde locations, ArrayComm requests a similar coordination period

of one year in order to properly protect its spectral neighbor.  In conversations with NTIA staff,

ArrayComm and NTIA have cordially agreed that proper coordination could be done with

existing systems.  Felicitously, new radiosonde systems, as might be proposed by the NWS, will

seemingly need less protection than existing systems because of the more modern design and

better tracking features.

ArrayComm believes that radiosonde coordination can be completed in a timely manner.

Further, ArrayComm is willing to work with engineering staff at the NWS and with other federal
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and civil agencies where appropriate, to ensure continued non-interference to existing government

systems.

Likewise, NTIA officials have expressed that entities, such as the NWS can, upon the

close of any potential auction of the spectrum between 1670-1675 MHz, migrate to newer

radiosonde technology.  Such coordination between a governmental entity and a commercial

operator ensures non-interference to the critical radiosonde network throughout the U.S., while

allowing the commercial viability of providing services to the general public.

VI.  REGULATORY CONCERNS

What ArrayComm has established is that it has a credible system, i-BURST, to provide

wireless data services.  Further, the frequency band under consideration, 1670-1675 MHz, is well

suited for ArrayComm’s needs.  Through extensive analytic research and direct contact with

involved U.S. Government agencies, the basis for effective coordination with their operations,

both co-channel and adjacent channel, has been established.

It also appears that this band is not suited from ArrayComm’s viewpoint to be sub-divided

nor has any feasible sharing possibility emerge.  Thus, an auction of the 5 MHz with a single

winner emerging appears to be highly desirable for ArrayComm and, we believe, the public.

A. Need For an Exclusive Allocation

A mass market broadband wireless data service can not be provided in less than 5 MHz.

This is true of i-BURST even with its high spectral efficiency, and hence ArrayComm believes it

to be true of any other technology that attempts to deliver similar services.  The fundamental issue

here is the requisite information density, e.g., as measured in bits/s/Hz/km2, to provide the
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intended quality of service and the capital and operating costs incurred by the operator in

delivering that service.  ArrayComm has performed extensive economic analyses in close

cooperation with wireless operators that show that 5 MHz is in fact close to the minimum amount

of spectrum required to create a viable business (but with an acceptable safety margin).

Even assuming that an operator can compensate for a reduced allocation size by simply

cell splitting, each halving of the available spectrum doubles (roughly) per-subscriber capital and

operating costs for access infrastructure.   Those increasing costs quickly lead to system

economics that prevent mass market pricing.  ArrayComm and its partners are convinced that i-

BURST can provide broadband data at mass market pricing in 5 MHz, but the business model is

not so robust as to be able to tolerate a doubling in capital and operating expenditures.

Moreover, it is hard to imagine any sort of reasonable band plan that would “only” halve

the available spectrum.  Even if the Commission were to subdivide the band into two 2.5 MHz

blocks, the probable necessity of internal guard bands would further reduce the usable spectrum

below 2.5 MHz.

Thus, the band cannot be subdivided without jeopardizing the types of services that can be

provided as well as the economic viability of any system implemented therein.  As noted in

Section VII, infra, ArrayComm has devoted a considerable amount of effort to see if i-BURST

could coexist � through simultaneous use of the spectrum � with the services proposed by

either AeroAstro or MicroTrax and has concluded that sharing is, unfortunately, not possible.

Thus, an exclusive allocation is necessary for the provision of wireless broadband Internet access.
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B. Need For A Nationwide Allocation

While i-BURST can be effective in the 5 MHz of spectrum between 1670-1675 MHz, in

order to maximize the value to be realized from the auction of such a relatively small block of

spectrum, the Commission should auction it on a nationwide basis.  Such an action would give

immediate and definitive value to the immediate 5 MHz of spectrum, whereby coordination issues

would be made much simpler for both NTIA and the FCC, while ensuring an operator, such as

ArrayComm, a national footprint with which to launch advanced wireless services.

There are compelling economic reasons for defining a national license in the 1670-1675

MHz band, as John Haring and Jeffrey H. Rohlfs explain in a statement attached as Appendix A of

these Comments.24  An entrant seeking to compete successfully with a new specialized wireless

service application (including high-speed Internet access) would need to overcome the formidable

“first-mover” advantages possessed by the incumbent wireless (and wireline) service providers.

These carriers have established market presences, ongoing customer relationships (including

credit and billing), brand identifications and other advantages of incumbency.  They offer

geographically ubiquitous services that enable maximum realization of significant economies of

scale and scope.

                                               
24 Dr. Haring and Dr. Rohlfs are principals in Strategic Policy Research, Inc., an economic consultancy based in

Bethesda, Maryland.  Dr. Haring formerly served as Chief Economist of the Federal Communications
Commission and as Chief of the Commission’s Office of Plans and Policy.  Dr. Rohlfs was formerly Head of
Economic Modeling Research at Bell Laboratories.
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Without the ability to enter on a national scale, a new entrant will confront significant

economic barriers to entry (viz., a need to bear higher costs than incumbent rivals to compete

successfully).  It will, for example, need to pay more for a less effective (lacking the advantages of

geographic ubiquity) advertising campaign.  It will be less able to spread the fixed cost of systems

development, including the development of specialized products and services designed to appeal

to minority tastes and preferences that can only be economically rationalized through aggregation

of customers on a national basis.  It will be subject to “copy-cat” competition in markets where it

is unable to offer services, thus inhibiting its ability to appropriate the rewards of its investments

in developing new products and services.  Its rivals will be in a position, in effect, to “free-ride”

on its entrepreneurial efforts, thereby reducing its incentives to innovate.

Haring and Rohlfs thus conclude that national operating rights in the 1670-1675 MHz

band will maximize the chances for successful service innovation and thus enable the Commission

to achieve the public policy objectives it has enumerated to the maximum feasible extent.

VII.  COEXISTENCE WITH OTHER PROPOSED COMMERCIAL SYSTEMS

ArrayComm’s studies and analyses with respect to in-band and adjacent channel

coordination would be applicable to any commercial provider who prevails in the auction and is

authorized to offer service.  ArrayComm’s objective is to be that provider.

There are, of course, alternative scenarios.  We have already dealt with one such

possibility:  sub-divide the band.  That would, as we discussed earlier, preclude the operation of i-

BURST.  Another might be to share the band.  While it is difficult to assess that possibility in the

abstract, based on the facts available at this time this option is not feasible either.
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ArrayComm has proactively contacted the only other commercial entities who have

expressed an interest in this band through their filings with the Commission: AeroAstro and

Microtrax.  As explained elsewhere in this filing, ArrayComm’s position is that subdividing the

1670-1675 MHz band is not feasible for technical as well as economic reasons.  In the interests of

investigating alternative ways of sharing the spectrum, however, ArrayComm felt that it would be

worthwhile to have technical exchanges with these companies to explore the possibility of spectral

coexistence.  Unfortunately, spectral coexistence � operation in the identical spectrum � of

either of these other systems with i-BURST, or with one another for that matter, is impossible

without significant performance degradation of at least one of the systems.

Out of respect for AeroAstro’s and Microtrax’s openness in sharing information during

these discussions, no details of their systems will be disclosed here.   Instead, general descriptions

will be provided along with conclusions regarding sharing.  With AeroAstro’s or Microtrax’s

consent, and at the Commission’s request, additional information could be made available.

A. Microtrax

Microtrax is a commercial spin-off of the Harris Corporation, with the goal of

commercializing tracking technology initially developed for military purposes.   Microtrax intends

to provide location and monitoring services for individuals and objects on a city-wide basis

throughout the U.S.  A small number of receiver sites are used in each market to receive signals

from the tracking devices and estimate their locations.  These receiver sites must be capable of

receiving signals many tens of dB below the noise floor from low-power tracking devices which
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might be deep inside a building.  Depending on the particular application, the tracking devices

might transmit very infrequently or as often as several times per hour.

The effects of operating the Microtrax system in the same spectrum as i-BURST depend

somewhat on the relative penetration and user/service behavior for the two systems.  In general,

however, emissions from the i-BURST system will tend to severely reduce the effective range of

the Microtrax receiver sites if they attempt to operate in the same markets.  If the subscriber

penetration of the Microtrax system is modest relative to that of i-BURST, the effect on the

i-BURST system is anticipated to be minimal.  Adaptive antenna processing at the base station

will mitigate the uplink interference from Microtrax, and downlink interference will be mitigated

by the error correction and retransmission capabilities incorporated in i-BURST.  On the other

hand, at higher penetrations for Microtrax, the interference that it presents to i-BURST could

result in significant loss of capacity, cell shrinkage and reduction in user data rates.

B. AeroAstro

Like Microtrax, AeroAstro’s SENS system provides location tracking but with an

emphasis on rolling assets such as freight containers being shipped from one location to another.

Low power tracking devices transmit their location to a receiving site several times a day.

Ultimately, the receivers will be MEO satellites that will relay the signals from the tracking

devices to earth stations.  In SENS’ initial deployments, however, small numbers of terrestrial

receiver sites are used in each market.  AeroAstro plans national coverage for SENS.  Given

SENS’ focus on rolling assets, the tracking devices and terrestrial receiving sites may be

concentrated at shipping terminals, freight yards and similar facilities.  Variations in the relative
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sitings of these facilities to i-BURST coverage areas from market-to-market make it difficult to

incorporate this fact into a general coexistence analysis.

The general conclusions regarding coexistence with Microtrax also hold for SENS with its

terrestrial receivers (no analysis was performed for the case of satellite receivers).  The effects of

operating the SENS system in the same spectrum as i-BURST depend somewhat on the relative

penetration and user/service behavior for the two systems.  In general, however, emissions from

the i-BURST system will tend to severely reduce the effective range of the SENS receiver sites if

they attempt to operate in the same geographic areas.  If the subscriber penetration of the SENS

system is modest relative to that of i-BURST, the effect on the i-BURST system is anticipated to

be minimal.  Adaptive antenna processing at the base station will mitigate the uplink interference

from SENS, and downlink interference will be mitigated by the error correction and

retransmission capabilities incorporated in i-BURST.  However, at higher penetrations for SENS,

the interference that it presents to i-BURST could result in significant loss of capacity, cell

shrinkage and reduction in user data rates.

VIII.  CONCLUSIONS AND RECOMMENDATIONS

ArrayComm believes it would be helpful if what it seeks and what it has demonstrated

were summarized in one place in these Comments.

ArrayComm needs 5 MHz to establish its i-BURST system.  1670-1675 MHz is well-

suited for that purpose.

Because of the need for 5 MHz, ArrayComm is certain that this band cannot and should

not be sub-divided.
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While sharing this band is theoretically possible, it does not seem feasible.  In any event,

sharing with either AeroAstro or MicroTrax, the two entities which have shown interest in 1670-

1675 MHz is not possible.  It does appear, however, that alternative spectrum is available for

them.

Because ArrayComm seeks to establish a national footprint, its interest and those of the

public would be better served if a single national auction for 1670-1675 MHz were held.  This

would minimize the risk that a key geographic area would be lost, particularly to a party who is

merely acting as a “spoiler.”

In order to use 1670-1675 MHz, ArrayComm has to demonstrate that i-BURST can

operate compatibly with Federal Government meteorology and astronomy users operating

adjacent to or co-channel with ArrayComm’s proposed i-BURST system.  ArrayComm consulted

with NTIA and the appropriate Federal Agencies extensively to develop criteria for co-existence.

The methodology developed is based on PSFD limits rather than fixed mileage separations.  This

approach was uniformly embraced by the involved Federal Agencies.

On a co-channel basis there are three meteorological satellite receiver sites which

ArrayComm is committed to protect.  Pursuant to the NTIA Spectrum Reallocation Final

Report25, all other USG stations in this band have moved or will have moved by the time the

1670-1675 MHz band is auctioned.  ArrayComm asks that this understanding be confirmed.

                                               
25 NTIA Special Publication 95-32
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ArrayComm will commit to protect sites identified by NTIA and FCC as requiring

protection in accordance with agreed-on PSFD limits.  As of this date, however, there is no

definitive list of such sites.  In fact there are, supposedly, facilities in operation which are

unknown to the Government.  We would like the Commission in conjunction with NTIA to

establish and publish or make available such a list. ArrayComm is more than willing to assist the

government in the compilation of that list.   ArrayComm submits, however, that it should not have

to protect stations which are not on the list and whose existence comes to light only after the

auction.  The value of 1670-1675 MHz needs to be determined before the auction so that

appropriate auction bid(s) can be made.

A similar, although perhaps more serious, situation can arise if, after ArrayComm has

rendered its auction bid or has commenced commercial service, either existing stations move into

close proximity to i-BURST markets or new facilities are permitted into these areas.  From

ArrayComm’s perspective both are “new.”  ArrayComm recommends that a procedure be

established whereby the commercial service provider be notified a year in advance about the

prospective appearance of a “new” facility.  This will give the opportunity for effective

coordination or some other solution to be developed that will satisfy all parties.  If co-existence

arrangements cannot be agreed to, ArrayComm request that the 1670-1675 MHz commercial

provider have the opportunity to present its case to NTIA and/or the Commission as appropriate.

ArrayComm also asks that the general in-band and out-of-band emissions rules proposed

in Section V of this filing be adopted by the Commission.

Sincerely,
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