WD 02/ 43274 PCT/ US01/ 45348 AUTOVATI C GAIN SETTING IN A CELLULAR

COVMUNI CATI ONS SYSTEM RELATED APPLI CATIONS 5 [0001] This application
claims pwon2/43g74 0 U. S. Provisional Application No. 60/ 2BCT/®8%®/45848 ed
Novenber 21, 2000, and U.S. Provisional Application No. 60/282,660, filed
on April 9, 2001. FIELD OF THE | NVENTI ON 10 [0002] The present invention
rel ates generally to gain control in conmunications systens, and
specifically to gain control of repeaters wi thin comunications systens.
BACKGROUND OF THE | NVENTI ON [ 0003] A cel lul ar comuni cati ons network which

operates in regroMATICGAINSETTING 1N ejmmgww‘ammmmﬂ@ns such as
wi thin buildings or Tnside tunnels, { gl cally achieves coverage within the
cl osed-of f regions by using a repeatﬁlﬂﬂem The repeater system

conprises a first repeater outside the region communicating directly wth
a base-station transceiver system (BTS), a second repeater inside the

regi on comrunicating directl i | i ithin the cl osed-off
region, and cabling 20 connec@%wmgégg& It is known in the art:
that vagyi ngod] 4 A;ﬁ)ﬁeétﬁar@tcléiﬂﬁ pBEStOroaty. shepramhidngl Upplsaiasty exsel y

affect operation of the network, by effectivel increasing the noise in
t he net wor I60/25816d 2d ficled aNpvenlsirgA bl 2000.s @nd eVel. s Provisons f Applicagon oy cone

by const ant iLtorin i gnal~levels at the BTS and at the nobile units,
and nost prégéég:}veégbyg%ﬂjogﬁﬁlﬂgggélns of the nmobile units to naintain the
signal levels as 25 constant as possible. Wth the interposition of a
repeater system between the BTS and the nobile units, it is inportant that

signal |evel changes caused ypghnrogepge NVENTION hin the repeater system
are minimzed, and that they are made slowy, to ensure that the repeater

syst emLoenmdDOR2] Sihesprasenit dhvantion ankpesr gaverally tohgainecapbek in coppapications
Patent 5,799,005 tq Sol.j. .. Whose di .Sk . in b 30
ref erence, SHUETP atggsgp%mé%@etﬁ]gﬁlr?cf Oﬁgf’ﬁ‘?& Qﬁ% Ee%se ﬁ%%?o%gélg%tﬁq% ?ﬁ/y ané

path | oss associated with a conmuni cati ons channel. The estimate is nmade
by neasuring the power of a pilot signal received ? a communi cati ons
K Q oy

recei ver. The comnuni cat i BACKGREOVND/QE THE BNVENBEON 5349

[0003] A cellular communications network which operates in regions closed off from
15 electromagnetic radiation, such as within buildings or inside tunnels, typically
achieves coverage within the closed-off regions by using a repeater system. The
repeater system comprises a first repeater outside the region communicating directly
with a base-station transceiver system (BTS), a second repeater inside the region
communicating directly with mobile units within the closed-off region, and cabling
20  connecting the two repeaters. It is known in the art that varying signal levels at the
BTS or at the mobile units adversely affect operation of the network, by effectively
increasing the noise in the network, thus decreasing signal/noise levels. The effect is
overcome by constantly monitoring signal levels at the BTS and at the mobile units,
and most preferably adjusting gains of the mobile units to maintain the signal levels as
25  constant as possible. With the interposition of a repeater system between the BTS and
the mobile units, it is important that signal level changes caused by changes of gain
within the repeater system are minimized, and that they are made slowly, to ensure
that the repeater system remains substantially transparent to the network.
[0004] U. S. Patent 5,799,005 to Soliman, whose disclosure is incorporated herein by
30 feference, describes a system and method for estimating the quality and path loss
associated with a communications channel. The estimate is made by measuring the

power of a pilot signal received by a communications receiver. The communications
1



recei ver neasures a received signal power, and also nmakes a relative pilot
strength neasurenent of the received pilot signal. The power of the pilot
signal | wohzm27¢onput ed using the received signal power RPOTDUSHIRSB48 ati ve
pilot strength neasurenent. A base station also transmts an indication of
the power at which the 5 pilot signal was transmtted. An estimate of the
path loss is then made by determining the difference between the indicated
power of the transmitted pilot signal and the received pilot signal power.

[ 0005] U. §'gc i1 elﬂ&asﬁbeggalre%%e& QiWil hERGYERd alsBimaltes.a WMIER pllob o e | s

i ncor por at erein by reference, describes a method for controlling the
transnmitt edngmuement ofahh reddvesupibiasigedl. JdgepeawardobiheapBetasiced 1s then

transmtting a channel. The station. generates_a,channel..nad p sum of
subchannel sCOSPUGatISEE Kt Eubeéﬁaﬁﬂeﬁlggg g}’_roéivl?g e Ut %&%ﬁ‘%l 10 s 7110
with a uni %?asgi%'rﬂbni’.az&qﬁsé Batiod 8ls¥ afah8dité Bn asddtbANSTEhwipbiver stibithnhel
power control nessages froma receiving station. The receivi % station

gener at &s egilvh sigublohanmaismittade Ancestimats] of e pathdossfis Eien mpasietbyrdeHgminiag

calculating, 15.netrics based on.that recei ] ) > I OF
THE | NVENTI @k Jiei6R5e E?twuegn S‘?ﬁe Bgﬁlcé*ge'?‘ %?Wesro‘!?rf\é&%s%ée{gﬁﬂs&goq E{I%te %ﬂr\‘{gsa}é{gﬁ%
invention tQ.QiQVvhidR sndBidwed. and apparatus for controlling a gain between
repeaters in a cellular communi cations 20 network. [0007] It is a further

obj ect of <OABSIAdpBRatensiS.IH 84 rte Féieneaesh §t plonvhese HissiAsHE 18 IMCRERFYEC and

apparatus for .setti [ I i LAt AiREDPEES S JfQ¥acid

cel | ul ar cOIWH?’gﬁ%g?\rggh(get%%%%n?%ég?&ltdr?ﬁg?g%fng%e enbggi ?rent S ofact he

presentioi NVeBthaRel gelesed dlyad isation ntensmiiven clizbnely She mi4tBISiencoitasumi cat es
wWith a master repeater unit within a cellular, comuni cgtio s network. The

mast er uni tchephmrdetRsol  SUEhBf SUPSHARFLS SROET SRRl ubChEnmet R (ZXBY &% uni t s
s . arksTvEa T _ _ . uni ts
CoMTLN cat %Qﬁwﬁ?hﬁtlﬁ‘g@}@?@h@ %gﬂfgﬁg%mﬁgfﬁuma@% arfed i6Uco@inderem di r ec

for exanple. The
commruni cat i sbcleompk poesr conftof waasshees fosnagstadving tdiionr dae rersi g s@HoOmNI t to

the 30 renpte units,, and a reverse tr nm _SSi o e units
to the mastZSCTRfS:each-gy C@Bﬂﬁ\ﬁq%eéﬁof}ﬁgg&e\s/\%é% %{tgggn%ggstp 1315% éﬂ(lftc Elg{r}]%{nr?% not e
uni ts enrabl §siichBad®alinl tRat rbdcmnaGaboRRSell 0 function within the network. 2

SUMMARY OF THE INVENTION

[0006] It is an object of some aspects of the present invention to provide a method

and apparatus for controlling a gain between repeaters in a cellular communications
20  network.

[0007] It is a further object of some aspects of the present invention to provide a

method and apparatus for setting gains in an automatic calibration process for a

cellular communications network.

[0008] In preferred embodiments of the present invention, a base-station transceiver
25 system (BTS) communicates with a master repeater unit within a cellular

communications network. The master unit communicates via cables with remote

units, which remote units in turn communicate with mobiie transceivers which are

cut-off from direct communication with the BTS, inside a building, for example. The

communication comprises a forward transmission path from the master unit to the
30 remote units, and a reverse transmission path from the remote units to the master unit.

The communication between the master unit and remote units enables the mobile

transceivers to function within the network.



WO 02/ 43274 PCT/ USO01/ 45348 [0009] During an initialization phase, a
forward gain and a reverse gain of each of the renpte units are set

separ at elwQ opsxferably in a substantially automati c mannePCT/UR@/45848r war d
gains are set so as to generate default power outputs, preferably
substantially equal, at each renote unit. Alternatively, the power outputs
of each renpte unit are set 5 according to settings transmtted thereto
fromthe master unit. The reverse gain of each renote unit is adjusted in
response t qohey ‘mfrﬂl RANARBESLon pHasd) af¥§rxﬁ@@f§ﬁn'aﬂ8%ﬁ%v&’@e 4if 5 eadieAIhE ed
during the 1 nstal agl on phase, and known differences of these paraneters
for the revemse unitarsarsasieparapedy, iprefeodloin & substansially pusematich@annet il gai n,

a pilot reference frequency is inject ter 0.in he
master unt (oM Eet SRavhnt o o bkl Eftedl hbher id S e b} e
gener at ed Ryuiing chflPiinotd AGE AR@RatlJegy, kiRl fosver btpaRLsTaiatlp fehote Bhie atersptt
stage is de-" activated during the initialization phase, so that only_the

pi | ot sbgnalccordingrtarsstings avnpmittednidersios frem darmagier Wit Hrg wYe5se BTk pi| ot

f [ | i f bl ' -
W Uhi e b st pO oG naePn o PR RABERL A0 VR iR

signal is dgiseGh@duied Auri®snRE! inviallhtions phate] estoknownpdiffeeshcen ofathese r enot e
unit. Using the known input level and the |evel read by the first detector
a forwar d pgeampetess fartike ey pise &rapsnissiod PRfen set so as to generate the
required p t £ 1G] hl;gickRrvwaLd

i nsertion Ict solggto \PA%%F]O {e}%hetn’%?{vé@e%lﬁ% atpéfggt%f?rfﬁéefgﬁ%%g%niltﬁi s cal célljnl at ed
fromthe tuppliaveesof 18O ni36t kiniRewat peferably dteyvievel fubstaaticlly peurbtie thmi t are
eval uated by extrapolating the for vvarﬁ 1nse.rti on | 0SS gieaSU{]eirrrsnt%1 f ound
during t he lpYRlgengratediby Hie TpRsskagevghep; thglater is pgratigngl, The Ip8HStHgsds derhe
extrapol ati @q‘ﬁ Wit aBatidh ffhasL 86 a5t bR WRE Bilbheignd1as Wanghiaed il ever se
pat hs. The aglﬂ}/%tgdr(gﬁ% S gonpuri?sae caI{)I e | oss di fereri_b;lces.gr(l:aused b

di f f er enceshé nysterandwings irghializatiqueAbe exlob eefgeange t igndl oswapst BEEHAY & se
paths, as well 25 gs.different insertion. o s, pf ele L bn

pat hs. Most"3hPeF gﬁf&}‘?{ %%%ng}eé}pg e lhﬁléiar? mslc?ét%l g?doforecg)g %rﬁﬁrg«}rﬁ&oﬁé %1#?1? ﬂirléém
general by GleBabR! Thdgilotishtat abli@edt@l BY agedppapvet figndétessr coiyipdsedrirdetter ni ned
val ue, such as 5 dB. [0012] Each renote unit conpri Sfﬁ?p’an g,ut pcgt st age
which is deecmete walk dsingutherpoyn ot Syehwshthengve gead £y the digi €T | s
being initialj . ' f et R B Pdlpower BRSLE | oned
before the f%hl{%ggmg}gg%e‘ffeﬁ%e g@%&%’%%{{%gc&%&g@ erranit i%put pstaae z}nd

renmot e uni tfoptiepsecificages Alsd, asabledloayarsinseThos lossobatmeeh thedmasisernse gai n

specific remote unit is calculated from the two levels.

20  [0011] Reverse gain levels for each remote unit are evaluated by extrapolating the
forward insertion loss measurements found during the initialization phase, to find a
reverse insertion loss. The extrapolation takes account of differences between the
forward and reverse paths. The differences comprise cable loss differences caused by
differences in transmission frequencies between the forward and reverse paths, as well

25 as different insertion losses of elements in the two paths. Most preferably, the reverse
gain set for each remote unit is generally greater than the cable reverse insertion loss
by a predetermined value, such as 5 dB.

[0012] Each remote unit comprises an output stage which is de-activated during a
period when the specific remote unit is being initialized. The first detector of the

30 remote unit is positioned before the output stage. The de-activated master unit input
stage and remote unit output stages act as isolators. Thus, forward and reverse gain

adjustments may be implemented for each remote unit without the pilot signal



adj ustments may be inplenented for each renpte unit w thout the pil ot

signal 3 WD 02/43274 PCT/US01/ 45348 generating any external interference,
and w t howo ox2es nal signals causing interference wth theT/ad)uussssent s.
[0013] In an operational phase the pilot is de-activated, and the naster
unit input stage and the output stage of each renpote unit are activated. A
forward gain of the 5 nmaster unit input stage is set to generate a
substantially fixed nom nal output |level. (Mst preferably, the | evel at

whi ch the pg'e'n&tatihg aﬁ%%%ﬂ&fa%?ﬁe,i Ddtwiddik 8kieAR] ABASS cabiShMeicate y
equal s thi s outpu evel.) Most preferably, a master unit reverse gain is
set so thatwiah thestdpstmenter se gain i s substantially equal to a system

forward gai ternatiyvel t he reverse gain i.S:S i f1.et from
the forwar ﬁg&?ﬁnbﬁf‘ QPGrE%OIBY?B%Stee% IH@O& N Daecav"ftﬁ‘blaj“]td %gclﬁgsrtéejrlrr%rglg Erﬁirefl}t
conpri ses gSRCHAGHEGRE HaghMaF ehct Ferbtste dinftCarérartivatsd. POYRWardEApWE the om t he
out put stage of the respective renote unit. Forward and reverse gains of

t he masber maittr wmdinpat sagsf ist 6k (¢ eersrate @gubstantialynfires aerRi@l guirebik¥elant as
ossible in. order.t i nf ai,n_syst I et ti . A hanged
1? romtheir g r%e(fgﬂa&a}'??lben ey # %g%ﬁﬁgﬁ’élﬁt ?Snﬁﬁéuc ?egis lrlr]:#l%? gﬁ%&k@dﬁ%ﬁ? %Oi sg

ratios in th@sthMans duaRdhisi@yRi $&vel.) Mcuipsatablypatimter Duit wgerspeaiatis on of
the system forward and reverse gains _and_power outputs of each, of.  the
renpte uni tsst ap dhatomisyBeRdCYIIeE SUNUST BUSARELY PRIEELQ 3r Sstery Forazd gRIR. hen

System par ELELASNANISe, 0 95t SR BUA Biridhy| AGHARE [oADMar B L8C 021 1S

subst ant i al Ty UACH: according to the site design. The I nput 20 naster
unit stage @edda@iningkvadie.more of the renpte unit output stages may be

tenporarily de-activated during the operational phase in, order. to perform
measur ement 9014l Bachaemgsat 9?&13516%6\%%@“36@56% ‘S‘ 18 HSTHR WHI.‘%OQ% nt ed

during theyjfstald #d QipRRBSE of HROESPecting RIRAE BhitBbrihADAR leRedkd gaifi@St er
and .renot e Oljdrgﬁtﬁsf?d\/l\#i ch&g%n E% de- act ?%/egtle_d 25 so as to act as isgl_ ators,
and whi ch cafithbenaatet imiatediedch offles rmeotoinits aretohrintained gs corsigns as pessiblyj ghl y
flexible systemfor maintaining gai.ns_of th I t.spat I Il v wth
subst ant i al Py °FET i e GRG0 PYS g%?lﬂgse?tﬁ?%r g lél%fggar?ztzlél.l?['ﬂgﬁéﬁé@ hglrogl ﬁéér
theref ase pPnOMilsRG sAGHR! GhRg fnoud piekteins athnalthsish reiot infthé fierwand esént

i nvention, raevggé Prggsr;ﬁ(s)srionadj usting a radi o-frequencyf( RF)d Eod/\e(,erlsgvaejlnsi n a
paths. During operation of the systemi, forward and re g

and power outputs of each of the remote units are monitored and adjusted when
necessary, for example when system parameters change, so as to maintain the forward
and reverse gains substantially unchanged, according to the site design. The input

20  master unit stage and/or one or more of the remote unit output stages may be
temporarily de-activated during the operational phase in order to perform
measurements, such as updating of power loss values, normally implemented during
the installation phase.
[0015] Incorporating stages in the master and remote units which can be de-activated

25 50 as to act as isolators, and which can be activated to operate within the units, leads
to a highly flexible system for maintaining gains of the units at optimal levels, with
substantially no incoming or outgoing interference.
[0016] There is therefore provided, according to a preferred embodiment of the
present invention, a method for adjusting a radio-frequency (RF) power level in a

30 cellular communications network, the network including a first plurality of signal-
transmission-elements adapted to receive communication signals as a first variable-

gain repeater coupled to a second plurality of signal-transmission-elements adapted to



30 cel lul ar conmuni cati ons network, the network including a first plurality
of signal transm ssion-el enents adapted to receive comrmuni cation signals as
a first weobzid2e+ gain repeater coupled to a second pl ur aPCTAS@i45348

signal -transm ssion-el enents adapted to 4 WD 02/43274 PCT/ US01/ 45348
transmt the conmunication signals as a second variabl e-gain repeater, the
nmet hod including: de-activating at | east sonme of the first plurality of
signal -transm ssion- elenents so that the comunication signals are not

received in the.fi [ Aiioh Ysiem1sdfs GEEMRAL VAAbRLgdif £6MBe Ghethb@
second pl u?’ﬁnls‘?llf tgé%épg#\%lﬂnpg%#lsss%on- el enent s s%lt ﬁiéeat he comruni cati on
signal s argnéladingr ansmtted fromthe second plurality; injecting a

reference signal_ having a predetermned,injected wer. l.evel at the first
plurality of si gifACtVpHEs §1§?‘S(5rrs-°é¢e§r?gn@§; hisg IPGIB@@? iqﬁgmgﬂﬂ-t;ag?lg}sgwgé _
signal at teﬁ‘&n&%:Waftlhgr@lln Micfion b@RAk atd AR UM thedlrSNpMaBty; measur i ng
a recei ved power leve OF the reference signal at the second plurality of
si gnal - sr ansmi ssleamtiehtirpeat deasic sompardfngiet seeonchpbualéy ensigraddengeissiodner

| evel s; and_ 15 responsive to the conparison, settin aipn_of, a st one
of the sigridfments éﬂstﬁ?tsgﬁeoﬁqném%'ﬁﬁtfgp?ﬁ@? B8 1% HA mfatlte%stm%lnI esgeeglc))ﬁ(g
pluraliti €] 5L8Q17] Preferably, the nmethod includes: activating the at

| east some “of thé first plurality of signal-transnission- elenents; 20
recei ving at thenjecting 2 pifencatd tignadhaving gairedeterpuradsigiestedaionisekavel atihe

conmuni cat i on_Si |s. froma first redion., activating the at |east some of
t he second fHIS@%\’?AS&OfoS[’ I ﬁ%mltg?lgrﬁ_g%%segl&m- el enents; and transnitting the

communiegati on sigaalsglthe fefsRaeNdighaigitane lseandt pieratiecofisign?Srapbmisaiont y of
signal -transm ssi on-efgerrent S. [0018] Preferably, the first region and the
second regi@emefisinot overlap. [0019] Preferably, injecting the reference

signal includes Hgﬁﬁﬂﬁé N9 {ddfved power level of the reference signal at the second
plurality of signal-transmission-elements;
comparing the injected and received power levels; and
15 responsive to the comparison, setting a gain of at least one of the signal-
transmission-elements included in the first and second pluralities.
[0017] Preferably, the method includes:
activating the at least some of the first plurality of signal-transmission-
elements;
20 receiving at the first plurality of signal-transmission-elements the
communication signals from a first region;
activating the at least some of the second plurality of signal-transmission-
elements; and
transmitting the communication signals to a second region from the second
25  plurality of signal-transmission-clements.
[0018] Preferably, the first region and the second region do not overlap.
[0019] Preferably, injecting the reference signal includes measuring the
predetermined injected power level with a first detector, measuring the received
power level includes measuring the received power level with a second detector, and
30  activating the at least some of the second plurality of signal-transmission-elements
includes activating a power amplifier and setting a power level output of the power

amplifier responsive to a power-amplifier output measured by a third detector and the



predeterm ned injected power level with a first detector, neasuring the
received power |evel includes neasuring the received power |evel with a
second deaveor/en274 and 30 activating the at | east sone of tPRET/HSCIONOEUS
plurality of signal-transm ssion-elenents includes activating a power
anplifier and setting a power |evel output of the power anplifier
responsive to a power-anplifier output neasured by a third detector and the
5 WO 02/ 43274 PCT/ US01/ 45348 predeterm ned injected power |evel neasured

by the first detectar. and t Q@Jre%?%}j/rﬁ Sgﬁ?re\/ﬁ]glgqyﬁ{ doRasH hRd tHyretfigedecond

detector. [ t REF pretera I ncludes setting an alarm

responsi ve gfyek tSel owaredasipint ketwndldereelorand the received power level. 5
[ 0021] Prefierably, the method i ncl udes; {ecei vi.ng t he communi cat i oqhsi gnal s
A% A AE0

at a frequdf30] Pl erefergblye b mAtdy CgPHSF D iRV e dRdhTy
(FWD-1F), band at t.he {] i bgpal - transm ssi on-el enents;

m xi ng the R:Oa*f?ﬁ‘ﬁﬂ’ipi‘g?f. 1%&21?182a%'ée@é&'vt@%p%{ﬁ%%‘gﬁrl‘. oscillator (LO signal so as
to 10 gengyery Refeabiptik methwidgmatdesi t hin the FWD-1F band; conveying the

forward IF signal to the second pluralit f signal -transm ssi.qQn-_.e|l ements;
and m xi ng the freseRdpg thecamgrigicagipy ﬁlgf’F% a@é E?%ﬁa‘fy 88935% 18 69%8%1\@?@
I nformation |04 egﬂa{e. LCALAQN (BWILEHS badd tdheths e et dplatiitgl dft vigadl-
signal -t rarqurnﬁbés}gﬁlg&%{ng emer?ite?. c%g([ 0022])' Furt her pref er%bl y, injecting the
ref erence signmissionadlemdass;generating the reference signal at a reference
frequency within the FWD-1F band. [0023] Preferabl : Lnekudes:
recei ving the coRFiRg BEOTHEN ’é’lns“géia?awlfﬂ? g’c}(ﬁceaﬁc%éigﬁ%)g?{‘e %E%?ggg%éé’m ned
rever S?L‘Oi “tZ%eanﬁ@ @ﬁ@wglrdqm%ﬁywqg%bm@@an@ fferent fromthe FWD-IF

at [

band, the second plurality of signal-transm ssiagn-elenents;. m xing
t he communi cat i crnséyjngthe f\@'rwﬁdtlﬁélg_n@i ©; thpsgcond pPRgality Ogé‘ﬁ@?latfaélsﬁnssﬁoé‘\‘/er se

| F signal wiithin the REV-1F band; conveying the reverse |F signal to the
first pl ura‘TlFlfl?t%fangi gnal -transm ssion- elenents; and 25 m xing the reverse
| F signal with thgihteifoRardS® signal o/ithehoLer signdl Gorattd geraver information

in the communication signals at the second plurality of si gnal-transmission-elements.
15  [0022] Further preferably, injecting the reference signal includes generating the
reference signal at a reference frequency within the FWD-IF band.
[0023] Preferably, the method includes:
receiving the communication signals at a frequency outside a predetermined
reverse-intermediate-frequency (REV-IF) band, different from the FWD-IF band, at
20 the second plurality of signal-transmission-elements;
mixing the communication signals with the LO signal so as to generate a
reverse IF signal within the REV-IF band; .
conveying the reverse IF signal to the first plurality of signal-transmission-
elements; and
25 mixing the reverse IF signal with the LO signal so as to recover information in
the communication signals at the first plurality of signal-transmission-elements;
and setting the gain of the one of the first plurality of signal-transmission-
elements and the gain of the one of the second plurality of signal-transmission-
elements includes:
30 determining gain values at the reference frequency; and
extrapolating the gain values to the REV-IF band responsive to parameters of

the first and second pluralities of signal-transmission-elements and of a cable

coupling the pluralities.



t he communi cation signals at the first plurality of

signal -transm ssion-el enents; and setting the gain of the one of the first
pl ural it weobhzsi2ghal -t ransm ssion- el ements and the gai n oPCT/is010138480f t he
second plurality of signal-transm ssion- elenents includes: 30 determ ning
gain values at the reference frequency; and extrapol ating the gain val ues
to the REV-IF band responsive to paraneters of the first and second
pluralities of signal-transm ssion-elenents and of a cable coupling the

pluralities 2/,43274 .P 4 ; . Pr I L4 st
plurality dpog‘f]\égﬁ et brl%ﬁg?rfl gp{cl)#?g%%fg% saleat%\aglgﬂ%los%eeg%ﬁ%ﬁpg?{%rﬂgeri&fgh%f

si gnal -t r ans.f8 e sBheoRshiaich-clomphts trb)coapledbye o abit, tand thetrhatiod
includes determ'™ning an effective Iegtgth andqgén_ef]fé)gct'%lg I&sﬁs of t.he cable
responsi ve intlodesndeteroviniag a8 GHectsyel lgnghang gpehieriy 9% ADEHESPEPTELt i ve

| oss of the &ﬁ%le includes a forward effective |0ss responsive to a

f orwar d-i nt'@ %qlglfaél-s??‘equency and a reverse effective loss responsive to
a rever ge- i pbesEgitet preferaislyeme effdttifeloantf theanblehsclideswafaiward effective

i nternmedi ate-frequency. [0026] Pref erg_bl y, the method incl udﬁs:t. 10

br oadcast i NgshreseRIREYS &-20 fRIpard-METEIedipe-fTedyensin 40fled FPYEES STEFR 195 of
signal - transm ssion-elengnts. [FEVAN X - Gk Ukhd efeelvardal ue at
t he second YBF%Orng%tho o% SI gn&i IPEG?@EH%%%C?%E?% gﬁgrrl(?g; and setting the gain
of the at |gastediaR-fafquedsy. si gnal -transni ssion-el enents included 15 in the
second plurality responsjve to.th xpect ed- out put -1 evel val ue. [0027]

Pr ef er abl y,lOQ%ﬂyPrﬁffr%%t Jogt Oﬂdﬁl‘ﬁﬂ‘gesq" setting a forward-gain for the

communigation si Qéc%st.ir{% &h é@e%ﬂ%uﬂﬁﬁhbdeﬂ@bmg%ﬂ thet figt plurgity ahsigagicond
pluralities, and setting a reverse-gain for the conmunication signals in a
rever se patinarismidsimheclements;t he first and second pluralities. 20 [0028]

e SR o LR B TR B of s
si gnal - t r angsfisasiRAr-@bRBRALSdr ecei ve the
setting the gain of the at least one of the si gnal-transmission-elements included
15  in the second plurality responsive to the expected-output-level value.
[0027] Preferably, setting the gain includes setting a forward-gain for the
communication signals in a forward path included in the first and second pluralities,
and setting a reverse-gain for the communication signals in a reverse path included in
the first and second pluralities.
20  [0028] Preferably, the forward-gain and the reverse-gain differ by a pre-determined
value.
[0029] Preferably, the first plurality of signal-transmission-elements receive the
communication signals at a signal-reception-level, and injecting the reference signal
includes injectihg the reference signal at an injection-level substantially the same as
25  the signal-reception-level.
[0030] There is further provided, according to a preferred embodiment of the present
invention, apparatus for adjusting a radio-frequency (RF) power level in a cellular
communications network, including:
a first plurality of signal-transmission-elements coupled as a first variable-gain
30  repeater;
a second plurality of signal-transmission-elements coupled as a second

variable-gain repeater;



communi cation signals at a signal-reception-level, and injecting the
reference signal includes injecting the reference signal at an

i njecti owbeve276ubst antially the sane as 25 the signal - re@pl/43848 evel

[ 0030] There is further provided, according to a preferred enbodi nent of
the present invention, apparatus for adjusting a radio-frequency (RF)
power level in a cellular comrunications network, including: a first
plurality of signal-transm ssion-elenents coupled as a first variable-gain

30 repeater; a seg | i o (it apa -éohaz}ﬁﬁpa' §6406F GLeNRARSMBOIR! ed as
a second variaﬁﬁ%zgngcgg%%%é%P?:% WO 05?432 4 PCT/ US01/ 45348 a coupling
connect i Ng eldigeritd, fgiichais ddgrabiodopley eimmigisatidn Sgnpiathercbeliesnissi on-

el ements, which is adapted_to copnvey. conmuni cat.i gn si.gnal s . I en; a
ref erence osci | |aedrencgfseiilaios, %{E&ﬁtlé&%?%teﬁi A SHECt Feé%g?éeensclégagihggg’ltg\,\%avi ng
a predet erined Mo et ORURk: 16%e! aidine! hesif pihslieplosr bidirapbmission-

ele

si gnal -transm ssi on- nts; a receiver, ich is adapted to neasure a
recei ved pei@redtevel of the reference signal at the second plurality of

ecei veg pataterhgvel of the reference signal at the secol
de acti vat o at TEESvEoBeh 1 parers i hiekispolit el Br ¢RApRC ©

signal -tra A0 s &LRIBRERiLH f §iBAdl-tidemissioareasetsi gnal is 10 not
radi at ed f%ﬁaﬁ e c%upl i hg aln}a thgﬁ%i rst and second pluralitie si gnal -

of .
transni ssi on- el ewetchig crsdittyoriell iscadapted: toydepgstiraieias lepgh pRTag ,OP MesPithsi ve

to the injected power l.evel.and 4 i ;gai n of
one of the aé‘figsﬁ‘é&dtmﬁﬁ??'ihﬁ?%gﬁ Sralrt a%glﬁlfsg%%i—ér%c %rgggg{ﬂ#tt ﬁ}eff?lr%gﬁesﬁ%aﬁslgcond
pl ural i hi es;0r 12a{2008 HonPred eoapling ahbethewlitse hindg sedond upltrajities cidsighadd t o

activate the at |least some of the first plurality of
si gnal - t r antsmsmisston-¢eenssittdand the at | east sone of the second plurality

of sl gnal -t ansmi sal, Pl Gh ARl 5 Aabfte, relfonkive 88 Hl ijcalddlpovek 16Vegand -

i
transm ssion-el e ﬁrf)s recg{ves t comuni‘cation signals froma first
regi on and thbeecesegiopsivaal lavel) id yetod gsingolabng phtenbigaildranemissisntalemetnhsmi t s

t he conmmuni cation signals 20 t econd region.
included in thg first and seconc? pﬁll'&ﬁltles. 9

15  [0031] Preferably, the switching circuitry is adapted to activate the at least some of
the first plurality of signal-transmission-elements and the at least some of the second
plurality of signal-transmission-elements so that the first plurality of signal-
transmission-elements receives the communication signals from a first region and the
second plurality of signal-transmission-elements transmits the communication signals

20  to asecond region.

[0032] Preferably, the first region and the second region do not overlap.
[0033] Preferably, the second plurality of signal-transmission-elements includes a
power amplifier, and the apparatus includes:

a first detector which is adapted to measure the predetermined injected power

25  level;

a second detector which is adapted to measure the received power level; and

a third detector which is adapted to measure a power-amplifier-level output of
the power amplifier, so that a power-amplifier level is set responsive to the power-
amplifier-level output and the predetermined injected power level and the received

30  power level.

[0034] Preferably, the apparatus includes an alarm which is activated responsive to

the power-amplifier level and the received power level.



[0032] Preferably, the first region and the second regi on do not overl ap.
"[0033] Preferably, the second plurality of signal-transm ssion-el enents
i ncl udes ve0o opes2es anplifier, and the apparatus includes: BCTUSGI/45648t ect or
which is adapted to neasure the predeterm ned injected power 25 level; a
second detector which is adapted to neasure the received power |evel; and a
third detector which is adapted to neasure a power-anplifier-Ilevel output
of the power anplifier, so that a power-anplifier level is set responsive

to the po - l.ifier-|eyel t 1 ey LN Beteadioponer
| evel andmﬁpésfg%é?r iélé t@oﬂﬁsé\ﬁgﬁgﬁtgv%fﬁﬁg?%gglﬁ]%?%??rigﬂﬁ)%éj a{eht@gpparo at us
i ncl udes ag.cahanhe whingtinicatios signalkel o Repensy vetside a predetponined domiard er

| evel and the received power |evel. 8 WO 02/43274 PCT/USO1/ 45348 .th(%OSS]

Pr ef er abl y intevediate-Eequsingy AFMR-IDf bagd gad o 1% A FePENCE AR X1 %adapt ed
to receive the commnicatjon si GYorRHi$thBethd FWD-IF

pr edet er mi ﬁ%ap?%ﬁ\%é?fd@@ﬁﬁl 1?%@#2?‘2??}%%%2{%{,@%?@% band and to mix the
communi gat i,kd; sh@nal s with a local oscillator (LO signal so as to
generate a forward IF signal within the FW-I 5 band:;, and. the . nd
plurality of si §ifeccenhplaraliy P%ﬁg’éﬁlé’f?ﬁﬂflls?SlQPéll:%ﬁi &4 @@%chéoeﬁeg%??ﬁ%

forwar d 'ngr:\x%?aah?ﬁ 1ta9d%ﬁi]£t}%fﬁﬂﬁé?’&'iﬁ'sﬂgﬁalswﬂlﬁlﬁiemts ntih® 4@ sdogmal  so as

to recover ormafion 1n e comuni cation signals. [0036] Further
pr ef er abl y jnfbheaticafie tenaenmssichtiant signalss adapt ed to generate the reference

10 si | at f f i thi he. FY\D:. | F
Prof or bl y 10030 FREBEHRICRTAR I Pt JFI0PHe GFPLY pa R e R BE R ot o

to recgive; BREARCE Al @8hcs v edtWB-TRRGUENCY out side a
pr edet grsm' %l Qfaet\%gr se- Ci nt gr mg& ate-frequency (REV-IF) band, different from

the FWD- | F[0@37d Prefachblyo th secondhelusditingdisieael-banssnishan-slements it ALAYY I gnal

So as to generate a rever.se. | F.sidn 1.5 N1 R hangdietshe first
plurality A&$°4iy Ic-ofr?lﬁwgﬁ?e[ o0 YR gén%rﬁlfe uéflﬂésg'gé&g%?%g 0 %@Iﬁeﬁygverse | F

si gnal W t hydhgedif FiegilcySRABIR)banécditferent frbor thetFWH-TFrbantearsbienmi cat i on
stgnals; ar;ﬁie communication signals with the LO signal so as to generate a reverse IF signal
15  within the REV-IF band;
the first plurality of signal-transmission-elements is adapted to mix the reverse
IF signal with the LO signal so as to recover information in the communication
signals; and
the control circuitry is adapted to determine gain values at the reference
20 frequency and to extrapolate the gain values to the REV-IF band responsive to
parameters of the first and second pluralities of signal-transmission-elements and of a
cable coupling the pluralities.
[0038] Preferably, the coupling includes a cable, and the control circuitry is adapted
to determine an effective length and an effective loss of the cable responsive to the
25  injected power level and the received power level.
[0039] Further preferably, the effective loss of the cable includes a forward effective
Joss responsive to a forward-intermediate-frequency and a reverse effective loss
responsive to a reverse-intermediate-frequency different from the forward-
intermediate-frequency.
30 [0040] Preferably, the first plurality of signal-transmission-elements are adapted to
broadcast an expected-output-level value therefrom;

the second plurality of signal-transmission-elements are adapted to receive the

expected-output-level value; and



the control circuitry is adapted to determ ne gain values at the reference
20 frequency and to extrapol ate the gain values to the REV-1F band

responsi weovp432par aneters of the first and second pl ural i PCEES@I45348

signal -transm ssion-el ements and of a cable coupling the pluralities.
[0038] Preferably, the coupling includes a cable, and the control circuitry
is adapted to determne an effective length and an effective |oss of the
cabl e responsive to the 25 injected power |evel and the received power

| evel . [0039] Fyrt cpoenrtrloggi%u?%ggg Xdalpwaieto%g ﬁ?gj?i\ﬁeofl RS 8t Rhsttdi® F @R Ggrac! udes

a forward effective SS'r onsrve to a war d- 1 nt er nedi at e-fréequency
and a revensas@ffieslkicv@ntsossnprised innké vezohd phurality responsive to the expected-
reverse-internedi ate-frequency different fromthe forward-

i nt er medi atostpuidayakYdye. 30 [0040] Preferably, the first plurality of

signal - L1 ARG S hadsBlE IR MH:S: Madcpdanhidilias inblgadeast an

expect ed- out pu eve erefro the second plurality of

si gnal -§ransni s Shevirébatireidrsers dondixp teurtupicatiorisignatshéollowing a forward
expect ed- out PUt -1 evel val ue; ang ﬁ]V\O 02/ 43274 PCT/US01/ 45348 the control
circuitry ipathefaerpihefisbiodhs sqcrrd ghitalityr adhe at | east one of the signal

transm ssion-el Sh AR BR ARk The EnRBsEAbYi a8 follyWils Reietatio the
expect ed- out put(:ar- e\?fssqa(%l\?g?ug. [8041] Pr ef er abl y,gi{ he fi rs?ésand second

pl uraliti efrdmdesdemndio therfivat plupdityi- el enents for the conmuni cation signals

followi ng a forwar ath fromthe first to t COf [V =Talo
rever se- pat h- el @ﬂ‘éﬂ?esgqn Pl ?lﬁcém&ﬁﬁsrﬁéﬁpée?ttf)g%t % Og‘ﬁgrﬁégoafrﬁgif@]oty\né ?;dgrbvg}’dr %%gr se
path %6omeqé?ﬁerﬁ%ﬁ@jre{/&sé—§ﬁnffbf ik riededpdtti-ylen@Ad. t he control circuitry is
adapted to set a forward-gain for the forward-path- 10 el enents andda

r ever se- gailf0423Prefleblye vl farwiged-Bain| anfehe sevepsoey] diffeartyr & preydetermune
forward-gai n,and the reverse-gain differ by a pre-determ ned value. [0043]
Pr ef er abl y,VaH?e first plurality of signal-transm ssion-elenents receive the
conmuni cat ijp3imgeRts1Et tha fisgnslbiraliet eyt sigmlitemehissianeti¢thents afeien thee
oscillator is 15 adapted to inject the r e{ler?nc% a{ gnafl at . an ... i
i nj ecti on- |cOVBPUNiGHISN SN2k RY 2t HEnlAREPPAEN{Hg!, and the”relerence oscl
15  adapted to inject the reference signal at an injection-level substantially the same as the

signal-reception-level.

[0044] The present invention will be more fully understood from the following

detailed description of the preferred embodiments thereof, taken together with the

drawings, in which:

20
BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Fig. 1 is a schematic block diagram illustrating a cellular communications

network, according to a preferred embodiment of the present invention;

[0046] Fig. 2 is a schematic block diagram of a master unit in the network of Fig. 1,
25  according to a preferred embodiment of the present invention;

[0047] Fig. 3 is a schematic block diagram of a remote unit in the network of Fig. 1,

according to a preferred embodiment of the present invention;

[0048] Fig. 4 is a schematic graph showing frequencies of signals generated in the

network of Fig.1, according to a preferred embodiment of the present invention; and
30  [0049] Fig. 5 is a flowchart showing steps comprised in an installation phase and an

operation phase of the network of Fig. 1, according to a preferred embodiment of the

present invention.

10



signal -reception-level. [0044] The present invention will be nore fully
understood fromthe follow ng detailed description of the preferred
enbodi mrewa@ ov/kereof , taken together with the draw ngs, |iRCWUS@IMS3®B0 BRI EF
DESCRI PTI ON OF THE DRAWNGS [0045] Fig. 1 is a schematic bl ock diagram
illustrating a cellular comunications network, according to a preferred
enbodi ment of the present invention; [0046] Fig. 2 is a schematic bl ock
diagram of a master unit in the network of Fig. 1, 25 according to a

preferred e”bOdiﬁﬁ’f?\gﬁﬁpteﬂﬁﬁ?ﬁﬁ?ﬁq?ﬁgbm?gm‘%ﬁmamwm a schematic

bl ock di agram of of Fi [

_ g. 1, according to a
preferred qu@aglma{en&f id Rewprmedend Fipvelnt which {s0048hermitiy blpcksdi@gga@hermt ic
graph showi ng frequencies of signals generated in the .network (i); g .1
accor di ng tiBusiragpgf er edlilasnEORFRBHALE StWéWB&eslgntaqcﬂvéli’ﬁit(?n;a 4 é‘g ’

[ 0049] Fig. is a.fl r . : - e 0.
! %1t . # f8% [dnS hat
phase and fr‘f‘sm c%lg?%r{tlocg%ﬁ\% gegéentgiPQt 1e'6ﬂ netmrl?qggg F%ngﬁéﬂwggo?ﬂﬁgétolgon
preferred epbasitmRt clofedt b toprdmefreqienve (RED pleclromagnaiz/ RIErien from a

PCT/ USO01/ 45348 DETAI LED, DESCRI PTI REFERR
Ref er ence |bashoiom JEANSEiYeF ystem \@éy:]r{ eégggﬁggat%?/?c%aog%g §\|N {atgl?lg%he
11 ustrat i g, Gel ul afer GATTNIAR I ROBS! 1R6IcIIOithACORIHNIS! 3 dlpnaf err ed

enbodi ment of e present 1nvention. In network 10 an interior of_ a
bui | di ng 18ebdvSarsiivatsanit sigrals/fromdXES| 135 Alterpati velly, Gogstes g ridyis pripiplly or

el ectromagnetic radi ati o) ] base- ' | ; :
extori or Lovhahs benrdputda HATRELS PREcabE) Tk SEEELYE vPIFIS TR AR 22
preferagly Jo%%%ﬁ%gﬁ\ﬂn%]ﬁﬂe Rédssl(ODMA) siehaladpeating at e deduseryatehdardartspri t

signal S from ternatively, master unit 14 is i al
| ocat ed outratedediiniah didugiry-gtangard feguency bapg eal'ihpu&}h B éﬂﬁ%g{pﬁ%f})éﬁl}f or (ilzl ?/S

ndust ry- s CRNERED e RERRE RSBt SR el B AR uency band,
ol nough | YR0BL1 ks ot 04 hasiy Boeniuielagant comiarof S appIITe (o
first vari aBT8-1g4nd tiayerteiorppid) 1&&5? ?kPaé é‘%ﬂ?@’&a#‘%ﬁ?ﬁﬂéﬁw% sty ®
15  similar remote units 16 located within building 18. Remote units 16 act as second
variable-gain repeaters and radiate signals incorporating the information received
from master station 14 within the building. The signals radiated from remote units 16
are in a form receivable by a mobile transceiver 15 located within building 18, which
transceiver is adapted to receive signals emitted by BTS 12. Most preferably, master
20  unit 14 and remote units 16 are coupled by one or more cables 17, such as coaxial
cables, which are able to transfer signals between the master station and the remote
units. Remote units 16 are preferably coupled in a star configuration to master unit 14.
Alternatively, master unit 14 and remote units 16 are coupled in a daisy-chain
configuration, or in a combination of star and daisy-chain configurations, or in
25  another configuration known in the art. Most preferably, at least some remote units 16
act as main remote units, receiving signals which are utilized as main signals, and at
least some remote units act as diversity remote units, receiving signals utilized as
diversity signals.
[0052] Network 10 further comprises an operator console 19 which enables an
30  operator of the network to control and monitor operations of the network, by sending
control signals to elements of the network via master unit 14. Console 19 is also
jmplemented to monitor operations of the network by receiving monitoring signals

from elements of the network via master unit 14. Master unit 14 preferably comprises
11



BTS 12 and transfers information in the signals received to a plurality of
substantially 15 simlar renote units 16 |located within building 18.
Renot e uwo82/4876ct as second vari abl e-gai n repeat ers andPenUb@r4348 gnal s
incorporating the information received frommaster station 14 within the
buil ding. The signals radiated fromrenote units 16 are in a form
receivable by a nobile transceiver 15 | ocated within building 18, which
transceiver is adapted to receive signals enmtted by BTS 12. Mbst

preferably, master 20 unit . r | 1R HR SR URr& detfad BNy OF
more cabl ed W?ragﬁ@ﬁesgglgcugéé@aﬁﬁdlclaﬁﬁé@%ﬁﬁ:?’ar(Sa abl e to transfer signals
bet ween t heyRstefenss a6 M8 Anwhichenfeenbizeenaodstand dRende eheumionoring ané

preferably coupled in a star configurati g[)n to riraster uni t

14.
Al t er nat i veloptrohsignals. Master unit dhds mosbPelerably Alsosmaplemensed, s 43 ', egable
dai sy- chai 1) o SR PN L e di ot TR O harel Rl ths dabcrbed i n

confi guratinc? ano contiguration known in the art. Mbst
preferall y,mafe det@bhesmielone Mheeontrok sndl honiotingsignals are esryered hetiveen

receiving signals which are uti)jzed in signals, .and.a ea one

renot e u%i t@ga@@ 195 apf ester t‘lyltr]é‘héi’én%ﬁf’gsg,im?‘@‘&gf’%% nsis'écr?a%ssbgt% ?%bzléd as

diversity sigpa)sudG0pzbibebaitd fahiifisighs.conprises an operator consol e
e 30 operato

19 whi ch enAab an of the network to control and nonitor
oper at i ons [0b53]Nelobidt wandceivey 1§ énaisngdapehte sidiae gigapls whicke penigrsiEalle t he

k vi nit 14 le 19 i.s al i :
Doer ot Fons B 2nSends eyed B Bedrmiodifan s foaly REbE TRRAE Sy el RihGET

t he netywor k. \i.adrBstiehfdttiod 4 tHSERLs i idandférred, efsedeabiiyedcinnpoies datail 11 WO
02/ 432$%OP@I[;{%SOII 45348 a c%ntral p?gzc[:lessi.ng unit (CPU). .11 and wdem 13,

descri bed ibelowr @ wette unibet.dvastey utht Ferasdiapg eigneds ppgpising Mg RPTPRIEE ali a

encode and decode.t he itorin ol signals. Master unit 14 is
most pr ef erGEFYCLIER P [éetﬁ%lﬁ%eé‘%rggqggﬁg?jénabl e network 10 to be

instal | ed i osn| BUpRIGRddCeniodsiadrits afitienpresant imvenéioy, fswatdRY sigaalsifros nor e
detail hereinbel ow. The control and noni.taoring signals a{bebco&\f??yd% Jetween
, such”as

consol e 19 BRY khgretrapsfetred 41055 ISR oRRL Kokth [FROE REs,

bl ' dlaL: Vi a; - ey _ o
cabl e GouPliendidativid %ﬁ%g%%rmmefﬂt&ﬁeam Weg6rRRSIF] G@hak idbhe! e

I's”al so ada to radiate signals which are receivable by
BTS 12. Si gimaktsr twidi Beefdrioard IR eignelarase dionerangfesred dnedableg 180 f¢BOSABISr nor e
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Similarly, reverse RF signals from mobile transceiver 15 are down-converted to
reverse IF signals in the one or more remote units 16, transferred by cables 17 to

20  master unit 14, then up-converted to RF signals which are radiated for reception by
BTS 12. Methods for down-conversion and up-conversion of a transmitted RF signal
as described hereinabove are known in the art. A detailed description of one such
method is given in a U.S. Patent Application entitled “In-Building Radio Frequency
Coverage,” filed 29 October, 1999, which is assigned to the assignee of the present

25  application and whose disclosure is incorporated herein by reference, Serial No.
09/430,616.

[0055] Fig. 2 is a schematic block diagram of master unit 14, according to a preferred
embodiment of the present invention. Master unit 14 comprises a forward unit 20,
which conveys signals from BTS 12 to remote units 16. Unit 14 also comprises a

30 main-reverse unit 22 and a diversity-reverse unit 24, which both convey reverse

signals from remote units 16 to BTS 12. Main-reverse unit 22 transmits reverse

signals from remote units 16 acting as main transmitters; diversity-reverse unit 24

transmits reverse signals from remote units 16 acting as diversity transmitters.
12



bel ow, to master unit 14. Master unit 14 radi ates signals conprising the
information received fromnobile transceiver 15 to BTS 12. [0054] In

pref errewenbetrsrents of the present invention, forward RECBU§ZIS348f rom
BTS 12 are transferred frommaster unit 14 to renote units 16 by first
down- 15 converting received signals to forward internedi ate frequency (IF)
signals in the master unit. The forward IF signals are then transferred on
cables 17 to renote units 16, wherein they are up-converted to RF signals

d di at into buil di 8... ,5 m. : kL bi |
T anseel ve o wiin erary i 23 Bainielafas L PR RTaE AR eRE AN IED

remote uni bs Mtrolis@ps heenes phvcesahg asit (PUP 12 hictsis eouplad to thé eldnieats
up-converted to RF signals which are radiated for reception by BTS 12.
Met hods f oviadoemnizodandmepierizgiasud- conversion of a transnitted RF signal

as describ ei.naboye ar i r tial ; S\RACHy B IRgn of
one such ﬁ@ﬁﬁgﬁn ifgm@r élr??tiér:? g'}%&gﬁ QE?QA%%T%g?ilgnlggﬁ%i tl 263, o

"1 n- Bui §di RgieRl2e THeasRDRYinpEoy alagapise hipiifie?28 @bichhes 2 ga@aontralédh i s
assigned to the assignee of t%e resent 25 application_ .and. V\/nlqse di scl osure
is incor pobaitaém@?e@ilﬁtob?gﬁ@f@'éﬁgé,a“@éﬁ‘}il%ﬂ oygguts HBQF}P@@?%T@W (0838 Fig. 2
is a sche i ¢..bl L: i : loRg aietaR ofuidter r ed
enbodi man{r%gf f/{]ﬁeer%?r(reeg%ﬁ?g ?%%%P%%ﬁ%tgfl\}a@e%fﬁﬁeﬁ%%gﬂmri ses a forward
unit 20, vhbj el dowdepsvaisgimalnpuf REiSES td 2n tinterrediate frpqensy1@F) tignal. 14

| i 30 mai n- it 22 and.a.di i ty- it 24,
i oh bor h AToRQEEETSH SehosmRasdoresTA RO PE FEY pu i BEHE Bt et
Mai n-reyer %Sbl%!{«.‘ﬁ’zé:r%% utagﬁ&s. ikl SETEMAI Sinp t8Nal I dnbfifick SEPivRickiat @ ghfn act i ng
S;

as main transmt Iversity-reverse unit 24 transmts reverse sjgnals
from r enot eontmolles! WbamEif atepuator dignek Bi-AF Td r Arpavier fleved of thecouigyt db sigpsly 4

PCT/ USO01/ 45348 Elenments within . for i , i i and
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(CPU) 11 wRighedve spaual@sbifert he, & geknbwn ivile at, cordmab vaitdléropiceldes ng bus
31. [0056] In forward unit 20 a forward RF signal f&,o.m.BTS iz | S recgi ved
by an RF ~ S7ahtpileacfesncersignali gangratqdsby #puet aspillgior 3¢, 1 dpede ﬁ’p‘?’? PHBFt 28

o 0 255 AR P e T R s BT i
osci | | at or pleOsigraf enengeefeiahiialcompasasaa lnacalv-oandi $igaalopaving a frequency
within the IF band. Alternatively, the frequency of the pilot signal is set at a frequency
| that cables 17 can transfer outside the IF band.
[0057] Elements of forward unit 20 such as local oscillator 42, IF level detector 40,
20  and pilot oscillator 38 are most preferably coupled to bus 31 of the unit. Bus 31 also
conveys attenuation-setting signals RF-ATT1 and IF-ATT1. Thus, operational input
parameters such as the gain and/or frequency of the respective elements of the
forward unit may be set via the bus. Most preferably, operational input parameters of
elements of forward unit 20 are set via signals to the bus from console 19, by methods
55 known in the art such as via an RS-232 interface 33. The signals are decoded by CPU
11 and a modem 13. Alternatively, operational input parameters of elements of unit
20 are set by other means known in the art. Similarly, values of output parameters of
elements of forward unit 20, such as an IF level measured by detector 40, are most
preferably placed on the bus, and are made available to console 19 by a method
30 known in the art, such as via RS-232 interface 33 and/or CPU 11 and modem 13. In
some preferred embodiments of the present invention, values of parameters are stored

in a memory 35 comprised in unit 14, for later transmission to console 19.
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42, and down-converts its input RF signal to an internediate frequency (IF)
signal. An LO frequency is chosen so as to generate the |IF frequency

wi thin awob2iznd that 10 cables 17 can transfer. The | F BCTOUD&01/45348 nput to
an |F amplifier 36, which has a gain controlled by an I F attenuator signal
| F- ATT1. A power |evel of the output IF signal fromanplifier 36 is
nmeasured by an-IF | evel detector 40. The IF signal is transferred via
active splitter/conbiners 21, as are known in the art, to renpte units 16

by cables 17. A pilot reference si ., ' i tor
35, °Ts i nj ety RRubTRRoRPIGR AR of ARARL 6P of 4 e Eflble”
signal is @] sfsbleadfyeiofftr hRitHoAMb@nuAtiesarl6. The pilot signal nost

preferably conprises a narrow band signal having a fre.(i]uigl% ﬁa thin the IF
band. Al 't ef00s8] Fed. 3, istaeshematipulael disgrann af gng of feamojn gpity $6.Agporgine o a

frequency that cables 17 [ f. I El ement s
of forwar dPfﬁg?qed;%ng?fﬁﬂlegts&ﬁg%gfeg%zéﬁepg%rﬁmggt,ﬂr?@#&i%ﬂ%&t%@%@fghgo, 20
and pil ot Qg hledinflerddntad & B8iSds maiafrematel tyarsoeipemdaridathleast 3¢mefrewle uni t .
Bus 31 also conveys attenuation-setting si g{lal s RF-ATT1 d CEF- A‘IETl. Thus,
oper at i onakmithpue impemeredre adck SVEHYGHAC éﬁ%sfﬁlvq‘r?'egﬁﬁn GO Phe
respective. el e ts of..t rd - uni RaY; b etith® DWSain M

pr ef er abl y,hergB"re{)Eg)tvf 8R%¥esrﬁp%§%é@a%éfgpgchg§ mgfeerﬁé&ﬁ%ds/ %f forward unit 20
are set Vi aivetg@tjatrsnsceiveNeUhiud 6f comprison sofleadtiplexioy 108t Wbéh Bocauplainid n t he

art such as via an RS-232 interface 33.. The.signal s are u 11
and a nodesfles 1A andrwaich yapx/a ’%Bé‘isgilfscfﬂ’é"i’arfiigtgﬂg rrg?”%}’égdra%gl%ﬁ Hﬁé éei)r%(lge‘%lr?t s of

unit 20 age, ?&%wa?&' T[@ﬁ%ﬁ%nr@ﬁ’%ﬁoﬂf Ba¥i102) ThB @ttdidatioRiofslage 1192 iswahtieBedf

out put “par aneters o nts of forward unit 20, such as an |IF | evel
measur ed bypydetEcienudos signa IAGHT2. Stage dPABMplifiea thedEdrenehandRpua fhf ar e

made avail able _tg console 19 net n I : i Vi a
RS. 239 | nt SFPhEed €N @/W‘@@@%&ﬁﬁ%@g%%&%% I‘Qic‘i%Qnsgm1|?§5[rt5erfsé$“:“k g(&}oﬁﬁ

ermbodi ment s, 19f41t0R&11RIE I 80 prefRy®N htanbsti@laligshetapal onfre@rescpaegsemtad in a
menory 35 conprised in unit 14, for later transm ssiﬁp fo ][consol e 19. 13
WO 027 4327 byPa/ 45500 /magarguniplfe Mizen Ve yp-spaverss ther 1o §188at Y Erdtit et s of

el emen of unit ,2 r ai t L2 49nhYicaRGbRedrd erhod
known ELE t heeoypied %‘5%@%] @?glgﬂ%l iaéggl]}gg%e‘[gr%tqgécb%g e?c%(igréli até]r am of one of
renmote uni tagnplica®@L efage NMYSt Anaoutpuiefeaelr efi segbddBnisrmeastiradhy j9r Bt RF

[ tion. Most f bly, at | . [ [ . d
L0 act a5 deienioncrigh 6nd AapUEBITES O AANCE T RRLrod g Ry Phfr WRACEN €

114. Amplifier 114 is activated and de-activated by a switch 131. A gain of amplifier

114 is controlled by an RF attenuator signal RF-ATT2, and an output level of the
20 amplified signal is measured by a second RF detector 116. The amplified RF signal is
output via a duplexer 118 to an antenna 119, which radiates the signal to transceiver
15.
[0059] Remote unit 16 also receives at antenna 119 reverse RF signals transmitted by
mobile transceiver 15. The reverse RF signals are transferred to a reverse RF pre-
25  amplification stage 120, which has its gain controlled by an RF attenuator signal RF-
ATT3. The amplified RF signal is transferred to a mixer 124 which also receives an
LO signal from LO 110, and which down-converts the RF signal to a reverse IF
signal. The IF signal is amplified in an IF amplifier 129, which is activated and de-
activated by a switch 127. A gain of the amplifier is set by an IF attenuator signal IF-
30  ATT3, and an output level of the reverse IF signal is measured by an IF detector 128.
The reverse IF signal is transferred via quadriplexer 100 to cables 17.
[0060] Elements of remote unit 16 such as switch 131 and local oscillator 110 are

most preferably coupled to a bus 101 of the unit. Bus 101 also conveys attenuation-
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units are inplenmented to act as diversity-renote transceivers. The
description hereinbelow applies to a renbte unit which is inplenented as
either awabn4xar4 a diversity transceiver. Unit 16 conpri BERUSOIgSadr i pl exer
100, which is coupled to cables 17, and which inter alia transmts forward
| F signals received fromthe cables 10 to a forward IF pre-anplification
stage 102. The. attenuation of stage 102 is controlled by an IF attenuator
signal IF-ATT2. Stage 102 anplifies the IF signal and outputs the

anplified signal t m 0 WGa ) ei . illator

si gnal fr offfting QI%@%}%%W#&GTE%A(;@ e?‘é‘%ﬁ?‘“gﬁ% S%g?’éﬁﬁagﬁﬁ%}lt e sanme

LO frequengy.,as.Qehehalsafle davn, lsedtd 2o freq@ntelof Uht treshéctivd Klemedl6of the

up-converts the I'F signal to generate a 15 recovered forward RF si %gal, and
. An

i nput's t heremetowet sdy diegratviatthe Jus.dYipairrteRrblya ppepTatippaltinpH ReFARECrE
out put | evel of stage 108.is neasured. fi t.0r nd the
recover ed %?mﬁ?ff la %tet‘ﬁnéfngﬁ %ﬁ'erséag Vfaomg%al%]? lﬁ)}%\?iel}ﬁg%ﬁﬁ%s?‘gr&qtlﬁ?suﬁﬁpl ifier

114 i s sact jvafiedreqneica®tpRéyiN@bpakraassimeddion 3ie mAsgaiunitofa eabidsi Fl,er 114
is controlled by an RF attenuator signal RE-ATT2, and an out p};%d)ihgl of
the 20 anpwhicheignelsgrareqodedbssumaden 03 a8d aFRRIRPIAERsERs 1t

anplified RF,sjgnal i tput i 39 e Whi ch
radi at es tﬁéthélt @ﬁéiec?%dts?%ﬁgscéerﬁ?&e)?e f?)lsg't’ﬁ{egéﬁrfgf &%Q%Pﬂ)t e %ﬁ?? Sridéx@gré%ﬁ rGecei ves
at ant ennambdé RNGNS e RE Hi. giebsativensperhtierchl input palanieters phelsmentsef 15,
The reverse RF signals are transferred to s.%ﬁv?r se, RF gr e t25 ¢

anpl i fi cat Meihl6amget petherpeans kqwniip dheqst Ripiay: JRIvEY ChOURN B ¥ E nuat or
si gnal, RF LTy Fusi ' sfiRéd BY IFQefectBr 188, &84 Wwhi ch
al so rleO(I?ei @%ﬁ%ﬁ&gE)B?é@%thgnﬁ?lrdg%uiﬂogﬁ%,nb ?r%r s\fhﬁi ch doa/n-.converts the RF
signal to mokeprefessbly placed gnahe bihentlfrs aymkblei to magpen wiibd4 by aamethpd

anplifier 129, which is tivated a de- activated ] . A gain
of the anpkpgWin the &kis aﬁ a§Fof I%Eg‘?‘n‘@f“%‘q‘r s eaET ][@/grgd Wt&g}#ﬁ an

out put | evglcsata thAReE 8Y 8hs SnadrerShitiDahltéatiRay Uvaeesbyf @otput paeinetdrorof128.

The reverse IF signal is transferred via guadri pl exer 100 tqo cabl es 17.

.[0060] El elvmmtis ofunitelfoare masietavaibable Ehmasies URif df NS P AFRYC OeR IERQSS| | at or
oo, 5B BRI DR AU ) S B gt <o
RF- ATT2, | kalAdsTceikEt BY Tdasteanahitl F, Adl Sxanfiielsin avpertatdpenaé andhpontrol payanet er s
such as t hglegnaeLtnc’)ftﬁé g;sg[aém.or frequency of the respective el enents of the
[0061] Returning to Fig. 2, main-reverse unit 22 receives reverse IF signals, herein
termed main-rev-IF signals, from remote units 16 which are implemented as main
20 remote units. Diversity-reverse unit 24 receives reverse IF signals, herein termed
diversity-rev-IF signals, from remote units implemented as diversity remote units. The
signals are received via cables 17 and active splitter/combiners 21. The description
below is directed to unit 22. Apart from the differences described below, the operation
of unit 22 is generally similar to that of unit 24, so that elements indicated by the same
25 reference numerals, with respective suffixes A and B in units 22 and 24, are generally
identical in construction and in operation, and signals in units 22 and 24 with the'same
prefix have generally similar effects.
[0062] Cables 17 supply reverse IF signals to an IF amplifier 66A, a gain of which
can be set by an IF attenuation signal IF-ATT4-A. An amplified IF signal is input to a
30  mixer 60A, which also receives a local oscillator signal from LO 42. Mixer 60A up-
converts the IF signal to generate a recovered reverse RF signal, which is amplified in

an RF amplifier 58A. A level of the amplified signal is measured by an RF detector

56A. The amplified signal is further amplified in an RF power amplifier 52A.
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renmote unit may be set via the bus. Mst preferably, operational input
paraneters of elenents of renote unit 16 are set via signals to the bus
from mastveo oxwa2t4 14. Such 5 signals are preferably keyi ngPeT/gjR@l/45348
transmtted fromthe nmaster unit via cables 17, which signals are decoded
by a nodem 103 and a central processing unit (CPU) 105 so that the decoded
signals are able to set the respective paraneters, by one or nore nethods
known in the art. Alternatively, operational input paraneters of elenents

of unit 1@\8@@%%?6@% RLPAEd TBRRS- KR b alshBicBTsIA, Bharhhftd Yain\kal bigs of

out put par ane of el enents of renote unit 16, such as an IF | evel
measur ed byanl RFdetesadtion sigdl RF-ATHbét Theebwpatbdfy applified 534 iswelstably and

are available to master unit 1 y. a et hod own jn the art. s .as

encodi ng t HEYiAFESS 12 ﬁnni‘iﬁ%‘?ﬂalg%‘gaﬁ’d B[q%aﬂg’n?‘f‘fir&hegof‘hélt Ozn%ggrvéaﬁ]ue@ to

the master éﬂgﬁe{?blybtlrén@fe?%lh'v\fe?lﬂ ant¥Ahd$0B Rf BP9 HBUNMoBESBfRiRY, anfna §0BAENt S Of
made “aval [ a

unit 16 ar e to master unit 14 one or nore other nethods 15
known i B thenamntts pdlanied] sigpalandshegawal tohahose otranineitted brayamiendas308ut put

paranmeter val ues yeceived by .master unit 14, r_exanpl i r.to
oper at e and’*lé%mt‘r"fi{y’ A, outppes rfgn‘}m@feﬂfirﬁgbéﬂ}de# fﬁoéil]rg?ﬁgétdu{roz?ﬁggq? o ig. 2,
mai n- r ever sghdtNhtand AdoReein & AV Qichead by ThBRadr/orheihed Multigiexscand an

mai n-rev-1F signals, fromrenote units 16 which are inplenented as main 20
renot e uni taptendk veshgisiapteped8d.se unit 24 recei ves reverse |F signals, herein

Lored o vERBkPEIbAGH o LR ! B OTRIP A LABLETER o, dRrdhyersity

renote unit S are recel ve via cab an active
splitten/ cambichey 5. 24nd JiPeaktbsctedtpisi I6A anded6Byatesmaitipeeftmillt aupleidtto B@s  Apar t

fromthe differences described bel gqw, the operatjon f upi S
general |y Silnifuar3k alspHanvers gffnpanan-sdung pignals) Eﬁ%ﬁ?g“‘}’ ﬁ%‘%‘;ﬁéﬂiﬁ the
same 25 ref grenge aP{i’ 'ﬁ‘r-ggﬁﬂ-ﬁl\.‘é rRESRE HpuY PadHicler 68t A&Herls bfusify 23 22
and 24, are generally i

entical 1n construction and in operation, and
signal s in andi 24 aR2masdp2ferably fset e’ deacnbedpateive ohawi Ybnéalued 9f opwpuf ar

effects. [0062] Cables 17 s | ve | E si |ls to an | F ifier 66A,
a gain of AFAReters of sl gé&@“éréfﬁn(gi??esﬁﬁ%laf’ myﬂﬁﬂeaflﬁe %‘P?EB {fc Io,&n
anpl i figd 145 ,5hgN8bB] SreihdNitpréfradly 3RdBiax@IabiOR cotblehl Bhsdor €T Vess a
| ocal oscillator sighal fromLO 42. M xer 60A up converts the IF signal to

generate a desoithedrbavafoveris@0RF signal, which is anplified in an RF
P e S P R R o SR Y e
anmplifier 52Asmistfon path comprises elements of forward unit 20, cables 17, and elements of
remote units 16 which transmit forward signals, such as amplifier 102, mixer 106, and
20  amplifiers 108 and 114. A reverse transmission path comprises elements of remote
units 16 which transmit reverse signals, such as amplifier 120, mixer 124, and
amplifier 129, cables 17, and elements of reverse units 22 or 24.
[0065] Fig. 4 is a schematic graph showing frequencies of signals generated in
network 10, according to a preferred embodiment of the present invention. Most
25  preferably, LO 42 and LO 110 are adjusted so that forward IF frequencies are in a
band 86 from approximately 110 MHz — 170 MHz, and reverse IF frequencies are in a
band 90 from approximately 190 MHz — 250 MHz, corresponding to bandwidths of
forward and reverse PCS transmissions. Alternatively, transmissions are in narrower
sub-bands generally within band 86 and band 90. It will be appreciated that when
30  system 10 is implemented to operate for one or more other transmission schemes, the
bandwidths of the IF frequencies and the separation of the frequencies may be
adjusted accordingly. Most preferably, pilot oscillator 38 of master unit 14 is set to

have a center frequency 88 lying within forward IF frequencies band 86.
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WO 02/ 43274 PCT/ USO01/ 45348 Anplifier 52A is activated and de-activated by
a swtch 51A, and has its gain set by an RF attenuation signal RF-ATT4-A
The out pwwootisxmplifier 52A is preferably transferred vi BCRUS@MSe4sna 50A
to BTS 12, and the output of anplifier 52B is preferably transferred via
an antenna 50B to BTS 12. Most preferably, antenna 50B is 5 transmts

pol ari zed signals orthogonal to those transmtted by antenna 50A.
Alternatively, the outputs of anplifiers 52A and 52B are transferred to BTS
12 by oth 15 KO o Bhdr§oWihe sepE Bodpriddd ifi alifstaANgioAphYdedaral an

mul tipl exei6 &Eqﬁ% ant e?ma sucr(l) asg an?inna§26 [0063] Elements of main
reverse unioper2foamptiati ofensivosk t&ascerdingnior a prefersascembelimenyt efwihe e¥nE1A and
51B and detectors H6A and 56B, nost ref counl e Bus
31 al so comePEOn: FRERIREFSS e é’tbf‘(ili ﬁareg} itk ﬁ%re eﬁaat’%ﬁ%e%p aF?:g%}ﬁJRQ%ér ‘I’-‘lﬁ}

ATTA- A, a”¢i4§%d%€f%te3m1% vk B Pbﬁﬁbﬁedp@rmtr@m gafd ¢dvpleal tepahérsbyf
units 22 24 are nost preferably set as described above for unit 20.

Val ues ®f cablputl7. Thegprotess s (mOSéIPéfFfélﬁibb’ gnplgmenigd A an dutomatic g HSeRY- RF

| evel s neasur ed by detect ors 1 r I

avai | abl e @BOTHHSIPEREY AR U Alﬂssq‘eg’%é)g%cr ?tﬁlngl% ngfgg V\('fj}%é/mrt g%
[0064] |In gysiamirdRchdnelandtehitatsyyenyld we nialehsailaie ®i @nsdle 19. The
transmssion. A forward transmssion path conprises elenents of forward
unit 20, C@MCQSSIEPrefaWblﬁMéwﬁﬁ&\éaWnsokeWote units 16 which transnit forward
si gnal s, a (08 : 114. A
everse tr A0HASa Bl fee $hgn i flipd Plaed A0 e PR ok a
transmg renefs®ad Qﬁtﬁhﬁss@up;hh @8 tlempdtvbilet 0 220de- m’tixeﬂed 3&2415 t@antfectivefyt i fi er
129, cables 17, and elenents of reverse units 22 o 5% )&g@ﬁ4 is a
schermatic ayokiph iRBEH AHETERE §f diciopyardriranspssion Qfé}h bt

accordi ng tg %%ﬁf&f fv%%n&%gﬁghfm%ﬂfmz{s{é? qutqg%Bin h%’ﬁ%bﬁ@beﬁ%éomg5
preferably, It_ an& are adjusted so that Tporvvar frequenci es
are in a baTdn86rardnma2y whemmtrhewm@grmh:fromp@otmazﬂla@ﬁa%%mc@@ ipo

f requenci es are in band.90 from approxi mat el 0
cor r espondithy SXSEFHBaﬂHW E@Eﬁ%e%?ms ]Inolmg%i CAME" % %‘é?llf?erlé@%fl rrgﬁas S| g 8s.
Al ternaki velpg, det AHN SIS B fRETSraBlyEinipleri@itE DB fedusing-daanRds tigemaplfidry toMaet hi n
band 86 and band 90. It will be appreciated that when go syst.em égf,
A Ttlhe

i npl ement edOWOVBd)q!%r ant possible, ofie respediieeatspHation: sighdliiREspdh L sid

Egndw dths Qfyd tﬂ)e deF: acfu'{/gtﬂ%e%'tcﬁés 3 dnd 86 1§ BRAUASILRs. Hor i1 SerhbBAMGEALES MRY

end element amplifier 114 is deactivated via switch 131. Once the end elements have
been de-activated, the remaining internal elements of the forward transmission path
20  are substantially isolated from external surroundings, so that external signals are not
received by the internal elements, and signals generated by the internal elements do
not enter the surroundings.
[0068] Pilot oscillator 38 is activated, and an output level of the oscillator, as
measured by detector 40, is preferably set at a level of 0 dBm. Altemnatively, the
25  output level is set at any other convenient value, such as a nominal designed site
output power level, and measured by detector 40. Master unit 14 broadcasts a signal
indicating to each remote unit that an initialization process is starting. Most
preferably, unit 14 also informs each remote unit 16 of an expected nominal output
power level, dependent on site characteristics, that the remote unit is to be adjusted to
30  generate in the initialization process. Alternatively, in the process at least some
remote units 16 are adjusted to generate a pre-determined default power output level.
Master unit 14 informs remote units 16 of a time delay interval during which

measurements on a specific unit are to be made.
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adj usted accordingly. Most preferably, pilot oscillator 38 of master unit
14 is set to have a center frequency 88 lying wwthin forward IF
frequencive@ obamads 86. 16 WO 02/ 43274 PCT/ US01/ 45348 [ 0066PCFUQ01/45348s a

fl owchart show ng steps conprised in an installation phase and an
operation phase of network 10, according to a preferred enbodi nent of the
present invention. The process described herein nost preferably takes

pl ace after master unit 14 and renote units 16 have been positioned in

bui | di ng 1?90%“?? g%ngggéhefimﬁ&&%ﬁ%,% Beall 432 Ifeastig 4 REGSS] icutpm sy

preferably ed Th an automatic or sem - automatic manner, via
control si gnplifier $681ekhchriespentise evmatniunit1ip then cadjugiethe gadm of dts inpyt IF

t I t i thi t d il - le 19.
The-  pr ocesmpitbenH G sl Jen Ar Gt T1-& idan 4P 1o0 Vol Sy, AHRL .

step of an | LAY ¢ ASEl PRt ixeis andteeke MR ttEe RENRYEISREhsuRd HyO t he
f orward trz&)?]%&)gg!ﬂg?}d)%%tﬁﬂof t he n%tworﬁdjlo are de-activated so as to

ef f ecti yel yetebtoo! 1dReisi atpes-detbrmainedromnltue, prefernblyr epmespending de e skpistgsht h

fromsurroundings external .tg th th. Actine I t it hi O mast er
unit 14 coRPRRRA UL YRINE Lo95heGr & ‘g‘??ﬁ?‘% %’?g?’rﬁcfnol?ﬂv\%;ceg uﬁﬁﬁ? ' %t%\%\lﬁ{é%lgl n the
pi |l ot signgle lLAMPLARLQSS! tHealdThulBSali®, iof] toCheyl dilidrosuitable eatsd.eMiosThus

end el ements i'n unit 20 conprise anplifier 28 and |F anplifjer 36. 15 The
de- act i vat iposfeiablyprtief gniabisyadjyssideire MCEINGNS, USHEC Py CHAHE 231 tHESSM ifiers
to as |ow values as possible vi A t iat i okeg i @ind! $neRbr ATT1
and | F- ATT{90 '%39@?3 %ﬁre er_nglgxplryvg?i %gg@%ﬁ%éé%&h@z%aﬁgg%fagjg to thg ar?plli' fiers.
For al b or enmd® otk hiethfls knéwg iethenmnt anplifier 114 is deactivated via

switch 131. Once the end el enents hav been de-activa t.he r.emai ni ng
i nternal el[@9NWilizing the pilof Mil&tqfﬂ%ﬁ‘iﬁi’% g’r%ﬂ“ﬁ%?ﬁe% r ;fzgl’egﬂb%r{d;lmqwaq ly
I sol ated from exugrnal of&'ﬁt{eﬁﬁl&ﬂdt@%m & TNt texd20 tahysisgoa pathakecnad
recei ved b)g R nternal e enents, and signals generated by the internal
el ements dahe pgih ofBinglifithE)sandrlosses dng . splide@SImipners 2108 &ipet bledless s

activated, and an output |evel of the oscillator,.. ect or
40, is prefisiugsmymastsr upit 14 and ihe spEct t?rﬁﬁ‘r?’n%e 'ﬂl{ e |t§gr§®§%§grﬁy’gﬁ put

level ig Sel;abui%s PYeRBImELMRR B o ahbe, eqlindticas lakngitatdds stesidgied site
out put L'L%om%ru?‘e\}grf],sgiﬁd rreasurg% by detector 4Q. Master unit, é}d‘% br oadcast s

a signal imeheatisndlematiael, tﬂlgmrgatm if b.yﬁay otlier methqd oy ip a& dbss i s
Z;S;u 23 n%ivg}e%éﬁ{a ? ?eln%th Wi bicttheed $@nl MOTIBICREE h&BRIiRg UB! knobéh Of an
properties of cables 17, by methods known in the art. A reverse cable loss is estimated
from the properties of the cable, the determined equivalent cable length, and any
50 differences in the reverse IF path compared to the forward path, such as a different
loss due to splitter/combiners 21. It will be appreciated that the forward and reverse
cable losses are dependent, inter alia, on the frequencies of the forward and reverse IF
transmissions, described above with reference to Fig. 4,
[0071] From the determined reverse cable loss, a gain of IF amplifier 129 and/or
25  amplifier 120, is set to compensate for the loss, preferably at approximately 5 dB
above the loss. Alternatively, the gains of amplifier 129 and amplifier 120 are set at
another convenient value so as to compensate for reverse loss in cables 17.
[0072] The process of calibration described above is applied in turn, via commands
from master unit 14, to each remote unit 16. As each remote unit calibration is
30 terminated, preferably the specific remote unit is checked by being polled. While

measurements are made on a specific remote unit, if a problem in the measurement

process is detected, or during polling, such as may be caused by a fault in a cable
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power |evel, dependent on site characteristics, that the renote unit is to
be adjusted to 30 generate in the initialization process. Alternatively, in
t he procew@oasieast sone renote units 16 are adjusted tPCHERErHEB48 a
pre-determ ned default power output |level. Master unit 14 inforns renote
units 16 of a tine delay interval during which measurenents on a specific
unit are to be made. 17 WD 02/ 43274 PCT/ US01/ 45348 [0069] For each renote
unit 16, RF detector 112 neasures an RF | evel output by anplifier 108.

Each respective renote unit 16 then, adjusts, the gai i [ I
anplifier tomecingtq feafaRaisdnitoAn ALl ﬁeﬁi,ﬁﬁ%rﬁﬁa{%}%ﬂ ?d\r}eq%g&%orr 2

addi ti onal :Eg o in of anplifier 108 is adjusted. The gain is adjusted so
that the RECT8Vel” neasured by 5 detector 112 is a pre-determ ned val ue,

pr ef er abl y (60731 &eEandl randte uhtie havepesen gdlibratad, master ppiit 14 dg-ir&vage 8l0%d, as

descri bed above, frommaster unit. 14 _ Al natiwvel I i j ust ed
to the def .ézéﬂl}tlat&?%?%&alﬁ? 0‘% eé‘l‘?ﬁ})hg‘teff‘e%g ?ﬁ?@%’ieead %t%deécck}g@?gg &’pdr%g];ggrdg y, the
gai n | ssadihs loir $GHRARAYEmONSING 1608 RalBBl dhddabardhry welliniriiudgbiook- up
tabl es Store mory 35. Alternatively, the gain is adjusted using one or
10 nore ot lénetwetih bl STHasoamovenelt gain &artthe fora ] trapspHssyIINRAR $eChi | ot

oscillator level ., th asured detector,112 I. I L nd

| osses of il 7@& ﬁ%’&?éﬁ% W@ﬁ‘i%ﬁgsmﬁmﬁga@oéﬁm%rlﬁgﬁ §%§%ﬁ§%%ﬁ%§ﬁ’hﬂiﬁﬁh as
the gai n of,a5kd fhieh hA02nlichep besh wusretadjnpdd. Therghine aix mestpreferably

f orwar d cab}e l oss between master unit 14 and theg ecif'% r.enpt e ud”nit i's
esti mat ed. shbse ttef eqvatsieytransiassion gathj gg i1y subsany o?qlr‘@ij IR HPTIRE or
nore estimation. |.ook-up r LD pad aplifierd he
esti miponqagsrﬂvs%ﬂyatg&g%r?bﬂ%%? ﬁ\ge%%gj\/\%ﬁ?h t et%c}?’?ssé&ﬁﬁé %ﬁﬁa@nt cabl e
length is cplacadadex] if hain tdverse ahite22 aslsymplificos A2BgnddoBnigvinainshivseit i es of
cables 17, by nmethods known in the art. A reverse cable |loss is estinated
fromthe progédti es of the cable, the determi ned equival ent cable |ength,

and any 20 dj %ﬁ? ' (28 1NE iR2héh FAnMa8Lal 160s abevaialr wingl pat h,
such as a o[lﬂﬁsgrqé(n%t Sgeg’ Bg\g‘ﬂ{%ﬂ@pl i tterll conbiners 21. It will be .
appr eci at edhé kapedtive shitchal3d, amdinetwpds 3@ begiap|te reesivceandaransgiblongebile i nt er

descri BB ABBHETRR 1 HErETBIR:IFD oot [ bt ofalde) BhAR: DhAR, 28
reverse ca é)%raltigﬁﬁ’ pifas8ah NpdWer | Jutpitpleidli Roml2@hamdplifier 2Bt asmpdadf berthel 20, is
set to Conaegpsegtg\?e {lgrdetterl?orl ](?1868, ’ang rd%’regtro?qll% i(’sitals%p@gg.mf}?éagli?}e}/enée gnBvalues
may be transmitted to master unit 14 for use as a monitoring aid. In the case of a
failure and/or a significant change of gain of amplifier 114 as shown by an
20 unexpected difference, master unit 14 receives the indication and sends an alarm to
console 19.
[0076] It will be appreciated that during operation of network 10 the steps described
above with reference to installation of remote units 16 may be implemented as
required for a specific remote unit 16. The steps may be implemented, for example,
25  for changing and/or diagnosing parameters of a specific remote unit. For example, if
detector 116 detects a lower RF level than expected, values of parameters in the
forward path of the specific remote unit, including cable loss, may be re-evaluated.
[0077] It will be appreciated that the preferred embodiments described above are
cited by way of example, and that the present invention is not limited to what has
30  been particularly shown and described hereinabove. Rather, the scope of the present
invention includes both combinations and subcombinations of the various features

described hereinabove, as well as variations and modifications thereof which would
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above the loss. Alternatively, the gains of anplifier 129 and anplifier 120
are set at another convenient value so as to conpensate for reverse | oss

i n cabl ewwQ924320072] The process of calibration descri bedrabose/45348appl i ed
in turn, via commands frommaster unit 14, to each renote unit 16. As each
remote unit calibration is 30 termnated, preferably the specific renote
unit is checked by being polled. Wile neasurenents are nmade on a specific
remote unit, if a problemin the nmeasurenent process is detected, or

during polling, such as. . .be, caused b fauld in : 02/ 43274
PCT/ USOL/ 452558 tORSETas P%XEB%%%Rr“Q%{%adﬁlr% @g fzérﬁkgﬁ“gr“?h@sﬁ?g hﬁd%%
preferably £0,5MiQRReaIPhePhioraansol e 19. [0073] Wen all remote units have
been calibrated, master unit 14 de-activates pilot oscillator 38. Gains of
the amplifiers 28 and 36 are adjusted according to design data 5 for a
specific site wherein renote units 16 are | ocated, and according to a |link
budget of network 10. Thus, an overall gain for the forward transm ssion
path is set. [0074] Once the forward transnmi ssion path gain is set, gains
in the reverse path of elenents which have not already been set are

adj usted. The gains are nost preferably set so that a reverse transm ssion
path gain is substantially equal to the forward 10 transm ssion path gain.
The reverse path gain is adjusted by setting gains of anplifiers 52A and
66A in main reverse unit 22 and anplifiers 52B and 66B in main diversity
unit 24. [0075] In a final step, power amplifier 114 in each renote unit 16
is activated using the respective swtch 131, and network 10 begins to
receive and transmt to nobile 15 transceivers in its vicinity, such as
mobil e 15, in an operational phase. During the operational phase, a power
output level fromeach anplifier 114 is read by the respective RF detector
116, and detector 112 is also read. The difference in values may be
transmtted to master unit 14 for use as a nonitoring aid. In the case of a
failure and/or a significant change of gain of anplifier 114 as shown by an
20 unexpected difference, master unit 14 receives the indication and sends
an alarmto console 19. [0076] It will be appreciated that during
operation of network 10 the steps described above with reference to
installation of renote units 16 may be inplenented as
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required for a specific renote unit 16. The steps may be inplenented, for
exanpl e, 25 for changi ng and/ or di agnosi ng paraneters of a specific renote
unit. Fowerampare, if detector 116 detects a | ower RF | epel/Uushiaes34sxpect ed,
val ues of paranmeters in the forward path of the specific renote unit,
i ncluding cable |l oss, may be re-evaluated. [0077] It wll be appreciated
that the preferred enbodi nents descri bed above are cited by way of
exanple, and that the present invention is not limted to what has 30 been
particularly shown and descri bed he;ghgg@&ge. Rat her, the scope of the
present invention includes both co rons and subconbi nations of the
various features described herei nabove, as well as variations and
nodi fications thereof which would 19 WO 02/43274 PCT/ US01/ 45348 occur to
persons skilled in the art upon reading the foregoi ng description d which
b 573 e

are not di skl osedl methothdopmimsting ta. rag-(esuspey Jesal W3 4s1Uer Al vs

1. A method for adjusting a.radjo-fr e BE) . paner iof &ohgl! ular
2 conmmufi cdOrgRYH ]tom)rﬁ?quﬁ(é (rilﬂeet V\I/E)ert‘ggﬁkngﬁé&%lln 3 ?:ﬁr{stphlglgﬁﬂ?al i tggligof
si gnal - tr apsRinssicAtiehat® alisialiaptedive conemeiicaionsignali zatifost wrighets as a

first variable 4 gain repeater coupled to a second plurality, of

si gnal - &r argsin wppde- wuplediie & saepnst Rlbrality Oftsf%ﬂ?g‘ FFP?S@H%O%_SMSC%P%H Qi gnal s
as a second variapl e gal n.repeat aris bhe WERIHOMh: BleCompbRiang; heananbi vat i ng
at | east soﬁE“%W%$ §Og?¢§¥&%@ﬁﬁg ﬁ%§50§35|gnal-fﬁ§%§ﬁ$s§$%n- 8 elenments so
that the casmprisgati on signals are not received in the first plurality;

de-activating at |east sone of the secopd plurality of. si | - 1 SSion
10 el ements so t‘Ff‘a‘t‘CUtVHt_én%_:é‘Frn]ﬁ?ﬁtc%ﬂql%rf’ sﬂﬁngrsls{_ @Pléal tOfft F%ﬁgl?rtir%r{s@gﬁformbm t he
second gpl Unghbli so 2 8 kBh A afioh SRS R rgRRkd IR Mo T PplRfatidst er m ned
injected power level at the ftirst plurality of

si gnal - t r ansni ssdeomtightbnge at deast omecefi thenggeomrk PusRIEY epfc 8l 28 plgHAIS IO e
second _plurality of signal-transm ssioqn- gele , - | Legei ved
power ﬁéhelﬁﬁpmﬁﬁéoréﬁgﬂgnggngwﬂﬁﬂﬁméf nﬁ% %gsgﬁﬁnnégnﬂﬁﬁﬁﬂhiﬂ% Sec
plurality;
12 injecting a reference signal having a predetermined injected power level at the

first plurality of signal-transmission-elements;

14 receiving the reference signal at the second plurality of signal-transmission-
elements;
16 measuring a received power level of the reference signal at the second

plurality of signal-transmission-elements;
18 comparing the injected and received power levels; and
responsive to the comparison, setting a gain of at least one of the signal-

20 transmission-elements comprised in the first and second pluralities.

2. A method according to claim 1, and comprising:

2 activating the at least some of the first plurality of signal-transmission-
elements;

4 receiving at the first plurality of signal-transmission-elements the

communication signals from a first region;

6 activating the at least some of the second plurality of signal-transmission-
elements; and

8 transmitting the communication signals to a second region from the second

plurality of signal-transmission-elements.
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plurality of signal-transm ssion-elenents; 18 conparing the injected and
recei ved power |evels; and responsive to the conparison, setting a gain of
at | east vome2/ef274 he si gnal - 20 transn ssion-el enents conppPCEEd01/43348he fi r st
and second pluralities. 2. A nethod according to claim11, and conprising: 2
activating the at least sone of the first plurality of signal-transm ssion-
el ements; 4 receiving at the first plurality of

signal -transm ssion-el enents the conmunication signals froma first

region; 6 activating the at |east sonme of the second plurality of

si gnal -t ransm ssi githddl RIS toafidmB2, twirndnithd firsgregim adrirnéoat iregiosi gnal s
to a second region fromthe second plurality of

si gnal - 2r anomict svertepel ements. 21 WO 02/ 43274 PCT/ US01/ 45348 3. A net hod
according to claim?2, wherein the first region and the second region 2 do
not overlap. 4. A nethod according to claim2, wherein injecting the

reference sjgnal, 2 conprise asuring, t e 1 ned iaj wer

level with% fi r%tma@PEE%CSPf, mé/rvﬁ‘ér W%ﬁa@ﬁ?@#g%%@@e% 6%%}%8%\6%?grf&gvel

conpri sgs %ﬁiﬁs&@ﬂxeﬁﬁﬁin{g%@ip@&t@ﬁ&i&d thjt@se boweit eval sethondirstedatedior, and
|

wherein activating the at | east sone of the second plurality. of
si gnal -t rarm]mdrsisimemsmﬁlmr@ntrsc%‘mﬁ*mqvé@ééevél:t?(i’mﬁlﬁeﬁ@leé‘smﬂ%eé f{eiRo¥eond 6

setting, a power level output. of | Bi.e Sio¢8hd Qclnd
pomer-aﬁplﬁ?%ﬁﬁ”@h?6ﬂFmﬁé§§ﬁngm%£agggﬁféﬁﬁﬁg%%gkgﬁlgﬁggﬁﬁé(bredete?nined
inj ected poygfalityeyelignd-taRasisies-emddiecdhpides detietingra poeertawplifiec end ed
power |evel neasured by the second detecto A net hod according. to

é et

. 5.
claim4f aregttingndPPEPHIgVENPHPIIRe @PmemBé%%fn@FRP@S&VS 02 pETamp _
power - APl ISRl ESheBy) o B5rd BEELYPUnRONETprb@tSnindd nfodtBl odcAusil di ng

to claim 2, recel ving the ‘communication signals at a
frequengy ombsinftd By pedtiet datedtorenhd the revaitdi power hevgl seesire@ G dhe fecOPhD- | F)

band at the first plurality of signal- 4 transm ssion-el enents;
detector.

5. A method according to claim 4, and comprising setting an alarm responsive to

2 the power-amplifier level and the received power level.

6. A method according to claim 2, and comprising:
2 receiving the communication signals at a frequency outside a predetermined
forward-intermediate-frequency (FWD-IF) band at the first plurality of signal-
4  transmission-elements;
mixing the communication signals with a local oscillator (LO) signal so as to
6  generate a forward IF signal within the FWD-IF band;
conveying the forward IF signal to the second plurality of signal-transmission-
8  elements; and
mixing the forward IF signal with the LO signal so as to recover information

10  in the communication signals at the second plurality of signal-transmission-elements.

7. A method according to claim 6, wherein injecting the reference signal
2 comprises generating the reference signal at a reference frequency within the FWD-IF

band.
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m xi ng the conmuni cation signals with a local oscillator (LO signal so as
to 6 generate a forward IF signal within the FWD-I F band; conveying the
forward MOst/gntal to the second plurality of signal-transPCEEROINMS3B

el enents; and mxing the forward IF signal with the LO signal so as to

recover information 10 in the comunication signals at the second
6, wher ei rg i nj egthdighd REordR{cabenas Biagdabmpridagpri ses generating the
reference signal at a reference frequency within the F | F band. 22 WO
2 receiving the. conmynicat i [ 3 : QI BIWER IR band. at
predetermrﬁ‘é?fse?g?}g%]@iq ﬁ?deu%ﬁ%}ai(%?g{&t) :&&ag’n%gﬁ%ﬂ -IMlF) band, difiérent from
the FVR- | Rpbadténd lurality bheigha asimegmsivnadlemynteyf
. m co [ n

signal so as tomijers ihet @@numca@}bﬁ%ahswgh%ﬂ%%ﬁ ¢ ﬁg R A ng:

i r . si t first plurality of
si gnal Ot r JREAFS S %%Sﬁyléf@#g@\{ Igrll) H(?r’i xing the reverse IF signal with the
the first plurality of signal-transm ssion-elenents; and wherein setting
the gaBn oflempris;ii¥d of the first plurality of signal- 12
signal - transm ssion-elenents conprises: 14 determ ning gain values at the
ref er ance the eqmenmycatiemsigenls riapofastipherakityef gignal-waisoussiQnocleWENtREV- | F band
met hod sac cfifgkidRelchditinahd thBesLh Noft the drier st thel secahd tpjurafitys bl sighal- 2
transm ssi on-el enents and the second plurality of
determ ning an effecti ] £ eeLiohey: #hdl oss of the cable
respo?éi ve to tﬁeete %‘é%ﬁggﬁg}eg oS Bftrdil &e v

plurality of signal-transm ssion-elenents. 7. A nethod according to claim
02/ 43224 PCT/ USBddinisg4le canmunipating §isielscit di Hefuency Puiide 2 PrAsCEBRFTi si ng:
signal -transm ssi on-el enents; mxing the ¢ icatian signals vvi%h the LO
conveyi_.ng the LRYE
LO signal so ascdmeyigdvereventdPnsphartoithe fit9 pltmligoafsighalaransmissiognal s at
transm ssion-el &%H%&el BekrdcN® S@ial v OB 0E0 AN rBeSepthipntthiihy of
0

responsi ve to par ters of. 16 the fifsst d Lt es: 01
si gnal - t r ansni s%‘?dggf’ﬁ’é’feérhéﬁtf@ga‘??ﬁ %?maogoa 51 §ﬁ'e 823%%){}%5@%) erg%qyuér)gﬁllg?% es. 9. A
si gnal - t r amesigssionclementt pRBPAS: coupl ed by a cable, and conpri sing

extrapolating the gain values to the REV-IF band responsive to parameters of

16  the first and second pluralities of signal-transmission-elements and of a cable

coupling the pluralities.

9. A method according to claim 1, wherein the first plurality of signal-
2 transmission-elements and the second plurality of signal-transmission-elements are
coupled by a cable, and comprising determining an effective length and an effective

4  loss of the cable responsive to the comparison.

10. A method according to claim 9, wherein the effective loss of the cable
2 comprises a forward effective loss responsive to a forward-intermediate-frequency
and a reverse effective loss responsive to a reverse-intermediate-frequency different

4  from the forward-intermediate-frequency.

11. A method according to claim 1, and comprising:
2 broadcasting an expected-output-level value from the first plurality of signal-

transmission-elements;

4 receiving the expected-output-level value at the second plurality of signal-
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10. A nmethod according to claim9, wherein the effective | oss of the cable
2 conprises a forward effective |oss responsive to a

f orwar d- iwo er/#medi at e-f requency and a reverse effective | PEFUREHSG48SI ve t O
a reverse-internedi ate-frequency different 4 fromthe

forward-internedi ate-frequency. 11. A method according to claim1, and
conprising: 2 broadcasting an expected-output-level value fromthe first
pluralitytg&mﬁhgpﬁkkﬁgﬁg%ﬂassion-elenents; 4 receiving the
expect ed- out put -1 evel value at the second plurality of signal- 23 WO

02/ 43284 PCT/ USetting58w8 gainr ahdhé st lsastepremredit the sigtrldrapsmissiog-alemaeysi n of

the at | east one, of the sigpal:transm.ssjan- t L in the
Second pl GPHEFEY Pebbomer B ey P soyasiale Sy R ERERLYEEE 1D "

met hod according to claim 1, wherein setting the gain conprises setting a

2 forward-gain for the communication signals in a forward path conprised in
the first 1,and £eaandh Rlcsfdth} td Efim A0 diteRik bAGng tieeyen SempAkes {oming he
comuni cation signals In a reverse path conprised in the first and
second2pl Uoabirtligam fot 3he fomehisatier signds iy atforvdrdipaihigomprised dn the Hest

forward-gain and the reverse- 2 gain differ [ e- 1 e. 1l4.
A met hod #E0FER P‘E?EIE‘:‘F%iaHﬁf,et%\ﬂgélrr&\'?fs?ﬁgmfti%?gfae(% ur‘g@%gﬁgowos?glgal%ﬂ{a#- 2

t ransmi;ssi Qhssl S8 BbBpfifeah VI fifiearOEBbN Mlatdiass.si gnal s at a

signal -receptio -Ieve?, and wherein injecting the reference signal
conprises injecting the reference signal at 4 an injection-Ievel
substantially the same as the signal-reception-I|level. 15. Apparatus for
adj ust i ng 8. r adA anéthedjaemcding R clappwk, wheveih the ferwerd-gaip apd the reverse-

communi_cati ong, _petwork, .conprising: a first plurality of
signalztrdﬁ§h3§§?gﬁﬁémﬁﬁgﬁ D %ﬁ%ﬁ%d as a first variable-gain 4 repeater;
a second plurality of signal-transm ssion-elenents coupled as a second 6
vari abl e-gain repeater; a coupling connecting the first and second
pluralitieg of gi gpalydt E@d&%&mg%oerailﬁ ¢l epRNi . thehfigh plaraicapsfedighal-convey
comuni cat1on signals therebetween; a reference oscillator, which is

adapt ed t ordnsidssfoneeleméms aencivesthe samnhmidatign gignals at a signal-reception-level,

and wherein injecting the reference signal comprises injecting the reference signal at

4  an injection-level substantially the same as the si gnal-reception-level.

15. Apparatus for adjusting a radio-frequency (RF) power level in a cellular
2 communications network, comprising:
a first plurality of signal-transmission-elements coupled as a first variable-gain
4 repeater,
a second plurality of signal-transmission-elements coupled as a second
6  variable-gain repeater;
a coupling connecting the first and second pluralities of signal-transmission-
8 elements, which is adapted to convey communication signals therebetween;
a reference oscillator, which is adapted to inject a reference signal having a
10  predetermined injected power level at the first plurality of signal-transmission-
elements;
12 a receiver, which is adapted to measure a received power level of the reference
signal at the second plurality of signal-transmission-elements;
14 switching circuitry, which is adapted to de-activate at least some of the first

and second pluralities of signal-transmission-elements so that the reference signal is
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10 predeterm ned injected power level at the first plurality of
signal -transm ssion- elenents; 12 a receiver, which is adapted to neasure a
recei ved woweu32level of the reference signal at the secopdr/pbur#Bisty of
signal -transm ssion-el enents; 14 switching circuitry, which is adapted to
de-activate at | east sonme of the first and second pluralities of
signal -transm ssion-el enents so that the reference signal is 24 WO
02/ 43274 RGT/ LS04 5348 thel Gomgling add athedfifst cmdt kesovduplbiatigienred sigealf i r st
and second pluralities of signal- transm ssion-elenents; and 18 control
ci rcui t ry tuenpmission-cleretsand r esponsi ve to the injected power |evel and the
recei yed power | i ich i9al e injected power level and
'sign g-transmcgg?égﬂnglre ge)[ﬂéﬁ]%nscﬁ 1%%&%&9%rri9§$§8§l§zgtt?ﬁie fJ| rst pan_d second
pluralitiege rd@iveAppavertleselatcostdd ggint of cteapinthissigndl drasismissiva-denenihi ng
circuitry is adapted to 2 acti a]é? the at | east sone of the first
pl uraEﬂtyC@fn%ﬁS%fE’é’lt-?flé%%q%?PB PiFHESts and the at |east some of the
second plurality of signal-transm ssion-elenents so that the first 4
plurality of signal-transm ssion-elenents receives the comunication
signals frama ,first ' : SEIRS Arid Y ciffuitry is adapted to
signal -transm s‘%?poaﬁgt% éc%g%a?xgh ?)pcgﬁyr}?%’s th(lgelg ﬂHGE %{glmﬁgllggﬂl%%lssi glr)1al s to a
secondsr egicBate e atAepasaheist the dostdilmglityoofcdigrialriragsmissien-elementseand; the ¢
region and the second_ 2 region do npt. overlap. 18. rat us C ing to
Cr o m 16, e rome RGteseor DR Pt ot LrgmioneeBER Bt IREAREL 5, ¢
conpri ges Ief o &hissiBREISRUAN FeEiNGS 1R ddnitnidai@cdigialgroanai s
adapt eg tﬁn@ggéfeggﬁ% t%lpg‘g!esglg?%il ned i%ej%glct ed power 4 level; a _second
det ect or ikt hegian ankdphesdecood rperelitye of Isgnaleicaisiassiqrosiements ensmifs dhe 5
third detector which is dagt ed tdo neasure a power-anplifier-Ilevel output
of thé& pEABFRUHATODSEalsdy SR I°E8Wer - anpl i fier 1evel is set responsive
to the power- 8 anplifier-level output and the predeterm ned injected power
| evel and the received power |evel. 19. Apparatus according to claim 18,
and conprigjng &P%eﬁhﬁé MVREGE foSclafh iNcatlreiR theFRaneiion il theesecond
power - anpl1fier vel and the received power |evel.

2  region do not overlap.

18. Apparatus according to claim 16, wherein the second plurality of signal-
2 transmission-elements comprises a power amplifier, and comprising:

a first detector which is adapted to measure the predetermined injected power

4 level;
a second detector which is adapted to measure the received power level; and
6 a third detector which is adapted to measure a power-amplifier-level output of
the power amplifier, so that a power-amplifier level is set responsive to the power-

8  amplifier-level output and the predetermined injected power level and the received

power level.

19.  Apparatus according to claim 18, and comprising an alarm which is activated

2 responsive to the power-amplifier level and the received power level.

20.  Apparatus according to claim 16, wherein:
2 the first plurality of signal-transmission-elements are adapted to receive the

communication signals at a frequency outside a predetermined forward-intermediate-
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20. Apparatus according to claim 16, wherein: 2 the first plurality of
signal -transm ssion-el enents are adapted to receive the conmunication
signal s avoa2vinegquency outside 'a predeterm ned forward-i PCEUREDISASe- 25 WO
02/ 43274 PCT/ US01/ 45348 4 frequency (FWD-1F) band and to m x the

comuni cation signals with a local oscillator (LO signal so as to generate
a forward IF signal within the FWD-I F band; 6 and the second plurality of
si gnal -trapnsni ssi | e t i Bwitar walpeall F

Si gnal4 anfalgqu?n%?}%’wlg [Egﬁj\%gédﬂ Pth?lgﬁaﬁQwE%ﬁ? ﬁ%h%%l ;S%.gglﬁlgl wso as to recover
i nf or mat i @wiliaort (LO)aMALISH awtol genestgn fdrsvar@IF sigpgavigdtinthaEWd)dF bgndio cl ai m
20, wherein the reference oscillator is adapted to 2 generate the

ref eréncea™i gnal at a reference frequency within the FWD-1 F band. 22.

Appar at us aCC_O{h@!se&nﬁloplﬁﬂaﬁiyfﬂf_?s}gnamﬁﬁﬁhi@éio@eten%_n&e&@ AdhpRddHoakidive 0F

signal -transm Ssion-el’'enent’s i s adapted to receive the conmunication

si gnalgs aforaafdr Eosimmat yndtet sixdbe foqpraedi BT signalveith the L&} signal 5o @p fekrcare- 4
frequency. &REV—_I F) hand, different fromthe FWD-IF band, and to m x the
conmuni c aFfYaEPR ke CRMGECR 888 Snal so as to generate a reverse |F
signal within 6 the REV-1F band; the first plurality of

signal -transm ssion-elenents is adapted to mx the reverse 8 I|IF signal
with t h.e 40 S| %B?%:'taﬁlg atcor i;ﬁg hGERUR 0! WhaAEHRhE Aedeficd ORI IRAITRIRdHad 18N
signals; and 1 e control “circuitry is adapted to determ ne gain val ues
at the r ef@arene the refeespce sigyaland reforemre fragednay evithirethgiWDWEIhaad. t o t he

REV-1 F band responsive to 12 paraneters of the first and second
pluralities of signal-transm ssion-elenents and of a cable coupling the
pluralities. 23. Apparatus according to c]aim15, wherein the coupling
conpri ses2% cabippara &Ccozdmﬁé?%]iaﬁntzﬁewhgﬁ]ﬂ‘fol circuitry is adapted to
determ ne an ep{c]aes(asbﬁ’c?}éllugdg@% Br & al%nsﬁﬁgsﬁﬁltél&ﬁeﬁ@%ad&%tédh@ 6@ Sthe

responsi ve to e 1 nject ower | evel and the receive 4 power | evel. 24.

Appar at uscansonithtion signalk ai mfRguendyerusside v psedstdrainadieverssitegmedipie-cabl e 2
](c: gm@??ﬁ?@;q%ég? Qg%?%g%h*géf9e%§ntr ?r%pno r{ﬁé "ﬁwﬁﬁnﬁ band, and to mix the
communication signals with the LO signal so as to generate a reverse IF signal within
6 the REV-IF band;
the first plurality of signal-transmission-elements is adapted to mix the reverse
g8 IF signal with the LO signal so as to recover information in the communication
signals; and
10 the control circuitry is adapted to determine gain values at the reference
frequency and to extrapolate the gain values to the REV-IF band responsive to
12  parameters of the first and second pluralities of signal-transmission-elements and of a

cable coupling the pluralities.

23.  Apparatus according to claim 15, wherein the coupling comprises a cable, and
2 wherein the control circuitry is adapted to determine an effective length and an
effective loss of the cable responsive to the injected power level and the received

4  power level.

24.  Apparatus according to claim 23, wherein the effective loss of the cable
2  comprises a forward effective loss responsive to a forward-intermediate-frequency

and a reverse effective loss responsive to a reverse-intermediate-frequency different
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and a reverse effective | oss responsive to a reverse-internedi ate-frequency
different 26 WO 02/43274 PCT/ US01/ 45348 4 fromthe

f orwar d- iwo e2/#edi at e- f requency. 25. Apparatus accordi ng tPCTUSIIMSIEB,
wherein: 2 the first plurality of signal-transm ssion-elenents are adapted
to broadcast an expected-output-Ilevel value therefrom 4 the second
plurality of signal-transm ssion-elenents are adapted to receive the

expect ed- out put -l evel value; and 6 the control circuitry is adapted to set

the gainp g‘;fﬁédnh?}Peafor%%ﬁhte%gdi%:f}%e&}g”al - transm ssion-el enents conprised

in the se plurality responsive to'the expected- 8 output-I|evel val ue.
26. Apparatus according to claim 15, wherein the first and second
pluralities 2 conprise: forward-path-elenments for the communi cation

signal s foldpwi ngparitas Weoelipatotlfinons, wherdie: first to the second plurality;

and reverse-path-el enents for the comunication si %nal S fq?l I gvm Hg ﬁ reverse
path frém 6 thehedegumbiy ofesignal-diangpigpigniclsments, freadapted &0 PFEICSHER ol

circuitry is a%gﬁ?—fgﬁﬁuwetv%le\;ah?etiq&re%ﬁfj’gai n for the forward- 8 path-el enents
or

and a rever®€&® e reverse-path-elenents. 27. Apparatus according
to claim 26, wheheisscontoliralityaf diggal-mamndsdidreclementsses adeptedita reficfeghe by a
pre-determ ned value. 28. Apparatus according to claim 15, wherein the
first pluraxpesedoutpuiieyel vaue aB%sni ssi on- el ements recei ve the

comuni gati on signals,@lciu f[ngah%ﬂtg&ﬁpieit%éﬁf{ 8 the ANMhsVORS & the b138al-
reference oscillator Is adapted to inject the reference signal at an 4
i nj ecti on- | eaehisitistlamentalcbynptibel watie sesondhpurslightdspensteppithh expsgead- 27

8  output-level value.

26.  Apparatus according to claim 15, wherein the first and second pluralities
2 comprise:
forward-path-elements for the communication signals following a forward path from

4  the first to the second plurality; and

reverse-path-elements for the communication signals following a reverse path from

6  the second to the first plurality;

and wherein the control circuitry is adapted to set a forward-gain for the forward-

8  path-elements and a reverse-gain for the reverse-path-elements.

27.  Apparatus according to claim 26, wherein the forward-gain and the reverse-

2 gain differ by a pre-determined value.

28.  Apparatus according to claim 15, wherein the first plurality of signal-
2 transmission-elements receive the communication signals at a signal-reception-level,
and wherein the reference oscillator is adapted to inject the reference signal at an

4  injection-level substantially the same as the signal-reception-level.
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