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spread spectrum receiver subsystem for utilization in a CMDA cellular telephone
system.
D. Reudink, Narrow Beam Antenna Systems with Angular Diversity, U.S.
Patent No. 5,563,610 (08 October 1996) discloses a receiving system which includes at
30 iéast one antenna providing a plurality of antenna beams. A first antenna branch
processes a first plurality of signals within a first plurality of antenna beams. The first
processing branch includes a plurality of delay paths, each receiving one of the first
plurality of signals. The first processing branch also includes a combiner for
combining the signals after output from the delay paths. A second antenna branch
35 processes a second plurality of signals within a second plurality of antenna beams. The
second processing branch includes a plurality of delay paths, each receiving one of the
second plurality of signals. The second processing branch also includes a combiner for
combining the signals after output from the delay paths. A CDMA receiver has a first
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30 " SUMMARY OF THE INVENTION

~ Signal delay and combining techniques are used with multipath signals to
provide signal diversity gain within CDMA over-the-air repeater and low noise
amplifier systems. An incoming signal, such as from a remote user, is typically -
35 processed through two processing paths, wherein one processing path adds a delay to -
the processed signal. The two signal paths are then combined and preferably filtered
‘through a sharp band pass filter, preferably a SAW filter. In an over the air repeater,
the filtered signal is retransmitted towards a CDMA rake receiver at a base station, -
which processes the multipath signal to produce a clean signal representation. In a low
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25 separate complete repeater paths utilizing two donor antennas; and
Figure 10 is a third alternate embodiment of a diversity repeater, which has two

separate complete repeater paths through the channel selective filter.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
30
Figure | shows an antenna assembly 15, and its interaction with an incoming
signal 12. The antenna assembly 15 consists of a plurality of antennas 16a -16n, each
of which are connected to antenna inputs 17. The incoming signal 12 is a fading signal,
meaning that the amplitude of the signal is rapidly changing due to propagation effects.
35 This signal 12 is can be received simultancously by a plurality of antennas 16a-16n.
The instantaneous amplitude of the signal 12 at any given point in space (in this case the
space that is occupied by the antenna assembly 15) will be different from the
instantaneous amplitude at any other point in space. The instantaneous amplitude at any
given point is space is also dependent on the polarization of each antenna 16, and the



si gnal 12 The antenna assenbly 15 consists of a plurality of antennas
-16n, eachWO 99/44308 of which are connect ed to antenna i npGTASys27 fﬂhe
incomng signal 12 is a fading si - meani ng that the

anpl i tude of dirpetionithaigach eﬂma.lépg/p%tsﬁgﬂ'h& igishown %Fmgtaﬁéﬁa@mgé@n@ 3 5

Igl Slgl gnal 12, ténstifig R arpteaiityest gy uwmuslmehﬁstﬁuﬂ{euﬁ@ Mtueé o@rﬂﬁeennas
a- n

gi ven poi nt ifefing,signals qﬁa'tlgﬁ? é;ieg'iﬁgne%qﬁ’sd'%mt it rglfag St’%ﬂfe‘} %o’gt ed
by the ant enrida-42s isrdallgd desprrelatibn.be di fferent fromt he
| nst agt aneous anplppt e, alc ?dlYlé?xtel}S ng_nﬂéd kﬁbhsﬁﬂtc&e f?@g'p@éﬁ%%ﬁ{%&ﬁﬁg the

~anplitude at -any I's space
pol ari zati onﬂlﬁfSlé@Riﬁ regaived by ?@Gh aamna A6 are not correlated \Bbaoi/ 4ke36ignals 12

PCT/ US98/ 2788deeived on each individual antenna 16a-16n fade 1ndegendﬁnt%of the Fsl%J l??seo as a

direction that. each antenn pointe IS |
-fading si gnafother n-1 antennas 1@2%4@48&%@8&? eXists between § S@fOfﬁlgjwkl KB, they 12n.
The | nlslt arléI aftaf&.osam tarml%x?]ﬂmwg' (}bf:orfrélsted The antennes I‘Bﬁ-dmﬁlm&t e dbiffigh?cdt do’thafll €
gene y di eren i s, r.elations nal s

DonciBn 7o i sl deetrbiatibn ks Bediedn B R 12 riied R Reny differemiowes
are confi gur eal cenlﬁgure hhe phirality aufi zmgermamdéa—sléﬁ sath ahiti the mutually decorreldtdte

i gnal o 1o rSoulp SRR REHIR ABndt R0 Eln. PR Srihun i it i

i ndependent | yelationship issacgeptplleon t he ~ other n-1 antennas 16. When
this relati onshl P AXistSbdacib¥ReNdR ifsthntddeod . are
sai d go be a,II decorrel at ed. 'I!he atntegn%lgg@ill%lgé%grﬁﬁé@%nﬂ%eu%é% ls'uar ed
so (hat 10  uncion /gfsPosHas DAKIEAHSDI B VK ¥PERGe ELK snfEals FapAEAtiond o

There are napyladizdtonrsepiratiéty Sngular separation, of Qly%lﬁfvnﬁiﬁbﬁ of Rsd)| cdh Bk iukdd &
el.a

ant ennas 16a-16n,such,that th t ual I decor
rel ati onshi pP é%‘%%%g%% #nt\ﬁlgnlgp%%s el’?ﬁtufg%decﬂﬁﬁlw aBﬂ‘PSQfH on whi ch
achi eves this Two common édchhiqoessfor achieviag ampiab deedrrelation in a mobile radio  As

- desori bed ab@Grorlle i Sha S80S, P bhkiARR Lediifich! AARhSud2Rrdled St @ 1°

function of position, arlztlon arrirva ectron |aI

sepalt i on, the fact that POSI%’QI andj polarizgtion; sgparaion povide desomielatadosignals.o When  any

conbi nation g atiahg@asauaais died vId@ decorrelated signalDfHe\enft8ns& HAS: tfgiRallZn
whi ch possesz}st he g@corr ated relati

0
Two common t SENTPHY Q %r R’é%)’l t'afc hffeﬁoﬁaﬁgélagtﬂyoﬁe?‘ﬁméﬁt‘r%bl I¥be di o
~envi ronnent @Dhrlzmlsaparamnasalsed)rthamxtembdﬁlareapolamedeqne]ndtat(he poldrizatiort ake *
advant'age of osition and pol arization separation
provi de decorb?’g’f Pthtfasmé&ﬁgﬁ @ﬁ\mfhggéna? spatial separation is used
to pRdvi de decor r éh atEM syistens a dereodninterris ased ® mmﬂly)cpnbaﬂeltpese signals

be separated IQX-I%Q 1319 #)@sﬂgtslfg?naf OyRieR 118 \tRuch® %lb&f ﬁdﬂu@( Yhafl of -
Waen l'ari zatl on se ar ation | s use antenn are
pol ari zed sué‘l‘thlﬁli%l stgnalsjdrlZn Sdﬁocess of receiving Tydtiple ‘%‘rﬁl%@dw i s

or: hogf)lnal %bEmblmng the s1gnals 12a-12m1s&amcéi§/§§19&’sltﬂ ﬁﬁé@dﬂ'cﬁh@b&t&mw% to
optimal ly conbine s na

P anat.  wni oRE TobRh et o Sifheies! gsseived, signl Do e’ sl BPBSISE Satio

i ndi 30dual sirgguatemed2far pRper ‘{yutem pedomsscois smaler thangthan tetiipddebyl acsystenl at ed
signal s and éio%snnot use SR Wc]ﬁilml Sl‘lﬂszﬁd&gtﬂn 1?1 s(fgrla!)%j tnf)ﬁg GheleS

diversity. Sinc e conposi te Sl han t he
i ndi vi dual r decseasesd §|Cg]Pﬂ§lt}’ pﬁmg systemss anfhiscreasss s @@gfr af COMA repeaters
requi rement faQ4 hiNeQRRIonsyYSt em performance is smaller than that required by

a system
Y The signal delay and combining techniques can be used within either a CDMA

35 over-the-air repeater, or a dual diversity delay combining low noise amplification
system 46 (FIG. 3) to provide receive diversity to a conventional CDMA over-the-air
repeater. The disclosed techniques can also be used within a quadruple diversity delay
combining low noise amplification system 150 (FIG. 7) to further increase the receive
diversity dimensionality.
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30 Ey, represents the amouuit of energy associated with each information bit (Joules), and

I represents the noise plus interference power density (Watts/Hz). The ratio (By/Ip);

represents the ratio of energy per information bit to noise plus interference density, for a
single path 12.
The output 40 of the combiner 38 is the total per bit energy to noise density ratio
35 (Ep/To)Total- The error rate of the system demodulator, for a fixed set of channel

fading conditions and diversity configuration, is inversely proportional to the total per



[err] 30 Eb represents the amobunt of energy associated with each

i nf or mat i oWOHI9{443080ul es), and I[err] r.epresent sSPERHUSHRIEY pl us
interference power density (Watts/Hz).6The ratio (E[err]/I[err])[err]
represent’s t BH enengy o poise¢rnsiy raieoEp/dg)qomnt iThe lower this rato,stbe fdrger the error

I nterference qensmy, for a single path 12.

The out put 468t the conbiner 38 is the tot al per bit energy to noise
density rati o 3 5Theoutput 4GbEthe tombiner 38 S dedio.a dEbiBionrdevice 43} which ebthfatey St em

denmodul at or, “ffl'f?é ﬁmﬁﬁ?ﬁﬁ&n %bﬁflscsgﬁ?ngnethe odula on %ogglgc nq%%%%n and

leEfSlt con uratron, I's | nverse propor IOna
VO 9994 4308 actual information bits are derived.

PCT/ US98/ 27881  The mulnpath demodulator 34 in one embodiment has four ﬁngFrs 36 @a%h of
bi t energytonlse deps |o(E|;err]/|[errJ)) errS]
ratio, the | Erap ,dem ulate a single pathd?2. One finger 36 is a351gned tcnq:gch

oui put : 40 of awilfab&th m&ﬂ‘k%fi'akegref:ﬁ?ertﬂ oandnﬁwl &ifi@fénﬂﬁ%’ p&iBis 42 wiith ﬁfédeujhel;[
esti mat es C noau I on 0 sen ce noau) a |on
symbol is dePBrIHiFERt Ry}ganchgs, or those W& “n‘i’S m&%

The b0l ti pat disgensedifrbmteach Sthes. nPathe 12 mhmjpm!lm adseﬁaté@uﬁthfanmwl@G ,Th%@,Ch of

whi ch can trGﬁé(ra?cg‘fingmyb@&c%llg%c%k%ghﬁ?%%m }%mag)@e finger 36 is assigned

to each e 4K ‘eiver 34 can only
differentiate patAdeapeppasdh aetvr@nﬁgumé to achieve a relationsbip afi mﬁtaaledwoﬁﬂanon

branches, or pifiees SRS a
di spersed frgme C%ﬂ@(}% Sanle;a?m;if;ﬁre ?&ETVcaI y&g? Orgl g?e%&ém?%ij ennas

16. Thus, . ‘that the m“t“ tigpsh F% eXisl @mopy thecrigeplynt2 ea%W

ant ehfa 16. conﬁguratxon which achieves aftelatirishipeFmialdetodltidnanal the siefieve a
rel ati onshi p %g&&%} decorrel ation between the signals 12.
There are nu & to configure the antennas 16 such t hat
the nmutually decou"iSedcaclé!tdrabloae,l tha ghstantancoss amplindeg of e sipgalall2a-12n isAny 1

5 Conffﬁ&%@tdf s#dnC Hp f’aﬁ-ﬂhﬁ?&?saxﬁ hithat élﬂ‘@éﬂ)'np htugu#'d@zlxl separation,

decorrel ati on anong e si gria I'S acce
As descri bed pahas%wntsmaram BIANEHIRS SEPAEAton, or oY cgmbmn@oxgcpfgthgseg capbe used i s a

funcgpon of tlQpﬂoWd@&gnﬁl@l@ﬁJlZﬁiWh% oB3§ds 2 hrfuinialy déédr&%éd)fuauwﬂﬁ spati al

2y conbi nati on o fEeal HSof o hﬁ@wsé%%?&es%& a5 et %ﬁﬁv@?éézﬁ&azﬁr
whi ch posses meanumlmﬂiowndﬁomnem lase spaitialedeparatiors iidopolarization separanon, which The

t f th f t )
wo of the MigdnC Qe CGRhYUAS: ik BOHGY ' M ﬁwgﬁggeg%ﬁ 0Bt bRfide”

the nobile environnment are spa Separ at
separation, wpdoslated signals. Whetlékatmi,; S@amnnagesadfmtprewﬂadbcmmoagnalspn

and | ari za I [ When
29 Eﬁe%teiﬁi)sai{r@ %npwye ificed by 10 10 20 v gﬂ the tﬁ@t.laﬁezvg &H&Laoryt ne

spatial separ atlo tQ pr corre gnal s
antennas are F%Pﬁ‘l'e ’S RRlarizateny SWaP@ntlé used, v@%éﬂ@ﬁ'@ftsh%'e polgrizedh pushe

sat i sf act or ythat the polanzauond&ﬂ%ch&h@intémlas WeethopetlaBir i zati on separation is

used, the ant ennag,g requ?red %rtz!\lzpeeg bi engrgy to noise density ratio (Ep/Ig)Tota] is usually
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30 which include the correlation between paths 12a-12n, the number of paths 12a-12n, the
speed of a mobile user, and the channel conditions encountered. Almost always, the
channel conditions are assumed to be a time dispersive channel, with an amplitude that
is Rayleigh distributed. The speed of a mobile user is usually assumed to be that
associated with the type of morphology the mobile user is operating in. The correlation
35 between paths 12a,12n is almost always considered to be zero (independent fading
paths). This leaves only the number of paths 12a-12n and the mobile speed as the
factors which determine the total per bit energy to noise density ratio (Ey/Ig)Total-
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Since these two paths 12a,12b are dispersed in time, the rake receiver 34 is able
to lock onto and demodulate both paths 12a,12b, to provide the desired diversity gain.
The process used by the rake receiver 34 to find the two paths 12 comprises the
following steps:
35
i) finding the time of arrival (TOA, relative time delay) and locking onto one of

the paths 12a (usually the earliest one);
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pol &3 zat i orcollfigeration,yto capture two decorrelated fading paths 12a,12b. The two signals
associated with these paths are preferably fed directly from the antennas 16a, 16b into
band pass filters 48, which provide protection from adjacent band radio signals. This
process is called preselection, and the band pass filters 48 are considered to be

preselector filters 48.

30 In a preferred embodiment of the dual diversity delay combining low noise
amplification system 46, after the preselector filters 48, there are low noise amplifiers
(LNAs) 56, which amplify the signal, in an effort to minimize signal to noise reduction
in the later stages, especially the time delay element in the path associated with the first
antenna 16a.

35 ' After the low noise amplifiers 56, the signal from the first antenna 16a is fed to
a time delay element 58, and the signal from the second antenna 16b is preferably fed to
a variable attenuator 60. The delay element 58, which is typically a SAW device,
provides a differential delay to the signal from the first antenna 16a, as compared to the
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latter stages. tgod of system expansion. The duplex configuration, which is a conventional
antenna system configuration for repeater and base station systems, is defined as the
use of a common antenna and cable for both receiving and transmitting, since it
minimizes the number of antenna system components required.

35 In a preferred embodiment in which a receive power splitter 66 is used, the
signal is fed from the two outputs of the receive power splitter 66 to two separate two-
stage cascade filters 702,70b. In an embodiment in which a receive power splitter 66 is
not used, the signal is fed directly from the output of the low noise amplifier 64 to a
single, two-stage cascade filter 70.
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Band-pass Filters. Band pass filters 48, 72, 103 are designed to attenuate
35 LO leakage, as well as any other spurious signals that result from the mixing processes
that precede the band pass filter 48, 72, 103.

The SAW filter 72 preferably used in the dual diversity delay combining low

noise amplification system 46, as shown in Figure 4, is used to improve
intermodulation performance (increased out of band input intercept point).
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A preferred reverse power amplifier (RPA) 102 provides signal amplification
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preferred embodiment. Figure 8 shows a first alternate embodiment of a diversity
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(CSF) module 100. Figure 9 shows a second alternate embodiment of a diversity
repeater, which has two separate complete repeater paths utilizing two donor antennas.
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conpl etls ~ noise amplifieptict systepmlH forbaseghatione Iohinasstem foe tinereasing ther .
In this enbodi gﬂg r iE} @%@\F‘]}Bnﬁgﬁ BF a base station 39 ordhfRrdcbl, Strorh AW0! Bi@fch &'dodrhen
0 e se statlion, 10

are transnitted bac to as in the preferred
“enbodi ment . Onebrafichidieassitpat hs i ntroduces an extra 1.8 microsecond del ay.

Again, Tﬁy.q‘ixadmfﬁydiiv&sitﬁ delag eomBingRsions hoiwé kiphifidation sjaemel50
select filter (CSZ% nodu| e %) V\hltq% Ihe’li‘lt rnaaf_i rati
enbodi ment s of 1ORebaE \EAUORE |, 3T eS¢ BT 4pntenpas o 1oard \in Gither; &S ?éﬁ?ﬁ Valent
to that2@f the gnsgerties wmbhiplenpolirizatitreyorfigaraieneonk lcpnfignrationxtbatneindEngso

I mpl enment . . | ] I 4.y A Nng Low

Noi se Anpl ificarth%r{wgﬁcpﬂ}ﬂui%to%ﬁ%%r&gb%{ﬁe a%lggggg%j?@%gﬁgg .~ Figure 7
is a block di agram oTheae fanadigogs épathsy &2 etetfirstdidtersd 48, and then amplified il oneney

| ow.noi se anplificaf] Wﬁﬁ Osd Ofy PRIl R4daPNS mokse( faivCredh@dn in th
instal |l ations o{nb%t {]dg?\%o%é)% lééq?é:id{oupl e dzi%vgéérds?ipté deleay cor?bi ni ggml ov‘\e/
noi se followingftages.cat i on system 150 for base stations 39 is a

system4gr increasi ng defag eRinéai 58 ¥ised to delay the _I arili riepshspaakhdwn af Figuiwde
3;[ \6,1 telr gint 39 or mw(t:xircg %?é ’ly’pic];ﬂyog;lg))lc\eﬁ b?:ré"‘ xrrlxgnrfm{lgl gfot% c%paf)]e(i'n)dg Qfor one embodiment,
this is greater than 1.8 microseconds). This delay is added, as described above, to
allow for rake receiver demodulation of both paths. The paths associated with _land _2
are then combined with a simple 3 dB combiner 62, as are the paths associated with _3
30 and _4. Thus, the four paths are combined into two base station antenna ports.
Preferred Low noise amplifiers 64 follow each combiner 62, which are used to
overcome the loss of the following SAW filter 72 (or other sharp band pass filtering
device), in an effort to maintain signal to noise ratio.
This amplified signal is then preferably passed through a dual band pass filter
35 cascade 70, comprising a SAW band pass filter 72 (or other sharp band pass filtering
device) followed by another band pass filter 74, to protect the low power SAW filter
from the transmitter’s power. The dual band pass filter cascade 70, as discussed
above, is shown in Figure 4. The purpose of the second band pass filter 74 is to
attenuate the strong RF signal from the transmitter site of the system, to protect the
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The quadr uall e diversity delay conbining | ow noise anplification system 150
for 099/4430855e stations 39 uses four antennas 16a-d i"ﬁT@SPéé"r”‘a
spatial separation configuration, ) a multiple polarization
confi gur at i orpAWfilier &Ry 8@ bighnonigr RE signabefiyhe trgnsmitier first band pass filter

techni ques, 72 srapides proteetion froACARRADARd (G iof Sectiveahd) (Matdisice YWhicis Ban
These four S"rgsrﬁ?ll 1sn at hs

12 are fir fil ed 48, ang .then applified
with one or C Bencianpn, q?dwe%?@éat%{[ﬁ)i @'Pé"%%, nﬂHs ATPHESHOR At A
t 0 noi se rat iincreasel tiei ‘Gt iofi b iripwk linteiceyy point” of the towesSt@yand base station

T Figure 7 caltPsysten Skt FotloWing Bl bolg 3RS M SaetaBE 0 2 APSEOR o
chi p peri ods poingd 53 whewthoweceive and Lansmitter paths aretdoipled.s greater than 1.8
m croseconds) . ThiheflSk aY additiGHd 84th pesvidlASES | Owhi :
all ow for rake receiev«fr _ggrmdul a?i or??%itl bgtshihgg?ﬂg?ﬁﬁgatgh? ;schacggnggls%staed
with [err]1 &aad pass filter 65 and the, ppprapriats (copplingnBpviess (Hadiion points)-e ZhelB
EEOfTbI ner TﬁZ, eﬁ?)t?dih?ént Eﬁbvﬂﬁ}l]l% t\ﬂ@&ﬁﬁﬁ%’_&t@ﬂgmﬁ EB, {Jne associatedtwitl?"tﬁe] 3 ?ﬂﬂjj
errla. us, e four S are c in n se s I,on _ant enna
bor 1 407 TS redelVer s, PfuiP alis 88 il Seini SainG comBinE ISy elsh
?Olmlji ner 62, amplifier syseenmuE@dotoperdte in a dual duplex&'oﬁﬁglﬁaﬁof lrt, RéhitlD fises Wne tah@nna
ol I owi ng SAW. f i s Fe: pass f.ilteri.n
dovi o) i m a5 bt tandis o LB RIS, @ BSBASSalitBl HEPCS and celutar
This anplifi @peeeyplal is then preferably passed through a dual band pass
filter Th &9 U Sbh®; aﬂﬁﬁi j |t r
ot her sharp band pagsﬁ%&xiﬁﬁgﬂ ngs@may%bﬁ&ﬁlgg@w ?g%gg 0 §$\7{ed8hbs§'gt§%€%#e)r
bandlgass fi [Prevyidesa Slgftsh‘fﬂnbins@@sq RSYStem rpYsRRelink Appsitivity(4-%dB), an increase irf r om
the transmittspsterm cB%bﬁy (appRsxiniataly amy] apassa -iﬂﬁfdv@ﬁleﬁtqﬁ%‘ﬂﬁse?f?nk figmé epbrssed
above, is showr}, in Figure 4. The purpose of the second band pass filter 74
isto periotmangty ehuat e t he strong RF signal fromthe transmtter site
of the system t o Altlougl thetdelny combiner system and its methods of use are described herein

é C15' 1 US98/ 278 éri conﬂ@@u‘@r?lw‘hﬁ:‘s@ﬁMA repeaters and delay combining amplification syf%ems, the

saw 20t er f rapRIramsard gphnigies cabe dmplemented within ethemeommurications devicesand band
pass filter -gystems,or any cdmbinagon #Rfeoblagld8§itdqon from out of band (out of
recei ve band) interference i ch can ] result in the generation
of internodul ati orA%cPTWn%&"@gg‘é‘f@.‘ﬁq’rﬂvgmtﬂ"&aék?qn&?sﬁiéﬁﬂ detail with reference
i ncreases t heo 4patticolar prafetred embodinmne rpeesphs possesbing ofdihdrg skilMirthe @proand base
station 5 : | i . k:Ng. 1 h and pass

pich BRI GROT BAREHR W Mol bbb b Baliich

filter cascade ) ) recei ve and
trandmitter [sahansemerss gy He sepde without departing from the spitiband scepesof theiclaimisonal
pat h provi deqpdigslidie transmtter path, which conprises a band
pass filter 65 and the appropriate coupling devices (junction points). The
enbodi mrent shown has two transmtter paths 53, one associated with the _1
and 4 10 ‘receiver paths. This allows the quadruple diversity

del ay conbi ni ng | ow noi se




anplifi er system 150 to operate in a dual duplex configuratiaqn %Mses
one ant enna wo 99/44308 for both transmt and receive functi or‘rgr n

requi renent for PCS and cellul ar 17 operators).

The quadrupl e diversity delay conbining | ow noise anmplification system 150
15 provi des a significant incr ease-liAIMgtem reverse link
sensitivity (4-5 dB), an increase in Syst T

y
(approxi mat el yWwRaid&Hainwdds:an i nprovenent in reverse |i pfguin WHEE ML ‘\ ,
~ performance. Al t hough the delay co ‘l its
met hods of use are described herein in connecti 6n Wi th CDVA

repeat efs and vel ayA espehienicomprisipg:i fi cati on systenms, the 2 0
apparatus and techni ques can be inplenmented within other comrunications

devi cesand systens, or any conbination thereof, as desjred.
Accordi ngly, alt hougiHeashiwe sukseriberaninga (GeRIECHES 24apIsE JOi CRURREE 17 P SHPSCROCr
reference . amilﬁﬁaaas,eaﬁmkcwvﬁ{g Rf QiR ted Subaeibeleatitennasy s@hsof said
possessing ordinary skill 1nthe art to

| V\génch th{)s .ibnve%i on
pertains will appresibseriber gatlenya FOSEEIORFRInBGLed: tone O 3pid spbscriber antennas,
enhancggents may bee/HBe¢esitd bitetibed amariias adhptedaordcbive dpfepéridetifalisg sipmalaf t he
cl ai s that follow 5 c ai s
1. A code division multiple access signal repeater, conprising: )
at |east two subscr i kiest signilqneessinnpate sm} 5 seadach sigohl (processimgepath ¢ ach of said
subscri ber ant a@@%&éﬁ’wo&a&’ﬂ Al @bsdrBS hntk 3 &HH?&SP&JM it SEHAS
each of said subscrPb ant enna connectors connected to one of said
subscri ber ant ennasproeessing@thdwviag a delay ¢lepset i ber ant ennas adapted to
recei V?Si ndeloen]gent fad: ng decorrel g_t Ied sai d code di vi s; on nultiple
access Signals fromat | east one nobil e user; . J.rst signa
processi ng path and2sombiagirenascedie syl diest siepal processing gith and saxdﬁp%o&xgss&q%
sai d received code gigtb&in@path)bdid pbrabiaecaiapted toivaitine aibjrocdselaighalsaards 15
connected to one of "said at |east two subscriber antenna connectors, said
first signal processing path having a delay el enent, said first signal
processi ng path haviadgne antenna éinnedtormnnectesldd shid eorobidersing radiptest HeOBBEAH (O
pat h hay ng a secon i 'd@’tﬁ& ' bkd ahsntit sHid
gain bgt\d/\een sai d flg‘rdgﬁ‘érgn‘1 |ter’1m% ssgrgllalg, Sfz}‘llrs g?‘gﬁgﬁa%em iio&rlg%ggsl ng pa%ﬂh
sai d second gai n of peaessed,aoorpipedisignal. processing path; 20 a
conbi ner connected to said first signal processing path and said second
signal processing path, said conbiper adapted.to conbine said processed
code di vsi on Therepegierof{da@y %’i“&ﬁ&&g?n% a donor
ant enna connector connected to said conbi ner and adapted to connect

to a do2tnsor ant enna assenbl % gfxﬁr'egorg%%%f Bf n%&”gﬁd%‘cﬂ’ﬁ}%{%%ﬂﬂgﬂt &&otroan a

and

transm4? sai d procedsRaver I pl & access si gnal .
connector,
3. The repeater of Claim 1, further comprising:

a channel select filter connected between said combiner and said donor antenna

30 connector.
4. The repeater of Claim 1, further comprising:

means for limiting out of band interference of said processed, combined signal,
35 said band limiting means connected between said combiner and said donor

antenna connector.
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2. The code division nmultiple access signal repeater of aiml, further
conpr i si ngVO 99/44308 a power anplifier connected bet weenPGSHPEP8EI# ner
and sai d donor antenna connect o8 30 3. The code division

nul tipl e access sTifrgpeaierof Slaim lfurthenromprisingir t her conpri si ng:

a channel select filter connected between said conbi ner and said donor
ant enna connector. 35 4. The code divi sian | t.i pl e access, signal
repeater of O ai nPEAnS{QE P‘f‘l"é?‘m(‘,‘gr?bgqagf%'b‘?lse ratio of said proceggedy gombineq jsigngl, ng
out of band i nt ersait bamk linfitingaimgdans comseated beowsehi saktl combider and saidi dérfoirON
nmul tipl e access sj L conefde0and limting neans connected between said
conbi ner and sai onor antenna connector. 40 5. The code division
mul ti pl e access signal repeater of Claim1, further conprising:

means for pr@.?‘e-rWﬁ&eﬁéﬁé}%ﬂfc‘lﬁm@m&@éﬁ@iﬁ?ﬁgﬁa! d processed, conbined code
division nmultiple access signal, said ban I'm ting means connected between

sai d conbi ner and sai d. dpnpr ant enna connect or. .

17 5 Ga biitP pasadfilteflicohidcd BBAkédnPiaRl @6mBMEr BhdRAld HEGRE Urfdnng

c ai rBel, further conprising: a band pass filter connecte

bet ween sai d comSMEF¥nd sai d donor ant enna connect or . 7. The

code division nmultiple access signal repeater of Claim1l1, further
conprising: 40 . 14| ting out .of band interference connected
bet ween sai d%coant%leerFB@a%}%fE‘g@a‘ lsggi'rg{egb‘?{ﬁmé'?ﬁ'enna connect or . 8. The
code division rultiple access signal repeater of Claim1l, wherein each of
sai d subscrinbels BRGSO R \Wal§ ifderefileVdci o0 §ait

si gnf%s t hat are nut ual {]; 11?1% (fé?correl" a{?grgf?ée é&hg&@é@ﬁ% g%l ec%gﬂa\f;rllegi on
mul thl e access s¥grtald doBpraptenagenRCrm 1, wherein each of said

subscri ber antennas in subscriber antenna assenbly are spatially separated

from of her f said a nas. 2 ) 10. The code division nultiple
access signal® r epet EPCYEr % §.Pam1 i Wﬁ%‘?’é‘i ?F‘cgaghsad‘il subscriber antennas provide
- signals that are mutually decorrelated.

20 - 9. ¢ The repeater of Claim 1, wherein each of said subscriber antennas in subscriber
' antenna assembly are spatially separated from other of said antennas.

10.  The repeater of Claim 1, wherein each of said subscriber antennas in subscriber
antenna assembly are orthogonally polarized from other of said subscriber
25 : . antennas.

11.  The repeater of Claim 1, wherein each of said subscriber antennas in subscriber
antenna assembly are spatially separated and orthogonally polarized from other
of said subscriber antennas. '

30
12.  The repeater of Claim 1, wherein said first signal processing path and said
second signal processing path each include a low noise amplifier.
13.  The repeater of Claim 1, wherein said second signal processing path includes a
35 variable attenuator.

_—
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sai d subscriber antennas in subscriber antenna assenbly are orthogonal |y
pol ari zed woo9ofsm3e ot her of said subscriber antennas. 25 Pcﬂ':“%’f’ﬁ'éssbode
division nultiple access signal repeated9of Caim 1, wherein each of

sai d subscri ber4.ant Thewepedter of Chainy li, hethencdmprisingassenbl y are spatially
separated and orthogonal | y polarized from other of said subscriber
ant ennas. 12. The code division nultiple access signal repeater of

daimil, wherein sasfirstidiplexgetwesngais) first sebssabes pnians comngelenapd said

signal processing p C e a low noi se anplifier. 13.
The code division nﬁ%ﬁlgﬁg@%%ﬂ%aggsi gnal repeater of daim1l, wherein said
means f&r balancing differential gain between said first gain of said first
signal 35  processpi&oRdtiplexofbeintsh saRicabigaam aid damotatamardnsicymal
processi ng path conprises a variable attenuator |ocated on said
second signal processing path. 14. The code division nmultiple access
signal repeater of @féedward pathusignaleprocessingi minbetween said second diplexarrand said

di pl exor - bet ween sai_.d f({ir St Su%ﬁcfo}‘p:ﬁ'g %@Cg%adﬁ%fg&gﬁ ObatR Nfda poeEé{'e 40

si gnal processing pglfslll; plexor,’s C exo et weeh sali
conmbi n¢® and sai d dforeardpasesigualersneivest by said donor antpepa assembly.
18 5 a forward path signal processing path between said
second di pl exor and said . first diplexor, said.forward path signal
processi ng pat A5adapk dsday eombining low poiseganlifier, COMBUSIRL: s gnal s recei ved by
sai d donor antenna assenbly. 15. A del ay conbining | ow noi se
anplification system_ conprisjng. 10 at |l east .two i.b nna
connectors adapt ed f“ole%rﬁ]ﬁgcsf‘{’ﬁcgbﬁr %’ﬁ%rﬁoﬁlé‘?&ors agapge ttgncr?glggcz géer?bﬁl/’sﬁ%%?ng
at | eagts two subscr aiterinaaadsembiys havimg hat dbass aive sulisstibdrbentennas, eagh @finsaid
connectors connected .to.one of sal ' : Siftefnas,
subscri ber antennass'éb(fglﬂl?eécfm 3"%gé@?\éé@%%é%@%d@%&?gg?ﬁge%g éﬁ%lr vgﬁsi gn
mul tiple ac c es sachi af isaitl substBber antennas adpitedsto redeiysandepensienisfading siganls; and
a second signal processing path, each of sai d paths connected to one
of said subscriber antenna connectors, said first signal . rocessin
path having a del ay adirst/signal proggssing ipa tangiagﬁﬁﬁ?ndp?‘%‘@gg’éqc?ﬁ?mﬁamqgfﬁ& ﬂssa(,ﬁ

20 paths connected to one of said subscriber antenna connectors, said first signal

processing path having a delay element;

a cornbiner connected to said first signal processing path and said second signal
processing path, said combiner adapted to combine said processed signal from
25 said first signal processing path and said second signal processing path; and

a donor connector connected to said combiner.

16.  The delay combining low noise amplifier of Claim 15, further comprising:

30
a low noise amplifier connected between said combiner and said donor
connector.
17.  The delay combining low noise amplifier of Claim 135, further comprising:
35 '

a band pass filter connected between said combiner and said donor connector.

W




first gain, said second signal processing path having a second gai n;

means for WQWMEWg differential gain between said first gaPGTOSOYZI8E f | r st
signal 20 processing path and said s¥tond gain of said second signal
processi ng pdBh; The delay combiningclowisioissramplifiarof €hiirh d 5s sihdrekn said fisst gipmial

processi ng path angocegish Sa0 MtPsaid secondPigha brREQ iﬂq&cf??llwg}rde%aiiow FQLP! ner

adapted to conbi ne ngd processed code di visiton mu e access
signal from said #P$P®si gnal processing path and said second si gnal
processi ng path; and 25 ~a donor connector connected to said

conbi ger . A i ni.ng, | noi .anplification system of
d ai m915, t ulfher e dgﬁ?c%@pb?%gg ?}é@ ndistamplitier Ofﬁ?’ﬂg&%‘m}”i‘%ﬁﬁ‘rﬁﬂcpf feﬁal‘{n
connect ed bet ween sekscrber@ntsnnas prayide signals thahare nGuallydecorssiated. 17. -
The del ay conbi ning | ow noi se anplification systemof Caim15, further
conpri si ng: a band pass filter connected between said conbi ner
and sai d don@P- 35 The dslaycombining low noisegamplifier o€ IClgime bibwhemin éashy of ciaik

amplification systghscAber@hitnfslia subdeab&! Atehfh bly arb i
pr OCE@Si ng path ancL. sa'%d ,Eecond signal pr ocesg?sﬁg]1 aﬁ ® a;tfg}!]lﬂs%%%frgm
| ow n8i se anplifi gfer gpsald antennps.  The del ay combi ni ng | ow noi se

anplification systemof Caim15, wherein each of sai d subscri ber

m: 52{]?; gregé:lggl g?xggi_e 'yvc,!oﬁllb%}ng &&/Ir%is% %ﬁﬁﬁ’slexs' o?l ar.]l% fS,t\ra]/ érefr‘lr gach of said; g
5 20. The delselyscrberizntinngs inowbsaitee anteyial dssaraitly aire sythdgomldf polasien 15,

wher ei n each. of fromélﬂéxdoﬁﬁﬁss%écl?ﬁﬁrﬁﬁ&ﬁﬁ?as in said subscriber antenna
ally d

assenbly are spati separate rom ot her of said antennas. 1 0
21. The  del ay conbining | ow noise anplification systemof C aim15, wherein

each of 234 dmabﬁﬁyi&ﬁibiﬁgg%W%iée%ﬁ@ifﬁr SF RS £k E?,rw 02 BFSEIP! Y
are orthogonal ly '80' arized. from gt her of said subscriber antennas.
subscriber antennas in subscriber antenna assembly are spatially separated and

orthogonally polarized from other of said subscriber antennas.

20 . 23.  Thedelay combining low noise amplifier of Claim 15, wherein said first signal

processing path and said second signal processing path each include a low noise
amplifier.

24.  The delay combining low noise amplifier of Claim 15, wherein said second
25 signal processing path includes a variable attenuator.

25.  The.delay combining low noise amplifier of Claim 15, further comprising:

a first diplexor between said first subscriber antenna connector and said first
30 signal processing path;

a second diplexor between said combiner and said donor antenna connector; and

a forward path signal processing path between said second diplexor and said
35 : first diplexor, said forward path signal processing path adapted to receive
forward pass signals received by said donor connector.

_—
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22. The del ay conbining | ow noise anplification systemof C W&}Q Q%r ein
each of 15 -wo9tka308bscri ber antennas in_said subscriber ant 2 |y

are spatially separated and ort hog@ﬁal |y polarized fromother of said
subscri ber ant &bnas A process, @BPIFRE: del ay conbi ni ng | ow noi se anplification
system of Cl aim 15, wherein said first signal processing path and said

second signal processing path_ each inc¢lude, a | ow noi se anpli.fier.
24." The del ay conbi Fﬁcﬁ’g'mgc?ﬂlﬁ@ﬁpﬁ%‘lleé%fqdfqgééﬁ“?é‘grwgﬁgﬁ?%fs‘wasg? ’&%‘, anii0g o n
sai d means f ogohiRt@pcAdapteditd tainectthal sustribelbmitenne msseaiblly havisg atglast of

said first signal racessin a . Sa| i i ond
si Ignal ! p“f oc elsgi ng p¥H sg@scmﬁg&yj&nﬁg@g&:} %%dzﬁbgcrgﬁf g@%‘é{ﬁg&ro%%fé%r? gb gﬁt%gai d
second si gnal processomgofpsaichsubscriber an@anas;Teash o isaig subseriben aniennas\adapicddo

anplification syste Al f%&iﬂ ionals: conpri si ng: a
first diplexor bet \Ne%ecgfvsegfuglﬁe?’é}deéu scgi&ﬁgr ant enna connector and said
first 30 signal processing path; a second di pl exor between

sai d conbiner and s AP kaidNfeBERA GRIRPaER! fading sign@l®dthrough a first sigfal
forward path signal %gcessis%la E%lh bet V\Een sai d sge,cgrrlld i pl gxor an(fi g@l d
first dibl exor, sai PreEHIRE d’ag‘a{a & $i5aPd 51898 PRI 1 PR ac?ﬁgtl & P Pads; e
forward 35 pass cedenediedits baofisidisubicabacmensa singeabss; r ecei ved by sai d
donor connector. 26. A process, conprising the steps of:

recei ving an i ndependently fading code division nultiple access signal

t hr ough at | eastayingsaisipheessiet signalmmenaiddfirsioignabprogessing apthed to connect
to a subscriber 40 antenna assenbly having at |east two subscri ber

antennas, each of said subscriber . antenna connectors connegéed to one
of said Subscriber ®ombiniassaidpioressed signals from said gy sigpalpgpcessing paiE and §8ift ed

to receive said i ndepepdQipnal Reididing A8 i ¥drdift;and  Mul tiple access

si gnal s; 20 5
processi ng said received i ndependent fading code division nultiple access
signal s through a fiaatmittigg)84id pprocesai agd patnbined viigmul ahbughst daron antehna

second si gnal processi th havj Q. ach of said
si gnal processing paﬁoﬂgecoraggpé‘g(ﬁﬁé:(?{"ge&{@g"%ﬁéleoié g%lg%%%tblyﬁeast t wo
~Subscrid@r antenna connectors; del ayi ng sai d processed code

division nultiple a%@%?oégmlaﬁ{bé%ﬁ& bémprising:

a power amplifier connected between said combiner and said donor antenna

connector.

25
28.  The process of Claim 26, further comprising:

a channel select filter connected between said combiner and said donor antenna

connector.
30
29.  The process of Claim 26, further comprising:

means for limiting out of band interference of said processed, combined signal,

said band Jimiting means connected between said combiner and said donor

35 antenna connector.

A
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10 si gnalwprocessi ng path; bal ancing differential gain between
said firstWOIMMIE said first signal processing pat h BGEUSEY88kcond
gain of said_second signal processin th;, : conbi ni ng said
processed cod8- di thPH??vetqlﬁsz%é\é%ﬁcgﬁlgﬁﬁns; fromsaid first

signal processing path and said second signal processing path in a

combi ner; and 15 transm t L. ng sai d processed and conbi ned cqde

di vision multipl e R8L0r PIysyRane signat tp pgise ratip ?fﬁﬂfip‘?ﬁ?sé £ cigal,
adapt ed t o connecsait daad duniting an¢aps ranzsedntdtween said codbinef @dpsadd @sgo©Of

Cl ai mg26, further Aot he step of: connecting a power
anpliftier betmeenagtgﬁi?f{c@n%@%%r and sai d donor antenna 20 connect or.

28. The process of Claim26, further conprising the step of:

connecting azg¢hanmab pfReQUf dlhid 24, fhgieresH ﬁﬁ?& conbi ner and said donor
ant enna connector. Zg 29. The procesg of ~Claim 26, further conprising

the step of: connecting a neans for limting out of band

i nterference of saittn@rpase fikedconnected bewwvebh REE oRtiine adSiAd doHbl hikgha
accegg si gnal bet §oai d conbi ner and said donor ant enna connect or.

en :
30 30. The 8‘6’?5 L of Claim26, further conprising the step of:
connecting a neans for preserving signal to noise ratio of said processed,

conbi ned codgydi Virgi BFhcB dfichi | . hetween said conbi ner and
sai d donor ant gnr?a conne?%%ér’. ggribﬂﬁ%gﬁ. The process of C aim 26,
further conprising the step of: connecting a band pass filter

bet ween sai d combinieghs RfFdinsifihg oBOHP bar@ infiMfdfence conr%e&% WREhRh- said* Combing The

procggs of Claim 26 f.clrlrthe_r corr£r|5| ng the step of: .

conntRting a mean&nd $Hd donQranieRNAcANNEEOLang i nt er f er ence bet ween sai d

conbi ner and sai d donor antenna connector.

2 1 33, Th d ai m 26, &l h of id

subscri ber aﬁ?'e nn’jge @(%&F%? @i%@oiﬁ_, wﬁlérgi‘n each ‘é’?%zﬂu Isnub(saéirﬁ)er Oanteigzlls provide
signals that are mutually decorrelated.

.20 34. The process of Claim 26, wherein each of said subscriber antennas in
subscriber antenna assembly are spatially separated from other of said antennas.

35.  The- process of Claim 26, wherein each of said subscriber antennas in

subscriber antenna assembly are orthogonally polarized from other of said
25 subscriber antennas.

36. The process of Claim 26, wherein each of said subscriber antennas in
subscriber antenna assembly are spatially separated and orthogonally polarized
from other of said subscriber antennas. '

30
37.  The process of Claim 26, wherein said first signal processing path and said
second signal processing path each include a low noise amplifier.
38.  The process of Claim 26, wherein said second signal processing path includes a
35 variable attenuator.
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division multiple access signals that are nmutually decorrel at ed. 34.
The process o dovsaasem 26, wherein each of said subscriber ant Ffn{Us98;z7881
subscri ber antenna assenbly are spa3ially separated from other of said
antennas. 10 39, Fhe pideesspf @am26ofurtiencomEBingaher ei n each of said
subscri ber antennas in subscri ber antenna assenbly are orthogonally

pol ari zed from other of said subscriber antennas. 36. The prodciass of
Cl di m 26, wherein eadhstodipleapmibeiwerscsaic Sist SHPEHRRS2)1INS AOBRSCI And 15g1d Tirst
ant enna assenbly are; spat. : arated and orthogonally polarized from
ot her of sai d(gl u%?g{r)?gééyggﬁlt%ennas. 37. The process of daim
26, wherdein said first signal processing path and saic second si gnal
processing path each se@sildusigtestor boweaosadcantinérfane said 26nor antenna3®nnddier;
process of C aim 26, wherein said step of balancing differential gair
between said first gain of said first signal processing path and said
second gain o aSforwiard gatinsigizl gravessingopah detvgepanid seconsk dipleer angd, said
vari abl e attenuator Jdocated or_. o P (el 0 g 25
39. The process of éJFElti %‘P%?Rfsﬁlrdt Eoé?va%g gpi_sﬁg%{%g%ﬁegg&o%% % Rekite
provi dilfy a first difpivexdpasssignelerecsivied by isaid dorersgtenpdasseabyenna connect or

and said first signal processing path; providing a
second di pl exor between said conbi ner and said donor antenna 30
connector; and ——providing a forward path signal processing path

bet ween said second di pl g and said first diplexor, said forward
pat h signal processing m’ﬂgﬂ ﬁ [ E," ecej v forward pass code
division multiple access*si g verMBd by said donor antenn

assenbl y. 22
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