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FOR OBTAI NI NG TRANSM T DI G SW TCHED ANTENNAS BACKGROUNR OCﬁAYTMﬁ
INVENTION 5 L Field of the | mwenéi on The present invention rel ates
generally o dnbgbhess radi o tel ephone systens that use a ”P@‘i%rgﬁ;}z%ﬁ@
station having at | east two antennas forl transmitting information t0 one or
nore receiving units served by the transmtting station. Mre particularly,

the present | GIETHOD KN RPPARATUSPOR OBTAINING TRANSMIF
e o TS DG HETL NN s (T oeryed

by the transmtting
known in the art that the performance of the reverse link of 1s a wireless
comuni cati ons system BACKGROUND OF THEINVENTION e transni ssion
paths. Wth nmultiple transm ssions paths, a diversity gain is obtained by
conbi ni ng the phase ad'{usted signals fromthe different paths when they are
recei ved. The cdigldafithe ntjon | ess |ikely to fade to an unexceptabl e

| evel because d i ophl i |y 20 en the
fades in the i ndth dernswendpl BRIy s8SRHEIEE ey ieharny
possi bl e t Gygitn® that gsala Ganemstting istatidie Havangeat 1da8meiver aRBsthdso féhe
nmobile, i.e’ in the forward |ink. wever, obtalning signal diversity in

the forwar dransmittingninfermatipne &0 tonenon 9T FecAlying uinitsheervedebyethid nk

because nohile unj.t b simal.| i Tl Qssi. bl e. al

nobi | e rec Wrﬁlﬁtlgg n%gﬁé?‘ee@m%%bcﬁlggg’ iﬁhgg’rﬁﬁ%ﬁl ﬁ\vlﬁ“t{or} rfeﬁﬁ‘g%ﬁaﬁ ts of
the worjpd. rtffel ©%adPlithproRed 2aRAdtholdt drfdl CAPPEANIO fége piuaidihgcedi%rsa ennas
with the PDC system Mst of these antennas are switched (i.€., the signal

i s not recdransmissions tta feraseiving unibserved thynthestrangmittingsstating. advant age of
sharing the front end hardware. But does not result in as good 30 a
reception as the case in which both antennas are receiving sinmultaneously.

However, tHLs aupégzaqj\idmcfﬂeskaatdibAﬂost of the nobre numerous npbile
receivers. There are several ways known in the prior art to obtain transmt

di versity on t hdtisomgtdenawnin ghe artthat the, perfopmance fcthgcreyiersenlink che

3 0 MAY.Z0Q2.,~ 9 . / 420 . i derat i on i r ovi di
t ransm'lt5 d%‘evrusely%g? %}&%Q%g%a;hfl vfgégﬁ{ nu ?Igp ??ggg%s@ ?%go%ﬁ# l;egt i on
|| nE i's tretraimﬁissimt pettsh With hrultiple stransmisaiors! pathsgheatiebtsityr gami s

or t hogona

to ea of the other channels to reduce. interference between
channel s. @béaleeﬁ/&k%n Hng ﬁésﬂh?ﬁ?e jugted EISBélCSr frome thendiffarent paths
Associ ati o I I - it ds i <k Q3 tig.0n: ation
Conpat i bi | %é&g{}g%g%% ‘%%ﬁl"%m .Iﬁgf?%‘?ﬁ%%aﬁgﬂ%lpgé?ég gbk?lc? o BdERE o
Systent. | rureexcEptable $evel berause deepirfatles sn dhet combirsdtk digmal noearhontyher
channel by orth nal code,,.sych, as,a Wal sh cqde, ,For these codes to
remai n Brt 1EBEMANS ?%feérf&ﬁ?@_s'f‘ghwabﬁhpﬁ@saﬂfg ﬁi’@ﬁgt‘&tbeeatcb! %tf’ﬂ'rel y equal for
each of the chanpg 5135%5%{31&&6%&5&{ sighal deveRity in tke Rahhel eRGASH the
time of receipt of the I'ti pl e channel’s being tfansmtted over the forward

link can bdaseusethebynabile, di.¢.f v ¢he fomaard linksei Hgpwevens bitaiedng r signal
di fferent aptennas.or,traversi,n i fferent th tween the transmjtter
and oo vaVERISS it Brviard ok is, Figik difticalt e *SPrainthg’ 1 e

reverse link because mobile units must be as small and simple as possible.

25  Dual mobile receive antennas are commonly used in a mobile unit in some
parts of the world. For example, in Japan, it is common to use dual receive
antennas with the PDC system. Most of these antennas are switched (i.e., the
signal is not received simultaneously by both antennas). This has the
advantage of sharing the front end hardware. But does not result in as good

30 a reception as the case in which both antennas are receiving simultaneously.
However, this approach increases the cost of the more numerous mobile
receivers. There are several ways known in the prior art to obtain transmit

diversity on the forward link with only one mobile receive antenna. One
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15 signal can be transmtted on nmultiple base station antennas usi n(Cj‘
different carrier frequency for each antenna. Since the signals ar&ldaY 2002
different carrier frequencies, the received signals at the nobile do not

i nterfere wotsb2eae anot her. Add| tionall y, different frequensi©gsdip¥py
different fading characteristics, especially if the frequencies are wdely
separated. This helps 20 to provide the different diversity paths. Wile

thi s approackonsidésationt ihegitdviginge teinghibadidetsithit a t6@é dvibidd erentiptOVA
carrier frequency can be used on each transmt antenna. In another pr Por

art met hod, motess {COMA) aspeampmieatinrs linkt isetiteo faetr thati edchs ofrthe transtrdt
t tted d f | f the del
Versions arecBaRaTA. DEFIBHRELAGRBIIL | REROBRGAE 4BreRsh o dher effer, RemigiRato

di fferent verst@dsi t}fﬂ@{,@{&rg tWedte cRAVSS1S) t Onk [ T d:.has
t he di sadvantrage tlhr}at in a CDI?/A systcem t he nul SC%%Apﬁgmu %Itg?ﬁfrggavdr?

each ot hes, EMmmtﬂalnchlaérynmssmaﬁwg otaanid add eTTAY Bl An1S95- Ayneretitie db ' M ditsi 1 e

val sh codes t he_unde ed sjgnal respect, tp t | ayed sj gnal .
Even when th %&%‘bBﬁﬁe ngt%%‘ I¢8R‘p§ﬁw§l"§r oﬁagggrdoné’ Bg'ﬁﬁ ﬂ&ﬂ‘%

rake COMA respiyfd sphibum [Cdlifir SYsRAPN Ol 3YCHMIA! ByltetiSetth Eﬂsﬁxﬁ@ﬁ%ver

for each finger receives |nteg)?ere2ce fromthe other e aye
t ransmi ssi ondistirgguishédy famn2 eachOtied 2basnel3 bpGi WWOCG&Q Suahwas ca

S car et er Welsh sorey mﬁ%ggppﬁs% #Raf, BRBS Sta#&?a”mame“ﬁaéatﬁ deleran
system dijhf ergpy M%é'i‘eﬁ%ose € aapfoﬂiaf&wga REQRSover! tﬂ(ijé‘

transnmt antennas are each ot her e S S|gna transmtte
over the pri forwandalink. r Bitferendes mrﬂmhhmmbf |rpd:enpba:£ethetmuln landheammads ar e

time aligned, the si nalsrema a Thus th s at h
t: me di :‘19 er eREEg t ’E§I EEQF@ePV?'E) qrﬁ%éa hf‘kt ﬁgnrbo\‘\?,(\né'aéfé%gawbttﬁ aﬁf‘%}ép
| nterference haRels hs'elﬁg h%ngar.mar FroR@ L differéiRVENRhnabh6H tHV’errﬁngsﬂ ént han

one ,path, each wth different delays froma base station to ~ o |Ie
t he pat hs wi lpathsobetweeencthe tradsmdtter tahdgmivaro h’ne)rmnoadeerthe‘lfnewerd)ﬂuﬂt ens

and deficiencies,are,recogni zed and S resent inventi in the
manner dddcr PEER! GBNRE T %ﬁmﬁf@# IRMISE%‘OF{? n‘fsmﬁ\Peﬁ{}f‘?fﬁnt
provi des di VQéﬁﬁérYfré%@éiﬁ?‘ foricabR ah?erﬁlar ESRIicYi the sl 8lsdreGh difFerehtRAsAer

|

station having at rst and second antennas b repeatedly sw tching
one, several freguenriesothe receiverd signals atsthef mqhalec @%p@@t tinterfepea witket oween

channel s ar o RPIEN ¢ eRehdtl: chiResE, Hallehr@s Rv<oifia datine .
accordance WichBratdristics) egsbe ﬂltherf&e%e f 1é%f ateh@idélyeparabanmis Helpsn

the base station are transmtted fromt irst antenna in the base station
to the r&@ei o rgrayide theadifigrent diversity pathshe Whilgs thissiappreach meorks, it

the 1irst antEREe Enplpf LARNGRAR o AERRRARAGN EONACchd FRGLERYL A o
nmessage i nf obeahisednoh reath tthensheit @pderatdl. enna i n the base station to the
In another prior art method, multiple delayed versions of the forward
link signal can be transmitted on a single antenna and carrier frequency. If
25 the delayed versions are separated by enough time, the fading is different for
the different versions. Therefore, time diversity is obtained. This method
has the disadvantage that in a CDMA system, the multiple paths interfere
with each other, since they are not orthogonal due to a misalignment of the
Walsh codes of the undelayed signal with respect to the delayed signal.
30 Even when the base to mobile link only produces one resolvable path and a
rake CDMA receiver with a finger on each delayed path is used, the receiver
for each finger receives interference from the other delayed signal

transmission.



25 receiving unit is initiated. After transm ssion of the nessage _

i nformation fromthe second antenna is initiated, transm ssion of t3HeMAY 2002
nessage i nformation fromthe second antenna to the receiving unit

t er mi nat es wod9IryEns ssi on of the message information f r om gdyeudobh S0
antenna in the base station to the receiving unit is initiated. This
process of switching between 30 the first and second antennas is repeated.
Preferably, the swThehforwaod Gigrlocan Wsbshe tadentitteddeni muiltipleobdsy station
mai ntain the orthogonaljty of the Wil sh codes. |f Wl sh codes of varying

| engt hs are uddtennagarithibe samecearpgr frequengusing rthogopsl guavefonms. For

PCT/ US98/ 2542 r abl r dayrd s
codes. Accor d%ﬁg#‘?ﬁgvg]bs%%%ggg@lgﬁf@%t %Ael%ﬁmeg{)ld(glgm# %ngég%‘é}?é e@b%d
antennas. Rat hgiltiple hiritdnndé) Ih thedeansinitratenhas ade iciode toheachi sther anidefHia

before the transmt signal is switched to the second antenna. Likew se, a
full 5 Wl §h signalg transmitsed (aves the PrIMAEY LAt seceivedh fromether multiple base

wi tohi ng_ occarare AR, 21eafifne JpAEe, e siBf et SilBognal’) ThiiSoy
interl eaved dajigh shi¥@] prinidly pathr Bfid asffér@n@@syarﬁcbwarrf@a%rmiﬁgérgaﬁﬂ{éﬁaéke

improve the ability of "a reCeiving unit to receive the coded an
i nterl eaved nmeloeaget recdive intesference: fiam the ethen primary prthsm Howeygsewhen

station. The inter.l eaver..disper th 0 S if each antenna
dwel | peri od §E%rﬁ 1P 3P4 tﬁxgnacp eoé%?" 33@? g‘flg}hgﬁg?gxggggys o ehgﬁseo?tag’?ﬁ‘b'iﬂ s
from each jgnt RO amobiite tiké Paths Wik ridt bedriceiledi & SfthopbRallidf Gid AbBedN! Y
when the m x of synmbols fromthe different antennas, with different fading
characteristics, ~ 5 ar dhese @rpblems and deficiengies arg resognized and stdveddwy
uses in its degisi.on. pr. I DRAW NGS The
features, obj Zﬁ?irgﬁé@ﬁggﬁﬁ%ﬁﬁtog e prgégg?ye%ég I'on will 20 becone
nore apparent fromthe detail ed description set forth bel ow when taken in

conjunction with the drawi nGUMMARY OFTHE INNVENTIONcters identify

correspondi ngly throughout and wherein: Figure 1 is a block diagramof a
system for provi di et present invengioneproviides dinersity dranpmaissions do sy seaiving
which the entire, forward 2s link.is sw.tched.be en a first and secon
Antenna.  FBguEHASn GG i 545E, FAEPE BN at Jerdh St AnA Shrend) USRI AR 1
accordance wi teréHié‘dl?méﬁﬂtcmﬁ%_ She,! REvENaES A allNeNtHeOhodEl BNAthels | f athe
illustration of" the relationship between transmt signals. transmtted from
two base st at icompositensigealabetweaencthectvatantennas dunimg tthe transmissiong 08rh/\O

e PP S L L AR T

and second antenna. In accordance with a preferred embodiment, all of the

20 code channels from the base station are transmitted from the first antenna
in the base station to the receiving units. After the start of the transmission
of the information from the first antenna, transmission of the information
from the first antenna to the receiving unit terminates and transmission of
the message information from the second antenna in the base station to the

25 receiving unit is initiated. After transmission of the message information
from the second antenna is initiated, transmission of the message
information from the second antenna to the receiving unit terminates and
transmission of the message information from the first antenna in the base
station to the receiving unit is initiated. This process of switching between

30 the first and second antennas is repeated. Preferably, the switching occurs on
Walsh code boundaries in order to maintain the orthogonality of the Walsh

codes. If Walsh codes of varying lengths are used, then the switching



s system 10 of the present invention. Swi tched antenna diversity rsnﬁ 10
provides transmt diversity by switching a transmit signal anong WQUUZ
antennas, for exanple antennas 34, 36. In accordance with one enbodi nent a
singl e-codWQMRAME is switched. In dccordance with anot her PETSe/2s8st |
several code channels of a forward link are switched together. In yet

anot her 1Q enbodi nent, all of the code channels of a forward |link are

swi t ched t oguefesablyi .eccurs henenthier cbowndaries Ipﬁkth% lmgashed'yalshm cedes| y

34, .36 ' d I, b
nder ot ood AT ASBIRRy eodbochE s Bl srhbehodndi B dael sebbrg °°

system 10, fwﬂeﬁﬁﬁst Raghére Rl WakW E@@é rwtﬁahgnﬁtteaaﬁoﬁmns fifd¢ afthhR! ©
ant ennas described ~s heréein can be applied to any nunber of antennas,

assunm ng t hdtefotecthentramsmig sigmalvis tswitchedptoctihetsecond antetine. ahikewise,cm éull
anot her whi I the receive i S fromthese an nas,.to remain

or t hogonal 3&6@*}& p¥s E’Pnémltt?&afrog‘hglhﬂ $9copdnantenna, éﬁ 1g8cthey trANsMEach
antenna to t tantedigdi t

ant enna di veéqgn%l?gg%i?géhrgﬁbaﬁ tégﬂggfsl%?l%et% Wit hAr es igg t}t’i%'ﬂ P&a%ﬁﬁ%@ﬁ
from a base arats oelatively mayhidly witht respectviiol thebelzamifea shlockl afhatterlleeveét hod
of the prese venti o an be le d to.transn ssions

transmtti ngf%?'alﬁi‘%ﬁ“(’é %%’é?%% THRrsity Itﬁam&sﬂﬁﬁcéf‘w t‘H‘%yOEBM&he
system whi c I grevel I

base stati onh‘l c skgteazr%‘féﬂr%t ﬁ)ﬁeagod%é?%gﬁlﬁ%f?d\%ﬁer e elgg‘ﬁ%:%g crﬁann IS

i nt endediof ormﬁwmnmmonotlmtrscmamsn'gttadl fom Athei biase rsiatiom s Thealinteriedvers t o

be transmitted over one of er avai | apl e Wal sh, channels,is received by
error-det ectcﬁéﬂe‘@%ﬁ‘% eEBQfEe Hﬁﬁ’@% Eﬁcﬁ!‘ tena 1 dw PF’%P%&H%HE‘?&YE
manner, suclyQlqde Iﬁﬁsb'd}e?’BaéQdA/oﬁ' 'rr?fxg%fAs% 'Bof‘sr rf?émc%ERCLhPéhna

encoder tail 1s ad | ock 14. Encodi ng and interleaving are
per f or med orﬂ'hémfdmarﬂ'm tlesoderalderisions (ac:cksunlmhab& qré}spudteu'wethy mix iof

wel | known in th t, intesleaving a bl ock errors
to be distr ismlé‘ﬁstafﬁ?@u %Lﬁi‘}fg@te ﬁef‘é‘affl 3‘8%‘ Cg?eg?f‘atdkﬁ‘ﬁ%g a%%F‘S'F‘ES'ar e
more |ikgly dr@ &&re@ableempl ﬂ\eb)égﬁﬁ 6F EPIbBRY HRCdePbder uses MR Yitd WkisiolO
991 29050 PCT/ US98/ 25420 devi ce uch as” a Viterbi decoder. The transm't
signal is depmocessol exed in block 20 to provide orthogonal | and Q bit
stream si gnals. Power control information can be punctured into the bit
streamsignals in block 22. The resulting transmt signals are Wl sh

cignal s are filtered BRIERDESCRIPAON R dHE BRAWINGH.C Wi sh codes
are generated by Wal sh generator 25, which is coupled to both m xers 24 and

switch 28. The flm@r@dnﬂé@mbjbttssmadchrm appf ithel present inverdfon SWlnCh
28 couples the filtered transmt si

nal. alt atel to fi S
adders 220 T‘P&comm%recmrﬁ@téf%rgmi? gﬁ‘i?&f‘? ‘PBrS%t‘{ﬁ’éh" g’@&é"’c‘ﬂ Rel s.
The out put e ar, 0,
gener at or 25Ja%)<%ﬁv1lngg§ﬁj;ﬁ1 &Br?alﬁlttg % tag?]‘kgig %%ﬁﬁ %E%arggégemieen tk?&%gl sh -
boundari es oidentify tcorresp bhdmgig Mneughmht:hn&&vhmreaiternate change at the

Wal sh code boundarj es re %cjdl | ustrates the _perm ssible sw tching
ti mes, which occuﬁ%‘tfetﬁﬁat@PS RbYstem fapproviging, raggiit-he

Si gnal s fromupc y S ﬁﬁ"'! e
switch preferabl Spﬁr{a‘z%s;’g oc%zflatggaﬁ%g?%gérfsﬁeﬁgsﬂsg\é’{eﬁrﬂzlrmgoc?rﬁfrgns a-Iijglach
i nterl eayer hhb(ikswﬁ&hbddnswneenmiﬁfstmndembndfarﬁélmaantenna;: 34, 36. Since a

first group of code channel s mai be transmited fror‘a}&he first antenna 34
at the same tine Hguwesdcsnangt Qﬂm'&:o the, pgrapiss iHUDg  HOAgss Y ¢ ed

f th t t dt
povor anpl | RAPEARES §9t° e ifbhdicied BP R bechlnHIARLE ! PE2 Cnce

filters 26 can beFphpeietd Amlmlhmmm@fsth@freldtmﬁm tbeﬁwuehChaﬁ&nitabfgei’alst han
to the inputs of diversity |rrgul se response sw tch 28 This permts cl eaner
(o]

filtering of trensmatied fegmriwo base station anteanas ard repived 24 anepileit-se

response filters 26. In



. either case, it is preferred that nobile units include pilot filters for
recei ving and processing pilot Wl sh channel transm ssions within swjQawydg;
antenna diversity system 10. The required PN spreading of the transmt
signals ca ormed within upconyerters 30, 32. 30 We Lel,pg t he
met hod of mg%;%)ragdssgnt invention, diversity swtch 28 appli e?%@ﬁg}ﬁ?‘%gts of
i npul se response filters 26 alternately to Path A and Path B of diversity
system 10 for altern § | Py ; ¥ ternate
transnissi ons from aﬁ%ﬁ%alg‘r@? %%%m?gggﬁ;%lgg‘ 0 ~

PCT/ US98/ 25420 di fferent fade char Qb an therefore be conbined
at the receiving unit to provide the required transmt diversity for the
receiver unit. It Referrifg tonder 8f00thd, Mhtret Reshves eswitclivde ahtathd iversity
described in a systemfor providing diversity signals by a base station'to
a nobil e ufi t systemi 10 obtheapresent ipuentiens Swiilchedhantenagediversivie system dén

b li ed  di ity {. i ssi i.ncl ydj i ssi f
mobi 16 unit hBITUGEHAATSRIL GEERTY B spichi adtegnt’ §3081 SR MR
receiver. The,ginhahi 38 eRERpIO Ahfcra8r34086! dhi406rdick GFR orty e BRI gk drit

switch 28 can be obtained usSing any type of sw tching device suitable for
to al t er nat el u single yode chanmel isswitcheds nint acdogdames wath amothertémpbedimenhna

h f di i 10, F di i itech 2 b
Formed of condeHriLioHn rraes S5 SBRFRL kg Frahtd Whtther nu el adpther
swi tches Gorr gspRA%NBEL, afl SRR @ileamrleofh ferwaieliMk AReRAdtRRE RgelRd-

In. an alternate enmbodinent of the invention, a pilot signal can be
conti nuously (i%.atiwel erdite forwsanchlinktis smeitched). ¥éhile aanly twoantenskisndg, 36 are

operations of diversity .sw,tch 28.can be .for 4pen the traffigc signals
onl v Thi's apBheWBn it idEr b FRIRIBHAT asing: TERGHEPE dbfesrioRdgchial X
can t her ef or ep MBS ahithARS aR1be frovidaD wilkin! divEsity Sjistal 1, and that
Additionally, the swtching operations can include another |evel of Wls

codi ng wi t hi ntwmethed foswitchingaths signal amongs thevmudtipid@ndennas desaribed

switching of the.transmt siagngls t [ o] I Ver si stem
10‘i s not lgri E"FE%W. Cﬁ‘h?bes\ﬁ’?gﬁ&ns" Cag}}; re}l\?léﬁy%)l{a &aﬁ&g%%h éﬁ*—?ﬁﬁl ) tf%t ts%g

swi t chi ng speggtdnhak @Pe SkitMin & predétdrinigeldt distincelsf orecahwiteg whidh tllowsack
the signals fromthe different "antennas. Faster 25 sw tching speeds nake it
easi er for thghe eeseivachgignalsiirem theselanternas igneamainy srihoganal PpererRCeipt
antennas. HOWRNE! tak finb NifrSIIcE T Ba P B8thy! fohP RabR Sntbilfa NN Rekiver is
spectrum of the€™ransmt "SI gnal s | expanded causli ng 1 nt erference wt

signal s on adnaeesd geedt).i Ldditikmliynovhile dwitthee pntxrevar diversitp diystemh 1 ist he

i nvention the switchjn eriod of antepnas 34, 36.is equal to an jnpteger 30
Tl tiplo 0 t HESSEHeshWARkRRERRE O RRRMIERIPTS LTS A HESORr Ao IRia TBObHE s

This maintain tRES yt neles br{+C a
diversity sys te&nhgogéaw ng&gbghlﬂrl)g; glt‘%qggh?%gd&thl\% Ir%%\%rgt %ﬁée}{tg}gf ce:a}r} ebé*
antenna swi t clapptied aoetransmissigns 1froohiqy. tranSnmittingy 2IEN - toNBNG I KBPEID gy
PCTNS98/ 25420 Furthernore, it will be understood that the sw tching between
antennas 34, 3MHoes not have to be ideal. For exanple, the trailing off of
outputs fromfiltengs a@&raaﬁc&w&?amngﬂeﬁwmdi bs;ﬁr?l?éasmmswrm;ﬁm o0
antennas 34, 36 when transm ssion by one antenna termnates and 5

transmi ssi2on 95eA) anooinpositei sigaaksroim aabase tstation i comsisth ofi marltipdd code

resent invention, switching js ne on the entire, forward |ink at once.
That 1s, a1t chapheBcuhers rhshaodd fhatnals Bieadedt 8 Hkcor ires recéivirie
swi t ched togetfigts Ah ihRfmBitidd Sighdl WeKiehib B beStradrhRRT obes nldess sd AP

need only be one upconverter and~power
available Walsh channels is received by error-detection cyclic code

redundancy check block 12 in a conventional manner, such as described in
30 TIA/EIA 1S-95-A. An error-correction encoder tail is added in block 14.
Encoding and block interleaving are performed on the transmit signal in
blocks 16, 18, respectively. As is well known in the art, interleaving a block
of data allows "bursty” errors to be distributed throughout the entire block.

By so doing, the errors are more likely to be correctable by an error correction



to anplifier. The switch 28 is placed between a conbi ner, upconvertgh, A?QEU .,
power anplifier 29 (shown as one block for sinplicity) and the ante zM !

shown in Figure 3. Figure 4 illustrates the relationship between the

signal s fhwo®nreseent from a base stétion over a first and pegogsrageenna,

and the receipt of those 15 signals at a nobile unit. As shown in 401 and

403, the nobile unit receives a first signal on a first and third finger of

a rake recei devicej slidh as heVirelbil decodet.. Thiek erainsmit o deénultiplex&t GV es
t he second siignal on a second and fourth fi ngﬁr of the rake receiver within
the nobi | e uBlack 2ttepsevide orthegopakd andiQ Hit seamnsignalse Powar ewrdrase

P ant ennas MAFRERRE AR be iRty B0t BlEKR A BaHs bRERY | Al are
physi cal fi ng@sultthd htdaendit ngighaldciaf WISk hedcaded Kly Ret8eniPadseaehand

3 and 2 and 4. The previous description of the preferred enbodi nents is
provi ded $o parisulanngdechanmels dihe resulting tsignals are filtared dy {inite timeppisesent

' ion. 25 Th ' | fi ' h ' |
onal |y appaPenones S 2ec e Wt es Cort Eieneienc oy SRalsh. Eeparabin, P

defined her eiyhifRis R it8dbbth Pikers DA "RFitch VI8! ! filfefed! $Par¥mit
I nventive facul taé Thus, the present invention is not intended to be

limted to thignaistdarecppliad topputitch 38eSwitikhd8 ¢arpdes the filteredt tratmmid sigmaled
t he wi dest scppe nsj st.ent wth t cl ai set, forth bel ow,, What ,j
claimed is: aﬁgrr@%%ﬁytozébsg @%@QQZ@%@HS ‘.ﬁ p@?&@é‘f’f&%%"‘gﬂ)ﬂ Qther SWHtcil

i rel ess i el BRHARS foy BURP dote Al THEBTH Lt o 4he aldeRN2P Atk SofSleli et
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diversity system 10. The required PN spreading of the transmit signals can
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30 When practicing the method of the present invention, diversity
switch 28 applies the outputs of impulse response filters 26 alternately to
Path A and Path B of diversity system 10 for alternate transmission from

antennas 34, 36. The alternate transmissions from antennas 34, 36 have
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receiving unit, the transmtting station having plurality o

15  applied to both antennas 34, 36, and the switching operations of diversity
switch 28 can be performed upon the traffic signals only. This approach
requires that the two pilot signals be orthogonal and can therefore increase
interference between the transmit signals. Additionally, the switching
operations can include another level of Walsh coding within switched

20 antenna diversity system 10.

The speed of the switching of the transmit signals to the multiple
paths of diversity system 10 is not critical. The switching can even be
random. In general, if the switching speed is too slow it is difficult for the
receiving unit to track the signals from the different antennas. Faster

25  switching speeds make it easier for the receiving unit to track the signals
from the different antennas. However, if the switching speed is too fast the
frequency spectrum of the transmit signals is expanded causing interference
with signals on adjacent carrier frequencies. In the preferred embodiment of
the invention the switching period of antennas 34, 36 is equal to an integer

30 multiple of the Walsh sequence period and occurs on Walsh code
boundaries. This maintains the orthogonality of the channels. In switch
antenna diversity system 10 having a chip rate of 3.6864 Mchips/s, the

preferred antenna switching rate is every 512 chips.
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The previous description of the preferred embodiments is provided to

enable any person skilled in the art to make or use the present invention.
25 The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of inventive faculty. Thus,
the present invention is not intended to be limited to the methods and
apparatuses shown herein but is to be accorded the widest scope consistent

30 with the claims set forth below.

What is claimed is:
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2. The method of claim 1, wherein step (d) comprises periodically

2 repeating steps (b) - (c) at regular intervals.

3. The method of claim 2, wherein the message information is

2  transmitted from the first antenna in steps (a) and (c) using a first waveform,
the message information is transmitted from the second antenna in step (b)

4 using a second waveform, and the first waveform is orthogonal to the

second waveform.

4. The method of claim 3, wherein the message information is
2 transmitted from the first and second antennas using code division multiple

access (CDMA) modulation, the first waveform corresponds to a first Walsh
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6. The method of claim 5, wherein the switching between the first

2 and second antennas occurs after every 512 chips in the CDMA modulation.

7. The method of claim 5, wherein step (a) further comprises
2 transmitting a pilot signal from the transmitting station to the receiving
unit only on the first antenna, and step (b) comprises: '
4 (b) terminating the transmitting of the message information and
the pilot signal from the first antenna to the receiving unit and initiating
6 the transmitting of the message information and the pilot signal from only
the second antenna in the trarismitting station to the receiving unit;
8 and step (c) comprises:
(c)  after step (b), terminating the transmitting of the message
10 information and the pilot signal from the second antenna to the receiving
unit and initiating the transmitting of the message information and the
12 pilot signal from only the first antenna in the transmitting station to the

receiving unit.

8. The method of claim 1, wherein step (a) further comprises

2 transmitting a first pilot signal from the transmitting station to the receiving
unit only on the first antenna and transmitting a second pilot signal from

4 the transmitting station to the receiving unit only on the second antenna,
wherein the first and second pilot signals are respectively transmitted from

6 the first and second antennas continuously during steps (a) - (d).
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6 (a) a first antenna associated with the transmitting station,
wherein the first antenna transmits message information from the
8 transmitting station to the receiving unit;
(b) a second antenna associated with the transmitting station,
10 wherein the second antenna transmits message information from the
transmitting station to the receiving unit;
12 ()  acontroller that repeatedly switches from the first antenna to
the second antenna and then from the second antenna back to the first
14 antenna, the controller switching from the first antenna to the second
antenna by terminating the transmitting of the message information from
16 the first antenna to the receiving unit while initiating the transmitting of
the message information from the second antenna in the transmitting
18  station to the receiving unit, the controller switching from the second
antenna to the first antenna by terminating the transmitting of the message
20 ° information from the second antenna to the receiving unit and initiating
the transmitting of the message information from the first antenna in the

22 transmitting station to the receiving unit.

11.  In a wireless telephone system including a transmitting station

2 and at least one receiving unit, the transmitting station having at least first
and second antennas for transmitting message information signals to the

4 receiving unit, an apparatus for providing diversity transmissions from the

transmitting station to the receiving unit, comprising:



100 10 '

10°: @0% & ()-.#10% & ()-: | 8JKr KLf LBMMUG_@ YSH10%&' () - ! 15 YSH10%bRIEMAD 2001

| SYSH10%KbKD&' ()-!* #10%b& ()-! #10%b& ()-! #10%b& () - BM MWHNNF Q ;

_ @& #10%b& ()-! & #10%b& ()-) 10%&1Z)- y3( 10%& ()- ! 6sYS#L0%bPL& () -

65 YSH100PP& () - } OPRPSPTPUPbPQPPr S1! FUA0%& () - 4F94.0% & () - 4&Y10% & () - 10bb

10bb 10bb! 7#10%b& ()- V!

T#10%b&' () - YPPQ Er S1! F% %10% & ()-y9:110% & () -3 .#10%

@10% & ()- 10% & # IS BeTESRFES I o (%f

h&10% () -! h&ms/i&aﬁt)enﬁ;%tﬁe (t)am)s{mﬁ @ta@ h to the receiving unit

| @%0% : & () -1 TTGUUUUV} A<r SLITF1#109& () - n60s10% & () - Y066 & () - +f #10% &
() - ﬁrst means for termmatmg the transmlttm of the messa

1 (" &f #10%b&' () AR &f #1Q% 8&“&) ZVW VAVIbWWE VWOV V7! @1096 &' () ;f.10% & % 'l

0% & ()- 10 informatwrodgem the dipst antenna)to fhigsecsiving Wit and initiating gthe - y#

F1006 g () 37 FePRitig o bt ghEsegst i 4o gm B3y Serteyd pltenna in the
S#10% ~ & () - y#raDiéiitang ttativhl to theéhedeiviig hinit/

()  second means for terminating the transmitting of the message

& )only the

information from the second antenna to the receiving unit and initiating
the transmitting of the message information from the first antenna in the
transmitting station to the receiving unit; and

(d) switching means for alternatively actuating the first means for

terminating and the second means for terminating.

12. A transmitter in a spread-spectrum communication system, comprising:

a first antenna;

a second antenna,

a spreading code generator adapted to provide a spreading code for
transmission of a message from the first and second antennas;
and

switching means responsive to the code generator to switch between
the first and second antennas for transmission on a first
communication link.

13. The transmitter as in ¢laim 12, wherein the spreading code is a Walsh
code.

14. The transmitter as In claim 12, wherein the switching means switches on
a spreading code boundary.

15. The transmitter as in claim 12, wherein the switching means repeatedly
switches between the first and second antennas for transmission on the
first communication link.
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a plurality of transmit antennas;

a spreading code generator adapted to provide a spreading code for
transmission of a message from the plurality of transmit
antennas; and

switching means responsive to the code generator to switch between
the plurality of transmit antennas for transmission on a first
communication link.

18. The transmitter as in claim 17, wherein the spreading code is a Walsh
code.

19. The transmitter as In claim 17, whereln the switching means switches
between the plurality of transmit antennas on occurrence of a spreading
code boundary.

20. The transmitter as in claim 17, wherein the switching means switches
between the plurality of transmit antennas redundantly with a switching
period equal to an integer multiple of a sequence period of the spreading
code,



