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SUMMARY

Savi Technology, Inc. herein submits comments strongly supporting the adoption of the
Commission’s proposa to permit expanded use of the 425 to 435 MHz and 13.56 MHz bands
for advanced radiofrequency identification (“RFID”) products. Savi has endeavored to provide
detailed technical information about its current products and its anticipated use of future
products. Savi only requires arelaxation of very stringent duty cycle requirements under Part
15 of the Commission’srules to permit better wireless data gathering for its RFID product lines.
Savi has conducted a series of tests and interference analysis to demonstrate that the existing
Amateur Radio Service operationsin the 425 to 435 MHz band will not be adversdly affected
by the relaxation of the duty cycle requirements. Savi urges the Commission to rapidly

completeits efforts and adopt the changes proposed to Part 15 of itsrules,
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Savi Technology, Inc. (“Savi”) hereby submits these comments in response to the Part 15
NPRM released October 15, 2001." Savi redtricts its comments to proposal's concerning radio
frequency identification systems (“RFID”). Specificdly, Savi strongly supports the Commission’s
tentative conclusons to permit minor changes to Part 15 of its rulesto enable use of the 425 to 435
MHz and 13.56 MHz bands for RFID products. Aswill be discussed in more detail in these
comments, Savi has endeavored to clearly describe the changesto Part 15 to appease the Amateur
Radio community. Further, Savi has conducted severa tests between Amateur and Savi devices.
Through this testing, and due to the fact that the Savi RFID product currently operates in the 433 MHz
band in Federal Government locations, arelaxation of the overly grict duty cycle requirementsin Part
15 for the 433 MHz band is clearly in the public interest. Remova of these restrictions will better
enable our nation’s homeland security efforts by tracking contents of containers throughout the United

States.

! See Review of Part 15 and other Parts of the Commission’s Rules, ET Docket No. 01-
278, Notice of Proposed Rule Making and Order, FCC 01-290 (October 15, 2001) (“Part 15
NPRM").



INTRODUCTION

Savi filed a petition for rule making on November 22, 2000, seeking arelaxation of the duty
cycle requirements of Part 15 for itsdevices? Asdiscussed in this petition, Savi’s RFID system has had
avariety of uses, including, among other gpplications, the control of materid for the Bosnia
peacekeeping deployment. The RFID system has proven effective for tracking, tracing, and controlling
the flow of supplies on a cost-€effective basis for both government and commercid gpplications. Savi
products fal into two broad categories. active tags and interrogators. The active tags are battery
operated and contain a smple processor, 128 kilobytes of memory, and aradio transceiver operating in
the 433 MHz band. These tags are designed to be attached to freight containers with the memory unit
programmed with the contents of the containers. In typica military forward deployment gpplications, a
particular container may contain a dozen different products needed by field personnel. Inindustrid and
commercid applications, on the other hand, typica shipping containers house only one or two types of
products.

Asthe Savi system currently operates, the tags only transmit information on specific items within
the container back to the interrogator. Given the limited data provided by the tags, al transmissons can
be completed within the 1 second limitation of Section 15.231(€) with a 10-to-1 duty factor, which
allows the tags to operate under Section 15.35° with a peak power necessary to achieve a 100-meter

range. In complying with these requirements, the field strength limit for a device operating in the 420 to

z See Ptition for Rule Making of Savi Technology, Inc; Amendment of Part 15 to Permit
Broader Data Transmission Capabilities, RM-10051, rec. November 22, 2000.

* See 47 C.F.R. §15.35.



450 MHz band would be 110,000 pV/m at 3 meters, with alimitation on the duty cycle of operation.
While thisfidd strength limit allows effective operation of RFID products, it unnecessarily limitsthe
amount of data that can be conveyed by such systems.

The Part 15 NPRM, in recognition of these stringent limitations on duty cycles, agreed with
Savi that changes to Part 15 to alow more advanced RFID systems in the 433 MHz band would serve
the public interest.* The Commission proposed, therefore, to create a new section that would alow
operation of such devicesin the 425-435 MHz band, with a maximum field strength of 11,000
microvolts per meter measured at 3 meters, using measurement equipment (in accordance with Section
15.35 of the Commission’ s rules) with an average detector function. The maximum pesk leve
permitted would be 110,000 microvolts per meter measured at 3 meters, which is exactly the same as
the current rule limits. Most importantly, the Commission proposed to alow transmissonsto last 120
seconds, with a 10 second latency period.

Additiondly, the Part 15 NPRM proposed to permit the use of RFID productsin the 13.56
MHz band.® Thiswas to be accomplished by relaxing the emission redtrictions into the adjacent,
restricted bands and by modifying Section 15.225 of the Commisson’srules.

. AUTHORIZATION OF ADVANCED RFID PRODUCTSWILL PROVIDE
OBVIOUSPUBLIC BENEFITS

As noted by the Commission and Savi, previous commenters are in agreement with Savi that

relaxation of the Part 15 duty cycle limitation on data transmissions for the 425 to 435 MHz band will

N See Part 15 NPRM at 27.

5 See Part 15 NPRM at 20.



provide meaningful public benefits and alow for seamless tracking of materia throughout the supply
chan.® Currently, Savi operatesits tags and interrogators in compliance with Section 15.231(a) and
15.231(e) of the Commission’'srules.” In accordance with these requirements, Savi limitsits
interrogators to a 110,000 microvoltsmeter field strength at 3 meters, with an effective radiated power
(“ERP”) of 3.6 milliwetts, with its tags limited to a 43,980 microvoltYmeter field strength at 3 meters
and an effective ERP of 0.6 milliwetts® Savi has currently deployed its RFID productsin commercia
locations and Federd Government Sites throughout the continental United States, Europe and Asa. As
Savi has done previoudy for the Commisson, attached as Appendix A to these commentsisa
continental United States map that demonstrates the current system deployment of Savi’s products. As
such, Savi has implemented sgnificant systems throughout the country and now only seeks Commission
approva to enhance this existing product for higher volume data applications.

The public interest benefits are many to increasing the RFID duty cycle for the 425 to 435 MHz
band. UPS notesthat “...there exists a need to store greater amounts of data on the tags and a need
for the capability to transfer that data viaRF.”® Oracle assertsthat “Increasing the Part 15 duty factor,

while maintaining the same field intengity of the existing system, increases the utility of the Savi sysem

6 See e.g., Comments of United Parcel Service (“UPS’); Comments of Oracle Corporation
(“Oracle’); Comments of Cynthia Barnhart, Massachusetts Ingtitute of Technology (“MIT”); Comments
of H. Dondd Ratliff, CEO of Veant (“Veant”).

7 See 47 C.FR. § 15.231(a).

8 Taking advantage of the averaging provisons of Section 15.35 of the Commission’ srules, with
a7 millisecond pulse train thet is utilized by Sawi, the field strength limit at 3 metersfor the 433 MHz
band can be interpolated to be 110,000 microvoltsmeter.

9 See UPS Comments at 1.



while maintaining the same operating range™® MIT states that “New and more robust services can now
be using the full capabilities of a Savi RFID system. The result will be lower costs throughout the supply
chain.”*

In addition to these clearly stated benefits, the increased need for national homeland security in
light of the terrorist actions of the past year can be accommodated by Savi’s RFID system. Savi’s
product, as enhanced by the requested rule changes, will gregtly enable law enforcement and other
homeland security authorities to track containers and their cargo throughout the supply chain. More
crucidly, materid that is shipped into and out of nationa defense locations, such as military bases and
segports, will be more efficiently logged and determined prior to entry.

Inlight of these public benefits, Savi again encourages the Commission to act expeditioudy and
favorably upon its requested changesto Part 15 of itsrules. Further, Savi supports the Commission’'s
efforts to modify Section 15.225 of its rules to enable additional advanced RFID products to be
brought to the public. Through these modificationsto its currently restrictive rules, the Commission will
enable avariety of RFID products that will provide the American public with extended security and
tracking of materia throughout the country.

IIl.  THE AMATEUR RADIO SERVICE STILL MISUNDERSTANDS SAVI'S
REQUEST

Despite repeated attempts by Savi to discussits RFID product, and avariety of testsrunin

cooperation with the Amateur community, Savi’s minor change to the Commission’s rules continues to

1o See Oracle Comments at 1-2.

n See MIT Comments at 2.



be stubbornly opposed by this radio user group. To date, numerous Amateur Radio Service licensees
have filed comments opposing Savi’ s proposd, primarily reiterating the same objections raised by the
ARRL, the National Association for Amateur Radio (“*ARRL”). From review of these comments, it
appears the only new issue raised is about the “week sgnal” service and the effect that Savi’s system
would have on this service.

Herein, Savi again addresses each of the Amateur community’ s concerns, and have included a
summary of testing conducted with Warren Bruene, alongtime Amateur radio user and equipment
developer, that detalls his belief that Savi’ s system will not adversdly affect Amateur operations. In
addition, Savi conducted a series of testswith aweak signal system operator, to demonstrate the lack
of interference present to Amateur operations from Savi’s system. Findly, Savi addresses ex parte
comments of the ARRL concerning the technica operating characteristics of Savi’s products. Savi
believesthat it is clear thet its system, operating with extremely low power, should not present any
interference concerns for the Amateur service.

A. Part 15 Permits Power Levels Utilized By Savi

In a continuing thread, the Amateur commenters steadfastly argue that Savi is seeking an
increase in the permitted field strength for its products.” Savi again states that it has not, and does not
require any increase in the fidd strength limits for successful operations. Rather, Savi seeks, and the
Commission has tentatively concluded to adopt, an increase in the duty cycle permitted under Part 15 of
the Commisson’'srules.

To repeat detailed information concerning its system, Savi uses an interrogator, operating & an

2 See e.g., Comments of Bryan Alan King a 1; Comments of Michael J. Linden at 1.



ERP of 3.6 milliwatts, to query tags as part of its sysem. The tag does not go “active’ until interrogated
by the interrogator. Thetag islimited to an ERP of 0.6 milliwetts. Due to the congtraints of Section
15.35(c) and 15.231(e), Savi limits the pulse train length of its data messaging to 7 milliseconds (*ms’).
Withatrain of 7 ms pulses, Savi may take advantage of the averaging provisions of Section 15.35(c)
and is permitted to emit asigna with afied strength of 110,000 microvoltsmeter & 3 meters. Savi is
confident that its syslem complies with the requirements of Sections 15.35(c) and 15.231(e) due to the
fact that its equipment has been issued Commission equipment authorization.*

Rather than increase its power, and therefore its field strength, Savi seeks ardlaxation of the
duty cyde limitations of Section 15.231(c). Savi would not dter its power levels or emissons, it Smply
requires additiona transmission time to download 128 kilobytes of data in a reasonable amount of time.
Savi currently complies with these packet size limitations, which forces any large data transfer to take
amogt 30 minutes to download. While the limitations were workable when only atag number was
relayed viaan RF link (gpproximately 8 kilobytes), new applications required by the Department of
Defense and commerciad entities are leading to a need for greater amounts of data to be transferred via
the RF link. For example, a computer database is used with the Savi product to match the tag number
to the actua contents of a container. With the present system, if the computer database is not in place,
auser would be unable to determine what material iswithin acontainer. However, if auser were able
to occasondly query a container for its full contents, on an as needed bas's, the need for the computer
database would be less sgnificant. There are other examples of system requirements, including the

loading of container data from the computer database to the tag using the RF link, that require more

1 Seeeg.,, FCCID KL7-410R-V1, FCCID KL7-410T-V1, FCC ID KL7-HHI-V3.



robust deta streams than 8 kilobytes. Furthermore, athough the current rules permit the downloading of
ggnificant amounts of deta, the duty cycle limitation effectively precludes any sort of timely downloading
(or uploading) of large amounts of deta. It istherefore critica to alow further flexibility to Savi’'s
operations in the 433 MHz band to promote efficient, seamless materia tracking.

B. Savi Operations Are Limited to Commer cial/lndustrial Environments T hat
Severely Restrict Propagation

Severa Amateur commenters reiterate ARRL arguments that due to the itinerant/mobile nature
of RFID tags, interference between Amateur Radio and Savi could not be mitigated once devices are
deployed.” Thispoint istied to the incorrect assumption that Savi tags are utilizing power levelsto
produce afield strength of 110,000 microvoltsmeter a 3 meters, that tags transmit continuoudy, and
that the tags are in “uncontrolled” environments.

As discussed above, Savi tags actudly are limited to an ERP of 0.6 milliwatts, which produces a
field strength of 43,980 microvoltYmeter at 3 meters. Again, these tags are currently deployed
throughout the continental United States at these operating powers, and have yet to be cited for harmful
interference to the Amateur community.

Notably, the Savi tag does not operate unless instructed to do so by the interrogator. As
discussad in the introduction of these comments, interrogators are located at fixed locations or in the
warehouse or other commercia environment. Therefore, Savi communications between tags and
interrogators can only occur in very controlled circumstances. Savi’s product is utilized only in

commercia and indugtrial areas such as ports, military bases and warehouses. They are not broadly

" See e.g., Comments of Jeffrey Peter Kershaw at 1; Comments of Richard Lourette at 1.



used throughout the country and remain inactive until interrogated by an interrogator. With the
controlled burgs of data that flow from Savi tags limited to commercia and indudtrid aress, the potential
for interference to Amateur operations would be remote a best.

C. The433 MHz Band |s Appropriate and Necessary for Savi’s Operations

Severad commenters suggest that Savi should not operate in the 425 to 435 MHz band, but
should use other dlocated bands for its RFID products.® To the contrary, Savi carefully chose the
433.92 MHz frequency to ensure the proper operation of its system, to make certain its Federd
government and commercia customers could both deploy the system, and to ensure that the costs of the
product were economicd.

Theinitid demand for Savi’s RFID product was from the Department of Defense to handle
logigtics tracking. Recognizing the chalenging RF environment faced in commercid ports and
warehouses, Savi tested a variety of spectrum bands for propagation characteristics, researched
internationd dlocations, and reviewed current technology available at areasonable cost. Asaninitid
matter, the 900 MHz band was certainly reviewed as part of this process and regjected due to the nature
of the containers to be tracked. As can be seen in Appendix B of these comments, at 433 MHz a
typica metd container in the direct path of the sgnd introduces 25 dB of losses, which could be even
higher if thetag is not physicaly attached to ametd container. At 900 MHz, this effect is even more
acute, rendering the 900 MHz band usdless for tracking of containers in a commercid/industrid setting
unless the RFID tag happens to have clear line of sght to the interrogator. More crucidly, a 433 MHz

askin current is developed when the tag is attached to a meta container that enables the tag to be read

1 See e.g., Comments of Brian James Jarchow at 1; Comments of David A. Merriwegther at 2.



even when on the opposite side of the container from the interrogator. At higher frequencies, this effect
is grestly reduced, requiring line of sght linkage between the Savi tag and interrogator. In light of this,
Savi focusad its attention on the 433 MHz band as the next logical point of deploymen.

Asthe need for materid tracking was derived from Department of Defense requirements, it was
critical to choose a frequency that would not only be available domesticdly, but dso internationdly
wherever the military is deployed. After an exhaustive review of internationa dlocations, Savi
determined that the 433.92 MHz frequency was available domedticaly, in Europe and Asa
Domedticdly, the 420 to 450 MHz band is alocated to the Federd government on a primary basis for
radiolocation. Internationdly, the frequency is dlocated for use on an unlicensed basis as well, without
the dtrict limitations found domesticaly. Therefore, contrary to Amateur alegations, Savi’ s choice of
frequency was carefully considered and planned prior to its implementation.

A fina consderation to any Department of Defense or commercid product is cost
consderations. The Federd government is not in a position to pay inordinate amounts of taxpayer
money to support an RFID product that could be deployed more cost effectively. Further, commercid
entities certainly desre alow cost solution to their materid tracking needs that was not being met by
current products employed at 900 MHz. Savi is able to provide a workable product at 433 MHz that
provides al these economic benefits to the Federal government and commercid users, acritica point of
consideration when choice of appropriate operating frequency was decided.

D. Use of the 433 MHz Band Will Not I ntroduce Har mful I nterferenceto Amateur
Operations

Amateurs suggest that Savi’ s operations in the 425 to 435 MHz band will cause interference to

10



week sgnd systems, as well as disrupt the many Amateur FM voice repestersin the band.*® On
January 31, 2002, the ARRL aso filed an ex parte presentation concerning Savi’s system claimed to
be an “interference study” that showed harmful effects to Amateur services greater than 1000 meters

from Savi operations.”’

In response to these contentions, attached in Appendix B isalink budget for the existing Savi
system. Thislink budget demongtrates the nature of the RF environment faced for materiad tracking.
Containers used for shipping materid are typicaly sted that, a 433 MHz, when in the direct path of the
Savi tag/interrogator transmission introduces 25 dB of losses. Additionaly, Savi has found that 20 dB is
aso lost due to fading and antennanulls. From practical experiencein the field, Savi has been able to
caculate that on average the overadl losses due to these effects are approximately 30 dB. Therefore,
even with an interrogator operating at the current 3.6 milliwatts ERP, Savi only hasamargin of 17.8 dB
at 100 meters. Thetags, operating a 0.6 milliwatts ERP, only have margin of 9.8 dB at 100 meters.
Thislink budget clearly demondtrates the necessity of Savi utilizing the ERP that it does (and the
corresponding field strength as measured at 3 meters). |f asecond container even partidly isin the

direct path between the tag and interrogator, the link margin is completely overwhemed.

Savi adso consdered the effects on the primary and secondary users of the 425 to 435 MHz
band. Thetag isinactive until interrogated, which greetly reduces the time that atag is actudly

transmitting. Further, Savi uses FSK modulation for its syslem. Because Amateurs in the 420 to 450

10 See e.g., Comments of Howard Maone a 1; Comments of Mevyn Louis Berngtein at 1.

v See Comments of the ARRL, filed January 31, 2002.

11



MHz band use FM modulation, it is highly unlikdly that Savi’slow power, FSK signa would capture the
FM discriminator of an Amateur recelver during an Amateur transmission. To buttress this contention,
Savi participated in atest with Warren Bruene. Mr. Bruene, call sgn WS50LY ', has been alicensed
Amateur Radio operator since 1935. More importantly, he has had over 45 years of experience a
Collins Radio and its successor companies developing single sideband equipment used in the Amateur
Radio sarvice. Assuch, he certainly isan expert in the field and has experience that is rdevant to
determining what interference effects might be caused by Savi operations. As provided in more detall in
hisex partefilingin this docket,”* Mr. Bruene found that adoption of the Commisson’s proposal
concerning Savi’ s system would not result in interference with the Amateur Radio operations in the 430
to 440 MHz band. Savi has attached as Appendix C to these comments, a summary of the test

conditions for the tests conducted with Mr. Bruene.

Additiondly, Savi participated in tests with aweak signal syssem in the Ddlas, Texasarea. The
particular parameters of these tests are attached as Appendix D to these comments. During operations
of the Earth-Moon-Earth (“EME") Amateur station, the station was able to operate normaly in the 432
to 433 MHz band in both the CW and SSB mode during Savi interrogator and tag transmissions, even
within 30 meters of the gation. Additiondly, this testing demonstrated that clear line-of-ght from a
Savi tag and interrogator link is necessary for the EME dation to detect thelink. Again, thistesting
demonstrates that Amateur Radio service is not, and would not be, disrupted by the operations of Savi

fadlities

18 See Comments of Warren B. Bruene, filed January 30, 2002.



Finaly, Savi has andyzed the January 31, 2002 ex parte presentation of the ARRL, which
aleges that harmful interference will occur to Amateur operations even more than 1000 meters from
Savi operations. A detailed andysis of thisfiling is contained in Appendix E to these comments,
however, it is clear that the “interference sudy” submitted by ARRL is not an interference analysis.
ARRL failed to andyze the effects of the Savi signa on adesired, Amateur sgnd. Moreover, ARRL
has incorrectly characterized the Savi Sgnd levels. Findly, the ARRL sgna strength curves for Savi

operations at various distances are off by 30 dB.

In spite of these inaccuracies, Savi has performed an interference analysis based on the
parameters provided by ARRL. From thisandysisit is clear that a 1000 meters from Savi’stags, the
Amateur operations defined by ARRL would have an interference protection margin of 63 dB and 53
dB from Savi’sinterrogators. At 100 meters, the tag margin would be 31.5 dB and interrogator margin
would be 235 dB. Thisleve of margin would alow the FM discriminator of the Amateur FM recelver
to capture the desired Amateur receiver and to suppress any signd present from a Savi tag or
interrogator. The testing performed by Savi has dso shown that the Savi system will not “open” the
squelch of the Amateur FM receiver, meaning that the Amateur receiver will not be able to “hear” the
undesired Savi Sgna. Therefore, Amateur operations would not be adversdly affected by the

introduction of Savi operations.

Finally, Savi performed extensive research into the use of the 420 to 450 MHz band before
selecting the 433.92 MHz frequency for operation. From review of the ARRL licensed repesters, it
was gpparent that only asmall number of Amateur systems operated at this frequency, used for auxiliary

and repeater links, leading Savi to determine it to be the most gppropriate frequency for use.

13



Savi believesit has developed alow power, RFID product that presents insgnificant risks of
harmful interference to either Federd government or Amateur systems. As noted herein, this system has
been deployed commercidly and by the Federal government throughout the United States and has yet
to have any reported event of interference from other users. Additionaly, the operating frequency and
bandwidth of the system were carefully sdlected to mitigate any effects that could potentialy arise with
respect to the licensed users of the 425 to 435 MHz band.

V.  CONCLUSON

Savi applauds the Commission’s recognition of the vast public benefits that advanced RFID
technology can provide. Savi urges the Commission to rgpidly completeits rule making efforts to permit
the modification to the duty cyclesfor Savi’s product line in the 425 to 435 MHz band and to permit
expanded use of the 13.56 MHz band. A reduction in the duty cycle restrictions, without any
modification to the existing power levels that may be employed, will permit Government and commercid
users of RFID products to have better visihility for trangportation containers and their contents
throughout the trangport systlem. Thiswill result in immense benefits to the nation asiit attempts to

ensure the secure trangport of goods throughout the country.

14
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Respectfully submitted,

/sl Thomas S. Dombrowsky,Jr.

Robert L. Pettit
Counsd to Savi Technology

Thomas S. Dombrowsky, Jr.
Engineering Advisor to Savi Technology

WILEY REIN & FIELDING LLP
1776 K Street, N.W.
Washington, DC 20006
(202)719-7000

15



APPENDIX A

| CONUS

RFID Rea

Truck Haul Ramp
Fort Carson Fort McCoy RMA ——7Fort Drum
Pinon Canyon Volk Field Eg?e Traffic ERE .
Gate 4 . Rail Exit . aJ_ eal
CO. Jet Center ;tlil’t S'let Gate 5 Rail Rail .
Peterson AFB W. Gate T nsen Gate 15 Camphel ADACG Convoy Exit
Fort Lewis Peterson AFB Main Gate fuck ) Commercial Truck WSAAF RDF Bilding
Lincoln Gate Rail Exit Rail Bxit West Evansville Bluegrass AAD WSAAF Gate
LOG Center Gate Gate 20 Rail Exit Bast Read 1 203 Hold Pad WSAAF Helo Ramp
ASP Gates 6/19 Topeka Airport 203 Rail Gate Rail Exit .
Rail Exit Manhattan Airport|  Crane AA 238 Front Gate Mechanicsburg.
Burn City Wye 238 Rear Gate Front Gate
McChord AFB TrockGate Bldg 216 Emery - DAY E"“ﬁ DDSP
5 0 Bldg 217 Truck Gate Truck Gate
Main Truck Gate, 7 Fort Dix
Tacoma / Truck Gate
Truck S Maintenance Facility
Rail T™P
) Driver TA2
McGuirekAFB Gate
. Pocomoke (CL I)
Travis AFB Tooele Aa Arrival/Dtleg .
Gate Tooele / _D¥ ¥ FEDEX — EWR 4]
Truck Gatg ate
; Dover AFB A
Fort Irwin > Truzt gz é Noth o Wimington &1
Main Gate ¢ RaNGate South Arrival/ Dep
DDJC
5thStreet Convoy 22319% RRAD Conter
Yermo Rail Arr/Dep DDJC Gate Y Truck da .
Yermo WMA Tracy Truck Gate (“ Trugk Gate Iff}ﬁlﬁi@{fé
Yermo Convoy Tracy Main Gate \ * ggnvoleall .
SCLA APOE FEDEX SFO =5 - rd Port Area Gate
Pole 1 - 4'7 Wheeled Marshal Area
Pole 2 , ‘ ’. \ ‘ Fort Story Main Gate
g VY R INTAE NN &
Arrival/Departure [ ,'A ‘? I o rteBpen ain ﬁ[g\r/%ﬁﬁ{& S e
/ . ’ q Trick Gate Alr
NWA LAX o] Fort Sill CCAD " LaBatt (CN )Cookeville (C !]‘ To Truck Gate, Air Pallet Yard West
Al Koy P Comm Truck ‘ Read 1 Read 1 I Love Dental Clinic Cinsiceiy
il B Comvoy B AT/ OP iy McAllen (I ADACG Pike Field
WMA ooy Beatment Arrival/Dep Fort Stewart Rail Fairgrounds WMA
eaumon STy
i i _—= Rail Marshaling Area 33 Hold Area, Pope AFB Green Ramp
iﬁfﬂ'ﬁmﬁ‘if %nr‘t/ o Bt Comm Truck Container Facility Savannan & Pope AFB Airbome Gate
AsARE Upper Rail Rail Exit Port Authority Rail Exit
FortBliss ~ FortHoodowerRal o . on Installation Trans Off AA Freeway Convoy Exit
BiggsAAF  RGAAFGuardHouse  morcoice WMA South Convoy Exit
Chaffee Gate DRRF Rail Gate 7 Range Control Exit ITo
South Rail ROC HAAF Montgomery Gate North Convoy Exit
OroGrande  East Ralil HAAF East Ramp MOTSU__| ASP
“.ﬂ Airport NothRai ~ Bilevel HAAF AIDACG R IRC _
""! P RGAAF ADACG FortPolk  {AAF Sabre Hal EZE?E::; 1’2 Rail Marshaling Yard
=i Port Convoy Convoy South FHAF Rio Gate South Pier CLACC
Clear Creek Convoy \’;‘Oﬂhgsn Cﬁg‘éoé i North Pier
Santa Fe Convoy ean Chapel al ;
N. Carolina Truck Ea!: g:e
all e

Fort Campbell

Tennessee Truck

16




APPENDIX B

SAVI
TAG —INTERROGATOR

LINK BUDGET/MARGIN

RECEIVER PARAMETERS

Receiver Antenna Aperture: 0.175 meter
Recaver Sengtivity: 1 microvolt -107.0dBm
Receiver Threshold: 5 microvolts -93.1dBm

TRANSMITTER PARAMETERS
Transmitter Field Intengity at 3 meters. 110,000 microvoltsmeter (interrogator)

43,980 microvoltsmeter (tag)

BLOCKAGE AND FADING LOSSES

Single metal container blocking direct path: -25dB
Fading and antenna nulls: -20dB
RSS of path losses: -30dB

RECEIVED RECEIVER SIGNAL (50 ohm input port) with —30 db path losses at distances of:
(interrogator/tag)

100 meters 38.6/15.4 microvolts -75.3/-83.3dBm
300 meters 18.4/7.4 microvolts  -81.7/-89.7 dBm
1km 8.3/3.3 microvolts  -88.6/-96.6 dBm

LINK MARGINSwith —-93.1 dBm threshold at distances of: (interrogator/tag)
100 meters 17.8/9.8 dB

300 meters 11.4/3.4 dB
1km 45/-35dB

17



APPENDIX C
70CM Band Test Report
70 CM Test: January 11, 2001
Location: W50LY QTH, Ddlas, Texas

Equipment:
Savi Mohile Interrogator and Savi 400 Series Tags
Savi Interrogator and Tag operating frequency: 433.92MHz

Amateur EQuipment:

lcom IC-T7A Dud Band FM Transceiver

Operdting frequency ranges VHF TX 144-148 MHz UHF TX 440-450 MHz
RX 118-174 MHz RX 400-470 MHz

Receiver System: Double conversion superhetrodyne,
First IF 45.15 MHz and Second IF 450 kHz.

Recaver and Squelch Sengtivity: Lessthan 0.16 microvalts, 12 dB SINAD
Sdectivity: Greater than 15 kHz at —6 dB and less than 30 kHz at —30 dB

Test Frequencies.
Savi TX/RX: 433.92 MHz
IC-T7A: 420-435 MHz.

Test Results:

The IC-T7A was tuned to 433.92 MHz and placed less than 3 meters from the Savi interrogator and
tags. The interrogator requested al tags present and reported that the three tags present had reported
their unique recognition code 1D’ s. The contents of the reported tags memory was requested and down
loaded to the interrogator.

During the interrogator and tags exchanges the IC-T7A squelch remained close and did not detect the
FSK interrogator and tags transmissions. The IC-T7A squelch was manualy defeated and the only the
receiver high frequency noise (hiss) and avery low leve of data transmission just above the noise could
be discerned.

Thistest clearly indicates that the Savi system would not cause inference to norma amateur
communication that would occur on the Savi operating frequency.

Further congderation of the characteristics of FIM recelvers provide why these test were successful
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consdering the close proximity of the amateur FM receiver and the Savi interrogator and tags.

FM receivers have good noise suppression characteristics due to their use of limiting IF amplifiersand
FM discriminator detectors. It iswell known that the limiter and discriminator stagesin a FM receiver
can diminate agood ded of amplitude noise. This and severd other characteristics of the FM receiver
work in favor of not having the Savi systems cause interference to the amateur FM receivers (auxiliary
and repesater links) that operate at this frequency.

The FM receiver has a characterigtic known as capture effect where the strongest FM signdl recelved
will suppress the wesker sgnd and is the only signa demodulated. FM receivers senstivity is specified
in terms of sgnd required to produce a given amount of quieting, usudly 12 dB and have sengtivitiesin
the 0.15 to 0.5 microvolts range.

Another factor in the operation of a FM receiver that works in favor of the two systemsisthe squelch
function that “opens the audio gate’ and dlows the transmitted sgnd to be heard when aFM carrier is
detected. This function operates on the principle of the noise quieting that occurs when aFM carrier is
presert.

The narrow bandwidth of the amateur FM receivers, 15 kHz down to 6 kHz for narrow band FM, as
compared to the 100 kHz wide FSK signa also reduces the Savi transmitted energy in the amateur
receiver by 8to 12 dB.

These test results demondtrate that the Savi interrogator and tags are not harmful to the FM amateur

receiver operation due to the low operating power of the Savi system, Savi’s FSK modulation and the
characterigtics that are intringc in the FM amateur receiver.
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APPENDIX D

EME/Weak Signal Test Report
and
ARRL 425-435 BAND PLAN

Introduction

The following is the ARRL band plan for the 425-435 MHz frequency range, the Savi operating
frequency and test results obtained while operating the Savi system co-located with a 70 cm EME
(Earth-Moon-Earth) amateur station.

The EME ation was able to receive the co-located (30 meters) Savi interrogator and tags when tuned
to their operating frequency while in the SSB mode of operation. The EME dtation was not able to
recalve the Sgndswhilein the FM mode unless the receiver squelch was defeated and it was not able to
receive the Savi system signa's when atruck blocked the line of sight (LOS).

The EME dation was able to operate normally in the EME/weak signd band segment (432.00-433.00
MHZ) in both the CW and SSB mode during Savi interrogator and tag tranamissons

425-435 MHz

425.00-432.00 ATV repeater or smplex.
432.00-432.07 EME (Earth-Moon-Earth)
432.07-432.10 Weak-ggnd CW

432.10 Cdling Frequency
432.10-432.30 Mixed-mode and Weak-sgnd
432.30-432.40 Propagation Beacons
432.40-433.00 Mixed-mode and weak signd
433.00-435.00 Auxiliary/Repegter links

* Weak Signal band segment:  432.00-433.00 MHz

Savi Interrogator and Tag operating Frequency: 433.92 MHz
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EME Test Report

EME Test: January 26, 2002
Location: KEGW EME Station 45 miles North East of Ddllas, Texas

Equipment:
Savi Mohile Interrogator and Savi 400 Series Tags
Savi Interrogator and Tag operating Frequency: 433.92 MHz

EME Station K5GW

AntennaArray : 64 X 10 dement with 30-dB gain.

Preamp: 25 dB gain, 0.2 dB Noise Figure

Exciter/Receiver: Yaesu FT-736

Power Amplifier: 1500 Watts

Test Frequencies. TX/RX 432.00-432.07 MHz
RX 433.92 MHz

Tedt Results
EME Station in the SSB detection mode and tuned to 433.92 MHz and Savi Interrogator and three
Tags placed 30 meters from front of antenna array indicated areceived signa strength of S9 (~50
microvolts).
During EME dation transmissions the Savi Interrogator reported no tags found when activated and
during tag datatransmissions the link was lost by the interrogator and the system ceased data
transmissions.

The 433.92 MHz sgnd was lost by the EME station during the time that a truck was placed
between interrogator and tags and the EME antenna array. This indicated thet line of Sght (LOS) is
required for Signd reception.

The EME Station was not able to receive ether Interrogator or Tag transmissions when operating
a the ARRL band plan EME/Wegk signd frequencies of 432.00-433.00 MHz.

The EME Station was aso operated in the FM receive mode on 433.92 MHz and it was observed
that the Interrogator and Tags did not break the squelch of the Y aseu FT-736 receiver.
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APPENDIX E

Savi’s Analysis
Of
ARRL’sEx Parte Presentation
Tothe
FCC Office of Engineering and Technology
On
January 14, 2002

A review of the subject Ex Parte presentation has been conducted and the following are observations
and findings.

The study is not an interference andyssin that it does not andlyze the effects of an
undesired received Sgnd level on adesired signd levd.

The sgnd levds from the undesired Sgnd sources are incorrectly defined. The
corrected fidld intendty levels a the distance of 3 meters are asfollows:

| nterrogator 110,000 microvolts/meter peak

Tag 43,980 microvoltymeter peak

The ARRL curvesfor sgnd strength at various distances aso appear to bein error by 30
dB. The verticd axes of the figures are labeled as ABW. Either the label iswrong or the
dataisincorrect.

The correct Sgnd levels a 3 meters when converted to dBm is as follows where, P (dBm)
=-77 + 20log E (in microvalts) - 20log F (MHz).

| nterrogator -28.17dBm or -58.17 dBW

Tag -36.13dBm or -66.13 dBW
The undesired received signa levels (Interrogator or tag source) at 1 Kmand 0.1 Kmisas
follows

| nterrogator -142.57 dBW and -122.57 dBW

Tag -150.53 dBW and -130.53 dBW

The radio horizon and the received FM amateur Signal (desired signa) varies according to
the antenna height, thus LOS as follows.



The desred RSL isin the range of -89 dBW to —99.4 dBW for antenna heights
of 20 to 200 fest.

The C/(N+) ratio, (desired signal to noise plus undesired signd ratio), a 1 Km from the
undesired signal source is 63 dB for a Savi tag source and 53 dB when the undesred signd
sourceisa Savi interrogator.

The C/(N+l) ratio a 0.1 Km (edge of a Savi system deployment) is 31.5 dB when the
undesired source is atag and 23.5 dB when the source is a Savi interrogator.
Concluson

The C/(N+l) ratios for typica amateur FM operations is sufficient to activate the
amateur FM receiver squelch and capture the FM detector while suppressing any signd
that might be present from a Savi Tag or Interrogator.

The nature of the Savi FSK signals does not cause the receiver’ s squelch to activate.

The Savi Tags and Interrogators are week signa devices and do not cause harmful
interference to amateur FM operations.
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