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(57) Abstract

¥ A system and method for transmitting a radio frequency (RF) signal in a RF bandwidth over a low bandwidth medium (60), e.g.,
in-building cabling, which has a transmission bandwidth below the RF bandwidth. The system (50) has a unit (52) for receiving the
RF signal and global reference oscillator (66) for distributing a global reference tone of high stability to the entire system (50). Local
oscillators {58 and 86) are controlled by adjustement signals derived from this global reference tone to deliver RF reference tones of high
-stability required for mixing the RF signal to obtain an intermediate frequency (IF) signal which is fed through the tow bandwidth medium
£60). The global reference tone is preferably delivered through the same low bandwidth medium (60) to desired locations, such as remote
coverage sites in a network for cellular communications, cordless telephony, local RF communications, meeractwe multi-media video, and
‘high bit-rate communications.




\WD-97/:40590 PCT/ US97/ 06920 bui | di ng
ant ennas Wwi t we sT@bssoant enna. The latter is usually install eBCEVSPHPEIH
the building or at sonme |ocation where the external RF signals can be
easily received. In cases where the RF signals are supplied via a s high
transm ssi on bandwi dth cable the main antenna can be replaced by a direct
interface with the RF network, e.g., in the basenent. The cost of
installing and nai ntaining such in-building 10 distribution networks is
very high. One of the major cost factors is the cabling network. In

addi tion, running new cabl es between various roons, floors, or wings of a
building is usually tinme-consum ng and di sruptive. For this reason,

desirabl e lutions to in-building RF 15 distribution systenms should incur
mnimal installation cost, require no special tooling (as necessitated,
e.g., in fiber optic networks), and produce no undue di sturbance in the

buil ding during installation and operation. It would al so be advant ageous
for such networks to be consistent 20 with comon in-buil di ng cable
infrastructure. The nost effective manner of satisfying these criteria
woul d be to use an existing or standard in-building cable infrastructure.
Unfortunatﬁi several obstacles prevent 25. this approach. The maj or
problemis elated to the frequency bands used for transmtting RF
i nformati on si gnal PISTRTBUTECHr OF oRMITED cEREQFENGH SHALS (THROUSH &0Warri er
frequency around 1 GHz. For, exgsfibfrpotmenfsodaastdiid € Phone System
(AMPS) protocol uses the bandwi dth from 30 824-894 MHz and GSM i s
transm tted between 890-960 Miz.

BACKGROUND -- FIELD OF THE INVENTION

15
The present invention relates to the field of radio-
frequency (RF) signal distribution, and in particular to an
apparatus and method for distributing RF signals through
low bandwidth infrastructures.

20

BACKGROUND -- DESCRIPTION OF PRIOR ART

The demand for wireless communications continues to grow
-"rapidly; The need for efficient and low-cost systems for
ii distributing radio frequency'(ﬁF) signals is a direct
.consequence of this growth. Distribution of RF signals is
particularly difficult ih areas with many natural and man-
made obstacles which scatter or absorb-RF radiation. For
. example, the problem of RF distribution is especially acute
30.:_1n51de and around building structures.

Current in-building distribution systems consist of two
major parts. The first is a set of antennas and associated
accessories required for re-transmitting the RF signals
35 inside buildings. The second is a cabling system, e.g., an
optical fiber network, used for interconnecting the in-
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Recent |egislation has allowed PCS services to nove to even higher

f requenci esWOIY0590, g5_ 1 99 GHz). In conparison, the standaPe@T/URYMEA20i ng
cabl ing such as unshiel ded or shielded twi sted pair (UTP and STP) used for
Focal area 35 networks {LAN), tel ephone cabl es rrultl-rmde optical fiber i
l'i nks, and powet .Lines are limted.to nuch |o WD 97/ 40590
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sites. Fer thy reaeegmeéieﬁ BéhdﬁQhﬁh' eBH1MR aﬁ?eam medi a
such as coaxi al, cab and tical, eglegyrre(#a ave to‘ghﬁm‘)e

instal l ed sepRLASEY, FégﬁFFe"Qﬁ?&'%éFF"ywt’-r%’i e BE stark.ase & scussed
above. Thus,in hﬂze:lﬂéemgﬂ: Is to transmt high frequency RF 15 signals
over the standard | ow bandwidth infrastructures di scussed above. The conmon
met hod of acconplishing this goal is to initially down-convert the band of
t he RF si gndfhe ocamti mferimsitat bingequdnmaintyimimg hsuishwitkibuilding

bandwi dly of g dier ookt fon TS ot e i£ ééﬁp%gé f eshd PGl hsddbesi@ndard -

| ow bandwi dtP cable found 1n the bulldi
actors 1s the cabling network In addition, running new

cables between various rooms, floors, or wings of a
building is usually time-consuming and disruptive. For
this reason, desirable solutions to in-building RF
15 distribution systems should incur minimal installation
cost, require no special tooling (as necessitated, e.g., in
fiber optic networks), and produce no undue disturbance in
the building during installation and operation. Iﬁ would
also be advantageous for such networks to be consistent
20 with common in-building cable infrastructure.

The most effective manner of satisfying these criteria
would be to use an existing or standard in-building cable
infrastructure. Unfortunately, several cbstacles prevent
25. this approach. The major problem is related to the
frequency bands used for transmitting RF information
signals. Cellular communications presently utilize a
carrier freguency around 1 GHz. | For, example, the Advanced
Mobile Phone System (AMPS) protocol uses the bandwidth from
30 824-894 MHz and GSM 'is transmitted between 890~ -960 MHz.
Recent legislation has allowed PCS services to move to even
higher frequencies (e.g., 1.85-1.99 GHz). In comparison,
the standard in-building cabling such as unshielded or
shielded twisted pair (UTP and STP) used for local area
35 networks (LAN), telephone cables, multi-mode optical fiber
links, and power 1lines are limited to much lower
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the renote antenna site the IF signal is up-converted to recover the
original RF si@halesdpd the recovered RF signal is re-transm ttpdriugstieeo
renote antenna. This solution is illustrated in FI.G 1 and will be

i scussed in the detail ed 25. description. A ngjor.problemencountered in
i mpl ementing this solution involves the stability of local oscillators.
‘These provh de ﬁﬂ&ﬁﬁfﬁﬁﬁ?%&i&ﬂﬂﬁ ths . egmdxecéﬁmﬁm_e néassgotyp @Iovm?] Bése |
convert and u ert e.signals Q_ens r oper perat t he_l oca
oscillators 4%? éF%i%? 5&9@a}oﬁgs§t39 e€ Q?ECF%HQHPﬁﬂp ?%qﬁ%ﬁ
(e.g., 800 M-lZl):.miit nﬂwrlham}udhht the dpprozioytEly héd 410 oG | aﬁcmrs
be mat ched to t ot he Gl

In fact, it is (fte5| ra%% ?ﬁgt therg‘%%Hfglt% ors %ggpg%gﬁggeggo%!éﬁc %’?#e?rto
preserve the fiAdhuappyishtilensr they \gre7/c4@Esg0ly inadequate for the
PCT/ US97/ 0692( '1%b6‘fdcell-ﬁma%'é§d'eP@§C%'IE§1a@.‘éerh éﬁcacﬁfk“bhﬁ'réﬁote

hi gher frequenC|es €.g., the PCS bandw dth centered aroun where the
relative widt RENEe SA&MFuni cati on channels is small in conparison to the
carrier frequency. 5 The two solutions to this problemare to either use

very stable osgill.at.ors m.JJdion st b||| |

prohlbltlvelyi'43 éﬁﬁéh Qﬁiéﬁﬁ%ﬁj s?*Pt%%Rﬁl éfqﬁﬁéﬁgékh

central | ecat |md1ail'heushca|sd apttignl cables and optlcal flbers These
media have to be installed separately, and require

specially trained personnel, as discussed above.

Thus, the challenge is to transmit high frequency RF
15 signals over the standard low bandwidth infrastructures
discussed above. The common method of accomp;ishing this
goal is to initially down-convert the band of the RF signal
to an intermediate frequency (IF) which is within the
bandwidth of the cable. Then, the IF 51gna1 is fed through
20 the standard low bandwidth cable found in the building. At
the. remote antenna site the IF signal is up-converted to
recover the original- RF signal and the recovered RF signal
is re-transmitted by the remote antenna} This solution is
illustrated in FIG. 1 and will be discussed in the detailed
25. description.

A major problem encountered in implementing this solution
involves the stability of local oscillators. These provide

the reference signals required by the mixers to down-

30 convert and up-convert the Signals. To ensure proper
- operation the local oscillators must generate a stable tone
at the selected high RF frequency (e.g., B00O MHz). It is
critical that the frequency of the'two oscillators be
matched to within at least the channel spacing of the RF

35 signals. In fact, it is desirable that the oscillators be
*locked" to each other to preserve the frequency of the RF
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1® is not viable either, since the nedia under consideration do not have
t he bandwi dWCPEHF® ed for the inplementation of such a syst RETUSIZ06920
exi sting solutions to distributing a stable oscillator 15 tone are
limted. In US. patent 5, 046, 135 Hat cher shows how to eliminate frequency’
instabilities. in receiver frequen é converter due to inherent | ocal

- osci I'l at or i f4OR5%Y iP3ngy adthHy 2 PESPYREI aMen HBOHBWEX Wkkr 8Fon
“'stage. The milib‘hérs Egeqlensidsstorged the tFes Bandhd@ T ventlered bReunl

~signal and a 2S6L a erter ¢ ut e S dlstortlon b
conpari son wet h ﬁ 'ﬁﬁg%rq%egnﬁlea \fﬁ- e Wk ?ng&é CHBHRRP
conver si on. Zbaﬁne38305usm@hllsncmwmpariﬁanitaﬂnheecarrheeaﬁseduencyhe
conversi oyl process into two steps and requires the addition of a marker
tone in addition to the oscillator frequencies and the sjqgnal. Mor eover ,
it can not b&REMTWS RIPIYLIRRF UFRt FBASWPERDLER 1BE® eh Rk teher nese avesynd i n

30 bui | di ngssthbd.@e@.sdlhﬂa'f@ﬁ p(lerry)se <f ﬁ@ﬁt'?@fgﬁié]l?gzééﬁ éeasmﬂgg?nl y and

reliably down:convert ver uenc .
Cotellites | ROER (re) BEOnabIRivalYs St S doF o Con st Hiise  che
addresses a 85ciddwebrstbreeffan armemk&almﬂqcaﬁldﬂw matiel @eednaubpaibher s

gg; BT ABer38PHE VilhafePle st (R SURD hEADSMRELO "o dns 1adaR 164050

do not have the bandwidth required for the implementation
of such a system.

The existing solutions to distributing a stable oscillator

15 tone are limited. In U.S. patent 5,046,135 Hatcher shows
how to eliminate frequency instabilities in a receiver
freguency converter due to inherent local oscillator
instability by adding a marker signal at the down-
conversion stage. The marker signal is distorted in the

20 same manner as the IF signal and a second stage down-
converter computes this distortion by comparison with the
marker signal before undertaking any further down-
conversion. '

25. This solution is complicated, since it breaks down the
conversion process into two steps and requires the addition
of a marker tone in addition to the oscillator frequencies
and the signal. Moreover, it can not be employed in
conjunction with the low bandwidth media found in

30 buildings. Indeed, the main purpose of the invention is to
gradually and reliably down-convert very high-frequency
signal received, e.g., from satellites in orbit.

U.S. patent 4,959,862 issued to Davidov et al. addresses a
35 novel scheme for the delivery of FM modulated subcarriers
over a fiber-optic link for cable television transmission

4
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(LATV). Conventional CATV systens use vestigal sideband anplitude

nodul ati on (\VEB-9ZMPS%or transm ssion of anal og video channel s FETARYe620
users. In conparison, frequency division multiplexed frequency nodul at ed
(¥FDM FM -ssignals 5 can provide a higher signal to noise ratio and a | onger
transm ssion distance. Davidov et al. describe a nmethod for the conversion
of VSB-AM charf#I¥)to FERRERREAQRAL SATBE F¥SERMASUFSSVES td@aL tFrrleban

‘L i 'bEr ; OptA :\/Iclgia&&:oli‘?ﬁ% Q?oaﬁﬁtaﬁﬂbﬁsi(%laiph? F_it.%ﬁi ﬁﬁahsm%sziba- @ Ve 4 Dol

ac 0] sl gnal s, before transm ssion_to one. . "

reference" is ‘HEei Sla?ﬁﬂeéﬁoﬁ"& \%‘?‘ﬁet HESER-"si| gfﬁl §°’f‘83ﬁ_ﬂ7§§|¥gﬁaﬁ%&gﬁ%ugh
Davi dov et al .diadidsisss mhktiphexed frghubakysmgdalated\HFIM-d20 beigrabsf or
reference ("l | nQ.. cQnyar.si , $tNi S sl | S: DO p i% to
t he probl e%’n at a:g?%ﬁf?gt,g ?ﬁﬂ%e%ﬁ%ﬁ%#&na llés%eﬁzl‘éin?r%age%‘lcy and@ris
distributed tdxansmismien adishancs: t e@&\@rdQ‘heelbgabosg_eéﬁthet_@ AR EReMal
conversion. | ;fnddrsl R éoﬁ{rﬂgéh.owmo@ vSB- CORRAhE DS €LY FhME FIY rRhered

on alimted ow bandw dth nedium for transmtting RF si

i .gnal s. I n
fact, Davi dovRRfg¥e LrsmsnissioR PY&AT tREE thikRexyPpehtu f]% fi Bt ®htic
medi um whi ch igrdismideieh, ther Fov&ignadls fmvé dpg-cofiverestabeluk and Uke it
i S not necessar. t . __referenc r at er J

provi ded (iﬁ or a%&é/%ﬁ#ﬁ%%érﬁ'hgg%%%ggg\kigﬁt gaeq%égm G865 et tj'\‘alé. l'g‘iezri \/%1 ?}:r’%]m
using a centrxgfexenes'tiisadbstributad pdonet wash gheodd¥ |SigmalsHue AM
noi se. 30 In WQmnpatent no. 5,109,532 Petrovic et al. discuss the
transmtter and Teceiver of a radio comunication |ink.

~ Although Davidov et al. address the idea of a global signal
15 which can be used for reference ("locking”) of conversion
stages, this idea is not applicable to the problem at hand.
First, the reference signal is high fregquency and is
distributed to the remote antenna sites for the purpose of

FM to AM signal conversion. It is not a signal which is

20 compatible with a system based on a limited and low
bandwidth medium for transmitting RF signals. In fact,
Davidov et al. emphasize the fact that this system uses a
 fiber-optic medium which is broadband. Moreover, in
Davidov's system architecture it is not necessary to use
25. the global reference, rather it is provided for
convenience. The only advantage Davidov et al. derive from
using a centralized oscillator is the reduction of

oscillator phase noise.

. 30 In U.S. patent no. 5,109,532 Petrovic et al. discuss the
transmitter and receiver of a radio communication 1link.

This link requires up- and down-conversion of the signals

to be transmitted to and from the radio band of interest.

The frequency and phase of the oscillators used for up- and

35 down-conversion are a large cost and performance
consideration. The problem is solved by adding a radio
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This link requires up- and down-conversion of the signals to be transmtted
to and fromWe@7ei#0 o band of interest. The frequency and phaeero$e7108%20
oscillators-used for up- and 35 down-conversion are a |arge cost and

per f or mance consi deration. The problemis solved by adding a radio 5 *+ WO
97/ 40590 PCT/ US97/ 06920 frequency

- pilot tone t&naaieRrY oniéptedotigyntd sthef mpe domrertiest i ohignédlst before

receiver, a I&g@isnggélldﬁtomd SHS G dR Xeg\%/gtafgn@sé%‘glf J%]%Emlar{% £ S %* and

t he pil ot tone. phase or _frequenc oca OSCI or 5

affect the RESs c&ﬁéretrl"'rebﬁlthof-h?o gganl yandhehe Rilot Bwre si gmt s
can be used tpmaymcei- tﬂlﬁe@h@ﬁ@yafﬁé\fﬂﬂ&&ﬂ@’o\@rtﬁé' Adzal eéHEE.'l'iQt'cﬁ' a

cl ean recpver Petrovic's patent

Thi s canc?l | &e:il% s%?ve'glgﬂgqpr Bngemtglfe @d&lmbscﬁqfl‘%t faYally.
stability at 'Ihee-enfeceu.vbpthAbugna@]h tae Mésosedute ¢a&1dél£) amiael (i:oHa?eSQhMe a
simlar problf%gh@ nv ' I | lit a_renote
oscillator, the m%ﬂ'ga’aggﬁmﬁ%gﬁ ﬁ%%?g%?g%{?sé’ <ES{Eesol Ve eﬁﬁlstlg al
different. Pt BOAWR l% hef Fét hoacdoé§ nBetyedud e, pmtens it oBhiisus,

how.one woul éah@ilé'lﬁ.ﬁ%ﬂbnt me?chbac Ho1ed QU pRobd) %P%&d%gk'i EE@'fi'Tht%Ernce

the pilot tone a % ueng 20 In"addition to devising a system
for propt} " F&Ebr‘?@tyof“toE £ Fetet e‘fo be able to transnmit RF signals
“through | ow

Although the disclosure is intended to solve a similar
problem as the present invention, namely the stability of a
remote oscillator, the method by which the problem is

15 solved is quite different. Furthermore, the method does
not describe, nor is it obvious, how one would implement
this technique over a low-bandwidth medium, since the pilot
tone is at a RF frequency.

20 In addition to devising a system for proper “locking‘ of
oscillators to be able to transmit RF signals through low
bandwidth infrastructure there are additional unsolved
problems. In a typical RF distribution system multiple
remote antennas re-transmit the up-converted RF signal. To

25 ensure complete coverage the coverage areas of the
‘individual antennas overlap. Thus, a user will frequently
receive signals from multiple antennas simultaneously.
When the individual oscillators used for the up-conversion
at those antennas are not exactly frequency matched the

. .30 user will hear a baseband tone or beat at the difference
between the frequencies of the two local oscillators.

Thus, efficient and reliable distribution of RF signals

over low bandwidth infrastructures remains an unsolved
35 problem.

6
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bandwi dth infrastructure there are additional unsolved problens. In a
typi cal RF diwblosabddpon system nul tipl e renote antennas re-tr aprcTiUs9t/§6920
up-converted RF signal. To 25 ensure conpl ete coverage the coverage areas
of t,he individual antennas overlap. Thus, a user will frequently receive
signals fromnultiple antennas sinultaneously. Wen the individual
oscillators used for theBIBCTSNRNDSADVANTAGESSEF dIHE MNENTION Ot exactly
frequency nmatched the 30 wuser will hear a baseband tone or beat at the
di fference between the frequencies of the two | ocal oscillators. Thus,
efficient andInemight ofiithe isharteermings of gpnieroest, | dw BSnan @ject

i nfrastructurgg r efai NSn@dn ISl Mes! 2ol M temV\Qr%i/ Heba for
PCT/ US97/ 06920 .0BJECTS AND. ADVANTAGES OF, THE | NVE Ln view of _th Sen,

shortcom ngs SSrFdPUFINg| t RE 1§ IFHaLe oftbﬁéuigr}'\‘/entll%h t BARYIL

system and nehh(fd-afsurxﬁcmﬁérl b rmﬁleugaﬁl S ithrDgi1gén| @B frdvodt fthe o

i nfrastructure, artlcul is._an ec. t i npvention.to enabl e
one to distri Bf}tv?nﬁl’—l g’f%l%ngkﬁ}%uﬁﬁesttgn lrL‘P‘g‘iﬁ }gﬁenﬁlgﬁﬁﬁ'fsn hrege on
Anot her obj ecstahdalnd invbuildingscallimgure that the systemis hi ghly
efficient in its use of resources, sinple to install and operate, and

| ow-cost. Yet another object of the invention to provide a nethod and
: 10 Another object of the invention is to ensure that the

system is highly efficient in its use of resources, simple
to install and operate, and low-cost.

Yet another object of the invention to provide a method and

15 a system for distributing RF signals in buildings which
avoid oscillator instabilities which generate beat
frequencies and related effects and lead to decreased link
quality.

20 These and other objects and advantages will become more
apparent after consideration of the ensuing description and
the accompanying drawings.

SUMMARY OF THE INVENTION
25.
The objects of the invention are achieved by a unique
system for transmitting a radio frequency (RF) signal in a
RF bandwidth over a low bandwidth medium which has a
transmission bandwidth below the RF bandwidth. Typically,
30 the low bandwidth medium is a standard cable belonging to
common in-building infrastructure. The RF bandwidth is
usually selected from the group of RF bandwidths used for
cellular communications, cordless telephony, local RF
communications, satellite television, interactive multi-
35 media video, high bit-rate local area networks and the
like. 1In these situations the RF bandwidth is narrower
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15 a systemfor distributing RF signals in buildings which avoid oscillator
I nstabiliti asoelueseo gener at e beat frequenci es and rel at ed ef fmra/essamed2head
to decreased link quality. 20 These and ot her objects and advantages w ||
beconme nore apparent after consideration of the ensuing description and the-
acconpanyi ng draw ngs. SUMMARY OF THE | NVENTI ON 25. The objects of the
invention ar &h@ghi thed byansmiisgiosybaodmisitl rafisihe | Agwa baddwidth

frequency (Rpedianal 7uk & Landyh dbs gv b ggv\bﬁbég Wedt By @%qleggyo\g@hch

has a transm ssion bandw dth bel ow the RF yp| “cal I'y
| ow bandwi dt Wik€di i £4PeTsORYdS Fakife. em @ng & Re i ndbBOWEINg

i nfrastruct ucablelhér Ranlangthéih liow UsaiRawydes!, et‘stt%da{fan mEbaliman@f RF
bandw dt hg use for I uI ar communi cations, cordless tel ephony, | ocal
i

communi cat i of&-F ?5?5”’&: ©television, interactive nulti- 35 nedia vi deo,
hi.gh bit-rate local area networks and the like. In these situations the RF

bandwi dth is th&,‘ﬁ@f:ﬁe hasvggzﬁxﬁ%gg%sxéalé}rhaofm?%n potenna or base

PCT/ US97/ 069 transm ssi on andw dt i nmedi um
The latter c&tatdon.1Easkeceiaing, thetRFephognalvira, g&Obabereépre@ceabl e,

an gﬂﬂ‘h?hge@s@QI%t@r POpRerezBbay0ra dp¥rot Ragn QYARNAN At §sc5h2a¢ad
such as a temperature-stabilized crystal oscillator,
provides a global reference tone of high stability, e.g.,’
<1 part per million stability, at a freguency within the
transmission bandwidth of the low bandwidth medium. In the
preferred embodiment the global reference oscillator is
15 located in a safe location inside a distribution hub and
the global reference tone is delivered from there to the
entire system.

A first local oscillator, preferably a voltage-controlled

20 oscillator (VCO), is controlled by a first adjustment

signal derived from the global reference tone. With the

aid of the first adjustment signal the first local

oscillator generates a first RF reference tone of high

- stability. The main antenna and the first local oscillator

25. are connected to a first mixer, such that the first RF

- reference tone and the RF signal are delivered to this

first mixer. From these two signals the mixer generates an

intermediate frequency (IF) signal, which is fed through

the low bandwidth medium. The IF signal has a frequency

30 contained within the transmission bandwidth of the low
bandwidth medium.

A second local oscillator is provided at a remote location,
e.g., in a remote coverage area. The second local
35 oscillator is controlled by a second adjustment signal also
derived from the global reference tone. In this manner the
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5 infrastructure. The systemhas a unit, usually a main antenna or base
station, for wo®eiydepgd the RF signal. A global reference oscil perms97/06920
preferably a very high stability oscillator 10 such as a
tenperature-stabilized crystal oscillator, provides a global reference tone .
of high stability, e.g., <1 part per mllion stability, at a frequency

within the trmniflpacaﬁn@ycqtﬂléﬁof hgehepabandy didcsmkdi rEn ddfddence
preferred embodi nent,_ the ef erence_oscillator is 15 | ocat

| ob ed
B ea oo tons e e st I T E Ene® Bhmen Fopaercre Al A St
del i vered fr ORFt heferendehaotid. r & Ssdod mixer sis laliced msevided cat the

f bl | ed d
i ot adi st mosmhdPe SPOGRELGE, AR, Honfidtel B, the  "PhkOAg 1bedL
ai d of thesfirstcizdiaterneandsitmathehdom r‘@ind*&tdthos@dmmor Fhuesratehre a

First RE referfiemd GRexdt Pb8:ebabichel %ch}f‘d g “ré@é?éﬁéeagﬁdt hgd | fi5t

local oscillator 25 are connected to a first nmixer, such that the first RF
reference tofdomdd -t hBYRPIXigHAafhese HUPi §a9BaLEotha| BiXeF YeGRVRFS tHhem

these two signaligiaga mpxerigaaner abes::aarsat etAREi 8y Sréh cEANGY éixtended

signal, which |s fed hr ou he | and th medi um he |1 F signal has a
frequency 30 ]'?tﬂé] q:ﬁ I}ﬁ'r B N PP ?‘fﬁs%ﬂ

bandwi dt h mediau npréctsmcamd sysdesdm owbithatporovisdes ovadéd atoveraget €o an
| ocation, e.g.g C r he._s I
AETRLS UGG en ol encst0te) Kahalhy, o 5,

oscillator is contro secon justnment si al’s
t he gl obal refﬁh‘-’@ﬂé@gt @ﬁ@te}fn this manner the

The method for deriving the first and second adjustment
15 signals relies on a phase-locking circuit or a phase-locked
loop (PLL). The global reference tone can be delivered to
the PLL in several ways. In particular, it can be
delivered directly.through a separate link, e.g., a short
_ communicatioﬁ link if the global reference oscillator is
20 positioned close to the oscillator in gquestion. ‘This is
the case when both the local oscillator and the global
reference oscillator are located in the same housing, such
as a main hub. Otherwise, the global reference tone can be
‘transmitted together with the IF signal through the low

25. bandwidth medium.

When distributing the global reference tone through the low
bandwidth medium together with the IF signal it is
important that these signals do not overlap. The method of
30 the invention stipulates that this be the case, and, in the
preferred embodiment, the global reference tone has a lower
frequency than the IF signal. Furthermore, a summing
element is provided specifically for the purpose of adding
the global reference tone to the IF. signal such that both
35 are fed through the low bandwidth medium.
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second | ocawo9radsbat or generates a second RF reference tone ROTASIFIH6920
stability at the sanme frequency as the first RF reference tone. A second
m xer is also provided at the renpte |ocation and connected to the second
|l ocal 5 .oscillator and to the | ow bandw dth nmedi um Thus, the second
m xer receivas fiilgegedendisRid rixfe reeoei ening hehe Folohail reB?rﬂnx-'ﬁngon%se

two. signal s EEQSm”\:ﬁSr é& GCBURERiGER x‘c?éd:%rﬁ‘aét %f'%te Yo MR, "'I‘i'h%

system can be ext ended to_any nunber renote | ocations, as wll

necessary i nf#pctaop: aapi kgl P§§§‘P‘é‘ﬁ?‘3\h}?¥ha pF B e Pandnnase fddtge f“’&"—i’n

$Rtl ret Euh I ?hﬁgdﬁlﬂwr%h@lﬁfﬁf %@@I&E&Deﬁéﬁr&h@é @?n%shma.ai NLCﬁ.Ehlt er.
e nmet ho erivin e fir econ u n s relies

on a phas%-lg EnFEFFeutrt (}r°°£tp?fg g‘*?’&?ﬁ&d tlalb% E%gﬁ 5‘? al

ref erence tonsciddhaberdati vkheerenote hboddttiom sever al vvays

particular, it can be delivered directly through a separate | | nk, e.g., a

short comunication'link if the global reference oscillator is 20
posi tioned clbse nhasercleieing acbrorhtqdé&seldn conmiists of he §HeEURASY bot h

the local Osahlvllﬁe@ ik d héaﬂi@éab. E E%E:%Jl‘é‘i‘ O%Qidrléét%d & tReateealln the
sane housing, such as a nmin erw se, g&% obal reference tone can

be transh?tt OFddARF FPfh ‘?h'él‘lianl il uf‘ﬁlté the F&FeRenInERRSt h

medi um generated by this oscillator to derive an unstable IF
reference tone near the frequency of the global reference
tone. Of course, because the local oscillator is unstable,
the frequencies will not be matched. A phase comparator is
15 used to lock the unstable IF reference tone to the global
reference tone by generating an output adjustment signal
proportional to the mismatch between the reference and the
IF signals. Preferably, another filter, also called a loop
filter, is provided-between'the output of the phase
20 comparator and the local oscillator. The adjustment signal
stabilizes the local oscillator and induces it to generate

the second RF reference tone of high stability. |

The recovered RF signal can be re-transmitted at one or

25. many remote locations, depending on the actual
circumstances. Usually, local antennas with overlapping
coverage areas will be used for that purpbse. The low

bandwidth infrastructure can be a network, e.g., a star
network, a tree network, a branch network or any other type
30 of network commonly installed inside buildings.

In the preferred manner of practicing the invention the
frequency of the global reference tone is selected below
the bandwidth of the IF signal. Also, the method of the

35 invention teaches bi-directional communications as reguired
in practical applications.
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VWhen distributing the global reference tone through the | ow bandw dth
medi um t oget o 9m40$90t he | F signal it is inportant that these FCFARITOH0
not overlap. The nethod of 30 the invention stipulates that this be the
case, and, in the preferred enbodi nent, the gl obal reéference tone has a

| ower frequency than the |IF signal. Furthernore, a summ ng elenent is
+. provided specifically for the purpose of adding.the global reference tone
b0 the |F signaly@uoh ddwad i hotdh@thé Sréfert 8 Ostibodfifeh €V Panduk e ibed
. medium 9 WO 97/ 40590 |, _, . . . , .
PCT/ US97/ 06920LA $he tsperificabirgr ip-rRtaFsIse the JithAtrashed ndEaving
fromthe | ow biirfliei.h medium at the renote |ocation. This function can be
performed hQy a sinple band-pass filter with its wi ndow set for the gl oba

reference tone. The PLL in 5 this event is |ocated between the filter and

the | ocal oscillator at theREBBHDESCRIRTION OFh&HEhRBAWEINGRI ng circuit
-itself consists of a frequency divider, also called a prescal er, connected

to the local 10 oscillator for dividing an unstable RF reference tone
generated by tFf®- dsci list 8r scharatie HhewnRhbhe tvPICHlerREEOrT &RE NREr

the frequency of the glghalritRitdoenegstene. Of course, because the |ocal
.OSCI||at0r s unstaple,, the frequencies wll _.not be.ngtcheﬁgwéxgh SE
conpar at or% s B¥used *F 1K RS | e FERieRt kD ) f%’é gfBBal
reference tone by generaatiypjionl axtamsinizdiost bantwidghal
FIG. 3 is a diagram showing the transmission bandwidth
and the bandwidth of the IF signal.
FIG. 4 1is a schematic view of a simple RF distribution
15 ' system according to the invention.
FIG. 5o 1is a diagram showing .the stabilization of
reference tones. '
FIG. 5B is a diagram showing the relationship between the
IF signal and the global reference tone.
20 FIG. 6 1is a schematic view of an RF distribution system .
' according to the invention with multiple remote
coverage sites. _
FIG. 7 is a schematic view of another RF distribution
system according to the invention.
25, FIG. 8 is.a_schematic view illustrating the overlap in
coverage areas.
"FIG. 9 is a three-dimensional view of the RF distribution
system according to the invention adapted to a
building structure. ' _
30 FIG. 10 is a diagram showing typical 10 Base T in-building
cables. '
FIG. 11 is a schematic diagram of another RF distribution
system according to the invention.
FIG. 12 is a schematic diagram of still another RF
35 distributibn system according to the invention.
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proportional to the m smatch between the reference and the |IF signals.
Preferably, wayw#hdosse filter, also called a loop filter, is prpetygseeoéd\ween
t he output of the phase 20 conparator and the |ocal oscillator. The .

adj ust mrent signal stabilizes the local oscillator and induces it to
generate the second RF reference tone of high stability. The recovered RF
-signal can RIG.e-1¥ ansrid mg&mrori&mrst%atmgna pereién!| 6£adi spsteiependi ng

‘on. the actual circu NGes, ual | ant egpnas w t h overl appi ng
coverage areas Wwll mé%’aeu epgf’- 3%18 Bglsuél °?W%ar%%
i nfrastruct Bi$.cdf bdsm snanapik ofe the TwastTonaitest Kox ttheesmemr«f a

branch network or anyyfhgm type 30 of network commonly installed inside
bui l di ngs. 1n thﬁéfrqferred nmanner of practicing the invention the

frequency off¥the Igi ol rBef HATRRoRE | PR e|IRTRALBELONS hdFhafdhgntrh of
the IF signal. Al so, ddif)iFidaedosf m_tal&aoaSaeayeau;@nus S e imtdidrCt | onal
communi cations as required in practical applications. 10 WO 97/ 40590
PCT/ US97/ 06920 Further details and the preferred enbodi ment are descri bed
in the specification in reference toEstaI2rraNhed drawi ng figures. 5 BRI EF
DESCRI PTI ON OF THE DRAWNGS FIG 1 Is a schematic view of a typical prior
art RF

10 The salient features of the invention will be . best

appreciated after reviewing the typical prior art

distribution syStem 10 for radio frequency (RF) signal 12

illustrated in FIG. 1. In this typical system RF signal
12 is in a bandwidth typically used for cellular
15 communication,s.-_or the like. FIG. 2 indicates a RF

bandwidth 30,-§panning the range from 824 MHz to 894 MHz.
This range is typical for RF signal 12 used in cellular
communications.

20 RF signal 12 is received by main or base antenna 1l4.
Connection - 16, e.g., a coaxial cable, delivers RF signal
12 from antenna 14 to one of the inputs of a first mixer
18. The second“input of mixer 18 is connected to a first
local oscillator 20. Oscillator 20 provides an RF

25 . frequency toneé which is utilized by mixerlls to down-
convert RF‘Signal 12 to an intermediate frequency (IF) and
to feed it through a low bandwidth medium 33, such.as a
standard, pre-installed cable.

30 FIG. 2 better illustrates the relationships of the various
signals and their bandwidths. 1In particular, the down-
conversion of RF signal 12 from RF bandwidth 30 yields an
IF signal 32 contained in a transmission bandwidth 34.
Transmission bandwidth 34 ranges from 0 to 100 MHz, which

'35  is typical for 1ow bandwidth media commonly installed in
building structures.

12
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di stribution system 10 FIG 2 is a diagramshow ng the typical RF
bandwi dt h andW®9H485%al transmi ssion bandwidth. FIG 3 is a &{y¥i0e20
showi ng the transm ssion bandwi dth and the bandwi dth of the IF signal. FIG
4 is a schematic view of a sinple RF distribution 15 system
according to the invention. FIG 5A is. a diagram showing the
ygstablllzatlon of reference tones. FIG 5B 1is a diagram show ng the

: relationship bﬂéf\e_@ﬂlhae k]gfclsl goal Fred %be Il*‘obibné.:!f elmnci?I t@ﬁsnsﬁ@ttlékie _
6. is a sche ic view of ,an RF distribution cor |n e
invention with-RHPEER e MRGHB c%ger'é e &j £&IO °f’act’1°§’a f‘r&ﬁ 38 ew
- of another FF'dekineauedomasysthnohenoﬂdnng tosibe BSVQMHuBuaIEy &| Goohh

" is a sche tlc I g I 0 e a S
e threedr mensidbEe 2 LTl AL0ORERGCRUER BF. LRnBOUERRPCaREETN, bher ge
i'nventi on adapteverage s |dengredructAt ethis Imaat:lcm 8 @ldimg?ra&ﬂ is
showi ng {ypi cakedgs aae gy | - BUdSHAInEaReeSas Fl Gnilh, i CaSERRTLE of

di agram of anot her, RF dlstrlbutlon system accordi ng to t e I nvention.
12 is a schen@fFdll@tRF afOof WPrFPIYSRYRr IRF §59nal 32 tgj sYeFpVeKON

system accor di gigbnkDeRFN¥&BNEaAN 1211 Then, a remote antenna 42 is used
10 to re-transmit RF signal 12 in remote site 36.

As outlined in the background section, distribution system
10 and other related prior art systems suffer from
instability of local oscillators 20 and 40 (unless very

15 expensive oscillators are used). An RF distribution system
50 according to the invention and shown in FIG. 4 avoids
this disadvantage in a simple and effective manner.

As in the prior art example, system 50 has a main or base

20 antenna 52 which receives RF signal 12. Antenna 52 is

connected by a communication link 54, e.g., a coaxial cable

or any other link capable of transmitting RF signal 12

without undue distortions, to one of the inputs of a first

mixer- 56.  ~The type of device selected as mixer 56 can

25. include any suitable single ended, balanced, double-

. balanced, . double-double balanced or other mixer. A first

local oscillator 58, preferably a voltage-controlled

oscillator (VCO), is connected to another input of mixer

56.  A low bandwidth ﬁedium 60, such as 10 base T cable,

30 telephone wire, fiber-optic cable, unshielded or shielded

cable, power cable, or any other low bandwidth in-building
medium is connected to the output of mixer 56.

Oscillator 58 is typically a low-cost device which by

35 itself produces an unstable RF reference tone. One output

of oscillator 58 is connected to mixer 56 and another

13
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WD 97/ 40590 PCT/ US97/ 06920 FIG 13

s a di agrarw®btanspe ati ng a portion of a system of the inventRCERISSTI6Z0

mul ti-node optical fiber. FIG 14 is a graph of the Two Tone Test for the
systemof FIG 13. 5 FIG 15 is a diagram of an advantageous IF -
signal” anplification nmethod according to the invention. DESCRI PTION 10 The

.salient featoutgmatofleadsi boent |fmemadncmedmsdeapﬁz eci Thed fancdrigreveofw ng

CLne LYPLST lerids LSRRG BYSRAY, HCLienbd Ml ABIBILETYy |
in a bandw dii¥eyhtcHanabled gl diaiding e c§ﬁﬁ‘§m‘f@&1 | §n§eorthearF| ke.

FIG 2 indigaidfera Fﬁlé)acnmpxm fbé(alstIW ideru s fdanddedHeo t 0
894 MHz. Thi s range cel | ul ar

y for RF_si 2 usged i
communt o&t1 o8 Sbuteot)8 Shane Pefbazatoty oy muit tGLInSIRRATA RS 4
Connecti on kre avell-kmowmdinaltheabke,. delivers RF signal 12 from antenna 14
to one of the inputs of a first mxer 18. The second input of mxer 18 is
connected to a first local oscillator 20. Cscillator 20 provides an RF
25 frequencyTheorgecend hinputytof icampanatdx §4 158 teonhwated div e tgdRbal gnal

12 to an inteLppdbate fagemaxo@ Fseand g foeslm ! b@e&q%&}boa/sbww dth

medi um 33, such as a standard gre install eqd cable etter
i I | ust r&Pes hopsed| iR | 3nsAPRERb Pﬂese&m yndt or distribution hub 68.

In order to ensure stability and high performance of
oscillator 66 hub 68 is installed in an area not exposed
to excessive temperature fluctuations, vibrations, or other
external influences. These conditions are frequently met

15 inside buildings away from windows, doors, or other
openings, e.g., in basements. In addition, the preferred
embodiment employs as oscillator 66 a temperature-
stabilized crystal oscillator. Devices of this kind can
achieve stability figures of about 1 part per million and

20 are commercially available. The frequency of oscillator 66
will be discussed below. -

It should be noted, that only one referehce oscillator 66

is used in system 50. Thus, any element of system 50 in

25. need of the tone from oscillator 66 can be supplied with it
through lines 708. In this case, one of lines 70 connects
oscillator 66 to the other input of comparator 64.

The output of comparator 64 is connected to a filter 72.

30 A suitable low-pass loop filter is well-known in the art
and can be constructed from commercially available
components. The output of filter 72 is connected to the
control input of oscillator 58.

35 In the‘preferred embodiment system 50 has a summing element
" or adding device 74 connecting one of lines 70 to low

14
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signals and their bandwi dths. In particular, the dowm- conversion of RF
signal 12 f wo®m@sMandwi dth 30 yields an | F signal 32 contai F&F¥§77/46920
transm ssi on bandwi dth 34. Transm ssion bandw dth 34 ranges fromO to 100
sMHz; which 35 is typical for |ow bandwi dth nedia comonly installed in

- building structures. 12 WO 97/ 40590 R .

PCT/ US97/ 069mdrei dEhi ngeBawm t 60F| G Device sT4naam2 comlings Aigrayls

- through nediiyead? ckBvelitiPientaegh | ABatlmSidE whtHehhiealddl dyosar oken
-line. Site 36, 1s usually a room5 .inside a&bwclggl‘%nég%s}%ruct uri oI sSopg ot her
 area in whi cHERRLoR R CRR TRy S19nal (BredyeRd (% PTELIART 92 s
-recei ved by pewifgtdpaide IE psrifoimingt khibeopedationsarée| webl-Khown
up-converts JF signal_32 to recover original RF signal 12. Then, a renote
ant enna 22 |J§1Lf§é%% tore-transmt RF signal 12 in renote site 36. As
outlined in the background section, distribution system 10 and ot her

rel ated pri art 4. & bidi tys || lgaf ofs 20
and 40 (unl celgts éer%%géﬁgﬁg%sm +g$%§s CJarlr eyhgédl)?scilr\le%%ﬁlgi éf‘%ﬁi %tion

system 50 acksmiated e e Fhlksr i th andl Ehdvsesrnd @ixzen B8R ds Fhiker

di sadvant agezg n pihs5i 8P| Srandeef fi8ghlvpakB@NNebr AfeldctiAgPrd Olspidi gxa@npl e,
system 50 haéra mai n oL base 20 ant egna 52 whi.ch receives RF s naIG%Z.
Antenna 182 iFBIRRSY HFEY GREORRERRLE: FEATSTHEteR Chroual, 19%abl e

The output of filter 78 is connected to one of the inputs
of a phase comparator 82. The other input of comparator
82 is connected to the output of a frequency divider 84,
analogous to frequency divider 62, which, is connected to a
15 second local oscillator 86. As before, local oscillator
86 is a voltage-controlled oscillator which produces an
unstable RF reference tone. The output of comparator 82 is
hooked up through a filter 88 to the controlling input of
oscillator 86.
20 :
Together, oscillator 86, divider 84, comparator 82 and
filter 88 form a phase-locking device or circuit 90,
frequently also called a phase-locked loop (PLL). In fact,
oscillator 58, filter 72, comparator 64 and divider 62
25 . also form a phase-locking circuit 92. Both circuits, 90
. and 92, are analogous in construction and operation, as
will be.shoﬁn below. '

Re;note coverage site 76 has a re-transmitting unit 95, in

.30 this case an RF antenna for re-transmitting RF signal 12
from mixer 80. Proper positioning of antenna 95 at site
76 to ensure RF coverage will be determined by the persons
installing system 50 on a case by case basis.

35 During operation, main antenna 52 of RF distribution system
50 receives RF signal 12. As indicated in FIG. 2, RF

15
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or any other |ink capable of transmtting RF signal 12 wi thout undue _
di stortions,wD®7808900f the inputs of a first mxer 56. The tBQEUSH7/06928 ce
sel ected as nixer 56 can 25 ‘include any suitable single ended, bal anced,
doubl e- bal anced, doubl e-doubl e bal anced or other mxer. A first |ocal
oscill'ator 58, preferabl y a voltage-controlled oscillator (VCO, is

-:___-'--connect ed tosag@'alieﬂﬂl AU conftadinesy 156 RF b&mmmmdh:bng&dgum& 89|4ch as

:oscillator 66. As shown, oscil| ator

*.10 base T ca ne | e i e
. shi el ded cabPﬂH‘% p%/eérﬂ %FQ Vﬂr{ rééfﬁ%efo%)vb gr%? {Rﬁunss néfdl ng CR8di um
i s connect edbedonige tsut ptbesf Rﬁ )@@fn%d@m | fapendiagi on wheatypeaof

| ow-cost deviceamnpiichri¥n35 Thed!,! R eAHRAath 405Lakl seREeléE%tean%%o}none
One out put of .oscil | at or 58f| S conn%ct eéjw 81—.@ xer 56 and_anot her WO

97/ 40590 5 the group o S pia$ 97/%@20%&%%&%61%
to a frequencpmihund&:faﬁionsThe fapedilas of dtéuéq:méﬁyi S fqld‘ééjled Ry any

f di | ' | e .of. dividi th dt
by_an 1 nt egefonmBiRbhe, SEEEL ORI R, Stkadtive BB npu
of a phase’ cmep]a-leatwdm Bighaliid vatmr kvecal areawsldtuviorke) iandhehert .
The second i ARyl of m&&etéélgéleoeas%h% hatdl] Wplai £ EﬁSE%eRF

" & separa
housi ng i t bandwidthsudisonthab esreyn %ehlgbeé’ns%h@nst%¢$mysah§nh| gh

: _-perfor mance Bandwidth 34 of medium 60.

Antenna 52 delivers RF signal 12 via communication link 54
to first mixer B56. Meanwhile, phase-locked loop 92
15 delivers a first RF reference tone 96 (see FIG. 2) of high
stability to mixer 56. According to known nmixing
techniques, first mixer 56 responds to these two inputs by
generating an IF signal 94, or, in other words, down-
converting RF signal 12. The result of the down-
20 conversion--IF signal 94--is shown in FIG. 3. In the
present embodiment, IF signal 94 has a narrower bandwidth
(894 MHz - 824 MHz = 70 MHz) than transmission bandwidth 34
of medium 60. In fact, IF signal 94 only takes up the
bandwidth from 24 MHz to 94 MHz. The actual bandwidth of
25. down-converted RF signal 12, i.e., IF signal 94, can vary
as COnditiohed'by available in-building infrastructure. At
any rate, sinée the ocutput of first mixer 56 is connected
to. medium 60, IF signal 94 is transmitted or fed through
medium 60.
30
The down-conversion process itself depends on the stability
of first RF reference tone 96 supplied to first mixer 56,
and the former usually depends on the stability of first
local oscillator 58. In this case, however, the output of
35 oscillator 58 is a first RF reference tone 96 of high
stability. This result is achieved in several steps with
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oscillator 66 hub 68 is installed in an area not exposed to excessive
tenperature fMWRI¥MMons, vibrations, or other external influerREEUSITINERS
.conditions are frequently net 15 inside buildings away from w ndows,
doors, or other openings, e.g., in basenents. In addition, the preferred
- enbodi ment enpl oys as oscill ator 66 a tenperature- stabilized crystal
. “oscillator. Detheedigt ahithqiremaindgrhiody ohasmilogking goizsust ownd

part per nillignobad 28fepeAceOBERECtIaLby gBailable. "The frequency of
oscillator 66 will be discussed below. It should be noted, that only one

reference oscillator 66 is used in system 50. Thus, any elenent of system
50 in 25. needFafrsthe asonel Xusinrased | iat BIGE6 5agn dise sobyisdl wotikput of

hrough | i . | §aC ) ' nects oscillator,.66 to
:héog?herl?ﬁ;uégg%lggﬁégL§PogﬁgEh $%eg%uP%%$%5ﬁ%Cgﬁg§?§ﬁ5ﬁn§$iF?QEJﬁﬁééf%d
to a filter 72feQOt°Aﬂmﬁqu§MQ¥Idﬁv#ﬁs&_ﬁ?iﬁ)ThepjgﬁfsemelElhna?atﬁnntbé
art and can be tggct A oX ] a o]

out put of filttgggg ?g,é%ﬂngéﬁgﬁ to the cpn??oﬁﬁ%ﬁﬁufﬁbé osc?ﬁ?dﬁgfsgg&EES

In the preferrédeONEBFLHREt sPIVEARE0 6kl SekmiAgddvddenttane 298 by an
devi ce 74 conngatieferon® Odetivesanl urkdapid 4TF r¥Be®éht@>Ybne 100, as

R L
match closely the frequency of a global reference tone 102
generated by global reference oscillator 66 residing in
distribution hub 68. Also, unstable IF reference tone 100
as well as global reference tone 102 are contained within

1s transmission bandwidth 34 of medium 60.

For most reliable operation, global reference tone 102 is

in the middle of the bandwidth occupied by unstable IF

reference tone 100. Furthermore, it is preferable that

20 the bandwidth of IF reference tone 100, and consequently

the frequency of global reference tone 102, lie outside

the bandwidth of IF signal 94.. This configuration avoids

any potential interference between IF signal 94 and

- reference tone 100. In FIG. 5A the bandwidth of IF

25. reference tone 100 is below the bandwidth of IF signal 94

_and.centers around the frequency of global reference. tone

102 equal to 8.0 MHz. Of course, these figures have been
selected for demonstration purposes only.

30 Phase comparator 64 receives at its two inputs unstable IF
reference tone 100 and, through line 70, the highly stable
global reference tone 102. In response to these two
inputs comparator 64 generates at its output a first
adjustment signal 104 representative of the phase mismatch

35 or difference between unstable tone 100 and stable tone
102. Filter 72 clears adjustment signal 104 of high
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signal, in this case the signal produced by oscillator 66. Devices capable
of perform nywadwaessper ati on are well-known 5 in the art. At 2CTAIS9T/66920
coverage |location or site 76 medium60 is connected to a filter 78 and to a
second m xer 80. Filter 78 has a pre-set band-pass for selecting a specific’
10 frequency fromthe signals tranpsmtted through_ nedium 60. The out put of
cfilter 78 is fEAMMRNEd POiGfe ANEhensHERSs BtaRlphb¥e ofonphe afsedbrckine
“other input dfodppmpaFAdmr £8Lcés TRNEA§LSEmbALT B\%ﬁﬂaupum%a%sfersewm

di vi der 84, anal ogoys to fre%gn%)é_Fdl Vi ger 2, Iﬁ& IS connected to a 15
second | ocal SETIP4t RSt Sfe, 1PG8 OSELLLaFEx 888j-s gThere,
vol t age- cont ramdjuectresyt |€ignal viio4 hi ook a0 dinerahatd ate- gsfidriatcieort one.
The out put of Jregﬂ}é%@; P up through a filter 88 to the
controlli %g ifnp 0 O?éﬁl ﬁ%adt%‘rﬂgg&e§g'mget her, oscillator 86, divider
84, conparator 82 and filter 88 form a phase-|ocking device or circuit 90,

frequently almpmal @ the msadRok ek daw dfPighasd-1ddGing SGidiat ¥2,58,
filter 72, conpargtor 64 and divider 62 25_alsg_forma ghase-l ocki ng
0

.circuit 92. ING TR Y gpF JhHL1TDIng, e aREFS4dBECFNS80AS: PRETAMethd
operation, asdidindsushywisbagotheRemrye DRI 0F16bAE Fefbaende tone

LI U Shig) B 0 BRI AU (e ST L,
ensure RF cowsicigdatior S8 igetforgedetiobgentraper finst i RB tzd fidranasy dtagme 50
on a case by gg@SPr DRSYR- stability. First mixer 56 takes advantage of
' this high stability reference tone 96 to produce very
accurately down-converted IF signal 94, which is then fed
15 through medium 60.

‘In the preferred embodiment distribution hub 68 is
connected to summing element 74, which interfaces with
medium 60. Thus, global reference tone 102 from

20 oscillator 66 is delivered to summing element 74. There,
IF signal 94 already traveling through medium 60 is
combined with- global reference tone 102 and sent through
medium 60 to remote coverage site 76. No undesirable
‘interference is created between IF signal 94 and tone 102

25 result, since their bandwidths do not overlap. In this
~manner, global reference tone 102 is efficiently forwarded
to remote site 76 through the same medium as the useful
signal. '

30 At remote site 76 filter 78 retrieves global reference
tone 102 from medium 60. Meanwhile, IF signal 94 passes
through to second mixer 80. Phase-locking circuit 90,
operating in the same manner as phase-locking circuit 92,
uses tone 102 to stabilize the output of second local

'35 oscillator 86. For this purpose comparator 82 produces a
second adjustment signal 106 and delivers it through

18
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35 During operation, main antenna 52 of RF distribution system 50 receives
RF signal 12. woswdosséi cated in FIG 2, RF 15 WD 97/ 40590  PCT/US97/06920

PCT/ US97/ 06920 signal 12 is contained in RF bandw dth 30 ranging from 824

M1z to 894 M—Iz In practice, however, RF signal 12 can beI ong to other RF
bandwi dt hs, dependi ng on the type of commynication. RF ba gWI dthn30

~.can- be sel ect L fheym 88t Heo gFBEp M RFObakdaidt 1RE u§§61 g

- scommuni cat i ONgyuLpuRO'oH %%’i:llltdiicﬁpWBQeneﬁéE@é stdﬂ:}.élmw‘éﬂmfem tone
. satellite tel eV| SI on, interactive nu

deo h bitzrate | ocal
area net wor ks 9&nd Mizer; &9 ﬁ‘ﬁ@scr%ﬁaalélf%n%gt |%e¢%’é%?% gﬁé\eiaoséyttﬁl YRThese
RF 10 bandw d:tdiﬁrers; tirtsiidieyl @4 dndhsscdvean RF anignals ik wittidwiiiimal of

medi um 60. _Ant en i RF aI | |4 %é
first m xe? 56+ gnaal\}le%ir%‘\ﬁrig rEio %phas%{?q{(}cke%% %@%ﬁ%s ngﬁ tPRF
reference tonéZQ@r(dser@-ltII@nSmlt@f it g'-lhrs?tlmqutt piteo 7@i-xer  56. Accor di ng

to known m xi ng techni ques, first m xer 56 responds to these two i nputs by

generating an |F signal 94, or, in ot er rds, down- vertjn
signal 12. SHREBsHG dF (HRRF oWl CW) R r SHnRF I @W‘g?ﬁonl Jn .
shown in FIG lﬁuldl@lgtsh%nla @‘th&fr em:bndrcueats ubEngi @Rkt Hdg Nbow doaredw it

_ bandwi dt h 894 ?2:& %/%%1 han .ty ansm éﬁl on b%ndvm dth 34 of
nedi um 6021 s? S?gngpnygn the em resources

are ba51c Only one cost 1ntensive oscillator, namely
global reference oscillator 66, is required to ensure
proper up- and down-conversion o¢f signals in this
arrangement. The other essential elements are simple, easy

15 to install, and generally low-cost. In fact, voltage-
controlled oscillators, such as oscillators 58 and 86
generating stable reference RF reference tone 96 at 800 MHz
using 3.125 MHz as global reference tone 102 can achieve
high stability at a very low cost.

20 _ |
The above embodiment is very simple and serves mainly to
demonstrate a few fundamental aspects of the invention. A
more practical RF distribution system 110 according to the
invention is illustrated in FIG. 6. Corresponding parts of

25 . this embodiment are designated with the same reference
numbers as in the first embodiment.

Communication link 54 delivers RF signal 12 to a main hub

112. Housed inside main hub 112 is first mixer 56 and

.30 first local oscillator 58. Divider 62, comparator 64 and

filter 72 are connected and operate in the same manner as

described above and are also housed in hub 112. In fact,

global reference oscillator 66 and summing elemerit 74 are

inside hub 112 as well. 1In this manner, all elements

35 necessary to convert RF signal 12 to IF signal 94 are
arranged in the same compact unit. '
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bandw dth from 24 MHz to 94 MHz. The actual bandw dth of 25. down-converted
RF signal 1wo9u4s9 | F signal 94, can vary as conditioned byPEFaISOHELIZ0

in-building infrastructure. At any rate, since the output of first mxer 56

i»s connected to nmedium 60, |IF signal 94 is transmtted or fed through
'~ nmedium 60. 30 The down-conversion process itself depends on the stability
«;of: first RF reference tone 96 supplied to first m xer 56, and the forner

~usually depeg Sdip2ho! [ﬁﬁé{,é@# 7 A EbhAbcka@alePSEhLLE! Aowthandiliblhs

' case, however OSCI at or is a Ference tone
96 of high scablest 9-14Th|‘shl@buﬁrel Fontad e Fheé§vé’ﬁélpeﬂtéﬁse WFeRo1 8

?'¥ﬁ>97/40598 covera e Sﬁtei 116, 118, %%0 PhasEﬁjib§31b96gﬁﬁréﬁff§Ld of
g e renmai nder _of p e-| oc n C|rc i an 0 efer oscill ator
66, Firstd at244 u!&r“at ed4 Sk S'Fﬁesorg&gén'a i&f{putarb‘? g sctffat or
58 which is aameete@lm%éaiaﬁemﬁmmﬂaapam thef sameefiapcdionger |
62. The i nheren | uct 9 \Y; n ad of
possi bl e freﬁﬁe%&lﬁl uﬁ v?%%rc%%gﬂgt gt tor?d{“f\;gdérervg% %ﬁ%&%ulﬁ%{’gger to
derive an unstabithexr wards encdrevhts1d@2 ast24, 326wand IRiliterstB28ed
that unstabl g3pF ra&i&rsa&ee%f’gswl%bdwtfamshgs%%é Ngale capaCY 29f0 acgl-obal

- reference tone 102 "gener at reference oscillator 66 residing in
: 10 filter out globa reference signal 102 and use it to

produce a stable second RF reference signal 96.
Furthermore, each remote site 116, 118, 120 has its own
second mixer 134, 136, and 138 for recovering RF signal
12 from IF signal 94. After recovery RF signal 12 is re-

15 transmitted at each remote site 116, 11.8,'120 by a
corresponding RF antenna 140, 142, 144.

Distribution system 110 is more compact and practical in
some applications by virtue of using one single hub 112.

20 Of course, the construction and location of hub 112 have
to ensure that the internal elements are protected.
Especially global reference oscillator 66 has to be
isolated in a manner to ensure stability of global
reference tone 102.

25.-
FIG. 7 illustrates another RF distribution system 150
according to the invention. As in the previous
embodiments, RF signal 12, received by main antenna 52, is
delivered to first mixer 56 to be down-converted to produce
. 30 IF signal S4. Global refe:enée oscillator is housed

separately in a distribution hub 152. From there global
reference tone 102 is distributed through links 154 to
network hubs 156 and 158, and to phase-locking loop 92.

35 Network hubs 156 and 158 contain multiple summing elements
74 which allow one to launch global reference tone 102 on

20
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Gi stribution hub 68. Also, unstable IF reference tone 100 as wel| as gl obal
ref erence t onWOL9/Mo8%0: contained within 15 transm ssion bandwRETUSH/06920
medi um 60. For nost reliable operation, global reference tone 102 is in the
m.ddl e of - the bandw dth occupi ed by unstable |IF reference tone 100.
Furthernore, it is preferable that 20 the bandwidth of |IF reference tone

~:100, and consdepr¥it [how hbamdwidtity aablesbA6¢ ef erBmcSacsne ¢ableki 6160

5"‘i"-0UtS' de the baétﬁ’i&é'iéu@é & ﬁé%@&]@‘hsih' S @éﬂéguﬁ.%h% aV%@i asfz‘i/ewed
potential interf between |F signal 94 and reference tone .
FIG 5A the baARAFRFRISACIY, sEOTefer reReorkeo whidel @bk mahﬂeﬁﬁmléph

- of IF signal %ommdeweniess AeewddksherithemueRCUsE MDEEs redsresssringe

102 equal to %:hez.'\éHzceq course, these figures have been sel ected for
dermnstratlon purpose e‘?ﬁsy 30 Phase conparator 64 receives at its two
I nputs unstable IF reference tone 100 and, through lI'ine 70, the highly

st abl e gl obal fetL e o] 0 'eﬂlbf t
-conpar ator 64 ftgni;ér a%‘ié%a%t E?toé gﬁ%Sut ao rst aé"t th %.S%éz}%ﬁ%?&yogystem
representati vetd9 e FheseiRvension 3§anorb%ll a&am bet ey @wisiblrg

tone 100 and sHiadiberk OBE r | ear [
hoan 17 S e} 0 88 192 buildid$ cables! ars, agh el 88L S %89%%6920
fr equency Hoi ¥ enthPes RELHRXK  FiRT (PREVWRERLAEKbFaBSh menwark (b5 72

adj ustnent si gneitdd4 fpassésstpibheing RF signal 12 according to the
invention. In addition, links 154 do not need to be part
of the network infrastructure if other media for
distributing global reference signal 102 are deemed
15 convenient by the system designer. For example, global
reference tone 102 can be distributed through fiber-optic

links, or AC power lines.

FIG. 8 shows a particularly advantageous aspect of the

20 invention. Two remote coverage sites 170 and 172 have
corresponding RF antennas 174 and 176 for re-transmitting
RF signal 12. As in the above embodiments, IF signal 94
is fed through a low bandwidth medium, in this case power
cables 178 and 180. Units 182 and 184 contain 'all the

25. elements discussed above necessary for recovering RF signal
‘12 from IF signal 94 according to the invention.
The RF coverage areas of sites 170 and 172 overlap. The
region where this happens is hatched and designated by

. 30 reference numeral 186. In general, overlap in coverage of

adjacent sites is desirable because it guarantees complete
coverage. A user equipped with an RF receiver {(not shown)
and positioned in region 186 will intercept RF signal 12
from bpth antennas 174 and 176.

35
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control input of first local oscillator 58. There, adjustnent signal 104
Is used to Woensasse the oscillation 5 frequency of oscill at gCcTBs970be2ok s
to the feedback nature of phase | ocking -circuit 92, the fine-tuning or
timm ng of oscillator 58 is perforned contlnuously using the very stable
. global reference.tone 10 102 as the benchmark. Consequently, the
" output of os&nl pmior 88ti sybStemedthe deustaitid iftyr of Rbcadf esedddators,96 of
.hirgh stabili Figest e ta his

) b¥enFidss hm_:;§ gual 13k Sgepeiag! aundlyd N Jﬂta@tg SERRELERYy "

eference to e 6 to

» e very acc rate OW1- CONVEr
which is thefit 8?5‘ t&’ﬂ%ﬁ%ﬁ e R ohb %.ﬁﬁﬁma

di st] ri bgt i on19abaad lt&ze:cgmtmd éi)gﬁamtmng a&lﬁrﬁﬂig 7&0%&&1&&&9&%095
WI 1 nmeal um

3 | f 2 'l at
66 is delsive?g& Sy FRET ust?@yg ¥ erﬂef:eerrrﬁ ?:gzp:. '];yg 0,9.,-4 %Imré%ﬂiosc' at or

-~ traveling thcnaghesednuaud&ble beahlﬁeéquehhygloBéblaeEebemﬁg hﬁﬁeyiﬁ§ and
sent through tog r undesir
i nterference ?gg%ég%ggﬁ bet BYFgé?E%g%rgﬁ %Poﬁgelﬁgnygrsﬁg§ﬁptln5|nce
thei r bandwi Bhescasenet @ﬁ&qnh9nlqrﬂqmmunxm#MEQQSQIUhatbeetefeaqeencye 102
i's efficientbynf ofdaieegné OFmsd®lsn Mg eofﬁcﬁé"étmztl@alsf’&%ﬁ.gsﬁ@h'e gagt he
r

useful signal. 30_At renpte site 76 filter 78 retrieve et erence

tone 102G r ohPFEARNAPEFPUREMAiSIgnaYs i JRal 9%‘5%%%%%°¥h$ﬁ%§ﬁm§ou§ééond
m xer 80. PBasedatekitpns feni tafl exgariodndy hilghBe HANE BBl rddes

Fgng--l ocKki “QBEH cgﬁé gghe#sgegé é}%glerfft tabr | 1ze the output of second

Fortunately, RF distribution systems according to the

15  invention can recover RF signal 12 with no frequency shift
at all. Thus, in the present case, RF signal 12 radiated
from antenna 174 and from antenna 176 will have the same
" frequency and not induce any beats.

20 FIG. 9 illustrates an RF distribution system 190 according
to the invention used in a building structure 192. In
this case system 190 is bi-directional, i.e., RF antennas
194 installed in various locations throughout structure
192 can re-transmit and receive RF signals 12. For better

25, understanding, -transmitted RF signals are designated by
12A and received RF signals are indicated by 12B. A main
antenna 196 mounted on the roof of structure 192 can also
transmit and receive RF signals 12A and 12B.

30 System 190 utilizes in-building low bandwidth network
including cables. 198, 200, 202, 204, and wiring closets

206 and 208 to distribute RF signal 12. In this
particular arrangement, wiring closet 208 houses a
distribution hub  210. The latter supplies global

35 reference tone 102 from a temperature-stabilized crystal

oscillator serving as the global reference oscillator (not
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35 oscillator 86. For this purpose conparator 82 produces a second
adj ust ment si gNe@l974080and delivers it through 18 WO 97/ 40590PCT/USI7/06920
PCT/ US97/ 06920 filter 88 to the control input of oscillator 86. The out put
of oscill-ator 86 generates stable RF reference tone 96. M xer 80 uses

. stable RF reference tone 96 to up- convert |IF signal 94 and recover RF

. :$fgnal 12 wit hshowral Prsitgetion sifohuky@10rfnen pxtermadndfblyeness ebs RF
signal 12 and Iggrchir@ds By Sritedd QrI0TOEht BbhCofbc18%8Ee D080 oS tHY!Sground
wel 1 -adapted to_RF distributign in buildings and other structurges using

exi sting | ow b&H@RFdeRI BWAEIERORUERERLNGS TR | 3 HOWkh|Ws WIRAOUS st em

resources are basic. Only one cost-intensive oscillator, nanely gl obal
reference ogcilJatar 6 ks requirced,.tq en e_pr. r & a

down- conver ior#tofé)g?ﬁﬂgl 2’% nnc?t';]eé S:Pta%ng%?sré%??’ fg’ot%‘gp’es&g’ezn‘tigp4 may
el enents are siowmpisticvate 18 pretexistlingndegoroaril whichy e . notn be
fact, voltage- e?&:’étnf I +lds C 11 )s [ @Eﬁ}% -
generating stable r_es?é)regﬁ,ce %Eérlggae)r nggﬁt gine E?g at V}S.%g&ﬁ%fz usi ng %ﬁelZ%eM-lz
as gl obal ref eFONtdnDHMOTIO? EOF LFABIES hi GALILELLPBL y 280, 2202,y 204y xRt .

.20 The above eagidaBel ACSpéREY EhBRLS WRSCEEAVYESt AR ubiguIesnsd¥a 6
few fundanental _aspects of the ingvention. A g‘DI’S Br actical _RF di,strihution
syst em 1_101%(:0&]% RFTUstyRes. The choice of AC power cables will allow

one to distribute RF signals in virtually any environment

without altering the in-building cabling, thus providing an
ultra-low-cost RF distribution network. An additional
advantage of using AC power lines is that the power for

15 operating antennas 194 and any other necessary electronics
(not shown) can be provided through cables 198, 200, 202,
and 204 simultaneously with the IF signal. Of course,
since AC power lines are pre-installed, the designer of the
RF distribution system will encounter some limitations.

20 Indeed, in some rooms the locations of antennas 194 may be
imposed by the infrastructure.

For example purposes, system 190 is assumed to be used for
cordless telephony. " Cordless telephones operate in the 900
25, MHz frequency band and has a narrow bandwidth which can be
. transmitted through cables -188, 200, 202, 204. Of
course, in this application antennas 194 should be placed
?n locations outside building 192 as well (e.g., near a
swimming pool, etc.). ,
30 e d e
FIG. 10 illustrates the most common low bandwidth medium
220 found inside buildings. In particular, medium 220 is
a cable consisting of four twisted pairs 222, 224, 226,
228 or wire pairs. These can all be used for distributing
35 signals for cellular communications, cordless telephony,
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isivention is illustrated in FIG 6. Corresponding parts of 25 this

enbodi ment womhessegnat ed with the sanme reference nunbers asPCRUSHEOPRG st
embodi ment. Communi cation link 54 delivers RF signal 12 to a nain hub 112.
Housed inside main hub 112 is first mxer 56 and 30 first |ocal oscillator
58. Divider 62, conparator 64 and filter 72 are connected and operate in

‘- .tthe same markowalasRE asommieications amshtekl its ctebasisaiom hptagactivef act

0l obal ref eranoa Gaiid Yiledd ANISHTE ROl EMPRAT LML ddiSidiadD 112 as

2 wel | I n thI's “manner, él ement necessary to convert RF signal 12
to IF signal 94 are arranged in the same conpact unit. 19 WO 97/ 40590

| PCE { US9I/1 26%2\/\%@ .Sﬁrrmlng ial ﬁi’?gﬁiazési S SEHEREEEGalla et | Oxnbam@y diky 16
‘cabl es : Ich are , routed to ir respective renot.e coverage sites ,
e 005 RSN CLRR Ve r R, 8D Boco3Bit §h R dhvERITRT, WASE, 35
- 130, and l¥ht&fivaC@Beclied posithiosedeonmtgy afidapdrdintddndne 28#&reto
functions as filter 78.,and_circuyi 0.4 VL QWS odi I t her
. words, circuﬁ’?%ell‘ﬁ,al_:f94,trff€m§'lr#dtﬁf?l?Jégf}é?%S?ﬁ%SégHa% g?32 I oevve%]scz
" ‘renpte site dartsidusg, of20hreelstari nesworiis R38dal 238For AARC SiRRAIPED2 and
use it Lo profyce, ajshebhanaeeondelF srehe ey al. Sheduihirsver, each
renote site , 11381,%1??% _Has |9tseown second m xer 134, 136, _and 38b;‘or
recoveriiig F$38BgnA38C have RF antennas 240 and independent hubs
2422, 242B, 242C for housing the essential components

discussed above.

FIG. 12 illustrates another advantageous RF distribution
15 system 250 inside same building 252. System 250 takes
advantage of a pre-installed private branch exchange 254
(PBX) and does away with a main antenna as the unit for
receiving and re-transmitting RF signals 12A and 12B.

20 1In this_embodiment RF signals 12A and 12B are delivered to
PBX 254 and received from it by any suitable high

bandwidth medium {not shown). Thus, RF signals 12B are
fed by PBX 254 to hubs 258A, 258B, 258C of three star
networks 256A, 256B, 256C.  Then, RF signals 12A are

25. received from star networks 256A, 256B, 256C and ‘sent
back to PBX 254, which re-transmits them via the high
bandwidth medium. '

Since PBX systems are widespread, this embodiment is very
30 practical. No additional cables need to be routed from any
external RF antennas in this case. In fact, PBX systems
are found in many locations and are frequently pre-wired
for indoor within one or more building structures, and, in
some cases, outdoor operation as well. Few modifications
35 will be required to install an RF distribution system

according to the invention in this manner.
24
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12 fromIF signal 94. After recovery RF signal 12 is re- 15 transmtted at
each renote sw@eofdoSse 118, 120 by a correspondi ng RF antenna 148;T/USIZ/06R204.
Di stribution system 110 is nore conpact and practical in sone applications
by virtue of using one single hub 112. 20 O course, the construction and
| ocation of hub 112 have to ensure that the internal elenments are

?;r-prot ected. Especi aI |y gl obal reference oscillator 66 has to be isolated in

@’ manner to ens er Egtl&l‘% lgé[rfég Ogagstem C%Qeeaﬁg%he?:s f%&erx 260

i1lustrates ano lon s ordin
inventi on. agcordinghgo wheyiigerdireni rre?ft §-°WRIba§4th'&Z“e¢§é@l 363. by

mai n antenna 5y tﬁlgebla\é%r %pl x&méiiﬁée@ X¥€bhe?6 op ike GPME CONYERKEELEOa

. duce 30 |IF sign r.ef erence o0s | at or s ‘house
Deparatety 5 n L 4E1oBE: miChapo: 510 or\'\r’t”rfer%“gl‘b‘ba? Q¥eFRAEE 2BALOY02

i's distributeddébeet®r|inles 124 ta nrémlde hghtel587a00d 158 ecads&0 the

; phase- | ocki ng 1 ont S ng
“elenents 74 m{:‘gﬁﬂsﬁggﬁig’nﬁgﬁﬁéﬁﬁgﬁ "1 gce:f %%é%ce one%lqe% 4e¥
97/ 40590 this invention is below 100 MHZFWN?L@BHQOBQZirnnh&éoaﬁz

bandwi dt h Cabl@é 18%ceed N1f &t Cﬁ'ﬂleesaﬂﬁpl@n%to' ldFe Qﬁtc‘fpr%é?gnciaf
Cabl es 160A-D V\ﬂen vi ewed i ndependently, forma tree network
cabl es 1600 renders the embodiment particularly useful in shopping

centers and other structures covering large areas.

Same mixer 56 as in FIG. 4 delivers IF signal 94 to LED
unit 264 via low bandwidth medium 268. Medium 268 may

15 Dbelong to a pre-installed network, e.g., AC power mains or
telephone wires.

Low-cost LEDs exhibit  an excellent response at 1low
frequencies, in particular within the transmission
20 bandwidth of medium 262, (<100 MHz), and no response at
higher freguencies, e.g., 1 GHz. Thus, LED unit 264 is
well-suited for feeding IF signal 94 through medium 262.
Conventional optical systems use lasers and single-mode
optical "fibers, both of which are expensive, to send
25. signals at various frequencies. This embodiment is véry
-Jow cost in comparison with conventional systems and very
efficient in the desired frequency range. In support of
this fact, FIG. 14 shows the results of a standard Two Tone
Test for LED unit 264 operating at 1.3 um and 1 km long
30 cabie 262. '

Finally, FIG. 15 shows an advantageous addition to a
portion of a system 280 according to the invention.
System 280 uses a summirig element 288 for adding global
35 reference tone 102 to IF signal 94, as discussed above,
and feeding both through a network 290 consisting of low
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formtwo star. networks with hubs 156 and 158 representing 5 their centers.
It is clear woomsashé s enbodi nent that distribution system 150@CIUSIHTH6920

i nvention can be adapted to any existing network of in-building cables. In
particular, any star 10 network, tree network, ring network or branch” )
network is suited for distributing RF signal 12 according to the invention.
n. addi t i on, bandwidtB4cablest 286ed Twobstpadardf ampbifitevier R82nands@Bdct ure
f . other Wdf@r“&ﬁpf‘iﬁﬂh&%i&ﬂaﬂé Whirr?ft?fﬂﬁﬁs%h%aF guar'cﬁ dgeged 15
.conveni ent by the systemdesigner. For exanple, globa erence tone 102
“can be d|strFBE?%ﬁt?ﬁrBBgﬁaplﬁﬁrzﬁﬁt|c links, or AC power lines. FIG 8

. ~shows a particularly advant ageous aspect of the 20 invention Two renote

E_coverage sites 170 and_1 2 have 0 enn nd,176.for
Tertranor (PREIAE OPEHAFiED SRPIIGHE AR Cuihold Ghgnada’ s
fed through - 84| etvilendw ctiatssmlltmsrought bableasespowemﬁ:aiéméds bodh180.
Units 182 an 184 co, al 2 el t | n ry
for recoveri ng %I% sﬁg%al gkﬁ:ﬁFéglzdna 4§agco Q{ngﬁg\fg iggﬁélﬁon
The RF covertgéezeags otoBet e1502_70 @nopqv%o@véhléée&rmrél;iaormmewelilhl s

- happens is ha %ﬁbé@ﬁﬂﬂa deseongied had ampf18rMRIGE NYABNA1sI88c 1dwer
general , over I n gover.age ,of .adj axggt S|tes I S deS|rabIe be&guse It

guar ant s cgﬁﬁgﬁﬁﬁcéﬁ§eﬂégélmﬁ S LYY dhaw ampbitying \BF
shown) and pesedhened sona£lbson Mios W tHe ipteiettpienBbdimenal pdZnteosubot h

antennas 174aand:%1cufarly advantageous method for preserving the
| strength of signals distributed by a system according to
the invention. This ‘“repeater function" <can be
15 incorporated in any of the above embodiments by installing
suitable low frequency amplifiers (éloo MHz) at frequencies
corresponding to the IF signals and/or to the global

reference tone.

20 The versatility of RF distribution systems according to the
invention and its'numeroﬁs embodiments teach a method of
distributing RF signals. Indeed, a person skilled in the
art will be able to glean from the examples glven the
characteristic features of the method of the invention.

25 .
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21 WD 97/ 40590 _ PCT/ US97/ 06920 I n
prior art syswans40sed i nstability of local oscillators, even ofPCI/US97/06920
hi gh-qual ity devices, incurs a small frequency differencé, ~Af-between RF
signal 12 coming fromantenna 174 and the sane RF signal Y] from!
antenna 176. 5 This frequency difference, (typically: alm,mz@!m/j ?”"f)
creates an audi bl e beat frequency. Besi déBABSENng annoying ta@ L

eg by interﬁé:r%]igjély\gith the conversation in the case of tel ephonic
~comuni cations, the beat frequency can inpair_the functioning of the

el ectrical lconbondhisyshep for transRiEs i8gu A BHssigpahl sontadned sin idHRE on

syzt emrs] usgd fo;I %trﬂxfu]gﬂdmﬁfo@?zcan 1©\s:pbahaa§ag,hi f8Qiuki havif@rarates (BER)

~ and ot her degradi effects. rtunately I stripytion.syst.ens_acgording
o the 15 S5 hvent | chsa aston SpnabicEl ke Tou sAth RE PREGELTES, e oy

all. Thus, 4in the gysasmtcomgrd sillig:si gnal 12 radiated fromantenna 174 and

fromantenpa 176 w,l | _h X a e n . ot _ | eats. 20

FIG 9 ill Est r at e\g}an %%%eépﬁpgugﬁgﬁgsgéfe% ?ngkg]élg i d{%dlﬁfo%%eﬁtnvent i on

used in a buil di nd)st euglebeligeferpncehpsceidateystammgpriding said

bi -directignal , |.e.,sggtég;@&Qﬁsalgioba§t§éfggeﬁaev§5ﬂéngfIﬂyggl<3ns

t hroughout structure 192 %%g re-trangmt and receive I gnals 12. For

ve RF s :
 better 25 Bunder st andiStGPLILEYnERi Bt EHCRRSRFY U Ehin Safed i tHaREH SR A and
‘received RB signals abandawddeat ef baid2Bow/ Abandwidth medium;

10 c) a first local oscillator controlled by a first
11 adjustment signal derived from said global
12 reference tone, such that said first local
13 . . oscillator generates a first RF reference tone of
14 high stability;
15 d) a first mixing means connected to said receiving
16 : means and to said first local oscillator for mixing
17 said first RF reference tone with said RF signal to
18 produce an IF signal within said transmission
19 _ bandwidth, said first mixing means being further
20 connected to said low bandwidth medium for feeding
21 said IF signal through said low bandwidth medium;
22 e) a second local oscillator at a remote location from
23, , . said first local oscillator, said second local
24 1 oscillator being controlled by a second adjustment
25 signal derived from said global reference tone,
26 i such that said second local oscillator generates a
27 . second RF reference tone of high stability at the
28 . same frequency as said first RF reference tone; and
29 f) a second mixing means connected to said second
30 local oscillator and to said low bandwidth medium
31 '_' for receiving and mixing said IF signal with said
32 : second RF reference tone to recover said RF signal.
33 '

27
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ant enna lggggg%nted on the roof of structure 192 can also transmt and
recei ve RF 40580 12A and 12B. i zes i n- RETESNG68w
bandw dt h network i ncl udi ng cabl gm ﬂﬂ"mﬂﬂmuw 204, and Wiri ng closets
206 and 208 ‘to distribute RF signal " Sn*this particular
~arrangenent, mnrlng cl oset 208 houses dlstrlbutlon hub  210. The
latter shpplies2gl oFae SESteMiQk cHALnR dnefum'-@eﬂfr eerarisipgrat fivsst abil i zed

. ‘crystal gscillator ﬁayényo@&ﬂ&anéaﬁmaéwfﬁﬁae@,@%o%%%&t g§ rfpot 22 WO
- 97/ 40590 CT/ US97/ 06920  shown) .

. Protecti®n of hub 2%ec?} pseiiiater f9r darivdag §aéﬁsﬁit€atb§dnvﬁtimen6f

locationsof closet 20fnabh fiem gwaidhdyidbal refdraney E6A81 0peni ngs such as
doors or.wi ndows. 5 It should be noted that cables 198, 200, 202, 204 may
constitufe a pre-exi sting network which can not be extensively modi fi ed by
the desiyner w Bhou‘l‘hexmmmeoﬁ Sllaﬂ@utli fyrvbelr. cBoprésingl @, seabhds 198,
200, 202, 204 are t tous even
. BRSELILAG R0 WRlarA M At Ml BeBb e LU LDLGHE

in 10 old structures pomer es W Ow one to
distribude RF si gna]-%c?-:h %‘Hlﬂeﬁt}%‘ éﬁrlﬁéﬁﬁeﬁﬁlﬁn seeondal tering the

in-building cablingaa$hsemei©Vé il Frod idadd gwopast rBEefleﬁéél byhe ON
net wor K. An addi tional advantage of using AC power lines is that the
power . fof 15 operating antennas 194 and any ot her necessary el ectronics
(not shown) can be $éroviedystepugif cdlaliss 31898rtB8H, c@BPrising a

2 summing means connected to said low bandwidth

3 medium and to said global reference oscillator
4 for adding said global reference signal to said
5 IF signal such that both said IF signal and

6 said global reference signal are transmitted

7 through said low bandwidth medium.

8

1 5. The system of claim 3 wherein said second local
2 oscillator is a voltage-controlled oscillator

3 and delivers an unstable RF reference tone, and
4 said second phase-locking means comprises:

5 a) a frequency divider connected to said

& second local oscillator for dividing said’
7. unstable RF reference tone to derive an

8 unstable IF reference tone at the frequency
9 of said global reference tone;

10 b) a phase comparator for locking said

11 unstable IF reference tone to said global
12 reference tone, such that the output of

13 said phase comparator delivers said second
14 adjustment signal; and

15 c) a filter for filtering and delivering said
16 second adjustment signal to said second

17 local oscillator, said second adjustment

18 signal Stabilizing said second local

28
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and 204 sinultaneously with the | F si naI urse, since AC power |ines
are pre-inst A¥Q8H405phe desi gner Hm m:“ mutlon system 97106920

encounter sone limtations. oonms the | ocations of
ant ennas- 194 may be i nposed by ‘t he |nfrastructure For exanpl e pur poses,
system 190 is assuned to be used for cordless_tele . Cord| ess
. tel ephoned%operate in the 90@SSH1IaLPY FB9tHE a %ﬁc?ﬁé ofat r ow
. bandwi dt haghi ch can be transréddiadatidar m@l@racebl £aid188coRAQ0RF 202, 204.
- OF course,_in this applicatiqn antenna 4 in |locations
~out si de ba?lding 192 as wel | ; .?I%EE?H% Wi ﬁ92§8§#f£§? 30 FIG 10
I'l lustrates the nDst common | ow bandw dt h nmedi um 220 found |nS|de

bui I dings.,In par u.g% Mr@@?@mﬁ“_arjhese ca%ﬁgﬂa gbaggtggb{lgggnt Wt ed

pairs 222,224, 2 6 Wre pairs e use

distributi®g 35 signPE h@uswmﬂueé gipbainiafisrense ©5cdldasorel spRbny,

23 WO 94/ 40590 that saxd global reference s1gnal 1sP§¥6U§8360§820
teract mul ti-nedia

| ocal RF conmmuni cati ons, _sat el tel evj
video, or figh bit-rafRifotRFt %‘F g”%t%’r‘is‘f #glré trates

schematicakly yet another RF 5 distribution systen1230 according to the

rocerve and transirt Hhosrorars 45X R o Ui bplg th blhasiteh®

2 medium comprlses a network

8. The system of claim 1 wherein said RF bandwidth is
selected from the group of RF bandwidths used for
cellular communications, cordless telephony, local
RF communications, satellite television,
interactive multi-media video, high bit-rate local
area networks.

9. The system of claim 1 wherein said RF bandwidth is
narrower that said transmission bandwidth of . said
low bandwidth medium.

10. The system of claim 9 wherein said low
bandwidth medium is selected from the group
consistihg of 10 base T cable, telephone wire,
fiber-optic cable, unshielded cable, and power
cable.

11. A method for transmitting a RF signal contained in a RF
bandwidth over a low bandwidth medium having a
transmission bandwidth below said RF bandwidth, said
method comprising the steps of:

a} receiving said RF signal;
b) providing said system with a global reference tone

slmthNHmmshw.wr—-astHQQ\w#-wwn—-w

of high stability at a frequency within said

28
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eonsi sts of G itar net wor ks 238A, 238B, 238C, one per flggn!s

i ndi vi dual IV&*}UJ? om ant enna mnzummmauuﬂ lmsA, 10 238B, R0

antennas 240 and i ndependent hi JAMR42C for housing the . .

essential conponents di scusséd above. FI'"G *12"illustrates another

advant ageous RF di st s QI 5 50¢1 NS ld Jng 252.

-jZEWsten12§0 t akes ad&%ﬁ?%%%%%%%g B?éé%%gFél ng%%gsgﬁgqﬁygﬁéﬁﬂggchange 254

- (PBX) and@ does away MEidMME mai n antenna as the unit for receiving and
re-transg tting OF YehddlatihgPadhdrseBrr2Pekaritis GHOUMNIGHRF Signals
12A and 12B are delivered.to PBX 254 and_received fromit by any suitable

hi gh baridwi dt h nedi &rFFHJrﬂtlté’h PSinghfsEiRet spdiusinents sidmaled by PBX 254-

'to hubs 1|258A, 258B, d&fitredf f&bmefaiﬂaglabhl\ofkﬁefé%k élﬁ{ﬁ?:,to?i%trol'rhgn,

RF signal,s 12A are r lye [ O r.networks, A __256B 6C an

sent bacR to PBX 25i:?lev\ﬁﬁ%ﬁm¥e_-gf"r 3nglﬁ?%§ }ﬂ‘é#e?%c*ﬁ%%ﬁ@h %%ﬁh _

medi um 18i nce PBX syatidndixst Wodedpesailllatos gereh tentsadisl fdmrst36F

practicgls. No addi&%&@&gnggbkgﬁeneed to be routed fromany external RF

antennas in this case. . In fact, PBX systems are found in many |ocations

~and are ¥requentdly puxipor eaifofiraboBF weferenemctane nuith Isaiildd REg

structurgs, and, insIQHRAICRSEBro@Utdoqh BPEE AN WiV saileEW

nodi fications 35 will be.reEU|rSgnﬁ§.|gﬁgall an RF distribution system

accordi mf to the i nFERBSEHSEAPH RAER? 24

: 19

e) feeding said IF signal through said low bandwidth -

20 medium;
21 f) generating a second RF reference tone of high
22 stability by using a second adjustment signal
23 derived from said global reference tone to control
24 the output of a second local oscillator, such that
25 - said second local oscillator generates said second
26 RF reference tone; and
27 ' g) mixing said second RF reference tone with said IF
28 signal fed through said low bandwidth medium to
29 recover said RF signal.
30 _ _
1 12. The method of claim 11 wherein said global
2 reference tone does not overlap with the bandwidth -
3 of said IF signal.
4
1 13. The method of claim 11 wherein the frequency of
2 said global reference tone is below the bandwidth
3 of said IF signal.
. _
1 14. The method of claim 11 wherein said RF signal is
2 received at a base station and fed through said low
3 bandwidth medium to a remote coverage site.
4 ]

30
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WO 97/ 40590 - - PCT/ US97/ 06920 FIG 13

A Low band o wearam 265 1 nl AUNEREMERE I 78t ot ¢ cante

connects -a 5 LED (Light Emtting Dod®) 'uni® 264*to"a | ow speed anal og

~ detector 266 at a renote site 270. Because the transm ssion bandw dth
.- of optic cable 2621Eedrhe evethod tdf sclaireril whareipeisedd18F Flgmaie i8engt h
of cable 262 can exceegodolqla J% Fddiy AR <AEhakLRAER: Leea

renders the”enbodi ment™particularly useful in_shopping c%nt rg .and other
structures 2overing | akged dpase . sEHOR Shefoush £8id, lewcbardyddthers | F
signal 94 tg LED unit gRéd4iwha | ow bandw dth medi um 268. Medium 268 may 15
belong to a_pre-installed network, e.g., AC power nmains or telephone wres.
Lowcost LEDs exhibit an excellent response at |ow frequencies, in
particul ar 1wt hi n16t hEhetmatisod sef oril&in Hdin didiettelinofsarhdd REmsigdal( £800

MHz), and nQ response gt _hi. r | £8, o . . =D uni t
264 is well §)sui ted forg?agﬁtﬁﬂgé?é’ (g\?%’]ﬁg#éﬁi ]t‘ﬁ”r oug d%r%e Pum ?g'gm b
Conventi onaB optical sdsrentiomallvisers and singl e-node optical fibers,
both of whigh are expensive, to send 25 signals at various frequencies.

This enbodinent is very |low cost in conparison wth conventional systens
~and very efticient 17n %‘h@ Beshed oF r%‘q?rghc]yl r"g}ﬁf@u’l FadhSr tSJ'HPaﬁ'hils? fact,
" FIG 14 shows the resukinglfiedsiteiliarshdsing ataroledi shdd bk bantdwidth
operating at3 1.3 um angl\eéigﬁn |l ong 30 cable 262. - .

4
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Finally, FIG_15 shows an advantageous addition to a portion of
280 accor di ng"PIHPE0 nvention. System 280 uses a sunmm ng elengﬁﬁngég&%%}

addi ng gl obal 35 reference tone 102 to |IF signal 94, as discussed above,

and feeding both through a network 290 consisting of |ow 25 WO 97/ 40590

- PCT/'US97/ 06920 bandwi dth cabl es 286. Two ndard anplifiers 282 and 284
o for anplifying signals within transm ssi andwi dth 34 are connected to

~cabl es 286. 5 During operation.anplifiers 282 and 284 anplify |IF signal 94

“while it passesqphrough cables 286. If desired, both or one of anplifiers
282, 284 can al amplify gijgpal reference tone 102. A person skilled in
frequencies is si and | ess¥¢ostly than ampli¥ying RF frequency
~signals. Thus, th
advant ageous net{fod
Ssystem accordi ng
- 15 incorporated in
frequency anmplifi
si gnal s and/ or 60
di stribution s} t &
~enbodi ments teach

18
Y

the art will applﬁ:tej the fagt that anplifying stgnmats-at-tower-40G----==- HEE
e

e invention. This ™“/Bgeater funcP\QQTT can bei
I# the above enbodinents installing surtable | ow

(<100 MHz) at frequencies coyrespondi
€ global referegge tone. 20 The versatili of
according to the invention and its nunerolis 42
t hod of '

38
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di stributing RF signals.

| ndeed, a person skilled in the art will be able

to gl ean fronwidwrexsmpl es gi ven the characteristic features of PEHUSHEAMIY
25 26 WO 97/ 40590

RCT/ US97/.06920 CLAIMS W claim 1 1. A systemfor transmtting a RF signal
2 bandw dt h over 3&* w bandw dt h medi um having a 3

of the invention.
contained in a RF

"~ conprising: 5

a gl obal reference tone of high 8

said transm ssion
c) a first |ocal

?_Lransnission bandw dt h bel ow sai d RF ban

said 4 system

a) a receiving neans for receiving said RF signal; 6
b) a global reference oscillator for providing said 7 systemw th

9

oscillator controlle

b tEN
signal derived fromsgigl gl obal 12 %0 reference t one, such%ﬁés.sald

statnﬂ"ry'?ﬂf’é'TT?&ﬁﬁé?ﬁif’ﬁif?ﬂ’ﬁ'
bandwi dt h of said ljow bandwi dt h negh um
y a flrét 11

first local 13 oscillator geflerates a hlrst RFﬁgFference
14 . hi gh stabilgty; 15 A2¢ a flrstln1X|ng a d tq95
said receiving 16 means anl to sm(ﬂﬁlre N
m xi ng 17 | irst RF reference t W to 18
produce an | F signal in said transm ssion
52 ! | 86 oo
54 5 J |
56 , ] 1
] ! > Iv84 |FILTER
2o /,\’7\,58 60 szq >—§6
N 7 60 ! 3
FILTER | 62 V1= LR _| 90
- X }—7//———{FILTER
ﬁl—ﬂ< ..
104 64 -~ 70 L e i o e o s e e e 0 e e e e e e et
92 68 A f\J . 66 | FI G. 4
E70
10244 h_100 96 _,1 98 |
- T ' _ ) T /
0Hz | 24 MHz 824 MHz
8.0 MHz FIG. 5A
102 A /
0 Hz 24 MHz 94 MHz 100 MH:z

8.0 MHz FIG. 5B



19 ' b ' said first mxing nmeans being further 20 ]
connected to igﬂghﬂBQWbandmﬁdth nedi um for feeding 21 PLTSOF06920

signal through said | ow bandwi dth nedium 22
oscillator at a renote |ocation from 23

e) a second |ocal
said first |oca

. oscillator, said second |ocal 24 $gaglllator bei ng controlled by a
second adjustnent 25 signal deri fromsaid gl obal reference
“=t'one, 26 such that said second |ocal oscillator generates a 27
. second RF reference tone of high stability at the 28 samne

ﬁ'frequency as said first RF reference tone;

. means connected to said second 30

- said second

74 60

661 -
S
114
114
VA |
1147
120
R A ]
126 :
N E
‘12 |PHASE-LOCKING | {
,C’ CIRCUIT :
t
— | }
—7 132VFILTER | !
i s
144 :
138 E

m@n’aillgrom s Ld _global reference tone.

V74

and 29 f) a second m xing
| ocal oscillator and to said | ow -

bandw dt h medi um 31 54 fpr receiving and |ng said IF signal with
"sald 32 second RF r rence tone to er sald RF signal. 33 27
WO 97/ 4059 PCTYS97/ 0 The system
‘claim 1 fufjthercamprising a flrst 3 phase Iocking means sw ¢ ched
‘before sai 4 fi FFIBTER R\ 72! pcal {scillator fqo.derjvinasaid first2 ____
adj ust nent {4 s-=tjnal ffopnsdid global geference tone. 51 3.
‘The systemjgiq Flaim 1 fudther EoHprilsing a second 2 122 phase-1 ocking
means swit¢h bef 68 se 3 cal oscil jpator for deriving

PHASE-LOCKING| 19
CIRCUIT U

FILTER[ 128 Q

{
A

PHASE-LOCKING| 19
CIRCUIT 5\

FILTER [ 130 Q

S




51 4. The systemof claim3 further conprising a 2

summi ng neans WOH40$%d to said | ow bandwidth 3 me dF GHPSHP69Z9

said global reference oscillator 4 for adding said gl.oba

‘ref erence signal to said 5 ' | F signal such that both said IF
- signal and 6 sai d gl obal ref%Lﬁ?ce signal -are transmtted 7
sthrough said | ow bandwi dth nedium 8 1 The systemof claim3
“.‘wherein said second |ocal 2. OSC|IIator is a voltage-controlled
- ‘oscillator 3 and delivers an unstable RF reference tone, and 4

T:sald second phase- 1&cki ng neans conprlses 5 . a frequﬁﬁy
- divider connected tp said 6 - second | ocal OSCI||at
dividing said 7. E\<;;h 158ns

| \ 1 8B en one to derlve an 8
unstabl e I F referencg e at the fr-q {3 154 154 of said
gl obal reference toge: =30 ) for IocKLng__“_z

said 11 1} l
reference tone, such : s hafe .
conpar at or delive§a [ ,_én___ - idnal; and |
15 . . s .

(M

\/\,: Tm/// 12

FIG. 8



WO 97/ 40590 PCT/ US97/ 06920 19

. W : : '
oscillator such PRE#0¥8i 4 second | ocal 20 osci | pgirRise7/06920
generates said second RF 21 ref erence tone of high

Cstability. 2271 6. The systemof claim1l conprising a distribution-hub -

L2 : for housing said global reference oscillator, such 3 -

that said gl obal reference signal is provi 5¥8t0 4 sai d system

“fromsaid distribution hub. 5 1 - 7. The systemof claim 1, wherein

. sai d | ow bandwi 2 medi um conprises a network. 3 1 8. The

- systemof claim 1 whé@Qy n_s&rd bandwi dth is 2 sel ected fromthe

- group of RF i dt sed for}] 3 cel lul ar comuni cati ons,

. cordl ess tel ephony, [l 4 RF comruni cations, satellite _

~ tel evision, 32 - [BaSANt er actfi vpanul ti-nedia video, pggh bit-rate local 6

~area network 2B ; /s . Th d2& claim1 wherein said RF bandwi dth

s 2 lﬁérrftg<if;-t said transm ssion bandw.#th of said 3
‘| -ow bandw dt h difefZ NS 10. The systemof claim9 wherein said
| ow 2 th mediumis selected fromthe group 3

() il o ol anhaong A Q

consi sting

I
\

|\
=)
o

e T L

D, |
T 202 * T\ 202

FIG. 9



4 fiber¥optic cabl e, unshiel ded cable, and power
cable. 6 1 11WQ9M8sMod for transmtting a RF signal contained ?‘FT’HSW

bandw dt h over a | ow bandw dth nedi um having a 3 transm ssi on
bandw dt h bél ow sai d RF bandw dth, said 4 met hod conprising the steps
of: 5 ‘a) receiving said RF signal; 6 b) providing said system
with a global reference tone 7 of Gf@ stability at a frequency
. Within said 29 WO 97/ 40590 8 transm ssi on bandwi dth of said | ow
- ~bandwi dth 9 medi um 10 c) generating a first RF reference
tone of high 11 stability by ugeRe a first adjustnent signal 12

- .dertved fromsaid gl obal refe®fke tone
of a first local oscillator, such that
oscillator generates said flrst RF 15
mxing said first RF reference |
produce an | F signa A ‘
- e) feeding said IF siQ
.21 f) generating a second RF reference tone

230
12A

234




22 stability by.using a second adjustnent signal 23

derived fromwaiatdgssebal reference tone to control 24 : RGRAUSATIOHR0
of a second local oscillator, such that 25 sai d second | ocal _
oscillator generates said second 26 RF reference tone; and 27
~g) mxing said second RF reference tone wth said |IF 28 si gnal
- :fed through said | ow bandwi dth mediumto recover said RF
w..'signal. 30 1 12. The method of claim 11 wherein said global 2
. ' reference tone does not overlap with the bandw dth 3 of said IF
: 'signal.z1?50 13. The nmethod of claim 11 wherein the frequency of 2
. sai.-d gl obal yreference tone is bel ow the bandw dth 3 of said IF

Signa|. 4 1 4 The uethad of claimdl wherein said BE sigpal g 2

. ‘received at a ba a=—towrs =frarravijdt h
" .nediumto a reno cov € srrom——rd—3y WO 97/ 40590
The 11 wher g} [ i i

PCT/ US97/ 06920 1§%. od of cl ai

received at a refqi@te coverage site and]

station throfgm gz V1\§§2
HUB \
3 ™ 2568
i 258B 240
268C Y
2N e
X 128 ||
. i
. FIG. 12 128
264 260\ s ;
— 262 \ | Low-sPEED i
LED —|{ ANALOG |:
UNIT i | DETECTOR |!
268 ; ¢ ;
: 266 ;
H }
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4, medium 5 1 16. The nmethod of claim 11 wherein said RF
dignal is 2 WO97405%0 ahspitted over said | ow bandwi dth medi umPk¥{US37/06920
directionally. 4 1 17. The method of claim 11 wherein said | F signal
¥s 2+ = anplified while passing through said | ow bandwi dth 3

qedi um 4 31
| 8/8
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