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BACKGROUND
I. Field

[0002] The present disclosure relates generally to communication, and more

specifically to techniques for transmitting data in a wireless communication system.

II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may support multiple-input multiple-
output (MIMO) transmission. For MIMO, a transmitter station may send multiple data
streams simultaneously via multiple transmit antennas to multiple receive antennas at a
receiver station. The multiple transmit and receive antennas form a MIMO channel that
may be used to increase throughput and/or improve reliability. For example, S data
streams may be sent simultaneously from S transmit antennas to improve throughput.
[0005]) Due to scattering in the wireless channel between the transmitter and
receiver stations, the multiple data streams sent simultaneously by the transmitter station

typically interfere with one another at the receiver station. Tt is thus desirable to
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the channel,6864bRY- The channel encoding may comprise forward error correction (FEC)
encoding (e.g., Turbo or convolutional encoding) and/or rate matching (e.g., puncturing
or repetition). The transmitter station may perform scrambling for the multiple data
streams with multiple scrambling codes after the channel encoding. The transmitter
station may also perform channel interleaving, symbol mapping, and spatial processing
for the multiple data streams after the channel encoding.
[0008] In one design, a receiver station may receive the MIMO transmission
comprising the multiple data streams and may perform MIMO detection to obtain
multiple detected symbol streams. The receiver station may perform symbol demapping
and channel deinterleaving on the detected symbol streams. The receiver station may
also perform descrambling for the multiple data streams with different scrambling codes
and may then perform channel decoding (e.g., FEC decoding and/or de-rate matching)
for the multiple data streams.
[0009]  Various aspects and features of the disclosure are described in further detail

below.
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[0013] FIG. 2C shows MU-MIMO for the uplink.
[0014] FIG. 3 shows a block diagram of one Node B and two UEs.
[0015] FIG. 4A shows a transmit (TX) data processor for multiple data streams.
[0016] FIG. 4B shows a TX data processor for one data stream.
[0017] FIG. 5A shows a receive (RX) data processor for multiple data streams.
[0018] FIG. 5B shows an RX data processor for one data stream.
[0019] FIG. 6 shows a process for transmitting multiple data streams.
[0020] FIG. 7 shows an apparatus for transmitting multiple data streams.
[0021] FI1G. 8 shows a process for transmitting one data stream.
[0022] FIG. 9 shows an apparatus for transmitting one data stream.
[0023] FIG. 10 shows a process for receiving multiple data streams.
[0024] FIG. 11 shows an apparatus for receiving multiple data streams.
[0025] FIG. 12 shows a process for receiving one data stream.

[0026] FIG. 13 shows an apparatus for receiving one data stream.

DETAILED DESCRIPTION
[0027] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and
other variants of CDMA. ¢dma2000 covers 1S-2000, I1S-95 and 1S-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.16
(WIMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA and GSM are part of
Universal Mobile Telecommunication System (UMTS). 3GPP Long Term Evolution
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organization named ‘“3rd Generation Partnership Project 2” (3GPP2). The techniques
may also be used for wireless local area networks (WLANS), which may implement a
radio technology such as IEEE 802,11 (Wi-Fi), Hiperlan, etc. These various radio
technologics and standards are known in the art.

[0028] FIG. 1 shows a wireless communication system 100 with multiple Node Bs
110. A Node B may be a fixed station used for communicating with the UEs and may
also be referred to as an evolved Node B (eNB), a base station, an access point, etc.
Each Node B 110 provides communication coverage for a particular geographic area.
UEs 120 may be dispersed throughout the system. A UE may be stationary or mobile
and may also be referred to as a mobile station, a terminal, an access terminal, a
subscriber unit, a station, etc. A UE may be a cellular phone, a personal digital assistant
(PDA), a wireless modem, a wireless communication device, a handheld device, a
laptop computer, a cordless phone, etc. A UE may communicate with a Node B via
transmission on the downlink and uplink. The downlink (or forward link) refers to the
communication link from the Node Bs to the UEs, and the uplink (or reverse link) refers
to the communication link from the UEs to the Node Bs.

[0029] System 100 may support MIMO transmission on the downlink and/or uplink.
On the downlink, a Node B may send a MIMO transmission to either a single UE for
SU-MIMO or multiple UEs for MU-MIMO. On the uplink, the Node B may receive a
MIMO transmission from either a single UE for SU-MIMO or multiple UEs for MU-
MIMO. MU-MIMO is also commonly referred to as Spatial Division Multiple Access
(SDMA).

[6030] FIG. 2A shows MIMO transmission on the downlink for SU-MIMO. A
Node B 110 may send a MIMO transmission comprising multiple (S) data streams to a
single UE 120 on a set of resources. UE 120 may receive the MIMO transmission with
S or more antennas and may perform MIMO detection to recover each data stream.
[0031] MIMO transmission on the uplink for SU-MIMO may occur in similar

manner. UE 120 may send a MIMO transmission comprising multiple data streams to
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[0035] In general, a data stream may carry any type of data and may be encoded
independently by a transmitter station. A data stream may then be decoded
independently by a receiver station. A data stream may also be referred to as a spatial

stream, a symbol stream, a stream, a layer, etc. Encoding is typically performed on a
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[0038] At Node B 110, a TX data processor 320 may receive data from a data

source 312 for one or more UEs being served. TX data processor 320 may process
(e.g., encode, interleave, and symbol map) the data for each UE based on one or more
modulation and coding schemes selected for that UE to obtain data symbols. A
modulation and coding scheme may also be referred to as a packet format, a transport
format, a rate, etc. TX data processor 320 may also generate and multiplex pilot
symbols with the data symbols. A data symbol is a symbol for data, a pilot symbol is a
symbol for pilot, and a symbol is typically a complex value. The data and pilot symbols
may be modulation symbols from a modulation scheme such as PSK or QAM. Pilot is
data that is known a priori by both the Node B and the UEs.

[0039] A TX MIMO processor 322 may perform spatial processing on the data and
pilot symbols from TX data processor 320. TX MIMO processor 322 may perform
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processing on the data and pilot symbols from TX data processor 320.
TX M MO pr 362ssoAt 3adtirmienper¥Bi 0y7 2 MIMO detector 358y may perform MIMO

detection on the received symbols from demodulators 354a through 354r and provide
detected symbols. An RX data processor 360y may process the detected symbols to
obtain decoded data, which may be provided to a data sink 362y.

[0042] UEs 120x and 120y may transmit data on the uplink to Node B 110. At each
UE 120, data from a data source 368 may be processed by a TX data processor 370 and
further processed by a TX MIMO processor 372 (if applicable) to obtain one or more
output symbol streams. One or more modulators 354 may process the one or more
output symbol streams (e.g., for single-carrier frequency division multiplexing (SC-
FDM), etc.) to obtain one or more output chip streams. Each modulator 354 may further
condition its output chip stream to obtain an uplink signal, which may be transmitted via
an associated antenna 352. At Node B 110, the uplink signals from UE 120x, UE 120y
and/or other UEs may be received by antennas 326a through 326t, conditioned and



di rect M MO nmappi ng, precodi ngTheanform ng, etc. A data synbol may be
sent fromone antenna for direct M MO mapping or fromnultiple
antennas for precodi ng/ beanform ng. TX M MO processor 322 nay

provi de T output synbol streans to T nodul ators (MOD) 324a through
324t . Each nodul ator 324 nmay process i%s out put synbol stream (e.g.,
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esired data stream while the remaining data stream(s) would appear as pseudo-random
noise. Each data stream may thus be differentiated by its receiver station based on the
scrambling code for that data stream.
[00406] FIG. 4A shows a block diagram of a design of TX data processor 320 at Node
B 110, which may also be used for TX data processor 370y at UE 120y in FIG. 3. In this
design, RX data processor 320 includes S processing sections 410a through 410s for S

data streams to be sent in parallel for a MIMO transmission, where S may be any



[0044] I n general, a M MO transm ssion conprising nmnultiple (S) data
streans may be sent on any resources. The resources nay, LiJed
by tinme WHWHLEIR st ens), by frequency (e.g., in @Mm@?@m
systens), by code (e.g., in CDVA systen), by sone other quantity, or
by any conbi nati on thereof Since the mu¥Vtiple data streans are
transmtted on the sane resources, an assunption may be nade that

these data streans are spatially separable at the receiver
st at i on( s) intdgeneslee greatasrtbamene. bEa¢hprogersiig septianhf Ehmal deepatoaanst POsess

may not be s ially separahle, e.g.. . il abl e rank
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410 may receive and process one data stream_and prov
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channel en?% %&ﬁéf’%y\é@r@glé ea(%ﬂ{( g]}ea Ecg{g}%n@fﬁe’dgg}gﬂg@?égﬁ%ﬂgrﬁgc
provi de a eacddspamtiang muedhewoe., Glirnpehctency derepéien)maya idatel hldek @
FEC encoder 422a and a rate matching upit 4243. FEC encoder 422a nma
encode eacRrafa? EPEEKRN i@ea?ld%egervé]%oﬁ Iﬁoﬁlgﬁﬁ Hy© @H@?ﬂéﬁ%aéﬁi é’eﬁ’eﬁneyor
for data Stnﬁcf"r@% oHie sel ected coding schene may include a

code,

convol utiona a Turbo code, a low density parity check (LDPC)
code, a cyd0948]r edandemsylecdBokméCREmblsdbe cacdsied skrewpdeom gbanns ppgpder

o S SIS 23 BN B T P SRR o
bl ock of Qgblaeftifs RbSmalB heft?4dd IBYarious manners. In one design, a linear feedback
shift register (LFSR) may be used to implement a generator polynomial for a PN
sequence. The output of the LFSR is a pseudo-random bit sequence that may be used as
the scrambling code. The S scrambling codes for the S data streams may be S different
PN sequences, which may be obtained with S different seed values for the LFSR (in
which case the S PN sequences are essentially one PN sequence at different offsets) or S
different generator polynomials. The S scrambling codes may also be generated in
other manners. In any case, the S scrambling codes may be pseudo-random with respect

to one another. Scrambler 430a may scramble the encoded stream by multiplying each



performrate matching on the code bits generated by FEC encoder 422a
to obtain the desired nunber of code bits. Unit 424a mm or
del ete) IYNRRBH"its if the desired nunber of code bll%/(‘s'[‘}?%%{”z@?’s
than the nunber of generated code bits. Alternatively, unit 424a may
repeat sone code bits if the desired nuifber of code bits is greater

t han the nunber of generated code bits. In general, channel encoder
420a may performonly FEC encoding, or only rate matchl ng (e.qg.

repet i ti onyqdedrit indhherrBddstran with aneibit af te neregtbling cede tg obfad & pesambled
puncturing lgr repetition) on a data bl ock and provide a codeword.
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codewor dS [40A0F 8] A\ setaandll eited@Ner NEYa SEhAMTRIceivE h&ee@ﬁ@ﬁelﬂ:dsbﬂf@@m from
from channel encoder 420a with a scranbling code for data stream1
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stream(s) for uplink SDMA,
[0053] FIG. 4B shows a block diagram of a design of TX data processor 370x at

single-antenna UE 120x in FIG. 3. TX data processor 370x may receive a data stream



100521Node B 110 may perform spatial processing jointly for the S
data streans for downlink SDVA. Each GE 120 may perform i al
processi Mt FHERual 1y for its data strean s)yfgr upl iq@@g@&/ossno

[ 00531FI G 4B shows a bl ock di agram of a design of TX data processor
370x at single-antenna UE 120x in FIG H. TX data processor 370x nay
receive a data stream 11 to be sent sinultaneously with one or nore
ot her data streans fromone or nore other UEs for a M MO transm ssi on
on the upl tonbe sefisidadangrslyesih ond poxonagther dete stearpelreat eresarmeemadli

provi de a I r.es I dat.a .synbgl strea (thin TX [ 0
Box, ' chindr ERUBlE AR 5P e BnRE Ton Bl Lok S bR R BGRRE e
st ream anddgh et at FOVIde2NRALS B dERARMVENboVEkdanl WIAMTEK dengeoesssor
420x, an FEC encoder 422x may_ encode each data bl ock in accordance

with a sel 88ed ewanslgersofend20xamay encade caplt dap fhodknin theodata sigam and
ei t her n 1 r . e Bi: i i B,

o:‘ codepgi ﬁltsoglcﬁ %gfnré‘r%ﬁg‘?mg%ge‘ﬁa&@' Sﬂigﬁ%}cgar?ﬁgﬁlé%gggg%@gﬂn;gﬁ% rom&rr
channel eng2iemayt 2000dsi dabh datadiedkbini asgordacte Wit atshlectddicadisg setemegraod a

provi de a scranbled stream A channel interleaver 440x .interl eaye
the bits i ¢ matduns HBTt &g PR RIIRE SRECHF ahr?ﬁ’?ﬁ‘éf'qf%%\??‘i%g’é%% far the

synbol nap tagsrérerééagmbgﬁé’f R vhBe A é&}ﬁﬁmm R SorkiRb A SerpBIRPlRaRAR 6L

on a selec ation schene and p e t'he data synbol stream

[ 0054] FI GSchahAclanncodBr fB0xv wighs iagssamblinghicofie tibwe thec datarbitica amd provide a
performed i mmedj gtely after the channel .encodi.ng.. I n geperal, the
scranbl i ngscﬁﬁ‘ygk SHE# o N4¢ W??lf%ﬁé af Wdﬁ@rlgﬂ‘vfeége Fﬁ%mctﬁgﬁggpbled
encodi ng. EQLrEXANY 6n 4 enistdAMY ba@ntERY DeyRN6l Adppe: aBoﬁrngmR the
channel interleaving, after the synbol mapping, etc. [0055]FlI 5

shows a bl ouerladivedybidnootatasydeholgbrsed oRX selaetad progdulasion sciwemyangdprayige the
120y, whi CB mﬁgtﬁ'ls be used for RX data processor 330 at Node B 110
in FIG 3. I85E%PY $Fdlessor 360y nmay recover all or a subset of the

S data str ¢gym] SerpIGSN 4\ MalVOIR raabentiessdmenin Fichs thepsdrambing k Gerférned
shows RX data processor 360y processi ng all S data streans sent in
fl

the M MO t iamsietely affer the oy Mocdiege dn gengsigjhassyambling Harbe pedormed
synmbol  streans. fkG0Bons after the channel encoding. For example, the scrambling may be

performed after the channel interleaving, after the symbol mapping, etc.

[0055] FIG. 5A shows a block diagram of a design of RX data processor 360y at
UE 120y, which may also be used for RX data processor 330 at Node B 110 in FIG. 3.
RX data processor 360y may recover all or a subset of the S data streams sent in a
MIMO transmission. For simplicity, FIG. 5A shows RX data processor 36Qy
processing all S data streams sent in the MIMO transmission.

[0056] MIMO detector 358y may obtain R received symbol streams from R
demodulators 354a through 354r. MIMO detector 358y may perform MIMO detection
on the R received symbol streams based on minimum mean square error (MMSE), zero-
forcing, or some other techniques. MIMO detector 358y may provide S detected
symbol streams, which are estimates of the S data symbol streams.

[0057] In the design shown in FIG. 5A, RX data processor 360y includes S
processing sections 510a through 510s for the S data streams. Each processing section
510 may receive and process one detected symbol stream and provide a corresponding
decoded data stream., Within processing section 510a for data stream 1, a symbol
demapper 520a may perform symbol demapping on its detected symbol stream.
Symbol demapper 520a may compute log-likelihood ratios (LLRs) for the code bits



denodul at ors 354a t hrough 354r. M MO detector 358y may perform M MO
detection on the R received synbol streans based on m ni mum nean
square eMGIOBRAEY)  zero-forcing, or sone other techni]"cfi]}égrg.20‘1\7?(1&83(3
detector 358y nay provide S detected synbol streans, which are
estimates of the S data synbol streans.l2[0057]In the design shown in
FIG 5A, RX data processor 360y includes S processing sections 510a

t hrough 510s for the S data streans. Each processing section 510 may
recei ve andaproteb®dr date sttetre d thasedsymtholdetected ammanks apd dhe medwation scheme

correspondin ecoded data stream Wthin prggessing.: ti for
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FEC decoder 554 Lt i nsert erasur for de .bi ts.that
have been BoNetedy 1Y ERE Yt b PHGETAY DRI vRGGe! B \THEh g eaue
4A. An er aﬁ}é«%iﬁloﬁﬁ%fge()’a& 4t ReiMghidBsrhitte@ forthédde Uit AiERE % @Ay also combine
li kelihood of a "0" or '"1' being transmtted for a code bit. Unit

552a may alL&8sdondidadits tRg hiver bespdepasfadsbyt tatet mighiag ha i 2fepblaited2nynay

rate matching.unjt_424a.. Unjt .552a rovide L I bj
gener at ed ngq’f—{%gt]é%%i?fearu ablgtg%rgg%é)oyﬁ%t qggé_eg%ggggtr ggﬁo@y bEE
per form degQdideg 598, th&y lpeftsrdh r @Fbdink t orb 384 [IIIRA BN AL SIIAP ke e Rfadht
to the encoding performed by FEC encoder 422a. For exanpl e,

FEC

decoder 554empigyeplary by theTueedng pexpreadoby HECoICAderi 4224y tigs sgpmple, FEC
| uti i t i .
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[ 0059] Each ™ Féenai ni cessihg section ata processor
360y may sidshéaively, prpecfossed bpFBEteacsded 43%nbol stream and provi de a

correspondi ng decoded data stream_ Processing sectjons 510a thr h
510s nmay ple&iﬂje S]E%é%é’&l%ﬁrﬁc%gﬁmééﬁﬁmvﬁac‘ﬁlﬂgp gf“iarPé?%eés%fz'%ﬁgé“aﬁ

data str eag&%ig&@;prb&# pg dMcMRY %@ﬂéﬂgﬁ%%%d Q\QQQL%N@&E&@EH%&??MP

may be abl atrally separate the S data streans sent in paralle
for the M Mdn aPsodessngsectibns § hiastheash, 5 thenajepmridedS dyorded dstarstegams,

for each data stream m serve little inter e fromthe other
data strea{fiish &rﬁaﬁg%?éy Ofgﬁ%§§a@a§fr§“§f ?%%Wﬁ@\%@n%ﬁﬁmgpat i al
separ at i onypjqgd) Whi piveRa&EBR 3S8E Bl Ak SNTROkpShIPaABIAE (RaSIdMak@Reams

stream may observe nore interference fromthe other data streants).
The descr anitiimgabiicldar theddBOdranbmisson0 Iinthys easpdbailotectedsymbol stream for

e e ence ! Falh g Bt 508, SHAEl ko BhlTHe RN SHRIAR)
However, the S data streams may have poor spatial separation, in which case the
detected symbol stream for each data stream may observe more interference from the
other data stream(s). The descrambling by each descrambler 540 may randomize the
interference from the other data stream(s), which may improve channel decoding for the
data stream being recovered.

[0061) MIMO detector 358y and RX data processor 360y may also perform
successive interference cancellation. In this case, MIMO detector 358y may initially

perform MIMO detection on the received symbol streams and provide one detected

symbol stream for one data stream. RX data processor 360y may process the detected



[ 0061] M MO det ector 358y and RX data processor 360y may al so perform
successive interference cancellation. In this case, M M) detector

358y may WHHOPAIHY perform M MO detection on the recei Ved SYATHETE3730

streans and provi de one detected synbol stream for one data stream
RX data processor 360y may process the detected 13 synbol stream and
provi de a decoded data stream as descri bed above. The interference
fromthe decoded data stream nay be estimated and subtracted fromthe
recei ved syyimil sgéame andprovide@ disodt datmnstesath, Rxdehatibedubores She interfgyence

t hen be repeated for ,t next data stream The scr i an .

descranbl | ﬁamf ﬁ"iﬁ @%@ﬂeﬁggﬁﬁ %?%m% £ ieﬁﬁ%@‘z aﬂ@r%@?ﬁ%ﬁ@g}%ghe received
successi Vegd il sirS4Rd CRMoRNE&LdtRhi 208 ROE dta protesensSmay B@ntbRatpdakal for the
inter-streaminterference is white even in the presence of repetition

of coded bhes dah sreginy éFhestcraseiing[20d gizperrablimgalos isachs daga BIrefEk MY AEPERHC
Shox ey PBuBec BB BSTE RRR STt B SPUPRRR RS e

360x may r BE ream a stréamfrom

dat a det ecedandbferdivess daiita evbn @athcrmyschee onepeitionibf éodke bitaima given
streans sent in parallel for a MMO transmssion to multiple UEs.
W thin RX #&%0.-processor 360x, a synbol demapper 520x may perform

synbol de L,Ng r.e i

the transmiteal”c G il SRMEEL Blbc R e R E B ke Bl SBr 360

gei nt er : eaVEdlm‘x. LR Rafataprdesssoradidikanabrozivenydettesdrsyntbobsttdaen for one data
einterleaved LLRs with the anmpl i d f t t

and provi gétr%@na@&aﬁ%agact@e Sg,éﬁn@ Isg%&crﬁ?fggmgi%g%%%‘%%gmﬁﬁﬁa %%)tg%%s

the LLRs iQed: pﬁr 39&%18( £l oS heamignch &Y Quitge: Brdecprid HRtRSHoeamd:

W thin channel decoder 550x, a de-rate matching unit 552x may insert
erasures f 860xcadgnbit derndpper fxeniepafael bl derdanping evifbidaiscied Rambol

for code bits that hav n.repeated.. F ecqder 554x.

per f or m de&EATHEG™ ﬁrqvﬁ% ﬁﬁﬁg f?rrtglﬁ]%&m;r{ut@gfgg%?hgs.p o a&%‘ga&%a{e{%%%gar >30x
data bl ock fQr igRehcHRABMANRS, [ A0SR Ih{BRr Sxangy JBsceiralic dRS idgintericaved
whi ch the deScranbling is g}gfor med i nmedi ately before the channel

decoding. [LARgewishdhe serpmbting epdarbicdrigr ey dfe setm oderiodde & fieseranbd
S TR R L T
before the fpsom@@a ddeneppiangsreaine . WitAR6dahncl gleosteals 501, hedes mtambatching unit
MRy be per Sgg}g%?ayl igge? grggu%g %o¥ ci)gé bi(?tésl ?hgt gg;eabeen deleted and may combine LLRs
for code bits that have been repeated. An FEC decoder 554x may perform decoding on
the LLRs from unit 552x and provide a decoded data block for each codeword.

[0063] FIGS. 5A and 5B show designs in which the descrambling is performed
immediately before the channel decoding. In general, the descrambling may be
performed at a location determined by the scrambling at a transmitter station. For
example, the descrambling may be performed before the channel deinterleaving, before
the symbol demapping, etc.

[0064] In general, the scrambling may be performed independently for each data
stream so that a receiver station can isolate the data stream by performing the
complementary descrambling. The scrambling allows the different data streams to be
distinguished even if they carry identical data. The scrambling may be performed after
the channel encoding so that randomized interference fiom other data stream(s) can be
provided to the channel decoder at the receiver station.

[0065] The ability to differentiate between the multiple data streams sent in a

MIMO transmission may be beneficial for various reasons. First, a receiver station may



stream so that a receiver station can isolate the data stream by
perform n t he conpl enentary descranbling. The scranblin e
di fferent Q 208/ %%{’Tgams to be distinguished even if they’ %%@8%83;3%

i dentical data. The scranbling nay be perforned after the channel
encodi ng so that randonized interference fromother data strean(s)
can be provided to the channel decoder at the receiver station.

[0065] The ability to differentiate between the multiple data streams
sent in a M Mettoasronpiss gbienmale Heaeinaicemarian it ovhichathic gugltipleaiagmgireams

S o SO A, o o e SRl AL B wi
spatially ggpar 9es£1@ﬁ céa%m SEE a8 Ofdfo-fopeiagn tr Mmaet@@pte@ﬂow eh.,
| i near suppressr on E or zero-forcing non- | i near

SuUppr essi ofucEessiye, lnt@cfé@egeranéelﬂaﬁroé} may BpHBPIeY eTlr% 0BAPr BRYC dpda streams

i mproved. dat.a;
may be ran Wg%éig‘?ﬁ?%ﬁg t e"d g%:?aé@%fr?%gs‘ angé%é}geg%g%r@?ﬁ% Eﬁ{d\iﬁl’sch %amg,
random ze ivhichrihey findemasednicrfpreaveardiciagdovigdgoedihg rpaﬁ“onmncl?o Foxeemnmle a
a portion of a data stream may be rep el%eed by the r

he. dat a s PP GichiFBR HENTCORY 2F TCRHer TR T H 6{9@ agfﬁaﬁtmm
portion ang,f, h&g\g&ﬂ&ﬁ% ReftddQfta iANGe aﬁglﬁ!ﬂb&dm&l MR rERAAA AR Nehe
correl at ed 8a anot er exarrpal e UEs nmay send the sane

or sim | ar sctamblife v,gm Id eanduﬂn[zeftharcerrekated c&ta edceanottee ekarople, multiple UEs

Description (SID) frane) MO trans sion. The scra

random ze K ﬁ‘efsra%ocrﬁgg ar| %050%@} %ﬁ@eogasﬂ%ﬁg Ql g‘%@}igﬁes%ﬁ{é{m
process 60y rfraﬁﬁe%o% E‘MFMOgra’Eb'rlnlsblBhe THek&afblif@ Moul 886 8T GR0dd@fom
be perforned by a Node B, a UE, or sone other entity. Channel

encodi ng nﬂ;ﬁSbEEperfor rrea for nultiple data streans bei ng sent

ancodi ng b PhmprF e BERoRRALATIEY Shdy SoPR 00 dvr AT S AR g dee

performed kRserendeiely 600 magashpstairmedtyyeamdde Bi AUH) @ some other entity.
correspondi ng encoded stream Scranbling my be %grfor med for the
mul ti pl e dé&thansslr ensnsling t Mayrubei pedorsedartl | myltiphdedetaf stepmshdeing  sent

channel en m r
Sren's o f FEfeaRhoR £ MiMOTRERAREACRA! 6P THY chndf ABRIES may
stream [ Oaﬁﬁbﬁt\ﬁﬂﬂelenbdsmeg kvt rate maching qadrrhor beperfameti hmdepﬂrhdernﬁy éor
data streans after t he channel encodi ng,..and el%ger before or, aft

the scranblcrey dtl %ransice)o ot CHEHBIL B e G oy CTEY o ey be
om tted. 53[6 [ITII% ffm‘: r‘ﬁ) Rer §eLRdwhiQr mhnﬁ':)l@lé!:ﬂa{ﬂ%hﬁ %H@s after the
fter t anne %

streans a terleaving (if perfolined) and either
before or ahimmel eﬂuadmgr(hlmkm@) (Eﬂcb@krc@kﬂ)stre@pmaydje qgranddectwrtg ardhifergat

per f orme dat a stre ns aft e synbol mappi ng and
the scr arrblsi’rﬁﬁltbgiﬂg%é(et@?gamf‘ﬁ%%spﬁﬁl gecrglﬁﬁfﬁg E%}%sr gn of an

appar at us {47 or tﬁﬁﬁemxﬁéﬂéagr %uh&y Bé @ cfaintedStor SR TEnultAe Ah@l suarfid After
i ncl udes neans for performng annel eéencoding for multiple data

streans beithgclzene! evpoding amb@t}@r heforsrorafivr e seraring Selpend (oo die ghannel

i N 1 e RSy RpORs agutay SApa Gy B SRR PA Rl

714), nmean Qiafaoﬁreﬁﬁrﬁ fageMhRE he N e brldavingr (ipatforged pand éi&leﬂhéﬁ)'t@dneafﬁtﬂae

streans after the channel encoding and either befaore or af{'l
scrambling (block 618). Spatial processing may be performed for the multiple data

streams after the symbol mapping and the scrambling (block 620).

[0068] FIG. 7 shows a design of an apparatus 700 for transmitting multiple data
streams. Apparatus 700 includes means for performing channel encoding for multiple
data streams being sent simultaneously for a MIMO transmission (module 712), means
for performing scrambling for the multiple data streams with multiple scrambling codes
after the channel encoding (module 714), means for performing channel interleaving for

the multiple data streams after the channel encoding and either before or after the



15 scranbling (nodule 716), means for perform ng synbol mapping for
the nultiple data streans after the channel interleavin n i ther
bef or e or“l')%F?Oéwsstlﬂ% scranbl ing (nodul e 718), and nmeans &ﬁg@ﬁy%ﬁﬁang
spatial processing for the nultiple data streans after the synbol
mappi ng and the scranbling (nodul e 720)15 [0069] FIG 8 shows a design
of a process 800 for transmtting one data stream Process 800 may be

performed by a UE, a Node B, or sone ot her entit%/. Channel encodi ng
may be per foamblng tnodulddt @), srreafor peifagnise symbyl mapping fordhamudiiple data

si mul taneously with at .| east. _one ot her, data r eam:bei.n t. by _at

enst one_ SEine AR roRER nnde S UM eibi E R R B e bt
bl ock 812, 7E8Caen@estisTor pithBling SagallprbeRiing forale heltipds 404 sednisaittet He
data streamto obtain an encoded stream Scranbling rmay be perforned
for the dasymbelmeapping and the ssambling @ypdelsde0df t er the channel encoding

bl ock 814 I if
bther sor attioPhg JEHCE T L6 AP RaTRY aifiofied 908} paf el ORAFhe S
at | east oRenceth8I0 dalbeSperfamed Cyamidl, 4 Mode |Beaori sognenstiiebentjipr fCranee

for the data stream after the chafnnel Cg{ncodi n S)b_l ock 816). nbol .
mappi ng mayResinge may hed PPN THatta @ie SHRAET PEINSt HRAE RN efirst station

| nterl eavi g (B}, 06K %ﬁh-%@&?%&'&&aﬁ@%ﬁﬂ | (e By ANARRACA HE

900 for transmtting one data stream Apparatus 900 includes neans
for perf or sfatign édvarviBV Oetnasdiissgnf (btock 8d2). aF g thiek 1BeFRG eseodingdgnddor rate

first stati i mul t Ly Wit | east ther data st
bei ng_ sent MRS (G BeoRERYTINGY 1t B BRAT BICR: WPV B aRE SR Sreem

(nodul e 91%);fanmagﬁn%9be RRILAKSE R HETARDLirdden aih i@@raﬁﬁiﬁ%%ﬂ@@ﬁbr the
with a scranbling code after the channel encoding (nodule 914), neans

for perf or shanpebtrandiak (block 8l €aviegsctamblingecodameyderdtareaf frem af frast one
channel encqdin dul e, 916),,...apnd ans for f 1

mappi ng fof eﬁégfa g tCP%eaH%e)gflfye %t eaéﬁ%%g}hgf %t@ @ﬁsﬁ%\% P%éwe%%td?)qee()ther
918) . [007 4kl fercakl Eihatveel an@dsiGhy Olayabd HeEessedl ER0hE afatd e@@iny iaftgr the
multiple data streans. Process 1000 may be perforned by a Node B, a
UE, or somshamgbencedingt(hloch SipMSymbmlsmppiieonay: bapeifemisd frutheidstagstream

dat a streagﬁem%(cﬁ) Eﬁ%?eirf\égﬂn%mlﬁ? gf812). M MO detection nay be
i Sy

performed on mu ple receive ol “streans to obtain multiple
det ect ed sy®imd] stFEaMssHoors d desigmuftanpipeardal £06 tfor@armsmitihgoke d@th4)ream.

Synbol demappi n .be perforned on_the |tiple detected synbol . .
Streams. ( bR TOP. eHGHEFa S PBEG SRTI GRS IR RY AP iam b
multiple d t '

Dover B S5 AR SRyl dSROP G el o oy

mul ti pl e sdeaatrbhd otfjecstdibon fog. gMIM® trasssivsidaimodtle &d7), wigahs dor performing
different 16 ranbl ing ,code to obtain a rrespondi ng, descranbl ed.

St r eam (bl SERTVERE )0 RS TRk nediRnE SoRE ek B PRl Bheing
nul tiple dagadsk rﬁﬂ)’,‘ﬁn@afng)%r hrRorARSL el iRerehNife forlille dhta IhREm after the

exanpl e, FEC decodi hg and/or de-rate matching may be performed on
each descr ghiinstencodmgrimodulstt &), and megny &5 peraintps duabrelatrnpiigafor the data

stream stream after the channel interleaving (module 918).

[0071] FIG. 10 shows a design of a process 1000 for receiving multiple data
streams. Process 1000 may be performed by a Node B, a UE, or some other entity. A
MIMO transmission comprising multiple data streams may be received (block 1012).
MIMO detection may be performed on multiple received symbol streams to obtain
multiple detected symbol streams for the multiple data streams (block 1014). Symbol
demapping may be performed on the multiple detected symbol streams (block 1016).
Channel deinterleaving may be performed for the multiple data streams after the symbol
demapping (block 1018). Descrambling may be performed for the multiple data

streams with multiple scrambling codes, ¢.g., for each data stream with a different



[0072] FIG 11 shows a design of an apparatus 1100 for receiving

mul tiple data streanms. Apparatus 1100 incl udes neans f I Vi a
M MO t r a8 PFA conpri sing nul tiple data streans (rmgprtﬁjré&%ﬁ‘?ﬁ%{g?%e
means for perform ng M MO detection on nultiple received synbol
streans to obtain nultiple detected synifol streams for the multiple
data streans (nodule 1114), means for perform ng synbol demapping on
the nmultiple detected synbol streans (nodule 1116), neans for

per f or m ngsccdrabling cafleitaobiaireavpmesppoding idesaiamblep secam(Hodt Hdhs CGhpneg!

t he synbol ,de pin nodul e (11 2ans, for f ! i
for the miTrBrE R Beraund o Bk Er Sel s Eh sRE O S G &0
1120), and1gmansof efaniits, FECHGGdRRANORE ddesedidichii®mat ibe perfbingal @ each
data streans after the descranmbling (mpdule 1122). [0073] FIG 12
shows a dedssgrintedsstispmde 95tapOEOTFESPORHRS Ao dHe S@A™ st ream
Process 12 y rfor : 1087 : ‘

enti ty. Delb7ahy RGP o SR s, Bhidh DEGE aPourdlt i 0 SREE M Blliple date
scranbl i ngsteads, WAppuritne Hida istiwdeammsaisn oo mecedfingrud tMpME deanamission
streans sent sinultaneously for a MMO tra ission (g£.9.,.to0,

mul tiple sEQMPEHRY mulHple: datanireams fmadylg gfﬁawaﬁ%iﬁﬁ Retforginge §1IMO

wth di ffe&&eétio@ﬁgfflﬁg@ipg 2468 (;Pﬂng;c}lk &kt to %gﬁﬂ%&m@ge%téwed( §yribol

t
FEC decodi ng an ate matchin rsray be performed for the data
st ream af t greanisefod gbe martiple gty ook (addle 1SYHbolcade ferppdrfrgmingy syyabol

perfornmed for the data str before.the,channel decoding. annel

dei nt er | eadFREPIRE &y l%‘ﬁg@:f Fihded fséﬂnbfjﬂe“f&%l% @If%{g‘!’aemqelnlﬁé:rm?%lg for
synbol de hRfn@ndakfd Uertbii@vaiariethedamadin Gatd 00l Fbfer IR shavsl
a design of an apparatus 1300 for receiving one data stream

Appar at us deoepning (modae tdads measps ferr pesfarmiee dessearaliing ey theomulfinky data

t ith | | d i t t ' :
mul t1p1 6 asreriy PRlnee B SRkt debte oS T1fF WBITh HhariBE gRiformine
and t he nukhdrpbidddaliag o thamithnt dga seeanslfed th deberainbfigg @nédule 1122).

scranbling codes (nodule 1312), and neans for |2{Berform',ng channel

decodi ng f 607Bhe d&liG L shoarh ariesen ohe RIESs dAbY iPigrechiytg e 4@ty ptream.
[ 0075] The €S o [ PRCSHSP! Sntity.
el ectroni cgp(%gélsi ggg@ 'ﬁgﬁj\/\%ﬁgr@%%e@?% egtg?%hicég;m%’oﬁgonent S, R
| ogi cal ci Des¢rhmblimenny ibeperfetnted, fona datnptremmniviithat scoamitlingroedé, withlthe data

[0076] Those of skill in_the art woul d understand that infaornation.and
si gnal s may'&en PepE eueAt BHIp SIFRPISSCR %PE%WU%Y Fogier DAL armi it

technol ogi gs amﬂmhﬁ@nmt& ; ),laﬁﬂ"ih@ﬂﬁ%l@da@%@miﬂ%ﬁ{ S INBS with different
| )

commands, m?'(’)r mat signals, bits, synbols, and chips that may be

r ef er enced strambligg oodest(hlchBdV2). debamihdscodingey.ehd He peapdgt and/asyde-rate

vol tages, currents, e]ectromagneti.c ve magneLic, fiel 0

bar {1 o1 o, TR b getgmeant (65 S8 SErerd AFRChsenufrBing ek 219
[ 0077] Thos@yafiob Hdrhdppiiingy b bEMSimeAPRE 86l @tLstidaal bdfbie thathamsl decoding,
illustrative gggical bl'ocks, nodules, circuits, and al gorithm steps

descri bed iGhaven rdsintterbaavinet may lsodbes perderined foertes datrayrenm 31igs| thashmbal
as el ectronic_hardwa C r._sof e, or conbinations of both.
To clearl y%FWFE%ng %?iﬁﬁfﬂfegﬂ?%aé%l%%ﬁé@ ility of hardware and

software, \eu74pus FIGURY shakis\edespanardpparatils AGRS formackiviag one datasirtan.
and steps have been descri bed above generally in ter of . their

functi onal iABparaiet Hringluges Mednst fob RaPIYNg éi?é?qli%’_(ﬂélﬁjén ed %ﬂ HERIWATE 2
or sof twar %oﬂ%‘ﬁﬂgzcogﬁ,o ?ﬁ{m%eo Aol SR inat $O A Aifle 4824 Wheams sent

constraints i npos e overall system “Skilled artisans nmay _
i mpl ement  tsheuldeseusipedr f4 iMBYDom@hsrhigsiom, wad yihagrmitipde fdata eticdms being
particul ar appl i cat

ion, but such inpl epentati,o ci si.ons _shoul d.not
be interpr Stiebled %’Eﬁéfilﬁ%re‘ét Qféﬁi‘gl?lﬂg)‘éodg?g%o e qssgg)pémgfm‘faﬁ% ¥ RS ERping
di scl osur e.channel decoding for the data stream after the descrambling (module 1314).
[0075] The modules in FIGS. 7, 9, 11 and 13 may comprise processors, electronics
devices, hardware devices, electronics components, logical circuits, memories, etc., or

any combination thereof.



[0078] The various illustrative |ogical blocks, nodules, and circuits
described in connection with the disclosure her ein may i ed
or perfoMRPWOM®% general - purpose processor, a digi tﬁ%ﬁﬁgﬁ&g%o
processor (DSP), an application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) orlt her progranmmabl e | ogic
device, discrete gate or transistor |logic, discrete hardware
conponents, or any conbination thereof desr gned to perfolut the
functions 936} béthoheprtskill imﬂgf’e&l’emukbumtﬂé@dﬁh@ic@ tipmyncheigaals may
i croprocessor

h
TP 0o eSOtk Mt 5P ST IBLL B KRG CRSSRTTRY BANL,. ror

machi ne.  AcRing6S&@d, ifdiicabes cbﬁmheﬁliﬁb eﬂi’[&ﬁixﬁdor@,sm@ladmrﬂils n&ynhtis, @id chips
conputing devices, e.g., a combi nation of a DSP and a m cr opr ocess r

a plural it {habimas deofsieerssdotacughae Bie ABPE APSCHBIOD cBAs OF Jepisente
t h
S o .50 Gt M VAT, 0 S et

t he di scl opattielebarann compinatoretierdt.ed directly in hardware, in a
sof tware npdul e execut ed b)ﬁra pref% sor, or. in atgorrbr nat i on of
1

two. A sof M7k nokhase oyl wepld ewmrrré%rt@at ragﬂowe%fﬂrﬁﬂrﬁéﬂrwal
menory, EP r Il & h th
renovabl e di's gm%@%e%@\ag&?}d gﬁgo %#ﬁnﬂh go esg{igér(ggie crirjlréﬁfjur3 ulrcr)rn vlvét e
known in tHacestre Hémmxmypb@lmpknmmagels r@twtrumcr @rd‘&upl eempuett $pdiware, or

processor such. that t roce c ea ion.fro

write infoPARPIgHoRS Opgﬂ\g‘ &8 IYWQE’F{E%G% Yec EPE%@H&W QTeharfl‘ﬁ%m and
storage medhiim,EBYarRes IRl cotnﬁyoh&ﬁs H18KE SB8dules] BRBtOSRESEESs lanebeen
the storage nedi ummay reside in an ASIC. The ASIC may reside in a

user term describpchaldve geheraky an tevms of ﬂ?@lﬁfﬂ@f&@@ékﬂw IMbetheresugh fmgljanality is
medi um may

T U Yy o SRVRS e S s BAED ) L

i pl ement edeslgrn bedsthamt£imsRtd VAR ofdrallidten. tSkﬂ&ﬁ}arlﬁ:saﬁbnra@rtlmthent the
thereof. |f n%I enented in software, the_functions may be. stor
ovull

or transmi dewsaibed dinetionaliy &t vapHee W Rt ?%HSPQS?IC‘S%@PEIFF&‘HOH egut such
conput er - r?ﬁg%meﬁta '&ég‘sg@%ﬂbﬁlﬁrn& %dfﬁ fEﬁdésac u@g]ilg al?erré" from the

conputer sto COMMUni Cat 1 on media i nc ng a y medi um
that facil |st@teeﬁ'tmerm&‘nemsdbsmecorrput er programfrom one place to

th A st di | iLa that. . .
Accessed byiiThoncTaT HuPBoLSGHE aBra) bty SRS np Gren By foggbe i
exanpl e, g&gjuﬂ%d?}ll Whttﬁé Hﬁa%%_ﬁy ﬁ&eﬁﬂﬂﬁ’*’%@ fmﬁl@ﬁgﬁ’t@a Br ﬁﬁ'ﬂitﬁlﬁ:ﬂ%ﬂth a general-

conpri se her ‘optical disk storage,
magnet i ¢ dipskpose q)rca:g&soqra digitet sipea rmocressmt(&sé’geamalph@@t@n Sl-‘reclszyln%??é?d

medi um t hat . can carr r st re de ragram code a

in the for GGt {‘gg{qﬁ eltﬁgro(g;a fuﬂa@{r @g ‘f{ﬂd‘? t??[g T RESRApE™ AR bgic
accessed byeqicenakRhe pgardoczﬁetr@ﬁm&e%gab AISCRES cha8OMaYT &mpddientd, or any
gener al - purpose or speci al - purpose processor. Al so, any connection is

properly teombihagioe mfedesr@aéracbrp@rfm|thﬁnfurrrapnseséa3%l>@i heein: h& general-

f d f
o AAEAMLOP g0 SR B Ry o

digital subggrcoledntibhdleroddsiar, caitrolibr, ehie@sotites!RRodrogite snaghiab. aSSprocessor
infrared, radio, and m crowave, then the coaxial cahle, fi berlfngglfa
cabl e, twi geasielpmbe immapented ayi FRMRSYIQIRIFABINGYNE SO U eiShe-&s 2icARPERERM of

radio, and m}ﬁéﬁ""@%& ?r&dr&# F& a8 h%‘?alﬂ?f i ﬁq%é%%glﬁ&isg@rg' Whe Bt Sthore

and di sc, as ‘usSed herein eé cohpact” di sc aser di sc,
opti cal di seicropr@ictsals e anclien dith e IDVE)e, drlanp pithedisk canﬂgtbhmrr ay

di sc where disks usual l roduce .data, ma caII whi | e di scs.
reproduce dd¥®lopt FE%ISF SV\Pf @QPSOT L t‘%eéﬁéb gt iy ﬁ@n%g% with the

shoul d al sqibe,diRChHER Ty Bindbddiel RRRAS iPharBRERULES sdRAfa oMt duted

by a processor, or in a combination of the two. A software module may reside in

RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,

registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium



19 the disclosure. Thus, the disclosure is not intended to be limted
to the exang)l es and desi gns described herein but is to _be accoEPge_’d

t he wi de®t0 YeYPB1¥onsi stent with the principles and nov& YRV (Pt
di scl osed herein. 20 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLOWS: |.An apparatus for wireless cdémuni cation, including:

at | east one processor configured to perform channel encoding for

mul tiple data streams being sent sinultaneously to multiple user

eqwh pmelnt skrl(ou&sm, the ertpekif oxamdenyastdrkgnmediom istrsuplafl tto theepraegssorsucie dlins
with nultiple scranmbling,codes after the channgl encoding, . an .
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purpose computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[6081] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined

herein may be applied to other variations without departing from the spirit or scope of



6. The apparatus as claimed in any one of clainms Ito 5, wherein the
mul ti ple scranbling codes correspond to nmultiple pseudo-random nunber
(PN) seqWehz088/058109 7. A nethod for wirel ess conmmurf(cHP32§H7/083730

i ncl udi ng: perform ng channel encoding for multiple data
streans being sent sinultaneously to mui%iple user equi pnents (UES);
21 perform ng scranbling for the nultiple data streans with
mul tiple scranbling codes after the channel encoding; and

sendi ng t héherdidciosptee Thaisa tist diedosmiraid sot inteedsicroanblimitgd torthe examples and

mul ti pl e-input | tiple-output (M transnj ssi.on to the nmultipl
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perform ng ﬁ@&@g@E&ﬂ%“%pgﬁﬁg&§ﬁ§ﬁ&@gggkﬁg each data stream after the
go Ing wth a di

channel en fferent scranmbling code to obtain a

correspondi ng scranbl ed stream 9. The method as clained in
claim?7 or 8, further including: perform ng synbol mapping
for the nultiple data streans after the channel encodi ng and before
or after the scranbling; and perform ng spatial processing
for the nultiple data streans after the synbol mappi ng and the
scranbl i ng. 10. An apparatus for w reless comunicati on,

i ncl udi ng:



means for perform ng channel encoding for nultiple data streans being

sent simultaneously to nultiple user equipnments (UES); means
for performng scranbling for the nultiple data streans with nmultiple
scranbl i ng codes after the channel end8ding; and means for

sending the nultiple data streans after the scranbling in a
mul tiple-input nmultiple-output (MM) transmssion to the multiple

UEs. THE £EAIMS DEMRAIATHE IRTERIrAONARE L FORLOWK). wherein the
means for perrormng scra I'ng i ncludes nmeans for scranbling each
data stream after the channel encoding with a different scranbling

code to obtainlia colnespigifdigviglesssapmupicaiondugyding: 12. The

apparat us as ClaglefieheipfhebsdeMibGre®lo detfornd dHbdnBRIcddG IF3Hult@le data streams
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after the channzzl eﬁ%%ﬁp%%‘,“ ?{sg&hﬁeé?@%l%m lhgﬁ%%gekgfﬁb&gﬁ'{%?%déﬁt from
at | east onefiprdide oiggn mniible prpodeddzeams ddmishe chimekencading Sqr themasltipladala UE

for the atyleast, Q& MuRehctdAlRePlifeRR With 0FfeRnlTBARbg RS SiFaik # T he
at | east one processor.
corresponding scrambled stream.

3. The apparatus as claimed in claim 1 or 2, wherein the at least one processor is

configured to perform spatial processing for the multiple data streams after the scrambling.

4. The apparatus as claimed in any one of claims 1 to 3, wherein the at least one
processor is configured to perform symbol mapping for the multiple data streams after the

channel encoding and before or after the scrambling.

5. The apparatus as claimed in any one of claims | to 4, wherein the channel
encoding includes at least one of forward error correction (FEC) encoding and rate matching, and
wherein the at least one processor is configured to perform at least one of FEC encoding and rate

matching for each data stream to obtain a corresponding encoded stream,

6. The apparatus as claimed in any one of claims 1 to 3,-wherein the multiple

scrambling codes correspond to multiple pseudo-random aumber (PN) sequences.

7. A method for wireless communication, including:
performing channel encoding for multiple data streams being sent simultaneously to

multiple user equipments (UEs);



14. The apparatus as clainmed in claim 13, wherein the at |east one
processor is configured to performchannel interleaving for the data
stream after the channel encoding, and to perform synbol mapping for
the data stream after the channel intéidl eaving. 15. An
apparatus for wrel ess conmunication, including: at | east one

processor configured to receive a nultjple-inpu | tiple-output
(M M) transni $&RSMINESETATRIinA &t themultppesda éff%?ﬂlér%ﬂl#ﬂﬁ&fﬁ?h‘ﬂ\gf%i? fter

user equi QrEdbmeldebstlng; i@ performdescranbling for the nultiple data
streans with nultjple scranbling codes, and, to .perform channel
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nmenory coqpﬁﬂ@l) tréhsiaRSioio theaRBHiplONEs. Pr ocessor . 16. The
apparatus as clainmed in claim15, wherein the at | east one processor

is configured to perform synbol demapping for the nmultiple data
streans before g he Thaneabid debiodt irland, Wiekor de perfoahingscrantbling includes

descranbling. ... 17. T cl ad [ i
16, wner oiapReseecansrestionblfe SRRRI G AR Bl daulh
descr anbl iargréspendegotrambledsigemeam with a different scranbling code to
obtain a correspondi ng descranbl ed stream and to obtain nmultiple
descranbl ed streams fromthe descranbling for the nmultiple data
streans. 9. 1&he mpthodgs slaimed irsclai@ 7or &ifwadT inpfudin®i m 17, wherein

the channel de%eﬁ*&rmgismdﬂ%@oa%tfml RAREIOP BatPtre b MRF fle BEHRI encoding and
correction (FEC) decodi ng an e-rate matching, and wherein the at

| east one YFEEe8YthgserapBlifg Ydred to perform at | east one of FEC

decodi ng and dg;e{f@}hﬂl ¥pdtiair8t@ssing for @RGIARSREAIRINR A & {HeaRMbdl thaPiiigiing @
correspondj ng 5 data stream 19. A method for wreless

ode
conmuni cat'fofr %ﬁ'&ﬂ'udi ng: 23 receiving a nmul tiple-input
mul tiple-output (MMD transm ssion including nmultiple data streans

i T ple data P eadd APPSR EoTB A g T ohos:
means for performing channel encoding for multiple data streams being sent
simultaneously to multiple user equipments (UEs);
means for performing scrambling for the muitiple data streams with multiple scrambling
+ codes after the channel encoding; and
means for sending the multiple data streams after the scrambling in a multiple-input

multiple-output (MIMQ) transmission to the multiple UEs.

11, The apparatus as claimed in claim 10, wherein the means for performing
scrambling includes means for scrambling each data stream after the channel encoding with a

different scrambling code to obtain a corresponding scrambled stream.

12. The apparatus as claimed in claim 10 or 1}, further including:

means for performing symbol mapping for the multiple data streams after the channel
encoding and before or after the scrambling; and

means for performing spatial processing for the multiple data streams afier the symbol

mapping and the secrambling.

13. An apparatus for wireless communication, including:



and perform ng channel decoding for the nultiple data streans after

t he descranbling. 20. The nethod as clained in claim 19,
wherein the performng descranmbling includes performng descrambling
for each data streamwith a different Zcranbling code to obtain a
correspondi ng descranbl ed stream 21. The net hod as clai rred in
claim19 or further inclu ormn non
mul tiple recei \9té8as'%‘§?ﬁ855’?es§°(rf%’glﬁ’érg‘% 8 P8 bcfrglcﬁanﬁfjle{md'ln oégt ecg%%irg
streans; aad by a first uspehipment (IGE)Sinnateodsonmifhik legst ome cuﬂeedataﬂtmarmbwg sent
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means for pertadrmng or the multiple data Sstreans with
mul tipl e stlesshbrieiothyr €B&ushe 3&H%§‘°“e°“‘e’daﬁéﬁ??§1 f&t perform ng channel

decodi ng for tReefdhtcoii& 16k dt 184t H@pRcdidrer the descranbling.
23. The apparatus as clained in claim?22, wherein the neans for

perform ng descranbling includes nmeans for perform ng descranbling

for each data gkreamdMpbhratas ﬁlciafrﬁmernéla;ﬁ.qsamka;m:gemﬁaohopre&&wfa a
correspondi tg descranbl ed stream rat us as cl gu med
&M

in claim o reggo pepigem ¢hapne lﬁt?f‘l?jidinﬁ&]r the data stream age l?ep c%annel encoding, an

perform symbol mapping for the data stream after the channel interleaving,

15. An apparatus for wireless communication, including:

at least one processor configured to receive a multiple-input multiple-output (MIMO)
transmission including multiple data streams from multiple user equipments (UEs), to perform
descrambling for the multiple data streams with multiple scrambling codes, and to perform
channel decoding for the multiple data streams afier the descrambling; and

a memory coupled to the at least one processor.

16. The apparatus as claimed in claim 15, wherein the at least one processor is
configured to perform symbol demapping for the multiple data streams before the channel

decoding and before or after the descrambling,

17. The apparatus as claimed in claim 15 or [6, wherein the at least one processor is
configured to perform descrambling for each data stream with a different scrambling code to
obtain a corresponding descrambled stream, and to obtain multiple descrambled streams from the

descrambling for the multiple data streams.

18. The apparatus as claimed in claim 17, wherein the channel decoding includes at
least one of forward error correction (FEC) decoding and de-rate matching, and wherein the at
least one processor is configured to perform at least one of FEC decoding and de-rate matching

for each descrambled stream to obtain a corresponding decoded data stream.

19. A method for wireless communication, including:



means for performng M MO detection on nultiple received synbol

streans to obtain nultiple detected synbol streams; and means
for perform ng synbol demapping on the multiple detected synbol
streans prior to the descranbling. 233 25. An apparatus for
wirel ess communi cation, including: at | east one processor
configured to erf.orm cranbl i I i, L

scranbling co "°“a%“? t'%%fnf"étrr?ﬁlt ‘ou 83’3555“@%?%%‘3‘“62‘# HPe e am
after thfesttiassfrmibhlnpg usdrh@lmmna(sw,eam be| ng one of multiple data
streans for nult er ) a
base station |?\er%9nﬁ{‘ﬁ ‘?gcr?m'ﬁﬂgk %Sg%?@ hmﬁw E%&??g{%s%]o%gl on

to the nuatdi pl e UEs, and t he rrultl pI e data streans being scranbl ed
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coupled to the st one processor. . The apparatus as
clainmed in claim?25, wherein the at |east one pr ocessor is configured

to perform symhpl dﬂmoﬂgs di8ked h%zagmqawaaraﬁwpwrarngdsstaan@hagnnel

decodi ng, and to perform channel deinterleayin or the data stream
af ter theinsldtsoprferairgspicr bifopRaFibixe Sremm \fﬂhﬁ%gﬁe’aé%a‘? Ijpg code to obtain

27. A rracgb(;}ﬁesﬁdﬁg,q%gsgmmgd dhncl udi ng i nstructions which, when
executed by a machine, cause the machine to performthe nethod of any

one of clainms 7 to 9 or 19 to 21.
21. The method as claimed in claim 19 or 20, further including:

performing MIMO detection on multiple received symbol streams to obtain multiple
detected symbol streams; and
performing symbol demapping on the multiple detected symbol streams prior to the

descrambling.

22, An apparatus for wireless communication, including:

means for receiving a multiple-input muitiple-output (MIMO) transmission including
multiple data streams from multiple user equipments (UEs);

means for performing descrambiing for the multiple data streams with multiple
scrambling codes; and

means for performing channel decoding for the multiple data streams after the

descrambling.

23. The apparatus as claimed in claim 22, wherein the means for performing
deserambling includes means for performing descrambling for each data stream with a different

scrambling code to obtain a corresponding descrambled stream.

24, The apparatus as claimed in claim 22 or 23, further including:

means for performing MIMO detection on multiple received symbol streams to obtain
multiple detected symbo{ streams; and

means for performing symbol demapping on the multiple detected symbol streams prior

to the descrambling.
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25. An apparatus for wireless communication, including:

at least one processor configured to perform descrambling for a data stream with a
scrambling code, and to perform channel decoding for the data stream after the descrambling, the
data stream being one of multiple data streams for multiple user equipments (UEs) sent
simultaneousiy by a base station in a multiple-input muitiple-output (MIMO) transmission to the
multiple UEs, and the multiple data streams being scrambled with different scrambling codes by
the base station; and

a memory coupled to the at least one processor,

26. The apparatus as claimed in claim 23, wherein the at least one processor is
configured to perform symbo! demapping for the data stream before the channel decoding, and to
perform channel deinterleaving for the data stream after the symbol demapping and before the

channel decoding.

27. A machine-readable medium including instructions which, when executed by a

machine, cause the machine to perform the method of any one of claims 7 to 9 or 19 to 21,



