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BACKGROUND 1. Field [0002] The present disclosure
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Wrel ess comruni cati on systens are w dely depl oyed to
provi de various conmunication content such as voice,
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tip ccess systens, Frequency Division
Mul ti ple Access (FDMA) systens, O'thogonal FDVA
(OFDVA) systens, and Si]%gl e-Carrier FDVA (SC- FDMA)
systens. [0004] A wirel CRERHIND i on syst em may
upport multiple-input nultiple- output (M MO
ranskiedion. For MMDO, a transnitter station may send

[ﬁﬂg& pI eflféaiy?eserftt ﬂ%@l@ur%' e}tésaré%ﬁé{%hy g eoﬁﬁlu'iﬁo@u@n and more

nsmt antennas to nultiple receive antennas at a
specdically testealiniques fditeansoilitting detatin amsreldss ammdmuereiiaresystem.
antennas forma M MO channel that may be used to
i ncr ease thr oughput and/or inprove reliability. For

Eg fha streams may be sent sinultaneously
tr nsmt antennas to inprove throughput.
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tsEraNDy 200810 581 0@ RYTE/ YSRO0 7¢s083780 Examples of such rnultlple -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. It is thus desirable to



transmt the nultiple data streans in a manner to

facilitate their reception at the receiver station.
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[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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MM (SUMM) for the downlink. [0012] FIG 2B shows
mul ti-user MMO (MJM MD) forszthe downlink. [0013]
FIG 2C shows MJM MO for the uplink. [0014] FIG 3
shows a bl ock di agram of one Node B and two UEs.
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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. c¢dma2000 covers IS-2000, IS-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
(WiIMAX), 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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We@epBoyH0OFDVA on  the downlink and SC- FDVA onP@TiES2007/083730

upl i nk. UTRA, E-UTRA, GSM UMIS and LTE are descri bed

i n docunents from an organi zayi on nanmed "3rd
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(SDVA) . [0030] FIG 2A shows M MO transmission on the
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SS rLsin [ S) dat.a str 0 .a
bhGr 2o b0, SR b s MR bgho RN udp K™ SR8 U for
SECHIME bh@uMpMUEE d3RSMIUS MIMO . WOnhthe Sp ik, RS Rodd Beffpeeceive a
and may perform M MO detection to recover each data
MIMEQ ransmission 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).

[0030] FIG. 2A shows MIMO transmission on the downlink for SU-MIMO. A

5 |

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



[0031] M MO transm ssion on the uplink for SU-M MO nay
occur in simlar manner. UE 120 may send a M MO
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of resources. Node B 110 may gerform M MO detection to
recover the data streans sent by UE 120. [0032] FIG
2B shows M MO transm ssion on the downlink for SDVA.
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to each UE f SDMA, and edach UE may recover iIts data
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deg anazt JcBaMhe Sdrnbicaf@ O Y tamP o dacheUEOfor ISTSMUAL G88 dabh UE may
Node 110. Each UE 120 may transmt its data stream
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send MO transnmi'ssion to one or nore receiver
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tHYH¥ ssion to one receiver station or Node B. A
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may send a MIMO transmission to one or more receiver stations or UEs. On the uplink,
one or more transmitter stations or UEs may send a MIMO transmission to one receiver
station or Node B. A transmitter station may thus be a Node B or a UE and may send
one or multiple data streams for a MIMO transmission. A receiver station may also be a
Node B or a UE and may receive one or multiple data streams in a MIMO transmission.

[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



Node B or a UE and may receive one or nmultiple data
streans in a MMO transm ssion. [0035] In general, a
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encoded independently by a transmtter station. A

data stream may then be decodgd independently by a
receiver station. A data streammay al so be referred

to as a spatial stream a synbol stream a stream a
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arayan antenna array. [0038] At Node B 110, a TX data
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&%ﬁﬁaﬁorg%tna i) o'SC?heIﬁ%S 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



nodul ati on and codi ng schenme may al so be referred to
as a packet format, a transport format, a rate, etc.
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pilot synbols with the data synbols. A data synbol is
a synbol for data, a pilot symbol is a synbol for
pilot, and a synbol is typically a conplex value. The
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[ 'e-ant enna OX a data detector
R&r flaa rpr(datsa)r déﬂxeamayoproce(se (9.8,, syatboh édnﬁp,ldedirtétﬁgvo,rand decode)

glg L&‘etec& rgﬁ’on t Cg&i\e/‘i%ﬁ@ ?cllﬁ\ﬂlfa% eaprgxrzrl%cejclil to a 5ata sink

862, mte%l&ﬂi ah!eﬁnat YWSI@OSJ advARi@ c&y&ml §58;AﬂlayR§eI@&{@ MIMO

processor may process (e.g synb map,
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(RY1 20 A58 Font QﬂatQ%B&%E %QS %Ya%%l p%oéegsed 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



obt ai n decoded data, which nay be provided to a data

sink 362y. [0042] UEs 120x and 120y may transmt data
w@rooshssiopl i nk to Node B 110. At each UE 120, PCEUS2007/083730

froma data source 368 may be processed by a TX data

processor 370 and further prgcessed by a TX M MO

processor 372 (if applicable) to obtain one or nore

out put synbol streans. One or nore nodul ators 354 may
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desired 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.

[0046] 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



S different scranbling codes. The scranbling codes nmay
be pseudo-random nunber (PN) sequences or sone ot her
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recei ver station designated tg receive a given data
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the scranbling code used for that data steam The
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obtakg$the desi red nunber of code bits. Unit 424a may

POHCIC®O[dr del ete) some code bits if the desired
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Qle%gll%nﬁ’)hng 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



provi de a codeword. Channel encoder 420a provides an
encoded streamw th one or nore codewords. [0048] A
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Processing secti t hr ough 4103 may provid
shanlzols ymbwl S streamanwitha fiécoding matrix such that each data symbol is sent

from all T transmit antennas. In this case, each data stream is essentially sent via a
different “virtual” antenna formed by one column of the precoding matrix and the T
transmit antennas. TX MIMO processor 322 may also perform spatial processing on the
S data symbol streams in other manners.

[0052] Node B 110 may perform spatial processing jointly for the S data streams for
downlink SDMA. Each UE 120 may perform spatial processing individually for its data
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



M MO processor 322. [0051] TX M MO processor 322 may
perform spatial processing on the S data synbol

W@ 200845809 n vari ous manners. For direct M MO ne@pUsz07/083730
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to each transmt antenna. In this case, each data
streamis essentially sent via a different transmt

ﬁﬁﬁee%@ sinfifanBSREOR R Gne DX dRAHRE Q58 SEOAMP B & or more other
mul tip K@the data synbols in the S streans with a

Hﬁé cf@rda Mﬁttnansmigu@m on iz udh Hétdataswmfpor i390x arity process the
nas; .ln this case ac
P T iR OB e G By i P brocessor

amxemnahatnﬁélnacbobyr @mx anlumodd chdredph adosk ﬁgthmﬂafta %tream and
and the T transmt antennas. TX M MO processor 32

n@yld§| & GOHRYPBIIAL sedeveand. pIGHis shaebsneadsr %%a%naFEC encoder
ﬁ? }gn%h&ﬁi%%fsﬁ ﬁatgtbh Sk 1%39(§rd§nﬁe[\9®$§]se%|9tg§ gdlhégcﬁ@ﬂe, and a
or the at

spati al processing ] olnt
ﬁtdf eaunchidgD [1n1t di@dmlrhayk e18[éhs/lﬁnunaaod'1 otJEep]:R@smw cpdyr Bidg 0 obtain the

artglg%%@% csoalﬁ{‘t]) | ndivi dbLiF {rgz;-;i I@gtra?ral%leglppog%coged stream from
DlRak dhRAeAmEE v@itﬂ:j %Séc%hlglfmé Lodlats ﬁfeo A58 Scardh! W Fhovide a

singl e-antenna UE 120x in TX data processor

STonbled trf:ameAv@laandaniarlsweeAﬁﬁ)maz@ﬂsﬂwsmfgblts in the scrambled
CT/ US2007/ 08373 11.to be sent, si mul taneously W th
%tﬁeé‘“b? r 80 GPhaYerRY Elgsf“i%&% ft 8%%8@%%’ FFor“éO’btfﬂae‘/r map. the
ldesi1ch 0d BitsMbMatat JyaiboIN 18PN @Relthed HIlduRkon IhedRtadd provide the
processor 370x may process the data stream and

é?t@wfdbolaﬁtrémlr espondi ng data synbol stream Wthin TX

g@tgﬁ]dpr qﬁé aﬁ% 0413 sﬁox%h{ile%%%l a@n%ﬂ il th%Z&)ﬁH%ango Berforrned

ode eac | ock rream an

anwodin@Bpafedi Ithl@ ch}t'mdel\m{cddmw thh igﬁnfﬁ*h]laﬂfé&icre&ﬂﬂﬂ@&ﬁaﬂB@perfomed
an FEC encoder encode each data bl ock in
lcvasiogareBdtiqny ﬁftea t&% ICB@’(I]@H@%C@GI%Q Krnappla e scramblipg may be

sone

ISR NI R Sl e (S s
056} am¥ 1€ SA3chowsay bk aldgrantdie daspmdefdR Xtdagapnotessor 360y at

annel encoder 420x w t ranblin e fo :
BETERE, PEL G b nor r R asirosede 26 ol hdade Fic. 3
Rt @4ith %&Es&%y%&’y tRbes! fPYE atdlBsdRiohShd B &aﬁe? streams sent in a

scranbled stream based on an interleaving schene. A

MIMQH trmpp@romsoliomampmgyt H8G. | 7k evhowavB& Isiatas pragessor 360y
ata Sat sead on S trrmdul at i on schenme and

BP0 e T g S a0 6 PN ofBoaorT oo™ A and
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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



I medi ately after the channel encoding. In general,

the scranbling may be perfornmed at various |ocations
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scranbling may be perfornmed after the channel

interl eaving, after the synbojp» mappi ng, etc. [0055]

FI G 5A shows a bl ock diagram of a design of RX data
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sections 510a through 510s for the S data Streans.
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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



LLRs for code bits that have been repeated by rate

mat ching unit 424a. Unit 552a nmay provide LLRs for
W@R008os81e9 bit s generated by FEC encoder 422a apCINUS0B083730

110. FEC decoder 554a may perform decodi ng on the

LLRs fromunit 552a in a manngy conplenentary to the

encodi ng perfornmed by FEC encoder 422a. For exanpl e,

FEC decoder 554a may perform Turbo or Viterb

siesislisiarh bnd leot*}ﬁiechr deofada §RAM, a§88cABed above. The interference
respectively, perfornmed by FEC encoder 422a. [0059]
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[(}%Bbve FlIpé&r Bér mxhéB show demigeshi welqhntﬂlerdeewembhng is performed
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FRpErFPenelrs dhgishrdeLABROFRED n bt Bratigh e RocraibifE Thay be
p@PShicti AN Wcat@d Qetchhin®d iby theWcvehblingt st€@ManfAdR2]station. For
FIG 5B shows a bl ock diagram of a design of RX data

preede ¢be dgsoymbiing 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 from 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



UE 120x. RX data processor 360x may receive a detected
synbol streamfor one data stream from data detector

WQ@2®R/058IM s data stream may be one of nul ti pl ePAHUS2007/083730

streans sent in parallel for a MMO transm ssion to

mul tiple UEs. Wthin RX data processor 360x, a synbol
demapper 520x may perform synbol demappi ng on the

detected synbol stream and provide LLRs for the
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griqvues| eavi ng, before the synbol denmapping, etc.
[0064] In general, the scranbling ébbe per f or ned
Wgebenddht 1§ shews @aé%lgiapé a procesand@b femhaansmittingeinylifple data
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conp Senent ary desc SCr arrb oWs t
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escr
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 simultancously 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



whi ch may random ze interference and i nprove decodi ng

performance. For exanple, a portion of a data stream
woreaesiossipepeat ed by the rate nmatching, and t hePCEUS2007/083730

stream would then contain correlated data in the

original portion and the repegfed portion. The

scranbl i ng woul d random ze the correlated data. As

anot her exanple, multiple UEs nmy send the sanme or
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&Dﬁinell dnideding @516516 8 1367) Hynol hba@pingananbd paigorinkt dokthe data stream
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scranmbling (nmodul e 716), means for perform ng synbol
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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, e.g., for each data stream with a different



718), and neans for perform ng spatial processing for

the nmultiple data streans after the synbol nmapping
w@e@sHssoscr anbl i ng (nmodul e 720). [0069] FI G BCHOR2AE7/683730

design of a process 800 for transmtting one data

stream Process 800 may be pgyforned by a UE, a Node

B, or sone other entity. Channel encoding may be

performed for a data stream being sent by a first
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A A N e -
5&!11951'&1&&9(1%}; (blodt h@ﬂet@&hh@lﬂdé@&ﬁng €e. erpr@’ H&‘édﬁl@ and/or de-rate

mul tiple received synbol streans to obtain nultiple
thetchunge dnayyropérfarmed fom thieotdats kecam aftq:rpﬂhe ddseramblingedieck 1214).

PR BTRATBP e aat et ber ST RRGD OF Al Em Sk S 1Ry RRel decoding

Chaiieldeheirrbeink eax Bgo RYpdtorped ffer mrRdd{terstrthie after the symbol
multiple data streans after the synbol demapping

donawingordclopdicthantilidagoditss be perfornmed for the

D45, 316258 548 GO0 0 LB 86T 8 s
2pp8hS3B00 iRGIdWITAENT fOBFABOmMing descrambling for a data stream with a
scrambling code, with the data stream being one of multiple data streams sent
simultancously for a MIMO transmission, and the multiple data streams being
scrambled with different scrambling codes (module 1312), and means for performing
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.



16 scranbling code to obtain a correspondi ng

descranbl ed stream (bl ock 1020). Channel decodi ng may
wheoopesdioy red for the nmultiple data streans afPE&r/Us19e7/083730

descranbling (block 1022). For exanple, FEC decoding

and/ or de-rate matching may bgy performed on each

descranbl ed streamto obtain a correspondi ng decoded

data stream [0072] FIG 11 shows a design of an
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prag aBs delisipletledtddragni combination of computing devices, e.g., a combination of

a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[0079] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software module executed
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



devi ces, hardware devices, electronics conponents,
| ogical circuits, nenories, etc., or any conbination
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Those of skill in the art woul d understand that
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particul ar application, but such inplenmentation

aediaghwnke ahowladablomasi that eanprestceessed b awsnergl purpose or special
?ﬁtﬁ% & utér. gE%W I%f ?mg{ tagc? Bl ?%S{ngﬁq ﬁi%hoc%%{p%ter-readable

various © Ve ['ogi ca
fiedial @8, coatpdise iIRAM| ROMeSEPRIOAM, CD ROMNBEGtHep Bpihéd] [lisk storage,
the dj scl osure herein may be inplenented or perforned
weenetis Genepes op eﬂrﬁbg@gwwc%%@s? devices g #1 Ot8gigRgdium that can

Be P&E33Q W%IQI(SS)E ?)rea@e?}rgtf)glldépﬂ Lo RPRSIA e ﬁ)ﬂh%@ﬁtﬁ&@gté)&ss or data

circuit rogrammabl e gate array
strucotrbe ancbthag canbabtesieddiyca gelevalgeyrpadc ¢ sptaal gat@osorcomputer,
transi st ic, discrete hardware cqgfonents or any

BoizcAde BWPP ePleYICCHEBI G PIASCHEF-f oY 1 Croﬂﬂ%‘i“loBrfé ‘properly

fesed b bedphef-flaBablAndanes aFor d%‘dﬁ]ﬁ%fés & tRE QETRPSONs MBYmI%d from a
a m croprocessor, but in the alternative, the

prbyes swernalyotﬂier reaoye e@mofemmgmasloamlo@é@s diber optic cable, twisted
cont or stat

ED il StoselbSTIREIRSLS! oSl BeRbRodRRNRE f iffragsg. gpcio. and

FOEPWhId)ghéle ‘ﬂieC &ﬁa,ma@ o@ble, @beOBPLida4BIONtvAEted aBSPANbrawireless
m croprocessor, a plurallty of m croprocessors, one or

feshologipy pushr asciadamds radio.cd] miseeWdIe aetincladgsm derdsfinition of
Heafty Iﬂglb fhd 8&8,%%%@8‘1 'h&%[n?ﬁﬁc?@des 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.

[0081] 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



[0079] The steps of a nethod or algorithmdescribed in

connection with the disclosure herein may be enbodi ed
wa@lResosd4199 i n hardware, in a software nodul e exBCUUSH07/083730

by a processor, or in a conbination of the twd. A

sof tware nodul e may reside ing RAM nenory, flash

menory, ROM nenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable disk, a CO-ROM or

MRYdiQINeke. f PR, e SEAbABE iIRSH iHMNKA ROOB(iRRBd @9 the examples and

PCT/ US2007/ 083730 18 known in the art. An exenplary

desigrageeseraliidubareis uplte det ascptded pho pddesd scepeceonsisgant with the

bRSPLOGERSSL RN Lepdhiahgeption from and write

PRToY Fation o, the s%orgge nmedium In the
alternative, the storage nediummy be integral to the
processor. The processor and the storage nedi um may
reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the
storage nedium may reside as discrete conponents in a
user termnal. [0080] In one or nore exenplary
desi gns, the functions described may be inplenented
in hardware, software, firmware, or any conbi nation
thereof. If inplenmented in software, the functions
may be stored on or transmtted over as one or nore
i nstructions or code on a conputer-readabl e nedi um
Comput er -readabl e nedia includes both conputer
storage nedia and conmuni cati on nedi a i ncludi ng any
medium that facilitates transfer of a conputer
program from one place to another. A storage nedia
may be any avail able nedia that can be accessed by a
general purpose or special purpose conputer. By way
of exanple, and not limtation, such conputer-readable
nmedi a can conpri se RAM ROM EEPROV] CD- ROM or ot her
optical disk storage, magnetic disk storage or other
magneti c storage devices, or any other nmediumthat can
be used to carry or store desired program code neans
in the formof instructions or data structures and
that can be accessed by a general - purpose or
speci al - pur pose conputer, or a general -purpose or
speci al - pur pose processor. Al so, any connection is
properly ternmed a conputer-readabl e nmedi um For
exanple, if the software is transmtted froma
website, server, or other renote source using a
coaxi al cable, fiber optic cable, twisted pair,
di gital subscriber line (DSL), or wreless
technol ogi es such as infrared, radio, and mn crowave,
then the coaxial cable, fiber optic cable, tw sted
pair, DSL, or wireless technol ogies such as infrared,
radi o, and mcrowave are included in the definition of
medi um Di sk and di sc, as used herein, includes
conpact disc (CD), laser disc, optica



di sc, digital versatile disc (DvD), floppy disk and
bl u-ray di sc where disks usually reproduce data
woresesdieal |y, while discs reproduce data optiR@l/U§2007/083730

with |asers. Conbinations of the above should al so be

included within the scope of mpnputer- readabl e nedia.

[ 0081] The previous description of the disclosure is

provi ded to enable any person skilled in the art to

WA TOIS UBAIMYD f§scl osure. Various nodi fications to

the disclosure w il be readily apparent to those

skilled in the art, and thEeLgelMS ¢ princi pl es defined

herein may be applied to other variations wthout

departing fromthe spirit or scope of WO 2008/ 058109

PCT/ Us2007/ [ are. T - the

di scl g’s ur eAIQSA Eé%tg miS #t?re\xﬁllg%g’gtcg&gglﬁﬁa%t){l’e%%?pgs%%é

exanphtelsasande pehesssgnsordesiesd togeroen ehandel endoslitgofobenultiple data

accorded. the w dest scope consistent with the

DA EPI@% Sl HEVLRuSy L ol ad MUHIRISERhepailiale-guput (MIMO)

200840581 08 dRETH HSROA0HARAT30r0r A nWTic | Gt CleAlaWRDW - multiple

CLAIMS 1. An apparatus for w rel ess communi cati on,

swarpbling evgles afterltbashtanoelenpedogsedr configured to

per f or m channel 1ed;cggi n11g fs?r nultiple data streans

bei ng® SEMCE PN THQSBURT§AY 8PC RIS pl e- i nput

mul tipl e-output (MMD transnission, and to perform

scranbling for the nmultiple data streams with nultiple ,

scrandl i ngThodwpamtuse pf t feine Hanwbereiwn dlesdiah gleasingng processor  is
ry cou t . t |e e oces 2. T

SRR C R BPRE SRubE ol ShwRl® gBhy B Bhlps endddhg for ihe

puaes 84 stréams; and ks aablt @actbémbde Mittdabrpvizh ariifielest scrambling

streans fromthe channel encoding for the nultiple

eRdcdo obtanmsorraspending serahist sredieh encoded streamwith

a different scranbling code to obtain a corresponding

scranbl ed stream 3. The apparatus of claim1, wherein

t he aB. | ea%he appaqprscef soaim sl, wherking tiiee dht t leagpeodcorpmcessor is

S ial, processing for the nultjple data streans after
R e EHICTREn Shatish SrofSEHRE f0S (Bt TeHEPK) daiayaRyaRer the
{hemBlind €ast one processor is configured to perform

channel  interleaving for the nultiple data streans
after the

4. The apparatus of claim 1, wherein the at least one processor is
configured to perform channel interleaving for the multiple data streams after the

channel encoding and before or after the scrambling.

5. The apparatus of claim 1, 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.

6. The apparatus of claim 1, wherein the channel encoding comprises
forward error correction (FEC) encoding, and wherein the at least one processor is
configured to perform FEC encoding for each data stream to obtain a corresponding

encoded stream.



channel encodi ng and before or after the scranbling.
5. The apparatus of claim1l1l, wherein the at |east one
WEe@sesHer is configured to perform synbol nep@Ii/OsHTO83730
the multiple data streans after the channel encoding
and before or after the scrampgling. 6. The apparatus
of claim1, wherein the channel encodi ng conprises
forward error correction (FEC) encoding, and wherein
the ay | eaghe @pSurRLO6LSRAN 1| SvhefPD tH ORIt AcHRBRE @6Mriscs rate
FEC encoding for each data streamto obtain a
etohewp @mwggremeth@ atisdstone prpesspDIXP08L£ 056 1o gerform rate matching
F T eac%s gaqozc{’e%sst%so t 11% % 7rr hgdl%g acrtoa(lite S of,claimil,
Chanme oG rlses TFie mat chi ng,
and mhereln the at Ieast one processor is configured
to performrate matching for each data streamto
obt ai b a coht eppyAISIYf EEBdbdwheiednhe ghanpgl encoding comprises
08{;6& o‘fﬁl (ﬁ]zé em%f aﬁ'ldtrgt% rﬁaﬁ«?ﬁ_ﬁ% anf RWGR nlf| the at deast one
conprlses orward ror correction encodl ng an
pakessomisc bd)ﬁfggureﬂ’]d) \pblédsrm FHMhenaddingeasd ratmematphiagefos @ach data
i S confl red to perforn1FEg encodi ng and rate
%qaemow& Hib CRREWORdRg CReaded 54 obtai n a
correspondi ng encoded stream 9. The apparatus of
claim1l, wherein the nmultiple scranbling codes
cor re8 pondTh© amlaltahpl ef mh@'tmld reingom thempeitifl®Njcrambling  codes
enc H Qﬁ d rﬁﬁ@ communi cat i on,
P?‘% d”““ Bluﬁfpé? Nils] %%%HH‘%‘I © APREESr nul tiple
data streans being sent simultaneously for a
mul tiple-input multiple-output (MM transm ssion;
and E@rf ofrinethod Ear aritsilésa gomﬁwntqaéomﬂompﬁmgd at a
strea t. cr g S
chann Iﬁ%%%d%rﬁg%mgh. og%' dP d?9g§a|%¥% SU%%erebﬁng sent
mhﬁllta@afcfu@h‘yrﬂ)ﬂ@nﬂhﬁﬂeﬂﬁipueﬂmﬁwmgutpﬁo@mmeyﬁramnf,@cmnaﬁ@
at | east one of forward error correctlon (FEO
encodPHEPTEYRE pap@bling famtha gnyliplecdatn staepmy with dalfipls scrambling

encoded stream 12. The net hod
o@e@hﬁeﬂhggﬁa{nﬁépﬁﬁg&ﬂgh

clarm wherein e perform ng scranbling
conprlses scranbl i ng each encoded streamw th a

dlffe ranb de t ai.n colr respondi n :
scr anb Bhod B Faid le Rewrsr s 4 ARG SiEpRgy encoding
Q&HM§e§ 'p@lgornﬂﬁ apfe%trtgle%f T}‘B&'zar&f%ﬁef B&trdc@ibn (PEC Mo Rgeand rate

data streanms after the channe
matching for each data stream to obtain a corresponding encoded stream.

12. The method of claim 11, wherein the performing scrambling comprises
scrambling each encoded stream with a different scrambling code to obtain a

corresponding scrambled stream.

13. The method of claim 10, further comprising:

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

performing spatial processing for the multiple data streams after the symbol

mapping and the scrambling.



encodi ng and before or after the scranbling; and

perform ng spatial processing for the nultiple data
warmeassoafter the synbol rmappi ng and t he screebUb19g7/083730

WD 2008/ 058109 PCT/ US2007/083730 22 14. An appar at us

for wirel ess conmunication, cpnprising: nmeans for

perform ng channel encoding for nultiple data streans

bei ng sent sinultaneously for a nultiple-input

mul ti pl e-out put (M M) transm ssion; and neans for

perform ng scranbling for the nultiple data streans

wi th bl t i phepparetua ity Wing cssegasnui¢asiont ¢eensisingnel

encoding.. 45. The apparatus of .claim 14. wherein the, .
roansPa Baebein Rl Shiheicroahe dal e RuphEadedEhgne sen

§iatultpedouelfy fongmaltipl @ aflut eneipdé-ofitpuaNIM©) fr@ismission; and
correction (FEC) encoding and rate matching for each )
dat a BepsafartrsriopnEgnscianelinge s sheinptipls dsére sfreagtsy wipymultiple

gc@arip‘%-l?fﬁ &ﬂ@?ﬁﬁrﬁ? Aanfib @y dige. Wherein the neans for

per ng scra Ing conprises neans for scranbling
each encoded streamwith a different scranbling code

to obtain cor r espondi scranbl ed stream _17. The.
appar ﬁfps Dhe epearay &’?_Cpagﬁ“t Fervisseip e PHgns Fzistoriging channel
BRI BoRDr RYTRO ns THPRIHEmMIR at 108t S Irithh@irdaté: correction (FEC)

streans after the channel encoding and before or

afdodingt 4el st snabhingg foragadh menstréaor topebthior aricogesppadinglencoded
Erocessing for the nultiple data streans after the

Y#bl rmapping and the scrambling. 18. A

machi ne- readabl e nmedi um conpri sing i nstructions which,

when executed by a nachine, cause the machine to '
per f ofn op&haepnsrsus eicdlaal Hyg:wheeain grennergs dorpairming scrambling

[ f l.t1 Bl tr el ng .S -
A e P
{O\UDh atcoaBHONnihizGoanbidd stieemf or m ng scranbl i ng for
the multiple data streans with nultiple scranbling
codes after the channel encoding. 19. An apparatus for

wreless co |atakd 1aiRCTR SR Ge isihgast one
proceszor con?ﬂéﬁr%%&?%mperfoénf%%%%ﬁé? %ncoding for a
dat a steamsafor fegfonyingesymbo) neppingstor shicamubiiple data streams after the

si mul t anequsly, with at _| east one, ot her, data stream
BRATAY Lepqne By B?f%lre_éwﬁ%ﬁs SHERRHNEt Y on for a
nul ti Rleid 1R perfGMhihi Rp & hrRudtsit Mid¥idhe W AMSIIGEET @Rams after the

symbol mapping and the scrambling.

18. A machine-readable medium comprising instructions which, when
executed by a machine, cause the machine to perform operations including:

performing channel encoding for multiple data streams being sent
simultaneously for a multiple-input multiple-output (MIMO) transmission; and

performing scrambling for the multiple data streams with multiple scrambling

codes after the channel encoding.

19.  An apparatus for wireless communication, comprising:
at least one processor configured to perform channel encoding for a data stream
being sent by a first station simultancously with at least one other data stream being sent

by at least one other station for a multiple-input multiple-output (MIMO) transmission,



WD 2008/ 058109 PCT/ US2007/083730 23 and to perform
scranbling for the data streamw th a scranbling code

wW@taosnsgipe channel encoding, the scranbling cRUBURMOTIER3730

different fromat |east one other scranbling code

used by the at | east one othery station for the at

| east one other data stream and a nmenory coupled to

the at least one processor. 20. The apparatus of claim

4R tofRefoBh N ctaielb heMs tdalN@reRMOCHRIS 8 Qfrandling 08dd A @8k channel
to performat |east one of forward error correction
¢rEdnge Heogiranplagdoda beingrdiffeishingomort ledseormothcs sarerbhing code
t o .Qbtain .an,encoded str and to scr.amhl e the .

LRt PR B SR B s A0 b o SHRT R skl an

appar ahiésnoe§ célpiédiolfe avibak ehdplob&sat | east one

processor is configured to perform channe

interleaving for the data stream after the channe

encodhig, f I i far e t :
ctr oareat t one ruRRk QL RAATIT, BRI Mo 9" 1G51° e Rocossor s
eppauatdus fetormiat &astsencoafforwird atroo borrenipp(FEChgncoding and rate

| east one processor confi.gured tp receive a
Pﬁﬁ@}n& %I ﬂﬁ’p‘%{a A 9 Lt heEp @pCOdg:MSWmt and to seragibl the encoded

GRIR dvith D MdiRkeodat @ streams, to perform
descranbling for "the nultiple data streans with

mul ti pl e scranmbling codes, and to perform channe

decodinpg f t he |tiple.data streans,after the .
descr Aol i R8° ARt nefusRytCadorth i Phet aloatotas Rapgessor s
BoIRAEE0k0 pdfornt Néhadfflainddrkavial o ahe) dda snhg@hehffert fh@ channel
at | east one processor is configured to perform M MO

eroodigi gndote penferpplsempelc slappgsioibbl date sfigemt efter the channel
LD multiple detected synbol streans. 24. The

%@%%ﬁgpgs of claim 22, wherein the at |east one

processor is configured to perform synbol demappi ng

for the nultiple data streans before the channe

decod?hg afidl apBdaius Qg Wiksless COPRRINIEEIOP GABMNTIBYIE: 25. The

appar gt {§5t0bneChdcMsée co F& B FReiAt lnﬁﬂﬁfnlegﬂﬁu multiple-output

processor is onfigured T o perform channe
MIMOe rttapsmissign foomptrismgnmiittipfel éatalatrearsy, rte gesfobe fdes@ambling for

he hannel decodi ng, and before or after th
tsownliny ir&?f@. STSOB P deglileg I i 599908878 do psafopg, channel
dORdRRABF th Wulple Chadisthesds aRBIGREHA LD IRE; dfg@st one

processor 1S
a memory coupled to the at least one processor.

23. The apparatus of claim 22, wherein the at least one processor is
configured to perform MIMO detection on multiple received symbol streams to obtain

multiple detected symbol streams.

24. The apparatus of claim 22, 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.

25. The apparatus of claim 22, wherein the at least one processor is
configured to perform channel deinterleaving for the multiple data streams before the

channel decoding and before or after the descrambling.



configured to performdescranbling for each data
streamwith a different scranbling code to obtain a

w@rsesgpendi ng descranbl ed stream and to obt aP@I/US2007/083730

mul ti ple descranbled streans fromthe descranbling

for the nultiple data streanmspq 27. The apparat us of

cl aim 26, wherein the channel decoding conprises

forward error correction (FEC) decodi ng, and wherein

the at | east one processor is configured to perform

FEC decoding for each descranbled streamto obtain a '
corr e'é@ondifgg apperethedot alaams 22 e arher®. thihat  Epgfapag ygocessor is
QB Rl S Al Tk dPEPRT, 4P SR L FCTRUFSER scrambing
psdeae BN h Soleepbhditg desciantled ftedam, dad tabkrainnmdbleiblend®scrambled
for each descranbled streamto obtain a correspondi ng
tHeeaudirry Hegleseramhling tog thermultiphgdatastiamst ¢l ai m 26,

wherei n the channel decodi ng conprises forward error
correction (FEC) decoding and de-rate matching, and

wher e2h t h€hatappeask ofocieinpr26¢ edsadin ithe chairetyuicestih® comprises

erform FEC dec.odi nd de-rate tching for each .
L BP e PR IBANT ) G15pef e atrdop %@Bbﬂm ﬁgfea“éc%l&emocessor is
SR uRld 83 PerRm. 'ﬁE@EtdQ&Qiiﬁ%j oM daBlh ERIcIGABIBANKE&Hnh OB, obtain a
conprising: receiving a nmultiple-input nultiple-output
covrdvpdndinamdeolsbdamsttompri sing nultiple data streans;
perform ng descranbling for the nultiple data streans
with nultiple scranbling codes; and perform ng

channgg  detpéhpehrdts of OGNk ! WREBIndAE 3h&inkP adTddlet ®mprises de-
the descranbling. 31. The method of claim 30, wherein

e metahings g gvhgecde thendd| lpang one prasessoess gatigprodi tagperform de-rate
ing f ta, stre | i f t
BRSO Sk PRl A BT P BEER pyeggeom.
stream WD 2008/ 058109 PCT/ US2007/083730 25 32. The

met hod of cl|aim 31, wherein the perform ng channe

decod?hg EBeEPPYRYS Ry ¢lainhiZhg Wierqindh¢ cBpmnchdesqsing camprises
oo S Hor o _ t \

5593 S0 BRI EES L ARAAL WIBAR, A1l UG e st o

disc pobecksdafsacondiguednto [B3formMhieE Grelcbambing find [dairate 30atching for cach

SRR S R BT BB

30. A method for wireless communication, comprising:

receiving a multiple-input multiple-output (MIMO) transmission comprising
multiple data streams;

performing descrambling for the multiple data streams with multiple scrambling
codes; and

performing channel decoding for the multiple data streams after the

descrambling.

31. The method of claim 30, wherein the performing descrambling
comprises performing descrambling for each data stream with a different scrambling

code to obtain a corresponding descrambled stream.



mul tiple detected synbol streans; and performng
synbol demapping on the nultiple detected synbol
W@ e008asmopri or to the descranbling. 34. An apPelr/H$2087/083730

for wirel ess conmunication, conprising: nmeans for

receiving a nmultiple-input mug4iple-output (MM

transm ssion conprising nultiple data streans; neans

for perform ng descranbling for the nmultiple data

streagp W frhe MidthdPlo® clSifl 3TOhiHagkis AHE PerPRfingeaRsinél0dccoding

perform ng channel decoding for the nultiple data

eempranes pafiowning e leagfeansrefnforwarg .cr®s commersiond Pafadaeodifg and de-

%Jéegl I(r:r}rgécﬁ;g&ilg \rﬁ%re%agc%drefsgrglgl%?@g% gefa?ng‘rc g)é{aong;an r%rgesponding decoded data

sles@r.anbling for each data streamwith a different

scranbling code to obtain a correspondi ng descranbl ed

stream 36. The apparatus of claim 35, wherein the

meanssf or Pl EAMTHNG LRAR0E urtpgj;?&) rﬁ%g‘?onpr | SES means

for performng at |east one o orward “error

cor r epé¢rfamifdBOMOdétediongoramelil tiige rate@vedatyphbaeigstfeams to obtain

ea@h dggcra | ed strean1t£ obtain a correspondi ng
tedeGSYRhal S5y adrhe  appar at us of cl ai m 34,

furt h?érf(ﬁﬁffﬁg sEhig deABAMae bR th PRI EHAEtM Mol streams prior to
detection on nultiple received synbol streans to
thistdabarambling.pl e det ect ed synbol streans; and neans for
perform ng synbol demapping on the nultiple detected

synbol streans prior to the descranbling. WO

2008/ 958108 nRpgarkia’ oA P8 8% I mnafhi@Bion Acomprising:

machi ne-r eadabl e medi um conpri sing instructions which,

when mexisc feretechiving gatitipde-inpat guultipe-owiihi AAINE) transmission
e - ' [,ncl uding: receiving a

ﬁ%ﬁ@%‘%&ﬁﬁ%ﬁ% aarqr%?ttr%ap Se- out put (MM transm ssion

conpr inghmofor Putfdinphg ddedranblingefomshe paltfpds ditdGtreams with multiple
descranbling for the nultiple data streans with

PREFDPINCCOET: @R8] i ng  codes; and perforning channel

decodj sif % p%lf}grrﬁqﬂktcih%fel G@é&hﬁg foran® nﬁfltrilﬁé dbfd&treams after the

descra
descrambling.

35. The apparatus of claim 34, wherein the means for performing
descrambling comprises means for performing descrambling for each data stream with a

different scrambling code to obtain a corresponding descrambled stream.

36. The apparatus of claim 35, wherein the means for performing channel
decoding comprises means for performing at least one of forward error correction (FEC)
decoding and de-rate matching for each descrambled stream to obtain a corresponding

decoded data stream.

37. The apparatus of claim 34, further comprising:

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

means for performing symbol demapping on the multiple detected symbol

streams prior to the descrambling.



39. An apparatus for wrel ess conmunicati on,
conprising: at |east one processor configured to

w@eeBossdescranbl ing for a data stream w th BCT/US2007/083730

scranbl i ng code, and to perform channel decoding for

the data streamafter the deggranbling, the data

stream being one of nultiple data streans sent
simultaneously for a multiple-input nmultiple-output

(MM transmission, and the nultiple data streans

being scranbled with different scranbling codes; and a
menor ¥3.coupl eepchmetrhedakte [negsium o pemprioee sigsiructivos Whigh, when
appa us of .el aim.3 wherejn t at | east .one..
SREEGELYR Rl ksg ool EU SR b P ket S R fitng

f or wafedei®ngoh MaRiHECin N n{ufHiRsle-od §©0 dMIYI@N traflgnissiah &omprising
mat chi ng[ for the data streamto obtain a decoded data
guitplelata streanie apparat us of clai m 39, wherein the at

| east ' [ . g :
dormpp Pt SERERIRE o AT IR ARER MR SRR scrambing
deteedindg, and to perform channel deinterleaving for

the data stream after, the synbol de ﬁ’i ng and befor%

the cRAMTBINGeCHaNtlg. degodinghOra dher oy [ e aptiregy, after the
wherigtinghe nul tiple data streanms are sent to

mul tipl e stations.

39.  An apparatus for wireless communication, comprising:

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 sent simultancously
for a multiple-input multiple-output (MIMO) transmission, and the multiple data
streams being scrambled with different scrambling codes; and

a memory coupled to the at least one processor.

40. The apparatus of claim 39, wherein the at least one processor is
configured to perform at least one of forward error correction (FEC) decoding and de-

rate matching for the data stream to obtain a decoded data stream.

41.  The apparatus of claim 39, wherein the at least one processor is
configured to perform symbol 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.

42. The apparatus of claim 39, wherein the multiple data streams are sent to

multiple stations.



