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Asthe founder and origina developer of Phonex, Inc., now Phonex Broadband, | have a great ded of
experience with power line communications. The Phonex Wirdless Phongack is one of the first widdy
digtributed commercia power line systems to use the frequency range between 2 to 30 Mhz. Extensive
testing accompanied our product development and manufacturing efforts. Subsequent to my work at
Phonex, | worked on another power line development in the same frequency range and sold the rights
to that technology to adivison of Generd Electric Corporation.

Asindicated in the proposed rule making, there are numerous chalenges regarding power line
communication. The primary chalenge being a non-uniform environment as indicated in the FCC
proposd. Accompanying the environmentd difficulties are the problems of gpplying the correct
technology as alowed by the regulations and market redities.

Given that the eectromagnetic spectrum is a valuable resource that needs to be properly managed for
the best interests of our great country, it is essentid that thregts to existing services operating effectively
to support the needs of our nation, be protected and preserved. Danger to these services comes from
devices and sarvices that can cause interference that impedes or limits their effectiveness. It isno easy
task to evauate al new technologies and claims that the public good will be better served by those that
request additional spectrum or favorable rules. In an atempt to clarify some pertinent pointsin the
proposed rule making and to raise some issuesthat | did not see being adequately covered, | offer
these comments.

The history of power line communication systems conssts of avery large list of * successful”
demondtrations, only to find that deployment in the red world results in unacceptably low performance.
In other words, once a number of units are put into actua user environments, they don’t work nearly as
well asthe demondration systems. The reasons for thisinclude, firgt, that the non-uniform power line
as atransmission medium has a much wider range of problems and variations than foreseen or
demongtrated by the lab or demo models. Second, interference with existing servicesis just not seen or
is carefully avoided or “worked around” in the demongrations. Again, real world deployment places
the “new” system into amuch broader range of interference possibilities. Thirdly, some of the crucid
existing services are used only when needed and are not operated 100% of thetime. Y et, when
needed, they must be alowed to perform their function. Thus, a demongtration system may seem to be
doing very well, but may Hill experience excessve falures that may not be evident during the
demondration event.

It should be noted that, particularly with both in-home BPL and access BPL, the more significant tests
may well be their susceptibility to interference from existing licensed services, even more than the
interference levels that BPL injects into the receiving equipment of the exigting services. Although, the
interference to existing services is asignificant concern, aswel. Even, unlicenced Part 15 devices may
cause significant interference or prevent effective operation of BPL devices,



The chdlenges to the commission from the proposed rule making include many factors beyond
technologica and regulatory issues. The fanfare and promise of easy low-cost broadband
communication requires that the redity closdly meet the promise or the disgppointment will be very
grongly fdt. To insure that the backlash from unfilled expectations is carefully considered, fundamental
laws of science, economics and communication must not be violated. Basic violations are eeser than
might be imagined. Those areas that need further investigation should include:

Banadwidth is not free!

Signd power is not free!
Network accessis not freel
Bandwidth

Bandwidth in the case of Access BPL includes not only the data bandwidth of individua
communications, but aso the bandwidth required by multiple users times the individua bandwidth.
Communication theory readily caculates that only so much bandwidth can be time-shared before
systemn performance deteriorates below even minima acceptable levels. Since Access BPL isatwo-
way communication link with only a Sngle pathway per transmission line, thisincreases the time sharing
problem. Even though power tranamission isa” network,”it is gill asingle pathway. Two-way
transmisson will require time-sharing the network or frequency sharing by increasing the bandwidth to
accommodate channelsin both directions. Thus, bandwidth is alimited resource and a single pathway
has afinite capacity. Increasing the bandwidth capabilities of a Sngle pathway will sgnificantly add to
the system codt. It isto be expected that the cost to add more copper is exorbitant, otherwise, the
current power line rights-of-way would just be used to run cables more suitable for communication than
power lines, in the firg place.

Access BPL, particularly, covers long distances using two conductor power lines, spaced significantly
wide for the frequency range involved. The spacing vaues for the conductors used in low and medium
voltage transmission lines are wider than would normaly be used for “lesky transmission line antennas’
which would provide “reduced” radiation and reception cgpabilities. Thus, low and medium voltage
power transmission lines are better radiation and reception systems than the “leaky antenna’ systems
designed to transmit and receive radiation. If the communication sgnd for Access BPL wereto be
delivered between a power line conductor and ground, then the system is very closeto along-wire
Beverage antenna, known for its excelent long range and directiona capabilities.

Firgt, the exposure of Access BPL communications to externd interference is cause for serious

concern. Lightning and other atmospheric noiseis quite broadband and, at best, represents some lost
datatranamission time, reducing the overdl bandwidth avalability. The long distances covered by
medium voltage power lines makes them especialy susceptible to Sgnificant communication outages as
alightning storm passes through an area covered by the lines. 1t isaso impossible to restrict power
lines from close proximity to licensed services that transmit Sgnificant power or to insure that
ingdlations of such tranamitting sysems would not be placed in close proximity to the power linesin the



future. Amateur transmitters are only one case in point.
Signd Power

Signd power must be very low for aBPL system to provide non-interference with existing licensed
services. However, consder that once an Access BPL system is deployed, with subscribers online,
and interference issues arise, then sgnal power becomes acritical issue. If the Access system interferes
with licensed systems, then there will be pressure to reduce the leve of the interfering sgndl.
Experience with existing cable TV systems has shown that such aresponseis very unlikely without
FCC intervention, which is codly, time consuming and aso difficult to achieve. Cable TV systems
interfere with licensed systems regularly with little hope for change. If the interference is to the Access
system, then there is pressure for them to increase power to overcome degradation of their system. Of
course, the pendlty isincreased interference to the existing services and these are very difficult issues
that are not eadly resolved, even with the assurances that were forthcoming at the inception of cable
savice. If these areissues with a shidded transmission medium that is uniform and relatively low-loss,
how can long-line power line communication promise lessinterference difficulties?.

The magnitude of the interference problem is savere dready for existing licensed services. Adding the
Access BPL system, with its broadband signd being emitted over avery long distance will bring its
sgnd within close proximity to existing licensed services with impunity. Thus, the Sgnd power
provided to Access BPL will be costly. Amateur radio stations, a critica infrastructure component of
the Homel.and Security and emergency response initiatives, dready experience 9 sgnd levelsin most
aress over the high frequency amateur bands. This interference is predominantly from unlicenced
devices of dl types. AccessBPL, to insureit can perform adequately, without significantly increasing
the exigting high noise levels, will reguire extengve testing thet is not limited in any way. Currently, the
Access BPL industry is conducting its own tests. A large number of tests would have to be made to
insure that the Sites, power leves, and system performance actudly obtained are dl compatible with
exidting licensed services. Otherwise, asignd power battle will ensue which will not be easly resolved.

Network Access

It is hoped that Access BPL communication will deliver broadband capabilities a low cost to remote
aess. The mgority of the power linesin question had to meet economic redlities for thelr ingdlation, in
thefirg place. Thet is, there had to be enough power subscribers to judtify the ingalation of the lines.
It is reasonable to expect that al power subscribers will expect equa access to the available bandwidth
possible with Access BPL. Exigting broadband systems have had consderable difficulty meeting the
demands of their customers and responding to complaints. System outages and excessive throughput
degradation have plagued these systems. It should be ingtructive that such problems have given rise to
competition from additiona systems, and the necessity to install increased network capacity. Access
BPL isavery limited resource. The number of subscribers that can be served is avery finite number
eadly cdculated from vaid numbers created and verified from existing and past networking systems.
Since the growth of the Internet and other broadband services has shown avery rapid risein the
number of users, afinite resource with the network access limitations of Access BPL will suffer most



from its lack of scalability. It would be very embarrassng to have Access BPL become the cause for
arguments that additiona power lines need to be run to provide sufficient capacity for broadband
access. And, of course, the fact that additional power lines for broadband access cannot be provided
economicaly.

Bandwidth versus Signad Power

It is possible to trade bandwidth for sgna power or vice versa. It isnot possible to increase
transmission bandwidth and sgna power a the same time without paying a price in direct relation to the
increese. The key issues are that you can make a reliable transmission system in the difficult power line
environment by using sufficient power to overcome the losses and noise levels. Although the noise
levelsin the BPL frequency range are minimd, the atenuation is sgnificant, varies as indicated in the
commissions report and is frequency dependent, which varies dso. So, a suitable amount of power
must be gpplied to get the sgnd through these varying loses. Do the systems in question adjust their
power dynamicdly asthe losses vary with frequency? Or do the systems vary their frequency of
operation dynamicaly to skip the high atenuation frequency ranges as they change with time? In any
case, the usahility of such sysemsis degpendent on their ability to ddiver sufficient bandwidth minus
those portions that must be eiminated and <till be able to get the job done. How much bandwidth is
that? Today, minimal broadband capability might be defined as that provided by systems such as 10
Megabits per second Ethernet. Even that istoo dow for many and 100 Megabits per second and 1
Gigabits per second are available. The chdlenge for BPL systemsisto co-exist with existing services,
future devices and sarvices, and adynamicaly changing environment. Additiond problems are the
dynamicaly changing bandwidth limitations over the network, and the portions of the overdl bandwidth
available that arelogt to the exiding services. After dl this, BPL must Hill have enough bandwidth left
to be useful. Only comprehensive, thorough testing can answer these questions. And then, the amount
of bandwidth may gtill betoo low to be useful. A laboratory or demonstration may not exhibit any of
these problems and may even work well ahigh percentage of thetime. A key issueis being ableto
operate dl thetime, everywhere. Thisisnot likely to happen over the power line using a broadband
sysem! Thisis adtuation where the exceptions arethe rule! And demondtrations avoid the
exceptions!

By trading off bandwidth for signa power, the designer istrying to make a system that doesn’t transmit
adggnd that will interfere with other users of the spectrum that have avalid or established right to
interference free operation. In such cases, wider frequency bandwidth is used to spread the information
sgnd 0 that the power ddivered within the communication bandwidth of the other system is minimized
aufficiently to co-exist. Thisworks only if the other service uses less overdl bandwidth. Theresultisa
reduced information bandwidth for the designers system. If BPL systems deliver Ethernet data rates,
how much bandwidth do they redly have left under lessthan ided conditions? If they need to spread
their sgna to stay below interference levels, then their power density per hz is reduced. If, on the other
hand, they increase power to reliably provide the sgnd bandwidth required to deliver sufficient
throughput, they will increase the interference level from their system.

FDM (Orthogond Fregquency Divison Multiplexing), for example, uses anumber of carriersto deliver



information. (Other modulation schemes have smilar congraints, therefore OFDM provides a ussful
picture) Theintent being to numericaly control the selection of generated carriers so that frequencies
are diminated that do not provide effective communication or will obvioudy interfere with established
sarvices. Thisisfairly easily accomplished digitaly within a semiconductor chip. The reverse problem
isto filter out frequency blocks where interference to the BPL system may be located in the bandwidth
range. Thisisaharder task, requiring hardwired andog filters or the capability to use DSP (Digita
Signd Processing) on a number of interfering frequencies smultaneoudy. (Thetask isincreased when
the real sgna power from licensed systemsis considered. Up to 1500 watts PEP from an amateur HF
transmitter with adipole antennapardld to anearby transmission line, for example. For Access BPL,
the exposure of long lines magnifies the problem potentid.) Such cgpability costs money and increases
price per node of the system. When dl this dynamic response is going on a each node, the information
must be coordinated between communicating nodes so they remain compatible. This overhead
communication aso takes up bandwidth. Both the lost bandwidth from interference and from overhead
must be deducted from the available bandwidth. What' s left in rea world deployment of the system
may not be enough, in enough locations or enough of thetime. Thisisthe red question for al power
line systems, and has away's been the case. Thisredlity haskilled most dl broadband attempts over the
power line. They al worked quite well in demongrationd The problem with BPL, and particularly
Access BPL, isthat the actua a available bandwidth islimited, and the practica limitations are red and
severe. Lotsof tests under lots of conditions will be required to prove the viability of BPL, particularly
Access BPL. The only way to go to provide more bandwidth isto higher frequencies with increased
losses, radiation and susceptibility to outsde interference. Narrowband signals can easily overload
broadband system. Who will pay for the band-reject filters?

The Future

It is axiomatic in the computer world that the gppetite for memory isinsatiable. Likewise, the appetite
for bandwidth isinsatiable. Broadband access has dready sgnificantly changed the way peoplelive,
business and indtitutions operate, and the trend is on afast track for increased usage. The future is that
much more will be done using broadband and a an exponentid rate. The infrastructure costs are
minima compared to the traditiona cogts for information and entertainment delivery. Printing, postage
and delivery costs go away with effective broadband delivery. Brick and mortar facilities are being
replaced by virtud facilities connected directly to users who no longer have to travel to persondly
access, deliver or obtain what they can online. And this change has occurred with what will soon be
viewed as archaicaly smal amounts of bandwidth. My first computer had 4k of user memory with
cassette tape storage. Its value lasted afew weeks before alarger system was essentiad. We areon
the verge of terabyte systems for home use becoming the norm. Each increase in performance of
communication and information systems puts extreme pressure on the other portions of the system to
keep pace. It isvery probable that Access BPL will be archaic beforeit is deployed in sufficient
quantity to pay for itsdf, and any problems uncovered in its deployment will be painfully obvious. The
probability of problemsincreases with any effort to fast-track deployment. And the time required to
properly insure minimal, solvable problems will reduce the ability for such alimited bandwidth sysem to
be viable in the marketplace. Similar time, expense and effort on dready proven ddivery sysemsisa
far wiser choice. After dl, the mgor cost to deploy bandwidth is“right-of-way’ expense. Adding fibre



to existing power digtribution rights-of-way has dl the benefits of providing bandwidth and none of the
unknown or insufficiently tested problems with Access BPL.

The Casefor Fibre

Fibre is a proven, safe, secure, scalable broadband delivery system. Its costs are known and can come
down with even greater volume. It can be expected that technologica improvements will increase the
benefits of fibre communication for many decades, a least. The demise of the Internet was predicted
because no-one expected that sufficient network capacity could be deployed in time to accommodate
al the users and their bandwidth needs. In fact, more fibre was ingaled than could be utilized and
much of the nations fibre capacity sat idle, and the term, dark fibre, became commonplace. Locd
cable companies in many areas have added fibre to their coaxia cable systems. It can be expected that
ggnificant improvement in low-cogt fibre capability will soon achieve cost/performance equd to the
“last-mil€’ requirements of the most demanding users, at very acceptable costs. Many new companies
are deploying fibre as the Commission iswell awvare. Any assstance to the fibre industry will pay
numerous dividends to this nation. 1n atime when security of both persond and indtitutiona datais a
mgor concern. Particularly, infrastructure safety, which is very vulnerable with regard to overhead
power lines, makes Access BPL avery suspect investment. Overhead power line datatransmission is
not sufficiently secure, either from intercept or system damage from sabotage or intentiond interference.
Add the security issuesto the lack of scaability, which will kill it anyway, and Access BPL isa poor
investment. Fibre doesn't interfere, can be secured easily by burid, is not readily susceptible to
interference, islow-cogt, with al costs and performance issues well known and is not bandwidth limited
nearly asmuch asBPL. Itisreadily scdable! And fiber communication capability will only get better!

Summary

| wish to commend the Commission on its efforts to be visonary and open-minded to the needs of our
country, to the changes taking place and what might be done to expand and accel erate growth and to
build a stronger nation. Hopefully, the proposal on BPL hasled to agreat ded of comment and
discusson. This can only add to the information base required to make good decisons. | appreciate
this opportunity to comment and to indicate the severe wesknesses of AccessBPL. A lot of time and
effort will be required, aong with alot of effective cooperation that will be difficult to achieve, to be
ableto sufficiently test Access BPL. In the meantime, the same effort on the use and deployment of
fibrewill pay tangible, aready proven benefits.

Sincerdly,
Amos R. (Rod) Mandfield, Jr.

4080 Devonshire Drive,
Provo, UT 84604



