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0.0 Executive Overview

The Federd Communications Commisson Technologica Advisory Counal (FCC TAC) hdd its
seventh meeting on Wednesday, December 6, 2000 in Washington, D.C. As described in previous
mesting reports, the Coundil is to provide stientifically supportable information on those emerging
technologies likdly to fundamentdly impact the work of the FCC. The TAC is currently organized into
three focus groups with moderators to address: spectrum management; network interconnection and
access, and access to telecommunications by persons with disabilities. Each of these groups reported
out findings developed in the interim and expanded each area during a roundtable discusson.

The TAC is chartered for two years a atime, and this meeting was the last one of TACsfirg two year
cyde Progress on the subjects outlined in the origind charge from the Commisson was reviewed and,
as described in this report, it was generdly agreed that the objectives st for the TAC a thetime of its
condiitution were met. It is the current intention of the FCC to recharter the TAC for a second two
year interva, but the compaosition of the membership has not yet been announced.

Representatives of the Commission, looking back over this first period of the TAC, expressed thar
gopreciation for dl the work done by the members, and described how positively the agency regards
the work performed. The TAC has provided vauable input on saverd mgor current proceedings
including wideband and software defined radio. With respect to the future, much of the chdlenge thet
the Commisson faces is in terms of the technology relaied issues thet the TAC is addressing, which
indude spectrum management, issues dated to the proliferation and  the fragmentation of networks,
and accessfor the disabled.

Dr. Paul Kolodzy of the Defense Advanced Projects Agency (DARPA) spoke about spectrum issues
and work that has been simulated by DARPA to solve many of the same problems that are TAC
concearns. The military is not only supporting such research but is dso looking to the commercid world
to take advantage of what's being done there in research and development. The mutud leveraging of
commedad R&D and DARPA-promoted technologies is quite beneficid because this confluence gives
the military acommeraad off-the-shelf source.

The Spectrum Management Focus Group is organized into three working subgroups. Previoudy, a
resolution was adopted whereby individuad TAC members or their companies would give fundsto the
FCC for the purpose of fadilitating the noise environment subgroup’ s noise floor sudy. Fundsin the
amount of $88,000 have now been recaived, sufficient to Sart the first phase literature search. A task
for the next TAC group will be the implementation of this Sudy.

Joseph M. Nowack of Matorola Labs gave an overview of the next mgor generation of mobile
cdlular sysems, fourth generation (4G), to be deployed around the year 2010. Some of the key
chdlerges of 4G rdate to spectrum requirements, coverage, cgpacity, and sarvices. Active 4G

1



research areas include broadband adaptive antennas, new system design concepts and redesign of the
arinterface.

A prime objective of the software defined radio (SDR) subgroup would be a st of
recommendations to provide a bags for the regulaion (or nonregulaion) of the inteligent “ cognitive’
SDR. We have referred to this as the SDR Bill of Rights that is, a fundamenta and durable st of
rights and regponghilities for intelligent devices that would form the badis for operating protocols and
eiquettes. It is envisaged that, a leest a the Sart, there would be a coexistence between shared and
classcdly dlocated spectrd regions. To further this work, it now seems gppropriate to propose a set
of experiments to more fully understand the issues and provide a proof-of-concept demonstration.
Researchers from the public safety, defense, and commercid communities should dl be invited to

participate.

There has recertly been a sgnificant increase in the availability of 802.11b wirdess LAN & airports
and the like with many more ingalaions expected. At the same time, there is an expanson of other
unlicensad sarvices and there is aready anecdotd evidence that spectra congestion is producing
performance problems. We can only speculate if this dash will result in a “metdown” and unusable
savice The TAC will be monitoring the consequences of an unplanned rea-time expaiment of
uncoordinated spectrd sharing with incompatible etiquette rules

The Access to Tdecommunications by Persons with Disabilities Focus group reported on the year
2000 work which involved three aress. identification and exploration of issues and options,
identification and creation of awareness pieces (problems from the past that we can learn from); and
future scenarios (what might be coming and what the implications for people with disgbilities might be).

Over the last two years the Interconnection and Network Access Focus Group tried to look &t the
area of 1SP (Internet service provider) interconnection, the issue of open publication of peering criteria,
and whether the emerging requirements on qudity of service would make it less likely that companies
would interconnect, given that there are no sandards yet for interdomain qudity of service.

Each member had one lagt chance to describe some of the issues that might be on their mind or items
for the new TAC next year. All agreed that the mgor topics of the current TAC should be continued,
with spectrum issues induding the planned noise study at high priority. It was dso recommended thet
the TAC place on its new agenda the security and robustness of networks, exploration of the enabling
technologies to improve persond privacy, the andyss of ultrawideband and overlay systems usng
metrics for sedlth and antijam developed by the military, and more effort reaing to the convergence of
broadcadt, tddlecom and locd mass dorage technologies The Bill of Rights initigive needs to be
brought to completion. The TAC should provide early warning of where current rules will find
themsalves a cross purposes with the advance of technology. Operationdly, knowledge trandfer to the
FCC daff needs to be strengthened and formaized. The use of invited expert Soeskers should be
expanded.

Represantatives of the Commission thanked the TAC members for volunteering their services, All
members of the TAC agreed that participation was an intellectudly rewarding and personaly enjoyable
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experience, and thanked the Commission for inviting them to be members.

The next forma TAC mesting will be on Wednesday, March 28, 2001.

Prepared by J. A. Bdliso

Approved by RW. Lucky February 26, 2001



1.0Introduction

As announced, the saventh medting of the Feder Communications Commisson Technologica
Advisory Council (FCC TAC) took place on Wednesday, December 6, 2000 at The Portals, 445 S.
12th Street, SW., Washington, D.C. Alternate Designated Federd Officer (ADFO) Mr. Dde Hetfied,
Chief, Office of Enginesring and Technology, Federd Communications Commisson, opened the
meeting. The TAC is chartered for two years a atime, and this meeting was the last one of itsfirg two
year cycle. Progress on the subjects outlined in the origind charge from the Commission was reviewed
and, as described in this report, it was generaly agreed that the objectives set for the TAC at thetime
of its condtitution were met. It is the currert intention of the FCC to recharter the TAC for a second
two year interva, but the compostion of the membership has not yet been announced.

This report is a reorganizetion and didtillation of discussons & the seventh mesting written to facilitate
the ongoing work of the Council. A complete videotape of the meating serves as the verbatim minutes
(see Annex 1).This report reviews the presentations and remarks made at the open meeting, but does
not, per se, necessaxily represent the find recommendetions of the TAC asawhole.

The misson and operating principles of the TAC were described in the Report of the First Mesting of
the TAC (April 30, 1999), available on the FCC web site hitp /s fec.gov/oet/tad/ . As described
in that report, the FCC made five officid requests to the TAC for technica work. These requests fdl
into three mgjor areas. pectrum management; network interconnection and access, and accessihility
for disabled persons. Focus groups with nmoderators were formed at the first meeting to address each
of the three areas. At this seventh and find mesting of the firs TAC cycdle, representatives of the
Commission provided feedback on the overdl effectiveness of the TAC, and the activities of each of
the groups was reviewed. The meeting’ s roundtable discussion, which followed each presentation, and
resulting action items and recommendations intended to be carried forward to the next indtantigtion of
the TAC are dso reported. Additional and more extendve information relaive to each of the working
groups can be found on the web Sites for those groups. See Annex 4.

The next forma TAC meeting for the newly congtituted membership will be on Wednesday, March 28,
2001.



2.0 Agenda as Announced
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TECHNOLOGICAL ADVISORY COUNCIL
Agenda—Seventh Mesting

Wednesday, December 6, 2000
Federa Communications Commission Meeting Room
The Portals, 445 12TH Street, SW

Washington, D.C.
Opening and Remarks by Alternate Designated
Federd Officer Dade Hetfidd, ADFO
Introductions of Council Members
with Brief Remarks Council Members
Observations on the Accomplishments and
Report on the Rechartering of TAC Dde Hafidd
Results on Noise FHoor Study Funding JlesBdliso
Invited Briefing: “ Spectrum Issues’ Paul Kolodzy
Report of Spectrum Focus Group Charles Jackson
Bresk
Report of Spectrum Focus Group (Cont.) Charles Jackson
Accessto Tdecommunications by Personswith
Disahilities Focus Group Gregg Vanderheiden
Report of Interconnection and Network Marvin Srbu
Access Focus Group
Assgnments, Organization and Bob Lucky, Chair
Going Forward
Wrap Up - Medting Adjourned Dde Hafidd, ADFO



3.0 Member ship of the Technological Advisory Council
Except asindicated(*), dl of the following were present at the seventh mesting:

TAC Chairperson:

Dr. Baob Lucky — Corporate Vice Presdent, Applied Research, Tdcordia Technologies
Membersof Council:
*Mr. Bruce Allan — Vice Presdent and Generd Manager, Harris Corporation

*Mr. Jose M. Alvarez Caban — Assigtive Technology Specidig, Puerto Rico Assidtive Technology
Project, Univerdty of Puerto Rico

Dr.Jules A.BdlisoTAC Executive Director, Chief Scientis and Tecordia Fdlow, Executive
Director, Applied Research, Telcordia Technologies

Dr. Vinton Cef — Senior Vice Presdent, Internet Architecture and Technology, MCI Worldcom
*Ms. Susan Edtrada— Presdent and CEO, Aldea Communication

*Mr. Bran Ferren — Presdent, Applied Minds

*Dr. Richard Green — Presdent and CEQ, Cablelabs

Ms. Chrigine Hemrick - Vice Presdent, Technology Communications, Office of the CTO, Cisco
Sysems, Inc.

Mr. Dewayne Hendricks — CEO, Dandin Group
Mr. Ross Irdand — Senior Vice Presdent, Network Planning & Engineering, SBC.
Dr. Charles E. Jackson — Independent consultant.

Mr. Kale Kontson — Divison Technology Manager, Center for Electromagnetic Science and Vice
Presdent || T Research Indtitute

*Dr. William Lee— Chairman of Board of Directors, LinkAir Communications.

Dr. Paul Liao — Chief Technology Officer, Panasonic and Presdent of Panasonic Technologies.



*Dr. Weh Lim —Vice Presdent, Corporate Technology and Ventures, Hughes Electronics Corporation
Dr. Robert Martin — Chief Technology Officer of Bell Labs, Lucent.

*Dr. David Nagdl — Presdent AT& T Labsand CTO for AT&T

Dr. Sagg Newman — Senior Telecommunications Practice Expert, McKinsey and Company

*Mr. Glenn Reitmeier, Vice Presdent, DTV and Web Media, Sarnoff Laboratories.

Mr. Dennis Roberson —Vice Presdent & CTO, Motorola

Dr. Mavin Sirbu — Professor of Engineering and Public Policy, Professor of Electricd & Computer
Engineering, Professor— Graduate School of Indudtrid Adminigration, and Chairman of the
Information Networking Indtitute, Carnegie Mdlon Universty.

Dr. Gregg Vanderheiden — Professor — Human factors Group, Dept. of Industria Engineering,
Universty of Wiscondan, and Director of Trace Research and Deve opment Center.

*Mr. Jack Waters— Chief Technology Officer, Level 3 Communications.

*Dr. Pat White - Senior Advisor, Safeguard Saentifics, Inc

Mr. Robert Zitter — Senior Vice President, Technology Operations, Home Box Office,
Designated Federal Officer

*Mr. David Farber, Chief Technologist, Federd Communications Commission.
Alternate Designated Federal Officer

Mr. Dde Hatfidd, Chief, Office of Enginearing and Technology, Federd Communications
Commisson.

*Not present at seventh meeting.

About 40 members of the public observed the meeting and comments from the public are reported as
appropriate.



4.0 Summary of Remarks by Representatives of the FCC

The currently corgtituted TAC is reaching its defined lifetime of two years and will need to be
recondtituted. Mr. Dde Hatfidd, looking back over this first period of the TAC's exigence, and dso
expecting to retire on the Fiday following the meeting, expressed his gppreciation for al the work
done by the TAC. It was one of the fird initiatives that he supported when he returned to government
savice Because of rgpid technologicd changes, Mr. Hatfidd expects that the importance of the
subsaquent TACs will only continue to grow. He gave some feedback on TAC accomplishments and
how he feds the agency regards the work performed. He reminded us that the Commisson only
gpesks collectively as a body through written documents such as notices of inquiry, notices of
proposed rule making, and memoranda of opinion that have been gpproved by three or more votes by
the Commisson. Using that criterion for impact and effectiveness, the Coundil has provided vauable
input on severd mgor current proceedings induding wideband and software defined radio.
Ddliberations on the latter, with a notice of proposed rule making on the current agenda, have taken
into account influentid comments of the TAC both formaly and informaly. TAC comments have been
vey wel recaved by the individud commissoners. For example, in terms of innovative ways of
fulfilling spectrum management respongihilities, the open discussions helped decison makers familiarize
themsdlves with new management moddls and decentralized forms as pectrum dlocation. Smilarly,
idess relaive to disahility access discussed a the TAC come up dmog daly in the Commisson's
internd discussons

With respect to the future, much of the chalenge thet the Commission faces is in terms of the
technology related issues that the TAC is addressing. Fird is gpectrum management. The Chairman,
and other Commissoners, have spoken about the multitude of difficulties faced in the oectrum area
The Chairman has taked about the possihility of a “spectrum drought” and the need to do everything
possible to avoid anything which would curtail the expansion both expected and desired in the wirdess
aea. Advanced spectrum management techniques will be a work item of absolutely the highest
importance for the next TAC.

Mr. Hatfidd continued by remarking that an areathat caused him significant concern was rdlated to the
proliferation and the fragmentation of networks. Although going on for good technica and economic
reasons, this evolution has precipitated massve sysems engineering problems. As an  example,
condder the compatibility and interoperability issues in the digitd teevison arena where set top box
manufacturers, consumer eectronic devices makers, the broadcasters themsdlves, cable companies,
and other players are dl providing very important sysem components. With so many competing
interests each trying in ther own way to optimize the networks, the Commission is left with a mgor
chdlenge to protect the interests of both the public and the actors.

Disability access was another area of Mr. Hatfidd's concern. With dl the new technology that we are
al so familiar with, there is the danger, perhaps, of making changes in the network that will actudly
make it more difficult rather than eesier for people with disabilities to be able to participate fully in the
technologicd revolution. On November 30, 2000 the Commisson announced the formation of a
Consumer Disghility Tdecommunications Advisory Committee, which will be looking spedificaly at
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disability access issues - broadly defined. The charter includes addressing some of the technica issues.
It would be very good if the new TAC established a reasonably formd liaison between themsdves and
this new advisory group which is expected to be named shortly. A good way to accomplish thet might
be to have whomever is leading that effort dso be a member of the TAC. A smple thing would be to
hold some joint meetings. The TAC focus has been technology, but hearing from the actud users
would be immensdly vaueble and woud fadilitate the key issue of coordingtion.

As afind remak, Mr. Hatfied expressed his concern about the ability of the commisson to continue
to attract technicaly-trained people in a marketplace where the Commission is a a severe economic
disadvartage. The ability of the agency to aisorb and use TAC ddiverables depends upon having
technicd people within the agency equipped to fully assess output and meke the proper
recommendations to Commissoners.

Commissoner Furchtgott-Roth reinforced the notion thet the TAC has proven extremey vauable to
the Commisson’swork.

5.0 Continuation of the TAC

The two-year charter of this Council, the FCC TAC, expires as planned & the end of year 2000. Dr.

Kent R. Nilsson, Specid Counsdl and Deputy Chief, Network Technology Divison, FCC Office of
Engineering and Technology, discussed the current date of affars. Following on  previous
recommendations by the current TAC to continue the activity in the future, the TAC has been
rechartered by the Commission. The next Counal will condude in 2002 and will consg of individuas
yet to be gopointed or regppointed. Nominations, solicited in Public Notice DA 00-2490, released
November 6, 2000, are now being congdered. Although there will be a naturd rotation of members, it
is likely that some of the current members will continue. There will be a newly condituted Counail

before the next meeting on March 28, 2001, however, no sdections have been findized a this time.
We should aso understand thet the terms of office of both Mr. Farber and Mr. Hetfield will end before
the next meeting and successors to those positions have yet to be named.

6.0 Invited Briefing: Spectrum | ssues

Dr. Paul Kolodzy, Program Manager in the Advanced Technology Office, Defense Advanced Prgects
Agency (DARPA), was invited to speek a the TAC meeting. Annex 2 is the spesker’ s biography. In
his presentation, Spectrum Issues Dr. Kolodzy darted with some higory of DARPA. At the time of
the presentation Dr. Frank Fernandez was the director of DARPA, the role of which is to solve
nationd level problemsin support of nationd security. In Smple terms, the entire charter is to develop
high-risk technology so asto “avoid surprise’. It is a very smdl organization, about 120 people, with
about a$25 hillion budget. It used to be that the defense community developed technology thet
commercid interests later took advantage of. Now it appears that the commercid world is getting
ahead of the military; consequently, the military is looking to the commercid o0 they can take
advantage of what' s being done in research and development, if not necessarily in products.

With respect to gpectrum issues, it isdear that the military has an ever expanding gppetite for data just
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aswdl asthe commercid world. The technicd gpproach that DARPA is exploring is obvioudy smilar
in some cases to that of the commercid world, and currently in three areas. higher frequencies for more
bandwidth; improved utilization; and sophigticated gpectrum management. This involves the sgnd

processing, beam forming and smart antenna technologies associated with mobile communication.

DARPA is looking a improved methods of channd definition and more powerful interference
determining and rgecting techniques. Spectrum  utilizetion and its management has far-reeching
goplications. Ingtead of having dlocations with respect to just space, having dlocations with respect to
ace, time, frequency, and coding in a multidimensond space, what we in the TAC have cdled the
cognitive software defined radio technology, will have dramatic implications on pectrum usage in the
future.

DARPA has a program cdled Smal Unit Operations and Stuaiond Awareness Sysem (SUO/SAS).
It's a oftware definable radio sysem spanning 20 megahertz to 2.5 gigahertz. It is done without having
any fixed infragtructure. There are no conventiona base dations associated with this concept and it sa
network system that works across a wide frequency range. The reason this can be done is because of
unique integrated eectronic subsystems. The military needs these characteridtics because soldiers tend
to go into avariety of locations. They do not typicaly sand out in the open. They go into culverts, tree-
lined areas, bushes, indde of buildings and they have to be able to have communication across dl

domains. Frequency agility assodaed with the components is critical. The commercid world likely will

take advantage of DARPA-promoted technologies in the future. Thisis quite beneficia because when

this hgppens the military will have acommercid off-the-shelf source.

The high frequency components DARPA needs go out to 100 gigahertz and beyond. Right now, 40,
50, and 60 gigahertz lightweight, efficient integrated components are under Sudy. Researchers need to
go into aress of the spectrum that are not now being utilized very well and ask the question: Can we
develop components for that area?

But this doesn't answer dl of the questionsthat need to be answered for the military. For ingtance, an
infragtructure with large, permanent base sations usudly doesnt suit the military very wel. There are
a0 dill not fully resolved issues of multiple access, low probability of detection, antijam, bandwidth
effidency, and difficult to detect or “featurdess’ waveforms. The military aso needsto exploit diversty
while being mobile and handling interference. In the area of networks, there is condderable concern
about the interaction between internet protocols and mobility.

Dr. Kolodzy spoke extemporaneoudy about a recent European Union summit meeting on 4G (fourth
generaion) cdlular radio that he atended in Irdand. It has been edimated that investments of $145
billion have been made for the combined tota of fird generation and second generation odlular
infragtructure. The cogt edtimate for third generation is goproximately $800 billion, with $400 billion of
that ($200 billion supposedly in Europe done) just for the acquisition of pectrum rights. It has been
pointed out that for what was paid for spectrum in the UK, they could have put fiber into every home,
bringing up a serious question of proper socia optimization. Furthermore, the question of likely return
on invesment loomslarge.

Ancther issue to condder are the drivers for data ratesin afourth generation (4G) system. As currently
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understood, we are going from a voice sysem to a 2G system, then to a data centric 3G plan. Are
there more data requirements driving fourth generation? Although the European community was
uncertain, it was very clear 4G was not thought of to be pushed by ever higher data rates, but rather
the application layer was the assumed driver for fourth generation. In some current research, ingtead of
having the usars talking to network/application providers, they look at the goplication provider as being
in-between the network provider and the user. The network provider is viewed dmos as a commodity
option. Users sign contracts with the application providers who then act as the primary conduit for the
users. It was observed tha that this could lead to an architecture somewhat like the WAP (wirdess
aoplication protocol) configuration with a gateway between the communicating parties. Some fed that
this represents a serious blunder in system philasophy in that the loss of trangparency can defest critical
functions such as the ability to do digitd sgnetures.

At the conference Dr. Kolodzy was reporting on, some were surprised a hearing that the data rates
for 3G may not be much higher than 2.5G (for mobile gpplication), so thet the gap between wirdine
and wirdess from a goeed gandpoint will be increasing, and many of the E.U. people a this particular
conference didn't see a need higher speeds for mobile. Apparently they believe that the market model
doesnot yet to show that there's a need for higher reates.

In concluding, Dr. Kolodzy reiterated how DARPA triesto look a thingsin avery different way. The
result may be that in trying to avoid unpleasant surprise, surprising technology is cregted for others.

7.0 Report on Noise Floor Study Funding

At the June 28, 2000 TAC meeting a resolution was adopted whereby individua members or their
companies would give funds to the FCC for the purpose of fadlitating a noise floor sudy. As reported
a the lag mesting, the minimum amount of about $100,000 estimated for the first phase literature
search has now been committed. All of these contributions were made unconditiondly and were not
intended to influence any regulation. At the time of the writing of this report (subsequent to the
mesting), atotd of $88,000 had been trangmitted to the FCC in three enclosures using procedures
described in the previous report. No other contributions are expected a this time. The members and
organizations who currently have had their commitments sent to the FCC in association with the TAC
Noise Study are:



Dr. Richard Green on behdf of Cablelabsin the amount of $10,000;

Ms. Chrigtine Hemrick on behdf of Cisco Systems, Inc. in the amount of $10,000;

Mr. Dewayne Hendricks on behdf of Dandin Group, Inc. (DGI) in the amount of $1,000;

Mr. Ross Irdland on behdf of SBC in the amount of $10,000;

Dr. Charles E. Jackson, Consultant in the amount of $1,000;

Mr. Kdle Kontson on behdf of 11T Research Indtitute in the amount of $2,000;

Dr. William Lee on behdf of LinkAir Communications, Inc. in the amount of $1,500;

Dr. Paul Liao on behdf of Masushita Electric Corporation of Americain the amount of $10,000;
Dr. Wah Lim on behdf of Hughes Electronicsin the amount of $10,000;

Dr. Bob Lucky and Dr. Jules Belliso on behdf of Tecordia Technologies in the amount of $10,000;
Dr. Robert Martin on behdf of Lucent Technologiesin the amount of $10,000;

Mr. Dennis Roberson on behdf of Motorolain the amount of $10,000;

Mr. Robert Zitter on behdf of Home Box Office in the amount of $2,500.

Also endosed with the funds were |etters from each of these individuas or companies memoridizing
ther intent to donate these gifts to the Federd Communications Commisson in accordance with the
Commission’s gatutory gift acceptance authority found at section 4(g)(3) of the Communications Act
of 1934, as amended, 47 USC 8 154(g)(3), asimplemented by the Commisson'srulea 47 CFR. 8
1.3000-3004. Each offeror confirmed thet the offer was unconditiond and was not contingent on any
promise or expectation that the Commisson’s receipt of the gift was to be used to benefit the offeror
or in any regulatory meatter.

7.1 Noise study - Action Items

The spectrum working group leedership is curently seerching for a performer for the proposed study
and will make a recommendation as soon as practicable. This will result in a work item for the next
ingantiation of the TAC.

8.0 Report of Spectrum Focus Group

Charles Jackson introduced Joseph M. Nowack, Member of the Technicd Staff, Communication
Sysems and Technologies Labs, Motorola Labs, who gave an overview of fourth generation (4G)
cdlular sysems, especidly rdative to spectrum requirements. In smple form, 4G isjudt the next mgor
generdion of mohile celular sysems to be deployed around the year 2010. There is condderable
disagreement, however, as to what should be the main focus of 4G. Posshilities indude the wirdess
Internet, higher bit rates cost reduction, new user services wirdess-wirdine integration, new ar
interfaces (or a drict limitation to a single globd interface), a completdy new network, and advanced
opportunities for service providers. The domain of 4G extends beyond that of 1G, 2G,2.5G and 3G. It
could coexig with 2G and 3G. 4G is not necessaxrily defined by the bit rate, but by a sgnificant
advance in system cgpability beyond wheat can be achieved with 3G.
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Fgure 1 depicts various domains of gpplication proposed for 4G commercid wirdess.
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Figurel: A view of 4G

Some of the key chdlenges of 4G relate to coverage, capacity, and spectrum. Transmit power
limitations and higher frequendes limit the achievable cdl Sze. Current air interfaces have limited pesk
data rate, capacity, and packet data cgpability. Location and avallability are key spectrum issues,
especidly consdering that lower carrier frequencies (< 5 GHz) are best for wide area coverage and
mohbility.

If we congder the increase in the number of cel Stes needed to cover a fixed geographica area,
cdculaions show thet if we increase the deta rate by a factor of 10, we need about three times as
many base gations (keeping other parameters condant). The same Smple modd predicts that we will
need about ten times as many basesif we increase the carrier frequency by ten. This coverage problem
then becomes a main design driver. The carier frequency has a larger impact on cdl sze then data
rate. In order to enable wide area coverage, 4G needs “mohile friendly” spectrum (idedly lessthan 5
GHz). Mobile devices have low trangmit power, limited antenna gain, and predominately nor-line-of-
sght propagation. Fixed wirdess sysems are more easily able to take advantage of higher carrier
frequencies because with no movement there is low Doppler and we can afford higher transmitter
power with power consumption and hest disspation isless criticd. Line-of-9ght operation isaso more
likey with a fixed high-gain, high-elevation antenna.

There is condderable disagreement on the service mix and cgpecity requirements thet should be
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assumed for 4G. We can, however, make some obsarvations on the kind of transmitted content thet
may impact broadband wirdess. Successful wireless sarvices are frequently preceded by growth of a
wired demand. We can expect that growth in telephony, dia-up internet, and DSL (digital subscriber
line) or cable data will be precursors to a demand for mobile telephony, WAP (wireless goplications
protocol) based services, cdlular data, and 4G broadband wirdess. Content is rgpidly expanding to
serve the cable/DSL connected consumer. Many Sites are focused on video ddlivery of “broadband’
video (typicaly 300 Kb/s and fagter) such as MovieHix, VideoSeeker, QTV, and Quokka Sports.
Also, combinations of exiging content may be vaduable to mobile information consumers, such as
expressway trave information (red time web cameras, traffic Satus and advisories); entertainment
sections (movie tralers, ticket reservation, TV guide, video-on-demand); and business guides (stock
market information, rea-time video briefings, bresking news).

Some of the active 4G research aress include broadband adaptive antennas, new system design
concepts and redesign of the air interface. With 4G 4ill in a formative sage (commercid 2010), we
can dready speculae as to some of the 4G air interface characteristics. We can expect higher bit rates
than 3G (20 Mb/s < pegk < 200 Mby/s), higher spectrd efficiency and lower cost per bit than 3G, an
ar inteface and MAC (media access control) optimized for IP traffic (IPv6, QoS), and adaptive
modulation and coding with power control, with frequency bands below 5 GHz preferred for wide-
areamobile sarvices.

8.1 Software Defined Radios (SDR) and Futur e Spectrum M anagement Regulations

A prime objective would be a set of recommendations to provide a bass for the regulaion (or
nonregulation) of the intdligent “cognitive’ SDR. In the past we have referred to part of this as the
SDR Bill of Rights that is a fundamentd and durable sat of rights and responghilities for intdligent
devices that would form the basis for operating protocols and etiquettes. It is envisaged thet, a leest a
the art, there would be a coexistence between shared and dassicdly dlocated spectrd regions. To
further this work, it now seems gppropriate to propose a st of experiments to more fully understand
the issues and provide a proof-of-concept demondration. Researchers from the public safety, defense,
and commerdd communities should dl be invited to particpate. Among the many issues needing
resolution is an understanding of the vulnerability of such a sysem to mdicious attack.

8.2 Noise and Unlicensed Operation

Progress on funding for the proposed noise study was reported above. As described by Dewayne
Hendricks, there has, snce the last meeting, been a Sgnificant upswing in the availability of 802.11b
wirdess LAN at arports and the like. Many more indalations are expected. At the sametime, thereis
an expanson of other unlicensad sarvices such @ Metricom and there is dready anecdotd evidence
that spectrd congestion is producing performance problems. We can only speculate if this dash will

result in a“metdown” and unusable service. Maybe we will have a Situation like Y ogi Berral's popular
restaurant; “It's become so overcrowded that no-one at al goes there anymore” We are about to

have an unplanned rea-time experiment on the consequences of uncoordinated spectrd sharing by

different services usng incompatible etiquette rules. We have heard that in order to insure satisfactory
operation of the Universty managed 802.11 sysem a Carnegie Mdlon Universty, the adminidration
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has banned the on-campus use of dl spectraly competing devices. We may be gpproaching the era
where intdligent cognitive radios will be a necessity. We should aways remember, however, thet this
emerging spectra conflict problem isredly the result of the enormous success of unlicensed operation,
not it' sfalure

9.0 Report of the Accessto Telecommunications by Per sonswith Disabilities Focus Group

Gregg Vanderheiden reported on the year 2000 work of the focus group and gave an overview of
items described in previous reports. There were three main aress of concern: identification and
exploration of issues and options, identification and creation of awareness pieces (problems from the
padt thet we can learn from); and future scenarios (what might be coming and what the implications for
people with disabilities might be).

Severd topics are being discussed asissues and options. Technology supplantation, or the replacement
of old technology by new, crestes an issue when exigting rules for a particular function are defined with
regoect to specific or obsolete technologies which are then “supplanted’. An example would be IP
telephony. There are a0 issues assodiated with the migration of TTY to text messaging or Internet
chat, required support for Emergency 911, and the respongbilities of networks and carriers when
digtributed solutions are implemented.

The group conddered a number of future scenarios, including captioned telephony, dlent
communication fegtures, and the role of sgn language and speech  teleconferencing. The advent of
“asgdants on demand”’ incduding video description services for video confereting, cognitive
assdants, and home basad assgtants dl give the potentiad of creating a new window to the world for
the disabled.

As pat of an effort to forestall unexpected consequences of the introduction of new technology, the
group consdered the production of ligs of “awareness points” These would be documents to be
used during the design phase of new products to sendtize engineers as to the unique needs of the
dissbled and the pitfdls to be avoided. Some evolving technology arees which have hidoricdly
precipitated unexpected problems for the disabled include compression, TTY compatibility, stripping
of cgptioning (in compression), and various difficult to handle speech issues (hard of hearing, impaired
Speech, noisy environments, foreign accents). The group dso reviewed barriers which have gopeared
in the pagt with respect to both technology and disability type, and looked at the ongoing trends in
assdtive devices and functions.

The focus group has made recommendetions for the next TAC. They advise meeting with the FCC
daff to review the three types of materids being worked on (issue, awareness, and scenario) and to
see if the FCC has other unmet needs or suggestions. A note should be put out to industry and
consumer groups about same guestions as aove. And, there needs to be a discusson about

coordination or relaionship with the new Disability Advisory Group.
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10.0 Report of Interconnection and Networ k Access Focus Group

Some of the things thet this working group accomplished over the last two years were summearized by
Marvin Srbu. The group tried to look at interconnection and access issues. On the interconnection
Sde, there were a number of contributions and group discussons. In the area of 1SP (Internet service
provider) interconnection, some members of the group came to the concluson that today it's not
currently a problem. 1SPs are interconnecting, but there was an argument that 1SPs should openly
publish their criteria for peering. We had discussions on whether the emerging technology for quality of
service would meke it less likely that companies would interconnect, given that there are no sandards
yet for interdomain qudity of service. The condusion by some was that thisis il not a problem now
but thet it may emerge as an issue in the future. It seems that severd of the members fed that nothing
can be done about it now other than watchful waiting to see that no problem develops.

The other area discussed in this group was the interconnection of festures in the emerging voice-over-
IP soft switch marketplace. The “soft switches’ have open APIs (gpplication program interfaces) to
dlow third parties to write new fegtures. The problem of fegture interaction between these soft
switches may require new industry procedures which are above and beyond the current mechanisms
aready in place for resolving feature interaction in circuit switches.

The access area was not a topic addressed in great detail, dthough in the lagt three months, some
documents were circulated about fiber-to-the-home which led to discussons on thisissue.

Among the issues which will need to be addressed, going forward, is the issue of whether the modd
we have now for near-term broadband, which isto alow anumber of competitive providersto flourish
- wirdess, DS, cable modem - isgoing to be aviable modd for fiber to the home. It's not dlear that
the investment in trenching and deployment can be successfully amortized if an operaior has
ggnificantly less than 50% market share, suggesting thet having multiple playersis not a viable option.
Thisis something that has to be further discussed during the next TAC cyde.

11.0 Observations, Recommendations and Conclusion

Given that this was the last meeting for this current group of TAC members, Bob Lucky, TAC Chair,
took the opportunity to thank everybody for their service, then gave each member one last chance to
describein thar own words some of the issues that might be on their mind or things thet might be items
that the new TAC should grapple with next year. Those observations and opinions are condensed and
pargphrased here. As the roundtable discusson progressed, many of the members echoed and

reinforced remarks made previoudy by colleagues.

Vint Carf:

There are three suggestions. One, isto continue to work on the accessibility question, because it's vitd
that we not disenfranchise people who could take advantage of new telecommunications technologies.
Secondly, we should focus some time on the spectrum sharing question, which weve not thoroughly
examined, and findly, the point that came up earlier and has not been addressed very much, are the
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nationa security aspects of robustness and vulnerability of our communication sysems. And dthough,
normdly, thet's not the charge of this group, one might ask whether it could become one of the topics
of concern for usin the future

Reaction by Kent Nilsson of the FCC.

Therés another federd advisory body cdled the "Network Reiability and Interoperability Council”

(NRIC). It has four focus groups, one of which deals with best practices and ancother, interoperakility.
The FCC has discussed interndly what the gppropriate dlocation of those issues between those two
focus groups ought to be, and & the moment, it is directed to the best practices focus group. However,
the TAC may have alot to potentidly contribute in ways that the other group won't, because the skill
ssare different. That's something the Commission will have to give some thought to.

Chridine Hemrick:

There is a quedion for Daés successor and the Commisson as to how they best see utilizing the
collective knowledge, and sometimes wisdom, of the TAC members In the lagt two years it has
adways been a bit of a question as to whether the FCC only wanted to hear from the TAC on
technologies that hed immediae policy implications, or whether there was interest in using the collective
body to give a future pergpective without the implication that the group was asking to invite regulation
or the intervention of the FCC. For example, there are alot of very interegting things happening in the
area of content networking, knowledge of which could be ussful to the Commisson when thinking
about the long-term future but for which there are no immediate action-oriented policy ramifications.

Dewayne Hendricks:

Spesking to the wideband technology spectrum overlay issue, it looks like UWB rulemaking is salled.
There ign't darity about what ultrawideband is. Manufacturers come to the commission and just Spesk
to their own sdf-interest and about their particular approach. The commission has been left with the
difficult pogtion of trying to piece it al together and come up with firg principles about what UWB is.
We can obsarve that the military designs sysems that are sedthy and covert. They have awhole set of
metrics that they use to characterize those sysems. Because the commission has been struggling to use
a technology-neutra gpproach, we should talk to DARPA and see how they characterize sysems and
wha metrics they use. We should be aware of low probability-of-detection and anti-jamming metrics
that ook at the both emitter and recaiver in very specific ways. DARPA could help alot once we get
some things dedassfied. We should invite DARPA to come to the next meeting and talk about how
they look a wideband sysems and how they characterize them, then ask some of the UWB
companies how they would characterize their systlems according to these metrics.

Ross Irdand:

In the area of access and interconnection, it would be useful to take alook a some of the technologies
that we think will evolve there, particularly in the packet world and in the optica world. Both of those
worlds are changing very dramaticdly in the public networking space. If you teke a number of
examples of what's happening, you're going to find thet as the future ralls out, you're going to bump into
current rules which make it very difficult to categorize new technology. This group ought to look a
some examples and ask: Do rules make it easy or difficult to be able to deploy thistechnology? Isit an
advanced service? Isit a core service? That drives you to sort out who owns the asset, and how you
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might manageit. It might drive you to a different set of rules or models There could be the unintended
conssguences of exigting regulation that puts a company a a disadvantage when introducing a variety
of technologies.

Charles Jackson:

The area of shared gpectrum and unlicensed operation is where the TAC could come up with
important recommendations and suggestions. The other area that much of the focus of the discusson
has focused on is what you might call tdecommunications or individuad communications rather then
mass media But in fact, mass media is very important, and changing technologies are going to have
magor impacts on mass media. Networks are going to evolve into mass media. The TAC should ook
a some of the issues associated with the evolution of mass media and the evolution of persond media
towards mass media and vice versa

Kadle Kontson:

The shared spectrum issue and how technology can support shared spectrum is something that's worth
pursuing. Weve made some progress but there's lots more to be done. The TAC should aso serioudy
condder Department of Defense activity and leveraging some of the work that's going on there.

Therés amgor trend in the convergence of sarvice. There's dso a convergence going on in the user
community, in the commercid sector, in the public ssfety area, and in the military. All users are usng
the same assets and converging onto a common infrastructure and technology base. Theré salot to be
learned from looking @ how to leverage and dhare technologies, and having complementary
relationships with entities in the user community.

Bob Martin:

We should examine the solution to the fragmentation of the networks as a kind of end-to-end design
problem. The TAC didn't work this issue hard enough with respect to both packet and optica
networks. A good a way would be to pick a couple scenarios, andyze tem, and come with the
“what-ifs?” The idea of getting people in from DARPA, and perhgps get some pergpectives from
what's happening in Jgpan, in the EU, and from smilar groups is a good one. They're going to look at
the problem differently, and we might get a perpective that might not have occurred to us. The
Jgpanese are going after some of the mobile sarvices in away tha some of us hadn't thought of, and
they might be running into some issues that we have not quite thought of yet.

Stagg Newman:

The TAC needs to be looking a where future technologies are going and seeing other ways thet the
Commission’s rules need to be changed to enable those technologies. We need to make sure we dont
impede the introduction of technology in the marketplace because of obsolete rules. Some of the
changes would be in the spectrum area. In addition to working on overlays and shared spectrum, we
need to congder how to change the rules to enable the more flexible use of the technology. We need to
discover where rules are out of date with the technology.

Dennis Roberson:
Beyond the shared spectrum issue, the issue of interoperability of systems above the spectrd leve
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emages There is the whole problem of networking and retaining a connection while maintaining a
conversation, for ingance, while going from Bluetooth to 802.11 to a cdlular network. Accessibility is
cearly something we aso need to continue work on. Additiondly, the noise sudy we inaugurated is
catanly an important one for us to follow through on because theré's a long ways to go to actudly
derive benefit. Also deserving a greet ded of focus for the future isthe Bill of Rightswork that's been
going on. It's redly an important idea, an important concept, and an important beginning, but Hill hasa
very long waysto go.

In terms of new items for the TAC, the internationa aspect bears consderably grester focus whether
it's harmonization or a directed choice not to harmonize with the rest of the world. Japan's been
mentioned, but Chinaiis dso important now that Chinaiis beginning to be aforce in these maiters.

The new TAC needs to revidt the whole concept of establishing definitions on things that we view as
commonplace. The telegphone has been mentioned in this context, but what is a network, redly, and
what is ultrawideband? Going dong with this would be the publication of white papers by this group,
that is, TAC-authored position papers on some of these topics to provide reference information for
both the FCC and then, perhaps, the greater world. The use of outsde Soegkers is something we ought
to continue proceduraly by having one solid outsde Spesker on athematic basis a every meeting.

There are two other items that are, perhaps, the most chdlenging of al. One of them is establiging a
bit more formdlity in our engagement with the Commissioners themsdves and with the Chairman. The
TAC could improve rigor with a yearly report or Smilar mechanism. The find and mog chdlenging
item of & dl isthe need to find Some means of establishing afunding modd for this group, so that when
there are initidives like the noise gudy there would be some way of indituting action. Having some
means of addressng funding is critica to moving to the next Sep beyond the part-time activity of the
TAC. It would be something that would add more meet and more redlity to the group.

Marvin Srbu:

Wefre in the midg of a trandformation of networks from the treditiona circuit-oriented to a packet
orientation. A lot of the language of regulatory distinction of our telecom information sarvicesis going to
be problematic when tdephony services are carried by packets. We will have to decide whether
they're information services, which are not regulated, or telephony services which are subject to various
rules. Some of this may nat be entirdy within the purview of the Commissoners themsdves, but may
require a revison of legidation. We are dready seeing this as |SPs begin offering telephony services.
Because they're not certificated, they're not entitled to guaranteed access to the SS-7 databases or
directories, for example. We see a company like Metricom not getting access to poles, rights of-way,
or communication devices because they're providing an information service, not a telecommunication
savice, and dont qudify. There are going to be a continuing series of problems that need to be
explored and cases where regulaion may need to change.

The other areais of interest is the long-term direction of broadband access. Fiber-to-the-home would
provide us with unlimited capacity for an indefinite future, but we don't know how to get there. We
don't know whether the competitive modd that weve been using up till now will operate, or some
other model more akin to how we got cable in place (asngle frarchisee) has to be explored. We need

19



to congder what the implications of that are for regulatory structure, for open access, and a number of
other issues.

Gregg Vanderheiden:

The overd| integrity and security of networks that was mentioned a bit earlier isextremdy citicd. One
of the big concerns as we head forward is that we can do alot of redly amazing and wonderful things
but dl a the expense of robusiness. This is a generd problem, but it's particularly critica for people
with disshilities who come to depend upon these things very much. They're not in as good a pogition to
recover from afalure or to find some other way of doing somethings

TAC efforts on disability access is something that needs to continue, but we need to figure out how to
bring it to another leve. The group should explore broadening the offline membership (if not the TAC
membership) to bring in participants with other backgrounds to provide a broader base from disability
sde Technology interoperability is a redly important area. It's akey for flexibility. Currently, there are
indications that companies are isolating individud issues and treating them separately. We need amore
holigtic view that includes disability access. Thisimpacts FCC interoperability mandates.

We have voice conversations and we have text chat. If text chatisonaTTY it istdecommunications,
but if itsnot on aTTY isit ill tdecommunications? If I'm on my phone having a conversaion and
you're taking to me on aregular hand phone, but on my end, it's trandated into text and | type back
because if I'm deef, that's tdlecommunication, but if I'm not dedf, it's not tdecommunication! This
means that if we want the people who are deef to switch technology, they may have to give up
“tdlecommunication”. We thus have a huge definitiond problem. We have been tying a lot of the
regulaions to old technologies. When we switch to voice over IP, even if it looks exactly the same to
the people who pick up the phone, therés a question as to how to dassfy the activity. We need to
dart looking at the policy implications of technology advances.



Bob Zitter:

One of the more ggnificant TAC initiatives, if we look saverd years in the future, will be the Bill of
Rights It has along way to go, but if were talking about everything that we are, that seemsto be the
template for how the various systems and devices might interact.

We would be well-served in the next TAC to not just recognize mass media, but to focus a little bit
more on the issues that are coming about from the convergence weve al recognized between mass
media, telecommunications, and informetion services. As we see tdlevison and other mass sarvices
more and more becoming ondemand services using the telecommunication networks and the internet,
issues of quality of service become more important. Consumers have come to expect from traditiond

meass media qudity that doesn’'t exist in the networks that they're going to be usng. And ladtly, in terms
of this TAC being aresource, thereés a great resource here that probably could be used alittle bit more
outsde of the heat of any particular proceedings.

JulesBdliso:

There ae new FCC rules tha have to do with the geogrgphic postioning of cel phone users
promulgated in order to implement Emergency-911 sarvice. This brings up the issue of persond
privacy. It will soon be technicdly possble to tranamit to others detailed information about your
location thet in nonemergency Stuations you might not want other people to have - for security or any
other reason. We should be addressing the technicd endblers that would adlow certain protective
barriers to be put into the dissemination of this kind of information to protect peopl€s privacy. We
need to take into account the “persona space’ of people, and not dlow a Stuaion to evolve where
everything that can be found out about a person can be widdy digtributed without that person’s
knowledge or contral.

Another st of issues has to do with the usage of spectrum in the future, and the combination of the use
of the gpectrum for mass media and tedecommunications. There are two technologicd developments
here that could have a big impact. One has to do with the emergence of technologies like Nagpster and
Gnutdla which, among other things, change the character and directiond volume of traffic that we
expect to see in the network. Another technologica development is the emergence of very inexpensive
high-dendty gtorage that could be placed in customer equipment, as we see today with TiVo and
ReplayTV. The implication is thet there is there is another dimension to the usage of spectrum. For
many types of services, we don't necessarily have to tranamit a the time of intended use. Theres a
time- shifting advantage. This results in an effident use of broadcast thet could couple it very tightly with
intdlligent tdecommunications, but these are two industry segments that we currently dedl with

Sseparately.

Asfar as TAC operationd issues, the idea of producing position papers is a good one asameans of
formdizing trander to the Commission. Position papers shouldn't just andlyze one position. We should
put al the reasonable dternatives on the table together with the likdly technologica consequences that
we see Joinning out from each aternative. Findly, the TAC should invite an overseas member to the
group to give, for example, the view of the European Commission or the Japanese.
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Bob Lucky:
The rall-out of broadband access has been one of the prime objectives of the Charman. Verizonhasa

god of 500,000 digita subscriber lines a the end of this year, and may have even reached target thet
recently. But when you look a how many new andog lines they added this yeer, it's actudly alot more
than that. So we can ask: “Is broadband edly ralling out thet fas?” What are the limitations and
factors, technological and policy-wise, thet limit the growth to wheat it is today, and what dternatives
and possihilities are there? Thiswill be agood topic for the next TAC.

Representatives of the Commisson once again thanked the TAC members for volunteering their
savices. All members of the TAC agreed that participation was an intelectudly rewarding and
persondly enjoyable experience, and thanked the Commission for inviting them to be members.



Annex 1. Meeting Videotape

A VHS videotape of the December 6, 2000 meeting serves as a set of comprehensve minutes
of that meeting. Copies of the tgpe can be obtained from the Commisson's contracted copier, 1o
Eocus. They may be reeched by phoneat:  703.843.0100 ext. 2278

Annex 2: Biography of Dr. Kolodzy

Paul J. Kolodzy, Ph.D.
Defense Advance Projects Agency (DARPA), Advanced Technology Office (ATO)
Program Manager

Dr. Paul Kolodzy joined DARPA in October of 1999 as a Program Manager Defense Advance
Prgjects Agency (DARPA) in the Advanced Technology Office. Dr. Kolodzy was selected as one of
the new 1101 candidates with the purpose of providing a cadre of experienced technologigts directly
from indudry into government service.  Dr. Kolodzy's current focus is on offensve and defensve
communications utilizing advanced maerids techniques, and on leveraging with advances in the
commercid sector.

Dr. Kolodzy' s previous duties were at Sanders, a Lockheed Martin Company. At Sanders, he served
as Director of Sgnd Processng in the Advanced Technology Divison. In this capacity, he was
repondble for focusng on Informaion Warfare, Electronic Warfare, and Sgnd Intdligence
techniques. He directing classfied programs in the development of signd processors and Sgna
processing schemes for image processing.

At Sanders he dso sarved as Director of Strategic Initiatives with responghilities for synergistic
development of the generation after next Antennas, Recaivers, EO, Lasars and Sgnd Processng
technology. He andyzed and made recommendations on how these advanced technologies would
impact sysems throughout the Lockheed Martin Company.

Dr. Kolodzy dso served a the MIT Lincoln Laboratory for 11 years as senior sysems andyd. He
was involved in Opticd Systems for Laser Radar, Signd Processing, and Target Recognition. He
served as Group Leader in the Machine Intdligence Group focusng on Acoudtics, RF (SAR), and
Opticd Sgnatures.

Dr. Kolodzy earned a Ph.D. in Chemical Enginesring from Case Western Resarve Universty, indusve
of EE and CS. Dr. Kolodzy earned his Magter of Science Degree in Chemica Engineering from Case
Wegtern Reserve Universty.



Annex 3: FCC daff
FCC staff availableto address questions from the TAC:

Contact Kent Nilsson of the FCC, <KNILSSON@fcc.gov>. With respect to specific
Federd Advisory Committee Act (FACA) questions, a resdent expert is FCC dtorney:

PaulaSilberthau, a:  PSILBERT @fcc.gov
Phone 202-418-1874

Additiond FACA information is a the Office of Government Policy web page a:

http-/Asaasy policanvarksgoy

Annex 4. Focus groups, moderator, and group web addressesfor interaction.

Spectrum Management (Charles L. Jackson, Moderator)

http /Ay jacksonsnet/tac
JulesBdliso jules@research.telcordiacom
Bran Ferren bran@appliedminds.net
Chrigine Hemrick hemrick@cisco.com
Dewayne L. Hendricks dewayne@dandin.com
CharlesL. Jackson chuck@jacksons.net
Kdle Kontson kkontson@iitri.org
WilliamC.Y. Lee william.lee@linkar.com
WahL.Lim Wah.Lim@hughescom
Robert L. Martin bobmartin@l ucent.com
Glenn Retmaer greitmaer@sanoff.com
DennisRoberson Dennis.Roberson@motorola.com
Patrick White pwhite@safeguard.com



Accessibility for Disabled Per sons (Gregg Vanderheiden, Moderator)

Jose M. Alvarez Caban javarez@coqui.net
JulesBdliso jules@research.telcordiacom
Vinton G. Cef veerf@md.net

Susan Estrada Sestrada@al dea.com

Bran Ferren bran@appliedminds.net
Dewayne L. Hendricks dewayne@dandin.com

CharlesL. Jackson chuck@jacksons.net

Paul F. Liao pliao@research.panasonic.com
David C. Nagd nagel @ipo.att.com

Gregg C. Vanderheiden gv@trace.wisc.edu

John F. Waters jack waters@level 3.com
Robert M. Zitter robert.zitter@hbo.com

Network I nter connection and Access (Marvin Sirbu, Moderator)

JulesBdliso jules@research.telcordiacom
Vinton G. Cerf veaf@mad.net

Susan Estrada sestrada@aldea.com
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Ross Ird and ri4181@txmail.shc.com
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Marvin Srbu Srbu@cmu.edu

Gregg C. Vanderheiden gv@trace.wisc.edu

John F. Waters jack waters@level 3.com
Patrick White pwhite@safeguard.com

Robert M. Zitter robert.zitter@hbo.com



Intelligent Device Bill of Rights ad-hoc working group (Bran Ferren, Moderator)
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