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(S7) Abstract

spectrum signal by a
signal such that the TDD is not receiving the spread spectrum signal

A method and apparatus for time division duplex (TDD) repeating a spread spectrum signal, said spread spectrum signal comprised
of a series of code symbol modulated with a psendonoise (PN) sequecne. The TDD repeater receives intermittently the spread spectrum
signal at a location remote from a source supplying the spread spectrum signal. The TDD repeater amplifies and delays the received spread
amount. The TDD repeater transmits intermittently the delayed amplified received spread spectrum

when it is transmitting the signal energy.




channel poses special problenms to any conmuni cation systemparticularly 35
wWi.th respect to nultipath signals. The use of CDVA techniques permts the
speci al problens of the terrestrial channel to be overcone by nitigating

t he adverse effect of nultipath, e.g. fading, while also exploiting

t be advant agewo097/088s4 her eof .’ In a CDVA cel | ul ar t RG@IISHLI868/ st em
the sanme frequency band can be 40 wused for comunication in all base
stations. At the receiver, separable Rul tipath, such as a |ine of
site path and anot her one reflecti ng off of a WD 97/ 08854

PCT/ US96/ 13868 TIME DIVISION DUPLEX REPEATER FOR USBIN Ai ng, can
be diversity conbi ned for enhanced m)mgrs . The CDVA wavef orm
properties provide processing gain that 15 useée 0 di scrim nate between

signal s that occupy the saneg H‘HE‘IN'VENE‘I@NGC’ pseudonoi se
(PN) nodul atif%n al | ows many dAf@rent propagation paths of the sanme

signal to be seqappetmq,ftﬁémq, g he difference in path del ays exceeds
the PN chip duration. I'p rate of approxmately 1 Mz is

enpl oyed in a CDVA Sm&%véﬂ?oﬁq EF aﬁ et%tE Sk Golfth m@a‘ilﬂﬁ'l
1¥y§°

to the ratio of the S d bandwi | da rate, can

enpl oyed §‘ﬂ’§vP ?175 %3‘?'? dEPEAMeTor e t han one
m crosecond. A C th delay differential corresponds to
di fferenti al tolllillelaf%‘*'["“ vé‘° ?{]?f ‘E‘S Abxi nat el y 300 meters. The urban
envi r onment typ| cal l bfferentl ath del ays in _excess_ of

YnP' ovi de tt
one ni crosecond. a wupi%ssmfﬂep oM OB FRNOR, o 8 teg  c HAFNG | UBEFS
result in si gnal cdmnt‘mtjpate overFadth;;lass ¢Hemneb stol conhedthéo phue]mg telephone

characteristy %ﬁhce ﬂﬁ‘fn
vectors are add est r uct | ve .yle 6? Wirkliss & ee?\%gg e(f; ﬁgt b{}?&b
smal l er than ei t MEHIPIEJACKesR t8C faci FﬁSFea gxfgeanum & sPhhaisepsyin i

transnitted thrdigited ﬂi‘&iﬁamyits ecthmne'rhés&vnﬁﬂh pleo apebd techniquestiackidentime

first path has & hﬁna @?:PMA‘% d %1&? th?fe dcebds %ﬂ?m)a

phase shift of [?e{‘;ﬁqdaﬁaﬁ e's %‘ﬁg Cﬁ% qc?\rn.lijatl actor

of 20 X dB, a't 9’1‘8?1‘[1&}“'}1’ WQCFFSQ Pt que 9p§ many
radi ans, no 20 gnadvantages md an exemplirye@DMA! bpstemt [nitdesdribiedeinc HdSn ePatent

The del eterious RbfEGHE3® méﬁéh PE 1696 WO Cmdusen ke, teauﬂe&@§i>Rh D

extent in a COMAsySl oMY MO | aﬁ' CES"UBAAINIR AT TON' SYSHER i’fer"E
SATELLITE OR TERRESTRIAL REPEATERS," assigned to the assignee of the
present invention and incorporated herein by reference.

25 In the just mentioned patent, a multiple access technique is disclosed
where a large number of mobile telephone system users, each having a
transceiver, communicate through satellite repeaters or terrestrial base
stations using CDMA spread spectrum communication signals. In using
CDMA communications, the frequency spectrum can be reused multiple

30 times thus permitting an increase in system user capacity.

The CDMA modulation techniques disclosed in the ‘307 patent offer
many advantages over narrow band modulation techniques used in
communication systems using satellite or terrestrial channels. The terrestrial
channel poses special problems to any communication system particularly

35 with respect to multipath signals. The use of CDMA techniques permits the
special problems of the terrestrial channel to be overcome by mitigating the
adverse effect of multipath, e.g. fadmg, while also explomng the advantages
thereof.

In a CDMA cellular telephone system, the same frequency band can be

40 used for communication in all base stations. At the receiver, separable
multipath, such as a line of site path and another one reflecting off of a




station and nobile unit power control is disclosed in U S. Patent No.
5,056,109 25 entitled "METHOD AND APPARATUS FOR  CONTROLLI NG

TRANSM SSI ON POAER | N A CDVA CELLULAR MOBI LE TELEPHONE SYSTEM', i ssued
Cct ober 8,1991, al so assigned to the assignee of the present

i pventi on. WO097/08884 | n the CDMVA cellular system described PGI/PHAS/13868
above-referenced '307 30 patent, each base station provides coverage to a
limted geographic area and “ links the npbile units in its coverage
area through a cel | ul ar sy tem switch t he pu I|c svmt rggd tel ephone
network (PSTN). VHEAING 68k @%WP‘FY dned for enharg range. oI jgw

base station, t hEIDMlAI mgvefbrmhquopmaes spnahﬂel processmgrgamf d:ha‘EdlSt asedhe to

new base stationg ?ﬁ,é& gﬁ{lﬂm"

path is referred to as ?%e orwar %DE i ﬂle% ”‘Tﬁ%'h?gh
station signal tFReeshPsendomolsg RN)m@léhpeaHWSa@am %rm Péopagatwn paths
As described Bbowe thé RameNsighal to becepatated pftRadéd ehen diffsiefce in path delays

separation two paths St | der anbi ned. Bef or. | nct
parhs can be denBuedr a0 PR Siip furBhon” ek PRy SRP 10€ bt abBreamalely of Mie 8
paths in mquy@@.gﬁaaCDMA system, the full spread spectrum processmg gam, equal
PCT/ U|59 6/ 15’8;38 Eco the g;t;[o of the ad bandw1dth o the s systemn dak data rate, b4¢ 1‘62
signal nust firs etsﬁﬁ% (}E@ jfe enen {H) L Cr%rw
function by "seaf 51byp‘89’éen ay rb"afxﬂ sec

and measuri ng0t hmlercsaggnd poth delayahf nabsomaspcmdsm differéndial . path dilaunce
ener gy associ at egfw; ZnSG(ﬁh\e?érﬁseThéxﬁﬂﬁ@ls eAviBhinen® W1&‘!I}01rpi| ovides
denodul ation el elr‘rieu? héﬁ@%{led to that offset. After denodul’ating the
Signal present a #&53%51?# IR Exress Rl PrSERREERds (b ¢ he
contributions of a‘hhemultthml'mautmsiceoéatdlaanel laan :remétslhmcsignaé fading.

of fsets. A met ho%a is the 26N e a°thg&'iﬂiﬁ{el A
based on searg1 ment- ener dﬂhgi(i@

Pat ent Appli & esé’F?‘EP yhenygnu S ATS (4 eEﬁE&Eﬂrr
ASSI GNVENT IN A recelwmmmrﬁﬁeﬁlmmmyﬁﬁ EeGbG\IEbS;e*ampleedf a

Oct ober 28, 1993, g wevadist &ahﬁ}ﬁlt'?eﬂs ‘ﬂ%‘@ﬁ;\gh()fa fnl&?n tﬁsﬁﬁénﬂe'l‘\’l‘i‘é\hh Ntwe ilhﬂ
di versity or rake recg‘ lhﬁg f L tEOb gé Iﬁlnk Faga##@ ﬁt
paths  have t VASIAANS BepshAth has gy pbiepyancn, Ao delay G S dafh o,
degraded. 15 phase shift of & rradians,omd the @n@lndcpmﬂmhas: anj aitenuatiagpifacter of
system 20 X dB, a time delay of 8 with a phase shift of © + & radians, no signal would be
received at the output of the channel.
The deleterious effects of fading can be further controlied to a certain
extent in a CDMA system by controlling transmitter power. A system for base
station and mobile unit power control is disclosed in U.S. Patent No. 5,056,109
25 entitled “METHOD AND APPARATUS FOR CONTROLLING
TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM”, issued October 8, 1991, also ass1gned to the assignee of the present
invention.
In the CDMA cellular system described in the above-referenced '307
30 patent, each base station provides coverage to a limited geographic area and
links the mobile units in its coverage area through a cellular system switch to
the public switched telephone network (PSTN). When a mobile unit moves
to the coverage area of a new base sfaticn_, the routing of that user's call is
_ transferred to the new base station. The base station-to-mobile unit signal
35 transmission path is referred to as the forward link and the mobile unit-to-
base station signal transmission path is referred to as the reverse link.
As described above, the PN chip interval defines the minimum
separation two paths must have in order to be combined. Before the distinct
paths can be demodulated, the relative arrival times (or offsets) of the paths in




maxi m zing the capacity of the systemin terns of the nunber of

simul t aneous tel ephone calls that can be handled is extremely inportant.
System capacity in a spread spectrum system can be nmaximzed if the
transmt power of each nobile unit is controlled such that each transmtted
2Q signal arnwoepossss t he base station receiver at the sane PEVEBI6/1BIE8aN

act ual system each nobile unit nmay transmt the m ni num signal |evel
t hat produces a signal-to-noise ratio thgt allows acceptable data
recovery. If a signal transmtted by a nobile unit arrives at the base

station receiver the rece:ved ptgml rhastefirst betddterminedl o\ channeéli elemterdr madem

may be too high 1) 0]
interference fro he ot':?;uegr~|f n?t%a'g&ﬁng %ﬁﬁ% %eeﬁaf ;‘? ex}tlal ath
nobi | e uni t trané’ﬁé?tﬁé‘é]' ﬁ%l’rm?% ergr@bmpw[eg\,@ea potential p Q%ehl

when fecei ved at ehiagyb assochtted | with aopmmtmhtaffsetthcbeddﬂlascertam ghrashold, am

nmobi | e unit i I S

i ntcer f erence t 0 Ot ﬁw&tg !Fe urfél't Jyﬂg? eg{elﬁggg% {/g?m(e)fhﬂa

30 . communi cat i oSN PFﬁSGE‘héi?ﬂﬁSlﬂaﬂé q@n then be summ CQIBI'I utions
{nrag In ;nmzte cgagfl g %of othéndéxedilation Q@M&n@heal;delr resp é‘@ﬁ@téﬂﬂd&ﬁySAaﬁbg{daE and:
station is cont ropﬁ%%}%? sleaibabh IERERE aE8Ehflbne based ol sdhrli gloment
recei ved signal [goergy aevelnecishdisclosedtinogo-nending UdeaPaieat cAppHeation oberial
si gnal power 1I060Nd98/13449026ed1m SDEMCMDULAﬁmlEEBMEm ASSIGNMENTEIN A

recei ved from each,.ombil e [ i its
{ransm tting w t SUTIEND CGAPARIE Q. JECRRVING "WUIAERE "RRONALS) Shted
received at the mgbarﬂ&xm?a, assegnedotn the assigneej of the present imeendionas Sch a

nei ghboring base gbékitP bt rake receiverProtidéisieh robust d1g1tal link, because a
PCT/ US96/ 13868 eéf

path 1oss in the NRX8itQ fadeingether befare the,combined; signalijs smﬁcanﬂy degrad

phenomena: aviér age paim laosellakdt fadi persofidle ¢amwamdcatiork, télephone system,
base station to ttﬁ@xnﬁﬁ?in el a éb‘?tgr 3 EtheOl3 §teﬁi fxfnertﬁﬂhsfbﬁ%énﬁﬁrﬁﬁ@” of
the reverse |ink, bi to th Lon ver becayse
5 he T orvard ISRRIEREPYS EFRBOTS felle Hoah A, PE SogRISA i3 RIERAY Gapprian
frequency barfystem siapacity dana spreade Ispectmmexysem loan viese mapdimizede rifigihe
path loss of the gaMimit power of each mobile unit is controlled such that each transmitted
' 20 signal arrives at the base station receiver at the same level. In an actual
system, each mobile unit may transmit the minimum signal level that
produces a signal-to-noise ratio that allows acceptable data recovery. .If a
signal transmitted by a mobile unit arrives at the base station receiver at a
power level that is too low, the bit-error-rate may be too high to permit high
25 quality communications due to interference from the other mobile units.
On the other hand, if the mobile unit transmitted signal is at a power level
that is too high when received at the base station, communication with this
particular mobile unit is acceptable but this high power signal acts as
interference to other mobile units. This interference may adversely affect
30 communications with other mobile units.
Therefore to maximize capacity in an exemplary CDMA spread

spectrum system, the transmit power of each mobile unit in communication

. with a base station is controlled by the base station to produce the same
nominal received signal power at the base station. In the ideal case, the total
. 35 signal power received at the base station is equal to the nominal power

received from each mobile unit multiplied by the number of mobile units
transmitting within the coverage area of the base station plus the power
received at the base station from mobile units in the coverage areas of
neighboring base stations.



links. On the other hand, fading is an independent phenonenon for the
forward |ink and reverse Iink and varies as a function of tinme. However,

t he characteristics of the fading on the channel are the same for both the
10 forward and reverse |ink because the frequencies are within the sane

band. Thayebnesssd he average of fading over tine for botPCT/USI6A3868
typically the sane. In an exenplary CDVA system each
mobile unit estimates the path | oss of ghe forward link based on the

total power at the inﬁ'h to the nobile 15 wunit. The total power is the sum
of the power from al Thhapathslassiionshe radiesbranélngamrbet kbaragtesizede by eivoy

assignment as persggaraed Hémxli@\arrab&a epath 16431 dnd fakiedd. t TRe qsiwmtﬁnpffrbhe
eve e o7 ] el Yl oo, g o bl SO0 e
al so control | ed bhe oenerse hnhrfeomaﬂ!e 1M0bile uniti torthe basestatione Hmmvmbmauhe
whi ch the nobgl eﬂi@'f(%)rvfa?d'lﬁt e??ethﬂﬂfxzfquenﬁgsaﬁ‘é ﬁ hir'the E@ﬁé‘f?éﬁu%h@;ﬁa'

str.ength fromthiqap e unit e neasur stren
conpared to a ded@Pgqa siggifianteorzelgtian existy thewsﬁaverage Baﬁht pesphtheieg | e
unit at that basé:rﬂctsatmmme Aﬂmmimﬂdfau&i Gﬁmmdens phenongifitel Foethdy

each base station,angd Sl(ﬁ?i ahd rE@&sEr‘i@ﬂ S{.a' ']Ja%leQ@ls ﬁ:éicﬁﬁﬁagsfjtlﬁ'?e ll-i‘%bfvelr

response to the base. st
uni t increases orth@ie"bﬁ@&mn@m@fMﬁa on the shamnel a@vibe syme for both the

predet er m ned0andofward and reverse linle be@iuSe HRé lﬂquﬁe&XésSérefwithﬁWthéi Bing Band.

nmobile unit from st at,i .t 0 anot.her handaf f One
such nmethod is t e(']t%he aversee th Tm'ef nt%lé’ cé% ﬂ%f%l& \m"en
the nobile unit #ath& he end user is uninterrupt ed by the event ual

handotf froman origi m|anl@c§ﬁ1§la ry COMA Btehp e%cﬁ%hﬁﬂﬁuﬁﬁit dafinthted dhé P2

{he subsequen; b40% Sl ftafpvard link bae&%qﬁ il BEE: af B P tprige bbb
comuni cat i od%wi tunit- heThe tefah powsasie B8 sumatof othe pewer tiremneli baseysfiations
communi cati ng w eiré{tih Bﬁechéts'ﬁdx@rfﬁe u%n assi%hﬂﬁh@ a%l 1vEQrb§ iRe anEbil6 €T

S createdfromthes cel 1yl ar
per sonal conmuni Mo 9‘?2 I ? avEfage forwardplor[ﬂérﬁ%tﬁl&os% dj%?tnﬁ%i
whi ch is incor porwniteetsjhe mesmsflevdmfetharreve@suhgk@@g t he assignee

of the present inventiMébiledufit! R8RsSmAt PEWEPGs alRd c@ﬁ&bﬁé@lf one or modl base
97/08854 20  stations. Each base station with which the mobile unit 3 ih ERR 88 kon
measures the received signal strength from the mobile unit. The measured
signal strength is compared to a desired signal strength level for that
particular mobile unit at that base station. A power adjustment command is
generated by each base station and sent to the mobile unit on the forward

25 link. In response to the base station power adjustment commands, the -
mobile unit increases or decreases the mobile unit transmit power by a

predetermined amount.

Various methods exist for switching the mobile unit from one base
station to another (known as "handoff'). One such method is termed a
30 “soft" handoff, in which communication between the mobile unit and the
end user is uninterrupted by the eventual handoff from an original base
station to a subsequent base station. This method is considered a soft
handoff in that communication with the subsequent base station is
established before terminating communication with the original base
35 station. When the mobile unit is communicating with two base stations, a
single signal for the end user is created from the signals from each base
station by a cellular or personal communication system controller. U.S.
Patent No. 5,267,261 which is incorporated by this reference and assigned to
the assignee of the present invention, discloses a method and system for



5 provi di ng comruni cation with the nobile unit through nore than one
base station during the handoff process, i.e., providing soft handoff.
When a nobile unit is in comunication with nore than one base

station, power adjustnent commands are provided fromeach base station. 5
The nobil e unWO %9M8854upon t hese nul tipl e base stati on power BEI/USAGH368
commands to avoid transmt power levels that may adversely interfere with
other nobile unit communications and yet provisde sufficient power to
support conmuni cation fromthe nobile unit to at | east one of the base
stations. This poysovidingraimmenlicationmwith dhe onphbiles it lyrowghi mprehthatd one

nmobil e unit incre laba$3 r@,mﬁ%’ hSRRIEE bRoces I b Hﬁﬁ&o tation
with whi ch tﬁ?%ﬁlg{ga&?gg\ uni t i‘:l;segi n cgf ni csé?'iebx)f?‘fgdgie/ffdsﬁ an n%r easg in
power | evel . The R B Tt it 45, I copyraunication; with; mazg 4‘%69“? ase
any base station statiomipdwerhadjostnentnaiminandsidre ipgovided dnomneacht base station.

requests that e RSk ; S f e i g@,qle
nobi | e unit pomty;r cont r%tPFei lsmitS,a&gi%?gﬁog{eéae ;%ﬁ%ﬁ;é@r%g?g%a?ﬁﬁopa&@%éghf al%’:
not ed* above. Furt FOMMANES fR PVl transmit epwaerrs]y%%l@ thajrmay, adversaly, igerderg wit
mobi |'e unit power athet mobils whit Goatndnications and et Rabeide Bofficler?6pode? to
A oM CELLULAR OPPOr iRy, Gom %##e?@aﬁ%ﬁg%é&%ﬁ%@?w
al so assigned to Xtationfe Jbis pemer Aontid meehanismi iy @geqrpplished by having the
Base hst at :c on hdmé e ][rﬁbbﬂe At mereﬁe@ ifs@rahdhiit sipnal léved Only it et Yase s@atiofNwith
in the soft hando 0RESS. 1.3 . 0 cri 0
operates optinmall y‘Lm%é‘n e%@“"r?{@%ﬁffgpﬁﬁ 8‘2’@%’%‘%‘3@5’?&}9@%‘5 é%c_ g:gggee\ﬁ? pov.vez_'
station through wheeel cBrmebblgunihdeareqses dispiransmis signal devsl, if @py bage station
§5 uni t av?i ?fs i ﬁ&ﬁh&ﬁrhﬁmd}%hzhabﬁéb fizf’lfti iBGr_x\@lbhbnﬁﬁia‘Hilmh ?-écﬁﬁé‘é&tﬁalﬂrthdqﬁﬁvaer lte
ase station geceiyihng,the.nmo uni t'.s signa an_excessive | eve
but unable to  OGERRT Ay e olok bee streiom ARd meRils dHpl PR gl s
unit because 15 diselpsed mali-DrPatentjo. 3A36HIY aheetedrahovgi tBurther information
It i sI alt SO de_sit:abfoe al $y st lof Basé Beationl and \iﬂoﬂw@hw%%e}rhoﬁlﬁﬁb i$ldistlosdf in
signal transmtte e e N _iD.res r i
transmtted by eag‘r{@’le#%k&?gpﬁﬁf’tg'ﬁﬁn@pw{mfé méﬁOWO%Pﬁm FOR
control is to accdr@DIEROLLINGf TRANSMISSION e ROQWER ot iAnE€DMA fCELMEYHAR

channel |ink nmay bDRIOBREUPRIBPRONEISYOTENIC Sisstidd Rovember 25003 Ridd8ssigned to
transmtted to,4 he,di sadvant ggﬁd renote unit is increased, the signal

quality 35 r’r% b@foﬁ?@%‘ﬁﬁ@ t XBFET Rh"%&?&ﬁm e of such a location is a
poi nt where the pBase statinn diyeosity o thevipobide ghisds iangintpartanicenpistesation
nearly the same asin the soft1Rindadfh pr&ess. ! THeh poli@s conhdl i MethuA desiritid BBove
N0 rerote Unbenld, spipuhd oo, AR, whiZchAb AR LB R, e
remote unit at a p¥aHen threugh, syhick comanunication pigpossible. In doing so, the mobile
25 unit avoids inadvertently interfering with communications through a base
station receiving the mobile unit’s signal at an excessive level but unable to
communicate a power adjustment command to the mobile unit because

communication is not established therewith. '

' It is also desirable to control the relative power used in each data
30 signal transmitted by the base station in response to control information
transmitted by each remote unit. The primary reason for providing such
control is to accommodate the fact that in certain locations the forward

. channel link may be unusually disadvantaged. Unless the power being
transmitted to the disadvantaged remote unit is increased, the signal quality
. 35 may become unacceptable. An example of such a location is a point where

the path loss to one or two neighboring base stations is nearly the same as
the path loss to the base station communicating with the remote unit. In
such a location, the total interference would be increased by three times over
the interference seen by a remote unit at a point relatively close to its base
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6 station. In addition, the interference com ng fromthe nei ghboring
base stati ons does not fade in unison with the signal framthe active

base station

as woul d be the case for interference coming fromthe

active base stWOI9N88SHA renote unit in such a situati on REHUB}3Be 3-

to 4 dB additi onal

signal 5 power fromthe active base station to achieve

adequat e performance.. At other tings, the remote unit may be

| ocat ed where the

si gnal -t o- interference ratio is .unusually good. In

such a case, the bsisdont dnjasddition) dhe interferencentaminig: friwn thedneighhating shasg
a l ovvler Lhan n;)r Medtatibres l&éﬂs"ﬂc{tﬁaﬂ@‘lﬁihmson fglth&ﬂé'%igi‘ﬂl fne rthe ra@ﬁ@é?tbhéé ﬁhfg@ﬁ
S|gna S elng ran e S . e.. daboyve
obiotives. o ShuphEELe thel e W tricitersiios coming S, R KR rept Stipp A
provi ded wit h| n t h!@nmib unit (inisuches giitvation may fequirenddout aibeadditional signal
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The base station receives the power adjustment requests from each
mobile unit and responds by adjusting the power allocated to the
corresponding forward link signal by a predetermined amount. The
adjustment would usually be small, typically on the order of 0.5 to 1.0 dB, or
around 12%. The rate of change of power may be somewhat slower than
that used for the reverse link, perhaps once per second. In the preferred
embodiment, the dynamic range of the adjustment is typically limited such
as from 4 dB less than nominal to about 6 dB greater than nominal transmit
power.

All the cellular radiotelephone systems operate by placing base
stations throughout a geographic region such that each base station operates

“to provide communication with mobile units located within the limited

35

geographic coverage area of the base station. With the initial deployment of
the CDMA system, the CDMA system must work in areas currently covered
by AMPS or TDMA systems where the two systems overlap. The AMPS and .
TDMA base station locations and corresponding coverage areas may be
separate and distinct from the CDMA base stations and coverage areas.
Likewise, within a particular technology system (AMPS, CDMA, or TDMA),
there are generally two competing service providers within a given area
typically referred to as the A and B carriers. These service providers often



geographi c coverage area of the base station. Wth the initial deploynent

of the CDVA system the CDVA system nust work in areas currently

cover ed by AMPS or TDVA systens where the two systens overlap. The
AMPS and 35 TDMA base station |ocations and correspondi ng coverage areas
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gi ven area typically referred to as the A and B carriers. These
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receiver. For exa one equency T
Plerr] and a 15 g’@!ﬁdﬁ*&one at frequency f2 is inj ected into a receiver,

third-order distortion Third-oflep@istofticH prodifRdd ebaat wher awonehes arxidj&itéd in

flerr] and 2xf[er r

respectively. For Jeg(egel £ 'Fhf %&axﬂ%&‘g ﬁ/% E) él‘e“%’ fﬂ a@;ﬁ%vﬁé%{}él P1 ﬁ'ﬁbﬁ
operafion is &tqneoﬁﬁ feeausy; d2-isrinjectad-intor Q)Y%We%wrder dispgriion
suppose t hat an A odMEhs At CRAtRT 8SfréqQuenicidsl 2 aify IMd 2Ny atlpoWit. fevdld Pp

oroduct ocours at SEbEH Beplsly i gl t‘bﬁi‘}‘g oiP SElfHED o SuBpRE thgs,
band. GMA eperationy isl designates oo 1880 Megalleriz (K/ﬂrh)oroOSQﬂe% MHz.
product depends  Also suppose that an AMP system operates to provide an FM signal at 881.5
20 MHz and a second FM signal at 882 MHz. Note that a spurious third order
product occurs at 2x881.5 - 882 = 881 MHz which is directly within the CDMA
band.
The power level of the created spurious third order product depends
upon the power levels of the two signals which create it and the
25 intermodulation performance of the mobile unit. The amount of distortion
generated by the spurious third order product depends on the ratio of the
total CDMA power to the total spurious third order product power. Two
different means of limiting the distortion caused by the third order products
are evident: limit the spurious third order products created by the mobile
30  unit or increase the level of the CDMA signal in relation to the created third
order products. Increasing the intermodulation performance of the mobile
unit increase the price and power consumption of the mobile unit which is,
of course, highly undesirable. A more elegant solution is to increase the
CDMA signal level in proximity to the offending base stations.

s 35 One method of increasing the signal level of a signal in a given
geographic region without providing additional signal generation means is
to provide a repeater. A repeater is a device for receiving either one-way or
two-way communications signals and delivering corresponding signals
which are amplified, reshaped or both. A repeater is used to extend the




upon the power levels of the two signals which create it and the 25
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20 CDMA receiver, the incoming signal 1s demodulated using the same high

speed PN codes used to modulate the information signal at the base station.

The demodulation process involves multiplying on a chip by chip basis the

incoming signal with the series of PN chips in the high speed PN code.

During each symbol, the energy is accumulated over the period of the symbol.

25 The repeater of the present invention provides a high gain to the RF

signal while being immune from oscillation. The repeater operates by

cascading a switch, a delay device (such as a standing acoustic wave (SAW)

filter), and a series of amplifiers. The switch switches on and off at a rate

higher than the symbol rate. The delay device provides a delay equal to

30 approximately one half the duration of the switching period. The delay

device acts as an analog storage device to store the signal for latter

transmission. The amplifier amplifies the delayed signal output from the

delay device. The switch is open and no signal is being received while the

repeater is transmitting the delayed signal thus eliminating the need to

35 provide a great amount of isolation between the transmit and receive

antennas. Thus the repeater works in a time division duplex manner by
periodically alternating transmission and reception. :

At the receiver, the repeater's switched signal is demodulated in the

usual manner. The signal to noise ratio is reduce by a factor of approximately

40 3 dB compared to the signal to noise ratio of a signal received at the same




the risk of oscillation The present invention is a tinme division

dupl ex (TDD) repeater for use in a CDVA system In a CDVA system hi gh
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FIG. 5 is a timing diagram illustrating the TDD operation; and
FIG. 6 shows a cascaded repeater configuration.

DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 illustrates an exemplary base station coverage area structure. In
such an exemplary structure, hexagonal base station coverage areas abut one
another in a symmetrically tiled arrangement. Each mobile unit is located
within the coverage area of one of the base stations. For example, mobile

30 unit 10 is located within the coverage area of base station 20. In a code
division multiple access (CDMA) cellular, wireless local loop, or personal
communication telephone system, a common frequency band is used for
communication with all base stations in a system thereby allowing
simultaneous communication between a mobile unit and more than one

35 base station. Mobile unit 10 is located very close to base station 20 and
therefore receives a strong signal from base station 20 and relatively weak

. signals from surrounding base stations. However mobile unit 30 is located
in the coverage area of base station 40 but is close to the coverage area of base
stations 100 and 110. Mobile unit 30 receives a relatively weak signal from

40 base station 40 and similarly sized signals from base stations 100 and 110. If



switching. To cascade two repeaters, the second repeater sinply sw tches at
hi gher or lower the rate of the first switch. Thus if the first TDD

répeater . _ operates at twenty tines the synbol rate, the second TDD
repeater nmay 10 operate at ten tines the synbol rate.

BRI EF DESCRI PTWO\Y7/@88853 HE DRAVWNGS FIG 1 represeRCHU§PH13868
exenpl ary cellul ar coverage area structure; 15 ' FIG 2 represents an

exempl ary cellular coverage area structure 4¢ includi ng a base station
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unit 10 is located w cQverage area o ase station 20. In ac
division multiple el lular, wireless local | oop, or per sonal
communi cati on 1@l ephonérlwekmtplaycmmaﬁmeapumge bereal steucigred flhustrated in
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si mul t aneous communi cati on Detween nore than one
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weak signal from #free b&a6rssasisiwell kdowndinstheiakar |y si zed signals from base
stations 100 and 110. l{age giation 60 of FIG. 1 represents an idealized three sectored base
station. Base station 60 has three sectors, each of which covers more
than 120 degrees of the base station coverage area. Sector 50, having a

20 - coverage area indicated by the unbroken lines 55, overlaps the coverage area
of sector 70, having a coverage area indicated by the coarse dashed lines 75.
Sector 50 also overlaps the sector 80, having a coverage area as indicated by
the fine dashed lines 85. For example, location 90 as indicated by the X is
located in both the coverage area of sector 50 and sector 70.

25 In general a base station is sectorized to reduce the total interference
power to and from mobile units located within the cbverage area of the base
station while increasing the number of mobile units that can communicate
through the base station. For example, sector 80 would not transmit a signal
intended for a mobile unit at location 90 and thus no mobile unit located in

30 sector 80 is significantly interfered with by the communication ‘of a mobile
unit at location 90 with base station 60. For a mobile unit positioned at
location 90, the total interference has contributions from sectors 50 and 70
and from base stations 20 and 120. A mobile unit at location 90 may
simultaneously be in soft handoff with base stations 20 and 120 and

35 sectors 50 and 70.

Although many uses are envisioned for the present invention, FIG. 2
represents one situation in which the present invention provides significant
benefit. In FIG. 2, suppose that base stations 40, 100, and 110 provide

~ communication signals using CDMA signals. Also suppose that a second
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25 having a 125 MHz bandwidth. Thus, in this situation some of the

intermodulation products created within the mobile unit ‘are very likely to

fall into the CDMA band with a significant signal level in comparison to the
energy level of the CDMA signal.

. Building a mobile unit does not create intermodulation products at

30 these high signal levels is impractical. Typically such high immunity

intermodulation performance is not needed. For example, if base

stations 40, 100, and 110 provide AMPS communication capabilities, the

CDMA signal levels increase and decrease in the same manner as the AMPS

signal levels as mobile unit moves toward and away from the base station

35 thus the ratio of any intermodulation products to the CDMA signal level is

not likely to be significant. Thus the high imx_nunity. intermodulation

performance is only necessary in the case as shown with mobile unit 30 and

_ base station 115 in FIG. 2. To increase the intermodulation performance of a

mobile unit requires that the mobile unit provides a high degree of linearity
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Typical l'y such hi ghhostBasi¢ tepeater embodiment simply receives, amplifies and retransmits
20 the signal. The repeater is typically installed in proximity to the area in
which increased coverage is desired. For example, the repeater could be
installed on a neighboring building to base station 115. The repeater has
general use in coverage holes such as in the 'shadow’ of a large building or

in a freeway tunnel. Obviously, a highly desirable characteristic of a repeater

25 is that it is easy to install and requires only a power connection to operate.
One of the difficult design issues with a repeater which provide significant

gain is to prevent positive feedback of the transmitted signal into the receive
input of the repeater. If the transmit signal feeds back into the receive input

of the repeater, the repeater can oscillate. Therefore a typical repeater must

30 be carefully designed to provide a significant amount of isolation between
the transmit and receive ports. I, as in the preferred embodiment of the
present invention, the signals are transmitted and received as RF signals

- through antennas, the isolation is a large function of the placement of the
transmit and receive antenmas. The present invention avoids the problem

35 of repeater oscillation and alleviates the need for careful installation of
receive and transmit antennas. _

The time divisions duplex (TDD) repeater of the present invention

takes advantage of the pseudo-noise (PN) modulation used in the CDMA
system by receiving the signal, delaying and thus storing the signal, and




I nt ernodul ati on performance i s not needed. For exanple, if base
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signal levels as nobile unit noves toward and away fromthe base station
35 thus the mxd9msess any i nternodul ati on products to the Cmmlﬂﬁgﬂéﬂﬁsl evel
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with nobile unit 30 and base station 115 in FIG 2. To increase the
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accumulated over the period of a symbol to produce an aggregate symbol
energy.

The present invention takes advantage of the energy accumulation

over the duration of a symbol. Note that energy is accumulated over the

25 entire duration of a symbol. Thus if the signal fades during only a portion of
the symbol duration, very little energy is accumulated during the fade but
sufficient energy can be accumulated during the remainder of the symbol
duration to provide reliable decoding. The present invention takes
advantage of the fact that the accumulation process does not require that the

30 signal be continuously present in order to yield usable accumulation results.
In the exemplary embodiment of the present invention, the symbol

rate is 19.2 ksps which is equivalent to a symbol duration of approximately

. 52 microseconds (usec.) Thus in the preferred embodiment, the switching
rate is on the order of 10 times faster than the symbol rate. As seen below

35 the corresponding delay is ideally one half of the switching rate. For
example, the preferred embodiment might have a 3 psec. switching rate and

a 1.5 psec. delay. The major factor in choosing the switching rate is the
symbol rate. The switching rate needs to be some what faster than the



general use in coverage holes such as in the 'shadow of a |arge building

or in a freeway tunnel. Qoviously, a highly desirable characteristic
of a repeater 25 is that it is easy to'install and requires only a power
connection to operate. One of the difficult design issues with a
repeat er whi chwpmwossse significant gain is to prevent pBSTUSRpA3L08
f eedback of the transmtted signal -into the receive I nput of t.he
repeater. If the transmt signal feeds back iy o the receive input of

the repeater, the repeater can oscillate. Therefore typi cal repeater nust
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1.2288 Mcps PN pilot seNaapcéfferent niethodsinayibenused to delay the signal. JBnpexample,
receiver, the bycopidg;5hfly be GSE Yo2lffaY YohVett® delayed by a digital delay
element, and digital to analog converted. In such a case the amount of delay
in the digital delay device could be varied over time thus freeing the TDD
operation from a periodic switching mechanism for maximum efficiency
The delay could be tuned to match the duration of the current sthchmg.
25 period.
, FIG. 3 shows a simple block diagram of the present invention.
Antenna 150 receives the RF signal. Switch 152 passes the signal when
closed and blocks the signal when open. Amplifier 154 provides
amplification to the switched signal. Typically SAW filters cause a large
30 amount of attenuation to the signals which they pass. The switching
operation itself inherently decreases the signal to noise ratio of the resulting
signal. It is important however to limit the amount of degradation caused
by the repeater. By inserting some amount of amplification before the SAW
filter and raising the signal levels far above the noise floor, the effects of the -
35 attenuation loss on the signal to noise ratio can be minimized. In some cases
it may be advantageous to add delay even in front of switch 152. Delay
device 156 provides a delay on the order of one half of the switching period
of switch 152. As noted above, the delay device operates to store the received
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15 same pair of | and Q 1.2288 Mps PN pilot sequences and the sane WAl sh
sequence used to nodul ate the information signal at the transmtter. The
denodul ati.on process involves nultiplying on a chip by chip basis the:
incomng signal with sane pair of I and Q 1.2288 Mps PN pil ot sequences
and the sane \WkO$gmessssquence. The despread data stream is tREH/USEH13868
unscranbl ed using the sanme | ong PN code nask. The chip energies are
accunul ated over the period of a symbol to prfgluce an aggregate synbol
ener gy. The present invention takes advantage of the energy
accunul ation signed rfor Hatedutrahsmissizin. a Ayglifier 158 eamlisMeserthe delayed and
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other words, thp is lost due to the TDD nature of the repeater.

In the illustrative embodiment detailed herein, the TDD repeater is
used to repeat signals for use in a mobile communication environment. In
the mobile communication environment, communication is bi-directional
between a base station and a mobile unit. In the exemplary CDMA system

25 detailed above, each mobile unit estimates the path loss of the forward link
based on the total power at the input to the mobile unit. From the estimate
of the average forward link path loss, the mobile unit sets the transmit level
of the reverse link signal. Thus the power transmitted by the mobile unit is
proportional to the power received by the mobile unit. Therefore if a

30 repeater is to be used in this type of a cellular system, it must operate
bi-directionally with balanced gain. That is to say that the repeater must
repeat the forward link signal and the reverse link signal and that the gain

. the repeater inserts in the forward link including the effect of the switching,
it must also insert in the reverse link lest the power control mechanism
- 35 become imbalanced.

FIG. 4 illustrates a repeater having bi-direction operation. In FIG. 4
the forward link frequencies are received through antenna 150 and
transmitted by antenna 160. The reverse link signal from the mobile units
to the base station are received on antenna 170, switched by switch 172,



faster the switching rate, the higher the energy levels of the created
si-debands. 10 Anot her consideration is the realizable delay val ues
avai |l abl e. SAW filters can provide RF delay on the order of several
hundr ed nanoseconds to~ .tens of mcroseconds at the cellular
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PCT/ US96/ 13868 addition to the so called "open loop" power control ;il&formed by the mobile

20 unit as it bases its transmit power on the receive power it perceives, each
mobile unit's transmit power is also controlled by one or more base stations
in a closed loop operation. Each base station with which the mobile unit is
in communication measures the received signal strength from the mobile
unit. The measured signal strength is compared to a desired signal strength

25 level for that particular mobile unit at that base station. A power
adjustment command is generated by each base station and sent to the
mobile unit on the forward link. In response to the base station power
adjustment commands, the mobile unit integrates the power adjustment
commands to create a gain control signal typically referred to as a transmit

30 gain adjustment signal. The mobile unit increases or decreases its transmit
power by a predetermined amount based on the value of the transmit gain
adjustment signal. Note that the transmit gain adjustment signal is
indicative of the balance between the forward and reverse link signals at the
site at which the mobile unit is located.

35 The transmit gain adjustment signal can be used to maintain balance
within a TDD repeater of the present invention. FIG. 4 shows one such
embodiment in which mobile unit 166 is included as part of the TDD
repeater. Either continually or intermittently, mobile unit 166 participates
in an active call with the base stations whose signals it is repeating. Mobile




signal for later transmssion. Anplifier 158 anplifies the delayed and

swi tched out put of delay device 156 for transm ssion by antenna 160.
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25 link repeater performance. Thus the performance of the TDD repeater can
be balanced by use to the transmit gain adjust signal. FIG. 4 shows one such
implementation. The bi-directional TDD repeater has been calibrated with
mobile unit 166 including the relative positioning of antennas 160, 168,
and 170 such that when the value of transmit gain adjust signal is applied to
30 variable amplifier 162, the two links are balanced.
There are many variations to the configuration in FIG. 4 such as
antenna 150 and antenna 180 might be the same antenna with optional
- duplexer 184 used to couple energy at the receive frequencies to switch 152
and at the transmit frequencies from amplifier 178. Likewise antenna 160
. 35 and antenna170 might also be the same antenna. Antenna 150 and
antenna 180 may be highly directional antennas directed toward the source
of the forward link signal and the destination of the reverse link signal
respectively. The directivity of the antenna can be used to prevent the TDD
repeater from amplifying unwanted signals from other base stations. In
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16 del ayed by delay device 176, anplified by anplifiers 162 and 178,
and transmtted by antenna 180. Note that if delay device 176 is
i npl emrent ed using a SAWfilter, it should be tuned to the reverse link

frequency bandwo97mnsssshi | e del ay device 156 shoul d be tuned tRECWGRS/13868\ar d
link frequency band. 5 There is no need to synchronize the sw tching of
the forward and reverse | ink sections of1 the repeater so long as there
is sufficient frequency isolation within the repeat er such that
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subj ected to a?’vvl "“" SJF)EF@' leexﬁﬁer)é?%%?%ug% ng%ggzgi{l}teﬁ ?evelmarEgioit
t enper at ure whi ch hl@kedm gp@leamrc aHargaobsiacle; the Wteﬁnbaﬂoéﬁleé with 5
-beconme out -of bal 3RE Baseldiatioh Wy ?&M&Gda&il@lﬁlé %ﬂﬂiéuﬁdé®flm§|dbd&dué§1t}re

ke 2

the repeater a nechani for t ad ti gq!ﬂ

the reverse link &af% ?ag%aoﬁ'e ﬁ# ""\‘(‘ Jt'ulsd g“? rdnfoﬁ)rll%. ulfits Oge
During normal operpositioned non rtheefmeaqdleapfy&\gmbst@}% wihere jthe coveraggfirea bple is
the so call ed {popqpcat@ppP” pPower control performed by the nmobile 20 unit as

it bases its transmt nthe re ve ercei v

mobile unit's transmit V\ﬁg‘? spier é&hﬁ HB?%@ lﬁve%ﬁ%no’r“ Xle)tFéeeﬂg cascaded.
stations in &orlexanmple obpneﬁHDBtnepaateEas;hsdtham;difyomswgmhmm#ctunnab
mobile unit is  gny Bnif HP‘%ﬁﬂ%aée'c&Qd ‘t'érexéré é@&ﬁweadwea{geshrsm

fromthe nobile

e neasure r.en red to a4
desired signal strBAgERPeter ?@Vé?cef‘%’ra‘?qlla %f}fec ﬁﬁ E%it E
base station. 15A poaeprovide aagrwﬁamﬂrewmmdlmgm byéhe lﬁl}Stel&Pmt@asEOI'
tStat 'honba“d Stent té?caﬁ\gfe FIG. argﬂBWsea a&idéa%gbrgef 86 atibRK . TDHD repésten3s2
o the base statio

ust nen nobi. '
integrates the po mtﬁoﬁ‘ b @ ﬁ%a’fegragsﬁlé4 tié%)“‘t 19, TDD
signal typically rmpmeiez;ﬂt oTRD repeatar i treBansmyis rtha@gxytlm;r\c’hlgnmlt 256
mobi e unit increaSgswie, O §85&ster QMtré&?&@ h signal ﬁ@ﬂﬁrm&'ile’i unit 256 and

D et et o) G kg i R0 e by RS ety she sgmal
i ndi cative of the todbasestativat Rﬂbnlf the fsamamtdnngrf@e@eg\m Vere ypethahs o
the cascaded repeaters. would have to be synchronized taking into account any
delay effects between the two units. The synchronization process would be
difficult and would have to be operated in a time locked fashion to take into
25 account timing drifts.
However, synchronization is not required to cascade the two TDD
repeaters. To cascade two repeaters, the second repeater simply switches at a
higher or lower rate of the first switch. For example, if the first TDD repeater
operates at twenty times the symbol rate, the second TDD repeater may
30 operate at ten times the symbol rate. The output of the second cascaded
repeater is a subset of the output of the ‘first cascaded repeater. As explained
above in the example of FIG. 5 only the odd number time segments are
transmitted from the first repeater. A second cascaded repeater would
transmit only half the energy of the odd numbered time segments. There is
35 no need to synchronize the switching edges of the two cascaded repeaters.
Again the forward and reverse links need not be synchronized or even
operate at the same switching frequency. The two cascaded sections result in
a signal that is degraded by at least 6 dB compared to the signal to noise ratio




site at which the nobile unit is |located. 35 The transmt gain

adj ustment signal can be used to maintain bal ance within a TDD
reépeater of the present invention. FIG 4 shows one such enbodi ment .in
whi ch nobile unit 166 is included as part of the TDD repeater. Either

continually onwowisssss ttently, nobile unit 166 partici pates PCT/US96/13868
active call with the base stations whose signals it is repeating. Mbile
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17 unit 166 receives on antenna 168 repeated forward |ink signal 164

from . ant enna 261 aighal necsived satr theesamel signakb ippvedr tddclonisardceived B88a
to ant enna Q?%Wédffxﬁltofltﬁgsg gplﬁg nkI evel of reverse I | nk

signal 182 eve

I epeat e \gﬁ Si naI “ﬁol ncI
the effects of 5 swi t i sowsmnmfs ‘Fl%f%)?(ﬁﬁ%‘?o
in the system nobipeaternd %eriﬁﬁgtasasswud\mgorateanemamucummsﬂ '(li'mDp'epea*ter

L8 o e, B L 200 i e

entitted "Mobile Sraasméting mareceiving: i 48 noted aboyethe iming ofthe, fizst ando?
Dual - Mode W deban@eﬁ&&&@%’é&%%ﬁ]@k&tﬂo&éne anotherst Bop eadebddf ilustiation] Ghe

bases the power tr mt nal I

adj ust nent pcom’ranggmf‘gccgltbggw -@:ﬂ? %5 ﬁ}'gﬁuoﬁuﬁldow thg?‘[e%‘fsl lssion path
transnit gai n adj delayshejween the firstcardithe semsdauepeatar isnassumedhto be negligihle
?‘; H}an me; |940n %’ésﬁnémwrﬁ&l\@d% a‘lUthé‘@édb"[i’lHnﬁﬁéwbﬁ 1n$§t€|ﬂivél§

oop est] on_.an ain us air

smal 1. 7" OOP Giyiae anfoy e srRmenin S PR leae Eaealiip dfe duiarfidced
adj ust si gnal bytthgi delay deiicediafdhe fitst rdpeater aaddahmedrwztb xﬂfexmge to the
| mbal ance. 1T the fi@hN@she fi first THRKAAIAP debice. q&m@nﬁematsm@ufse&er@ﬁebpmm

| neronge 11 s 1 cvepl f‘s\esﬁiémﬁevw (e’ a8y dijon it o I3 OGS s
than the reveriSe Itivite thdteof thee delaginafrithe dirsh TDD repefjterst Nq'tgnﬁiatlmc&h@ﬁ
EEZE Eﬂe ”le' le ]‘3 f‘sdmﬁ& Qx%%ﬁaée Wﬁitl%dcﬁ{ﬁﬁt%_%ré hétally confaid Hka siioiaks
proport ?o\@ u'?oot “d@gﬁi'g I%ggé%‘g‘gt g#% t’ﬁﬁe i Cﬂley t ngéer gutput
of the delay dev1ce only those time segments corresponding to every other
odd number (i.e., 1, 5, 9, 13, 17) are aligned with the transmission indications
20 on time line 206. The signal energy corresponding to the remaining odd
time segments (i.e., 3, 7, 11, 15) is lost due to the TDD nature of the second
repeater.

The preferred embodiment is dlsclosed with reference to a PN spread
spectrum system. Obviously the present invention may be used in other
25 systems such frequency hopped systems. The TDD repeater in a frequency
hopped system may be configured such that the delay of the TDD repeater is
equal to the frequency dwelling duration at each frequency. Thus every

-other frequency’s energy is repeated by the TDD repeater.
The previous description of the preferred embodiments is provided to
30 enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to

O

those skilled in the art, and the generic principles defined herein may be

» applied to other embodiments without the use of the inventive facuity.
Thus, the present invention is not intended to be limited to the
. 35 embodiments shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.

WE CLAIM:



25 link repeater performance. Thus the performance of the TDD repeater can
be bal anced by use to the transmt gain adjust signal. FIG 4 shows one
stch i npl ementation. The bi-directional TDD repeater has been
calibrated with - nmobile unit 166 including the relative positioning of
antennas 160, wO®7/8884 and 170 such that when the val ue of PFERSIIBEEEa| n
adjust signal is applied to 30 variable anplifier 162, the two links are

bal anced. There are nmany variatiogg to theconfiguration in
FIG 4 such as antenna 150 and antenna 180 m ght be

wi th optional dupl exer 184 used to couple energy atl“ﬂﬂlﬁlﬂ}ﬂ@“ﬂnm
frequencies to switch 152 and at the CLaAEMI8 frequencies ¢rom s =

amplifier 178. Likew se antenna 160 35 . and antenna 170 m ght al so be the
sane antenna. Antenna 150

nd ant na 180 ma rec |onal
antennas directed towartd th‘iz msthod, of am {}W&ﬁépfe& égglg
t he destinati o2 ofspeblrune\sigreal combprisedinof a senesrefsmadm syhbol, de method

directivity of th iﬁﬁ g gﬁeg psed to prevent the TDD r epeat er
fromanplifyi ng unwa g I gha Prom other base statlons In WO
97/ 08854 recewmg durmg a first interval said spread spp@wggggm@g;%g

18 sone cases it lH?utg)sﬁdbé&nteds spétltrﬁd‘im paratus of FIG 4

using a gIe ant a aye
sonme di stance bet ween t‘fw‘emg s %t 3mr¥é]'ﬁe @L%Q?ga¥%&§8agé%| o?ﬁ‘a%db? 4
antenna coupl ed t cPredeterginecd: anpungrand; For exanple if the repeater is
used to rai'se tgie si gnatarsifting dufing @%ebnd intervdl @aidedelbhyeuinptified redéived
source by a | arge gbst cﬂ(:l e theqe@enna coupled with t he base station
may be positioned sc?ﬁgi ’of the obstacle as the base station
whil e the antelfha couplweberein tsaid sbsp bé recgivingrmpdpeaid step pefstransmitting, amge
far side of the obﬁh&g&ny whahsivk efigver age area hole is 10 | ocated.

The TDD repeater of the present invention may be easily cascaded. For
exanple if one TDD repeater is used to anplify a signpal in a tunnel

environnent and a secor’d Ebpenethod of amplifying aspreade apeatrim rsigoal ofs claimoid
TDD repeater Mgy rehereis e%BH symol Bf’sixﬂ%eﬁégﬁﬁkodé %bae ﬁbﬁétsyﬁmahﬁanaﬁd .

opeater For - AR rece'ewﬁage%‘é <ofBech e 8 bl Mg b sy

TDD repeat er 259 duration.

3. The method of amplifying a spread spectrum signal of claim 1
2  wherein said steps of receiving and transmitting are periodic with a period
equal to approximately twice said predetermined amount of delay.

4, The method of amplifying a spread spectrum signal of claim 1
2 wherein said step of delaying is accomplished using a standing acoustic -
wave (SAW) filter.

5. The method of amplifying a spread spectrum signal of claim 1
2 wherein said steps of receiving, amplifying, delaying, and transmitting are
performed at a first location remote from a source supplying said spread
4 spectrum signal, further comprising the steps of:
receiving during a third interval at a second location said transm1tted
6 . spread spectrum signal;
amplifying at said second location said received spread spectrum
8 signal; '

delaying at said second location said amplified received spread

10  spectrum signal by a second predetermined amount; and



receives signals from base station—256—and—+ret+ranrsnts themto TDD
repeater 254. TDD repeater 254 retr naI to nobile unit 256.
Likew se, TDD repeater 254 recei vesa,m mﬂ“ ﬁl)r le unit 256 and 20
retransmts it to TDD repeater 252 retransmts the signal
to base statiowo»308ss4 f the sane switching frequency wer e us@®&T

cascaded repeaters woul d have to be synchroni zed taking into account any
del ay effects between the two units. The synclyroni zation process would be

difficult and would have to be operated in a me | ocked fashion to take
into 25 account tr m ngaaisnﬁttmg at said secondHweetion  dexsing la dourtht inferval said

required to cagc sﬂ EPr%cewedr@}Ea"dﬁﬁe%truﬁQs@%Pade two repeaters,

t he second repeater s at

her, or | of the
first switch. For exa reqnf sgi Wr@tmmﬁ‘e‘g (}V\% ;ﬁn at said

twenty times tie sseotral location arbamatrllydexthbBivecpeentsr may 30 operate at
ten tinmes the synbol rate. The output of the second cascaded repeat er

is .a subset of the output_of the first caded repeater. Asexlar e
aboverin the exanpl e of- Fike meihod, of am P@l’gﬂ-“g W?Fg E ija1m 5
transmtted fra@n twhereir sdid lstdpsadfaeceidinge and draxsadsiiegl arteanelaseeondmdaﬁon are
transmt only half n o] er %{;g r
35 no need to syr%%ﬁl’eaﬁﬁezg&ﬁe \ﬂtepgﬁ qa g‘én@s ﬁbﬂ)hﬂﬁa cascadesgma Secbd
repeat ers. 4 Agpredetervainest amopndnef r%‘&d whezein said sefonge predetermined

synchroni zed or eV@rﬁount of ABRK3E at Mast Bwice aHoAY/ dscdaid prédegrnitedd abent vaf
cascaded sectro sult in a signal that 1s degraded by at |least 6 dB

conpared to the sra "to noise ratio WO 97/ 08854
PCT/ US96/ 13868 19 of a signal

received at the sane si;gn@hegg\éa{od/\mgh‘}; ' digpéctrum sigoal o eiim 5
signal of the s

operation of a B’E‘ﬂregég?:‘g(fgeﬂﬁﬁ recew%ﬁé‘&t%?“%“@r‘é% a%%g%fécgn& l?&ntitolﬁeare
rate of one hal f tpa‘lddlc swittDDar qeginderequel 10 rreppwryne@%' shwige tsaid sﬁ%ﬂO@
of the second TpD Pf‘da@&trﬁﬁned Qirh&@ht of deldy and r%éﬂem fid 'se€stid/ iptedetéeimined

A1 gned L6 one anofORHE B Aelr e v i =4 18 TREBLERRAEE Hpliiy

two TDD repeat ebs delagynchroni zed and the transmission path del ay
between the first and the second repeater is assuned to be negli gi bl e.

8. The method of amplifying a spread spectrum signal of claim 5.
2  wherein said step of delaying at said second location is performed by passing
said received spread spectrum signal through a standing acoustic wave
4 (SAW) filter tuned to a center frequency of said spread spectrum signal.

9. The method of amplifying a spread spectrum signal of claim 1
2 further comprising the steps of:

receiving during a third interval a second spread spectrum signal;
4 amplifying said second received spread spectrum signal;

delaying said second amplified received spread spectrum signal by a
6 second predetermined amount; and

transmitting during a fourth interval said second delayed amplified
8 received spread spectrum signal. '

10. The method of amplifying a spread spectrum signal of claim 9
. 2 wherein said first interval and said third interval overlap in time.

11. The method ef amplifying a spread spectrum signal of claim 9
2  wherein said first interval and said third interval correspond to the same
time interval.



10 Time line 208 shows the received signal of the second receiver
illustratively divided into tinme segnents each having a | ength equal
to the del ay induced by the del a [ “u ' M' rst repeater and
aligned with reference to the _ Ouﬂmnn‘uﬂﬁl “l| ﬁ TDD- del ay devi ce.
Tinme line 210 wiowesssshe corresponding * ¢ oltpht f *the del BGIEOHIIES The
del ay device in the second TDD repeater is 15 tw ce that of the delay of

the first TDD repeater. Note that only those segnments which are
| abel ed with odd nunmbers actually contain datZ si gnal s due to the TDD
nature of the first.repeater. Likew se, note that at the out put of the

del ay device only thosgpti SR of acg%,m d SpwRiny siiraklof claim gdd
nunber (i.e., # 5, 9,;%, Iﬁé_ a,r% aléié%‘g. Etg eJr%st' iﬂ?f‘t@w@d' cations
20 on tine |ide Yhsreingaid firstintery E%‘gr EeTgat 8V hi ng odd
time segments (i.e., 3, 7, 11, 15) i's lost due to the TDD nature of the
second repeater. - %&Hﬂ %1@ s%xﬁf | Fs@sinMd h
ref.erence to a PN sprea;l%f The msegé%;{]%m ]'gy{é‘rfﬁda VI ously the presen

i nvention may Be wehareim said first J!Eméy'@érﬁi%mmﬁﬁmcﬁomﬁﬁg@ ¢ Sme

The TDD repeater igme ihte?@alcncy hopped system may be configured such
that the delay of the TDD repeater is- °~ equal to the frequency dwelling
duration at each frequency. Thus every ot her frequency's enerqy .iSs

repeated by the TDD repéatBre method of amplifying 8- spreast spertaim signal piglaim S
preferred enbod Ngpleeirs BAIAYisdSshd OpRdeternihéd AmoudRr Sign thii bame ias tsaid

art to nake or use the present IﬂV?ﬂ?l on. The various nodifications
to these enbodi nemredgi e My apparent to those skilled in the
art, and the generic principles defined herein nmay be . applied to

ot her enbodi nents wi t hqyt faft i td dteddeBbdtum signal dihelaimtde
present invention is ngt5 i%lié:ngedo?o‘)fbégﬁ?lil 'te<-€ %igeth P.35 . n%r(\%diﬁrroexgts id
shown herein b& i%Wherginesajd: seeand (predgieraine cwgu‘ﬂgnéﬁ s?'é%fen wi
the principl es angpredewrminet amgurdi scl osed herei n. VE CLAI M
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16. The method of angpﬁ%yhl.@g a spread spectrum signal of claim 9
2 further comprising the steps of:
detecting a gain of said transmitted spread spectrum signal; and
4 adjusting the gain in said step of amplifying said second received
spread spectrum signal based on said detected gain.

17. The method of amplifying a spread spectrum signal of claim 9
2 further comprising the steps of: N
transmitting a reverse link communication signal within said second
4 spread spectrum signal;
receiving and demodulating a forward link communication signal
6 within said spread spectrum signal to determine a gain adjustment signal
contained therein; and
8 adjusting the gain in said step of amplifying said second received
‘spread spectrum signal according to said gain adjustment signal.

18. The method of amplifying a spread spectrum signal of claim 1
2 wherein said series of code symbols is modulated with a pseudonoise (PN)
sequence.

19. The method of amplifying a spread spectrum signal of claim 1
2  wherein said series of code symbols is frequency hopped over time.



1. A nmethod of anplifying a spread spectrumsignal, said spread 2

spectrum signal conprised of a seri ;. said net hod
coOnprising the steps of: 4 QT =VIRVA ' first interval said
spread spectrum signal; o anﬁﬁlmmﬁujgmmj“mel ved spread spectrum
signal; 6 wooosskel ayi ng said anpl Il eCal ved spread REHOIAIN6E| gnal
by a predeterm ned anount; and 8 transmtting during a second

i nterval said delayed anplified received zgpread spectrum si gnal ; 10
wherein said step of receiving and said step®f transmtting are

mutual |y excl usive evel sThe method of ampliffiing asptead spectrp) isigniahpfclaim dad
spectrum si gna o%g*&égbﬂ T%%OM% m%ﬂdﬁéﬁsﬁ thieddtéb@f:1 €s of code

synbol s i s one sy ur at . IL.[L.l ength rein said . .
predet ermi ned del ay i sCOIWErHng said am Qﬂ‘e@gﬁ’b’ﬁ spread;gpectayty signal to a digital
3. The nethod &f sigpkl;fying a spread spectrumsignal of claiml 2 wherein

said steps of receivin b L 3 Qs | OdicEia 1

equal to approxi nat el y@?%@%é@%&%@%&l .m 'rlilg gaé)nd)iﬁtay\%t?pao% g?ﬁ?é?‘ind

4. The method ®f anpl i ¢onveEting said delayed.converted signal injp an apaleg signalyherej n
said step of delaying is acconplished using a standing acoustic wave

(SAW filter. : L Yi PLs s 1 U
signal of claiml 2 \/\Z\]érzﬁ% néea'fi(g&s_ e%lé&g%%g%ﬁ%,spgdnﬁf élgﬂgl age télé/ll g%
and transmittig wherein saig predotemmingd ameuntsyaniegayerod™eennte froma
source supplying said spread 4 spectrumsignal, further conprising the

Sar0 transmitted 6 SHrondBpdPbra, it sptiBiil Y Bhedh Sedhn) DSGA"
second | ocati o sapvhprisimg:ved spread spectrum 8 signal; .
del ayi ng at said secongdafi§ #r 1RReivRigdirteRhitiehfly said spread sppeteath signapect ru
signal by a se&ond Pr e%\%tagg rnfrgpﬁf}‘ﬁl\%n Esaiid%:régeived spread spectrum signal;
means for delaying said amplified received spread spectrum signal by
6 a predetermined amount; and
means for transmitting intermittently said delayed amplified received
8 spread spectrum signal;
wherein said means for receiving intermittently and said means for
10 transmitting intermittently are operate mutually exclusively such said
delayed amplified received spread spectrum signal is transmitted only or

12 said spread spectrum signal is received.

23. The apparatus for amplifying a spread spectrum signal of claim 22

2 further comprising:
~ means for receiving intermittently a second spread spectrum signal;

4 means for amplifying said second received spread spectrum signal;

means for delaying said second amplified received spread spectrum
6 signal by a second predetermined amount; and

means for transmitting intermittently said second delayed amplified
8 received spread spectrum signal.

- 24. The apparatus for amplifying a spread spectrum signal of claim 23
2 further comprising:
. means for detecting a gain of said intermittently transmitted spread

4 spectrum signal; and
means for adjusting the gain in said step of amplifying said second
6 received spread spectrum signal based on said detected gain.
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21 transmtting at said secon a fourth interval
said 12 del ayed anplified received spre E‘@M‘i mw

wherein said step of receiving and said step |ng at said 14

second | ocat i owoanmesssait ual | y excl usi ve events. . PURAISI6A0868d of
arrpl i fying a spread spectrumsignal of claimgy 2 wherein sal d steps of
receiving and transmtting at said second | ocation are .periodic with a

period equal to approximtely tw ce said second 4 predeterm ned-anmount of
del ay and wherein sai d28eTbedppasdus formmplifying a spread specsfurd slignal iof claim 2'3
| east twice as 2 Offrthgr ggﬁ@,rggﬁéiet erm ned anount of 6 del ay.

The nmethod of anplifying a spread soﬂ“trums of claim '
s d Stops of recel viniieaa oF SRRRHA, A vt Bnkototeatorh AL isin

periodic with 4 paardsndonﬂspi'e 1gna1;al y twice said second 4
predet er m ned anount o ;t.qﬁls drg&q{, Qm%p'e eter

ampunt of delay is |essS Iflalf as lﬁhg as salg rede m%e(rj?og‘sn%&n

6 del ay. 6 commgunirptonesigpal withinpsaid preg m@e @al#mma

of claim5b5 2 wherga;rnaa &néﬁﬁﬁgﬁﬁl @tﬁ{tameﬂgh@@ugarm second | ocat i on IS

performed by pgssing ive
st andi ng acous?lsc vvavemeﬁm? d?‘llﬁ ﬁ'l ugglga]g §a°8 #x?‘gel{:&m% g‘%l‘d
spread spectrum siTgerived spread spectrumgmgrﬁiecmdmrmanéspm WW@@@W@M

spectrum signal of claiml 2 further conprising the steps of:
i1 yi ng- a1 0 secondZPedobRAuiRe QB R PR (g ALy o fead psetzyin,
said second am@ i fdignalrceuqmsenlgspread spectrumsignal by a 6 second
predeterm ned amount; @rgkst antm rece“t,lh SSkwvhid Gnk 4sd a fourth interval
e A S RS é@%ﬁ?ﬁ%&% R of a2
wherein said first int arddhyadajrmcduplhdrm seriesr with saish Ifagt antennaeand said
6 amplifier;
a second antenna coupled in series with said first antenna, said -
8  amplifier and said delay device for providing a repeated forward link signal;
and
10 an isolation device coupled in series with said amplifier, said first and
~ second antennas, and said delay device for intermittently disrupting a
12 connection of said forward link signal to said delay device while said
repeated forward link signal is provided by said second antenna.

27. The time division duplex repeater for amplifying a spread
2  spectrum signal of claim 26 wherein said first and second antennas are the
same physical structure.

28. The time division duplex repeater for amplifying a spread '
2 spectrum signal of claim 26 wherein said first antenna is a directional
antenna directed at a source of said forward link signal.

29. The time division duplex repeater for amplifying a spread
2 spectrum signal of claim 26 wherein said first antenna and said second
antenna are located some distance apart.

30. The time division duplex repeater for amplifying a spread
2 spectrum signal of claim 26 wherein said delay device is a standing acoustic
wave (SAW) filter.



11. The method of anplifying a spread spectrumsignar—of claim9 2

e meeria G S Gaie NI " e >

PCT/ US96/ 13868 12. The
met hod of anpwwiofoyiogss4 a spread spectrum si gnal of cI aim 9 2 ROTAS6/1386%I d
first interval and said fourth interval overdgp in tine. 13. The
met hod of anplifying a spread spectrum signal of claim9 2 wherein said
first interval and said fourth interval correspond to the sane tinme

I nterval . 14. The method of anplifying a spread spectrum Si gnal
of claim9 2 V\/nerel(? 1. Sahd &g&ormvfyi&{iea ?}ea?e'im ﬁﬁs

sai d pr edet er m ned “anount . fy|
spread spectrm sﬁPQWSBﬂd? rAlajm %Wlsﬁ‘d term ned
amount is different frag ital RoRekTted M ned anount. .
The net hod of rrpllfyln L (f I _
conpri sing the'fst eps &gﬁaf&o cfengget Edﬁﬂl%qg%aﬁtp(%%%% ?rr?aécf: rtr‘}'??gléal
spread spectrum sqogwarter,amd 4 : adjusting the gain in said step of
anpl i fying saigl secong Hﬁgiﬂl\/tﬁdanalog oRveAcr Teaplddud wrgoeitptaHe cabd digital
det ected gain. 17. The Trethod of anplifying a spread spectrum

si gnal of clai m POBELANIRE conprising the steps of:
transmtting a reverse |link comunication signal within said second 4

spread spectrum si gnalgp, The time dveAi6h V daplexn deptiad don tanigl Lf?ungraN&pdead
Il i nk comruni cgél on sj gnal hi nz%aﬁlgthepgg%dnsé%actrum si gna
deternine a g %Rﬁfﬁgf‘héﬁ&“%m% P
a third antenna receiving a reverse link signal;
4 a reverse link amplifier coupled to said third antenna;
a reverse link delay device coupled in series with said third antenna
6 and said reverse link amplifier;
a fourth antenna coupled in series with said third antenna, said '
8 reverse link amplifier and said reverse link delay device for providing a
repeated reverse link signal; and
10 a reverse link isolation device coupled in series with said reverse link
amplifier, said third and fourth antennas, and said reverse link delay device
12 for intermittently disrupting a connection of said reverse link signal to said.
reverse link delay device while said repeated reverse link signal is provided
14 Dby said fourth antenna.

33. The time division duplex repeater for amplifying a spread
2 spectrum signal of claim 32 wherein said first, second, third and fourth
antennas are the same physical structure.

34. The time division duplex repeater for amplifying a spread
2  spectrum signal of claim 32 wherein said third and fourth antennas are the

same physical structure.
- 35. The time division duplex repeater for amplifying a spread
2  spectrum signal of claim 32 wherein said first and third antennas are the

’ same physical structure.

36. The time division duplex repeater for amplifying a spread
2 spectrum signal of claim 32 wherein said first and third antennas are a single
directional antenna.



contained therein; and 8 adjusting the gain in said step of

anplifying said second received i gnal according to
sai d gai n adjustnent signal. : Tm“ﬁmmmmmtwnd of anplifying a
spread spectrumsignal of claim1l 2 whrereintsalidSseries of code synbols is
nodul at ed w t lwaspasessdonoi se ( PN) sequence. ' - S$et hod
of anmplifying a spread spectrum signal of clagm1 2 wherein said series
of code synbols is frequency hopped over tine. WD 97/ 08854

PCT/ US96/ 13868 23 20.

The met hod of ampl i fying-a spr ead spectrumsignal of claim1l 2 wherein said
step of delaying furthgy c'ﬂqg)rﬁﬁbngi‘;igﬁns.t@%;?,pfrépeater for ampBfVE' 4 | spgead
[

said anplified.received spre spectrurg,s al. to digital 4 Sjgnal.: .
del ayi ng said @on\?B?‘EtEHnsg’@gf sF argéi e&?’nstsB’%agsé’gﬁaé@isB, aél%“‘ﬂ 18
converting sai d dehedudatedomithrat pséudbgoizé (PN) spread sequiergesi gnal .

21. The nethod of anplifying a spread spectrumsignal of claim20 2
wherein said predeterm ned_anount varjes over, tine.

e 22, An
apparatus for anplifyi 8% alBprime siwsionfupley sepeater fpramplifying a spread
means for recepvi pectAlmIsigrial Of clamsa6 Whereiresald spesidr spectugmsignal i frequency

means for anplifyi ?i d recei ved spread spectrum signal; . . nmeans
for del ayi ng sai dhg%ﬁ’?' Yied received spread spectrumsignal by 6 a
predet erm ned anount; and means for transmtting intermttently

\Smﬁi d del ay_eg anpl i f;ed39.ecwhaeﬁme8 dieisfoelaoaﬁ;nle:etx@peatsf g’gal amplif);ing a spread
{ansm 11 ng | B orRErra ghalc Ll B Bt bemp el Ty cuch sai g
del ayed anplified receaveatiable gaih epydifiexninsisepies with ispish reverse: dink, isplation
4  device, said reverse link amplifier, said third and fourth antennas, and said
reverse link delay device and receiving a gain control signal; and
6 a mobile unit providing a first communication signal within said
reverse link signal and receiving a second communication signal from
8 within said repeated forward link signal, and providing said gai;\'control

signal.



12 said spread spectrumsignal is received. 23. The apparat us
for anplifying a spread spectrumsignal of claim22 2 further conprising:
means for receiving intermttently a second spread spectrumsignal; 4
means for anplifying said second received spread spectrum si gnal

means for delwoorpsssai d second anplified received spread sp@®ECI/UNE/13868

siignal by a second predeterm ned anount; and nmeans for
transmtting intermttently said second del ayed anplified 8 received
spread spectrum signal. 24 T g apparatus for anplifying a
spread spectrum signal of claim?23 ther conpri sing:
nmeans for detecting a gain of said internlttently transmtted spread 4
spectrum si gnal ; and means .for adjusting the gain in said step
of anplifying said second 6 received spread spectrum signal based on
sai'd det ected gain. WO 97/ 08854
PCT/ US96/ 13868 24 . 25. The
apparatus for anplifying a spread spectrumsignal of claim23 2 further
conpr4 si ng: neans for transmtting a reverse |ink comrunication
. signal within 4 Bl d second §pread spectrun15|o an,; means . for

receiving and : i a8 forward |ink nlcat on signa
Wi thin said sprgh i to determ

si gnal contai ngfi i

step of anpli{fing said second

according to i d gain I.justnent

coupled to said rst antenna,

FIG. 1



a delay device coupled in series with said first antenna and said 6
anplifier; a second antenna coupled in series with said first
antenna, said 8 anplifier and said delay device for providing a repeated
forward |ink signal; and 10 an isolation device coupled in
series with S3VQI7eRMi fi er, said first.and second antedﬁ&?&”ﬁﬁﬂ“%aid
del ay device for intermttently disrupting a 12 connection of said forward
link signal to said delay device while said repeated forward |ink
signal is provided by said second antenna.puq 27. The time

di vi sion dupl ex repeater for anplifying a spread. 2 spectrum signal of
claim 26 wherein said first and second antennas are the sane physi cal
structure. . - 28. The time division duplex repeater for anplifying
a spread 2 spectrumsignal of claim26 wherein said first antenna is a

di recti onal antenna directed at a source of said forward |ink signal
29. The tinme division duplex repeater for anplifying a spread 2 spectrum
signal of claim26 mhereln sald first antenna and said second ant enna
are l'ocated some dj : : di vi si on dupl ex
repeater for anpl #fying a spr i

said delay devicglis a standi

97/ 08854
PCT/ US96/ 13868
The tinme divig@on dupleﬁ'
of claim 26 R ei n sa
digital convert¥§
of sai-d anal og tW§ dlgltal

del ay dg

FIG. 2



converter; and 6 a digital to analog converter coupled to an out put

of said digital st or.age devi ce. 32. The time division
dapl ex repeater for anplifying a spread 2 spectrumsignal of claim 26
further conpri sing: a third antenna receiving a reverse |ink

signal; 4 - woomssssreverse |ink anmplifier coupled to said REHISA/BREnna
a reverse link delay device coupled in series with said third antenna 6
and said reverse link anplifier; a fourth antenna coupled in
series with said third antenna, said 8 reverse link anplifier and said
reverse link delay device for providing a 3/4r epeated reverse |ink

signal; and 10 a reverse link isolation device coupled in series
with said reverse link anplifier, .said third and fourth antennas, and
said reverse |link delay device 12 for intermttently disrupting a
corinection of said reverse link signal to said . reverse |ink delay

device while saiﬂx{epeated reverse link signal . is provided 14 by said
fourth antenna. 33. The time division duplex repeater for 160
anplifying a spr 2 spectrumsignal of claim32 wherein said first,
second, third and urth antennas are the sanme physical structure.

34. The tinme divisWon duplex repeater for anplifyilfi§ a spread 2 spectrum
signal of claim32|wherdd2™~said third-dbd f;grrézanrennas-are 158
physi cal structure. 35. ti di vi si on dupl ex| r ¢

2o o BELAY DRGGH

anplifying a sprea ~ cl n
third antennas are the ane ph $tructure.

time division duplex repeater for anplifyi ng—e—spreac 2—spect rum si gnal
of claim 32 wherein said first and third antennas are a single

di rectional antenna.
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26 37. The tine divisfon dupl ex repeater for anplifying a
spread 2 spectrumsignal of claim 26 wherein said spread spectrum signal
S modul ated with a pseudonoi se (PN) spread sequence. 38.

The time divi svomwesssd ex repeater for anplifying a spread 2PEHE¥SAIRGE
signal of claim26 wherein said spread spectrumsignal is frequency
hopped. 39. The tine division duplex repeater for anplifying a
spread 2 spectrumsignal of claim32 further conprising: a
variable gain anplifier in series with said revgjse link isolation 4
device, said reverse link anplifier, said third and fourth antennas, and

said - reverse |link delay device and receiving a gain control signal
and 6 a nobile unit providing a first conmunication signal within
said « reverse link signal and receiving a second comruni cati on signa
from 8 wthin said repeated forward |ink signal, and providing said gain
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