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of Priority under 35 U. S.C. 119 [0001] The present
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Application Serial No. 60/663,504, entitled
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March 18, 2005, and Provisional Application Serial No.
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i ncorporated herein by reference. BACKGROUND I . Field

[ 0002] The present disclosure relates generally to
I-comﬁlmmafPunrltﬁnudm%Uﬁchﬂlﬂcal ly to techniques for
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and/or greater reliability for data transmission on the downlink to the terminals. A
terminal may estimate the downlink channel response and may send feedback
information to a base station. The base station may then spatially process the data
transmission for the terminal based on the feedback information. For example, the base
station may perform beamforming in order to steer the data transmission toward the
terminal. }

Spatial processing based on feedback information (e.g., beamforming) may be
undesirable for several reasons. First, overhead is incurred to send the feedback
information from the terminal to the base station. Second, feedback-based spatial
processing for the recipient terminals may degrade the performance of other terminals

communicating with other base stations. The data transmission to the recipient
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the feedback information may result in the
i nterference being unpredictable to these other
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tenporal dommi ns. Space-tine scranbling may be used to

i npl enent various nul tipl suMMutrRYyul tipl eout put
(MBVIO and nultiple- |g\£)ut si ngl e- out put (M SO
t r affsahnigiasfos phrmigingMavOvith SRaYerEBF 89F h@&ﬁs%éw&ar systems

(e gp a{é]g% sztgr%ﬁf%rt '&gsc B Il‘ﬂ:gelﬁ)f g&:e%mén’éht ’gdl%}‘e% to the

i'pl e an ennas. ‘Spate-t1ne scra

pré@}!&ﬂg 610a bBeta y8&0n 1104 tivREVaRiast BpEkiccalniaicsmaineh sum that the data
g., High-Speed Downli nk_ Packet Access ( HSDPA% H g
strsams W&k@%ﬁﬁ@maﬁ end8Fhintce sHRHE 47l Ragsibly other desirable

be éﬁ)@d' fﬂ% %)ﬁs‘?laé A gff‘ m@%@?&@ﬁﬂ@%&ﬁbﬂn if YerfBrmed,

ase st escri cl udes a processor
dlmsit}amay éaasﬁchtemmd bvangratibl @rmmnldrsbothThpatlp} @mbmoral domains.
ener at es | east one S ean1 n?ta s¥nbols

SHES FBE T Hb% layebe & ‘?H’Pi‘a Paiiple a?%‘t multiple-

Ut BRATVIO)) af@bdigMERRbE sliRlddoutpltMISD) @afdriigsiBRbéHethes. MIMO
I'tiplication with a sequence of matrices) to

tragem@mn eclmmdseaa@ t:haraﬁelsz e map@%mftonémr peultiigelata streams

to &Ha} {Eﬁnb%s f pace ;r anssc;nar%bli %}m%& lg(ﬁ ﬁg'islse%dgﬁg A %&%né&)pﬂgatlons

sub@s, '€ EHVEI-Si@dDowhidik RickeeaAstese THSDPWYiinahg 3GRPaW-CDMA
cel l'ul ar system [0009] According to another
stagpidei nent, a method is provided in which at | east one

According to an embodiment of the invention, an apparatus (e.g., for a base
station) is described which includes a processor and at least two transmitter units. The
processor generates at least one stream of data symbols and performs space-time
scrambling on the at least one stream of data symbols (e.g., by performing matrix
multiplication with a sequence of matrices) to generate at least two streams of output
chips. The transmitter units transmit the at least two streams of output chips from at
least two antennas to at least one receiver (e.g., for at least one terminal) in a cellular
system.

According to another embodiment, a method is provided in which at least one
stream of data symbols is generated. Space-time scrambling is performed on the at least

one stream of data symbols to generate at least two streams of output chips. The at least
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stream of data synbols is generated. Space-tine

scranbling is perforned on the at | east one stream of
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out put chips. The at |easttwo streans of output chips

are transmtted fromat |leasf two antennas to at | east

one receiver in a cellular system [0010] According to
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geﬁ%mlléz@?twé the]aﬁ (ﬁco(ﬁ Sﬁlﬂ'cﬂgm g‘gr &t sn\ﬂ;\‘%%r{;'ﬁﬁ at eg%tsttwo antennas.
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means for generating at |east one stream of data
chigsfion frensngpsien vinahlpestdme antanahh aNeighboging hag ggidons use different
oG IANLERLEN. AY Shem A, Amang,f or perform ng
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dat aAsyording so yéttdnothes espbedia®n fan nipparatue $s descgestbwhick includes
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stations use different sequences of matrices for space-time scrambling.

According to yet another embodiment, an apparatus is described which includes
a processor and a memory. The processor generates at least one stream of data symbols
for at least one terminal, maps the at least one stream of data symbols to at least one
physical channel, performs spreading for the at least one physical channel with at least
one channelization code to generate at least one stream of data chips, and performs
space-time scrambling on the at least one stream of data chips to generate at least two

streams of output chips for transmission via at least two antennas. The at least one
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for at least one termnal, maps the at | east one
stream of data synbols to at | east one physi cal
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physi cal channel with at | east one channelization code
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chanlpel ization code to gener ate at.l east one str eg
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gSiRFATR 189 108 sttdiensf JuBRs Ehipd CorttanBINsBh V‘ije?étéleé%hivﬂ?aﬁt&mas
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t her enbodi ratu

oSG, oot it AR aBbof0T oalF Noeh® aBBRTR A b reast oo

stdachsafRDuGRE SB 1?5 frofih® trta@GRiktéin A10dIlu(H)syste@aind eférale@dIdast one
two streanms o output chips froma transmtter in a

steeam of inputsgaplan dhe Stj%%ﬁfélt@%t chipsgfe ganerated & dhg Wensmitter by
périiiHin ag%g@éeetﬁn E&%nfnﬁlhg]ad? Pl QPBHéJf%trgﬂhp(?f &8 s sympols and are

gener e transftter y performng spac
tramsnanid viagat densatwd edeainasne thet traamitodr. dde preoestno|perfarms space-
tted, via, at | east two_antennas, at

(i GFSTHRTDLPE O 3 S0 0 Sl F FPLL GABRIES fp Obtin at least one

StERSF ro@'“@sbﬁ%b% stiﬁ}tﬂet AnB AR thON Hrodes RIMNOS atl RAML one stream of
sanples to obtain at | east one stream of descranbl ed

desarapitded sameplésutptobtain fr estiswieel thhet lsestopastreannef date exmbols.

o RS M FR ARG ABogHE D APuSE) TRk e v
oedtreanodfligput e HRERE MedHtainéd ftetah sttl t&ofytreMhe efodtputvdhisheceived
frg;n al. ‘S‘grfcétrrutter in a cellular system. Space-time descrambling is performed on the at
least one stream of input samples to obtain at least one stream of descrambled samples,
which is further processed to obtain an estimate of the at least one stream of data
symbols.

According to yet another embodiment, an apparatus is described which includes
means for obtaining at least one stream of input samples for at least two streams of

output chips received from a transmitter in a cellular system, means for performing



one stream of input sanples is obtained for at | east
two streans of output chips received froma
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descranbling is performed on the at | east one stream
of input sanples to obtain at | east one stream of
descranbled sanples, which i3 further processed to

SPRFrar SE B RLTE Al B 8 Wit e pEP (S TRRR SBRBRS is t least

orR¥treHAJVF AestFambled %ﬁlﬁf)]eb afld\Whda8 8 fdrprbitdng MRANSedsPbne stream of
obtai ning at | east one stream of input sanples for at

delS@a@blqd\ﬁ@rr@hség eBtabr anpestipiate offihgat 1@@& ene/eepant ofrdaga symbols.
[0020] tr anéé}]i&}sear ?r[cf:e%ﬂogﬂlrﬁén@ ¥ h%q}lve'ﬁ? 8{?%1‘ f(f’esc ibed i in further detail
perforn1ngs escra I'ng e Te5st "ohe
beddw.eam of |nput sanples to obtaln at Ieast one stream
of descranbl ed sanpl es, and nmeans for processing the
at | east one stream of descranbl ed sanples to obtain
an estinate OppiRP HESERMTIONOR E
synbol s. [OOZOFi@arlous aspé??s and enbodi nents of the
[0021] i nveiAQ.drshawe ageBwdni dysidm.n furt her detail bel ow. BRI EF

ou ST NG TE QM (D05 HLG L tote 8 .

[0023] USEOFINB sHEWS hifftind stab&ie fos HIYDRA, ter m nals [ 0023]
FIG_3 shows a frame structure for HSDPA. [0024] FI G

[0024] 4 srﬂﬁs‘léh@}véélbkmka@a%ﬁmf a Rageassation anditwa terrdnaliv

0025] G TR BAui Tem e G UReRt, PR A0k i 0

dmpkoaessmamﬁkaspxee-smamhﬂer [0026] FIG 6 shows a
bl o di_ agram |ms scranblin

a unit,, [0027]
[0026] p| g Fl&- orBQws & 3&2&?@8 £ SRATEHIRE a%ﬁlagwwmt

[0027] SPaCEd TRows b PSS tranOBZ bRl sphcS RAwS AnIIREESS
to receive data sent with space-time scranbling.

[0028] DETAFICED sbESCRIpROIde@No[re@2g] datthseniwittl speceetimt sargthblisg.
used herein to nmean "serving as an exanpl e, instance,
or illust rati on." Any enbodi nent descri bed herein as

"exenpl ary” is not PEEAHEDIDESORPRTRONSt rued as
preferred or advant ageous over other enbodinents.

[0029] [ oo3bhe whel texamelary sisawned kerpinitg weesnd sevingrs dnrepaiple, instance,
se (S
orgm{ B%oH %'{}k%hb‘éﬁfdl&fﬂﬁﬁ%ﬁhéd*h&% ‘eggmys ?ét n%@%%anly to
beeamﬂsmdoas préfefcelVbr sdxmh@gedmwveﬂmhﬁmﬁodﬁﬂmmr nor e
CDMA- radi o access
[0030] he trélnsrmssmn techniques described herein may be used for various cellular
systems such as CDMA systems, TDMA systems, FDMA systems, OFDMA systems,

and so on. A CDMA system may implement one or more CDMA radio access
technologies (RATs) such as Wideband-CDMA (W-CDMA), cdma2000, and so on.
cdma2000 covers IS-2000, IS-856, and IS-95 standards. A CDMA system may thus be
a W-CDMA system or a cdma2000 system. A TDMA system may implement one or
more TDMA RATS such as Global System for Mobile Communications (GSM), Digital
Advanced Mobile Phone System (D-AMPS), and so on. These various RATs and
standards are known in the art. W-CDMA and GSM are described in documents from
an organization named “3rd Generation Partnership Project” (3GPP). cdma2000 is

described in documents from an organization named “3rd Generation Partnership
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technol ogi es (RATs) such as W deband- COVA (W CDWA) ,

cdma2000, and so on. cdma2000 covers | S-2000, |S-856,
waraeh@®285 st andards. A CDVA system may thus bRCHUS2006/010084

W CDVA system or a cdnma2000 system A TDVA system nay

i npl ement one or nore TDMA RATs such as G obal System

for Mobile Communications (GSM, Digital Advanced

Protach S HES LR ToRBE Bty B2 g ric g opipbier GOt Qarity,

th&TPM s BiHRE I QRY akdldESEEIRR Sy F&rAMWaODM A3Ddtgdl | on
named "3rd CGenéeration Partnership Project"” {3GPP).

cdmd600 shewsleseHilpesysiam él@bwrtb rmnldtlplpchaseaﬁatlons 110 and multiple

IS BE, 1 BatRion B T 1 B SRl S bt he

teﬁﬁﬂalh ahdl enayFalso Geadallby 2 No&® Bl @GPH ﬁéﬁmﬁmldg@@ hati eeeess point, or
are described below for a WCDVA system [0031] FIG 1
SRR Ger seTaEnelogiar Eaghshaserstation hiQ Hrcmﬁe@ CpmEgicaEion coverage for a

paﬁ c@ia'r %'%5%1%35190 afd, P%t "Iﬂ%: Gerhf - BIPAlad r(]:%g to 2 HRS Station and/or its

st genera a fixed station that conmunica
cow:fage biee dEp&ndlrr@bxs thenabntery iratvhich blee teaml ie dsead. Nﬁdﬁnﬁove system

ca{)zg:ﬂ(%g)ﬂ)taetgm thﬁ%rg %2"{?5%3? a?%%%%% ﬁ%%fggtmngé Inﬁggulgppe smaller areas,
e. §°W'sﬁ1@flé@ﬂreﬁ@‘l@ﬁ§gﬁ04bo an@ OAE! | BAREMARQOARRNE Gerved by a
area 102. The term "cell® can refer toabase station

respRek baspstran@«aeevqge@bayswn dBBehdilhg temn { preterormanxefer fo a BTS
an?@gq\g co'\}gra%g ra:rrgetl 86(_})6%8% O-ll:lotherg% l%\{(? 11‘?)36&7% mEh%at@ﬁ’ﬁ 15 XISedt For a

ase Station coverdge area oned

sedtotizddodedl, sepBIrss far zﬂBSectc&s Of that hél&i ereifj‘@idaﬂiy c@ﬂ@@ﬁed w1th1n the
104a, 104b, and 104c. Each smaller area is served

baﬁ%gtﬁwe fordhe geld t sackie aptvrk somesller dap carips forRaser Sé%t}ﬂns 110
an8§ égg co&%ﬁhartﬁh%dfcen@oﬁaﬁhg% gé sthﬁénscover age area
pendi I C

ng on the context In e termis used.
For A tsrannairmzyebe deded, ortinebiBT8sl fray @dd bs ealiat 8 usér equipment

W AEGR romitnlotihi F OIS A R ol KB PUEFe ot siggne other
te@AHALES. WOreRAMA] fad e Ikke tpﬁ&de rarpaysoelﬂsm?ﬁﬂragsmﬁﬂ @DA), a

and control for théese base stations. [0032] A term nal
winglgssbmodlény edrch randoﬂm be ahdemmipalamey commuuli¢asel wathuzae, one, or

mg\]nﬂu eponge[,] tsta&c%Es) on't gag\h}nﬁnﬂla]e(g gﬁl% at a%x %n mo%&%t I"ﬁﬂ% dcﬁ/nhnk

evice, Or so erm erm na

(ofreyrved Ainke | defdr@rto pihe N mraufestRankhk Cﬂcghttaé msls‘t‘dtﬁuﬂﬁ to the
(PDA), a wireless nodemcard, and so on. A term

terpipale ofeh e apliskvipr Kevegsedinky Fefersoio %Wﬁﬁ%ﬂﬁ%@a ik srom the

A 5L TR 1 IR or DY g
ba6© mmmm cath whichi mtenﬁmmitncbmmma:&@sstmuktghbot basielﬁation is a base

St%qe,?rgr?é(gﬁ.:)éa“?l‘?g qr%gqllil-ﬁ%rl J?elfgggﬁ Pﬂétez}/n rosveerheag kl)lfO{‘IIelafItleon ut not user
data.

3GPP supports High-Speed Downlink Packet Access (HSDPA), which is a set of
channels and procedures that enables high-speed packet data transmission on the
downlink. For HSDPA, a High Speed Downlink Shared Channel (HS-DSCH), which is
a transport channel, carries data for individual terminals. The HS-DSCH is processed
(e.g., encoded) and mapped to one or more High Speed Physical Downlink Shared
Channels (HS-PDSCHs), which are physical channels. The HS-PDSCHs may carry

data in a time division multiplexed (TDM) manner or in a TDM and code division
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termnals to the base stations. In the follow ng

description, a serving base station is a base station
wowdle/1o025zh a term nal comuni cates. A nei ghboPCESE06/010084

station is a base station fromwhich a term nal may

receive pilot and overhead information but not user

data. [0033] 3GPP supports gh- Speed Downl i nk Packet

SS A), which is a et of hanel and
F RS mismgniorhe SRR o fORsC AR B oh o the HS-PDSCHs
is §én@ B Ghé 8¢ ABrelShakdieC siavd) |Ghﬁﬁnelfﬂfr tl'fé?ﬁgttDS@HH(HQ SerEes), which
Downl i nk Shar ed Channel DSCH), which is a

arq playsiqebehanablaniige contzelrin maintlpdes yariops paepmeters used by the

ter als. Th - [ essed (e.g., encoded)
teré‘?%‘&% rBperthtegs e@%%rﬁ) Speed Physi cal Downl i nk
Shar@gé. Qhgiosel \&ﬂbh@pﬁ’ﬁ?ﬁiﬁi‘&hanﬂbﬁl ©sed doedphylsilcahnsmission to the
channels. The HS-PDSCHs may carry data in a tjne
termlwlg. St AUPFiBnleased. o HoRg stﬁﬁ%é}ﬁ}/d}fﬁﬂﬁfﬁﬂ&?ﬁ%%ﬁé Rlgefetls on

théj Hé{\k/ﬁh TI-iS]Flbﬁxeﬁl (’$Mp 5% Sell '&ﬁxotn 4l 8Ahials under the

nro ormation for the CHs I s ent on one
coperago ok tlﬁhbase csta@imnt r Bdtchd{SrRm‘};@Hflo rassi gredHE s S {is channelization

HS- SCOHs) | whi ch i |s... Th |
cof PR PRSP ACRIB0ST S8 LIS ar LRGBS G Gt r the HS-
PISCHL NAliSohé: PRARSI Iaaaﬁmﬁlllym@@Mﬁ RSN di@93dal variable

2 shows various physical channels used for
Spnt@vlmgufmom Q"SR e nAtspraadimgtiastor efal mesmsythaithe channelization

oo 4B 048] TP LRI St

blﬁdkaro@dhammpsaﬂ Eghnirigpsrt bhdR s tdie oa dne roagﬁorefHS—BESCHs in
base station. Each HS-PDSCH is assigned a specific
ongrRpRIssiontimsintste (WFPh a spreading factor of 16 (SF

L DU B o5 S S s

H$SHE on a$31gmd|2akpee1fgpc}mdeh@tibmc:bdﬂ: wWitvaRpreadigsfactar of 128

(SHFERY: "o B RGes ee Aociped Sape o R RAIS Ay conro

mfo%ah&ako% thS HRLIMSSSHSI T8E coh@ASRRInatib® filfca8R th8hannelization
CH. Each transport block is sent on one or nore

COH& F?hﬁﬁmlulanom ehemeartberienipion teimipal for eacha HY-BIPSLH, and other

injogmantn §E3eT PRSI oToukathe e RN e st Stéon soncs
thé pestd] iisfoshiaiiiedd ZRtHSISCUHIEtW §1Btsahsal eRghe ROt ain@ing packet

of 128 (SF = 12:%). The HS- SCCHs are al so shared anong. ]
tragismissiongop hesHAKP - y Tobase statiph Psy #eve Gfe Ob Porg erminals in

t -~
AR TTRCR oyt kPO R S . sccr
maesicgive ditatfemmromadr holtipkad B-PHSTHISCH, and ot her

The HS-PDSCHs and HS-SCCHs for HSDPA are described in various 3GPP
documents including TS 25.211, TS 25.212, TS 25.213, TS 25.214, TS 25.308, and TR

25.858, all of which are publicly available.

Each terminal that is receiving HSDPA is also assigned a downlmk Dedicated
Physical Channel (DPCH), which is called an associated DPCH when used for HSDPA.
The associated DPCH may be used to send higher layer control information and power
control information to the terminal. The associated DPCH is assigned a specific
channelization code with a spreading factor of 256. Each terminal continually monitors

its associated DPCH.
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i nformati on needed for HS-PDSCH processing at the
termnal. The base station sends the control

wo pdoenorsi on on the HS- SCCHs two sl ots ahead oPCT/Lig2006/010084
correspondi ng packet transm ssions on the HS- PDSCHs.
The base station may serve Qne or nore termnals in
each TTlI. A served term nal “recei ves control

i nfar tlonfromonl one nmay receive data .
{1 oRRhdeGNHLA: peToea PESEADT A (S PtTs RespgeRg physical
ch@RdisHsr m :fd?ﬁmb@@ﬁ’ﬁnﬁfs? SA@SAY h PeEhdri CoRirhen €odfebPPhysical
docunent ncl udi ng TS 25.211, TS 25.212, TS 25. 213,

Chase2 $PAAPCHS agd 2 308nman PilRCranss §CPETH). oThevsprmmoar ghannels

avai | abl.e 0037 t
o Rl s PSS b &8 hta il bR, IR R L g o
Br&dueadt CHankOlaBE) thiREHies sybieshspesificadndedllapecsis (Dlﬁbﬁhﬁtbn for
DPCH when used for HSDPA. The associ ated DPCH nm

theigeaingls. élzkﬁdnwmg 196 £hey BrieP b it sl 2p ﬁﬁlé@%r&tqreweafﬁawmmon and
s Shafiefll ec'g'%gé aSSIgSBf‘i EBfcire £ ECHIhQnd HS-SCCHs is

assocl a e speci annel'1 zat'i on
relaed @o Wetthmiag i tleaRHOGPGHcThe franfne 2infing Bhdddicaedphyaical channels

tinually jtors its associ ted 038] ..Each
(c-Eofha HHiscittid DN (TBREPYIAY l%egamﬂ%%g‘ g enihe P-
CAOE! a8k S Elrfed £ 11§t' AR ¥ usEPBYRHE eRAMARI£6) vEURR fasctions
a Primary Common Control Physical™ Channel (P-CCP

suginds gsoation OPlth@twmﬂMﬁ rebeni{etREERdnse, it cHigheh rgé?ved signal
I I
L L

witthaepelfid ﬁ@t)dlﬂgwabtoe anr &8 BSgEPElt anpkCPIGTE, thadpreading factor is

cell-specific information for the term nals. The
256i ming of the P-CCPCH is used as a tinme reference for

ch%%leﬁgﬂ%%%% E gr B 38'@_12 131%%'%}&4 1S gIIs '(tel‘fﬂt 'ageﬂﬂfmil Ry process

w}teinniengvnfg HSDPA ﬁGHClal bakh estdtlbaneEach‘rphgm@ﬂ cdienherl as edsigned a

Ry HE TR e S BSOS B L R e O s
chBGERCHe oG iPhgilicarries a pilot that is used by the

termnal’s for various functions such as estimation of
the wirel ess channel response, pil ot strength

recei ved signal Tablalli+Howaliek Reysisel Clammslsc ormon
channel is assigned a specific channelization code

YhidicAl SPSpiadingsPri@sdNimbact or . For the P-CCPCH and
c neﬁl@lgfoeégg ngcf,méyg i 5 256. [OO.’,%?SCWBBP%

hao _—o~ha
1S sofe—oft—thel-downtt+nk |..n| rsteatb—ehanrnels—that—a

oss Whoer
IR T, e

4 per . .
HS-SCCH 128 base station Carry signaling for the HS-PDSCHs.
Associated 256 1 per Carry control information for a specific
DPCH terminal terminal.
Common 256 1 set per Carry broadcast and overhead data and
Channels base station | pilot from a base station.

FIG. 3 shows a frame structure for HSDPA. The timeline for transmission on
the downlink is divided into radio frames. Each radio frame is identified by a 12-bit
system frame number (SFN) that is transmitted on a control channel. Each radio frame

has a duration of 10 milliseconds (ms) and is further partitioned into 15 slots, which are
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speci fic channelization code. The spreading factors

for the different types of physical channels are given
w0 poosam2s2 1. Table 1 - Downlink Physical Channe¢BUS2006/010084

[0040] FIG 3 shows a franme structure for HSDPA. The

tinmeline for transm ssion on,the downlink is divided

into radio frames. Each radi% frame is identified by a

12-bit systemifra unbe E h s, transmitte .
taglecChs. R B o AE T BAER, sbRgloder a0 Ralps A3k e fpation of
2/9fmsL OBREH i &8 RdGurbdth) of26h 45 nndsbhfids Rad)tfof b WRGSrate of 3.84

into 15 slots, which arel abeled as slot 0 through sl ot

magpchipglsecoaldMeppk| udes 2560 chi ps and has a duration

of . chi . r-afd.0 0

o oot B RSl P Bl PG 08 caled sut-famcs.
Eavh g sippssy t?mlmts e ha)a dl%]r@lﬁ)dhl@f 2|T he. hﬁﬁ&@&ﬂlﬁoﬁ?ﬁ HS-PDSCHs

transmtted.in TTls iC re also called sub-franes. .
st ﬂ%’%ra@ﬁ DNy ¢ Ehglﬁ%‘%-EDgFngr%% a%f“%ﬂﬁ’ﬁ:f?‘?‘&‘“r??%?m? Gdes with
sp@baﬁﬁl fdfor fo@116t NAedds: B MR Serlont BE HEBPBCH in a symbol

oundary. The HS-PDSCHs are€ assi gned channelizati on
peciodes 1 ¢hips pFeadie A5 -PRSCHIs, edch1BIT idehules 480 dymbol periods, and

B TyBbol o6 R e B T BB o o

daRL DA SymBOK n@B/Cht spyeiaaViteEH 2afeliZatibhl d6de thefifiiaRSoutpht chips.
data synbol may be a nodul ati on synbol for data. Data

synbiole drajovpea dipckHagipmpiancenabadimpentaelh base stdientld0 and two
' G l. . .
RSO MR P U068 T0°, plo B 31000 gocd wic
mtikipid (B) snté@@e 40v h2@phi 484tetdrmiml 190xt sreqlffhed Baisle a single
i ‘ORr oghcamel LEBy ficHuPrad tih BuBigla S inen 13pa through

452 NGbLsi AN FIE 4 §6n1y & : s ' issi
TR T e, 4B o

fremie base siatiofka@hederstiods only t he processing units for

downl j nk trapsm i 0 r t he base ation to the

or mohirse SERERFIONA TR I elfeedir 48 FofRs g dfa e, for
HODPAGTE6 £ d8kal RURIVAR WEE tottedl darldeoGerheddodathiSEIA)a controller/

froma data source 412 and control and overhead data

PrpeaspaTat 4o ik drta@rgcepios ¢4 prcessatthe TRrigas &ppy ofcdasasgid generates
i t . .
R G e e e S
sceamntalinyl @r thé 3D stpeanisosinduts gapeand prviies anditipleg TP sirédnes & output
B I N
pr?é,%gest ¥ oUdbn 3Rt AL, tfflt%]ﬁf? lrﬂrﬂﬂlﬁfes,u Bid _ff@g%&s,gﬁga%s) its

.g., converts to analog, filters, anplifi
ouftpwqelap cyjreamc am @enerjtes tas downlink signal.  The downlink signals from

transmitter units 432a through 432t are transmitted from antennas 434a through 434t,
respectively.

At each terminal 120, one or multiple antennas 452 receive the transmitted
downlink signals, and each antenna provides a received signal to a respective receiver
unit (RCVR) 454. Each receiver unit 454 processes (e.g., filters, amplifies, frequency
downconverts, and digitizes) its received signal and provides a stream of input samples.
For multi-antenna terminal 120y, a space-time descrambler 460y performs space-time
descrambling on the input samples and provides descrambled samples. For each

terminal, a receive (RX) data processor 470 processes the input samples or the
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out put chip stream and generates a downlink signal.
The downlink signals fromtransmtter units 432a
W booonga252132t are transmtted from ant ennas 43BEr/US2006/010084
t hrough 434t, respectively. [0044] At each term nal
120, one or multiple antennia 452 receive the
transmtted downlink signals, and each antenna

rovjdes a received signal . to a . respective.receiver .
aefsibiphomp s provides ot Vi YA 16 Zodih e aTa.g8a provides
redd¥efbd cohtrbll RUDVeAERA thth @S a chitRAMEPFatestoyMEmNVerts, and

digitizes) its received signal and provides a stream

of ~iGuirollersfmpesssorsdOmdBex -aadt 4Sdyacardsolithe opepatipn ¢f various

space-time descranhl.er ce-ti .
PrBRORG E of Bics RBoh o0 S habllE PARCG0d [Py, rospctivly
Méensteaadd, ad2s anplissy stop¢ deracihdtpeogramadodes forclese $aatibR(10 and

data processor 470 processes the input sanples. or )
teqnpBe siZ08n#ck d 2Q%n SR VEWov iy seheblEs bt delsdiles mpigals for

' . Vi K trol and
tdlofiRiinShiite Al il HDRA) AEAVAIREARR ' 01 25)
ContRI. |54 sipysox bk rdsagdat0 of 48k daracdprd&@yorciiaraptl atdpece-time

operatjon of .yari ous ocessi n nits at base.station ..
soipIch U Pichate APoeR0 R T, (A gitaepiF 20 dhd shico-time
scHBNr £, 4dsdecthBBX ARMEseAdaions1 10 & HHE 24.aFdr BHi9 @hdBliment, TX
codes for base station 110 and term nals 120x and

dagepmpcespersiPe inakedep a datasprreqssrret] 04gn the dhe-dINSEds, a data processor
) Sk . .
SUCEEIPRSEEr T R U ldenPcn (s s

proléeagran60ofor ahd Xothaich ¢laands sap., 420 R-GOBCH aphCPICH)e TX data
scranbl er 430a, which are an enbodi nent. of TX ﬂat.a
PrpestE SR Moy alipqinsBuie cotherndata dropestass famgther physical channels,
: ' : At 110 in FIG 4. For this
w@%%ﬁ{ﬁgﬁﬁwwqﬁdtg?gggog%gi slg{ﬂy'420a i ncludes a data
pr ocWathior dBd Prdoessor &0 BS- REFHIHEDS&Hah aogingcasslsyymbdll happing
for.the HS-S a .data processor 514 for th
iSRRI CAR AP b oot Fg EaLUS s fimpffiTexgg the user data
infPDN@Aa SHEMELS bé @rabsmitiel8n PufdlRCHyiRAE ifBehdtht DIX1 dabait 520
processor 420a may al so include other data processors
proenssestenel dpfiaysteem| andtapviddssa cofispending staenm ohdgia symbols. The
FIG. 5A for s I 11V { L i .
B Sp vl Ll SO LN, Lol RS encoin
(e\gniwittb2 TuftRc&idé£s comwilutidatlocdde, Hbloskbdd, ant ke on), rate matching,
_term nals and denul tipl exes .the g{fer damg,i pto D data
interleavig YED0b MaPRITEHPE meduiatonapad s en- it &2G pay process each
d9E 0L i1PactotdantRivlitPARPERRES 868 nRAG i8R B GhdsC aM1@Rtively,

provi des a correspondi ng stream of data synbols. The
urpr 6@ smiay progessirdath 5iaa sagam niol acherddRG: avitlacldaptive, ciding and

mcs)&{lgt?c%I Iscgl%’me%,h %rl]ﬁ]c%l m%9 oed telekted based on feedback received from the

recipient terminals.
The number of independent data streams (D,) that may be sent simultaneously to
a given terminal u is determined by the number of antennas (T) at the base station and

the number of antennas (R,) at terminal #, or D, <min{T, R,}. Hence, base station

110 may send one or multiple data streams to a served terminal.
A space-time processing unit 522 receives D data symbol streams from unit 520,
performs space-time processing, and provides S output symbol streams, where in

general 1<S<T and typically S=D. In an embodiment, unit 522 provides each data
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(e.g., with a Turbo code, a convolutional code, a
bl ock code, and so on), rate matching, interleaving,

W@ bab226mppi ng (or nodul ation), and so on. UnPCT/E2106/010084
may process each data streamin accordance with fixed
codi ng and nodul ati on schenﬁi Alternatively, unit 520
may process each data streamrin accordance W th

t di d | at b
syERRLUIeR Badhaant 1eRuI AR P ol R0 TR IRect Bolagicin e date
syh®bIM MR lafethbP EABbJIARAL, NMDS22 Phplefdareqedtin@dalrasmit diversity

strearrB (D) that may be sent sinultaneously to a
(ST and axaps ath datp §ymb@1e$’q’¢ﬁme1@t%WQ pretpuiusypeiol gfreams.  Unit 522

ante Nase f

m:&/nPe o) ’%@)aggﬁl giac uf?al ﬁ?@%ﬂ%ﬁs ?‘f“%sfi tf)be sent in

twioedigghol @aﬁﬁdssfoatd gﬁ/eﬁ Jditd‘@ﬂnlﬁcﬂ IWre@me ufit 322! genptagesti@toasymbol
streans to a served term naI [0049] A space-tine

paps ocesnd ng a0dil t s,5aR §,geaihers” D dencicsy adyoples cogngae. Unit 522
fromunit 520, perforns space ti rre proceSS| n and

th%nr BoPURS flet@mek Paix o @nd suramirihe figpiequgpyt ﬁ ?i'e%trgﬁmlané maps

T and t

o e UL et 89t onts P 3reeTl P LR htn B e second
ouz L{ﬁ‘.b .boFQgea‘?ﬂ("(ﬁtés? %rﬁ%ig\ S (e ’he' dat§ qsgg%ofsoseﬁt ‘?ﬁ"tr%l?es first output

anot unit
sysafhat etréaimre Holmmsn’ntlte dmtpetr sylm‘t;ols( ®IthB)seeod stegam @aabordered and
data sy stre to.two output s strea
coemg@teéza@ ﬁagﬁe%?é? S5 e IP’H\/%MmPE:]Ir Oeogam@ Gompyine the

reSab & %&ﬁﬂb@é SWnit %QZ%‘%! ﬂ‘ormt@rm i# 8fHer MAnh¥R. DHAPSI2 may also
perio a given a synmbol stream unit 522

pegionmspacestithewrosgsshig baged o1 oth{nswaa@rdrre@veamw fcheglps. *
and sa, *x,}, where t ac ex. co at
i 08 323 il e gasthdotp S BB BB oy SEURE Lyt symool
stiRRing. T an feldbStingdst PWhich YBgumst rfaambare@crrmi@a Heltgw, the S output
second period pair % sb * and sa * onto the second
an

sysibop streanynfiom yeit T entsEEgHaneousyufromyfroydtual tangeapas, one
oPtSs %%g e %n% agh NG A R D OlrS a2 ou%rﬂb(%d]l%ent multiple

ream \Never
owputhyisbol IStrézhﬂs seyosed cader diavigiar multqfle)céelr adl smxtl from one virtual

an[ct:%{lllﬁqu %2121%? c;%g %@g@q@ﬁ%ﬁgﬂﬁaﬁghggp@%& %\Agdl?fe&%% is[%itigpéhannel that

is formed with the T transmit antennas at base station 110.

Each output symbol stream may be sent on one or more HS-PDSCHs, or more
specifically, on 1 to 15 HS-PDSCHs for 3GPP Release 6. The segmentation of an
output symbol stream to HS-PDSCHs, which is called physical channel segmentation,
may be performed by various processing units within the transmit path. For example,
the physical channel segmentation may be performed by unit 520, 522, 524, 430, and so
on. For clarity, the following description assumes that the physical channel
segmentation is performed by unit 524.

Spreading and chip scrambling unit 524 receives the S output symbol streams
from unit 522, performs spreading and chip scrambling (if applicable), and provides S
streams of data chips. Unit 524 may process each output symbol stream as follows.
Unit 524 first demultiplexes the output symbol stream into N output symbol substreams
to be sent on N HS-PDSCHs, where 1< N <15. Unit 524 then performs spreading on
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received synbols. Unit 522 may perform STTD i n ot her
manners. Unit 522 nmay al so perform space-tine

w@r@easRsng based on ot her space-tine di versitRCT/US2006/010084
schenes. [0050] Unit 522 may map each data synbol
streamto one or nultiple og&put synbol streans. In an
enbodi nent, which is assunea“for the description

t h t f
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Scwtthlgzﬂfpﬁﬁ‘gm}ﬁﬂocess each output symbol stream as
fol Iy o etd! £n>5ﬁ?‘ﬁnﬂﬁ St H@%béﬁgo@% th@%uﬁiﬁ%%% b ayailable HS-

synbol S ream i out put substreans
PBSiﬁHs)omal)d HSsEDSTbia, eaﬁhewﬁuékalﬁdemal&nd tbiai ﬂyrrﬂidb fdretlnese HS-
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chfREdriihBR gane%%%ﬁermmy@t&mﬁ% fPﬁ{ (ot APt Ring 2dihBYpreading
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beeat fromfthe SErthdlrantdnfad St MASBE advahtag&dd toraycls eab@gtt A1Eof the
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availahle channeligatigntcodemior theeHS I He pnfry times a& Rpwsible Aergss the
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ream o S Wt scra I ng cod
astpmwbbs e‘l‘lﬁt atlpoio bnh@nelnm thed dteagmrbenfg sat sinviitapsously from
for tpe out put synbol stream The chip scranbling is

the Y3t #EENTES nul ti pl yi ng each

Data processor 510 may perform channel coding, modulation, space-time
processing, spreading, and chip scrambling in other manners. For example, the symbol
mapping may be performed in unit 524.

Data processor 512 processes control data for the HS-PDSCHs, which is sent on
the HS-SCCHs. Data processor 512 may provide one data chip stream for each virtual
antenna or one data chip stream for each data chip stream provided by data processor
510. Data processor 514 processes control data for each terminal, which is sent on the

associated DPCH. Data processor 516 processes overhead data for the radio access
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conbined chip with a respective chip of the scranbling
code. Unit 524 may omt the chip scranbling and
w@e@vila2st he stream of conbi ned chi ps direct!| yPEsUS1966/010084
stream of data chips. Unit 524 may sel ectively perform
chip scranbling, e.g., perf?)s'm chip scranbling if
space-tine scrarrbl ing is not“perfornmed and omt chip

SyROORAPC 1S sEHFaRE Pan PR rofespubs TS e essing
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performed in unit 524. [0055] Data praocessor 512
SP%?‘PGE&% SEFMOYAL 1By AlsP é)efC@.ﬂe@ weatrfré Sprogeg; pigidepandom transmit

ste%ﬁﬁé dg%]cgsc gﬁedﬁ% - s%e%%aﬁ Q5%R3S The @g%e TRYe REAUbEE may be

hip stream virtual tenna or one
peffatmed:iml yrious eamérsr Ieac bmbadimenhispacst-timastpmbling edpdrformed

ata proces or 51 cess 4 processes

Wil Bt POGPoT s G2E ATt SPATALIeTE 4 S AeieEhER A0 apgaultiplied
wittS§iffetet 8 iRCEhd BRpFeHIRE TR sieAtnRnASE SHeRoM¥eERB&Hment,

data for the radi o accesssystem which is sent on the

spscee@mspramlag pr prsmed based el g@pqy@rtfrm aedepr Brrespapmrtjme code

d
NI T R T SN -
antoiBad-as&CHINS link roraaatieat mdpp[ﬂ?g:kbheﬁfbd atidgroeigromtput chips for

channels (e.g., the P-CCPCH and CPICH), respectively,
th%lgpélizi%éﬁfap@@nﬁ%f 3GPP. In general, the data for each

gpyzﬁoﬁ atge GGk RKoDE iR GG, A0 The Ghlk P GtredHY FoBl fhe data

virtual antennas.
processors for different physical channels are combined by combiner 530 and then

space-time scrambled by unit 538. For this embodiment, space-time scrambling is
performed for the physical channels that are combined by combiner 530.

FIG. 5B shows a block diagram of a TX data processor 420b and a space-time
scrambler 430b, which are another embodiment of TX data processor 420 and space-
time scrambler 430, respectively, at base station 110. For this embodiment, TX data
processor 420b includes data processors 510, 512, 514 and 516, which are described
above for FIG. 5A. Space-time scrambler 430b includes space-time scrambling units
540, 542, 544 and 546 that perform space-time scrambling for the data chip streams
from data processors 510, 512, 514 and 516, respectively. A combiner 550 combines
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[ 0056] A conbi ner 530 receives the data chip streans
fromdata processors 510, 512, 514 and 516, conbi nes

wo b@edex2a2 chi p streans for each virtual antenneCT/E82006/010084
provi des S conbined data chip streans for the S
virtual antennas. The data ﬂrocessing and conbi ni ng
may al so be perforned in othér manners. [0057]

SRR, RS FPR 8 SPpitatp PRI HEE ST AP s 544 and 546 and
pr&@aSy TP bt érﬁ%s str&8nsoe T PREkicH hAtefRdsD Fol FIRABbGMEent shown

_ provides T output chip streanms, one output chip stream
in fide. eBcipaemtimersaramblinganinbe sededtvebnaprliné ogpaeletype wé physical

cranbl.i I b [, S i S i ng, .

oh SRR R0, P T PRy oo gt PR 888, copialine the

opsfatien b the spast-thife crambligg apiaf@-thatrhaget gypsl i ng may be
performed I n various_manners, |In an enbodi nent,

spadeet prigc-$EieasBRRRENE e afsar pedevipiedri Ofher manners.  For
exg?tﬂk)fe' Bl ﬁl?éib%u htaﬁ 4 Is H‘ﬂ)@sspﬁﬁgg%%&&nblédﬁla ba@bbalRliRirst, then

eans a ed w't ferent matrices an
spacepipme stontbiel, Bnghyisi catbiand evithaphysical ghatiiels that are not space-
. enbodi gt, space-tine crtanbl [ n% i S gerfor ned gased d
Ui SCJ*%‘BE ey ﬂ_?f‘&oeé‘.am? e W SRAGCHmeSCE R e UaY P& dngprporate
withiR O @fta PRIcBss6NIIB ef g PofoiBeSheibrett Mhter RRPrealiRgdat a
chi ps to physical antennas based on a |inear or

non-KliGe@shewp pinngmbediaeat ofirid smﬂceﬁir@reascr@ﬁxbbug upifi @0, which
' - 0 F ' .
ool Ot Sy R e bR u o " Sy Tlotins

uniyr 63esaphs dsed feli fpfacs-ente goransbligl unithseti BIGir®A and for each of
: s b o |
wigLShRed Y con net, 930 80 e cigeechi e scramtled

ATy, BCLAUTR bl R G AL A0

pridessdc 420agndprodesses Tahdd ataps pheseedaorchii? Breamsl ta the T physical
ace-time scranbl er 430b, which are anot her
a“iél%ﬂ%i ment of TX data processor 420 and spacetine

scr ayhthef spaddiimeasReIngdntt 608, abAfax Shdtipes cibGecdi®ss S data

this enbodi nent, TX data processor 420b includes data

chipsofiewsiesS 5reams i cagy ghignpprve mullipliss these a_ewlf Fioipg with 2
Rt PlE e ERER T 1B, O 085 MR el ms

pepfoith@piesiae serhinbEng for@addl ¢hiyg périud #, e feladvas: chi p
streans fromdata processors 510, 512, 514 and 516,
respectively. A conbiner 550 conbi nest he out put
st r e FYGH A1) - space-time scranbling units 540, 542,Eq(1)
544 and 546 and provides T output chip streans for the

T physi cal -ant ._For. t di.nent sh i n, El
el Y3 568 SRR S R ETBRSPERhe SRSl T 2ero
on eﬁ%rt‘) fPP " nPShellfor space-time scrambling in chip period n, and

x(n) is a T X1 vector containing T output chips for chip period n.

Each data chip stream may be mapped to one entry of vector s(n2), and the
remaining entries of s(n) may be filled with zeros. Each entry of s(n) is multiplied
with a respective column of matrix U(n) to obtain a vector, and the S vectors obtained
based on the S non-zero entries of s(n) are added to obtain vector x(n). Only S

columns of U(n) are used, and the other T —S columns of U(n) are multiplied with
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channel and on each physical channel of a given

channel type by controlling the operation of the
w@paeae2szre scranbling unit for that channel tR@EEUS2006/010084

[ 0060] The space-tinme scranbling may al so be perforned

in other manners. For exan‘pn§ t he physical channels

to be space-tine scranbl ed y be conbined first, then

a i me..scranbl ed, t.hen orrbi ned, with. physical,
2R ng ¢ifpefty V@Ohaiedsg@&' é?ta%‘dlet& t{%ﬁaﬁm Rafrix I, or
-tine jran‘ol ing may be incorporated
g.

”}Tﬁ nto"l%aggetsé’g LESEHOAD perforned before
ol ek e vl LY

oRESynHolp eﬁ&ﬁ%ﬁﬂﬁ%@yﬁ%bﬁﬁéﬁdd@%ﬂ&dl&g aftBkd b, The chip scrambling
mul’ti pl fcation ace-time scranbling unit 600 may be

bmretﬁ%m Fﬁﬁ&: éAtalndéle@ﬁﬁhb rilsnlg}e@rf the BREIA is upHated Binthg ehiip rate

e-1i S uni
B O e e
sckgflflinges dchvé&d ﬁﬂ:ﬂﬂhip’l@dna@ﬁcdsrtﬁ@ nibéd éd) eadBts@m®BI Period, so that
streans from TX data processor 420 and processes and

ea¢ sata fyEhe! datpacachingl wrarableg over btk spagstapg ieme. In this case, the
p@@ﬁdﬁ&n%n{t 09a2] pitishisi %gﬁgﬁ drld" e %gﬁ% L g 1'hg by matrix

trix nmul'tiplier recel ve ata ¢
mﬁ}tlpﬂmt b0 8 §iGeamsay he emplenehiqd weh iaowint rephtd- pine@readmg and
e S data chips with a matri x, and provides T
SCBﬂPe@ W ps for that chip period. Matrix multiplier

610 HEh AEBJIRREALSPRGRatkiLBusSE FaHERhd b @éraﬁ@ﬁh§ Gl @enerated as
wher e

period n, as foll ows: "((}‘@ =V( n) -S(E)éi Egq (I
needled. i apotirerxernbadiment vdueh i FHomy 18 & @hich of eatrices is pre-
co%x?)eug c? gl{d é%greﬁ 11??%;{1‘13% 168¢ f ’taba%] ([5"1“%6125 A IIatgx nseﬁ?l%% I6%4 then

or space-t1ne scra peri o

seXdciy) als@ecﬂfﬁ nXat1hx e aiserfo @pdoaltﬁneﬂ gcrImblihg)mﬁ eath phipf period from
chip period n. [0063] Each data chip stream may be
apefp e evilghle @ﬁmcys of Thee B128¥X Selg§tion B3y l?qw@elif@wdmrhganous

m@?ﬁe&g d&riBé y be filled with zeros. Each entry
'S nmu |p led with a respective col um of

mat erdw(srt)rpd:sootbmamqas anapebe ased fimdhe kpacS-tuee Bcnambling In an
bt i ned based on the S non-zero entries of s(n)
Chlo URIEE Y LRSS 28T us@érfyr spamﬁyle@caaalph}mss %anraf)mamx u
are used, and the ot hﬁ1 -S_columsyof U ?i) are

1Sr‘FEPF“iaFT;§F1F% wherrersy Kha U rds Wereer | \FEP9fch 8 CopggRe transpose.

ka;lg ﬁ%lumn ?ta{yglgzﬁl‘}g( 5{% t %lglod tg'gtlna%rr? r' Xanlfi(ﬁ%lh]coll&mn has
uidt F@ﬂerffgllgdh?@gldgg?:tgigfgmb@lc%ﬁﬂy fsﬁﬁplﬁp%pé‘d'él-tﬂn@ @escPdinbling by the
terrmnals In another embodiment, matrices that are not unitary or orthogonal are used
for space-time scrambling.

The matrices used for space-time scrambling may be generated in various
manners. In an embodiment, the matrices are generated based on a unitary base matrix
and a set of scalars. The rows of the base matrix may be multiplied with different

combinations of scalars to obtain different matrices for space-time scrambling. Each
scalar may be a real or complex value, e.g., +1, -1, +j, -j, and so on, where j=+/—1.

The scalars may be selected to have unit magnitude so that the matrices generated with

these scalars are unitary matrices. The base matrix may be a Walsh matrix or a
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one synbol period, nmultiple synbol periods, one slot,

and so on. The chip scranbling by unit 524 in FIGS. 5A
war@ea®26my be disabled if the matrix i s updatBdI/as20061@10084

chip rate and different matrices are used for

different chip periods. ce time spreadi ng and

scranbling is achieved |f m}l tiple matrices are used

F e TR o Lo o b W < dagats TR g W
m%)ﬂgegwgggsspreadl ng by unit 524 in FIGS. 5A and 5B and
e

pace-tinme scranbling by matrix nmultiplier 610 in
FIG 6 may be inplenmented with a joint space-time

spreadi ngrandygcranbling unit. [@065] Iw.an
enbowzgpaL t F matandces Wised £jor space- R Eq (2)
scranblin iaré generated as nee ~ | - Bt

enbodi nent, which is shown in FIG 6, a set of

matrices is preconputed and stored in a matrix | ook-up

Welsb|reat(icaghpve dimenalongthel Rreqomsss ertwemgt, Reh Sendsq en.g
o t to
each! feek%sé‘%@r'e%w Pg'ﬂ]%ﬁﬁg‘ﬂod‘%?ﬁ@e Foriy Lo et Bos
thg- QEH{E?& i’rn the ﬁgﬂé 'a@&]iazn%eclo ?{)ggm ‘%/&’Ir Iﬂa% B %ﬁﬂéssed ?s

matrices nmay be used for the space-tine scranbling. In
an enbodi ITEQI—})(mJ«JJ)nI tary matrices are used for

spacg; t ¥ “Scrramb| i ng.  Afodhi £ 8ry TMahdi k-4, i ST . Eq (3)
characterized by t he property U-U-=1 , where " H "
denotes a conjugate transpose. The colums of a

Fautiet atagricegtofiagy aqmre rditnexgpiorale.4.02, 006, & aht 8o onpnthyarciormed.

gjgl um, has ung cg % g use of unitary matrices may
ApRircgs Bye OtIﬁeﬁ’ée B BRI PHE by the terminals. In
anotfgs nRIRRIED for %Eé igRSsdhablidy ﬁla';}oaﬁsdjﬂé tg@ﬁé&at@fl]m other

ort hogonal are used for space-tine scranbling
mtrersralion cempls dik metricep awy-ie dafingd based| dmie sespnibding code for

t ed . Li di t
B Sl A P AP ated R be BT Pas BaeL bkt Apya search
foaﬁﬁu@c&ﬂ{ateé dldeledod poorntiee Of the base matrix may
be nultiplied with d|f erent conbi nations of scalars

to ol 2 ambpdiment the spaceities sergmbipade peifpmned in a deterministic
S SoblgEhoqbith A8 ALY i ] SO (GO tpowiedee o

thd heirdes | chasneiaforiRess abenineld. tRor aumple iat pradegerirtinediesegi0ence of

that the matrices generate with these scal ars are,
MAECER Y PP therpatips B tif&’ccﬁﬁl%l niﬁlsaeatax \Rugce is known to

bd?HEHe'B% Ot £ feciBEdtidmifald X 2 Wl sh matrix VWx2
and a Sarglgér_ll?%?f}g V\g@h matri x W2Nx2N may be gi ven as:

The sequence of matrices used for space-time scrambling may be formed based
on the set of matrices available for space-time scrambling. In an embodiment, the
matrices in the set are selected in a sequential order, and each selected matrix is used for
space-time scrambling for a predetermined time interval. This time interval is also
called the scrambling interval. In an embodiment, neighboring base stations start with
the same matrix at a reference time (e.g., at the start of each frame), and these base
stations use the same sequence of matrices for space-time scrambling. In another
embodiment, neighboring base stations start with different matrices at the reference
time, and these base stations use different sequences of matrices for space-time

scrambling. In yet another embodiment, neighboring base stations use different



[0072]

[0073]

W-2vX2 - and VWNx2N Eq (2) Walsh matrices have
di nensi ons that are powers of two, e.g., 2, 4, 8, and

W@ 0001022fD068] The base nmatrix nmay al so be a FRUF/U82006/010084
matrix. For a T XT Fourier matrix F TxT , the el enent
in the n-th row and mth colu]nn of FTxT , f nm may be
expressed as: -12 p. - (n |cm]1 fnm=e for =

seigisFs S ives it pategih éﬁnéﬁ? W5 PO R, Ces‘??g slaon may
usk f MBEix %gﬁcerfﬁ't {A,aespDhey..& §1€d Q&)th@r%s@&aﬁbﬁ nﬁ@'&%e a matrix

matri X. 69] The matrices used for space-tine

seqeengAof Mg Rl -sd. whergehdd ot and ithastdiderepmaisices. Fag use of
dlgfé nb%uetag & gpk}r&l‘tﬁc ?hrﬁg% é%gog'?ée{ 1rﬁga p %Qer?f{}%ﬁc?,,e which is the

inexfepance obbé®edrdl rthe @smiimyls e aggnet aéledrdmiﬂ&ﬂbmse shations for the
search for matrices that can provide good performnce.
ngighpporellsn an enbodi nent, the space-tine scranbl i ng is

perfor eﬂi?ﬁle'r %nﬁaoﬁ?x‘rlégx?ﬁ”fthﬁ h?attﬁc%s TRERELer W Jé‘flééfedrlﬁ Gl random

ei t her teedback e recipient termna
mkmmw (eggebaséd bhehwiscwhdding clodarfet shef baset i@ma), and each selected

b SR RS AR . o

exglﬁi&)? 2 e, TR Lol Yoy RBUBRE O 'rﬁathF&Wﬂftt 39% Q%ﬁ %iﬁh habaYE 03&1?6dgﬁ Bt -1,

he recipient termna e sequence of
whert Li mey beseuhl o, 3 Fadeert some aherdnfekémd. bigs/ofitbe fscuambling code
based on the set of matrices available for space-t

may thepPs Meed [t selpctetpsorfi ‘il?én% maidcehainy theesst- | itthe SEa’étt of each
sc‘?é'rﬁbl ﬁﬁér@gl éﬂ: & oS 1?1@£nt0l51geg\r{[[g?9ﬂ Fa¢ 138! ﬁgﬁlﬁgant bits
f I'hg for a

matrix 1's uséd for spacg&-tine scr
(l;ﬂﬁsbiedrsbmermﬂertl LS |oﬁ tler scalmblifly codeimaey bertiwdvaal ani Is-bit index to

loRRGAB0Y Ty BAE e A tishBapih e feimay SRuTB Tabl Fiex. This

erﬁBO(ﬂmEn@tf ﬁ6€1ﬂ€§sév'ef§? al®méhges. aFirdth@nsd RE kerHin8R&R synchronized to
frame), and these base stations use the same sequence

thgfscrmhhnee@dﬁocrf hpacning heasesgptiorn | thijegembadimerndt prevides a simple

L L —

Sévasae, adighioping Bise sttibhe iR@ndssighel eife@sntGoratitilinigCd8led @id hence
space-tine scrambling. In yet another enbodi nent,

ussedI RSB FosyeRres ©f Mmaiticeshat Ae uarerdateh: Whigh arryegndenmize inter-
dgiaﬁlférﬁ?e?lcQUtTh%aEtteﬁﬁhﬁﬁ A BB {i¢ - mFAL se%%%\mgeﬁs[)s%ﬂéng base

ase station nmay use a matri x sequence o , . C,
statior} asamell anththeatriased batheoreighigr bse statiwas forwhich the terminal

B uegg%g%fg cﬁr{.rélfl;i,ei 15%@1%/ %ﬁ@ir’bg %?e%(r:}?béb‘s’e s'?a’tior(i: n?ar}]/qae%scertained
by demodulating the common pilot transmitted by that base station on the CPICH.

In general, neighboring base stations may use the same or different sequences of
matrices for space-time scrambling. For example, neighboring base stations may use a
common sequence of matrices for broadcast and other common channels and may use
different sequences of matrices for other physical channels (e.g., for HSDPA). The
same or different sequences may also be used for different channel conditions. For
example, neighboring base stations may use the same sequence of matrices when
transmitting to terminals with high Doppler and may use different sequences of matrices

when transmitting to terminals with low Doppler.
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di fferent sequences of matrices may random ze

intra-cell interference, which is the interference
woebmenved2 by the termnals in a given cell froP€T/H82006/010084

base stations for the neighbor cells. [0072] In

anot her enbodi nent, the matrjces in the set are

selected in a pseudo randon%%anner (e.g., based on the

scrgtrrbl i ng.code for _the base stati on%}@

each .
sel Sbt&HCpht A erminal sEgy 1 Greiyye e Fa\'ﬁ?ﬁi fy fBjce-time
scramBlifd &)yt ”kﬂf@ﬁj BdsEBstht{tne bYRU- off Q1) GxfMRhEon tha &Ctontinually
may contain 2L matrices that are assigned indices of O
tlanshmtta@ hy Hie basd staan (g L themyrapblinggade)t @) signalingsenyby gre base

her f, the ranbl | n ode
el beoasnl v aaran oy B bR SEnTHY e BENGRESpRY ancrr
(4)si@formAfion BeaiRbRY it 1B t@BfiklS OThRtBinhiAg tAy 951\f6ﬂm aliViict receiver
nost significant bits (MSBs), the L |east significant

pragessing baspd pn kepwdesiee aftihremalricss psedoby theescsips #n npighbor base
S35 el 38T B0 sl P b plp 2 It mey

alsb-usé this hetexedghinsorésrho dd')mhmh tpnouissioss sav by alultiple base stations
advant ages. First, since the termnals are
Wit SRasr-imne ORE SN he scranbl i ng code of the serving
bas Q“hé ?Hét@ Rate tf&' the GiRACHs 'T?ﬂ,tlat&[ RVihd %@raﬁ)bﬁhg'ﬁ)ﬁtgwﬁpﬁﬂmgay be
to determne the nmatrices used by the base Station for
flesibic scledteds btamnmbpdgnens,etb@ m:datn eatg b @n¢mgerb&1sle and a different

tations, are as ed e
miﬁ@ﬁ & Se%%e%cﬁ%f p 8%13] en Oers lgfem rmt r %nets ?l?p ss‘crzﬁ'ﬂlghng ey
be Wiki@ed. elmtamdthey\ﬁehﬁﬁdimt r 8 dpaht eratenisednee | ger data symbol and a

interference. Third, a term nal can ascertajn th

different weksixyBetrlesyeq for %E@hvam@%ﬁe%t WhiCBrisolf GRIPF fas the HS-
PRSI BRI LB BLOTRA: BAch SIA bl  aue

symbeR} addya dtffbréntrma{tgxoﬁ seia:thd barsacls (asynrol matgrvaé  In yet another
ascertal denpdul ating the . co [

| ot .
e PotPBie FHAE: Gt lab F0R SanrRel B s splggigafor each

sldt. nxrggal%fal the 06HALPRE HRAY bRASIECted 8idnaAS ARYipkSBattiRes £8W8ed for
or fferent sequences of matrices for space-tine

a mdneahﬁ»dlq rvohich s seekanpn@TTMmgﬂbcHS@&ﬁése Spageitone serambling

com matrices. for broad
PO A e ey TR < pep R B R nd frte
raffontiBds thiz@fank@Issioh RO thA yter tamitdiann ebiSsuffer gaducécblﬁleasurement
HSDPA) . The sane_or different sequences may al so bhe

relighilityfdye to F}feflél?eﬁ‘?fenéﬁ AiprethicEasmisss  Henge, the sarambling matrix
sh&ﬁ?%b@da gﬁlgn%g lptgf] god'éa’ét Ololt:'lg ?errﬁtgﬂg in %\%&erﬁt%ﬂﬂ@ﬂﬁ@ dﬂfersﬁy)
anBogeptral tiamed pmymemaredmdnf entervtal g oslec és retﬁuqafaﬁ)lal degsadation in
when tranf,rrti)htl ng to termnals with | ow Doppl er.[0074]
meaguisERaE 5Habiiter ni nal may deternine the matrices used

for BRagGadckdhay be selected for use in a periodic manner. A sequence of

matrices selected for use is called a cycle. A sequence may include different matrices or
may include multiple instances of a given matrix. The smallest periodicity by which the
matrices are selected is called a cycle period or cycle length. In an embodiment, the
cycle period is equal to one frame. This embodiment facilitates the selection of
matrices based on the scrambling code, which restarts at the beginning of each frame.
In another embodiment, the cycle period is less than a frame. For example, the cycle

period may be equal to a TTI, a slot, or some other duration. This embodiment may
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scranbling by a given base station based on (1)
information that is continually transmtted by the
whawe/160281 i on (e.g., the scranbling code), (2)PCT/US2006/010084
signaling sent by the base station, (3) broadcast
informati on sent by the base tati ons in the cellular
syst em and/or (4) informati avai l abl e at the
The term. nal erf orm advance. r.ece
rel P el B TiC R ARG ORReETi e A EUEE s 1 Y5t another
erhitRlimentyihe @ yals terdel Bhhere thasefrehat i ons in order to
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besgdarsalat Ay A8, eleX, chb® Phiehie orlRSkA @fheS®Y ETf @badel tifRS sd@8hbling is
code bl ock Iength (inorder to provide diversit and

applioéran onlynsamepdhysiealsehaanelat for rHS.«DBé| (e(g -n thsy Z’DSCHS HS-

DSERICRd 5. SERIATEECTD, UL, TEEPHLATE DL LAY e of one

pqu ahomatt symbtrl rpenod /RDISEIGSEEPE}GIO@I chmahels e $ess Eleqadl). f Diie shortest

SV @Pitl Rt BY eger g PRI Bl dO1 k phypised channels

ap%he@\xgﬂhvs%ﬂcé%fa's&ammﬁ SRS ttnrf%eé'cks&%l e L3y ag%lr | oﬂg? Bnly some

he matrices are sel ec ed I's called a cy
}ryyxch]ecnaenﬁg&,nhen the aypdatrireidimanipe sef e onsy ol mu]wia Ghes Ehe smallest

spg%%gnlcgt fIia(gtﬂP ngfeorder%g%res-(l:rhvlesort%gggn%lli{r}? gr}lorggat?lleslel pth%ltm%al cthannels

Table 2
Space-time scrambling applied on ... Matrix update rate
All physical channels Chip rate or less frequent
HS-PDSCHs, HS-DSCHs, and Shortest symbol rate or less frequent (one or
associated DPCH multiple times the smallest spreading factor)
HS-PDSCHs Shortest symbol rate or less frequent




[0079]

[0080]

[0081]

.[0082]

[0083]

matri ces based on the scranbling code, which restarts
at the begi nning of each frane. In another enbodi nent,
W0 b@eayrFe period is less than a frame. For exBopiUs2006/010084
the cycle period nay be equal to a TTI, a slot, or
sonme ot her duration. This e di ment mayreduce the
nunber of matrices needed f space-ti ne scranbling.

In yet another enbodi nent,...the cycle length is re .
t hania PREHL 2pGoR9 Crtbting S b ARG agpiBE o physical
clegh€s tdndedry sadauive§d apslieds ScrbbdT®ime: 0 d8pacafigheS Qci@thblihp may be
an enbodi nent, space-time scranbling is selectively
selgsiively pppbied EucRpRibility gpaaersnge (hat &e, peafayioapcearel/tepminals that
. r .
O kg SPE L b B SUBARE Pl rermpping may e
sehaedlElgrapplibd Yhsednin a ppaeeriningd stemebbdsed oh Feediakk eeformation
for onlén\gjc rtajn pre-defined TTls of a frame. For
framphpfeaninglsaad §4 O scranbl i ng may be (1) perfor med

for thldmerubdiégedch %a§ee§§#gjnqgﬁss(ﬁgmflg?h§?n&{ st%ggé}#cg rOEC fhatrices.

perform space-tine descranbling an
ThiF Ingatiix sednieote triag beasegifenspatetiniensianblingt foarey andlallephysical
Ha ggzrform space-tine descranbling are served. The
hSBI% 'station may send signaling to indicate which TTIs

hav elnsgR@fer bBdiatenarsath BaseaRitl dnsid asdodiafdd] with n¥ififiple sequences
anot her enbodi nent, space-tinme scranbling is applied

ofgraigieesy vehaeh miny bpregaeraigr ap aperkinsvarioss manaep! dn an embodiment,

3585 RS ATc PO DPSRREILS it
orderstIa anotier smbetiments efar matpip| sgiurgics paaetatadevith a different set of

scranbl i n% and the @tri X date rate for each
maRighnet bATierent Sahiseh o ARC SE ArBiiFifie {2iTigpeot o o spagpaces may be
usEg Y%'S GfbreGNABRY) S ofh TEDEAS M Al 8 £ %]]t}]'&? fﬁéﬁg?ﬁﬁﬁ%ﬁt frames,

, _associ at ed DPCH and conmon ann
andhee omat Piffeeent meajrib eequpniees enhyadlsabe/usedtfer diffegent pbysieal channels

n chip or ss frequently. If space-tinme scranbling
oricgffgrﬁﬂﬁg'g%f’ Oér?%gﬂﬁ) ngrffbe?sphysi cal channels for HSDPA

(. din, yek BRotS- ddidfdiisient &ioBPase staiell Rras@es6d Wit Wifferent matrix

DPCH), then the matrices nmay be updated at a rate of

segpensep it spw pravide dijferant ppdpimeance der diffssant shyryiet gpnditions. A

I . I .
IS Re LGRS Lt wThe R IRKESSL (AT oy, or
ethpleﬁJlo I{he phmsih?lal mapanehe mapivﬁﬁldsigﬂal muaﬁﬁés;sfdrijﬂﬁferent matrix

scra ing. If space-tine scra ing is. applied on )
segpres GTEFE‘%BY] ﬁ@}dé%cﬁ AR Seapanss wi%éha bestreccredsignal quality.
b . .
ATETR S0 08 oV 1l T, BRI VRS IR e
anghyaéat acthe ohatrinedequentabwvisth 2h@07@t favorgelnefeadhack, e.g., the fastest

oBRORROkPRR SIED 1, [ Bt G5 Ml AEBbEE s
tefrhifiBls nRRaskantdriBd SE the HdtHiR Gedi@Mcedi®ed for space-time scrambling.
Space-time scrambling randomizes the transmission of the D data symbol
streams and results in stable and similar transmission performance for these data symbol
streams. The stable and similar performance may allow for a reduction in the feedback
from the terminals. A terminal receiving HSDPA typically measures the received signal
quality based on the CPICH, determines a channel quality indicator (CQI) based on the
received signal quality measurement, and sends the CQI back to the serving base

station. The base station may select an appropriate coding and modulation scheme for



[0084]

[0085]

[0086]

[0087]

selectively applied for conpatibility reasons, so that

the performance of termnals that do not support
w@paeae2szre scranbling is not degraded. Space-PCTES2006/010084

scranbling may be sel ectively applied based on a

predet erm ned schene, based gn feedback information

fromthe termnals, and so . [0080] In an

enbodi nent .. each base [ i s associ ated .wit ne.
g [REHTENsH GRP reRtSa Rl Rl PatSRRE sTermHty. e KiBungt may
seh@thesQAT @t 4 IdWRer 386 28TB) bAlY InE ety setdlalalTls e ipeAtrame, and so
channel s. [0081] Iﬁé‘rgnot er engdg%i ment, each bgge
Ot ation is associated with multiple sequences of

mat rd ces, ' I ised. | riou
e, LY DA AR o
usienaaaize thddyplivation.n S pate-ttgsctdnebligt may At bé peFfotnfeddusing a

di fferent order. I n another enbodi nent, each natrix
spagstiifcads or yish Of srasertifie 49dss: fF achePasertinge CodF may iap @ddock of

da%af fcfﬁ‘i di dof BIePt i SRREbnBina® WasSEonCh sggéi?% ?lﬁ%qpfl?ge scheme. The

rent matrix sequences may be us rent
mapns faf eagh gpacerind todedinhiy deentch TRk §1)ofach bipokesf Krdateeships is

dj ff t f .,and i f f t ' :
sebLip EKGRLP HE Al e KiSAdUPAHT of F1BPEADT [hyR daty chips are sent
fré ARl than@initGinfenaseinteatly BIEp pefio® el aB) &deRMARI chip is sent from

0082] In yet another enbodiment, each base station is
albersasapaedl the Thtrensprindennaprayer the Keehip intewyat nRifferent mappings

m Qé/{&ﬁfg}gil}%feﬁlg%ga?g&i%ré&gge for different channel

conditions. X sequence may be sel ected for use

basdfl(ur7 fleseioaprocéssoroot peefoimedrbpal ttansiitter €x.anal iase slagon) to
termnal s may nmeasure received signal qualities for .
Qi P A (iR SPAGE-WBG SETEELNEr dASAS0 GRel SHERR Qindata symbols is

geRBlafddX e SLMEBGDIMg! hitMevRES tind @fxﬁb?fleﬁila .iﬂg @;loc Nk ighd: (block
As anot ler “exanpl €, the base station nay cycl e through
712he THe dhi@rsymbohsiteain(s)seayienteppaitg @elosotort physied channels and

sequence w t.h t.he npst favqrahl e feedback, .e.g., the
et et R R o RS P ERD oISl bl s 1 or

COr r$yukct Yintesodublingais ketormehén HRY 41 18@t Sné"BYedd® of data symbols

informed of the matri x sequence used for space-tine

to SERSALS| At irgst MOORBRMSEheWPY| dhipss®laekiy20h gThesmgeprdimescrambling
j i . .St n .
DB AR 57 bRl Bl ARARITBRL8! L EATERONS s o
shbon ih REGe 7ylat by ayindepacsitiveasmles The shbahlie RIGA75i Fod space-time
erformance may al low for a reduction in the feedback )
scrATR e With PR ARWIPACA R A TR g SFlprisg fPsepeh time interval in

et ] Ly . .
ARGty B LRAAEEE, oty BT tor e
bagCgiajiob dsleck @A)t hgata to be sent in each time interval is then multiplied with

the matrix selected for that time interval (block 724). The matrices used for space-time
scrambling may be defined and selected in various manners, as described above. The
streams of output chips are processed and transmitted from respective transmit antennas
(block 726).

A terminal performs the complementary space-time descrambling to recover a
multi-antenna transmission sent with space-time scrambling. Each base station
transmits a Primary Synchronization Channel (SCH) and a Secondary SCH that are not
scrambled and may be used for initial acquisition. The terminal may perform

acquisition for a base station based on the SCHs transmitted by that base station. The



[0088]

[0089]

recei ved signal quality nmeasurenent, and sends the CQ

back to the serving base station. The base station nay
w@eloeao228n appropri ate codi ng and nodul ati on SPOEDS2006/010084

forthe term nal based on the reported CQ. Wth

space-tine scranbling, the term nal may send the CQ

at a lower rate, e.g., onIy2 nce every several TTIs,

onc er frame, and so on. [0084].K For e enbodi ment s
sy Do PhiBvbe Upmcot bt iisrs Ml ASteRBRE ghfeasence of
mAtSiERsERbY e Bk staRlbh $&t dpRs-1iMBAGAMVINE. ThHE FRIihA) SaBerform

al so be perforned using a space-tine code or a set of
spaqraiime tdegerambliog . baledt lonstha cieqednse ofotletrivay ineyder Bl dvert the

e B Y B S G RS e merve

_ti | d -1 . .

oS 058 5 5Tl Aoy IRy g o Koo
H . K i .

R, 585 R 5 K BP9 e e

desGhmBBES 0@ F B sPack HinkERrarhbIHB SHang® atasfaFBRYe @ g.l BRry chip
T transimt antennas over the K-chip interval.

orBiviefye s embolirapitergativedly the tersuepl fropy @prfpen spgce-time equalization,
e-1ine e ] F 7
BT SaTBaBAT b BB R Rprtormca
jolntlgnsm t data with space-tinme scranbling. At |east one
stream of data synbol s is _generated,

encdhnd shomtser presess $§0 Pafermeg iy reﬁ%é%’ﬁligé‘?’gg-»? GERinaP o receive
dei Lt Wh%%cgﬁ&-sc%%lﬂ%t %,tslé‘a}lpg{x]e SthdafR Bk uf@a)(nﬂhgs is received

nmapped to one or nore pRysica annel s and sprea
fowi dt hleastaome Ireceitd @ntenna dbloak s$¥ned Space-timepHgssiagailing is then

| s. .[0086]  Space-t.i nbl i [ f d
PEEEY Pel8 o ot ST ARG A Eym0I b Eh A Hel e sfpem of
dds&ambldd RNl EL@IFLOF 200 U tTHE s padt-isie (R @EMbIRD may Hiachieved by

sgace-tl me scranbling may be achi eved by perform ng
p

ng maikikimpiliiphedtion Wilht ssequensg vé meaaries (arethopads FlGsB) or by

shown in FlG 7 . ' [ S (; . .
el o Aol 10, APEE 3} B SR v v
spaBd-filg settniblilg Bagerfofmed dvaiatixX ubedl B¢lspadestiimé Gtraabding in that
time interval in which space-tine scranbling.is )
tije ApigryRkds detegninegaggd bared A 1T FEABIPIIAG codedot Hie base station
(ORERB22Y AT B relcBhEE Ky £4R) timp‘%t@rvﬁpis k}ﬁulﬁigﬁéd ykheRACRve tedi®matrix

interval 1s then nmultiplied wth the matri x sel ected
fof drat titetinteivak (blocke$24a] Théhidehst pae jlescimebledsanipe strapseis further

for space-tinme scranbli be defined. an | ect ed
PUORPSORT o ATARTRAGT GomaUIEd I/ degaced o Gl Toas
oriteBbdedidit PsiredhLfop HRAESSRA (BIREk BRGNS tted from

respective transmt antennas (bl ock 726). )

The space-time scrambling techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
software, firmware, or a combination thereof. For a hardware implementation, the
processing units that perform space-time scrambling at a transmitter may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,

micro-controllers, microprocessors, electronic devices, other electronic units designed

to perform the functions described herein, or a combination thereof. The processing
1



[0090]

[0091]

[0087] A terminal perforns the conplenentary

space-tine descranbling to recover a nmulti-antenna
WO e@aam285i on sent wWith space-tinme scranbling. PERURK2006/010084

base station transmts a Primary Synchronization

Channel (SCH) and a Secondary SCH that are not

scranbl ed and nay be used f initial acquisition. The

{e nal orm.ac jtion for.a base station
S B BT R TBGRG T, JACHTEIG By (TS b A0e 8l P fiplemented
williE bRE 5F Rdte ABICOPISPS NprbfRsdrt nBgo @h. t he base station

and determ ne thé sequence of matrices used by the

bas &g tagsoftware avd/efimevarg rmaplsmeanbpn rtge terhaiquey dgsprbed herein

r.f or escra ased o he
i B STed SRR b T (8 PRt BRRSE, SR S gt peform
th€ RarnehsddstatbedtarEnb a8 sSAAER-dnldI® fEaIaRD b@ahs n?&}l’bdéﬁﬁll&d in a

scranbling interval, the termnal nay perform matrix

meRIPRy; (Bigh BRI 4t $52%8 oF A¥BH NG amd(e)@cnted Byt REACSssor (8.8
t

prGEalr 4 puspfé .. 'g%g YTt 3homaRt fik ma see ifEblEnftled Rithin the

Pre¢Ease -or ieRermt [caﬂlblprdst@ssﬁn,amgﬂsc}atasa iff mtbercm;tmm@mczgwﬁly coupled

ever ch| or ever nbol rnatively, the
(o R D HSFOTRAG VIO AT BTV RN BB | Jat | on. whi ch i 5

a COpfRl 8}ibdREriHMIPHA tEABIsOBsNGnISRRAEnLS | i?ewded to enable any

descranbling that are perfornmed jointly. 088] FIG 8
pesfoovekilledpn theears tcsm@kfp er fgrthe gresgntanyeagiony bs grodifigations to
tht%s%rem & r%%%r{té) &;r P§ 1€ ?dlgraetxé)a gf %gg)mmgé slﬁgutg fil {He and the generic

pﬂrﬁf{ﬂdtsVMmE@ heiin nZSie #pPRed @C@hatecnatsddenegts &btmkd@ha)ng from
Space-tinme descranbling is then perforned on the at
the gpisit op iePnerpfuthe élawarlen thhearhe presertainyention ig ot inepded to be
L E N e H%%ﬁf @ﬂo@ﬁ'ﬂéf tubli Qg Ifézg%)cor&g?le he widest scope
Space-tine descranbling nay e ac |eved y per orm ng
cumtsnenuwﬂhx kel grincidd¢s and novelfeatuses diselvsed béremmat ri ces (as
shown in FIG 8) or by perform ng space-tinme decodi ng
(not shown in FIG 8). For each tine interval in which

WHATIS@]Q&IMSEM anbling is performed, a matrix used for

space-tine scranbling in that tine interval is

determ ned, e.g., based on the scranmbling code for the
base station (bl ock 822). Data received in each tine
interval is multiplied with an inverted matrix for
that tinme interval (block 824). The at |east one
descranbl ed sanple streamis further processed (e.g.,
despread, denodul ated, deinterleaved, and decoded) to
obtain at |east one decoded data streamfor the

term nal (block 826). [0089] The space-tine scranbling
techni ques descri bed herein may be inplenmented by

vari ous neans. For exanple, these techni ques may be

i mpl enmented i n hardware,



software, firmmvare, or a conbination thereof. For a

hardware i npl enmentati on, the processing units that
w@esobooazsspace-ti ne scranbling at a transm ttePCTEHF2006010084

i npl enented within one or nore application specific

integrated circuits (ASICs), digital signal processors

(DSPs), digital signal pr ocgési ng devi ces (DSPDs),

programabl e | ogi ¢ devi cesé@hﬁ%, field progranmmbl e

gate arrays (FPGAs), proce ,>controllers,

m cro-controllers, mcroprocessors, electronic

devi ces, other electronic units designed to perform

t he I unctAmappagdecodniisingsr ei n, or a conbi nation

thereof. The processingunits that perform space-tj

dosdt BT oBALE BLETTEHS Rl oBE SOl ERES pialsls and 0
petoiispaceiEn®EcrifbEnd S B, at ROFSone Mt RERST Wath syAbISO RAerate at

[0090] For a software and/or firmware inplenmentation,
legshievq Eegapispf e8tpyeeips;188d herei n nmay be i npl enent ed

Wi t : l: 0

that™ Rart Srceffyr BRACEOHERR 1] PSRN, o Kol A0 WHeams of
ousoft thtips Eroanat/lexst fwo miameas coatdsashraye feecistran adellnlaasystem.

menory (e.g., nenory 442, 482x, or 482y in FIG 4) and

executed by a processor (e.g., processor 440, 480x, or

480y) . TheBypBfavusWH dlaiffRY, WRerbifthe FRIEeG@r W bftiritiviel8 perform

processor or ‘external to the processor, in which case
mattix gayltiplecati onrmithiagdviality of oytiptsdd achievhepape-tiowsssmymbling.

various neans as is known in the art. [0091] The

previ ous description of the disclosed enbodi nents is

provi.ded Tie Dpahbs AriIPET, Sierak ifdd edh itifnet iiral tin hich space-
_make or_use the present invention. Various .
tirig, sTRMBLRY HrReTiopMEd BISDTEpRSSRN INOREBLIYF (9 Slect Agngfix from among
hEBRRIATH bAIcRPRRL B iR mdik BRuGHIcui G I, RERR ot

enbodi ments wi thout departing fromthe spirit or scope

of the inyention, TQggé t he resegt I nvention is.not £

i nt éhded 15 @AY iyl 1 feer BIPHRSHESOT ShRiathE, tg;pgriorm
spRsitile {PaPRiRCoahges 1A vheaphcsStRBecRRNThet &Bhceih® code

the principles and novel features disclosed herein.
coviiegpond® g AldiiEmentSngip g data gymbalpir antansag ardoyyingiohgeriods.

a processor operative to generate at |east one stream

of data synbols and to perform space-tinme scranbling

on tje atTHeegphraQipeofdldigan whereiattBe pyoresos id Gpeg@neratogap the

at |l east two streans of output chips; and at | east two
attlpash ORE (Stream ohj dasa synabals ity &t denst pam Physical irbanpel agddp perform
sp{:ééﬁag thnthqgasPBneoﬂé@Cféﬁl GlahRS v&iﬁﬁﬁé}l%f bEAGanh AR A0 E8Haas

east one erver 1n a ar system

6. The apparatus of claim 1, wherein the processor is operative to
selectively perform space-time scrambling based on capability of the at least one

receiver.

7. The apparatus of claim 1, wherein the cellular system is a Code Division

Multiple Access (CDMA) system.

3. The apparatus of claim 1, wherein the cellular system is a Wideband

Code Division Multiple Access (W-CDMA) system.



2. The apparatus of claim1, wherein the processor is
operative to performmatrix nultiplication with a
w@bkweabi2sy of matrices to achi eve space-tine PCT/US2006/010084
scranbling. 3. The apparatus of claim2, wherein for
each time interval in which,spacetime scranbling is
perfornmed the processor is Gperative to select a
matri x fromanong the plurality of matrices and to
performmatrix multiplication with the sel ected
mat gl X. 4y mERRdARRFERIES of claim 1, wherein the
processor Is operative to perform space-tine
scr gahérating atdeast ong stieamsal dotpesyspgwds-ti me code, each

space-tine code corres ding.to di.fferent in

of - dErar SR St AT o8 e i onf ety P B8R Wigots o
geRdiRR 81645t tHo stle@hSboloutplahgspaddie processor is

operative to map the at |east one stream of data

sy niEnsmitingthe|ag least typstprps pleeutperhinsdrom ableas two antennas to

for ] r | east one physical channe

at&??ﬁggg%%%égﬁg%%%h%%§X%éPization code. 6. The

apparatus of claim11, wherein the processor is

operative to selectively perfaormspace-t.inme scranbling. ..

basdh on HpREAPY £} SHAm BV iereinghs PogHEninE B e e sertbling
colpBis@P RH ALY BmBfintehval M vihichRkeititnd farkiSildgul BErfEMRigem

IS a Coqle Division Multiple Access (CDVA) system 8.

The salsptimme uetrof fremaimong a phireliti of méfacesehndil ar syst em

Is a Wdeband Code. Di.vision.Mitipl s (W CDWVA)

oy CEHHER TR ST B LR TGRS, | east one

stream of data synbols; perform ng space-tine

scranbl i gﬁ@on the at |east one stream of data synbols

to ddner rgethpdakqlaip,® furthercompssingut put chi ps; and

tra 1Lt I all .

SR80 R the AR o e SUEBONT, Rl PEgonc
and cellular system 10. The nethod of claim9, wherein

the performng space-time scranbling caomrises, . for
G RTIOBE RFAHNE. [0 WA eAsh 20, RRSNEACataal Vit 3 deast one
chRgldiohddfbodsel ecting a matrix fromanong a plurality

of matrices, and performng matrix multiplication with
the selected nmatrix. 11. The nethod of claim9,

further c rising:. mapping the at | east one stream of
dat a1 Synb‘gﬁgrngaBat‘égcqn&i{s%?ngOne physi cal channel;

means for generating at least one stream of data symbols;

means for performing space-time scrambling on the at least one stream of data
symbols to generate at least two streams of output chips; and
means for transmitting the at least two streams of output chips from at least two

antennas to at least one receiver in a cellular system.

13.  The apparatus of claim 12, wherein the means for performing space-time
scrambling comprises, for each time interval in which space-time scrambling is
performed,

means for selecting a matrix from among a plurality of matrices, and

means for performing matrix multiplication with the selected matrix.



and perform ng spreading for the at | east one physical

channel with at |east one channelization code. 12. An
wa@ppanex2ss conprising: neans for generating atPCEHES1006/010084

one stream of data synbols; neans for perform ng

space-tine scranbling on the2 at | east one stream of

data synbols to generate at Peast two streans of

out t c transmtti the at | east

lj‘t re%a@f’ ﬂisgif 4R 3 f“#i%‘iﬁ‘)é? I?sé%@t two antennas
t 0 %edn@&‘éir n@ﬁ@n[ge%' Xtefeaétrbr@ Sedabnt loRr daty $118Pdls %8-at TB&t one
apparatus of claim 12, wherein the nmeans for

phyeieslohained EElﬁace time scrambling conprises, for each

|tO Ie ?frg'a'ﬁts cefgr ﬁe rafc'%rgm\m'sﬁreaﬁlﬁg%ﬁ %ﬂ g?t ngtﬁ{t al #I?}%cals ghapngl with at

leg3t bridtHahyelfatiomtsdeces, and neans for performng matrix
mul tiplication with the selected nmatrix. 14. The
apparatus of claim 12, further conprising: nmeans for

MappsNg t&?ﬁ@arétﬁ ﬁ)traq’)ﬁ?e ﬁﬁﬁtf&a%xﬁ ridaga synvols to at

| east one physical chann and ans®for perform ng
spr eaptonggsérovpetrdiyedd gheastt at)kwstpjny,sneam of ilatensyinbaist flor at least

at Ieaslt one channeli zati.on c ig é? ar at.us for bl
ong tgfqupaldp 2oYiggiess ComBpPLGaHgR S%F 88 B ‘HHE 46¢-{/mesgrambling
onIBB ek M8t She SiBAM oP Hﬁa%&ﬁnﬁ@l@\@ifth Q%Ee’;‘ue?%@’fb@ InSatfi Qs t8lgenerate at
| east one termnal in a wreless conunication system

leash dwo slrpans of witnvh ebips ifomtransiusaitn Mg Ynleashdwatantenaas, wherein

nefiifoRhe FAEPINE LR TRALS b blnfbaRBHURASE oS R Cihences

oﬂmz&ﬂseﬁifssspaae i satanibdiags addvo ant ennas, wherein
nei ghbori ng base stations in the wreless
comﬁm@’é‘ﬁ’f}’%’r‘\lpke)‘/lé?ét}ﬁm%@s%ﬂrfferent sequences of
matrices for space-tine scranbling; and a nenory
coupled to the processor. 16. The apparatus of claim
15, Mher €fhe whparpiuecals shaimi §5,0pbein \the tocst@r I8 operative to
uence of

he.se trices based on cra code ..
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wherein for each tine interval in which
17. The apparatus of claim 16, wherein for each time interval in which
space-time scrambling is performed the processor is operative to derive an index based

on the scrambling code, to select a matrix from among a set of matrices based on the

index, and to perform matrix multiplication with the selected matrix.

18.  The apparatus of claim 15, wherein the base station is associated with
multiple sequences of matrices, and wherein the sequence of matrices used for space-

time scrambling is selected from among the multiple sequences of matrices.

19.  The apparatus of claim 15, further comprising:

a controller operative to receive feedback from the at least one terminal and to
select one sequence of matrices from among multiple sequences of matrices based on
the received feedback, wherein the selected sequence of matrices is used by the

processor for space-time scrambling.



space-tine scranbling is perfornmed the processor is

operative to derive an index based on the scranbling
w@eowe/10262 sel ect a matrix fromanong a set of PEI/USMEE010084

based on the index, and to performmatrix

mul tiplication wth the seléﬁted matrix. 18. The

apparatus of claim 15, wheréi'n the base station is

assq iat with nultiple quences _of trices,

wher TS o br POBET SR BPIS FRBERER Y matsices
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sequences of matrices. 19. The apparatus of claim 15,

further conpr|S|ng a controller operatlve to recelve

f eedpack onrth ast .one .term nal and to_.sel

one Heque § ot B8R} et R e’ Seofufta hes
pr@rﬂetéfﬁﬁﬁédirﬁﬁrathﬁﬁeﬁﬂ @phatdﬁlgwoarcauyed feedback, wherein

the sel ected sequence of matrices is used by t he

processor for space-time scranbling.20. The apparatus

t ti ;
e A bes B ek A lBal Loy pRlePiE AL SRARRCY of matrces has o
duitionnsflone dradietdrdess.in 2 Codd DeviajopdViaitipk Afcesd (aiIDMJ?B ,system.

wherein the sequence of matrices has a predeterm ned
duration and repeats periodically. 22. The apparatus

of ol m AgneiNhiecdhplisidle sequence of matrices has a
duration of one frame or less in a Code Division

Mul tglepb@ting cedens( omhvisireay sf edata 9@Nbas fer Rbtbast one terminal in a

ener g trn%ﬁpt | east one stream of data

W%@%%oﬁogm? PP Ole terminal in a wirel ess

CoMpafoBtn0ghaddy SR Mcraniblindesn eidThi Bagip@eestidafi®of data symbols
scranbling on the at |east one stream of data synbols
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ant ennas, wherein neig se“stations in
commmhe&tmn@gsmmmse dtff@mtsy@teamsusfenzrtnéefsefoesﬁacs—ﬁqwesnmﬂ)hn g.
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of claim23, further conprising: determning the

sequgfice ﬂ{erﬁ%w%%laﬁﬁ%?%ﬁﬁe@co%ﬂrﬁ{ﬁg“ ng code for a
base station. 25. The nethod of claim24, wherein the
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Stttrrre interval in which space-tinme scranbling is

% ormed, deriving an index based on the scranbling

code,

25.  The method of claim 24, wherein the performing space-time scrambling
comprises, for each time interval in which space-time scrambling is performed,

deriving an index based on the scrambling code,

selecting a matrix from among a set of matrices based on the index, and

performing matrix multiplication with the selected matrix.

26.  An apparatus comprising:

means for generating at least one stream of data symbols for at least one terminal
in a wireless communication system; and

means for performing space-time scrambling on the at least one stream of data

symbols with a sequence of matrices to generate at least two streams of output chips for



selecting a matrix fromanong a set of matrices based

on the index, and performng matrix nmultiplication
WOWRaok/103262 sel ect ed matri x. 26. An apparat us coPT/US1006010084

means for generating at | east one stream of data

synbols for at |least one terpginal in a wreless

communi cati on systen and mé8ns for perform ng

ce-time crarrblln t he at st 0 ream
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via at least two antennas, wherein nei ghboring base

stations in the wirel ess conmuni cati on system use

di ff ren sequences . of . r'c s for ce-tine
scr rL‘FgS‘ agl?araf’?ﬁ(gf‘glﬁﬂg?gt Et%%r COOTH® ?ﬂ further
Conﬁﬁéa‘ﬁb A&k defRANEnS eHe Qh&icaion Inﬁ@nédﬁebase&ﬂ(bteﬁ] s&@apibling code for
matri ces based on a scranbling code for a base
abopudthédN. 28. The apparatus of claim 27, wherein the
means for perform ng space-tine scranbl i ng conpri ses,
for each tine interval in which space-tine scranbling
i S @8 f orThedppiareas ©f timd9y wheretn the meade forlpesiodnong sphee-time
Scr. nbll code, neans for .selecting, a matrix from
sc SGE- Rl FAQe A LUEFVh 1R nBIChgRRCe-HmE ambling is
e{.fghngderform ng matrix multiplication with the sel ected
matri Xx. 29. An apparatus for a base station,
conpnéass fig: deavmg@@esmbaagbmathe\ﬁerat@hgéﬁ@dfat e at |east
one stre ata s
to I‘Fﬁ?)antsﬁ Saeiecgg% %t%oflg 7 eam £ ic?g%ﬂm?lﬂ%o b%E{H &?khe index,
andeast one physical channel, to perform spreadl ng for
the at | east one physi.cal channel with at |le one
charfAeans i%rmeafﬁrre@aénqtax @@H@Plé&ago%\f"ﬂlhéh%ﬁel%%@a Bergam of
data chips, and to perform spaceti ne scranbling on the
at | east one stream of data chips to generate at | east
t wo 28K r eakim amfaradud fouh bakd $I$tidlﬂcompﬁ$iﬁgﬂ Ssi on vi a at
| east two antennas; and a ne Ly ed_to
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scranbling wth a sequence of matrices. .
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channe\i\i‘%atlon code to generate at least one stream of data chips, and to perform space-

time scrambling on the at least one stream of data chips to generate at least two streams
of output chips for transmission via at least two antennas; and

a memory coupled to the processor.

30.  The apparatus of claim 29, wherein the processor is operative to perform

space-time scrambling with a sequence of matrices.

31.  The apparatus of claim 29, wherein for each time interval in which
space-time scrambling is performed the processor is operative to select a matrix from
among a plurality of matrices and to perform matrix multiplication on the at least one

stream of data chips with the selected matrix.



space-tine scranbling is perfornmed the processor is
operative to select a matrix fromanong a plurality of
woradoeilexs2 and to performmatri x mul tiplicati onPOIUS1YE6/010084
at | east one stream of data chips with the sel ected
matri x. 32. The appar at us of gl aim 31, wherein each
time interval corresponds t&a chi p period, and

wher proces erative to select mat ri x
f r onﬁ eﬂ@@ﬁfﬁﬁ&rogmlﬁtlyl o TN eagh tlﬁleelatq'avai [fPgesponds to a
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| I ht erval corresponds to a symbol period, and
plumhlelryelfmathr@smi ewbhiy pérmdoper ative to select a matrix
fromanong the plurality of matrices in each synbol
period. 34. The apparatus of claim 29, wherein the
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generate the at | east one stream of data synbols, each

symibetrerist, end wheseindhe BsessPhis PPeFaiNg A 5edschA Tative from among the
l. gﬁﬂar atus of claim 34, wherein
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wherein for each time i nterval i n which space-tine

scr nblin erfor oce sor i S operative t
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st ream of ta chips with the selected fmatri X. The
bea;gmnamlﬁstramﬁmmsmnmmntamdr@ﬂ“ﬁ the processor is

operative to selectively perform space-tinme scranbling

for each TTI. 37. The apparatus of claim 29, wherein

t he 3%, 0C ERROsppatat @D Elkirk 847 Whpskid eadh TPReemplisee multiple time

scranbl i ng for al | physical channels being transmtted
m@yvadSh eada i fpp actz gimerateriab dnaphichoppace-4imp serambling is

r f
pefREREL e BRsBlesl TR PRAlFe 10 ABREL &' piBaB PR, appiity of
mﬁﬁd& ddviospepforidihatripl reulfiphes®on(aV (EE)Mt\)leasG@ne §theam of data chips
&aer at us of ¢l aim 38, wherein the processor is
selegle t“&‘%rform space-time scrambling for High
Speed Physi cal Downlink Shared Channels (HSPDSCHs) . 40.
The apparatus of claim 39, wherein the processor is
furtiter oPer apparatus oofpelaimr #.spdcrein ithe woeessdsl isngperetive to

Ch | f HSSCCHs 41. Th
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further operative to perform space-tine scranbl ing for
a Primary Common Control Physical Channel (PCCPCH) and
a Cohmon Hie appactism elaipEs, piijprein the processor is operative to perform

space-time scrambling for all physical channels being transmitted by the base station.

38.  The apparatus of claim 29, wherein the at least one stream of data
symbols is for High-Speed Downlink Packet Access (HSDPA) in Wideband Code
Division Multiple Access (W-CDMA).

39.  The apparatus of claim 38, wherein the processor is operative to perform
space-time scrambling for High Speed Physical Downlink Shared Channels (HS-
PDSCHzs).



42. The apparatus of claim 39, wherein the processor
is further operative to perform space-tine scranbling

wo orocaoxts2wnl i nk Dedi cat ed Physical Channel ( DPEE#/US2086/010084
A nmethod conprising: generating at |east one stream of
data synbols for at |east OE@ term nal ; mapping the at
| east one stream of data synbols to at | east one

physj cal .¢channel ;: perfar spr.eading for th t .

P ondlo” o cftipereys oS R0 BikepsSgnis fordier operative to
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data chi ps; and perform ng space-tine scranbling on

SGEHs)at | east one stream of data chips to generate at
| east two streans of output chips for transm ssion via
at |l east two antennas. 44. The nmethod of claim43,

whergi n tTie gpafeisdMgaisd3s, exlidrem the patbisonNd further operative to
rises, for each tine interval in which spﬁ)]gqe-ti e

pegﬁ%r?érmpmjmpsscm%grf@a a Rraparyt Corgman feqniok Fyeaslapmgel (P-
c%@?y%ﬁabxnﬂﬁomi&'&%ﬁm q0pidagy form ng matrix

cation on the at |'east 'one stream of data
chips with the selected matrix. 45. The net hod of

claim 44, wherein e i interval corresponds to a .
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pe?irorrﬂl\;\kkﬁdeﬁ_ﬁrﬁe MHEBHI]??& laQdSnlifiR DedRated ) SidalAhanhal (BPCH).

43, erein the at Teast one stream of data synbols is

for Hi gh-Speed Downlink Packet Access (HSDPA), and

whergin s -1 ranbling is perfornmed for High
Spee%J' Phy‘g?lgeglimd[%;\%ﬁnﬁ%%h "Shared Channel s (HSPDSCHs) . 47.

An apepafdihg at leastoht Sirdd@i ond@ansyrilsvls figAeleastiong taminaast
one stream of data synbols for at | east one term npal;
mearf82BTRE W shleas anpstrgam phdate syrkols {9 aldpashpngpliygical channel;
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per f'orm ng g for the at t one ysi ca
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streans of output chipS for transmi ssion via at |east

two antennas. 48. The apparatus of claim47, wherein
the {F ansl“ﬁeorrne&ce)crifo? rci'gnﬂglf RRgR {h%epeﬁonmng space-time scrambling
comprises, for each time interval in which space-time scrambling is performed,
selecting a matrix from among a plurality of matrices, and
performing matrix multiplication on the at least one stream of data chips with

the selected matrix.

45.  The method of claim 44, wherein each time interval corresponds to a

chip period, multiple chip periods, a symbol period, or multiple symbol periods.

46.  The method of claim 43, wherein the at least one stream of data symbols
is for High-Speed Downlink Packet Access (FISDPA), and wherein space-time
scrambling is performed for High Speed Physical Downlink Shared Channels (HS-
PDSCHs).



scranbling conprises, for each tinme interval in which
space-tine scranbling is perfornmed, neans for

w@eloeavi2sy a nmatrix fromanong a plurality of PEI/USe&)10084
and nmeans for performng matrix nmultiplication on the
at | east one stream of data chi ps with the sel ected
matri x. 49. The apparatus oPlcl aj m 48, wherei n each
time_interval corresponds to a chip period, nultiple
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t he processor is operative to performspace-tine
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r ocessor.. i erative to rfor des d| n
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| east one physical channel with at | east one
channel i zati on code to obtain at |east one stream of

despiead The apparatus of claim 47, wherein the at least one stream of data
symbols is for High-Speed Downlink Packet Access (HSDPA), and wherein space-time
scrambling is performed for High Speed Physical Downlink Shared Channels (HS-

PDSCHs).

51.  An apparatus comprising:

at least one receiver unit operative to receive at least two streams of output chips
from a transmitter in a cellular system and to generate at least one stream of input
samples, wherein the at least two streams of output chips are generated at the transmitter
by performing space-time scrambling on at least one stream of data symbols and are

transmitted via at least two antennas at the transmitter; and



synbol s. 55. A nethod conprising: obtaining at |east

one stream of input sanples for at |east two streans
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cellular system wherein the at |east two streans of

out put chips are generatedng the transmtter by

perform ng space-tine scra ing on at | east one

stream of data synbols and are transmtt via at
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55. A method comprising:

obtaining at least one stream of input samples for at least two streams of output
chips received from a transmitter in a cellular system, wherein the at least two streams
of output chips are generated at the transmitter by performing space-time scrambling on
at least one stream of data symbols and are transmitted via at least two antennas at the
transmitter;

performing space-time descrambling on the at least one stream of input samples
to obtain at least one stream of descrambled samples; and

processing the at least one stream of descrambled samples to obtain an estimate

of the at least one stream of data symbols.

56. The method of claim 55, wherein the performing space-time
descrambling comprises, for each time interval in which space-time scrambling is

performed,



performed, neans for determning a matrix used for

space-tine scranbling fromanong a plurality of
woradoeilexs? and nmeans for performng matrix PCT/US2006/010084

mul tiplication on the at | east one stream of i nput

sanpl es based on the matri X33

determining a matrix used for space-time scrambling from among a plurality of
matrices, and
performing matrix multiplication on the at least one stream of input samples

based on the matrix.

57.  An apparatus comprising:

means for obtaining at least one stream of input samples for at least two streams
of output chips received from a transmitter in a cellular system, wherein the at least two
streams of output chips are generated at the transmitter by performing space-time
scrambling on at least one stream of data symbols and are transmitted via at least two
antennas at the transmitter;

means for performing space-time descrambling on the at least one stream of
input samples to obtain at least one stream of descrambled samples; and

means for processing the at least one stream of descrambled samples to obtain

an estimate of the at least one stream of data symbols.

58.  The apparatus of claim 57, wherein the means for performing space-time
descrambling comprises, for each time interval in which space-time scrambling is
performed,

means for determining a matrix used for space-time scrambling from among a
plurality of matrices, and

means for performing matrix multiplication on the at least one stream of input

samples based on the matrix.



