34. PacTel Paging has met with representatives of
NTIA and the Department of Navy, has outlined the proposed GAP
service proposal, and has provided them with the engineering
and technical data upon which PacTel bases its conclusion that
the GAP service can co-exist with existing Government uses. As
a result of these discussions, PacTel has been advised that
neither NTIA nor the Department of Navy objects to the
-acceptance for filing of PacTel's rulemaking proposal, and the
aﬁsignment of a rulemaking number to it, thereby initiating a

normal public notice and comment cycle.
VI. PacTel's Commitment to GAP

35. PacTel, a financially secure and technically
sophisticated company, has.devoted ~-- and is committed to
continuing to devote -- substantial resources to the
development and implementation of the GAP service. Based upon
the experimentation and development work that the company has
done to date, PacTel has concluded that GAP is technically
feasible. PacTel is willing and able to dedicate the further
resources to GAP that are necessary to develop the service and
to bring it to market.

36; PacTel already has conducted development work
which provides valuable information concerning the feasibility
of GAP. PacTel has tested the penetration and coverage area of

931 MHz paging transmissions. PacTel established a single
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transmitter system in Texas and had operating personnel travel

on aircraft on predesignated routes in Texas while monitoring

test pages being sent out on the authorized system. Several

important discoveries were made:

37.

At power levels presently used in
terrestrial paging operations, pages
can be received routinely in aircraft
from transmission locations up to 250
miles away.

Distant paging signals best enter the
windows of the plane rather than the
body of the aircraft. As a result, the
paging transmitter must be oriented so
as to permit the signal to approach the
aircraft from the side, rather than
from the front, the back or below.

Angles of incidence to the aircraft as
small as several degrees may be

- sufficient to permit reliable

penetration of the windows of the
aircraft.

High gain antennas designed for
terrestrial paging operations are
ill-suited to provide GAP. For optimal
result, uptilt configurations
specifically oriented to send signals
skyward are needed.

These preliminary findings confirm not only the

feasibility of GAP service, but provide further evidence of the

need for a special allocation. To engineer a reliable GAP

system, transmitters are best located to the side of major

commercial aircraft flight routes in areas between major

cammercial centers. This is significantly different from

terrestrial paging operations that concentrate transmitters in
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major metropolitan areas. Moreover, the configuration needed to
direct the signal skyward is much different than that which is
used to accomplish reliable terrestrial service. Special uptilt
antennas will be necessary to maximize the signal in the
sppropriate directions. And, direct satellite control systems
will have to be developed to permit widely spaced transmitters,
some in remote areas, to be centrally operated and simulcast.
These factors support PacTel‘'s conclusion that channels should
be devoted exclusively §0'this distinct service. .

38. PacTel intends to continue its development program
with respect to GAP. Further development is needed in the
following important areas:

° Techniques for enhanced error

correction and bit interleaving to
overcome any potential interference.

° Techniques for successfully capturing

pages from simulcast transmitters
separated by hundreds of miles.

hd Techniques for coordinating the
satellite control of the nationwide
network.

° Techniques for concentrating the

radiated power skyward.

i Techniques for improving the ability to
" deliver adequate signals at the proper
critical angles to penetrate aircraft.

° Techniques for numbering or

retransmitting pages to minimize the
lost pages on a per subscriber basis.

Additionally, if necessary, the effects of the Government

off-shore operations on GAP reception will be further
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quantified through cooperative tests conducted with the
Department of the Navy. In sum, the Commission may proceed to
issue a notice of proposed rulemaking with respect to GAP
confident that the proponent has a sufficient level of
commitment to the service to assure the development of an

adequate record to support the allocations.zn/

VII. The GAP Service Proposed Should
3 Ru1 Ki ]
39. As the Commission is aware; a vaiiety of
proposals have been advanced regarding possible uses of
- spectrum in the 930-931 MHz band. See e.¢., Echo Group L.P.
Petition for Rulemaking, RM-7782 (to create a new Mobile Data
Radio service); FAX-MAX Services Co. Petition for Rulemaking,
RM-7760 (to create a public facsimile broadcast service);
Telocator Petition for Rulemaking, RM-7617 (to create an
Advanced Messaging Service). PacTel submits that its proposal
to allocate spectrum to GAP is distinct from all previous
proposals, and is deserving of public notice and comment in a
separate proceeding. .

40. To the best of PacTel's knowledge, no other party

has mentioned ground-to-air paging as a service within the

~

20/ The innovative nature of the proposed service and the
technological innovations that PacTel is devoted to
developing to provide the new service have caused PacTel
to request a Pioneer's Preference in a separate filing.
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scope of an ongoing rulemaking request.Zl/ And, no other
petitioner for rulemaking has proposed the specific change to
the Table of Frequency Allocations which PacTel is advocating.
Moreover, as is set forth in detail in this petition, GAP
raises a series of technical, operational and design criteria
issues that are deserving of industry attention and that could‘
not reasonably have been deemed within the scope of any
on-going proceeding.

41. For ‘the foregoing reasons, PacTel respectfully
requests that its GAP proposal be given a separate RM file

number which will initiate a normal comment cycle designed to

develop a meaningful record upon which the Commission can act.

VIIXI. Licensing Standards

42. In making an allocation of spectrum from the
reserve band, the applicable licensing standards are
important. PacTel has given this matter considerable thought,

and proposes the following:

-

21/ Of all the pending requests by other parties respecting
930-931 MHz, the Telocator Advanced Messaging Service
request, RM 7617, is the broadest based. Yet, while
Telocator mentions a variety of new and advanced technology
messaging options (electronic mail, imaging, terrestrial
consumer uses), no mention is made of ground-to-air

paging. Moreover, PacTel and the Commission have been
advised by Telocator that it did not intend for its 930-931
MHz proposal to cut-off from separate notice and comment
creative messaging proposals which, unlike Telocator,

propose specific services.
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A. Regulatory Status

43. In National Association of Regulatory Utilitijies
Commissioners v, FCC, 525 F. 24 630, 641 (D.C. Cir. 1976), the

court stated, inter alia, that "to be a common carrier one must
hold oneself out indiscriminately to the clientele one is
suited to serve®”. The court also has stated that a "second
prerequisite to common carrier status...is the
tequitemgnt...thaf the system be such that customers frqnsmit
inteiligence of their own design and éhoosing'. $33 F.24 601,
609 (D.C. Cir. 1976). 1In view of these directives, GA?_would
appropriately be regulated as a common carrier service. The
fundamental purpose of the allocation would be to create a
nationwide system available to all prospective users on a
non-discriminatory basis to meet their communications needs.
For the same reasons that the Commission recently determined to
regulate the expanded air-ground radio telephone service
allocation as a common carrier service, GAP should be accorded
common carrier status.

44. The Commission should, howevgr, forbear from
applying the full panopoly of common carrier regqulations to
GAP. As earlier noted, more than one provider of GAP should be
authorized, thereby rendering GAP providers non-dominant.
Applying the reasoning in the Commission‘'s Competitive Carrier
Rulemaking, 85 FCC 24 1, 10 (1980), GAP should be subject to

reduced and/or streamlined regulation. If GAP providers are
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deemed required to file rates with the Commission for
interstate services, such filings should be subject to a
presumption of lawfulness, expedited review procedures, and
should not require cost justification material. §See, £.9.,
Fifth Report and Order, 98 FCC 24 1191, 1192 (1984).

45. Additionally, because GAP will largely be an
interstate communications service which could be jeopardized if
it was subject to a patchwork of state regulations, the
Commission should assert exclusiée jurisdiction with respect to
the interstate communications offered on GAP channels.
Consequently, the Commission should preempt not only technical
and operational standards, but also state or local rate and
entry/exit regulations with respect to the nationwide aspects
of this service. This wouid not preclude state regulation of
any incidental terrestrial-based services that might be offered.

B. Qualifying Cgiteria
JTo Be A GAP Licensee

46. 1In order to deter speculation, applicants seeking
licenses as GAP service providers should bg required to meet
strict qualifying criteria, including: (1) financial
qualifications, (2) technical qualifications, and (3) service
commitments. Regarding financial qualifications, applicants
should be required to demonstrate that they have the financial
" resources needed to construct and operate a nationwide

air-ground system. Unlike traditional paging services which
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can be implemented on a local basis with a relatively small
capital investment, the provision of nationwide air-ground
service will require a substantial commitment of capital.
Also, because the number of licenses to be issued will be
limited, the Commission and the public can ill-afford to have
this precious spectrum assigned to entities that are not
financially secure. PacTel recommends that applicants be
required to provide full particulars regarding the costs of
construction and operation of the proposed facilitiés, together
with other initial expenses. Drawing upon experience in the
cellular arena, firm financial commitments should be required
in order to assure that applicants have the seriousness of
purpose and intent to provide the proposed services. §See,
e.9,, FCC Rules, Section 22;917.

47. As for technical qualifications, applicants
should be required to provide a complete technical description
of their proposed systems, along with a detailed description of
their qualifications to provide the proposed services.

48. As to service availability, the Commission should
adopt minimum service requirements. PacTel Paging proposeé
that GAP licensees be required to construct a minimum of 25
terrestrial base stations within the first 18 months of the
issuance of the authorization. These ground stations should
not be concentrated in any single geographic area or region,
but rather should.be disbursed generally throughout the United

States. Thus, for purposes of meeting the minimum construction
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requirement, licensees should not be able to count any
transmitter that is located within a certain number of miles
(perhaps 250 or 300) of another terrestrial base station of the
system. A standard of this nature will obligate licensees to

adopt a nationwide focus as they proceed with the construction

of their systems.
'C. Belection Method

49. Exclusive radio common carrier paging licenses
generally are assigned by lottery. GAP would appear to be an
appropriate service for the use of random selection techniques,
since the number of interested providers of serQice will, no
doubt, exceed the number of available channels. The Commission
must, however, adopt rules.and procedures that will reduce
speculation for these licenses. Specifically; PacTel Paging
recommends that:

(a) Threshhold criteria regarding financial
qualifications, technical qualifications and minimum service
proposal requirements must be strictly enforced;

(b) Applicants should be re;tricted from filing
or participating in more than one application for a nationwide
GAP license; and

(c) Restrictions on the alienation of a GAP
: au}horization prior to the initiation of nationwide service

must be adopted and strictly enforced. A three year holding

period should be instituted.
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D. cas ] -

S0. Except as otherwise provided above, this new
paging service should be subject to the provisions in Part 22
of general applicability to radio common carrier services, and
to the rules governing one-way services to the extent

applicable to nationwide systems.

IX. Conclusion

51. The foregoing premises having been duly
considered, PacTel respectfully petitions the Commission to
initiate a rulemaking proceeding to allocate spectrum and adopt
rules for ground-to-air paging as set forth herein. The
preferred spectrum is in the 930-931 MHz reserve band, but if
the Commission determines for any reason that this is not
available for this allocation, PacTel requests that other
suitable spectrum be allocated to this necessary and innovative
GAP service. By separate filing, PacTel is requesting a

Pioneer's Preference with respect to this new service proposal.

o !
Respectfully submitted
/ /
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TECHNICAL REPORT ON NAVY RADAR
INTERFERENCE WITH AIRBORNE PAGERS

This report was prepared by Dr. Charles L. Jackson and Dr. Jeffrey Krauss at the request
of PacTel Paging. This report analyzes interference from the Navy AN/SPS-49 radar system
(“Navy radar®) to airborne pagers used to provide Ground-Air Paging ("GAP") in the 930-
931 MHz band.

Executive Summary

When operating co-channel, the radar system in question will illuminate-"nearby" aircraft for
approximately 1 percent of the time. Consequently, to a first approximation, about 1 percent
of pages to passengers in the illuminated aircraft will be lost. More careful calculations
indicate that, using current paging technology, about 1.3 percent of pages will be lost. We
judge that this level of lost pages will not be a significant increase over the fraction of pages
lost today. More advanced paging system designs, employing bit-interleaving and stronger
error correcting codes will be less susceptible to such interference. Additionally, system
operators have several options to reduce the effects of such interference today. Given the
low absolute level of interference and the availability of several mitigating techniques, we
judge that interference from the Navy radars would not be economically significant even if
all aircraft were continuously illuminated by such radars. In fact, such tllumination will occur
" for only a small fraction of flights.

escription of Navy R r

The Navy radar system is a long-range two-dimensional air surveillance radar manufactured
by Raytheon.! The Navy radar emits 300 kilowatts of output power from a klystron power
source. The radar antenna has a 28 dBi gain, with a 3.3 degree horizontal beamwidth and
a 9 degree vertical beamwidth. The Navy radar scans 360 degrees horizontally at a scan rate
of 6 RPM or 12 RPM. The scan rate is selected by the radar operator. The radar also can
scan vertically. In normal fleet operations, the Navy radar scans through both the horizontal
and vertical planes. The Navy radar can also lock onto aircraft, but this is not normal
operation.

The Navy radar is capable of operating on 849-942 MHz? The Navy radar operates on a
2 MHz channel plan. Any channel, or group of channels, may be locked out manually by the
operator. When used in fleet operations, several ships in a task force may use this radar,
using every other channel. The occupied bandwidth of the emitted signal is 1 MHz at -3dB.

! The technical description of the Navy Radar is based on a meeting held October 1, 1991, organized by NTIA.
At that meeting, Navy representatives provided the information disclosed herein on an unclassified basis.

?  Operation of the Navy Radar below 902 MHz is limited to more than 200 miles offshore to protect land mobile
stations from interference. The Navy does not protect land mobile sbove 928 MHz. -
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The signal consists of a 2 microsecond pulse followed by a linear frequency sweep across 1
MHz in 125 microseconds. The pulse pair is repeated 285 times per second.

The Navy radar is used on approximately 200 to 300 Navy ships located offshore and in Navy
shipyards. Some of the locations where Navy radar systems are commonly used include
Southern California, Hawaii, Norfolk, and Puerto Rico.

terferen xistin i t

Today, terrestrial paging systems located in coastal areas (such as Southern California and
San Francisco) theoretically may receive interference from the Navy radar.’ We understand
that, in fact, land mobile stations operating in Los Angeles have experienced such
interference. - The Navy has indicated that they do not restrict Navy radar sbove 902 MHz,
50 it is possible that Navy radar does today interfere with terrestrial paging systems. In our
discussions with the Navy representatives, they did not mention any complaints that Navy
radars were interfering with terrestrial paging systems. We suspect that the Navy radar does
interfere with terrestrial paging operations, but that interference, as shown below, is so
minute that it results in a negligible number of lost pages to subscribers. Other causes, such
as a lack of building penetration, can be expected to result in higher losses of pages than this
interference source.

in tem ver

Under standard paging engineering standards, the coverage area of a paging system is defined
by its Carey contours. The Carey contours predict that there will be an acceptable
probability of reception within a given area 90 percent of the time to 90 percent of the
locations within the area. Current paging systems operate with probabilistic coverage and
the operation of the industry and its customers accommodate lost pages and "dead" areas.

Theoretical Analysis of Interference

Without Mitigating Factors

In order to analyze the potential for interference to a GAP system in 930-931 MHz band,
we have made the following assumptions:

e  The airborne pager will receive harmful interference if it is illuminated by
the radar signal;

Many of the coastal dities, such as San Diego, are built next to or around the areas the Navy stations ships. If
a Navy ship in San Diego used its radar system in its normal mode, it would illuminate substantial arcas served
by pagers on both sides of the Bay. '
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. The Navy radar antenna has a 6 RPM horizontal sweep with no vertical
nodding;* and

® The Navy radar antenna has a 3.6 degree horizontal beamwidth.?

Based on these assumptions, the average time probability of illumination of an airborne
receiver is 3.6/360 = 1 percent. Thus, out of every 10-second period, the aircraft will be
illuminated 0.01 x 10 seconds = 1/10th of a second = 100 milliseconds.*

The radar emits pulse, not continuous radiation; thus, during only a small portion of the time
the radar antenna is pointed at the aircraft will the Navy radar be interfering with the
airborne pager reception. As stated before, the radar signal consists of a 2 microsecond
pulse followed by a linear sweep across 1 MHz in 125 microseconds. There are 40 25 kHz
channels in 1 MHz. The sweeping pulse occupies the 25 kHz paging channel for .a period
of 125 microseconds/40 = 3.1 microseconds. Consequently, the Navy radar emits power on
the paging channel during 2 + 3.1 microseconds = 5.1 microseconds of each pulse pair. A
pulse pair is repeated 285 time/sec; thus, the Navy radar emits power on the paging channel
285 x 5.1 microseconds/sec = 1.45 milliseconds/sec = 0.15 percent of the time. Now, if we
ignore the frequency sweep and make the very conservative assumption that the pulse is
always emitting power on the paging channel, then the radar emits power (2 + 125 micro-
seconds) x 285/second = 36 milliseconds/second = 3.6 percent of the time.

The pager transmission rate is assumed to be 1200 baud (2 level FSK).” One symbol,
therefore, takes 0.83 milliseconds. If we assume that the Navy radar is on continuously, not
pulsed, then one illumination interferes with the pager reception for 0.1 second x 1200
-bits/second = 120 bits. If we assume that the interference caused lost messages to an
airborne receiver only while the Navy radar was illuminating the aircraft, then the probability
of a lost bit is 120 bits every 10 seconds; 120 bits/12000 bits = 1 percent. To a first
approximation, we can take this as the probability of lost pagmg messages (i.e., we assume
that all transmitted bits carry paging messages and that pagmg messages are short)

Next let us assume that the pager transmissions use a 1200 baud POCSAG protocol for
pages.! The POCSAG protocol consists of a 576 bit preamble followed by variable number
of 544 bit "batches"; each 544 bit "batch” contains synchronization data plus user data. Pagers
need not receive the preamble to achieve synchronization. Each batch contains 17 blocks of

¢ The results would bc@imilar if 12 RPM were chosen. If vertical nodding is taken into account, the time of
illumination would decrease.

*  The specification given by the Navy was 3.3 degrees. We have used 3.6 degrees in order to make the calculation
casier to follow.

¢ of ;oum. if vertical nodding is taken into account the time of illumination would be less.

A faster baud rate does not affect this conclusion since it increases both total bits in 10 seconds and interfered-
with bits in 0.1 seconds in the same proportion.

1200 baud POCSAG systems are used by paging companics today and represent reasonable practice. They arc
based upon a standard developed from the mid-1970s to the 1980s and do not rcprcscnt *statc-of-the-art”
technology for avoiding interference and fading,
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32 bits each, and the first block of each batch is the synchronization codeword. If the pager
receives interference during the synchronization codeword, it normally retains synchronization
from the previous synchronization codeword. It loses synchronization only if it misses two
synchronization codewords in a row. Synchronization codewords are separated by 544 bits
(453 milliseconds). The radar interference occurs once every 10 seconds for a period of 100
milliseconds. Hence, no more than one synchronization codeword can be interfered with on
a single sweep of the radar.

Taking into account the actual message structure of 1200 baud POCSAG, we calculate that
the probability of losing a tone-only page due to such harmful interference from the Navy
radar is 1.3 percent. The probability of entirely missing a numeric page is also 1.3 percent.
Additionally, the probability of the pager correctly receiving a paging address but then having
the numeric portion of a 10-digit numeric page be lost due to harmful interference from the
radar is 0.5 percent.

If a customer receives a numeric page where interference corrupts the message part, the
pager will still respond but will indicate that the numeric field has been received partially or
completely in error. In such a case, the subscriber still receives much of the economic
benefits of paging. Paging services now offer page storage services that allow a customer to
retrieve such garbled pages. (More commonly, of course, these services are used to retrieve
pages missed for other causes such as pager turned off, subscriber out of service area, etc.)

Mitiaating the Theoretical Analysi

This result is worst-case. It considers a paging receiver illuminated by a co-channel radar.
But, most of the country, even most of the costal areas, will not be in range of these radars
most of the time. If the radars are in operation, they may well be operating on the other
channels, such as channels in the 902-928 MHz part of the band, that will not affect 930 MHz
and 940 MHz paging. The radar antennas may be set to operate in an up-and-down nodding
motion, which would lower the time of illumination. The aircraft orientation is important,
since the radio signal appears to enter through the aircraft windows. Thus, if the aircraft is
heading directly toward or away from the radar source, relatively little energy can enter the
airplane. .

The analysis did not take into account interference from the radar antenna sidelobes or
backlobe, because no antenna patterns were provided. However, rough estimates suggest that
this will not be a problem for paging transmissions.?

** A rough analysis of the interference from backlobes follows:

Assume radar output power = 350 kilowatts, pager base station output power = 350 watts
D(desired)/U(undesired) = -30 dB

Assume radar power is spread across 2 MHz, pager is spread across 25 kHz, 2000/25 = 80 = 19 dB
NetD/U = -30dB + 19dB = -11dB

Assumc radar antenna backlobe gain = -10 dB, pager transmitter antenna gain = +10 dB

Net D/U = -11 + 10dB -(-10 dB) = +9 dB for pager/receiver at equal distance from both transmitters
and 0 dB gain antcona on pager.

Conclusion: pager transmissions have a 9 dB advantage over radar backlobe emissions at equal distances.
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Additionally, as discussed below, more robust protocols and other design options can be used
to reduce the likelihood of interference.

Finally, we would note that the ground-to-air propagation path is predominantly line-of-sight
and may prove to be superior to the typical terrestrial paging propagation path particularly
with regard to Rayleigh fading. If so, then the interference effects from the Navy radars may
be regarded as substitutes for the path impairments affecting terrestrial paging receivers.

ign_Flexibili

The paging system operator has the opportunity to employ specific design elements to
minimize the already low impact of radar interference. The firm can site paging transmitters -
to counteract radar emissions from shipyards and channels, and to overcome interference
around airports and along popular air travel routes. It can use directional base station
antennas for the same purpose. Also, the system operator could send duplicate pages to
those subscribers who frequently travel in illuminated aircraft to further minimize
interference potential. .

Interference results in lost pages, and with normal paging service the subscriber is unaware
when pages are lost. However, with serial numbering of pages, a subscriber who receives
page #53 and page #55 would be able to call and ask that page #54 be sent again. A
service that stores each page and allows subscribers to call in and retrieve missed pages
would be a powerful adjunct to the serial numbering of pages. This message storage service,
without serial numbering, is offered today by PacTel Paging under the name PageSaver.

Finally, interleaving and a more robust paging protocols such as Ermes and AAP could be
used. Specific error protection schemes could be developed to counteract periodic
interference. The next generation of pagers will make it feasible to employ different
transmission protocols in software or firmware for different pagmg markets, while still gaining
the benefits of common hardware implementation.

Conclusion

Navy radar AN/SPS-49 will illuminate commercial aircraft and will thereby create
interference resulting in lost pages. However, taking into account the short but periodic
nature of the illumination and the availability of system design approaches capable of
combatting this interference, the interference should be economically insignificant.

/%r Jc rcy Krauss
Octobc 15, 1991 October 15 1991

~
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Testimony on Electronic Mail before the Postal Operations and Service Subcommittee, U.S.
Housc of Representatives. May 5, 1977.

PUBLICATIONS

With R. Foster. "The New Zealand Spectrum Project: Description and Observations.”
Prescnted 10 the Seventeenth Annual Telecommunications Policy Research Conference.
Airlic, VA. October 1-3, 1989.

"Use and Management of the Spectrum Resource.” New Directions in Telecommunications
Policy, Vol. 1: Repulatory Policy, Paula R. Newberg, ed., Duke Press Policy Studies,
Duke University Press (Durham and London). 1989.

With R. Foster, et al. Management of the Radio Frequency Spectrum in New Zealand.
Preparcd for New Zealand's Ministry of Commerce. November 1988.

With Harry M. Shooshan I, Jeffrey H. Rohlfs and Louise Amheim. Home Video
Programming: How Secure From Piracy? A Comparison of VCRs, C-Band Satellite
Service, Wireless Cable, Cable, and MDS. Prepared for MetroTEN Cablevision.
Washington, D.C. July 1988.

With Harry M. Shooshan III, Jeffrey H. Rohlfs and Susan W. Leisner. ONA: Keeping
The Promise. A study commissioned by Bell Atlantic. Washington, D.C. May 1988.

With Louise A. Amheim. A High-Fiber Diet For Television? _Impact of Future
Telephone, Fiber and Regulatory Changes for Broadcasters. Prepared for the National
Association of Broadcasters. Washington, D.C. April 1988. '

With Harry M. Shooshan I, Jeffrey H. Rohlfs and Louise A. Amheim  Opening The
Broadband Gateway: The Need For Telephone Company Entry Into The Video Services

~Marketplace. Prepared- for the United States Telephone Association. Washington, D.C.
November 1987.

With Harry M. Shooshan I and Louise A. Amheim  “Tough Calls, Close Calls,
Protocols.” Prepared for BellSouth Corporation. Washington, D.C. August 1987..
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With Catherinc R. Sloan.  "Federal Communications Regulation and Services to
Handicappcd Persons.” Prepared for the Gallaudet/Anncnberg Forum on Policy Issues.
Washingion, D.C. February 20-21, 1986.

“Cable and Public Utility Regulation.” Unnatural Monopolies. Robert W. Poole, Jr., ed.
D.C. Heath and Company. Lexington, MA. 1985.

With Jeffrey H. Rohlfs. Access Charging and Bypass Adoption. Shooshan & Jackson Inc,
Washingion, D.C. 1985.

"Technological Overview and Framework."™ Telecommunications Access and Public Policy.
Alan Baughcum and Gerald R. Faulhaber, co-eds. Proceedings of the Workshop on Local
Access. Seplember 1982. St. Louis, MO. Ablex Publishing Corp. Norwood, NJ. 1984,

"Technology: - The Anchor of the Bell System.™ Disconnecting Bell: The Impact of the
AT&T Divestiture. Edited by Hary M. Shooshan I (Institute for Information Policy).
Pergamon Press. Elmsford, NY. 1984.

With Harry M. Shooshan III.  The Financial Interest and Syndication Rules: Public Harm
and Consumer Loss. Shooshan & Jackson Inc. Washington, D.C. 1983.

With Harry M. Shooshan III. Radio Subcamier Services: How to Make Dollars and Sense
Out_of New Business Opportunities. COM/TECH Report. Vol 2, No. 1. National
Association of Broadcasters. Washington, D.C. May 1983.

“New Technology: Some Observations on ‘Bypass’.”  Presented to the Federal
Communications Bar Association: PLI Program. Washington, D.C. December 10, 1982.

"Technological and Market Alternatives to Direct Regulation of Telephone Solicitation.”
Presented to the IEEE International Conference on Communications. Philadelphia, PA.
June 13-17, 1982.

With Jane Wilson and Harry M. Shooshan III. "Altemnative Mcthods of Extending Public
Radio Service." Prepared for the Corporation for Public Broadcasting. March 1982.

With Harry M. Shooshan III.  “Cable Television: The Monopoly Myth and Competitive
Reality." Prepared for the National Cable Television Associaton. Washington, D.C.
1982.

With Harry M. Shooshan IMI, Stanley M. Besen and Jane Wilson. Cable Copyright and
Consumer Welfare: The Hidden Cost of the Compulsory License. Shooshan & Jackson
Inc. Washington, D.C. 1981.

With Harry M. Shooshan III and Jane Wilson. Newspapers and Videotex: How Free A
Press? Modem Media Institute. St Petersburg, FL.  1981. '

"Teleccommunications Issues in Transition.” Telecommunications and Productivity. Mitchell
L. Moss, ed. Addison-Wesley Publishing Company. Reading, MA. 1981.
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“The New Information Technology and the Handicapped: A Guide for Project Selection.™
Prescnted to the Joint Seminar of the Foundation Center and the Aspen Institute. Wye
Planitation. Qucenstown, MD. November 16-17, 1981,

With Danicl S. Alen, et al. A Nationwide Communications System for the Hearing
Impaired: Strategiecs Toward Commercial Implementation. Final Report. SRI Intemational.
Menlo Park, CA. Octlober 1981.

With Harry M. Shooshan IIl. “"The Battle to Control What You Will Get from Your
Computer.” Washington Post (Outlook). Washington, D.C. August 24, 1980. Adapted
from "Home Improvement Center: Newspaper On Television.™ St Petersburg Times
(Perspective). St. Petersburg, FL. June 22, 1980.

“The Allocation of the Radio Spectrum.” Scientific American. Vol 242, No. 2. February
1980. |

"What Will New Technology Bring?" Perspectives on Postal Service Issues. Presented
to the Conference on Postal Service Issues. October 13, 1978. American Enterprise
Institute. 1980.

"EMI/EMC Legislation in the 95th and 96th Congress.” Proceedings of the 1978
Electromagnetic Interference Workshop. NBS Special Publication 551. U.S. Department
of Commerce. U.S. Government Printing Office. July 1979.

“A Market Alternative for the Orbit-Spectrum Resource.” Proceedings of the Sixth Annual
Telccommunications Policy Rescarch Conference. Herbert S. Dordick, ed. Lexington
Books. Lexington, MA. 1979, ’

"Reactions to the Spectrum Options Paper.”  Proceedings of the Sixth Annual
Telecommunications Policy Research Conference. Herbert S. Dordick, ed. Lexington
Books. Lexington, MA. 1979.

“"A View of the Future of Television." Prepared for the Sloan Foundaton Conference on
Television and Society. Chatham, MA. June 24-30, 19769.

"The Orbit Spectrum Resource--Market Allocation :of International Property.”
Telecommunications Policy. Vol 2, No. 4. September 1978.

"New Technology and the Old Regulation." Prepared for Midcon Professional Program.
Future Altematives for Communicating with Automobiles. Dallas, TX. December 12-14,
1977.

“"Towards Deafnet--Policy Problems of Personal Communications for the Deaf.” Eascon
Proceedings. September 1977.

. "Improving Use of the Spectrum.” Options Papers. House Interstate and Foreign
Commerce Committee.  Print 95-13. :
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*Technology for Spectrum Markets.” Ph.D. thesis. MIT, Depantment of Electrical
Engincering Computer Science. November 1976.

“Elcctronic Mail." MIT, Center for Space Rescarch. CSR TR-73-2. 1973. Reprinted in
Japancse in Overseas Telecommunications Joumal. Tokyo, Japan. 1976.

"Electronic  Mail: How Can It Come To Pass? Presented to the 1975
Telecommunications Policy Research Conference. Airlie, VA. 1975.

"Spectrum Management in Land Mobile Radio." M.S. thesis. MIT, Depantment of
Electrical Engineering. 1974.

With T.H. Crystal.  “Extracting and Processing Vocal Pitch for Laryngeal Disorder
Detection.” Presented at the 79th Meeting of the Acoustical Sociéty of America. Atlantic
Cn). NJ. Apnl 1970.

With H.S. Stone. “Structures of the Affine Families of Switching Functions." JEEE
Transactions on Computers. Vol. C-18, No. 3. March 1969,

"Alamm System Using Coded Signaling.™ U.S. Patent 3,701,019. Describes method for
transmitting low data rate digital messages with security and message verification.

Review 68-50 of "Multi-Programming System Performance Measurement and Analysis” by
H.N. Cantrell and A.L. Ellison. ]EEE Transactions on Computers. Vol. C-17. No. 11.
November 1968.

B. Elspas, et al. "Properties of Cellular Arrays for Logic and Storage.” Stanford Resecarch
Institute. Sci. Rept. 3. AFCRL-67-0463. Menlo Park, CA. July 1967.

With R.A. Ankerlin. "A Rapid Method for the Identification of the Type of a Four
Variable Boolean Function." IEEE Transactions on Computers. Vol EC-16. December
1967.

SPEECHES

“LEC Gateways: Provision of Audio, Video and Text Services in the U.S." Presented to
the National Economic Research Associates, Inc.,, Telecommunications in a Competitive
Environment Seminar. Scottsdale, AZ. April 15, 1989. Also presented to the 8th Annual
ITS Intemational Conference. Venice, Italy. March 1990.

"The Evolution of Access." Presented to the Seventeenth Annual Telecommunications
Policy Rescarch Conference. Airlie, VA. October 1-3, 1989.
"Open Network Architecture: Definition, Benefits and Costs, Impact on Industry Structure
. and Performance.” Speech presented to the Nincteenth Annual Williamsburg Conference.
Colonial Williamsburg, VA. Dccember 7-9, 1987.
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With Hammy M. Shooshzn D1, Jeffrey H.  Rohlfs and Susan W. Leisner. "The Negative
Effects of Tax Reform on the Telephonz Industry: Malking Up the §15 Billion Difference.”
Prescnted to the Fifieenth Annual Telccommunications Policy Research Conference.  Airlie,
VA. Scptember 27-30, 1987.

“Is Bypass Still A Threat Today?* Spcech presenicd to the Telccommunicatons
Policy In a Compelitive Environment Seminar. Scoltsdale, AZ. March 4-7, 1987.

With Jeffrey H. Rohlfs. “Improving the Econcmic Efficiency of NTS Cost Recovery.”
Prcsented to the Fifth Biennial Regulatory Information Conference.  Columbus, OH.
Septenmiber 3-5, 1986.

With Jeffrey H. Rohlfs. “Improving the Economic Efficiency of Interstate Access Charges.”
Presented to the Fourcenth Annual Tclecommunications Policy Rescarch Conference.
Airlic, VA.  April 27-31, 1986.

Remarks prcscnicd 1o The Council of State Planning Agerncies. Lincoin, NE. October 20- A
21, 198s.

"Cable and Public Uiility Regulation." Speech prepared for the Reason Foundation
Conference on Public Utilitics. Washington, D.C. Scptember 9, 1983.

“Technology Cptions In Enhanced Services: Twisted Pair to Videodiscs." Comments in
Enhanced Scrvices. NCTA Executive Seminar Series.  National Cable Television
Association. Washington, D.C. 1981.

“The Political Climate for Communications: Gusty Winds from Al Directions.” Presented
to the Energy Burcau, Inc. Washington, D.C. December 10-11, 1981,

“Electronic Mail:  What Is It?  What Might It Be?" Presented to the 1976
Telccommunications Policy Research Conference. Airlie, VA, 1976.
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DR. JEFFREY A. KRAUSS
Capabilities and Experience

Dr. Krauss provides government relations and strategic planning services for telecom-
munications ventures. He advises clients on the impact of government regulations, spec-
trum management policies and legislation upon telecommunications networks and tech-
nology. Dr. Krauss also assists clients in achieving exceptions or changes to govermment
spectrum management policies affecting thelr telecommunications needs. He offers
expert witness testimony and assists clients in preparing testimony and in testifying
before government bodies. Based on his knowledge of the telecommunications industry
and emerging technologies, he provides competitive assessments and other “due
diligence" analyses to businesses and investors.

He participates actively in policy and standards activities of trade associations such as the
Electronic Industries Association, the American Electronics Association, and the National
. Cable Television Association, including the following committees:

EIA Point-to-Point Microwave Communications Section

EIA Satellite Communications Section

EIA Legislative Affairs Council

NCTA Engineering Committee

AEA Govemment Relations Committee

SBCA Technical Committee

FCC Advanced Television Advisory Committee

U.S. CCIR WP 11/6 and JIWP 10-11-3

Dr. Krauss is an active participant in the FCC Advisory Committee process for choosing a
standard for High Definition Television. He participates in the FCC's industry advisory
group for the 1992 World Administrative Radio Conference, which will decide on radio
spectrum allocations for personal wireless communications networks, digital satellite
radio broadcasting services and mobile satellite services. He writes a monthly column for
Communications Engineering and Design Magazine entitled "Capital Currents" which
reviews FCC and Congressional activities that influence telecommunications technology.

FCC Participation

Dunng the 1987-90 time period, Dr. Krauss prepared comments and studies that were
filed in the following FCC dockets and investigations:

Docket No. 85-301, Cable TV Terminal Devices

Docket No. 86-336, Scrambling of Satellite TV Signals

Docket No. 86495, Allocation of Spectrum for Basic Exchange Telecommunications
Radio Service

Doc__kct No. 86-496, Implementation of Reduced Orbital Spacing for Satellites



