WD 2006/ 102252 PCT/ US2006/ 010084 SPACE- TI ME SCRAMBLI NG FOR CELLULAR
SYSTEMS |. Caimof Priority under 35 U.S.C. 119 [0001] The present
-Application for Patent clains priority to Provisional Application Serial
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{0003] " A cellular system is a wireless multiple-access communication system that can
concurrently communicate with multiple terminals, e.g., cellular phones. A cellular
system may utilize a multiple-access technique such as Code Division Multiple Access
(CDMA), Time Division Multiple Access (TDMA), Frequency Division Multiple
Access (FDMA), or Orthogonal Frequency Division Multiple Access (OFDMA).

[0004] A cellular system often employs multiple antennas to achieve higher throughput
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. _

[0005] 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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chi ps. TheP¥E-ime,sramgneoBigy B 6B g tiple-input multiple-
output (MIMO) and multiple-input single-output (MISO) transmission schemes. MIMO

transmission schemes are characterized by the mapping of one or multiple data streams
to multiple antennas. Space-time scrambling may also be used for various applications
such as, e.g., High-Speed Downlink Packet Access (HSDPA) in the 3GPP W-CDMA
standard.

[0008] 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.

[0009] 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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[0013] According to yet another embodiment, an apparatus is described which includes

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 transmission via at least two antennas. Neighboring base
stations use different sequences of matrices for space-time scrambling.

[0014] 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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to yet another enbodi nent, an apparatus is. described which includes
‘ y stream o? input samp?es. Tﬁe stréDaPns o?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. The processor performs space-
time descrambling on the at least one stream of input samples to obtain at least one
stream of descrambled samples and further processes the at least one stream of
descrambled samples to obtain an estimate of the at least one stream of data symbols.

[0018] According to yet another embodiment, a method is provided in which at least
one stream of input samples is obtained for at least two streams of output chips received
from a transmitter 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.

[0019] 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
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DETAILED DESCRIPTION
[0029] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to

be construed as preferred or advantageous over other embodiments.

[0030] The transmission 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
cdma2000 is

described in documents from an organization named “3rd Generation Partnership

an organization named “3rd Generation Partnership Project” (3GPP).



described in docunents from an organi zati on naned "3rd Generation

Part nershi p WD 2006/ 102252 PCT/ US2006/ 010084 6 Project 2" (3GPP2). 3GPP
and 3GPP2 docunents are publicly available. For clarity, the transm ssion
t echni quewOR08s/92252r i bed bel ow for a WCDVA system [ OBGIUS206010084 shows a
cellular system 100 with nultiple base stations 110 and nultiple

termnals 120. A base station is generally a fixed station that

comuni cates with the termnals and may al so be called a Node B (SGPP

ter m nol og¥)ect 39 (REEBYS 30 Und REPPSQIBmEAD 8l SuBliBlyRLAM.. Fachahgse
station 110" provi des conmmuni cation coverage for a partlcul ar geogr aphi c

area 102. thelensmeissiott weliquesare degéréhed below fhua ¥W-SDMAstistemd/ or | t s cover age

ar eaé&ﬁgf ndin ﬂ‘? 1t srﬁ[%wg %r}%ﬁfﬁta ée}@temo%hvﬂmrﬁultuﬁgergaké St?&(ﬁg 1 16 Yee system

capaci the ase s 'on COVerage area na one o nultlple
smal | er atep@mals HOg A budw sstichnial geﬁafralt-y easecﬂﬁtémn ﬂ:@ﬂbommndlcétesflwnhm h

smal | er ar ea, i rved e tran ver subsystem (BTS).
The term “&g{plan CIEW F‘]ggé’F Cla[] cgg&@ \ﬁﬁwtqw E’J’gﬁccﬁsrse%oI’HeB’éndl ng
on the CoORdfXbthemteMih6lBgy."NBadhesa8e ét&tldlhsﬂd pr&@des%onﬁlﬁﬁﬁ&hbﬂ e6leesdklfor 4 he BTSs
for all sectors of that cell are t co-located within the base

station fBRrtieHer geopraphis areall @ ndh 61|11t 28] Tefsr tq 30Pase SiFHeR argoniss e
stations é%%éafgiﬁfg&megé’ﬂﬂfgs l?ﬁférc@hﬂ%%h%lémle@&ﬁb% Qbed. Oi’o m@%

stations. _ rm na may be fixed or | e and al so %e call ed
a user eq gﬁn@mﬂnﬂhe léasEﬁtatlmetﬁerﬂr%dnug% partitionsiinte IB‘ﬂlaplﬁcsmaller aipasel ess

devi ce. Ok s AR WG kSl ThAP! A, oft AGLIT R3ly IRMNDSARy GELLULAE, poNe, 2

per sonal assl s a~ wreless so0’on
t erm nal myeouwnhsum:i @atseelwﬂdubz}etem (Bﬁ’ﬂa The terml“seqndné daagefestabiBTFS$S on the

downl i nk an link at a no Thed or f rd l'i nk)
refers t o2 %ﬁ?ﬁ?mgsar?%ﬂ%e}lﬁkgfo% E‘Pﬂ@e’%d’g tﬁ‘é"(‘tl%“f ‘Fearm nal s,
and the upddidteed 0811, "tBY BITSE fbr A1KJectord 6 thatt &ntda@t@wmy ra;bqaéaltéanwithlﬁ Ighd 1 oM t he
terminals to the base stations. In the foll ow ng deSCI‘IgtIOI’l a serving

base st at Pes Faion fongeclt 4t rasie BFPRTEAERIle K30raonpiar te Basitationt 60 A
net ghbor  BREeoPaal dBRihtioR JHASE ot FRMAPIE QMY ch 2 Term Aa, My Tecelve

pil ot and overhead information but not user data. [0033] 3GPP supports
Hi gh-[638kd DowAl termkin#amiye be Axed 93 nichdDRAY maghileth bé saldedsemusesfequipimennel s and

T e Y
is a't ramﬁfologtyha’(ltwﬂmnahﬁfay ibes cdhilar phone,i aysbraonalidibitdl exdistaa| (BDAJ, e
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multiple base stations on the downlink and uplink at any given moment. The downlink

(or forward link) refers to the communication link from the base stations to the

terminals, and the uplink (or reverse link) refers to the communication link from the

terminals to the base stations. In the following description, a serving base station is a

base station with which a terminal communicates. A neighbor base station is a base

station from which a terminal may receive pilot and overhead information but not user

data. , '

[0033] 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



(e.g., encoded) and mapped to one or nore H gh Speed Physical Downlink
Shared Channels (HS-PDSCHs), which are physical channels. The HS- PDSCHs
may carry data in a tinme division nultiplexed (TDM nanner or in a TDM
and code WOZ0Y/IE2RSNO 2006/ 102252 PCTI US2006/ 010084 7 RRA/V$2806014084 ( CDV)
manner to the termnals. Control information for the HS-PDSCHs is sent on
one or nore Shared Control Channels fgr the HS-DSCHs (HS-SCCHs), which
are physical channels. The control information includes various paraneters

used by tBRItifked(OBM th@mbY RRRE te¥mimke I CoRrbhafdienittiStaithe HOUSMCHE G 2
shows various physical channel s used for downlink transm ssion to the

t er mi nal sis segron3@ppPr RereSheeedd oniroh fhamsls do the HEel)S CHa (H$SCCHs) 1vghials
HS- PDSCHSar%ﬁ)C}i\g&&‘? HAWBLsT e TcQﬁtchfT' thH Endied Paidus E%aéaﬁw%i‘@ﬁ&@ fﬁi?egg al |

termnal s the coverage o ase station. HS- PDS
assi gned termpmtsltépmpmh)armewﬁﬂatﬂ%ﬁDS%e with a spreading factor of 16 (SF

he cha ati on .code the cal
chan?';n(g)t3 in W s ‘QPPE%P%FSE% lb\g%erd [ agﬁl;{%nﬁﬁ?u%&ﬁ%mo@'}@ f(1)r (OVSF)
codes. A spmealkl I‘I@)rf.‘!&ﬂ’ﬂ’(l!.eléﬁcse 56a IhiﬁmaﬁohahaytﬂMSmharpmel ISZHS+RDSCHmde is a

£ anpor t sk B HHOP R ety T RSCRS Bre Gt P b AL PP o8 e or

nor e HS- PRR(eSel dF thO BSsel s oM Bach MS PDIEH Rt RkivaAdd 4 Ffdcific ERPd8Izadee base
station may also transmt up to four HS-SCCHs on the downlink. Each

HS- SCCH i go@smﬂg acgreadingdagten ef thaPREI0 kalhe shawalizafipr wodessisr diedty f act or

car 'y cont PSCH i ohae phimic ChanRl.oR SAETRIAT 4F AT BribrorColBidlfy 0 and
i ndi cat es spﬂamnglﬁmime [QYSF) andes. c@dpsadlngléimmdﬁll@me@m thatttherehannélizatierci pi ent
t er m nal PDSCH
processi n@o is tatfgqqegf%?qﬁ@_{éhl%e 408 lgfhgfd(uglnte%lélqgg 15 Pnr?gesg%én 5 bt

i nfor mat i BlbcRod he HﬂSDSGGHSEac\nmaslbpﬁrsblaﬂmdemfontm o2 aidre SIHADSOYs packet
transm ssions on the HS- PDSCHz The base station nay serve one or nore
t er mi nal s Ophiransgigsiopme intesval (5Dt er mi nal recei ves control information

fromigpky one i BLhtatit a8 hﬁﬁs@rht/% @ab@ HS-SUCPROnhe 3 dlink! Tach
HS- PDSCHs. [0036] The HS-P SCCHs for HSDPA are described in

vari ous 3ESFSCdHcismenignedi s epegificnehamslizgion)dgode vgtip 8 sprepding Jagtar of) 328 TS

[0037) " Eath A7 e PO B, 48 sg Phirel e 1 BpSnR bCtakePUAREEN

Dedi cat-ed information for the HS-PDSCHs. The control information indicates the channelization

codes, the modulation scheme, the recipient terminal for each HS-PDSCH, and other
information needed for HS-PDSCH processing at the terminal. The base station sends
the control information on the HS-SCCHs two slots ahead of the corresponding packet
transmissions on the HS-PDSCHs. The base station may serve one or more terminals in
each TTL. A served terminal receives control information from only one HS-SCCH but
may receive data from one or multiple HS-PDSCHs.

[0036] 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. ‘

[0037] Each terminal that is receiving HSDPA is also assigned a downlink 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.



Physi cal Channel (DPCH), which is called an associ ated DPCH when used for

HSDPA. The associ ated DPCH may be used to send higher |ayer control

i nformati on and power control information to the term nal. The associ ated

DPCH i s aws moew2z2speci fic channelization code w th BCEps®adiingg4f act or

of 256. Each termnal continually nonitors its associated DPCH WO

2006/ 102252 PCT/ US2006/ 010084 8 [0038] Each termnal that is receiving

HSDPA al so processes comon physical “channels (or sinply, comon

chan h§) suc i S CH) and
3 o 1 o Rmafal T ) PR nECHSDE N SR b Rsses DRRRG HESERT)

ter m nal schannkds (drisémplyy esragen charnble) mb as st Rrithany. Cormmo Jo@RaHPhysicel es a

Br oadcast _Cha that.carri SVSt e and ceI I ific
i nf or mat i ha“F‘S @F&E&:&rﬁﬂﬁi ﬁaq:@mn%gﬁ?t %“WBE‘ o@?ﬁ@ P:f:ﬁa‘éi 1°d Lﬁéng ?as a
tine ref esn8RGR tb Ol MMM urdBthe SbvEQM of RRIHASS aau&herﬁermaemamescaf the
CPI CH, HS-PDSCHs, and HS-SCCHs is related to the tim.n t he CH.
The fr ameBiaadsashChimnged(a) Ba s isysiemsReiicand ceélespgaflcelﬁema%@aéprat ed

DPCH) ”aythgrterﬁﬁﬁ’aléqofh %'09 RRb. WC‘P@HtlQ%str AMBihd PN Rffot &fnbon HfPCH. The
CPICH carries a pilot that i1s used by the termnals for various functions

such as esftaredacliaonelof Thiaframie @mofctharﬁiﬂpﬂs d5pBRSEHsp Plll‘bﬂss‘i@@ﬂ@ﬂsn
recelved

specific cegag%%!g Ithézq{af’t%lm(%n&g%e e%@%}ﬁ n%heg%%% § I C°S ?39 g@%{egf‘!’l}%@? lgc?l% or t he

P- CCPCH a(eck. GRE Gdociited DRCHadayngr maﬁn@rbelahgnaﬁﬁxth fedsohe habigeofibd Psts some

Ceceivi ngCreph, PRGPEH EBeC Bt Seadn ik B R R kTSR BunglBf e

specific ﬁmn@eédumhb@ rof cél vireldde cB@ineR elspehst Apilar Grehgth, trétewdd fsfgaaent
types of physical, channels are given in Table 1. Table Downl i nk

Physi cal inemd spifpsi Baoh coppenoshagnalis ANEF G sped ?anshzauejﬁaﬂ%

Fact or Ch%ﬁ%' e&*§c E}zéﬁh%ﬁc% P& thERLIOPEIS @hd APIGH] @ spRedhS fidr & M nal s.
base station 28 base station Carry signaling for the

HS- PDSCHSZSG\ssom ated 256 1 per Carry control information for a specific

[60%5 nal '5?%15”1 rﬁ%!s 'sorgg oF&e dg@ﬁirﬁ( p“fx%icﬁ%ﬁaxﬁ%fsrtﬂatQrt%ﬂﬁf}?ﬁay%?&eg?sver head

dat a
when receiving HSDPA from a base station. Each physical channel is assigned a
specific channelization code. The spreading factors for the different types of physical
channels are given in Table 1.
Table 1 — Downlink Physical Channels
Physical | Spreading | Max Num of e
Channel Factor Channels Description
HS-DPSCH 16 15 per Carry user data for specific terminals
base station ’
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.
[0040] 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 (SEN) 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



Channel s base station pilot froma base station. [0040] FIG 3 shows a
frame structure for HSDPA. The tineline for transm ssion on the downlink
is divided into radio franes. Each radio frame is identified by a 12-bit
system fr ¥@&2000i19B32 (SFN) that is transnmitted on a conPCHUSHHEMSK. Each
radio frane has a duration of 10 mlliseconds (nms) and is further
partitioned into 15 slots, which are YO 2006/102252 PCTI US2006/ 010084 9

| abel ed as slot O through slot 14. Each slot includes 2560 chips and has a
duration @fbeled/a8 stk 0 thAmBhL GRE P4.NEacAsISURahIQTeD RER- AHd HAaRASAGERNES (US)
for a chip rate of 3.84 rre‘ggchl ps/second (Mps). [0041] The HS-PDSCHs are
transmtt&® ms Frck chipHhas e dpation csfo%@émr@m@a@d)@r(aﬁef@.r a chicterd 3.8bans
three slo ion of 2 ns. A new TTl for the HS-PDSCHs

starts at trrtﬁeﬁg&?gsz@rrgo o%g)ﬁ'y. The HS-PDSCHs are assigned channelization
codedo@ill h spAbaddSHBDSEEare afandfittedHém dd s, avldelt ares gisb @hlléds subefidmesn an

HS- PDSCH | nbol i od 16, chi F h - PDS TTI
el udes FBE THEN et aorS ey s iR 30 R AQFw TR PR SRR ps. A
dat a synbelartsaythb ErasnerBrdulial] The HSMDSCHOre adfied dRaklisititaodesWih be

spread with a_channelization code to generate output chi&s.. [0042] FIG 4
shows a bisprerding &sta A0 aHershne drtaeimbes is sgateons fi HSHGRPIGH 18 fosymis!

termnal s p}ﬁ&(ofiﬂﬂc_'BQYFinnthG“}i§~Pb§CH§,Ye%EI?'T‘Ti%1m§§‘i§0 %&ﬁ%l%riéés? ah ,
equipped with nultiple (T) antennas 434a through 434t termnal 120x is
equi pped &hahrsymbel pryicd inglpdasifachips 2,4, daighsymbel maydle aimogulationsymbplfed wit h
mul tiple eﬁﬂﬂ t ] LEor S| i Gl shows
only the ([()ir@g'c éﬁsﬁsal g éﬁﬁ?@eosﬁ&feggmﬁ ianag'{nre le{%aglr?ln?s)?%%r? éé k%%tr%otﬁ h’?t %hg e station
t o t He0&2er m nalk3IG. §R0d®3 a Aockabazran af aoembidimeat dPbabatstatipn dit@ asdtwal 20

receives yser da (e. for DPA) fr data,.so e 412 and control
and overhgeéﬁmﬁ’stgqur?ﬂ??%{zoé’olﬁt?egﬂsa{aF#enbll@?egg%? syen Lﬁf@%ﬁ@%ﬁﬁ ol¥sor 420
pr ocesses niigply 4T) At@nhaspeSaothraligh a13an de@andr BI0RSis Qugpped Wi @ irple St reans
of data chips. A space-tine scranbler 430 perforns space-tinme _ scranbling

on the S SRR anfhteamiol Ve aappRse s mHinlG feinfernastyadheug out put
chips 10 THshf afs BinldiRlty W1G. 3 shdWdlEaty 1 ctetMONIR BiddwninR Handhi@Gsim Lt er
unit 432 processes (e.g., converts to"analog, filters, anplifies, and
f r equency fiopribabesetstdtion tethedermmals. chi p st ream and generates a downl i nk
sign The dowynl,] l.gnal.g fr r 1tt uni ts 432a.through 432t are
t ranz[h'? 31 ed f r%ﬁgﬁ%gﬁéﬁ%@ 811@’43 f}g]rdgklgﬁ{aiglﬁér, Eﬁ(} é%cb%vg i Vel 9a}ta @85 t}or

HSDPA) from a data source 412 and control and overhead data from a controller/

processor 440. TX data processor 420 processes the various types of data and generates
one or more (S) streams of data chips. A space-time scrambler 430 performs space-time
scrambling on the S streams of data chips and provides multiple (T) streams of output
chips to T transmitter units (TMTRs) 432a through 432t. Each transmitter unit 432
processes (e.g., converts to analog, filters, amplifies, and frequency upconverts) its
output chip stream and generates a downlink signal. The downlink signals from
transmitter units 432a through 432t are transmitted from antennas 434a through 434t,
respectively.

[0044] 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



[0044] At each term nal 120, one or nmultiple antennas 452 receive the
transmtted downlink signals, and each antenna provides a received signal
to a respective receiver unit (RCVR) 454. Each receiver unit 454
processesW2006/102352| t ers, anplifies, frequency downcoPUEDS2906/M$4
digitizes) its received signal and provides a stream of input sanples.

For multi-antenna term nal 120y, a spgge-tine descranbler 460y perforns
space-tinme descranbling on the input sanples and provides descranbl ed
sanpl es.  BQLraGRd sanfidy, %vide% dRERIIV&et BXh B8 Bl YHEABDN arfli/ProPideL eSSes
the input sanples or 'thé WD 2006/ 102252 PCI/ US2006/ 010084 10 descranbl ed
sanpl es, pacovaretepniebaleayethsad daatosn coptrallerfrecesionk8Q72, and provi des

reco cont ah@h.t [ 0045]
Cont 1556 o/ pr G BB SYGHIRE R0 A D BT bl S MBREST B Afes | 201 ol
pr ocessi n@gragessing aditsbais daset atatian 110 Candnttrmmalyi h20xs ad@ 0b20gN desp&fiyely.
respectiv . rjies 442 482x and 482y store data and pro m codes
for base. Sisiorish MAGHER dnd ABPHo ki S8 st bty oS TpERpE ceROL s B
schedul er idthakC MERULRS 120¥,MdBRdcEVAIRr At §cABGINRS 84 Reiuleh Betlamal ifbK (€. g.
for HSDPA) and on the uplink. [0046] FIG 5A shows a bl ock diagramof a TX
dat a pr oc&8aissionoe the downlipaE e forSDRA) angindhe wdodk. which are an |
embodypgnt of F & iah2h S TRRBELH oL Ror A5 R Spackd
respg‘():qﬁi%j\q/ely, a%g}'g%%ghstsg%lsgﬁfeﬁag%%n Fla 4. For t%ris e%’g@hi ?r%cntf,}meTX dat a
processor s&2@bler A0a,ddschaangnacmpodiass of 13X Jath prodehzor M30 PDSGpice-tanadat a
processor 512 f the HS- a t .o sor 514 .far e i ated
BPCrL - and “ToBeh 750, rfelisl ol Bes PR A IR TG T, £Rh ik S e T L oo
and CPI CHyata pcesbrd20arincieds ardathdfiecessy S H) £0 tha iSRS CHsh e datd pt@egoncessor s

for other si cal ls,. which are hot shown jn F SA for

Comolt ort o PRGOS RERRR 3ider BropeseBl 514 B oy Sreoetatba RPbHRa 8 et o i ng
and synmbolyg¥eRbl B fd#thé comthdneshainé®sS(eUs the FatepCHl hal SPIGHYE OTXNBita

term nals and demul ti plexes the user data into D data streans to be

transm tt @PCPHOH4FQY may alsghinchide pthes slatagprogsssors ey pthsp physisah chapels, each
dat a Stre%ﬁ%&%ﬂt@ﬁ&ﬂﬁﬁxﬁd?@k{f@ﬁ Jgﬁiéit@,g stream of data synbols. The

processing by unit 520 may | nclude CRC’attachnent, bit scranbling, channel
encodPedjl (e. gWithim tita gproessoo 5t e theaaHS FHWTHE, iacodingcnd symbolohappmg ode,

d . hi [ I ' Symhol | d [ ,
and <o onniyiey FeBEHie e th B SR M RATARY ORRRL R B AR AL 1T

codi ng angntoudl dhtatstredns 6 bere@nsfitté® (mpdralit] Where Unigen&0 DAY, (IMCSRBS each

data streamin accordance with adaéoti ve codi ng and
processes each data stream and provides a corresponding stream of data symbols. The

processing by unit 520 may include CRC attachment, bit scrambling, channel encoding
(e.g., with a Turbo code, a convolutional code, a block code, and so on), rate matching,
interleaving, symbol mapping (or modulation), and so on. Unit 520 may process each
data stream in accordance with fixed coding and modulation schemes. Alternatively,
unit 520 may process each data stream in accordance with adaptive coding and
modulation schemes, which may be selected based on feedback received from the
recipient terminals. ' -

[0048] The number of independent data streams (D,) that may be sent simultaneously to
a given terminal # 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.
[0049] 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 1SS<T and typically S>2D. In an embodiment, unit 522 provides each data



nodul ati on schenes, which may be sel ected based on feedback received from
the recipient termnals. [0048] The nunber of independent data streans
(Du) that may be sent sinmultaneously to a given termnal u is determ ned
by t he nuWoe00602234t ennas (T) at the base station and PEHESAHUIRN84 of
antennas (R') at termnal is, or DD < mn IT, Rul. Hence, base station
110 may send one or nultiple data strﬁams to a served tenmm nal. [0049] A
space-tine processing unit 522 receives D data synbol streanms from unit

520, per \E,\ﬁﬁl'ifﬁ sBOAR 8s bh 'Bﬁtpﬁf §fnftod lg#ghim, 204 eﬁ)élpéﬁi ﬁﬁ%y&b@ﬁsﬂi@hal% ks
streans, ere in general 5S< Tand t pi ca I n an

embodi mensymb; tlnmtlpr @mbqé@eetamltdwalmmnm@ﬁsm@?m M SHBersitn 10084
11 synbol t
Symbo Sc’fc”iI;I?)aﬂQdarﬁa Qﬁa&t’{ﬁyg O%!ﬂ*e)s n% g%% ot ﬁ%t% L GyPbel s

equal to i ment, I npl enent s
space-t i menaly rparfemi ST’ﬂD\aetfdlcwgs f(oS&'ét‘:D)pammﬂdatap};lnbtzis,r{sdatda%bynboBemm eam

into two output ynbol, streans. Uni rfarm STTD .as f II ws. For
each pair "6¢ S&‘&P‘g %? a gygn élﬁ@‘ SQ’B}%OFF%G&B}QI "‘E‘e[ {2% BrneRAs t%)? f;;erl ods
for a giv St &AM U 522 § atespleXRomighe! U 1@9225 {sq
and sb} a rsdf{‘Eaané)ég}%gé 1}& V\/né’} G’h&e " %ﬁgtt%eg a corrp?lgxgaggnj 1tngate Uni t

522 then tieaRsaps iR first s5nbBYPEROLs, Pd §} bhtoanfisbgutputispmboisstream ahd aapput
synbol stream and maps the second period pair { - sb and s" } onto the

second outlmsecendistipd pair fam anttive } seiodheiseconst Quiput symbelistrstme The sasard

contains all of the data synbols se the first outpu nmbol stream
However , tH@UHSYRRAL Séf%‘ﬁcfp‘gs FOPtEAS a@éif c}ﬁ?:l déttar%’éﬂho!a?r et g‘blﬂtfeﬁé& oLyt

conj ugat edy RS @eaie 3avRSer, WY &Gltp@! slyﬁmsan RIRCieRbRNtrdafY &Fe Bédrddred et i mal |y
conbi ne the recei ved synbols. Unit erform STTD i n ot her_ manners.

Unit 522 magjugdterbandfsmessted. wa@ealtqw 1;9@]@@@& abipsaimally sepdnediace- t i ne
diversity réc%ﬂ%{ﬁir{xbthggggit 598 rfay YfrolR S TTR NG 1flfhers SXHRY02ShAPAR L O One.

or nmultiple ou I'n an e i ment, which is assuned fo
t he descrlppﬁomnsﬂaed—bnvsptdwess&gquﬂm otbwmwb-tsmertbmt}fmﬂm@mlt 522 are sent

cnch DRI oar bl o R Spore P IR o «f 8O B pRMEC bubbe SARGLI O™
streans NRjteddfs. CROR @hbodEhend, Whikh fiisenpell ﬁﬁdlesmmﬁtfoﬁrbemm ﬂ«a Stouqiut

antenna. In any case, each vjrtual antenna COLyrgr onds ‘t&i a different
spati al cﬁ&lﬁh@l stiepE T Upih 78 ArQSeTH Sptaeqys S QAL FREnBAS, B’é%e

station 1muf QORdd1 EReR ﬁ&hpéath SO nShkL M MRYhECEBEHimeR, G nore
HS- PDSCHs, or nbre specifically, on 1 to 15 HS-PDSCHs for SGPP el ease 6.
The segmgmlmut eyl sigams may be code division multiplexed and sent from one v1rtua1

antenna. In any case, each virtual antenna corresponds to a different spatial channel that
is formed with the T transmit antennas at base station 110.

[0051] 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.

[0052] 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



out put synmbol streamto HS-PDSCHs, which is called physical channel
segnentation, may be perfornmed by various processing units wthin the
transmt path. For exanple, the physical channel segnentation nay be
per f or redwoyowsnd12s520, 522, 524, 430, and so on. For KITAIS2006/01G08¢

fol l ow ng description assumes that the physical channel segnentation is
perforated by unit 524. [0052] Spreadll ng and chip scranbling unit 524
receives the S output synbol streans from unit 522, perforns spreading

and chip sef ggﬁ,'ut ngﬁdl su@sﬁe&h%aﬁ% £ han@i5aRb xa&éeésmgnecﬂorﬁ@m -Phsét a

chi ps. Un| rocess each output sy stream as fol Uni t
524 fir stcaying thapsubstesnt. haninwaﬁqnﬁslymiseasltngdwnqpmtmgMnduﬂMtsymeo|
substreans e sent _on N HS- P e 1.5 Nt 5 t hen
per f or ns %P@%d TS o8 %%e%g}? 1@%@6%&?&1 SG%BEngﬁ%yirg {ehaecsi ZSgsut put
synbol s U&Ehéa@alnymwots vaittciha snehipz af ihenssigitd caamielingion codd toeehiGaPSHCH
carrying that substream_ Uni gerfﬁgm; spr eadi.n epeating an

out put sy‘PPéPﬂ’ whetn BF 5118 for Wéélst 8D§ %S%Wﬁﬁlﬁgﬁeﬁ é‘%’@?@s ?fd t hen
mul tiplyipgN ﬁ@%ﬁﬂs e kiecah Ry w@&h %evghmﬁdhﬁmﬁfon%mme kdeq@SSi gned

channel i zati on code to generate SF chips, where SF = for the HS-PDSCH.
Unit 524 ehiy seemnsefor a8 NESHPRSEHs e Anit T2drmay mawlﬁ@qvmowqmbmwe sane

o o b Alhs Vb Blgilod DD GONELOR A B8Rl PhcoRl ek ERTS o1 1
scranbl i nglecmm@ltfsymbbhstrémse Tht athipo mrhmb]g;@qsr pﬁrﬁ)rmeé thyemnitiptyimgaeachc hi ps
for the out stream scr i RO |.S. rfor med.

nul tiplyi ﬁ‘ﬁn@ Bé"f’r%‘l %@WCEHY%-EWP& FEoh c\‘?geqcp?%ﬁ%g?’ TRy O] E:%ﬁrbl i ng
code. Uni thip géramBlin®idipréfige the Riréhns 6f@immdﬂg:hﬁi§(ﬂnﬁétgvasdﬁe sthamséfrdaam of
conbined chips directly as the streamof data chips. Unit 524 may

sel ect i vePiiPp b wAY prlectivelnpeaiong chép spramplae; &enPefon iR W‘Plﬁﬁ i f
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space-tinme “scranbling is perfor rred I n general, any nunber of
HS- PDSCI-lSSC(r@rpblumlshefGrmmer of avail abI e HS- PDSCHs) may be sent from each
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di fferent cﬁﬂ&ﬂa%@iéa taganerab@thwata cfh{p)sﬂ?ehﬁefoﬁthﬁt Vittall anBnh& N"MRSspréddinRy be
advant ageous to cycle through all of the
and chip scrambling for each virtual antenna may be performed independently. The
same or different numbers of HS-PDSCHs and the same or different HS-PDSCHs may
be sent from the S virtual antennas. It may be advantageous to cycle through all of the
available channelization codes for the HS-PDSCHs as few times as possible across the
S virtual antennas, so that each channelization code is used for as few virtual antennas
as possible. This helps to orthogonalize the S streams being sent simultaneously from
the virtual antennas.
[0054] 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.
[0055] 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



avai |l abl e channelization codes for the HS-PDSCHs as few tines as possible
across the S virtual antennas, so that each channelization code is used
for as few virtual antennas as possible. This helps to orthogonalize the
S streanswbedisgorsent sinmultaneously from the virtual BOTWERINBH100BO054]
Dat a processor 510 may perform channel coding, nodulation, space-tine
processi ng, spreading, and chip scranhlling in other manners. For exanpl e,
t he synbol nmapping may be performed’in unit 524. [0055] Data processor
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space- t i Njth @ffRerent matrices and mapped to the T physmal antennas. In another embodiment,
space-time scrambling is performed based on a space-time code. The space-time code
receives a block of data chips from the S streams, maps the data chips to physical
antennas based on a linear or non-linear mapping scheme, and provides output chips for
the T physical antennas.

[0058] For the embodiment shown in FIG. 5A, the data chip streams from the data
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.

[0059] 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



receives a block of data chips fromthe S streans, maps the data chips to
physi cal antennas based on a linear or non-linear mapping schene, and
provi des output chips for the T physical antennas. [0058] For the

enbodi nenvoghwum2sh FI G 5A, the data chip streans frdTYFR00441084
processors for different physical channels are conbined by conbi ner 530
and then space-tinme scranmbled by uni{, 538. For this enbodi nent,
space-tine scranbling is perforned for the physical channels that are
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or after the spreading. [QOgilfL)r FI G_ 6 shows an _enbodi nent of a space-tine
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receives the S (conbined or unconbined) data chip streanms from TX data
processor *¥%nd processes and maps these data chip streams to the T
physifemb] ant emiats space-time scrambling unit 600, a matrix multiplier 610 receives S data

chips from the S streams in each chip period, multiplies these S data chips with a
matrix, and provides T output chips for that chip period. Matrix multiplier 610 may

perform space-time scrambling for each chip period #, as follows:
x(n)=U(n)-s(n) , Eq (1)

where s(n) is a Tx1 vector containing S data chips for chip period n and T ~S zeros,
U(n) is a TXT matrix used for space-time scrambling in chip period n, and

x(n) is a Tx1 vector containing T output chips for chip period x.

[0063] Each data chip stream may be mapped to one entry of vector §(r), and the
remaining entries of §(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(rn) are used, and the other T—S columns of U(n) are multiplied with



[0062] Wthin space-tine scranbling unit 600, a matrix nultiplier 610
receives S data chips fromthe S streans in each chip period, nultiplies
these S data chips with a matrix, and provides T output chips for that
chi p periwd.2oddadrsx mul tiplier 610 may perform space-RATMES28S08984 | ng f or
each chip period n, as follows: x(n)=U(n)s(n) , Eq(1l) where s(n) is a T x
1 vector containing S data chips for f{" p period nand T - S zeros, U(n)
isaTxT matrix used for space-time scranbling in chip period n, and
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[0066] Various types of matrices may be used for the space-time scrambling. In an

embodiment, unitary matrices are used for space-time scrambling. A unitary matrix U

is characterized by the property U7 .U=1I, where “#” denotes a conjugate transpose.
The columns of a unitary matrix are orthogonal to one another, and each column has
unit power. The use of unitary matrices may simplify space-time descrambling by the
terminals. In another embodiment, matrices that are not unitary or orthogonal are used
for space-time scrambling.

[0067] 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, 4, -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



enbodi ment, unitary matrices are used for space-tinme scranbling. A unitary
matrix U 1s characterized by the property U U=1 , where " H" denotes
a conjugate transpose. The columms of a unitary matrix are orthogonal to
one anot h&P20@Mnd228zch col utm has unit power. The use RET/UR2Dac818084mat ri ces
may sinplify space-tinme descranbling by the terminals. In another

enbodi nent, matrices that are not unitary or orthogonal are used for
space-tinme scranbling. [0067] The nmatrices used for space-tine scranbling
may be ge [n.vagi S.win iEve'a tnlfa%:i rices are
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manners, For example, the matrices may be defined based on the scrambling code for
the base station. As another example, the matrices may be generated based on a search
for matrices that can provide good performance.

[0070] In an embodiment, the space-time scrambling is performed in a deterministic
manner without requiring either feedback from the recipient terminals or knowledge of
the wireless channels for these terminals. For example, a predetermined sequence of
matrices may be used for the matrix multiplication. This matrix sequence is known to

. both the base station and the recipient terminals.

[0071] 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



the wirel ess channels for these termnals. For exanple, a predeterm ned
sequence of matrices nmay be used for the matrix nmultiplication. This
matri x sequence is known to both the base station and the recipient
termnals. [0071] The sequence of matrices used for space-tinme scranbling
may be foWRg#0HAZEY on the set of matrices avail abl e R URPROL084 e
scranbling. In an enbodi nent, the nmatrices in the set are selected in a
sequential order, and each selected mprix is used for space-tine
scranbling for a predetermined tinme interval. This time interval is also
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station for space-tine scranbling. ‘
Second, neighboring base stations are assigned different scrambling codes and hence

use different sequences of matrices that are uncorrelated, which may randomize inter-
cell interference. Third, a terminal can ascertain the matrices used by its serving base
station as well as the matrices used by the neighbor base stations for which the terminal
has timing information. The identity and timing of each base station may be ascertained
by demodulating the common pilot transmitted by that base station on the CPICH.

[0073] 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.



Second, nei ghboring base stations are assigned different scranbling codes
and hence wuse different sequences of matrices that are uncorrel ated,

whi ch may random ze inter- cell interference. Third, a termnal can
ascert ai N"WPRe06(##3262 ces used by its serving base st atiRGT/ES006010084s t he
matrices used by the nei ghbor base stations for which the term nal has
timng information. The identity andgimng of each base station may be
ascertained by denodul ating the common pilot transmtted by that base
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the same or different sequences of matrices for space-tinme scranbling.
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enbodi nment i'p scranbling may e omtted. |n another odi nent ,
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matrix is?
provides diversity for a multi-antenna transmission to the recipient terminals and further

randomizes this transmission so that other terminals do not suffer reduced measurement
reliability due to the interference from this transmission. Hence, the scrambling matrix
should be updated several times per code block length (in order to provide diversity)
and several times per measurement interval (in order to reduce the degradation in
measurement reliability).

[0076] The matrices may 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



slot. In general, the update rate nmay be sel ected such that multiple

matri xes are used for a code block, which is sent in one TTlI for the

HS- PDSCHs. Space-time scranbling provides diversity for a nulti-antenna

t ransm sswonotsao12ie reci pient termnals and further /rPOTHWN@®GO$008HI S
transm ssion so that other termnals do not suffer reduced neasurenent
reliability due to the interference fromthis transm ssion. Hence, the
scranbling matrix should be updated Several tines per code block Iength
(in or der PtV hlfod fehiicl) neRE RELEERlind UBEmBRL: TORSHS GHBAL,
interval (in order to reduce the degradation in meas Ut eren rellalblllty).
[ 0076] Themhedimentethe epgle kmgthab oorethad aframse i n a periodi ¢ manner. A

sequ . of tri.ces or 2 | Y cvele.. A se nce nay
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called a cle period or cycl ngth, In _an enbodi nent, the ycl.e period
s equal (BEoEbrRaRe CaHpteashIddiiricartiemer o aet spive-tiveq wEphe iy
matrices bas@the@n i TIT! GARhbOMREr 6ABImUY §lace-Bimk attmbiinglif @ppIRaifeni ng of
each franme. |n another enbodiment, the cycle period is Fess than a frane.
For exanpPely cerign @r-fefined dlilnef afipmpe Fegermple, spacytime seraplling may bome

ot her dur afyi i [ : 4 19
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Space-ti scranbl | ng. | ectiyel I ed _across ti od and so
o %1 i SHSE iR desBEmpRn g Sl oH, FROMSESRBELERT sl Simsfife By v
each TTI . ifdiralhicgTTIstage spade-titvic)scramplibeappiad. f or each TTl to indicate

whet her._or not_space-tinme scranbling is erfornmed in.that TTl. |n another
enbogf%t, spic Qttﬁ“ﬂée E‘F‘B?r‘{}meﬂb spEe-Ang g’éﬂmﬁ’éﬁg 15&9996“{28? PRNCHRE def i ned

TTlI's_of  aphysiP chdn@ls € ¥Rk BmpRP §fRe ili¥BschakbAnk  hagb&ayplRA o e M§r f or ned
P
for TTIs in which the recipient termnals are able to perform space-tine

descr anbl PR§CHs@nd ppt arplied ey othsy piricnl phranpplp.c Aablpe listcsqmespenarios fomal s
that are ner E i : ; Y e base
Stati o P Leh P SR CREMIBRART e HReC BREL AR A Al @oRG 3 ppel

scr anbl i ngimepstandding [i©@Fdiedl on gidtphpsicl lebannelsifod HSORA, whiak @re theelS-

scranbl i ngni #Irﬁqz n _onl. in hysi ¢ c%%gl . Faor. exanpl e,
space-ti n@%@ﬁ?% ) %a&SSB%Xtﬁégf@& aB?lie? S8 naﬁdnﬁﬂ‘fesa{%%? i ed on
ot her physé apdatedhuganedage, e gabhed per bhip of leSORBUSABN AL biiSe fidde scrlRliME RO
space-tine S&r anbling and fhe rraﬁjr I X ulpdalt{e rgt e for each scenario. If
space- applied on only“some physical channels for HSDPA (e.g., the HS-PDSCHs, HS-

DSCHs, and/or associated DPCH), then the matrices may be updated at a rate of once

per shortest symbol period for these physical channels or less frequently. The shortest

symbol period is determined by the shortest spreading factor for all physical channels

applied with space-time scrambling. If space-time scrambling is applied on only some

physical channels, then the update rate may be set to one or multiple times the smallest

spreading factor in order to preserve orthogonality among these physical channels.

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




time scranbling is applied on all physical channels for HSDPA, which are
the HS- PDSCHs, HS-DSCHs, associated DPCH, and common channels, then the
matrices may be updated at any rate, e.g., once per chip or |ess

frequent | YO 2046/18398Ze-ti me scranbling is applied on oRGI/EBAGS/OHN§EI cal
channel s for HSDPA (e.g., the HS-PDSCHs, HS- DSCHs, and/or associ ated
DPCH), then the matrices may be updatggl at a rate of once per shortest
symbol period for these physical channels or Iess frequently. The shortest

symbede7ger i od i gedrll paRdidy stRMbERE S be S&!&adéwgaﬁpﬁea WYn HRYsidl |

physi cal channel s applied wth space-tinme scranbling. space-tine
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rate may bgedSkiyiH ﬁ&‘?fo? th'iﬁlﬂgereﬁsbﬂie§o e ¢ Em escﬂrt&?rghﬁ%t}{) ct or In
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freq WO 2006/ 10 252 PCT/ US2006/ Q10084 20 [0Q79] In general,
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sel ect i veI appl ied for conpatibility reasons, so that the pe
t er m nal sCRa8ElS.- do not support space-tine scrambl i ng i s not degraded.
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[ 0080] | nohmabirbsdvhidnmay b«agmelmg:barsit wtd onvaroua ssondrat Bdamémbodimentsequence
of matri ces
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gi ven TTI o gledfeGf §PLs of physi® cingbyen frame, different frames,

.[0082] In yet another embodiment, each base station is associated with different matrix
sequences that can provide different performance for different channel conditions. A
matrix sequence may be selected for use based on feedback from the terminals. For
example, the terminals may measure received signal qualities for different matrix
sequences and may send back the matrix sequence with the best received signal quality.
As another example, the base station may cycle through the different matrix sequences
and select the matrix sequence with the most favorable feedback, e.g., the fastest
acknowledgments (ACKs) from the terminals for correctly decoded packets. The
terminals may be informed of the matrix sequence used for space-time scrambling,

[0083] 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



and so on. Different matrix sequences may al so be used for different

physi cal channels or different types of physical channels. [0082] In yet
anot her enbodi ment, each base station is associated with different matrix
sequencesWOrRa6/192232 pr ovi de di fferent perfornmance for didHes2emiorgisannel
conditions. A matrix sequence may be selected for use based on feedback
fromthe termnals. For exanple, theyfermnals may neasure received

signal qualities for different natrlx sequences and nmay send back the
matri x se V%
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t he enbodi nents gl[ ﬁbed above % e-time scranbling is perforned using
matri x ¥ BF Rt e@B&?écetPfr?ﬁ fanbl i ng may al so be perfornmed using a
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a block of data chips to the T transnmt antennas based on a specific

mappi ng s ARt dal"ﬁewmhﬁb%?ﬂﬁnef srasbling. s phdeast pe seeare ofedatoeymhebhist hat (1)
each bl 0Ckebardf, dal Sy Bidfink SinicdRiind, hnd sfinb8 RaddHe biths o ORI Bkl 1. (2)

all or as many of I'ps are se transntt ant ennas
in each chl?. Jéeide@,symubdl a’oltem(l@) may bh ndkaped hing ormos@physfcabcrhanm:ﬂd amlr  as

many of t ver t chi,p,interval. Different
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to generate at least two streams of output chips (block 720). The space-time scrambling

may be achieved by performing matrix multiplication with a sequence of matrices (as
shown in FIG. 7) or by using space-time codes (not shown in FIG. 7). For space-time
scrambling with matrix multiplication, a matrix is selected for each time interval in
which space-time scrambling is performed, e.g., based on the scrambling code for the
base station (block 722). Data 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).

[0087] A terminal performs the complementary space-time descrambling to recover a
multi-antenna transmission sent with space-time scrambling. FEach 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



transmt data with space-tinme scranbling. At | east one stream of data
synbols is generated, e.g., by encoding, interleaving, and synbol mapping
bl ocks of data (block 712). The data synbol strean(s) may be napped to
one or nore physical channels and spread with channelizati on codes

assi gned VO 0¥49¥%5ysi cal channels. [0086] Space-tine SRETAHENGF0084
performed on the at |east one stream of data synbols to generate at | east
two streanms of output chips (block 728). The space-tinme scranbling nmay be
achieved by performng matrix nmultiplication with a sequence of matrices

(as  showgrifhaFlfay obkaifilthe\tinkisk @ tBP BER- {thtlth GRT AStefrial tBO@Whendt 5 G 7).
For space-tinme scranbling with matrix multiplication, a matrix is
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descri bedthgdepunal vray pestor@amgioy myiiplisatione with en dpverisd seatax g awich is
transmtted fromygespective transmt antennas bl ock 726). [0087] A
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space-time scrambling is performed, a matrix used for space-time scrambling in that
time interval is determined, e.g., based on the scrambling code for the base station
(block 822). Data received in each time interval is multiplied with an inverted matrix
for that time interval (block 824). The at least one descrambled sample stream is further
processed (e.g., despread, demodulated, deinterleaved, and decoded) to obtain at least
one decoded data stream for the terminal (block 826).

[0089] 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
I



data sent with space-tinme scranbling. At |east one stream of input sanples
is received for at |east one receive antenna (bl ock 812). Space-tine
descranbling is then performed on the at | east one input sanple streamto
obt ai n at WO24e%102332 stream of descranbl ed sanpl es (bl BEKURRE)01008ihe
space-tinme descranbling may be achieved by performng matrix
multiplication with a sequence of natﬁgces (as shown in FIG 8) or by
perform ng space-tinme decoding (not shown in FIG 8). For each tine
interval fiMhaf BerfGRAGRE IR &&Eﬁﬂﬁlih%]gt la Sre Q8% dr BT HisoPod RbSibderdtsE d T OF
space-tinme scranbling in that tinme interval is determned, e.g., based on
t he scr andiithingpne odeofoASIGse DEBRs @reressoisomd spioinock 822). Data received in
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impl enented in hardware, software, firmwvare, or_a conbination thereof.
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processor via various nmeans as is known in the art.




[ 0091] The previous description of the disclosed enbodi nents is provided
to enable any person skilled in the art to nake or use the present
invention. Various nodifications to these enbodinents will be readily
apparent to those skilled in the art, & the generic principles defined
herein may be applied to other enbodinents wi t hout departing from the
spirit or scope of the invention. & present invention is not
intended to be limted to the enbod shown herein but is to be
accorded the wi dest scope consistent with the principles and novel
features disclosed herein. WHAT IS CLAIMED IS: 24 CLAIMS 1. An apparatus
conprising:. a p¥ocesé@ﬁpwﬁéﬂ&§@v5ﬂ$@ggenerate at | east one stream of data
-synbols and to Ieast ne _st.ream
o "data synbol < PosaErRRANE: 1 EendRE AT Bag bR & g SRR A ha T

| east two perfonsinsphdcstimeRetamblipg oatihe/at 183t biicadifeint oft daga @tmﬁcﬂsaﬁi gdnemtSAtr eans
of output chips fromat |east, two antennas to at | east one receiver in a
cel lul ar shpast Wy strepmesyfiontnuh ehigp:s@dssor is operative to perform matrix

mul tiplication I v t
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| east two streawbereih forieghttimbimeayvalandvidth bpastiniemeramblirgnistgeeformied the
operative to transmt the at |east two _streans of output chips fromeﬂ
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t he proces@?fonh%zﬁﬂﬁhﬂﬂb%l?caﬁ@n R}‘?tﬁﬁﬁ’éé@le%%%‘%ﬁathk”e scranbling using at |east
I'me co

one space- each space-tinme code corresponding to a different
mappi ng of data synmbols to antennas and synbol periods. 3. An apparatus
conprising: a pjocessor operative.to generate at | east one stream of data
symbol s and to % per fof APRASHBSCITRRSISE r anbl i ng on the at | east one stream

of data synbol s, hRcB&BELALALIRAL to generate at least one stream of data symbols and to
perform space-time scrambling on the at least one stream of data symbols to generate at
least two streams of output chips;-and
at least two transmitter units operative to transmit the at least two streams of
output chips from at least two antennas to at least one receiver in a cellular system,
wherein the processor is operative to perform space-time scrambling using at
least one space-time code, each space-time code corresponding to a different mapping

of data symbols to antennas and symbol periods.

3. An apparatus comprising:

a processor operative to generate at least one stream of data symbols and to
perform space-time scrambling on the at least one stream of data symbols to generate at
least two streams of output chips; and

at least two transmitter units operative to transmit the at least two streams of
output chips from at least two antennas to at least one receiver in a cellular system,

wherein the cellular system is a Code Division Multiple Access (CDMA)

system.



| east two streans of output chips; and at |least two transmitter units
operative to transmt the at |east two streans of output chips from at

| east two antennas to at |east one recejver in a cellular system wherein
the cellular systemis a Code Division ltiple Access (CDMA) system 25
4. A nmethod conprising: generating at |east one stream of data synbols;
perform ng spacg-ti 4 . the at | east one stream of data
synbols to geng'rat ggéﬁ&ﬁ(z&ag Ihé}\%tl)l?%treans of out put chips; and

transm tting thgenatatingastcattwae Stres@anbdai syaubgstt chi ps from at | east two

antennas to at |east one receiver in a cellu]ar systemwherein the

per f or ni ng spac@rfqu%waa%menﬁr%mi@? at spstegierstrermedtidataeyyprhols ton

whi ch spacgs iSRRI LRBndsSFRERL €l ecting a matrix from anong a
plurality %Efn B T i ceSs, an SerPo@mPﬁgB%&??i x multiplication with the

sel ect ed nmat ri xtranshittiAg tliapgdeaat e stamms iof bmgut chipn$orhant lagerntenantangasto

| east one sgream of data sy means for perform ng space-tine

| s;
scranbl i ng?toTst PRF ISECV B4R A CENE AL E I of data synbols to generate at
| east two streagBeff tﬁé‘??ﬂf&nﬁﬁg Bface ek BANNiHOlorSrRRS Tof LdMAihd Rrdball €ast
two streans of output chips fromat least two antennas to at |east one
recei ver iin vehiclebpagé-simessgsamatingvibhperédrmetthe neans for perform ng space-tine
scranbl i ng corrpr:lsgs for.each tine iln%?rvgtl i n. which space-tine
scrambling is pSICOPHBEAURELRM FReneApluralingef Batges 289 r om among a
plurality of naidife@sng AReix MBAPScatioh wadIthOsdRde MRl x nmul tiplication
wth the selected matrix. 6. An apparatus for a base station, conprising:
a processor operative to generate at |east one stream of data synbols for
at least one termngl in a Wi rel ess communi cation systemand to perform
space-time scra Iin‘gnaBWr?H%C%{PprllséI&%t one stream of data symbols with a

sequence of natmesiRTort @engRAHAL at Radtlone k@S of ¥ SiieAgs of output chips for

transmi ssion via at |east two antennas, wherein  nei ghbori ng base stations
in the wirel essmedsfonperderiong spesedimausscamblirfcepre e ddeasénoestreast ofrdetri ces

for s pace'slyimrg%lsstg rg%r%orgtie%g ieagtr{gvo 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,

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.

6. An apparatus for a base station, comprising:

a processor operative to generate at least one stream of data symbols for at least
one terminal in a wireless communication system and to perform 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 transmission via at least two antennas, wherein
neighboring base stations in the wireless communication system use different sequences
of matrices for space-time scrambling; and

a memory coupled to the processor.

7. The apparatus of claim 6, wherein the processor is operative to determine

the sequence of matrices based on a scrambling code for the base station.



a nenory coupled to the processor. 7. The apparatus of claim6, wherein
the processor is operative to determne the sequence of matrices based on
a scranbling code for the base station. 626 8. The apparatus of claim7,
wherein for each time interval in whiclt space tinme scranbling is perfornmed
the processor is operative to derive an index based on the scranbling

code, to selectgya I x| .Oof i . . Lhdex,
and to perform 8rr'at mﬁén%}fpta%agﬁ %{a?‘{aglnﬂwi e}tﬁelﬁ ﬁ%@%f‘é@‘?@%@%@ﬁ?% l{gp&f‘hﬂ
appar at us e ¢tramblifg isveefoemad theeprbassordt apérativd ® desiveanahdxct has¢don the
mul ti pl e sequences of matrices, and wherein the sequence of matrices used

for space-SHmBlingcsoslipld sredt ¢ @@Flécff% MO Bt r@%{écmaﬁ;f‘b PR e Hdehces
oF Bl 11 Cegy T nARREERIicBorf th eyl g COmPI 1 51 ng: 3

controll er operative to recerve feedba romthe at | east one term nal
and to select one sequence of matrices fromanong nultiple sequences of
mat ri ces based on tPe recei ved ffedb ck, wherein the sel.ect ed.se(ﬁue ce of

matrices is use%_ by apliﬂri“ﬂ"}%é’gcf Aoy @b%{é’@-Eth@sgéFaélﬁﬂllﬁﬁﬁfociai‘? e
appar at us ﬁmmg,h@g gncemrn?aftﬁcéshgncf%&ﬂem R nRfiriGRsbE 8 spREQVi de

different performance 1n different channe ditirons. 12. The apparatus
of cl ai m Gimekernmbhing esckemgddnoeambngre mndegle sagueacesprfextdtiessni ned dur ati on
and repeats periodically. 13. The apparatus of claim®6, wherein the
sequence of matrices has a duration of one frane or less in a Code

Division Ml tip]g AcCtrRSSpafdaddf Pt Rrthks coffpA@hfHod conpri sing:
generating at |east one streamof data s%gnbol s for at least one term nal
in a wrel ess xoontiodicr apérefivestpsteesive &edbadr fromtheigt kpstcmnet termeinglcangntol i ng

on the at | east one stre of . dat.a synbols . wi,.th a sequence .of trices to
Gener at o AFLART TUBNET PomALicS TR pone mpdhs grdhepel giguts, FRrL of:

| east two @BtRPNAS fWIBEE, wh@kiahher idlathRseyehéd i0PNfatrided R 14ed Blyess
communi cation systemuse different sequences of matrices for space-tine
scranbl i ngprocessor fohgpagetimsdsceintdingi m 14, further conprising: 27

determ ning the sequence of matrices based on a scranbling code for a base
station.

11.  The apparatus of claim 9, wherein the multiple sequences of matrices

provide different performance in different channel conditions.

12.  The apparatus of claim 6, wherein the sequence of matrices has a

predetermined duration and repeats periodically.

13, The apparatus of claim 6, wherein the sequence of matrices has a

duration of one frame or less in a Code Division Multiple Access (CDMA) system.

14. A method comprising:

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

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
transmission via at least two antennas, wherein neighboring base stations in the wireless

communication system use different sequences of matrices for space-time scrambling.

15.  The method of claim 14, further comprising:



16. The met hod of claim 15, wherein the perform ng space-tinme scranbling
conprises, for each tine interval in which space-tinme scranbling is
performed, deriving an index based on t scranbling code, selecting a
matrix fromanong a set of matrices bas®d on the index, and performng
matrix nmultiplication with the selected matrix. 17. An apparatus

compr| SIng: MeaRSelhfhind SAERIUAG: BF nhfAKk ORE1 ShILATAbLARLEIS YOSl OF

at | east one termna a el ess comruni cation syste nmeans for
per f or m ngstagpace-ti me scranbling on the at | east one stream of data
synbols with a sequence of matrices to generate at | east two streans of
output chips for transm ssion via at |east two antennas, wherein

. nei ghbori ng baseg st afy ' W 1 ehasse GHRY ' | ObhceYiptcedPraishlin
~different sequeﬁ%es E?9§§?¥@€%s lgifgpace}?ine sggg%% gﬂbg- 18. The s
appar at us edmrisek,fod @achftinne ineervad dmphickispgee-tpangamblinglstperioimedg t he
sequence of matrices based on scranbl | code for a base station. 19.
The appar at us o?‘erbﬂllég?ﬁli‘g?xgmaé’f“ﬁheﬁ‘%mﬂ@gﬁsc B performing space-time
scranbl i ng conpidi&$se a8 Fom AhOBy & Bt @F Midktrided bl OR tRPAEEx tdndE
scranbling is perfogned, means for deriving an index based on the

scranbl i ng codeperfieansg metrixsmlikipticatipnaviftathe issle¢tedmativong a set of nmatrices
based on the index, and neans for performng matrix nultiplication with
the selected matrix. 20. An apparatus for a base station, conprising: a
processor operajjve h@ @pnefudlemptisingast one stream of data symbols for at
| east one termnal, to map the at | east one stream of data synbols to at
| east one physi twhns fohaensedtingtas lqastrangshrearp oé defp symbels forma least Predstmigple

physi cal channel. with atnil %%st 0ne. 4 Cpannel i zation code to generate at
| east one St4 WHRCSYCORPREHIBSYSIENA™ S per f or m space 28 time scranbling

on the at |east Rag Rk HeABiking dpic-tthe B&ainblige DR 8t Rhstl @estrehmislataeans
of output chips for transmission via at |east two antennas; and a nenory
coupl ed t osyrheolpwith@sssavengp ef BIaiiaehE FANGEER aldeast §Vo SEsaans YeoUtRyt SBIPS doTm

space-t| rretrgr(l:srrﬁa}ggi)cl)ﬁ e ametag fo a%?eﬂﬁgsg %el%fin H&Eﬁgo(f&%'base stations in the wireless

communication system use different sequences of matrices for space-time scrambling.

18.  The apparatus of claim 17, further comprising:
means for determining the sequence of matrices based on a scrambling code for

a base station.

19.  The apparatus of claim 18, wherein the means for performing space-time
scrambling comprises, for each time interval in which space-time scrambling is
performed,

means for deriving an index based on the scrambling code,

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

means for performing matrix multiplication with the selected matrix.

20.  An apparatus for a base station, comprising:

a processor operative to generate at least one stream of data symbols for at least
one terminal, to map the at least one stream of data symbols to at least one physical
channel, to perform spreading for the at least one physical channel with at least one

channelization code to generate at least one stream of data chips, and to perform space-



21. An apparatus for a base station, conprising: a processor operative to
generate at | east one stream of data synbols for at |east one termnal,
to map the at | east one stream of data nbols to at | east one physi cal
channel, to perform spreading for the | east one physical channel with
at | east one channelization code to generate at | east one stream of data

chi ps, andti Q s@r%ﬁlfbﬂﬁ bt Ql?ec 'leésit Oke ﬁféam da%ckﬁ?s %[geggxiatécﬁc"ﬁ&t ?g@sﬁéaﬁfsam of

data chips't0 generate at least two streans O i ps r
t ransm ssi ofowa chips feastnstniusicantie arlesst tvemehtenmmsyardy coupl ed to the

processor, wherein for each tiﬂe interval in which space-tinme scranbling
i s perforned th%meB‘ro&‘éWg?dtf’é OPerEr?ive to select a matrix from anong a

plurality of m@vﬁél‘?ﬁstlﬁnﬂroﬁ&sopﬁr Bﬁé’ré‘ﬁ\f@for Fé‘rﬁmﬂ hRleLiAR is@t@rrf?)'ﬁn%?ﬁiﬂ@ra

| east one stream of data chips wth the selected matrix. 22. T

appar at us gfuelcaiofmiziricesher ein each tine interval corresponds to a chip
period, and wherein the processor is operative to select a matrix from
anong the plurality of matrices in each chip period. 23. The apparatus of

claim 21, wherejn eagh abparerub Ry st staQbd, RoRPAGRL 0 a synbol period, and
wherein the processor iS operative to select a matrix from anong the

plurality of mnaapiccessoi pperattte to\gsherhtep dastonetreamroizdaprasyambnds fagrat agfase
station, co i Sing:, a progcessor  operative.to generat t. |l east one stream
of data sy%ﬁ{egn’fnﬁg t%tm"ﬁ’e%t‘rﬁﬁ?ﬁé oﬁ%fﬁ?%lof dpig sr}'ﬁﬁjoﬁl%go %‘tlefls adf pglﬁ{@lc% ream
of data syghahd, i@ pafforeaskading OS] £ abast ehaPARdical tPafed] fVAkHTES RhGasten
for the at | east one physical channel with at | east one channelization

code to getlanatlizaion Pedesto gsneratstat deast ofe deerm ofiapsschiphand & perfdrey snagpace-
time scr an@lPIF ‘g%ﬁ(g))%htgg %&?ﬁe z!lteigeks’s%] orge';se’#e%}rnr (Eei? d zg %111@52 %og%e%gfapesattlgefsg?\gegt évaélsat

| east two put [ via at 1'eas

antennas; gnshyAf chips fREIYmERIHAI veflattleast Reo piteERSSAId Wherein the processor
is operative to process blocks of data to generate the at |east one

stream of data BYRBOFScOURRAHOBIORIRCHFOdat a bei ng sent in a transnission
time interval (IFLd?3acnTige 3ABRLALUSHEN LRl dra Bt el FRERT T
conprises nultiplé time " intervals, an e'n for each 11 interval in
whi ch spacgrotése® BCspidilviend dedect pemb@ixniomt fitomy agaslity bs niiiededtdndetot 0
sel ect amatrixfro,marm_nf; a pIuraIitP/ of ] ]
perform matrix multiplication on the at least one stream of data chips with the selected

matrix.

22.  The apparatus of claim 21, wherein each time interval corresponds to a
chip period, and wherein the processor is operative to select a matrix from among the

plurality of matrices in each chip period.

23.  The apparatus of claim 21, wherein each time interval corresponds to a
symbol period, and wherein the processor is operative to select a matrix from among the

plurality of matrices in each symbol period.

24.  An apparatus for a base station, comprising:

a processor operative to generate at least one stream of data symbols for at least
one terminal, to map the at least one stream of data symbols to at least one physical
channel, to perform spreading for the at least one physical channel with at least one
channelization 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



matrices and to performmatrix nultiplication on the at | east one stream
of data chips wth the selected matrix. 26. The apparatus of claim 24,
wherein the processor is operative to selectively perform space-tine
scranbling for each TTlI. 27. An appara@@s for a base station, conprising:
a processor operative to generate at |east one stream of data synbols for
at |l east one term nal e at |east one stream of data synbols to

éotga ﬁaghethr CESSOr,
at |east one pHyRFOSTY CRREIHRME BT8°SeYs or m spreading for the at |east one

physi cal channelhakinhthatpré@ast i9Bperathamnebiastblevks addhtd © geretatie at
| east one stream of data chips, and to perform space- tinme scranbling on
the at | easestone skeane gindae syabalse Bighsblpek gledidr RelBesen| Bak trapsiysuen B8ks  of
out put Chi"ﬂfeﬁ\ta [rg ,Héansm' ssion via at |least two antennas; and a nenory

2

1 . . . .
coupled to rocessor wherein the processor is operative to perform

space-tinme scranbling for all physical channels being transmtted by the

base station. 28. A nethod conprising: generating | east one stream of
data synbols fo#-at Theagnpages PgPlﬁh‘Iﬂ%“; W i ?ﬁi} CQMPFIgSSSUBRE EPFeam

of data syjhol g t il BaR foPERNIRE GHerfli AN Ghich BSIEAIH NeraRfRdiN0

for the at Teast one physica annel w | east one annel i zati on
code to gemefoaied ahe lpeabsopnie dperatiamtofsettat a mhirps froandmpeg fophiralgy of
space-tinme scranbling on the at Ig&n};ij one stream. of data chi

ps to .
gener at e aPafrigasang RoP L TP BRaREtrE m &@“@HﬂbgwﬁﬁﬁmFF8W%ﬁ?§§?8ﬁdgﬁéhgﬁ

| east two @QEﬁﬁQ@EU&dWﬂﬁﬁﬁi” t he perform ng space-tinme scranbling
conprises, tor each tine interval 1in which space-tine scranbling is

performed, 30 selecting a matrix fromanong a plurality of matrices, and
perform ng matrj nﬁtéiplication on.the at .l east,one stream of data chips
with the sel ected i iPRPATYS %&P%‘Bt P WEerelt din Ifé?esﬁﬂeﬂ%ioﬂ?e@iéfﬁ i me
I nterval C&[Jcﬁ%l ?}ggoﬁﬁsﬁacegfﬁﬁqoscpﬁﬁlﬁl fofeHchiTatie chip periods, a synbol
period, or nultiple synbol periods. 30. An apparatus conprising: nmeans for
generating at |east one streamof data synbols for at |east one termnal;
means for nappi?p thg at Ieas% one stream of data synbols to at |east one
. n apparatus Ior a base station, comprising:
a processor operative to generate at least one stream of data symbols for at least
one terminal, to map the at least one stream of data symbols to at least one physical
channel, to perform spreading for the at least one physical channel with at least one
channelization 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

wherein the processor is operative to perform space-time scrambling for all

physical channels being transmitted by the base station.

28. A method comprising:

generating at least one stream of data symbols for at least one terminal;

mapping the at least one stream of data symbols to at least one physical channel;

performing spreading for the at least one physical channel with at least one
channelization code to generate at least one stream of data chips; and

performing 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,

wherein the performing space-time scrambling comprises, for each time interval

in which space-time scrambling is performed,



physi cal channel; neans for perform ng spreading for the at | east one
physi cal channel with at |east one channelization code to generate at

| east one stream of data chips; and neans for perform ng space-tine
scranbling on the at | east one stream Udata chi ps to generate at | east
two streanms of output chips for transm ssion via at |east two antennas,
whercin the nea . .0l | r i conpri ses, for each
time interval i%3%{%8%ﬁ%g%ﬁgé”{gw%%&g%g%%lﬁ8?1?13?1‘%2%,@21&ned, means for

sel ecting a mat pérforfnimgmamdnguitiicatial bi Yheofit lendt rdne &sreadnst dR0SipE ith
performng matrix nultiplication on the at |east one stream of data chips
with the sBFStleelad MY x. 31. The apparatus of claim 30, wherein each tine
interval corresponds to a chip period, nultiple chip periods, a synbol
period, or multiple synbol periods. 32. An apparatus conprising: at |east
one receiver un2q opthametted of cleoei2Be wdierdireasth tine wtared nwrefpadt porta
chips from.a trapsmtter in a cellular systemand to generate at |east
one st reant 8P PF gnulg%}ﬁﬁhlgggenaﬁ%,aém%ph@@p, ?retggll“piwr’g?lofé%{h%dsof out put
chips are generated at the transmtter by perform ng space-tine
scranbling on at |east one stream of data synbols and are transmtted via
at | east two ani®&nnadnapparhies tompssmg:t er; and a processor operative to
perform space-tine descranbl.ing on the at | eas ne stream of i nput

sanpl es to obt aPfi*Ht que%eéjfragﬁg At g@%rﬁ“@f StEf@EL ©. rf%itaedy@gﬂlﬁl % gy P81
process t hgrathal.east one stream of descranbl ed sanples to obtain an
estimate of the at |east one stream of data synbols, wherein the
processor is opaeatsi foe mappyeg flor At dasicend sineand @f cdadarisyinhglsan dthleasitonel east
one stream,of. iln ut sanpl es based on a sequence of matrices. 33. The

appar at us %}fys%ﬁa‘iqﬁl%%’, wherein for each time interval in which space-tine
scrambling is paedmrieehet bl QpRRaRL fof tRPEI Rhitvénd PhydRle R} difkedir i X
used for space-tinme scranbling fromanong a plurality 'of matrices and to
perform nigest ioRe phanpelation codmiogsnethis ahieaptemststrean of tliateahipsf aridnput sanpl es

ani ¢ oper at ve e dan P iR BRE R SRR OB neCti 56l St AR FF g
transm t t edhipsntoggenedateldtabass ¥wb 8ifea@ndlof Sutpeneiig Rr atankBRSon ORE asleh8 AWy Of
' nput antennas,
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 on the at least one stream of data

chips with the selected matrix.

31.  The apparatus of claim 30, wherein each time interval corresponds to a

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

32.  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

a processor operative to perform space-time descrambling on the at least one

stream of input samples to obtain at least one stream of descrambled samples and to



sanpl es, wherein the at |least two streans of output chips are generated at
the transmtter by perform ng space-tinme scranbling on at | east one
stream of data synbols and are transmitted via at |east two antennas at
the transmitter; and a processor operatilve to perform space-tine
descranbling on the at | east one stream of input sanples to obtain at

| east one stream of descranbl ed | es dto rocess the.at | t one
st ream of Hré)g%ﬁsgbr%ﬁte%agaorﬂgls SaTOO%aég?%{Fng Séglp}eﬁg? é)%gafn Pﬂéstﬂlam‘)ﬁ@% Ane
stream of paéadns ¥FEh 5f daeyRbslst he processor is operative to perform
despreading on the at | east one stream of descranbled sanples for at

| east one physi whereghhamegcenior i eperdtivgde pererm sprgariiond descramblingdo thoat

- obtain at S f dcspread synbols. 35.. .A method conpri sing:

. obt ai ni ng iaeg Qloegg{llgagﬁéfg‘?gaegarrﬁpg?ssbl%ﬁ%u n%%e pFEs q‘%}at%fesl east two streans of
‘output <chips received froma transmtter in a cellular system wherein
the at least two streans of output chips are %enerate‘d at the transmtter
by perforning sphce- theraPrapsint daimpR2, stherender spdh dimeeinieranl tatdich
synmbol s an r ] ' I t the . transmtter;
p)ér form nggbs?l géagg{et %@qgﬁggaﬁ%ﬁ’fﬁéd cgﬁ@? {%Eégtgr ?%gg{}&g\?\ee?os fl %tglgnrﬁnéo llg?\l%}ﬁ(t
sanpl es twsedbfoaispacttithe astanthhiag Skdore anmaily & edatkbybdR thas g £4; toapeform
processing the at | east one stream of descranbl ed samt))l es to obtain an
estimte BrEHBUEpliratioaondhealderstans Yreagetldnayfmaopies baswed apBe it he
perform ng space-tinme descranbling conprises, for each time interval in
whi ch space-tinme scranbling is perfornmed, determning a matrix used for
space-tinme scradbl i ngnhppoatasongpasipg:ural ity of rmatrices, and perform ng
matrix nultiplication on the at |east one stream of input sanples based
on the matri x. @g?ashﬂnearﬁﬁ%‘?’eart‘ﬂ’ét PSFASVF & FrGEIVRBhIFastityP sHBYES A oiypeichinsast

one streankgf, 4 RRHMPRF §SceliQlar &st {oPe Rt £€ A BeasPbnO WrBHh b
el lTular s e at |

received froma transmtter in a stem whereint east two
st reans of saoyplgsuheteimpthe at keagewe satans aftoute chipansngdanemtedot tietrirsmiitdrg

space-ti scranbling on. at | east. one stream of data_synbols and are
transm tted BFLOTGHNg o Scrélﬁf’ 8% aéﬁeatgth%nec PgReof date; Symbols andare

transmitted via at least two antennas at the transmitter; and

a processor operative to perform space-time descrambling on the at least one
stream of input samples to obtain at least one stream of descrambled samples and to
process the at least one stream of descrambled samples to obtain an estimate of the at
least one stream of data symbols, |

wherein the processor is operative to perform despreading on the at least one
stream of descrambled samples for at least one physical channel with at least one

channelization code to obtain at least one stream of despread symbols.

35. 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,
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ermining 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,

36.  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,

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.



