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PROCEEDTINGS

MR. SICKER: Good morning. Okay, let's
get started. I'm very pleased today to be able to
convene this meeting and to be able to bring the
folks who I was able to get to join us today.

We're going to have two sessions, a
morning session and an afternoon session. This
morning we have Dan Atkins; Charles Bostian; Vint
Cerf, who's joining us via an ISDN connection --
there's Vint -- hi, Vint -- David Clark; Chip
Elliot; and Ty Znati. From the FCC we have Rashmi
Doshi; Erik Garr; Stagg Newman; and I'm Doug
Sicker.

I'm going to keep my comments short for
a number of reasons. I've asked each of the
participants to spend about 10 minutes, which is
quite a long time, given the short duration -- and
I think we have two hours this morning -- but I
want to hear from them. These are the experts, so
I really didn't say an order, but I would like to
just suggest that we start with Dan and go down

the line.
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Okay, thank you.

MR. CERF: Excuse me, could I interrupt?
It's Vint.

MR. SICKER: Yes, Vint.

MR. CERF: Just one point. I have to be
out of here at about 10:30 your time, 7:30 my
time. So, just FYI in term of scheduling.

MR. SICKER: Well, Vint, would you like
to kick it off?

MR. ATKINS: I'll yield to you, Vint,
and then I'll go next.

MR. CERF: I don't -- wasn't trying to
force myself on you. I just wanted you to know
what my schedule was.

MR. SICKER: I'm more than willing to
have you start it off.

So, we'll begin with Vint Cerf.

MR. CERF: I'm happy to do that, Doug.
So, good morning, everybody. I'm not going to
take 10 minutes. I don't want to. What I really
want is to get some discussion going here. But I

am going to put a few things on the table that I
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hope will trigger arguments.

The first observation I'd like to make
about broadband research is that we are not doing
terribly well with regard to the kind of wireless
opportunities that might lie before us. The FCC
Technology Advisory Committee has from time to
time explored ultra wideband possibilities, but I
don't think we've ever had much of an opportunity
to pursue that, because there hasn't been a lot of
available spectrum in which to try ideas out --
things like combinations of OFDM and CDMA and a
variety of other sharing techniques -- but I'm
personally persuaded by two things, first, that
sharing the broadband resources can lead to some
substantial efficiencies -- parties cohabiting in
the same band; and, second, it's my impression
that when you do sort of a general radiometric
measure of our use of the spectrum that on average
it's very, very low. We allocate capacity in
narrowband channels and maybe we're using 2
percent of the spectrum at any one time. So, I

think that opportunities to experiment with
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broadband wireless sharing would be very
beneficial, and I'm not aware of much opportunity
to pursue that from an implementation and
experimentation point of view. So, that's one
point.

Second, I think we can learn something
from the 80211 experience, which is the unlicensed
sharing of bandwidth. Despite, you know, the
occasional collisions and the like, it's been
remarkably interesting to see how many people have
found ways to use that unlicensed bandwidth, you
know, given radiation-level restrictions, and the
like, in order to permit better sharing. So, I'd
like to see more experimentation with unlicensed
capacity -- white spaces being a good example of
that.

A third thing which I'd like to suggest
-- this I think still exists but I don't know how
effective it is. This is what we sometimes call
the NITRD Program, which is the National ITR&D
effort. During the time of the Clinton

administration, there was something called the
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President's Information Technology Advisory
Committee. Some of us served on that committee
for several years. We had what I considered to be
a very important, powerful, effective, crosscut
relationship between the committee and the R&D
agencies -- NASA, NSA -- well, NSA was there, but
NASA, DARPA, NSF, and DOE among others would come
to report what they were doing. They described it
in a crosscut way so we could see the amount of
research money that was being spent and we could
see on what it was being spent. And I'd like to
suggest that the participating program managers
were, I thought, stunningly cooperative in their
work to coalesce and to make more coherent the
aggregate research program. I'd love to see the
reconstitution of that committee, possibly under
the PCAS, which is where the previous
administration lodged the responsibility after
PCAC was disbanded.

Finally, I'd like to suggest that there
are some significant opportunities which appear to

be in part underway. The program at NSF, the
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funding program, the future internet design sort
of clean-sheet effort, which I hope Dave Clark may
talk about, and the related GENI effort, which I'm
sure Chip Elliot will tell us about, represent a
foray into exploring what's possible, given the 30
or so years of experience we've had with the
internet. Many of us -- some of you sitting
around the table now -- are well aware of the
shortcomings of the system as it is today, the
lack of security, the failure to make heavy use of
broadcasts, the poor quality of mobile tracking,
and the like, suggest that there's lots of room
for improvement.

You asked a whole series of questions --
nine of them. You could take days exploring
these, and I'm not going to take more than a few
more minutes of your time to do that. You asked
about the kind of research that's going on today,
and I think a lot of it tends to be very short
term. I'm not seeing the kind of long-term
willingness to put funding in for possibly years,

even decades. If you look at the Arbinet program
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and the successor internet program, the funding

profile went on for nearly 20 years. It involved

multiple agencies after DARPA began the program.

So, I don'

t see that kind of consistent funding,

and I think in its absence that you'll find people

not proposing high-risk ideas because it isn't

clear whether will they will have time to explore

them successfully.

I think that there is also a question

about -- skip down to question 6 with regard to

venture capital. The venture capital community

got burned in the dot boom. Whether it learned

its lesson or not is still to be seen, but they

became a lot less adventurous, I think, in the

aftermath.

community

I'm not suggesting that venture capital

should become as silly as I think they

were during the dot boom, but they are being more

careful about the proposals that they are funding.

The reason I raise this as an issue is

that I think we tend to stop short in our research

work at sort of working in the laboratory and not

Phone
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11
necessarily going far enough to get things to the
point where a venture capital company would see an
opportunity to pursue further. Let me use
internet as an example. When it became clear that
wrapping a graduate student around a computer to
turn it into a router wasn't going to be scalable,
companies like Proteon and Cisco were formed to
build equipment and sell it to the university
research community, and only after that community
showed that there was a viable market for this
kind of equipment and only after permission was
given to carry commercial traffic on the
government-sponsored internet (inaudible) phones
did we see, around 1989, the beginnings of
commercial internet service and once again
interest in the venture capital community.

So, what I'd like to suggest is we
examine our research programs. We ask do we have
paths in place that will allow the R&D side to
push further towards commercial viability enough
to relieve risk in the -- enough risk -- venture

capital world in order to spawn new companies and
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we hope therefore new Jjobs.

Finally, you raised a question about
technology transfer. I often believe that
technology transfer is an oxymoron, and what
transfers are either people who understand things
and go into companies who make products and
services or products which transfer because
they're usable.

To give you an example in a case -- Chip
Elliott, he might want to respond to this later --
GENI will be effective if the consequences of what
goes on there are transferable into
commercialization.

I have to say that, with regard to
impediments, one of the biggest ones, in my view,
is software patents. Somehow we've gotten tangled
up in our underwear -- that's a technical term --
and we are somehow inhibiting creativity by
interfering with people's ability to use what
they've learned in the software sphere. One of
the anecdotes that seems to be open source -- and

I can certainly tell you that Google has been
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regularly trying to provide open source platforms
in the form of Android and Chrome and now Chrome
OS coming next year. I believe that we should
pursue that as an important theme, that open
source opens up many opportunities for the R&D
community to be successful and to build on other
people's expertise.

So, I'm going to stop there and thank
you for allowing me to blather on for however long
I went. I'm going to be able to stay until 10:30
your time, and I'm eager, of course, to hear what
others have to say. $So, thank you very much for
letting me join you this morning.

MR. SICKER: Thank you, Vint. And
you're about nine minutes, so you almost used your
entire time.

MR. CERF: Well, so much for that.

MR. SICKER: So, the one thing I didn't
do -- I actually thought there was another
moderator joining me, and I had prepared notes for
that person. So, I left out to mention what we're

even here for today, and I will borrow from what I
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had prepared for that speaker.

Well, as you all know, we're here to
talk about research recommendations, and the goal
is to provide these recommendations as part of the
broadband plan, which is going to be going to
Congress and out to the public and to other
government agencies, and our hope is to articulate
some directions and research recommendations as it
relates to the process of research, as it relates
to areas of funding and some other areas that are
being examined and will be specified in more
detail in a public notice, which will be coming
out I think this week possibly? Yes, sometime
this week.

I do want to make it clear that the FCC
recognizes that there's a role for it in
encouraging broadband and thinking about these
research recommendations and research agendas.

But we also recognize that there are many other
government agencies whose primary job is just
this, and our hope is rather to help them and

augment a lot of the work that they're doing
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through this report rather than step on their toes
sort to speak.

So, let's turn now to Dan Atkins. Dan's
a professor in computer science at the University
of Michigan. I would have gone into a more
detailed presentation -- or rather a description
of who Vint Cerf is but I hope you all know who
that is.

MR. ATKINS: Thank you. So, good
morning. I'm speaking to you from the vantage
point of someone who has conducted combined
technical-social work and what I would broadly
call cyber infrastructure-enabled distributed
knowledge communities -- or CI-enabled, for short.
This work includes the concept of science
collaboratories and digital libraries, and all of
this of course depends critically on broadband
digital networks.

I've served as the dean of Engineering
and the dean of the Information School at Michigan
and recently did a tour as the inaugural director

of the Office of Cyber Infrastructure of DNSF. I
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16
currently hold the title of Associate V.P. for
Research Cyber Infrastructure at U of M and
consulting with consulting with many foundations
and agencies involved in innovation and learning
based upon network technologies.

The focus of my remarks today is that
research development and provisioning of broadband
networks of adequate performance and reach in both
wired and wireless forms is absolutely critical to
the nation's future leadership in a globally
competitive world based upon knowledge and
innovation. It is critical to both research and
education. And by "adequate reach" I mean
coverage to all inhabitants of our country, as
well as high performance appearing with broadband
networks in other countries, especially with their
national research and education networks for
sciences intrinsically global, and our strategy
for innovation must include a nuanced mix of
competitive and cooperative relationships with
research communities in other countries, much of

it facilitated by digital networks supporting what
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17
are sometimes called scientific collaboratories.

Education and learning, likewise, can
benefit from networked-enabled international
cross-cultural experiences and socially based
learning. How might world understanding and even
world peace be nurtured through new forms of
digital diplomacy.

Research in broadband networking must
itself be broad, involving carefully selected
large-scale pilot projects well instrumented and
of long-decade duration, as Vint said. We need
investments that enable networking researchers to
test out their ideas at scale. Despite the heroic
efforts of the GENI communities and others, I
would argue that this is still difficult to
achieve within the current NSF funding models.

We need more investment in research in
which networking is both the object of research
and learning, as well as a platform for research
and learning, to work in the Pasteur's Quadrant
for those of you that know that metaphor. We need

to pursue basic research together with potential
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applications for next-generation networking.

It's documented in dozens of reports
sponsored by the NSF and similar funding agencies
around the world. The conduct of scientific and
engineering research is being revolutionized as we
move into a platform of information technology or
cyber infrastructure. This movement is also
called eScience and, more generally, eResearch and
is being pursued through investment in most all
developed countries and increasingly developing
countries.

Cyber infrastructure -- this kind of
awkward-to- say term -- was recently adopted by
the NSF and intended to connote two important
things. The cyber part connotes augmentation of
the physical world of atoms with the reduced
barriers of time and distance afforded by the
virtual world of bits. We mean here -- by
distance we mean distance in three senses:
geographic, organizational, and disciplinary. The
infrastructure part is a reminder that IT must be

afforded the high status of infrastructure, one of
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the most complex and expensive things undertaken
by society. It's of course a lot more than
technology, more than boxes and wires and
software; it's a lot more than occasional discreet
purchases of stuff. It's both physical facilities
and supporting organizations, people, and policy;
sustainable models of continuous improvement. It
is reliable, supports broad connectedness, and
provides a platform on which others can
effectively build and tailor applications critical
to their missions.

The framework of CI-enabled research
includes high-performance computing for modeling
simulation, prediction, and increasingly data
mining, data, and information creation and
stewardship services and online instruments and
observatories. These services, tailored to
specific projects, are linked by networks,
middleware, workflow, visualization, and
collaboration services to create what I'm calling
today collaboratories -- laboratories without

walls -- in which scientists work together
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globally with their colleagues, their tools, their
data, and their digital libraries in a workflow
through all four variations of same and different
time and place. People, information, and tools
can be linked in all four quadrants of this 2 x 2
matrix of same and different time and place, and
so we can say that these teams are working
together in four-quadrant organizations.

Some of these collaboratories are
becoming functionally complete in the sense that
they include all the relevant people, tools,
information and facilities for a project, and
therefore the collaboratory becomes both necessary
and sufficient for participation in the project.
They also have the potential to support groups
working with not only implicit knowledge,
knowledge that you can write down, but also
increasingly with the tacit knowledge that can
only be created and conveyed through social
interaction and practice. It can support not just
learning about but starting to support learning to

do as well as learning to be -- to be a scientist,
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to be a physician, and so forth.

Dr. Arden Bement, the director of NSF,
has said in many public talks that our nation's
leadership depends critically on provisioning and
applying cyber infrastructure and maybe a real --
maybe it'll be a determinant in America's
continued ability to enervate and compete
successfully in the global arena.

Although great progress has been in
understanding and applying the technical and
social behavioral factors necessary for a
successful collaboratory, there's still much to be
done. One of the barriers is the general lack of
adequate end-to-end networks spanning global
campus and residential venues. It's particularly
challenging as science becomes more and more
computationally and data intensive. The needs for
wide area transfer of terabytes is becoming
commonplace, with some communities moving to
petascale requirements. We need enhanced
networking infrastructures to support the science

community in increasingly data-intensive
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distributed science. And the challenges are not
just about size and ubiquity of the pipes. They
include use-driven research spanning the entire
stack of transport through the collaborative
applications.

And now although CI-enable research has
been the priority to date, CI-enabled learning is
now emerging under a variety of names as the
priority for private as well as federal funding
agency. There is much in common between a
collaboratory to support research and one to
support education and learning.

A perfect storm may be brewing for our
nation to revolutionize the way we learn, the way
we teach, and the way we assess both, especially
within the K-12 system. Department of Ed is
currently developing a national education
technology policy document, which reportedly will
advocate a vision of a so-called culture of
learning resting upon a learning eco system that
is always on, life- long and life-wide, lending

both formal and informal education. Network-based
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infrastructure would be required to support not
only access to information but access to
participation in learning networks.

It is a platform for seamless
integration between in-school and out-of-school
activities, including mobile learning and learning
on demand. In such a world, learning need not be
dominated by the traditional transfer model but
more by a participatory socially based learning
model that enables much more learning to be
intertwined and made more relevant. The National
Academies has likewise suggested that there is a
crisis in laboratories in the school system, and
cyber infrastructure could obviously provide
access to research-quality telescopes, electron
microscopes, and so forth for that community.

And, finally, I note in closing that the
economic as well as the green and ecological
pursuit of the movements and opportunities I have
tried to briefly describe will likely rest on our
continued adoption of the emerging models of cloud

computing, the long looked-for goal of
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utility-serviced computing that is finally
becoming more real.

Cloud computing involves massive
consolidations and economies of scale on the
server side but massive diversification on the
client side and devices, desktops, laptops, web
books, Smartphones, eBooks, wearable computers,
media players, and so forth, and more diversity
and location and in application. Realizing the
full potentials and benefits of cloud computing
depends critically on research development and
provisioning of the next generation broadband
infrastructure.

MR. SICKER: Thank you, Dan. Next we
have Charles Bostian. Charles is a professor in
electrical engineering at Virginia Tech.

MR. BOSTIAN: Thank you. I'm Charles
Bostian. I'm pleased to be here.

Doug said he needed an old radio guy for
the panel, so I qualify at both.

I am going to focus on some ideas about

radio, how it can help broadband, and I want to
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acknowledge the contributions of several
colleagues to this, particularly Preston Marshall,
formerly of DARPA, who many of you know, who has
recently completed a doctoral dissertation, which
really quantifies the benefits that cognitive
radio and related technology can offer to
broadband.

In looking at all the questions that
Doug sent out, I chose to -- concentrated on the
ones in the box, and I think the biggest
shortcoming is lack of integration, and this is
related to what Vint said about lack of long-term
efforts. I think there are few research efforts
looking at a complete picture, say, dynamic
spectrum access to robust wireless networking to
mobile applications. And there are very few paths
from small-scale basic research to large- scale
deployment and experimentation and testing. Most
university researchers are either working in up to
about 10 nodes of intelligent wireless networks or
they have a lot of nodes but they're in about

three rooms.
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So, these are two things that I would
like to advocate. 1In terms of what could we do to
have a substantial impact, I think this is taking
advantage of the inherent capabilities that wire
networks don't have, and I'm going to address one
of these in probably too much detail about
spectrum sharing and spectrum reuse and then touch
on some other topics.

Everybody knows we need more spectrum in
the right -- we need more spectrum in the right
part of the spectrum, the attractive frequency
ranges. So, we talk about spectrum reuse. We
talk about white space. We talk about how we're
using spectrum inefficiently. But I think the
academic approach to this has been less helpful
than it could be, because we've really --

I think the white space idea of finding
and using vacant spectrum is impossible -- what is
really vacant spectrum, and can you build a
business on it? One person's vacant spectrum is
something somebody else paid a lot of money for.

I think the whole focus needs to be on how we can
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develop technologies that share spectrum easily
and efficiently. One example, of course, is WiFi
where it's developed to be collision tolerant and
no one user has it but we're able to share it.

If we look at making spectrum reusable,
I think we need to change from the idea of having
no interference to the idea of managing
interference. Having no interference makes sense
of course for some applications, like public
safety TV bands, but I think if future research is
going to help, it's really going to need to focus
on how we make spectrum more reusable, how we
encourage sharing. And our traditional approach
to efficient use of spectrum, I think, has been
counterproductive to this, because my radio
colleagues and I have been working for years on
getting more bits per hertz through a channel.

But the way you get more bits per hertz
through a channel is really that you raise the
transmitter power, because you have to increase
the energy per bit divided by the noise power

density. So, you raise the transmitter power
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exponentially when you're increasing energy per
bit, and once you develop, it is a system that
will go a long distance and will interfere with
stuff at a long distance.

So, I have a graph stolen from Preston
to illustrate that. You can imagine that
transmitter power is the vertical axis and areas
of horizontal axis, and for given transmitter
power, for a given required Eb/NO, there is an
area where you can communicate effectively, and
then there's a much larger area where you can't
share the spectrum, because if another transmitter
like you is in that area, you will interfere with
it. So, the key idea I have stolen from Preston
is that we should be looking at spectrum reuse
efficiency with a metric which takes the number of
bits per hertz that we can transmit and divides
that by the area over which the user has to have
exclusive access to the spectrum, and that makes
things different, because if you lower the Eb/NO,
if you lower the effective number of bits, you

actually get a smaller interference region and you
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can get more efficient use of the spectrum that
way as I'll show you.

Now, how big this interference region is
depends of course on propagation conditions, and
that can be modeled fairly simply by an
exponential path loss, which is about -- exponent
-- which is about 2 in line of sight and can go up
to about 4 when you're over the curvature of the
earth and behind buildings. If you put some
numbers in this, you can see that the most
efficient modulations for sharing spectrum
actually use between 1, 2, maybe 3 bits per hertz,
and we could do a lot more with using spectrum
efficiently if instead of putting a small number
of users with a large number of bits per hertz in
an area 1if instead we used a large number of users
with relatively simple, relatively power
transmitters. And you can play games with that
and do things like a head on the right where you
can find ways to get a huge number of users and a
small number of frequencies very efficiently and

allow the thing to scale and allow all of the
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users to have pretty good access.

These techniques have been known to the
cell phone people of course for a long time, and
they have to do frequency planning, but they
haven't really been taken into account in the part
of the community looking at dynamic spectrum
access and spectrum sharing.

If we go beyond this, the long-term
recommendations, it's really to look at the
inherent things that wireless networks can do that
wired networks cannot. If you have a wireless
network with dynamic frequency access, you can
control the topology by assigning frequencies.
Instead of answering the question how can I route
this with the typology I have, you can ask the
question what's the most effective typology to
route this information.

There is a lot of technology out there
that does these things -- disruption tolerant
networking, for example. One of the big
differences is that these techniques apply to

wireless networks and not wired, that they really
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require communication across all of the layers,
which I think is something that we should be
encouraging as we go forward in wireless
technology for broadband applications. And I
think if we can promote research in these areas
that some of these ideas can really lead to order
of magnitude improvement and network performance.
And these things are already out there in military
networks. It's a question of getting them into
the civilian research community.

Thank you.

MR. SICKER: Thank you, Charles. So, I
do want to point out that I did not say an old
radio guy; I said a radio guy. Next we have David
Clark, who's a senior research scientist at
Massachusetts Institute of Technology, and when I
think of the internet I think of Vint and David
and a few others, and I'm honored again to turn
the mike over to David.

MR. CLARK: Well, thank you for giving
me the opportunity to participate here.

You posed a number of questions, and I
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thought I would organize my comments around those
questions. I wanted to start with your last
question. You asked about the breadth of what
should be in the research recommendation, and
narrowly we could be talking about the deployment
of broadband in our country, and more broadly we
could be talking about not only the technology but
the innovations that define the use of the access
-- the cyber experience, if you will -- and I
would argue for a broader approach. I would argue
that if we care enough about broadband to make its
deployment a national priority, we should care
about the range of issues that make it valuable.
You asked about the state of research
funding for broadband-related research. I don't
have quantitative answers to this question. My
answer 1s more on the form of impressions.
Overall, I believe that the level of funding for
network research, which I take is a proxy for
broadband-related, has been inadequate to meet the
needs of the nation and certainly the research

community. I see bright students receiving PhDs
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in the field and choosing not to go into academia,
not go into research at all, because they see the
job of a junior faculty member, even at a
prestigious university, as difficult and
unrewarding and giving them little opportunity to
accomplish anything meaningful.

I talked to faculty that have left the
United States for universities overseas, and they
comment on the much more supportive and productive
environment they find there and the high quality
of the students they have to work with.

We see some changes in the strategies
for funding right now. Vint alluded to the FIND
program or the junior program at NSF. NSF is
trying to expand the sorts of research it supports
to include projects that are larger, more
integrated; and I applaud that. DARPA has been
largely absent from this sector for a while, but
it may come back.

I think a relevant question is whether
the research community would be able to use a high

level of research funding while doing research
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only of the highest quality, and the answer to
this question is unambiguously yes. The
consequence of increased funding would be to
change the sort of research being done, and you'll
hear an echo of what Vince said and of several
other things.

Instead of projects that involve funding
primarily for graduate students, projects can be
undertaken that also involve professional staff,
including programmers, hardware designers. The
ability to do larger projects that reduce ideas to
practice and demonstration would make federally
funded research much more compelling and relevant.

You asked about shortcomings of the
current process. Aside from the overall funding
levels, which I just mentioned, I had to identify
the following points. First up, the merit review
process used by NSF sometimes tends to produced
what I would call conservative outcomes, and I
think a diversity of evaluation methods for
proposals can help ensure that ideas of all

sorts -- incremental ideas, long-ideas, high-risk
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ideas, contrarian ideas, multi-disciplinary ideas
-- all have a good chance of funding. I think
it's important particularly to encourage the
longer-range, high-payoff but risky research,
research where it may be hardest to make a clear
assessment of quality up front.

Secondly, projects funded over -- larger
projected funded over a longer period allowed
qualified research teams to focus on the research
rather than focusing on grant writing, and I think
this single change might be the most significant
in increasing the research productivity of our
best contributors.

You asked about industry research and
how such research should influence federal
funding. I think the important consideration here
is not the topic area but the nature of the
outcome. It makes more sense for industry to
invest in research when it can appropriate the
results of that work. Enhancements that might
advance the state of the world as a whole but not

the players that funded the research are hard to
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Justify in an industrial lab. Federally funded
research is more likely to result in open
standards, industrywide architecture, socially
beneficial outcomes. Data in itself is an example
of open interfaces and license-free standards that
resulted from federal funding.

Industry research and development is
more likely to lead to innovations that
preferentially benefit the owner of the research
results. Today the interesting work that is
defining the cyber experience is moving up -- and
remember, I'm taking a broader definition of the
research scope here. So, we're moving up through
the layers away from the technology that
physically transport bits and towards standards
that define high-level abstractions, social
networks, physical location identity; and I
believe implementing these concepts using open
standards and industrywide architectures is
critical to the future of the internet. So, I
would argue that public sector funding of work in

these areas is critical even if we see industry
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(inaudible) already. You asked about
commercialization. In general, I see my
colleagues being quite creative and effective at
commercializing their ideas. I would observe that
one should not look at the commercialization,
assuming that the only success model is small
business venturing and entrepreneurship. Some
ideas, like open standards, can transform an
industry and create new growth opportunities
without spinning out a new company.

You asked about broad research funding
where we enable the unexpected or major
discoveries. All of the subpoints you listed
under that question are indeed very important.
That's a great checklist. Unfortunately, the most
direct path to a broad agenda is the more liberal
availability of funds. When funds are scarce,
there's a natural tendency to focus very hard on
arguments about best use, which tend to narrow the
target's objectives where success can more easily
be measured and assessed, and these are often the

short-term, low-risk projects.
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As I said above, the second means to
ensure a broad range of outcomes is to have
different sources of money allocated using
different methods. If you do collective review,
combined with career grants, which focus on the
person as well as the specific topics, funds at
the discretion of a single program manager so they
can make bets -- DARPA's done contests; there are
creativity awards, which I would describe as funds
that allow someone to go and think for a while --
all of these produce different sorts of results.

You asked about the role of venture --
we —-- none of us get to think. You asked about
the role of venture capital. I'm not an expert on
the rules that govern venture capital funds, but
most funds can only use their money for the
specific purpose of funding a company at some
stage of its birth and growth. Most fund rules
preclude using the money for prelaunch research
funding. The venture capitalists I've spoken to
tell me that they're dependent on activities

funded from other sources, including federal
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funding, to seed the innovations that they in turn
can fund. I believe that federally funded
research is critical as a source of ideas that
spin out into venture-fundable innovations.

You asked about technology transfer, the
specific issues of intellectual property and
institutional barriers. I'm going to sound like
Vint. The appropriate approach to intellectual
property is a longstanding debate. I would
suggest you either delve very deeply or do no more
than acknowledge the debate. I think the
proponents and opponents of open software,
license-free standards, etc., and the like, have
put their cases clearly. Many institutions,
including my own —-- MIT -- have made clear they
give the researcher the choice as to how best to
exploit the results whether by licensing or by
open release. I think this is the best outcome we
can have. An institution that takes that control
away from an inventor and demands that an idea be
patented even, if the inventor doesn't think it's

the best path to exploitation, is probably not
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acting in the spirit of the intention behind the
funding.

You asked about priorities. I could
have given a talk here about my own choice of
topics. We can certainly identify topics for the
future of the internet -- better security,
continue economic viability. If it's necessary to
demonstrate that there are pressing issues in
order to make the case for funding, that can be
done. But I hesitate to embed lists of priorities
in a document that sets a national agenda. Might
have the consequence of narrowing the funding
agenda of one or another agency. However, it
might be helpful to make the case that cyber space
is not done. There are new opportunities to
exploit, new innovations to make continued benefit
to the nation both to the economy and the
citizenry from continuing to invest in the field.

Many of the issues we might raise here
-- many of the issues I am raising -- are broader
than those that relate to broadband specifically.

They have to do with comparative policies across
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nations as to the most appropriate level and
structure of research investment in order to
sustain the competitive advantage of those
nations. As such, these decisions are part of the
nation's overall economic policy and the role of
public funding for research within that policy:
priorities for training, long- term investment to
stock the intellectual shelves for tomorrow's
innovations, or short-term academic industry
collaboration to take the ideas off the shelf, and
so forth. This landscape and the place of the
United States in this landscape is changing
substantially right now. I personally feel that
we as a nation do not have a coherent way to
analyze, model, or take control of our future in
these shifts.

There are issues as diverse as
immigration policy, primary and secondary
education, our response to the current economic
downturn. All of these shape how we support
research and how we benefit from it. Perhaps our

response to these changes is the best we can do,

ANDERSON COURT REPORTING
706 Duke Street, Suite 100
Alexandria, VA 22314
Phone (703) 519-7180 Fax (703) 519-7190
www.andersonreporting.net



10

11

12

13

14

15

16

17

18

19

20

21

22

but whether or not these are bigger issues within
which a discussion of a single priority like
broadband must sit, there's no doubt in my mind
that if today we doubled the national investment
in IT research, the nation would be better off in
10 years.

In a narrow sense I think -- again, I'm
speculating -- the return to our national coffers
from the tax revenues on the resulting
commercialization would pay back the investment.
I've had other countries tell me the exact same
thing. Taxation is much better than holding
equity share in a company. You get a much higher
percentage of the profits.

But I can't substantiate what I Jjust
said. I can't prove what tomorrow might bring.
I'm obviously an advocate for investment in
tomorrow. Right now I see other nations trying to
out-invest us, and this makes me a little sad, but
I can't gquantify this. All I can say is if my
point of view were to have an impact, it would be

to empower people of vision to use that vision to
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invest in the future and not to defend the
spreadsheet of numbers.

Eleven seconds to go.

MR. SICKER: Thank you, David. I have
to say I'm sure the academics here resonated very
strongly with your comments on funding and
particularly the process side of the difficulty in
getting research monies.

We now go to Chip Elliot. Chip is the
chief engineer at BBN, and also he's the lead on
the GENI initiative, which I'm assuming you're
going to focus your talk on today.

MR. ELLIOT: Well, thank you, Doug, and
thank you Stagg, for inviting me. Yeah, I'm going
to give a couple minutes' background on GENI and
then go into a specific recommendation for this
task force.

Let's go to slide 3 if we can.

MR. BOSTIAN: If you could -- you could
take the clicker.

MR. ELLIOT: Is there is a clicker? Oh.

Thank you. How very modern.
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I think it's undeniable that global
networks are creating extremely important new
challenges both for research and for all of us.
There are, loosely speaking, science issues where
we, the people who design and build these
networks, can't understand or predict their
behavior, and that's kind of a bad situation to be
in. There, I believe, are substantial innovation
issues. Many people believe that the network
itself is becoming harder and harder to innovate
within. You have to innovate kind of at the edges
or above the network.

And, finally, there are society issues
that all of us increasingly rely on the internet
but we're unsure we can trust its security,
privacy, or resilience. So, I think these are
very important issues.

In response to this, the National
Science Foundation has set up an interesting and
comprehensive research program called Network
Science and Engineering, and Ty Znati is here, so

I won't go into this research program, but it is
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directly addressing the challenges I previously
mentioned.

In parallel, the National Science
Foundation has started up a project to build a
large-scale suite of infrastructure in which these
ideas can be tried out. It can be distinguished
from the internet as such by being very deeply
programmable so people can program all the way
into the network and run experiments throughout
it. It is envisioned as being virtualized, so
different experimental services run, in essence,
in parallel planes that are called slices within
the infrastructure, and it is viewed as being
fundamentally federated so that it is owned and
operated by a lot of different organizations and
different people.

This project has been underway now for
about a year of active prototyping. We've just
finished the first year and are starting the
second year.

Let me tell you our basic strategy for

creating prototypes of GENI. One of the things
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that's most important for these new forms of
research is to get large numbers of human beings
-- real people -- into these experiments. The
internet nowadays is not a collection of machines;
it's a collection of people who use services.

Now, it's clearly infeasible to build
research infrastructure as big as the internet.
So, that is not a path to do to make kind of a
parallel set of research infrastructure that's
just as big as the internet that people can
explore futures in. So, we've adopted the
strategy of what we call GENI-enabling commercial
equipment, and we would like to be able to go to
absolutely standard vendors and simply buy
equipment and have it ready to do research on.
And then we want to use this in the production
infrastructure -- for example, in campuses, in the
national research backbones, and so forth. So,
we'd like to run production traffic in parallel
with a variety of large-scale research
experiments.

This is kind of an eye chart, but these
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are the teams that are currently doing prototyping
in GENI. The fine print lists a number of
academic industrial teams, many of them composed
of several different institutions, and the kind of
the wall of logos on the right shows the companies
that are currently involved in prototyping GENI.

It's very important to us to have
companies deeply involved at this stage, because,
again, we would like to have commercial equipment
that is what we think of as GENI enabled.

We've just started this October building
out what we call a mezoscale prototype, that is, a
prototype across more than a dozen campuses in the
United States and two of the national research
backbones -- Internet2 and National Lambda Rail.
Our goal is to get into and through these
campuses. We would like to get to students in
their dorm rooms, through their WiFi, through
WiMAX, because these are people who can
participate in these very large-scale experiments.
So getting and through campuses is a key

importance to us.
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At the bottom I've shown some of the
commercial equipment that is being GENI enabled
and we hope will be deployed into these campuses
and into these backbones. It's a key goal of ours
to have more different kinds of commercial
equipment GENI enabled.

Okay, now let me switch to a very
specific recommendation on broadband research.

So, I propose that the FCC require that all
broadband infrastructure that receives federal
subsidies must be research enabled. So, if you
are going to build out infrastructure using
federal funds, you must open it up for research in
parallel with production traffic.

Well, what does this mean? We don't
really have enough time to get into all the
technical details, but the data plane must be
capable of carrying experimental services
designed, say, by academic researchers in parallel
with commercial production services or other forms
of production services.

The control plane must be compatible
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with control software that permits on-demand
allocation of this infrastructure resources
whether for production or experiments. I would
recommend that both wireline and wireless
broadband be covered by this. As a technical
note, in some technologies quality of service,
good isolation will be easy; in others it will be
hard. I think this is an area that probably you
should just do what's easy.

And I note that many, many different
kinds of technology are already compatible with
this kind of recommendation.

Let me give some specific examples. 1In
broadband optical networks, such as national
backbones or regional networks that might be
federally subsidized, you can satisfy such a
mandate by allocating either entire wavelengths or
packet-level traffic engineering or so forth. So,
there are many different ways that you could open
up optical networks to run experiments in parallel
with production traffic.

Campus networks are already beginning to
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do this with funding from the National Science
Foundation. You can satisfy such a mandate with
Ethernet V-lens, Wifi, and so forth. There are
many ways to do it.

Radio and cellular systems is a
particularly interesting area as various people
have mentioned. Here you can do it either kind of
classically by, say, setting aside spectrum
allocations for research, but you could also do it
in other ways -- for example, setting up mobile
virtual network operators dedicated to research
purposes. So, I think there's a lot of ways you
could try to do that.

I would argue that such an approach has
relatively few downsides. I believe it add little
or nothing to the cost of broadband builds since
most of the equipment you buy already has this
kind of capability. And it does not require
additional infrastructure to be built. It's a
relative neutral proposal. It doesn't favor one
vendor over other vendors. Doesn't favor one type

of operator over other operators. Does not favor
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one kind of research over other kinds of research.
And if it's a bad idea, it can very easily be
undone. You simply stop running experiments in
parallel with production traffic.

Finally, I argue that such an approach

would bring widespread benefits. It opens up
broadband structure -- infrastructure -- for
research experiments and innovation. It gives

many, many people in their dorm rooms or, ideally,
in their homes or through their cell phones ready
access to experimental services.

A researcher tends to think of what
they're innovating in as an experiment. But an
end user will think of it as a novel service,
which they should be able to get in their house or
through their phone or what have you. If you
follow this path, it removes the barriers between
a successful experiment, an academic research

experiment and a real service, because it's an

imperceptible shift from one to the other. It's
useful for a very broad range of research. I gave
a GENI example. Dan mentioned many forms of cyber

ANDERSON COURT REPORTING
706 Duke Street, Suite 100
Alexandria, VA 22314
Phone (703) 519-7180 Fax (703) 519-7190
www.andersonreporting.net



10

11

12

13

14

15

16

17

18

19

20

21

22

infrastructure that could use this in fields
ranging from physics through biology, and so
forth. And, most importantly, it's quite cost
effective, because specific research projects will
no longer need to build their own infrastructure.
You can simply use the research portions of the
broadband.

Thank you very much.

MR. SICKER: Thank you, Chip. That's a
very interesting idea. I would like to discuss
that more with you maybe after -- during lunch.

So, now I'd like to introduce Ty Znati.

Ty 1s the division director at NSF for Computer

and Network Systems, and, more importantly -- for
me -- he was the person who introduced me to
networks long, long ago. I've known Ty for about

20 years now, and he taught me my first network
protocols class.

Please, Ty.

MR. ZNATI: Thank you, Doug. Thank so
much for inviting me and allowing me to share some

of my thoughts with you and with this committee.
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Again, the curse of having a name that
ends with z. By the time you get your turn to say
something, practically everything you wanted to
say has been said, so I'm going to just kind of
elaborate on a couple of points that NSF is trying
to do but also try to share some thoughts with you
with regard to what we should be doing in
broadband.

So, I know that the mission of NSF is
really to support basic research and that the
approach then is a (inaudible) is really a
bottom-up approach, a distance to the ideas that
come from the people, and then basically fund
those that are meritorious and hopefully fund them
at the right level of funding, which we cannot
really do in many cases, but trying to fund that
transformative research and then fund the people
who are the most promising people to be able to do
that work and conduct that research.

Okay, NSF is one of 13 what we call
NITRD (character for long i added) or NITRD

(character for short i added), depending on what
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group you really are, and NITRD agencies support
research and development in networking and
infrastructure. That is really what we define as
broadband, and within NSF, CISE plays an important
role and contributes greatly to funding research
and broadband. So the projects that Vint
mentioned, which is FIND -- Future Internet
Design, or the GENI project is actually being
funded from within CISE and particularly from my
division.

Okay, so the type of project that we
focus on in broadband are really not specifically
tailored toward either access network or any
specific aspect of the (inaudible) network that we
tried to develop and then to support, but we more
fund -- fundamental research that actually enables
the evolution of global-scale networks, and the
services that depend on these networks enable them
to evolve and to achieve the level of
trustworthiness, the level of reliability, of
robustness, and so on so forth that these networks

are supposed to achieve. So, most of our research
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is focused on end-to-end issues challenging
research issues, such as scalability, performance,
trustworthiness, manageability, usability, and so
on so forth. So, evolved (inaudible) looking at a
network as, let's say, a technology but as more
like a social technical network whereby it is
technology but also it's being used by humans and
therefore it should actually involve or network
the human within that technology itself.

When we look at what's going on despite
the, you know, large investments in networking and
research and networking, we're still really facing
extremely difficult challenges to be able to
achieve the strategic plan in terms of social and
economic benefits that we can harness out of this
-- out of information technology and networking.
As a matter of fact, a couple of reports, one by
OECD, ranks the United States as the 30th nation
in terms of broadband penetration. Even some
other studies that focus on metrics beyond
adoption growth rate also point out that we have

-- we're falling behind in terms of funding basic
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research.

So, let me briefly define what we mean
by (inaudible) what we fund in terms of broadband.
We look at broadband as an end-to-end issue. It's
about the last mile, the first mile, and
everything in between, including the humans that
use this technology and the humans that develop
services and applications on top of these
technologies.

Okay, so one of the foci that NSF has
invested funds in is this understanding of the
complexity of our system, and the GENI effort, for
example, is part of that agenda. We built
systems; we have built the internet, which is an
incredible success story; and we did really have
fundamental understanding, you know, that goes
beyond the type -- to enable us to understand the
type of behavior that the system exhibits so we
can actually build them and engineer them to be at
least adaptable so when things happen we can
always respond to those emergent behaviors as they

occur.
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So, I think there is a need for
investing into that type of science and
engineering and a need to invest into the
infrastructure that will allow the scientist and
research to gain that understanding. And, again,
GENI is one example, but I think there is a need
to actually fund more of this type of
infrastructures to enable the science and to
advance the state-of-the-art in terms of building
complex systems.

There's the other aspect of broadband,
which is networking at the edges. I think we have
made significant progress in understanding access
network from the fiber to the wireless, and I
think Charles has spoken about a few of the
challenges that we're still facing, but
nevertheless I think the full potential of
broadband technology has not been realized yet
specifically with respect to the emerging
applications and the fact that they're allowing
users actually to create contact. It's no longer

about contact, you know by companies and by
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industrial organizations but also by the users
themselves.

So, we really need to invest in research
to understand these emerging applications, because
they have a potential role to revitalize the
economy and revitalize civil sectors of our
society, and I list a few of them here: health
care, education, commerce, and entertainment, and
so on so forth. I think it's important to
increase the level of funding to enable this
radically, innovative way of thinking about this
technology and these applications.

But we also have to understand as this
technology becomes more and more symmetric in this
sense, it's no longer about downloading issues;
also by uploading and by creating contact at the
edges and so on so forth. I think the power of
this technology can also create all sorts of
issues in terms of security and vulnerability. I
think we need to invest into new frameworks that
goes beyond the perimeter model to understand how

we Ccan secure our system so we can harness the
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benefit without having to pay heavy penalty in
terms of security and privacy.

And I want to mention a couple of other
issues. I think there's a lot of other
understanding to be done in terms of the
structural changes and maybe investment incentives
that have to be in place in order to enable the
ubiquitous penetration of broadband in the U.S.
and as I said in one of the studies we don't like
very well with respect to other countries. I
think that's an issue that FCC is well positioned
to be able to address. And here we may
specifically pay attention to the complexity of
the need for quality of services requirement that
will allow people to see value in these
broadbands.

I'm going to say a couple of things here
on some of the factors that have influenced or
influence currently the way the adoption and use
of broadband technology are affordability,
usability, and the value that the users perceive

on there. Those are difficult questions. Yes, we
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may proceed with the development of the
infrastructure, but I think it's equally important
to have people understand how can this
infrastructure be developed so it is usable and
it's affordable by the people who are supposed to
be using it. So, there's a lot of understanding
there to be done.

And, finally, my last point is
collaboration of partnership. I think the problem
is bigger than what NSF can do by itself or maybe
any other agency. If you remember, until very
recently there was a lot of partnership that were
-- that used to be commonplace between industry
researchers and academic researchers. In many
cases they have propelled technology and allowed
this -- maybe I'm going to use a term that Vint
does not agree with -- this transfer of technology
thing to happen a lot sooner than otherwise would
have been possible. And I think one case of that
is the Gigabit Project of the 1980s that allowed
the penetration of optical fibers in development

of this technology at a much more broader and

ANDERSON COURT REPORTING
706 Duke Street, Suite 100
Alexandria, VA 22314
Phone (703) 519-7180 Fax (703) 519-7190
www.andersonreporting.net

60



10

11

12

13

14

15

16

17

18

19

20

21

22

deeper scale than what could have happened if the
research only was done by industry or by academia.

I think the research in the future
generation of networks has to follow some model
that such a -- a model like that one, and
definitely the renewal of this partnership is very
well needed. Maybe the government, industry, and
academia can look at this type of partnerships and
collaborations and look at ways where the
intellectual interests tinge between the
stakeholders can happen in a much more flexible
and efficient way.

MR. SICKER: Thank you, Ty. Since Vint
has to take off soon, I'm going to ask first if he
has any comments. I know we have some questions
for him, at least one, but I wanted to turn it
back over to Vint and see if he wanted to respond
to any of the other speakers.

MR. CERF: Thanks very much, Doug.

Well, first of all, I found this extraordinarily
thought provoking, and so I appreciate

the group that you've assembled to raise a lot of
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these issues and to respond to your questions.

Just to go back to Ty's comment about my
disbelief in technology transfer, it's not that I
don't believe that technology can be transferred;
it's just that I don't think it transfers on its
own. I think that it comes about by moving people
from the research world into industry to take
their ideas and actually implement them or create
products that can be propagated and used as
opposed to simply the technology behind them. But
this is not a good time, I think, to have a big
arm wrestling match about that.

I think the one thing I'd like to
emphasize is the importance of being able to do
experimentation and in some cases to take
advantage of infrastructure that might not be
naturally accessible to the research community.

To give you an example of that, I want
you to think a little bit about cable and
satellite television for just a moment. Right now
we have huge amounts of capacity dedicated to

transmitting digital content in a broadcast
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fashion either over cable plant or, in the case of
Verizon, over their FIOS optical system or from
satellites that are, you know, raining digital
bits down on hundreds of millions of receivers.

The thing I'd like to suggest to you is
that if we could repurpose some of that capacity
to rain internet packets down on people, and if we
were to develop protocols that took advantage of
knowing that this is a broadcast medium and this
packet will be received by multiple parties, we
could be doing some very interesting experiments,
possibly creating new businesses for companies
which up until now have used these large amounts
of capacity simply to deliver decrease in quality
video material, so I think that they don't
recognize the possibilities inherent in this
broadcast medium. That's an example of an
experiment that I think would require a
partnership between the research community and
industry, which has access to the capacity.

Let's get to your questions, Doug,

because, you're quite right, I need to escape in
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about ten minutes or so.

MR. SICKER: Okay, turn it to Stagg
Newman.

MR. NEWMAN: Okay, I have a question.
First for Vint and the other speakers, but you get
first crack, Vint.

A friend of mine who went from academic
research to large-company research to now CO of a
VC-funded biotech company suggested a 10-year
program for research. The first four to five
years would be funded federally with basically no
strings attached of fundamental research, and then
to go beyond that would require an industrial
sponsor or sponsors kicking in some of the money
but still primarily government funded, and then
the last three years they'd be on their own to get
industrial or VC funded.

Is such a model practical? Does it
address the concerns? Is it implementable?

MR. CERF: First of all, Stagg, it's a
strikingly interesting proposition. It reminds me

a little bit of the engineering research centers
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or centers of excellence that NSF sponsored for
some time. Let me use an example. Deborah
Estrin's work at UCLA, the Center for Embedded
Network Sensing, had something like two four-year
funding tranches of substantial quantity. If I'm
remembering correctly, it's about $20 million per
tranch over that eight-year period. She's now
coming on sort of towards the end of that
eight-year program and looking to reconstitute the
effort with potential industry participation.
It's not easy to make that transition,
but that formula that you offer reminds me very
much of NSF's other innovative approach. You'll
recall the shutting down of the NSFnet and the
creation of Network Access Points and their
declining funding profile, which basically said
we'll fund you for a while but you need to become
self- sufficient. I really like that tactic a
lot, because it would, in my opinion, allow the
entity that's doing the research to deliberately
push the potential for commercialization in the

direction of industry, whether it's through
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venture capital or through established businesses
that want to engage in perhaps a new line of
business that's enabled by the research. So, I
like the formula a lot but very interested to hear
what some of the other participants have to say
about it.

MR. SICKER: So, I wonder if before we
-- I wonder if we should try to take other
questions and circle back around. If there are
any other questions for Vint while we still have
him on?

MR. CERF: Yeah, why don't you do that,
yeah.

MR. SICKER: Rashmi?

MR. DOSHI: Yeah, I guess I would add
one more question for Vint only in terms of
experimentation. The FCC has put out their
experimental testbed with NTIA and seen some of
the use for spectrum in terms of experimenting.
There hasn't been that much of a taker. Is there
a reason why some of that may not necessarily be

useful or whatever when Vint said that we should
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put out some testbeds to others?

MR. CERF: Okay, so, Rashmi, it's -- my
first reactions are that if there wasn't a great
deal of uptake, could it be that people didn't
know about the existence of the program? Is there
a problem with, literally, advertising? Was there
any constraint in access to the facilities or the
way in which the program was structured that might
have limited interest? I'm disappointed to hear
you say that, because I had hoped that things like
this would trigger some serious work. What about
collaboration with some of the research agencies,
whether it's NSF or DARPA or some of the others?
Was there an opportunity for that kind of synergy
to be applied? Maybe you could elaborate a little
bit more?

MR. DOSHI: I guess the list -- I don't
know if the constraints -- I guess constraints
were that perhaps there were no independent
funding associated with it, and that may be the
issue why people -- at least academic institutions

and others didn't participate. We had a smaller
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number of venture-funded companies participate,
too, because they thought some short-term
commercial opportunities, but I'd be interested to
hear, I guess, maybe now or later, eventually,
whether FCC should do something more or different
associated with that.

MR. CERF: Well, if I could just jump
in, Doug, and say that this is a perfect example
of an opportunity for coherent and collaborative
planning of research across agencies. We have
enormous opportunities for the program managers in
these various agencies to work together on a
larger-scale program, each of them bringing
particular capabilities to the table. In fact,
what I would suggest is a conversation between the
FCC and at least Chip Elliott, NSF, and the GENI
program to ask whether the facilities that might
have been made available under the FCC program
could be fitted into the GENI infrastructure and
allow for some research in that dimension.

MR. SICKER: That's personally why

Colorado didn't go after it. We had all the
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interest but none of the funding to do it. I
mean, it was a great opportunity. We talked to
some companies. But it would have been great if
NSF or DARPA would have stepped in with the
funding.

Any other questions for Vint before --?
I do want to add one thing. My most valued

publication that I have -- I don't know
if Vint will remember this from some years ago.
There's a 1974 -- the original copy of a packet --
no, a protocol for internet packet
interconnection. Do you remember signing that
copy for me, Vint?

MR. CERF: Yes, yes I do. And, by the
way, do you know that Softees has Jjust auctioned
off a copy of that publication for $25,000.

MR. SICKER: Do they have -- I have
Bob's signature on that, too. Is it signed by
both of you?

MR. CERF: Yes, it was, so you now have
at least a $25,000 property. Hang on to that and

it'll probably be worth more when one or the other
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of us expires.

MR. SICKER: Oh, my goodness. I just
want -- I hope that we get to see more of these
kind of publications. That's what we need, right?

MR. CERF: Amen.

MR. SICKER: I'm sorry?

MR. CERF: The chief internet evangelist
was saying amen.

MR. SICKER: Amen. Thank you for
joining us, Vint.

MR. CERF: Thank you so much for
allowing me to participate this way. I have to
tell you, it was fabulous. The audio was
terrific. Video was very good. We have to do
more of this. You can do a lot with this kind of
technology I think. So, anyway, good luck with
the rest of the meeting. Thanks so much for
inviting me to join you.

MR. SICKER: Can I add that this is
actually over ISDN and I thought that was kind of
ironic, given that -- something broken about that,

I'm sorry.
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So, Vint, I will ask that you allow me
to follow up, because we're getting this process
started, and I'm sure I'm going to have follow-up
questions for the chapter that I need to write.

MR. CERF: Absolutely. No problem.

Good luck, everyone.

MR. SICKER: Thank you. So, can we
follow on, on Stagg's question, then, with the
rest of the panel?

MR. NEWMAN: David had his hand up.

MR. CLARK: I did. I think the
suggestion is pointed in the right direction, but
I want to be a little careful about casting it in
too formulaic a way. I would - - there's a report
that the CSTB at the National Academies has now
revised twice, I think, which has got a picture in
it which is colloquially called the tire tracks
picture which shows timelines for a whole bunch of
innovations within the IT space in the emergence
of the internet or the Web or computer graphics
and games and things like that and risk processor,

databases; and what you see, if you look at the
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picture, is that the pattern of evolution from
initial research funding and eventual
commercialization is often not a straight line.
It bounces around. Sometimes industry starts
funding something and then they drop it, and
academia picks it up, and then an industry
research lab will pick it up and then it goes

faddle for a little while and then it pops up

again. So I would really say that industry ought

to understand its place here, but we shouldn't be

formulaic about it.

And with that as sort of a precautionary

-- and, by the way, 10 years may not be a lot --

enough for some of these ideas. When I was a

budding grad student, I was told by my mentor that

if I wanted to understand the world

years from now, I should look in the
labs, because if it wasn't in the lab now it
wouldn't be in the market in

years. I think that horizon has been

compressing. I think Nabster managed to do it in

a month, but that's a special case. I think that
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with flexibility, he's getting at an important
idea there.

MR. ATKINS: 1I'd like to build on that.

MR. NEWMAN: Actually, it's a she.

MR. ATKINS: Oh, excuse me.

MR. SICKER: This is that picture. I
mean, it's a very fascinating picture of you. If
you walk through it and look at how these
technologies have interacted with one another over
the timeline, it's a great depiction.

MR. CLARK: Well, I think they're going
to revise it again.

MR. ATKINS: I wanted to just build on
Dave's remarks from a slightly different
perspective. So, I threw out this term "Pasteur's
Quadrant" in my talk. Let me elaborate on that a
littler bit, because, again, I agree with the
spirit of what you're saying; and I also agree
with what Vint said, that that's very much
consistent with the spirit of the ERC programs
that Eric Bloch pushed very strongly at NSF in

which many of us were beneficiaries and believed
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in quite firmly.

When Venivere Bush kind of set up the
framework for the National Science Foundation
50-some years ago, he was influenced by the pretty
traditional linear model of having pure,
curiosity-driven research over on one side and
then having application and product development on
the other and kind of a linear flow over quite a
period of time sometimes through fairly arm's
distance mechanisms, and somewhere even advocating
you have a big diode in the middle of that so that
the application and near-term issues don't get
back and pollute the curiosity-driven thinking of
the great minds.

A few years ago, a guy named Donald
Stokes wrote a book called Pasteur's Quadrant in
which he asserts that we really need to think
about that not as a one-dimensional process but as
a two-dimensional process where the one axis is
the extent to which an activity is focusing on
curiosity-driven research and the other axis

focusing on the application and product
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development and that we have, for example, Niels
Bohr appear purely curiosity driven, and Edison,
the inventor, out here with -- and then he used
Louis Pasteur as the kind of prototype of the
person who not only contributed in both dimensions
but built synergy by grounding and informing what
they did in the theoretical and the applied side.

So, many people have alluded to the fact
that the challenges and opportunities we have
before us in this areas need to be placed in a
much broader context. They must be placed in the
context with a value proposition. They need to be
viewed as emergent systems, not deterministic
work. They need to engage the social, technical,
economic, legal, policy issues together with the
technological issues, and so I would claim that,
you know, and consistent with what I said and Dave
and some others reinforce, is that we need these
large-scale broadband but broad goal kinds of
pilot projects to drive that, and so a pure,
curiosity driven at the front end and the pure

tech transfer at the second end -- although that
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could be part of the program you're advocating, I
think we need these long-term Pasteur
Quadrant-type projects as well.

MR. SICKER: Very good point. I did
want to add one thing, and we keep touching on
this issue and I think it's important. I think Ty
and some others mentioned it as well, which is
we're talking about research recommendations for
broadband, and that needs to be kind of unpacked.
What does that even mean? Because it's easy to
say networking. It's easy to say HCI and these
different areas. Where does that -- you know,
where do we get the most bang for the buck? What
are we trying to do in this -- with these research
recommendations? And I agree with what I think
most people are saying, that it's more than just
the specific technology, and we need to think more
broadly, and we also need to think also about
computing in general as part of that.

I think Erik actually had his hand up.

MR. ZNATTI: If you have --

MR. GARR: I have some more questions,
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so if you want to stay on this topic, that's fine.

MR. ZNATI: Actually, I just want to
mention that I agree in essence with what Stagg
was saying in terms of enabling a longer-term
research with sustainability in terms of funding,
in terms of pursuing these ideas. And to a
certain extent I think the FIND that David Clark
has actually a lot to do with in terms of
structuring it and organizing it has -- is pursing
that. But I think I'd be leery in terms of
putting a time on when research is going to be
done. I mean, that's really something that will
be difficult to achieve. If you look at -- just
look at what we did in the local access networks,
and this research starts back in the '80s, and
we're still trying to find out how best to share,
you know, media among, you know, different users
and so on so forth. And keep changing from
avoiding interference to actually dealing with it
and basically harnessing what interference can
allow you to do and so on so forth. And that

thinking kind of starts up at the individual level
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and then emerges into bigger and better, you know,
kind of research agenda. That's what we should
do. We should basically think about phases of
research as opposed to just some sort of a rigid
structure to how we do research.

And the other point is really -- the
issue is not about what research should be doing
but what -- how can we enable collaboration that
used to be a strong one back in the, I would say,
'70s and even late '80s that is really diminishing
right now, and that's the collaboration between
researchers in industry and research in academia,
and find modalities whereby we can -- we enable
that collaboration in a very easy way, which is
really not happening right now.

MR. SICKER: I hope we can bring that
point back up this afternoon on part of the
Industry panel. We have Victor and some others
here who I think would have some points.

MR. NEWMAN: Why is that not occurring
now?

MR. ZNATI: Well, because the industry
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-- they're not really investing a lot in basic
research. The majority of industrial people are
not doing that. And, further more is some of the
federal agencies -- they don't fund industry in
most of the projects actually they support, and
that should be looked at.

MR. SICKER: David.

MR. CLARK: I wanted very briefly to
come back to the question about spectrum use. And
I'm not a wireless guy, so I would instantly defer
to you, but I was going to pass on a comment from
a couple of my colleagues that do work in
wireless, which is that building a flexible piece
of experimental apparatus in a given piece of
spectrum is actually a big project, and, you know,
you can say well, we have softer radio and I'll
just mess around with the head end and so forth,
but there actually aren't that many experimental
platforms out there, and to move into a new piece
of spectrum with a new characteristic involves a
project that I think, again, is an excellent

example of collaboration here, because a number of
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people could share a radio if it were done. But
there's an awful lot of papers today that are
being published using some twisted version -- and
I don't mean that in a hostile sense but some
twisted version of a WiFi radio. Why aren't they
doing it there? And the answer is because that's
the experiment apparatus they could afford. And
if you have spectrum, this is a beautiful example
of the place where collaboration to develop the
other part of the infrastructure, which is the
experimental radio -- you know, power aware or
whatever you want to do, power control -- and
there has to be some debate within the wireless
community. What should the features of that
experimental radio be? But that kind of
collaboration is probably what it takes to make a
piece of spectrum with experimental -- a piece of
-- a healthy experimental platform.

MR. BOSTIAN: I couldn't agree more.
And the development that is going on like that is
military, and the platforms are not available to

the civilian research community. I wish there was
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a way to develop those and had something like
GENI-enabled in the radios.

MR. SICKER: 1I'd like to follow on, but
Charles and I have a proposal in front of somebody
here who probably will put us in conflict, so I'll
just --

Erik?

MR. GARR: So, 1it's a great point, and
I'd like to tell a gquick story and then ask kind
of a high-level question related and then a very
specific question.

I've had a -——- I'm not a researcher. I
had the great pleasure of working with Alan Kay on
some projects once in a while, who told me great
stories about the early days of Xerox PARC and how
the researchers would talk to the "suits." Alan
very quickly called me a "suit." So, I say that,
because I think that's kind of what's going on
here. 1It's really great to talk about how do we
collaborate between the great research that you
all do and the interests of the American

Corporations. We've kind of got a language
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problem that often shows up.

Alan's view -- and I -- you know —--
Alan, if you're listening, I apologize in advance
-- was we just kind of did our thing. We didn't
really -- you know, we didn't really worry too
much about what the folks from corporate said. We
did our thing, and history has shown that, you
know, the choices that they made were probably
pretty good choices and they did some really
important work. So, the kind of high-level
question is how do we form this relationship or
re-form it or reconstitute it in a way that we
really get private industry in the right way and
government in the right way and the research in
the community in the right way to form around
these topics? Because I think we fundamentally
have a scale problem. Most of the things I'm
hearing from all of you is that, you know, a
little project here and a little project there is
good, clean fun but it's not really going to move
the ball forward, and the type of infrastructure

challenges we face demand really big things, which
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means we have to figure out how to form capital in
a very big way around these things, and that's
going to cost government and industry. So, that's
kind of the first kind of high-level question.

The second, more specific question is as
we make the case to the suits, again of which I'll
ascribe myself to be one, one thing that really I
think would make a powerful case is something that
I've heard from some of you and that I read
anecdotally as I try to follow this issue is where
are we competitively with other countries at a
detailed level? So, are we really spending more
or less? Is someone else spending more
effectively, etc.? I think the more that we can
understand that in some specifics -- that helps us
make the case that, hey, this is really important
and as a country we need to get organized around
that.

Up for grabs.

MR. CLARK: The question about industry
funding and industry cooperation I think is a

tricky one. Industry today feels very, very
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pressed to use money in ways that's responsive to
Wall Street pressures and so forth, and they're
just not going to go out on a limb. You know, the
margins that were driven out of the telephone
industry basically destroyed Bell Labs. I'm now
watching BT severely downsize their lab in
England. Even though they are a much more
dominant carrier, the margins are still chasing
them out of the business.

It's clear if you look at some of the
countries like the Asian countries that are really
pushing here, they are using federal funds much
further down the R&D path, and as I said these
countries have a very indifferent industrial
policy than we do here in the United States, which
is that the use of money for -- the use of
government money for the D part of R&D pays off
for them in terms of competitiveness and, as I
said, a return on investment through taxation.
It's really hard to figure out where are
competitive, and I think that, for example, some

of these OECD numbers -- we should identify where
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we're weak, but I don't think we should flagellate
ourselves over these OECD numbers, because, you
know, they have weirdness in them. And I don't
mean to criticize the OECD. I know those people.
They're good people. But I like to point out we
have -- the latest Pew survey we have 63 percent
of the households on broadband, and we have about
107 percent on dial-up. That gets you to 70
percent. Twenty-two percent of the people that
they query say they don't use the internet. You
know, it's passing the House. We don't have a
deployment problem; we have an update problem.
And, you know, when Ty talks about usability and
demonstrating value, that's why I was saying
define this problem broadly. Broadly. You may --
you when we finish the plan to push broadband into
the parts of America that are not properly served
today, I think that 63 percent may tick up by a
couple of percent, and I think that's a good
social buy. I don't think there's anything wrong
with that at all. But that's not nearly as big a

payoff as understanding why do these 22 percent
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think the internet is not worth taking. "Couldn't
make me" -- they get answers like that. You know,
"couldn't --" what's going on?

And you might ask well, what percentage
of homes in the United States and what percentage
of homes in, say, Korea or Singapore have PCs? I
don't think the OEC gives you that answer gives
you that answer right off the bat. Maybe the do.

So, I think we have to ask these
questions very craftily. But when it comes to
certain areas like wireless -- and I've talked to
people from some of the Asian countries -- again,
they may be posturing; it's hard to get the data
-- but they say yeah, we see the United States
faltering and it's a good time to trample it from
behind and take the lead, and generally once we
take the lead they never get it back, and they
point to semiconductor memory and things like
that. So, that's a lot of data gathering to
really understanding what's going on. And the
cross- cuts are really tricky, because, you know,

you go to Europe, a lot of the money coming out of
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the European Commission is part of the seventh
framework, the frameworks and so forth. It looks
like a lot of money compared to us. The part of
the European Commission that deals with
telecommunications has about a billion euros a
year, but of course that's not all research; some
of that's the equivalent of the European-level
FCC. I mean -- but, that's all academic industry
partnership money, and my colleagues who take it
say, yeah, there's really great, large quantities
of money. But industry, because of their
involvement is always pulling the horizon, and we
can't do long-range research. We're doing the
short-range stuff, and they hate that even though
they like the money, so, you know, let's recognize
our strengths, too. We have a very powerful
vehicle in the relative independence of the
National Science Foundation to go fund things that
doesn't have to make sense to industry on day one.

MR. DOSHI: Let me just build on that a
second. So, I agree that we -- that different

countries have different ways of doing things, and
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many have this -- more of a centralized policy in
management. I've worked extensively some years
ago with the digital library community within the
European Union, for example, and there I think
they were initially stymied and actually doing
what academics would think of as true basic
research because of the economic interest of the
publishing communities, and so there were real
constraints on the horizons or the boldness that
could be pursued under those programs.

I work extensively with eScience
community in the UK, and there at first blush you
could say that they're getting more bang for their
buck in their investments in cyber infrastructure
within higher ed, because they have this thing
called Jisk that kind of defines kind of a common
infrastructure and has a lot of financial clout
that can lead to more coherence and
interoperability and economies of scale and
digital libraries and eScience infrastructure
within higher ed, and so in some ways they're

further along, but when I talk to these people

ANDERSON COURT REPORTING
706 Duke Street, Suite 100
Alexandria, VA 22314
Phone (703) 519-7180 Fax (703) 519-7190
www.andersonreporting.net



10

11

12

13

14

15

16

17

18

19

20

21

22

over some beer in the pubs they all are envious of
what they think is a better balance between
autonomy and policy that we enjoy over here in the
NSF kind of a culture. I would be very reluctant
to try to tweak that too boldly.

MR. GARR: Yeah, no, I -- I mean, I'm
glad to hear that, because I think there's a --
you can be seduced by why don't we just get away
together and we'll figure it all out and throw a
bunch of money at it and it'll work, and I think
there's certain -- there clearly is value, and
this is what Alan taught me when I worked with
him. You know, the value he ascribed in the early
days of PARC was that they were left alone and
they could really -- you know, great minds
thinking about problems and do their work. So,
there's a tension here that I think we need to
figure out.

MR. ATKINS: There's actually an NSF
report funded a couple years ago on the history of
infrastructure with the notion of learning lessons

vis-a-vis broadband and cyber infrastructure, and
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one of the things this points out is that if you
look historically at the evolution of any kind of
infrastructure, it's a very long-term Darwinian
organic process. It's not one where someone sits
down and prescribes it and it gets built. You
nurture infrastructure, and it's very complex
competition and cooperation. So, we have to be
careful of not being unrealistic that we can sit
down and deterministically determine what would
happen and exactly how it should happen and so
forth. I can give you a pointer to that report.

MR. GARR: I agree.

MR. SICKER: We circle around on this
issue of infrastructure and education and
broadband and I -- this is a key point and we've
talked to NSF about this recently, which is we
really need to think about what broadband means
for academia, and it's an order or better
magnitude, you know, bigger pipe we're talking
about. It's not enough (inaudible) to have a
10-megabit-per-second connection; they need a

hundred. They need a gigee, and that's going to
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be a part, I think, of this path going forward,
that we really actually need to think broadband
deployment for academia and to get to those data
rates that are needed to ensure that we can do
what we need to do -- the scientists need to do.

MR. ATKINS: And from lab to lab and
home to home, and full end to end.

MR. SICKER: Right. Other question on
that end?

MR. ZNATI: Let me add a data point
here. There is also an important report that was
-- it's called The Size and Engineering

Indicators. It was published by the National

Science Board. Actually it provides a broad base.

Have you seen that one?

MR. GARR: Yes. 1It's really big.

MR. ZNATI: Well, actually -- yeah,
that's -- the report itself provides this broad
base of gquantitative information of the U.S. and
also international -- of an international science
and engineering enterprise. But the chapter 4

specifically provides a comparative analysis in
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terms of investment of the U.S. in comparison to
other countries like China, Korea, and the G7 in
general, and I think that report points out that
we're falling behind in terms of investing in
basic research, and that raises the question that
the issue has to be addressed if you are to remain
competitive, and then I think if you focus just on
chapter 4, there's a bunch of bullets there that
provide different types of comparisons and
different types of sectors and research foci.

MR. SICKER: Thanks, Ty.

MR. ZNATI: You're welcome.

MR. SICKER: And so, Rashmi, do you have
more questions on your end?

MR. DOSHI: Yeah, let me go back to some
of the points that Dave and maybe Charles made,
again going back to the issue -- I'm a little bit
unsure as to what are some of the problems that
are faced in academia to try and -- what should
FCC do? There was a proposal under GENI that
perhaps we should somehow require the creation of

an overlay or at least set aside in terms of
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spectrum or perhaps -- I'm still looking to see
what are some of the actionable things that
perhaps FCC or the Commission, in terms of the
planning, should do in the broadband plan with
respect to easing or making aware of it. On one
hand we have the issue of, say, we put aside a
spectrum we thought was potentially experimental,
but the difficulty that the people needed to build
infrastructure that would compliment that was
perhaps holding back doing that. What are -- how
do we do things going forward, and what are the
actions of some of the concrete things beyond just
throwing money kind of to NSF and say here, do it?
Are there some ideas that could be explored?

MR. SICKER: And, again, and beyond even
just the issue of what areas, David had talked a
good bit about the process, and that's the thing
that in the last eight of my life as an academic
that I found was difficult. By the time you get
to the third year of funding, you got some really
great stuff going on, really great ideas -- that's

when it really happens, and then all of a sudden
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the funding's gone, you know, so.

David.

MR. CLARK: Actionable for the FCC -- I
mean, that's what --

MR. DOSHI: Well, again, within the
broadband plan.

MR. CLARK: No, I understand, I
understand. I mean, the FCC itself does not have
as part of its charter any kind of grant making.

MR. DOSHI: Should that be part of the
proposal?

MR. CLARK: Well, that would be radical.
As I've said, I've argued for diversity of
grant-making mechanisms, and I have to say that
various studies that the CSTB has done around IT
-- we repeatedly struggled with the fact that
within the IT space, there is no department of IT.
We have a Department of Energy. We have -- you
know, we have a national -- we have Health, we
have Energy, but nobody that we ever can lean on,
a CSTB committee had the courage to say the

government should start a new agency. That's sort
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of a high-overhead, high-risk activity to get
something that takes several years just to figure

out what it's doing, like the, you know, DHS, and

MR. GARR: Yikes.

MR. CLARK: If the FCC wanted to be in
the grant- making business, the question is would
Congress go along with that. I see no problem
with saying well, that's an interesting source of
diversity, you know. You can call for
collaboration. Does the FCC participate in the
NITRD convenings?

MR. DOSHI: Not directly. At least not
-- I mean, we occasionally participate in some
NSF-specific grand version program evaluations,
but nothing more formal or substantive as far as I
know. And again I'm looking to see are there
things that are new, something that allows us to
bring forth or at least break some of the barriers
that we're talking about here.

MR. CLARK: I mean, I have to say

setting aside spectrum for experimentation is just
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a really, really, really important thing to do --

MR. DOSHI: And, you know, having done
that, now the question is how do we allow people
to participate in it to do that? Should we do
different type of --

MR. SICKER: It could be that the FCC
reaches out to NSF and says hey, you know, we're
making this available; we need to coordinate our
efforts. We're making these airwaves available;
now can funding be provided or something like
that. I mean, that's a recommendation that I
could -- I can see NSF -- I mean FCC making.

MR. CLARK: Has anybody ever had a
workshop around the question of how to use that

spectrum?

MR. DOSHI: Again, I guess this is going

back to the presidential task force that was set.
There was a plan that the NTIA would put aside a

certain portion of the spectrum and the FCC put

forth another -- now, as you argued, I think that

one of the issues became the fact that it's not

well, you can get equipment off the shelf that you
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can modify correctly because it's in the 400 MHz
range; it's much lower in the spectrum than the
current unlicensed spectrum, and that may be a
hindrance in terms of experimentation. Stagg -- I
guess --

MR. NEWMAN: I wonder, would it be more
helpful to enable you to use what's a commercially
available spectrum but in some God-forsaken place.
In other words, there's a missile test range out
in the middle of Nevada; there are certainly areas
in Nevada and Alaska and Montana where there is
not much use of the commercial spectrum. Would
that -- it wouldn't be a nice place necessarily
for researchers to go, or maybe it might be nice
but expensive. Would that -- you know, is that
the type of thing that would work if you had a
geographic area where there's not much commercial
activity?

MR. SICKER: But that also -- yeah, I
mean, that also goes to the point of is that as
interesting as an area where there is a lot of

congestion but totally for --
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MR. NEWMAN: It should be easy to
simulate interference, right, and so it's --

MR. SICKER: So, it's funny. It's just
funny when you gear.

MR. BOSTIAN: Yeah, I think that making
spectrum available would be very useful. Having
workshops, encouraging people to do it would be
more so.

From my perspective, when I write a
proposal, what spectrum I'm going to use is almost
down in the noise, because I have go sell the
innovative ideas for these radio ideas to a
network research community that kind of assumes
that well, yeah, I can build a radio and I can get
spectrum, but that's so far down in the mud it
didn't mean I'd get there. And as Doug said, it's
at the end of the three- or four-year process.

I think the FCC has done exactly the
right thing in making the spectrum available, but
there's no -- nothing in the rest of the
government to motivate us to do that. I'm not

sure how you do it. Maybe have a contest.
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Somebody mentioned DARPA.

A really neat thing that the Irish
counterpart to the FCC did back in 2007 was to
make some very nice spectrum available for the
IEEE Dynamic Spectrum Access conference, DySPAN,
and allow people to bring their DA systems there
and compete in that spectrum. You did a little
bit of that in Chicago but you put us looking up
at the most powerful TV transmitter in Chicago, so
it was a little bit more challenging. But I think
perhaps there are some things you can do to
motivate researchers to think about using that
frequency.

MR. ATKINS: Let me just add to this,
wearing a hat as a former dean and a former NSF
official. First, offering resources to faculty
members like spectrum or access to laboratory
equipment or something without the requisite
support for release time and graduate student
support and so forth, you know, it usually gets
second-rate attention. It's just not practical

for them to pursue it.
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Secondly, Vint used the term
"advertising." I would use the term "community
building." In other words, a lot of -- even at
the NSF, if you offer something, it usually --
well, even specifying what to offer and the terms
and conditions for offering it usually involve
some community involvement, workshop, and so forth
to articulate it and then you build a community
around the opportunity, the idea, and build
brokering channels for people to work together.
So, that needs to be done proactively.

And then, thirdly, there is quite a bit
of history of NSF and other federal agencies
working together where if you could bring money to
the table, NSF could work with the processes for
allocating and reviewing and so forth, and that's
fairly commonplace, and so you wouldn't have to
establish your whole department of research,
review, and infrastructure. You might want to
just try that out in some pilot way if you could
pull it off.

MR. ZNATI: Of course I need the money
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before --

MR. ATKINS: Yeah, I understand -- I
mean, one of the outcomes of this process would be
creating at least any -- you know, again, it could
be a limited term kind of experiment.

MR. ZNATI: Actually I want to add a
point from a research perspective here. I think
in the -- when I talk to the community I try to
see what their needs are and so on so forth in
term of do their research, and we get to
discussing what FCC enables, and many minds of the
research, which is -- I'm not agreeing that that's
a right state of mind -- they think of FCC as a
constraining body whereby the regulations are
rules constraining what they can do. So, they
take that. This is basically where we can play,
and now let's try to innovate it in that space.
But when I listen to a good friend of mine, John
Peha, talk about that's not really the perception
that the FCC wants to convey to the researcher,
but that the idea is really actually to try to

innovate and that FCC will help you articulate the
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policies and mechanisms that will allow this
technology to actually foster and be promoted so
on, so forth.

I think along with -- promoted the use
of spectrum, I think it's also a good idea to talk
to the researcher and then tell them kind of
change that their perception a little bit and then
allow them to think FCC rules and regulations as a
framework but not necessarily constraining one.

MR. GARR: That's a really good point,
and, you know, there's been a lot of discussion in
the public over the last couple months about
spectrum, and I think that the chairman's been
pretty clear that, you know, this is a critical
national asset that is managed by this body and
that we need to be better at how we do it. And I
think it's really -- one of the other reasons we
want to have this workshop, and we expected we'd
hear some of these things from you, is lots of
people around the country need spectrum, and we
can't forget places like the research community,

because we have lots of other people coming in
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here asking for spectrum who want it for corporate
purposes, which we need to do as well. And part
of the issue with the research community may just
be us being more active and more flexible in
saying that look, for a research interest we
should be willing to, you know, be more flexible
on rules and be more flexible on how we manage the
spectrum. My only comment is we sort of get that
we need to do better on that and that's our
intent.

Doug, I can make up a question if you
want, but --

MR. SICKER: Hold on, we have questions.

MR. GARR: Yeah, I figured.

MR. SICKER: I just want to make sure we
have enough time here for the panel, then turn it
to the audience.

MR. GARR: Sure.

MR. ELLIOT: Let me, if I can, briefly
advocate a nationwide spectrum as opposed to or in
addition to something in a remote area, as in my

experience people often make devices in their lab
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and would like to take it outdoors and would like
to send five or six to some friends and so forth,
and that is a very low barrier to entry if there
is legal spectrum wherever those labs happen to be
or wherever the outdoor experiments they wish to
run. Now, you know, also having kind of unusual
or interesting spectrum in a remote place is good,
but in my experience having some reasonable
nationwide research spectrum would be very
helpful.

MR. SICKER: So, would it be possible
that it might not be nationwide research spectrum
but streamlining of experimental licenses -- I
mean, turn this to Rashmi or --

MR. DOSHI: I mean, obviously
everything's on the table in terms of
understanding -- first to understand what the
constraints are and what are the needs to try and
then see. In fact, the rules actually allow a lot
more flexibility, so it seems partly just to kind
of educate what flexibilities current rules allow.

I am not sure if that kind of outreach has been
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done through the FCC or even through some other
opportunity. So, that's probably an immediate
thing you could do -- just education and say the
current rules are a framework and there are things
you could do within the framework. And the next
would be, then, finding opportunities where you
really need to do some experimentation and review
what things can be done.

MR. SICKER: I mean, this was a very
good point. I mean, Jon and I were at a meeting
with a number of the folks that were on this panel
here six, seven months ago, and a lot of the
researchers weren't even aware that there were
experimental licenses, so, I mean, just being
aware of these things could help a lot.

MR. NEWMAN: Yeah, let me suggest maybe
if you all could get back to us with concrete
suggestions in four dimensions. My thesis was
actually on infinite dimensions, but I'm only able
to come up with four today. One is geography,
okay; second would be the time -- in other words,

I don't know, you know, maybe, you know the
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commercial carriers probably wouldn't care if you
were doing research between 2 a.m. and 4 a.m. —--
that wouldn't affect their network load. There's
a hypothesis. The frequency domain; and then the