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For instance, a CDVMA comuni cation system may use dual transmt diversity
(i.e., 25 two transmit and one receive &ntenna) for estimating nultipath
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limited only to detection and makes numerous limiting assumptions, such as an assumption
regarding timing information for the traffic channel.

15 A variety of diversity modes have been widely used in closed loop modes in several
wireless communication systems, as they purportedly provide better signal qualities in fading
channel environments while significantly increasing network capacity and performance. A
diversity mode essentially entails transmitting or receiving a signal with at least two antennas
where at least two different parameters including location or polarization are used. A

20 diversity mode may be applied to transmit diversity or receiver diversity. In transmit
diversity, “N”” number of transmit antennas at a base station may be employed when “N”
number of fading channels may need to be estimated in a mobile user unit making use of
known pilot symbols from a pilot channel.

For instance, a CDMA communication system may use dual transmit diversity (i.e.,

25 two transmit and one receive antenna) for estimating multipath fading channels. However, at
least in part due to a significantly long time delay involved with feedback in a closed loop,
there may be lack of knowledge available concerning instantaneous channel states (e.g.,
timing and attenuation) for each multipath fading channel. In absence of precise channel
state knowledge, therefore, it may not be possible to accurately estimate the channel

30 parameters to adequately compensate for certain transmission and signal capture-related

distortions.



Figure 1 in one enbodi nent of the present invention; Figure 4Ais a flow
chart in accordance with one enbodi nent *of the present 20 invention; Figure
4B is a flow chart in accordance with one enbodi nent of the present
invention; Figure 5is a flowchart in accordance with one enbodi nent of
the present invention; and 25 Figure 63ts a general architecture of a base
station transceiver of Figure 1 for use at a base station in accordance
with one enboglopaRiteRf cd SN ASE Teedbave Mith@RakitR bstiBatioRNAd e irfd1aseaabop
prediction in closed [ oop node transmit diversity for predicting
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conmuni cation”includes a first transm ssion signal” 32A and a second
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Figure 1 in one embodiment of the present invention;

Figure 4A is a flow chart in accordance with one embodiment of the present
20 invention;
Figure 4B is a flow chart in accordance with one embodiment of the present
invention;
Figure 5 is a flow chart in accordance with one embodiment of the present invention;
and
25 Figure 6 is a general architecture of a base station transceiver of Figure 1 for use at a
base station in accordance with one embodiment of the present invention that may enable
channel prediction in closed loop mode transmit diversity for predicting transmission to the

mobile transceiver of Figure 1 at a specified time in future.

30 Detailed Description

A communications system 10, as shown in Figure 1, in one embodiment, includes a

base station transceiver 12 that communicates with a mobile transceiver 14 over one or more



20 process the pilot channel to nmake a determ nation as to whether to
interact with the base station transceiver 12. After an affirmative
determ nation by the nobile transceiver 14, future channel prediction
information concerning the first transm ssion signal 32A and/or the second
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transceiver 12 via a feedback channel 35. Using channel estimtion, the
channel raBiogHiks t15 O b ShBEdieht, YO8 eAPardedivarad, sHowPRItiberd!12for at he
channel controller application 24 perforns channel prediction based on the
channel melslﬂq ¥Rt HDATECAIVEOH ©T eddwdnaib'nmayttmsreb;ﬂnp POMGEE Tagieeaunpnieateansi mat es

of futur hannel tatestth ge }flor & re chan Is bet ween t he

base st wprcaberiadu A B T e FpBSEIRE s mahlt BhGefo 8 P b A o

t r ansceinwefacd 48 id rpeieeaor 20,08 Sduphdd tha stdtage @it £2 entvdich { éagndlher ef ore,

30 simlar elements carry simlar reference nunerals) wth the addition of

norle detoairpBerrappliediion; 2 rapy be slored farproeersinglihpradio espmpBicRiENsapghs i cat i on

24 "l R d Bela ISP Ty R o b SRR 2 WALFDCBRELHES i e
or

first transmssion sig e sec ransim ssi on

32B f oronerenttedaherg, adioazv mefmaslﬁte tebmsdeiverdé o bédaivanke fad&eaﬁmduﬁiiemﬁtﬁﬁade:r 50b
The first and second despreaders 50a, (?Ob despr.ead the first and second

t r ansm Qi B ghthegadio Anks 3, Whesatherra 18&@@“’%‘&’5%%“(9?%5 MRy PeErd ™ 12 into
channel antenna 30(1) (Figure 1 ) and the
second m%ﬁgﬁémtﬂgllhik%ﬁag{o?%&ﬁ“{eg?técz:t| vely. Although at least two 5
ant®kennas, tha&s f,hdvm mdhgursdcunmmmrdmmtsmeh)om}edra:ﬂ@r(am)ex 1dffurtiner mdluldeal ity
of adaptl ve ant ﬁs 30 are use he illustrated enbodi nent, wever,

any nunifetiigma FRARCAVRS Ant ‘rﬁ%&a 1y transanijs) ape Holqoi}ll’&?n‘%%’ﬁtqv\‘?’ét £ ¥ennas
30 may henéeagdib Ymﬁ‘ﬁP& 0YRdradldcARBuBERAH 1%@1'%Hes 4 B FrQﬁ"éi'r’ﬁ@ilo& QEMIQJZAGV
application 24 includes a channel estinmator 55, a channel predictor 57, and
a feedbadla staorad tg:marnsmnmml 37Bdroohtherhake stgitwnmanﬁpels& 10 Phrechase etgtiote
channel,_est i.nmat.i,ons S cond hown in
i gur o TRV oo vl B Py iRt PRaFORERe ddb R Cheine
propagadndisep@id ntéinaBOURR tCdipddNBd th € ﬁﬁﬁtrh1§§ﬁﬁs§1&[ sitha 30 &id tBekeoana 30( 1)
and channel _estinmations for the second antenna 30(m . The feedback data
gener at Enspission) sigital 333 &0 Hie anfanea 46t enna wei ght val ues from a predet er ni ned
set of weig i 1 and

cal cul at es P%g‘g ‘ga%k&lpglf%raﬁ%tgf%ﬂg%ﬁﬁgﬂmgoggfg%mgam%h%z@q%ﬁgg%? g%sm tted
over t hmtémme@badkmaltigie plopagatiohrpathgh The basensatidn transeivard® 168y transmit a

Alternat.'ve ot her apprqpri t_ f eedback net hods than t ht, sel ection

based a&l L%mléﬁvgasa%ﬁﬁ w@e@ lssrh;? '?fgé]g tfaé‘S‘EFéYeFa?‘fI%@’ geike and’

| Nfor MBirbEYs ARYIRE BhdiBhel 3enARAI MR mhAI0R s kO WhEier PRkt WidNBEBhsser 14 to

t he base station transceiver 12 to adj ust its transm ssion patter ns over

bot h t htatfanrteansegivasrida dter 30 (2ffjrmatiore ﬂht@na@@bﬂmbaﬁteenﬂlalf@@r(welwrrﬂ%r der to

perfor hanne in o ntroller
e EAARNG e RSR hibon R Oy ORI Bl llith S0ANSI SR

appl i cation or at I On annel

esti mat seboxﬁﬁtrar@ms%dﬂmgnw 32Baﬁd3ﬂie tpehﬁﬂmeéd stk ad grrbabhsafion riiecivbarmeab
predi ctor 57, and a_feedback_ calcul ation algorithmfor the feedback data

gener atfbfee@tﬁck chaael 33-nbsingishiprnel esiinaation, e channeb predighios dpformpfion may pe
luralit
N N A R e L

sequenciegsed bmthermynm estivhatthoheid ona emfbedlmdnnttherhbmpmlducmlg laognrath estirhaten ef
estimatjon thm _t he channe ntroller applicatiaqn 24 usesthe
desprea‘i’:‘é‘ﬁ g]fﬂ%ﬁﬁ %atpﬁ)th@gmangegeq?mg)r rfchenpels gg‘ﬂ‘f%?%‘”&.@sﬁsal%ase and

anpl i tu@gpscglogr 12361 the fRBlathAReRat lu, The resulting channel paraneters are
then 30 used by the channel controller application 24 to predict the future

channel st atEha mpbilgiranseeiveribpof Kigurel?ais senilayte that of Biguent (dnddhigratore,

L Y D R i B

from t higte¢fA36 1€ hn® el MBhreP BotAIRE hpplivatibI2s. Th@lt@Fackn® ifdladerel ree€iné r ol | er
application 24 to accurately match a future state of transm ssion for a

fut ur e iakafaeeds, whicl reecives B firstiriransmirsion saned 32A andier thesepond RNSTAISi®hannel
that will be present between the base station transceiver 12 and the nobile
transceiver 14 at a specified tine.
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t he feedback channel 35 to the first and second antennas 30(1), 30(m to
accurately match a future state of the channel (e.g., the first

transm ssion signal 32A or the second transm ssion signal 32B) at the
speC|f|ed tlne 25 The channel predlctlon algorlthn1nay be tralned fromthe
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30 30(m one or nore antenna transm ssion characteristics nmay be adaptively
control |l ed based on the channel prediction terns. To this end, based on the
channel prediction terms, a _g_ specific antenna wei ghted val ue may be
selected for that particular antenna for accurately matching of the future
state of transm ssion of the future ch@nnel fromthe particular antenna. In
particular, from prediction of channel propagation paths based on

t r ansni GigpRbafal fr&h e cafifelfco@dBiasikalgaithi, aiis omhbddsars tRdnntidontioRerchannel
controller application 24 may find 5 the best antenna weighted val ue out of

t he setapplicaidnaiele ageiratghameteh g Hetyre fatp of fppimiisdon Hrarfutse thanngk In one

parti ci ol n t.chi f te I to the
ot ur o SRR e IR HaolRyE ReRubl Babbio 3 Hebufbent SOVEBRRR ca 11e
accor di gigidnQrmeeei esr10dindeid mobild fighspsiesert atiapedifiedfimelhe sel ected antenna
wei ghted value, or in sone situations a Iuraliti/ of sel ected antenna

weight ed vallpeperasiongthe base station teppsgeiier 32 of Higyse 1.1niopa embgdamnb irasmitfay be

dod (e. 4 b . _ . .
72"t hr o5 e mpde rpeitell4 Pou il FLRLC] B0 3 0% cRARE NS SARET o
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sel ected antenna, wei ght ed val fromthe feedback _channel 35 to nultiply
wi th arASEefidemhy PR trshantepa @Zve%mssew%or%mav B’rlo"s“@(iﬂ‘}elt(%glcé@ g d

ant ennaasgwjﬁaba Wi thesechRd aﬁéﬂm’dog@ g{@é&hﬁ&ﬁﬁ%@m}@@g@%@ EHithe %ét ¥l ue may

be applied to the antenna I nput east one of st and second
ant(ennasc@8l dmmaD piiPt, channe kigealsahe pmlcgssot 20 betf thehvhafingl sontacittrsecond

antennas 30(1),,..30 . his way, .the selection of a particul.ar. antenna
ool ot pahogide 24 R estes e Bkt Frar et gL AT/t dng SheRe bapsin Grigd

trans m s‘iériafl) 9280 ThB %hirﬂx%llécﬁltx‘éh 'lica"‘tlcﬁatz_&l- ge@@ﬁt&ﬁﬂ@ﬂitﬁ%'ﬁrg&éti&f‘ﬁfd}hﬁﬁ_@ﬂt
invention includes transmtting data using the 20 plurality of adaptive

ant ennagenibed it mpredeia belowil for dutirerchanpals Hgtimey exishoarithsornonoenadie " a
transm,t_.di i e " Tr i bt i lurality of adaptive
anten naﬁs”kg d‘éﬁfgo?g%?sggﬁga%o& t}reanls%%fcg %%%?rg ge g‘%%?r%gé %‘lf]cle}r}'}gé?g Jri\)'e channel

chigr act er i st Aesrding toosk énitbatlimeiteofaid presomt ivieAien fofr ashgmed] $e.apeifzst t 0 each
antenna input of ,an_active antenna array including the first antenna 30(1)

and/ or FARETESIB B & 98 thrcergnd transréssionyienef &2 thenfulie shwiet PEASHPR S| on
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Thus, by enploying a transm versity node at e base 'station
t r anscederizes fiidt channehestieration tamas front the fotststoomheropisot fchametrsighalpatiBecond

interference may be signjificantly reduced in the nohile transceiver 14.
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time. noUdate s (OsseHEg b T dEaihyHeE e SHRH PO eGP SRS may
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estimation term calculated in at least one iteration prior to a current iteration of the one or




As an exanple, a close loop diversity node is used wdely in Wde Band Code
Division Miultiple Access (WBCDMVA) conmuni cati on systens and ot her

comuni cation 15 applications. Likew se, estinmation of paranmeters to
estimate transm ssion of traffic channels is also a common practice.
According to the Third Generation Parthership Project (3GPP) standard for a
VBCDMA commruni cation system a closed |oop diversity node is described in
whi ch andra$@rations. Efke%vﬁs%nﬁlmswonu ROSEERbdtRatioR 1SrmbSRLy @&H%S?_Bﬁﬂfo a(é#ﬁ)mélhr ough
two antennas. See "Cl osed Loop Mbde Transmit Diversit echni cal

Speci f iestamaion @EnZaltulagdsinthe Swrent veration gf tha OBQSPPm'GS Q@atzqms v3.5.0

(2000-12) avail abl e from Third rati,on rtners Pro 650
Route deb Lt 81 et e biafeqspt o dieBbt Sl R e B ol ¢ ude
differ %ﬂ&!ﬂnb%é’l@@ﬂd teetoMd RirgsgiSotichaifl Sighalnetbcbiyed h’;@nﬂﬂl@fse&ﬂlw prent
t hrough the feedback channel 35. However, a tinme delay of the feedback

ch&nnelantsngs p@(moadtirsy antbspcartbehannel nrepdcetiompaths assoeined WBHDIWA fisg#rtini cat i on

ow ussragrishlht SodP QoRRFRdl bR el b Far sl EF MR SRS AN GO G T
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as at a rate of 1500 hits per., secaond As an_exanpl e, transm ssion of
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f eedbagl, i I

or opagat o Glpfiedtsfiehife b ndldon SRR A AR ARREARILALE,

i M0enti on arésingithechmanel predictien ahd fexyibaakmaluuldtiot fatgoertiune ria el
characteristics en th user e ment m)ves t a_|low velocity,

per f or FEIPC "’6?“%‘11%@1%“1“%8%%&’6’6‘;5“ amema 8‘&6 byalig pay sapd ?rﬁ‘}/a‘ifé‘f%r ginally
degr adeghBaseer 2 Muthidl statdl6f A¥nsnisiorsdGhubRk BarmalstaRUSfcs URSE dMlioded
performance degradati on when the velocity of the user equipnment increases
beyond avtennaiveighty axs rodein afpoiorii and mzayoet changecakt time dan Webtanmmdta ofori\BCDIVA

R i E b e R R B R Y S e R S W
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vel oci tlleweq antgnna weights mayokaddypntaggously siersd exbgrdn fheymabileiransesivest 14 easons.
First, guser equi pnent

vel oci tt?éégistg %{2@8 gagic:gf‘%ca%ﬁqiép%%ﬁ asaég(r%{éhﬁ? Ettor%%)g?:?it y and perfornmance.
However, rediotexagmplecthechaniel santiddiengppdicatidre24, opnd embofimentrensiees @agui prent
performance in e P cl osed | pop divers node_may be .difficult at

hi gher ChE¥¥e® &’&Lﬁt“b‘ﬁ’e‘(??a‘i?é‘ﬁ%?&iaﬁde@“ SB%%@Orﬁﬁ%?‘né%Pf@Fé’ﬂ“@%’t"éﬁéaﬁfrﬁ’f al so
0pDh. t 0 AhiERhARNIBLRE SR tﬁ@dﬁﬁné’lﬁﬁé&&ﬂﬁft@ﬁhﬁ&et&ﬂﬁﬁ@d BPaRThaind coRedlleHS er

equi pnent vel ocities. However, achieving reasonabl € perfornance in the

cl osed appl@qattlpnéﬂsahlcasﬁowwsughspdJyslumnmsb@selm@rfr@qmlncp@mnr meteowdiglited hi gher

t han 6Qk i ff t | ose |
tr ans e RRgh Py s @ufilled oyed I el ofmBRe? s EPse3E 2 Brfl alftfudr” o
thi's pBOPYSH(m)ho @Mra&ellyqﬂatafemfutuiefmaté bf tHe chmithes GO Nthedibtfm3MisdNL) , 30( M)
of plural Ikt»?):?e‘}? adaptive antennas, 30 rrzé/ be operated in a closed |oop

t r ansmistgng er thy sgepnd. trazlemmﬁloaéwl )f%éJé\%%P@RI ©8ti%hannel prediction

teens conpri
vvglgght ed vaITgllgsrwﬁlrlwrgné?Bfgetdlétl(g\i?/}|S‘J over ﬂ?ﬁaﬁ dglt)g‘@gﬂ% %ﬁ%g?%gﬂ{i&é?hgash rst
and sean«h@resattknhmmemﬁﬂrﬁanoﬁﬁ(nm asdocialeel \pitlueaadhl anyennt, tadegrhichanmeht ennas 30.
In this way, ,at the specified tine, .the f ;kre transni ssi on att rns from
at |ea§f°H9ﬁéU%{hE3é resyifing fomy ransmisgion %@H}f Oéﬁiyel%ﬁﬁ%‘l’%@tgﬂ“ (‘ﬁ)‘hemay be
cont r olph&ehidy Q restdRta ?H{/é @Atéﬁ&laggéuqm he aam%mf@ tfaR9Riséion Paké¥ offhe he
closed'loop“transmt diversity node. Thé channel controlleéer application 24,
in anottﬂaasmm@bﬁdmmmcuiaealtamaamptasW@t@ﬁmwfest qmd@dccmd ayvteralag 30(19,hm | n the
ile sceiver 14 to predi.ct. a st at eC|f|
A T N e e R R R
enbodi BMhe clEnGEl predic@dn fehas. 2T BHib ¥R, BAssans thp cRslinet pl‘éﬂlcﬁbﬁ @édﬁ.shm for
exanpl e, may 30 inprove the performance of the nobile transceiver 14 while
operating in a 3GPP closed | oop diversity node, and nay enable the
operation of this node for the nobile transceiver 14 at higher velocities.
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The adaptive channel prediction algorithm provides the channel prediction
to generate a future prediction of each of the channel propagation paths
(fromeach of the plurality of adaptive antennas 30). The predictions of
t he channel (e.g., the first transm ssion signal 32A or the second

transm ssion signal 32B) ideally be as8¢lose as possible to the actual
state of the 5 channel (e.g., the first transm ssion signal 32A or the

second g Eé@lﬂ@ Hht%ﬁﬂ@@e@hﬂ:ﬂ@'al&%ﬁéy Rlectddefof et partibulkSantéhndtfot MRufaedlyre tine
in which the base station transceiver 12 will apply the rel evant antenna

wei ght edateling ef the fuirasielemd ransmpission pf tedulure diapaelifrgn dre pasti¢ula antanaana
anong t he pl 0, r fic t he
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presezgﬁflne) will be effective at the base station trg%scélver 12. Anot her
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f eedback channel 35 a anti zati channel and t he actua
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The channel predictor 57 of égure 3is simlar to that of Figure 2 (and
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throug%ﬁgg% ?&EUgggég?ﬁe a apapégﬁh%ihaﬁggkgsg ah e%he uraﬁﬁ¥%%%§t
priédi ctviahie oy beggpliet sortheGf{ehna tnpuooidl 1668( tre oftthe fiedp and @dcoﬁﬂ eﬁlueﬁlhasr 57
predicts the channel propagation paths. In some situations, both t

adapt i VO(hed&M; enaltesnaivgly iebqth i fires B sRERNIATENES §9(d )3 0(m)- olpg'hlsa\mm) may
be wholg,ysd) éH?iloﬁ'E?Qltpﬁgm'u[hr DAl BighO¥aléd Itng% BRI %Xacuhﬂe ﬁﬁwfh“?@f thgrl the

ot her han however, 1n sone case, a suitable conbination of parti al
hardmadhnmmﬂawmﬁtmmmnmmmyt@&wddmanﬂmgndusmq depl oyed for inplenenting the

adaptive nmechani sm 75 0 the redlctjo mechani 0( ough 80(n).
Vari ous knowiPafRpdt px}e@% Tvgniian IF’SE‘HF% rf‘rﬁ’é‘}lag’ﬁ ‘ﬁf‘i’e‘%’)éngfglsham sns or
baoh ofpnirarE @aﬂhﬁitt@%@ﬁiﬁhwo thAetrAEAN @ltd OdingB GABEY S taasmBRIoAknloRa as
spectrum of the channel - 12 variations or the velocity at which the
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channe i implchfen ey Iﬁ%ﬁsﬁﬂngggef@%ﬁ‘cﬁ% 33 8ick i PSR e, A0 BRI

second phasesstsignaBipplied to Sk ra)xt)enﬁa)gptuhﬁrantaatWemtmrtaherayhaﬂnéﬂngpbas firset er s.
The pluralltg ﬁ& prediction 5 nECh?(ﬁi t hr ough 80gp%ﬁuse t he data
gener ataéEFnB§r P aa%ramhatspmdﬁéa% QU o tfe ﬁréat&wgﬁﬁ nnga SRREISSIgRs fr om
% ﬂ@xln tﬁatriﬁ ﬁ&va?rdgﬁ&&s‘d e ﬁia%ne%FeM digh,k ARy enlx}(')}o
od| an |ct|on

eac |ct|on nmec |sn1o the plurality of pre
nechannsmmnﬁmﬁw#mbhmowgm180bm¢sbmenawnsmsepQZanehyeﬁbpdmumhtbcdpagammbn

th. | dapt h i t.h | b
Fendi | Jromb GRS BareRosare ta s Foa e R e Hesmthl S v e M ougn
t he metspedfiedilyopsicatd @mtﬁsam éi'@nt's dambé g@lidedsibéd thy spdithgovfahaplurdlitpo@venent

may be S|gn|f|cantlg gher than a two-antenna scenario. In this case,
anong cdpRtiverantEoas 30 @mﬁelmsﬁbatm@éh@htof thefinsean sgeond suenneay 38(1gHmM wille as
t@ nunber of antenna u#ﬂ%&%@%ﬁat% unt of required feedback

erlence C same
or Mt Pon 1 RCTIeases., erefore he oop ‘del ay caused by sending this

feedback i nfiaorBemdBdintent, 2ndagivaintethh Yrrb P aprasdt however, fefothis chirir]

i nprovenent fromthe adaptive channel prediction algorlthn1na be

r el at i estigpationyinshudings aerstant measyrepnigad doedback efthe shanpglcharsgi¢risticyandg nor e
than two antennas, the effective reduction of such | oop delay by the
adapti ve channel prediction al gorithm may produce significant inprovenent
conpared to a systemw thout prediction. 20 Figures 4A and 4B show
programmed instructions perfornmed by the channel controller application 24
(Figure 1 ) of the nobile transceiver 14 (Figure 1 ) according to one
enbodi nent of this invention. As shown in Figure 4A, at block 85 froma
flrst ~conmon pllot channel signal at Ieast one flrst channel estlnatlon

o o o, 1 g o o - o o .




25 termmay be derived. At block 89, for a channel, channel prediction
terms may be determ ned fromboth the first and second channel estimation
terns. Based on the channel prediction terms, at block 91, a future

transm ssion pattern of the transmitter at a specific tine my be
controlled. In one enbodi nent, the nolfi{e transceiver 14, such as nobile
user equi pnent may 30 use programred instructions 100 (e.g., software code)
when a thd @mbseuehi RBaltFlaliGE6f MRPtVY fitrifa ahawelgm&u@attsmmﬁf s,fr&ﬁ( n) (at
bl ock 10S) of the base station transceiver 12 in channels i ncluding

| east teagh tamnoningidr ectiveentensia lcscta@adaatéheayss Bletipn transcclger&4”ﬂns mmhtlme -13
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in the storage unit 22 (Figure 1 ) fromwhich they can be | ater accessed.
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signals 32A, 32B of Figure 1) and common pilot channel signals for each
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Usi ng infor mat. on det er m n k .1 [ B I
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channelfe&ibgélatisanhel 3 £ adéwevdr etivie dolag ep&re&'ealbaaaamhemmﬁgaﬁlmg@ﬂ‘eh s at

bl ock 110 and 115 (Fi gure 4B) Then, .the channel predictiagn sgftware 150
may estth%a%r@rmagw%%WBGEMMP%WW%W@# &dlrelﬁawﬁepeqaepne &8 of the
channel stimation ternms for
etabgh ckya’%ne ,ggédngqglag&tlkb?nl Sh’%ogﬁgj%‘g “Qéreé‘g%tm&dz?ﬂg%‘? gsent channel
estinmation tAetypcantbsed epsrangmp dstergtyanodd meg wsentht ifemdbad ehenge.33.to st or ed

in storage unit 22 of Figure 1), the ch |..prediction so re 150 nma
conmput dF FFQHHJ‘é‘fdbﬁ? Hiferpabion, e Sf"o"?'ragea%ﬁl%gp thﬁ(QeE?f’ﬁﬂ?fg io%la S84t i on pa%/hs
for eacelstaﬁaaret bahkdiog oﬁ@?e%asakaﬁoﬂengcaqg 4itiks W88k Ay Rsulk th itéffective

wei ght ed val ues for each participatin sg antenna 5 based on the present and
past c Hegtdbatk éq:leyi p£07da ltbmdbswaydﬁm é@(@ludmge@pwmmtq m@paM@n\dshiywadg ht

eCtl o t(—‘irmﬁ | Oi] ]? é SANG5tsd IenCreuedgl \Y IQtlon ar nno wa hmlgn 8rse t.he

ect GO 8% &GV artied ﬁﬁ{} r%v?a1 d Fy'Cath partici HfBnna as
shovvn |vm1b{h@®ﬁu&18£hted:¢madck¢ﬁsuamtenna i nputs of each partici pat| ng ant enna
of the plurality of adaptive antennas 30 (Figure 1 ) may be nultiplied with
the selected weighted value to predict the transm ssion of a 10 future
channel as indicated in block 185. For the base station transceiver 12, a
general architecture is shown in Figure 6 that nay enable, in one
enbodi ment, channel prediction in closed |oop node transmt diversity for a
dedi cat ed physical channel (DPCH) transm ssion 200 to the nobile
transceiver 14 (Figure 1 ) at a specified tinme in future. As shown in
Figure 6, the DPCH transm ssion 200




15 may be forned from a dedi cated physical control channel (DPCCH) and a
dedi cat ed physi cal data channel (DPDCH). Using a spread-scranble nodule 202
and a first nultiplier 205, a variety of transm ssion functions including,
but not limted to, channel coding, interleaving and spreading are carried
out essentially in a sane manner as typircally perforned in nmany
conventional w reless comunication systens to generate a set of
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froman estimated channel inpul se response. Alternatively, another
appropriate nethod based on nmaxi mzing signal-to-interference ratio (SIR)
may be advant ageously used for weight selection. In operation, the nobile
transcei ver 14 feeds back over the feedback channel 35 5 (Figure 1) to the
base station transceiver 12 (e.g., telthe UTRAN access point) the feedback
information for adaptation of the first and second antennas 30(1) and
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1 1. Anethod conprising: 2 determining for a channel, channel prediction
teens fromboth first channel 3 estimation teens derived fromfirst common
pi |l ot channel signal and second channel 4 estinmation teens derived from
second common pilot channel signal; and 5 enabling control over future
transm ssion patterns of the channel -d8i-ng the 6 channel prediction terns.
1 2. The nethod of claim1l1, including predicting a future state of the
channel vagiatiéns2oraRe 0élbtieHattviiieh hrsesbiRMrahbei v an Biguy Bdhelds@Roftef M5. 1 3.
The nethod of claim2, including storing the first and second channel 2
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channel signals.
prediction algorithm may produce significant improvement compared to a system without

prediction.

20 Figures 4A and 4B show programmed instructions performed by the channel
controller application 24 (Figure 1) of the mobile transceiver 14 (Figure 1) according to one
embodiment of this invention. As shown in Figure 4A, at block 85, from a first common
pilot channel signal at least one first channel estimation term may be derived. Likewise, at
block 87, from a second common pilot channel signal, at least one second channel estimation

25 term may be derived. At block 89, for a channel, channel prediction terms may be
determined from both the first and second channel estimation terms. Based on the channel
prediction terms, at block 91, a future transmission pattern of the transmitter at a specific time
may be controlled.

In one embodiment, the mobile transceiver 14, such as mobile user equipment may

30 use programmed instructions 100 (e.g., software code) when a transmission is received from
at least two antennas 30(1), 30(m) (at block 105) of the base station transceiver 12 in

channels including at least two common pilot channel signals as shown in Figure 4B. Next,



1 9. The nethod of claim8, including estimating phase and magni tude of the
2 channel for the first and second channel propagation paths to derive the
first and second 3 channel estimation terns. 1 10. The nethod of claim4,
wherein the first channel estimation ternms correspond 2 to a channel
estimation termcalculated in at |easti3ene iteration prior to a current
iteration of 3 the one or nore iterations. 1 11. The nethod of claim 10,
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In one or mofeqduhi 1ﬁrP€i’édr9 35in accordance with one embodiment of the present invention,
the adaptive channel prediction algorithms illustrated in Figures 4A and 4B may be
implemented by channel prediction software 150. In such case, each of the actions indicated

20 by blocks 105 through 135 (Figure 4B) may be implemented in software after receiving the
results of the operations, which, may be implemented in hardware. Additionally, the channel
prediction software 150 may be stored, in one embodiment, in a processor-based system, such
as the mobile transceiver 14 of the communications system 10 shown in Figure 1.

In general, at block 155, the channel prediction software 150 receives transmission

25 channels (e.g., first and second transmission signals 32A, 32B of Figure 1) and common pilot
channel signals for each participating antenna of the plurality of adaptive antennas 30 (Figure
1). Using information determined at block 105 (Figure 4B) the channel prediction software
150 despreads the transmission channel and common pilot channel signals for each antenna
to separate channel propagation paths at block 110 and 115 (Figure 4B). Then, the channel

30 prediction software 150 may estimate phase/amplitude for each transmission channel for each
of the channel propagation paths to derive present channel estimation terms for each channel,

as shown in block 165.



1 19. The apparatus of claim 18, wherein the processor: 2 receives antenna
transm ssion characteristics associated with one or nore 3 antennas of a
plurality of antennas in order to controllably adjust the future

transm ssion 4 patterns to the channel; and 5 selects at |east one antenna
transm ssion characteristic fromthe-&htenna 6 transm ssion characteristics
based on the channel prediction ternmns. -21 20. The apparatus of claim
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channel prediction terns to control the 3 future transm ssion patterns of a
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may enable, in one embodiment, channel prediction in closed loop mode transmit diversity
for a dedicated physical channel (DPCH) transmission 200 to the mobile transceiver 14
(Figure 1) at a specified time in future. As shown in Figure 6, the DPCH transmission 200

15 may be formed from a dedicated physical control channel (DPCCH) and a dedicated physical
data channel (DPDCH). Using a spread-scramble module 202 and a first multiplier 205, a
variety of transmission functions including, but not limited to, channel coding, interleaving
and spreading are carried out essentially in a same manner as typically performed in many
conventional wireless communication systems to generate a set of spread-scramble signals

20 208(1) through 208(m).

One or more antenna specific weighted selected values (e.g., w; through wy) may
weight the set of spread-scramble signals 208(1) through 208(m) via a set of second
multipliers 210(1) through 210 (m) to provide a set of weighted-spread-scramble signals
212(1) through 212(m). The set of weighted-spread-scramble signals 212(1) through 212(m)

25 are then combined with respective common pilot channel of the common pilot channels
CPICH, through CPICH,, at a corresponding summer 215 of a set of summers 215(1) through
215(m).

Finally, the set of weighted-spread-scramble signals 212(1) through 212(m) is fed

through the plurality of adaptive antennas 30 for transmission to the mobile transceiver 14.
30 To adapt the plurality of adaptive antennas 30 using the antenna specific selected weighted
values, the base station transceiver 12 further comprises a feedback channel interface 217. In

the channel interface 217, feedback information (FIB) (e.g., weight selection information for
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1098 (ang@ersgld: (hen ;mta@tey@@%@@f(g selected weighted values (e.g., w; through wy) may

be generated at the block 230 in the base station transceiver 12.

In one embodiment, the antenna specific selected weighted values are determined
from the channel prediction information derived from the feedback channel 35. Thus, in
response to the channel prediction information concerning the future state of the traffic

10 channel to the mobile transceiver 14 (Figure 1), the antenna specific selected weighted values
are generated at the block 230 in the base station transceiver 12 to control at the specified
time a transmission pattern over the traffic channel from the various number of antennas of
the plurality of adaptive antennas 30.

In one embodiment, the selected antenna specific weighted values determined by the

15 mobile transceiver 14 (Figure 1) may be signaled to the base station transceiver 12 (e.g.,
Universal Mobile Telecommunications System-Terrestrial Radio Access Network (UMTS-
UTRAN) access point of the base station transceiver 12) using n-bits of the feedback
information (FIB) field of the feedback channel 35 (e.g., an uplink dedicated physical control
channel (DPCCH)). See “A Regulatory Framework for UMTS” Report No. 1, available from

20 UMTS Forum Secretariat, Russell Square House, 10-12 Russell Square, London, WC1B
5EE, United Kingdom.

In one embodiment, to compute the feedback information (FIB), the mobile
transceiver 14 uses the common pilot channel (CPICH) to separately estimate the channels
seen from the first and second antennas 30(1), 30(m). For instance, once every slot, the

25 mobile transceiver 14 computes the phase adjustment, ¢, and the amplitude adjustment that is
to be applied at the UTRAN access point of the base station transceiver 12 to maximize the
mobile transceiver 14 received power. In one case, a selection of the best antenna specific
weighted value may be accomplished by e.g., solving for an antenna specific weighted value
that maximizes received power defined as a function of channel prediction terms derived

30 from the estimated channel impulse responses for the first and second antennas 30(1) and
30(m). Alternatively, the best antenna specific weighted value may be, for example,

determined to maximize a criterion being a function of the channel prediction terms derived
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In operation, the mobile transceiver 14 feeds back over the feedback channel 35

5 (Figure 1) to the base station transceiver 12 (e.g., to the UTRAN access point) the feedback
information for adaptation of the first and second antennas 30(1) and 30(m), i.e., based on
which phase and/or amplitude settings to be adjusted accordingly. In one embodiment, a set
of feedback signaling message (FSM) bits are transmitted over the feedback channel 35. The
FSM bits may be embedded in a FIB field of uplink DPCCH slot(s) (e.g., the transmit power

10 control (TPC) field in the 3GPP standard) assigned to the closed loop mode transmit
diversity. The FIB field is used to transmit the amplitude, i.e., power and phase settings
corresponding to the best antenna specific weighted value, respectively.

The mobile user unit or user equipment (UE) (such as mobile transceiver 14 (see
Figure 1)), in one embodiment, may be any processor-based system including a wireless

15 phone, computer, personal digital assistant (PDA), pager, portable music player, or any other
device capable of receiving information over one or more communication links (such as the
radio links 16 (see Figure 1)). In one embodiment, the mobile user unit or user equipment
may be a readily transportable device, such as a hand-held device.

The mobile user unit or user equipment, in one embodiment, may be a battery-

20 powered device where the battery serves as the main power supply for the mobile user unit or
user equipment for the duration during which no electrical power is supplied from an
external, fixed power source, such as an electrical outlet. In one embodiment, storage device
or media (such as storage unit 22 (see Figure 1)) may be a memory device such as a flash
memory. Of course, other suitable memory devices or media may be advantageously

25 deployed. The various software algorithms, or applications (such as channel controller
application 24 (see Figure 1)) may be executable on control or processing units (such as
processor 20 (see Figure 1)). Each control or processing unit may include a microprocessor,
a microcontroller, a processor card (including one or more microprocessors or controllers), or
other control or computing devices.

30 As examples, the storage device or media (such as storage unit 22 (see Figure 1))
referred to in this discussion may include one or more machine-readable storage media for

storing data and instructions. The storage media may include different forms of memory
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various system components may be stored in respective storage devices. The instructions
when executed by a respective control or processing unit cause the corresponding component
to perform programmed acts.
10 While the present invention has been described with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended claims cover all such modifications and variations

as fall within the true spirit and scope of this present invention.
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1 2. The method of claim 1, including predicting a future state of the channel at a

2 specified time based on the channel prediction terms.

1 3. The method of claim 2, including storing the first and second channel

2 estimation terms in order to determine the channel prediction terms in response to the first

and second common pilot channel signals, respectively.
1 4. The method of claim 3, including adaptively calculating the channel prediction

2 terms from the first and second channel estimation terms in one or more iterations.

1 5. The method of claim 4, wherein adaptively calculating includes:

2 receiving antenna transmission characteristics associated with one or more
3 antennas of a plurality of antennas in order to controllably adjust the future transmission
4 patterns of the channel; and

5 selecting at least one antenna transmission characteristic from the antenna
6 transmission characteristics based on the channel prediction terms.

1 6. The method of claim 4, wherein adaptively calculating includes receiving one
2 or more weighted values associated with one or more antennas of a plurality of antennas
3 where said first common pilot channel signal is from a first antenna of the plurality of

4 antennas and said second common pilot channel signal is from a second antenna of the

5 plurality of antennas.
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7. The method of claim 5, including using a feedback signal based on the channel
prediction terms to control the future transmission patterns of the channel according to the

future state of the channel at the specified time.

8. The method of claim 6, including:
selecting at least one weighted value from the one or more weighted values
based on the channel prediction terms;
providing the at least one weighted value to the first and second antennas to
accurately assess the future state of the channel at the specified time; and
separating first and second channel propagation paths associated with the first

and second antennas based on the first and second common pilot channel signals.

9. The method of claim 8, including estimating phase and magnitude of the
channel for the first and second channel propagation paths to derive the first and second

channel estimation terms.

10.  The method of claim 4, wherein the first channel estimation terms correspond
to a channel estimation term calculated in at least one iteration prior to a current iteration of

the one or more iterations.

11. The method of claim 10, wherein the second channel estimation terms
correspond to a channel estimation term calculated in the current iteration of the one or more

iterations.

12.  The method of claim 6, including operating the first and second antennas of

the plurality of antennas in a closed loop transmit diversity mode.

13.  The method of claim 12, including providing feedback, including the at least
one weighted value of the one or more weighted values, to the first and second antennas of

the plurality of antennas.

ly
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2 transmission pattern over the channel from at least one antenna of the first and second

3 antennas to match the future state of the channel and substantially reduce the effective loop
4 delay in the closed loop transmit diversity mode.

1 15. An apparatus comprising:

2 a communication interface; and

3 a processor communicatively coupled to the communication interface, the

4 processor to determine for a channel, channel prediction terms from both first channel

5 estimation terms derived from first common pilot channel signal and second channel

6 estimation terms derived from second common pilot channel signal and to enable control

7 over future transmission patterns of the channel using the channel prediction terms.

1 16.  The apparatus of claim 15, wherein the processor predicts a future state of the

2 channel at a specified time based on the channel prediction terms.

1 17. The apparatus of claim 15, further comprising:

2 a storage coupled to the processor to store the first and second channel

3 estimation terms in order to determine the channel prediction terms in response to the first
4 and second common pilot channel signals, respectively.

1 18.  The apparatus of claim 17, wherein the processor adaptively calculates the
2 channel prediction terms from the first and second channel estimation terms in one or more
3 iterations.

1 19.  The apparatus of claim 18, wherein the processor:

2 receives antenna transmission characteristics associated with one or more
3 antennas of a plurality of antennas in order to controllably adjust the future transmission
4 patterns to the channel; and

5 selects at least one antenna transmission characteristic from the antenna

6 transmission characteristics based on the channel prediction terms.
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