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COVMUNI CATI ON SYSTEMS BACKGROUND Field [1001] The present i nve[ht' rel ates
generally to data communi cation, and nore specifically;to tech % CfBﬂﬂE

I ~transm tting data using a nunber of diversity transm ssion nodes in M MO

OFDM syst e® 298828 gy ound [ 1002] Wrel ess communi cation systems are widely
depl oyed to provide various types of conmunication such as voice, packet
data, and so on. These systenms may be nmultiple-access systens capabl e of
supporting comunication with nuitiple uders either sequentially or

simul taneously. This is achieved by sharing the avail abl e system resources,
whi ch may be quantified by the total available operating bandw dth and

jtransmt pover. JHPPRSHTYFRANS NSVEODESBOR'SIIMD HPFpPNiE" of
‘access points (or base ‘sta Iﬁ;% a nunber “of user
term nals. Each access poin m E or nmultiple antennas

for transmtting. and receiving data. Simlarly, each termnal may be

equi pped with one or nultiple antennas. [1004] The transm ssion between a
gi ven access point and a given ter BAGKGROUND characterized by the nunber
of antennastFuejﬁd for data transmi ssion and reception. In particular, the
access poi nt '4fd ternm nal pair may be viewed as (1) a nultiple-input

mul tipl e- ougepm] (MM prysk Sivdntiontblate! RnéRily tb 'ARS BhmaR85tASndNHore
multiple (NR) receive antennas are enployed for data transm ssion, (2) a
mul ti pl e- i nppacifiiatyte teshrigues fof WuBO)ittmgsiatawsing auirnbeglof divessityrtransmrssiennas

and a single receiV are enployed, (3) a single-input
mul ti pl e-oul"bclﬁifs @W@g@@gﬂsfﬂfn% single transmt antenna and nultiple
re?i ve antennas are enployed, or (4) a single-input single-output (SISO

sydtemif a single transmt antenna and a single receive antenna are
enployed. [ Bookgromgd a M MO system a M MO channel formed by the NT transnit

\"j‘““?hNR " eCP)did) ANRARRSs Mﬁicﬁﬁ&n" WISEE abd bR dPHIFRE B BRV; & FNsS
types of communication such as voice, packet data, and so on. These systems may be
multiple-access systems capable of supportihg communication with multiple users
either sequentially or simultaneously. This is achjeved by sharing the availaBie system
resources, which may be quaﬁﬁfied by the total available operating bandwidth and
transmit power. |
[1003] A multiple-access system may include a number of access points (or base
stations) that communicate with a number of user terrhinzils. Each access point may be
equipped with one or multiple antennas for transmitting and receiving data. Similarly,

- each terminal may be equipped with one or multipie antennas.

L‘ [1004] The transmission between a given ac_ceSs point and a-given terminal may be
| characterized by the number of antennas used for data transmission and reception. In
particular, the access point and terminal pair may be viewed as (1) a multiple-input
multiple-output (MIMO) system if multiple (Ny) transmit antennas and multiple (Ng)
receive antennas are employed for data transmission, (2) a multiple—ihput single-output
(MISO) system if multiple transnﬁit antennas and a single receive antenna are employed,
(3) a single-input multiple-output (SIMO) system if a single transmit antenna and
multiple receive antennas are employe'd, or (4) a single-input siﬁgle-outpuf (SI1SO)

system if a single transmit antenna and a single receive antenna are employed.
[1005]  For a MIMO system, a MIMO channel formed by the Ny transmit and Ng

receive antennas may be decomposed into Ns independent channels, with

N, < min {N,, N;}. Each of the N5 independent channels is also referred to as a spatial
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to

he |ikelihood of correct reception by the receiver. [1006] The
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subband,
C) [1008]
with ter

access point and the ermnals typically vary fromterminal to ter
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the art fdil0§BchniTguesmbar flequansyi saleatige dfdding,somigpgonal frequency division

multiplexing (OFDM) may be used to effectively partition the overall system bandwidth
into a number of (Nr) subbands, which may also be referred to aé OFDM subbands,
frequency bins, or frequency sub-channels. [Each subband is associated with a
respective subcarrier upon which data may be modulated. For each time interval that
may be dependent on the bandwidth of one subband, a modulation symbol may be
transmitted on each of the Ny subbands. |
[1008]  For a multiple-access system, a .given access point may communicate with
terminals having different number of antennas at different times. Moreover, the
characteristics of the communication channels between the access point and the
terminals typically vary from terminal to terminal and may further .vary over time,
especially for mobile terminals. Different transmission schemes may then be needed for
different terminals depending on their capabilitiés' and requirements. -

[1009]  There is therefore a need in the art for techniques for transmitting data using
a number of diversity transmission modes depending on the capability of the receiver

device and the channel conditions.
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a nunber of diversity transm ssion nodes depending on the capability of the
recei ver device and the channel conditions. 4 C DEC 2006 WO 2 /W?ﬁgﬁS
SUMVARY [1010] Techniques are provided herein for transmtting*data i

. manner to inprove the reliability of data transm ssion. A M MO OFDM system
may be deWiOgeeH0RH1 support a nunber of nodes of operation for data

transm ssion. These transm ssion nodes may include diversity transm ssion
nodes, which nay be used to achieve higher reliability for certain data
transm ssion (e.g., for overhead channel®, poor channel conditions, and so
on). The diversity transm ssion nodes attenpt to achieve transmt diversity
by establishing orthogonality anong guiiviRR® signals transmtted from
multiple transmt antennas. Orthogonality anong the transmitted signals may
" be C attai rid@10ln f Texméqvey aret proeided hereim, fon framnyittogndsitaad 4 manadiéo aoprovdhe

transm ssi on no . y.al so i nclude spat] I pl exi ng transm ssion nodes
and beam stlB%FFﬁ%ﬁ'tY p%né‘?ﬁ‘ z’éainﬁlﬂlsﬁlﬁﬂtas‘? m %Mbgysﬁ?’édg'ﬂb bﬁc‘i?ﬁ'é@%‘i 9 gher
bit rates wagsért Gefinte? offl MYRI:AEH EpeshANRl dReNEHahir®Bsion.[ thEd thfsrABsion
enbodi ment, a nethod is provided for processing data for transmssion in a

wi rel ess ( emgdes nNICIOEONvesiimtnansoision mosips tvanch may deawsed tmaobiane thighehe

met hod, a pajti.cul ar diversity, transm ssion node to use for each of one or
nore data rg{’?b_ég%%!r Sy ”eg?téqtrﬂsgﬁs}ﬁ?o ‘a fﬂ’hr%grﬁ.‘e%‘f Cﬁ%@?isblpé’of rcg ssi on
nmodes. Eachconditiéfs, shil ¥oldndN e SEY Q8RR QIS HRIAES Nitdoh@Ns HchBval &hnaver
time, frequency, space, or a conbination thereof. Each data streamis coded

and nodul atdverbits &y gstablodingg osthagonabitiu|amongn rudiplresigaals ceansohittesy frone dat a

streamto i fe | sy . e dul atij o ol s, for each data
stream ar e%@){lp %e%fQ%r llc%étseggasbars@@l%ﬁn%ﬂ% %%‘P‘P&F"é"dya&\?“\}%r%o l%nagsr and mg%si on
nmode to praudadedin fequenty,sid)epace, freiny@oRiMinatibs thdrédTs Mihe tranymilzsios nicdes al |

data streans are further OFDM nodul ated to provide a stream of transmi ssion
synbol s f orm@acHsbfingHde ofPatal anyliiplesing: Uansraissign modes fayd dgem stecring

L1 ansm ssi G oRidh SUIROSBRAA) 50 B8 T ERRLSHEhoM 7 be RULALLP"
ynbol s using frequency division nmultrplexing , tirnme division
mul ti pl exi ngvéridhamebenditions.si on nmul ti pl exing (CDM, or any conbi nation
thereof. [1011]  In an embodiment, a method is provided for processing data for transmission
in a wireless (e.g., MIMO OFDM) communication system. In accordance with the
method, a particular diversity transmission mode to use for each of one or more data
streams is selected from among a number of possible transmission modes. Each
diversity tfansmission_ mode rédundant]y transmits data over time, frequency, space, or a
combination thereof. Each data stream is coded and modulated based on coding and
* modulation schemes selected for the data stream to provide modulation symbols. The
Q modulation symbols for each data stream are further processed based on the selected
diversity transmission mode to provide transmit symbols. For OFDM, the transmit
symbols for all data streams are further OFDM modulated to provide a stream of
transmission symbols for each of one or more transmit antennas used for data
transmission. Pilot symbols may also be multiplexed with the modulation symbols
using frequency division multiplexing (FDM), time division multiplexing (TDM), code
division multiplexing (CDM), or any combination thereof. |
[1012]  The transmission modes may include, for example, (1) a frequency diversity
transmission mode that redundantly transmits modulation symbols over multiple OFDM
subbands, (2) a Walsh divcrsity transmission mode that transmits each modulation
symbol over Ny OFDM symbol periods, where N7 is the number of transmit antennas

used for data transmission, (3) a space time transmit diversity (STTD) transmission



[ 1012] The transm ssion nodes may include, for exanple, (1) a frequency
diversity transm ssion node that redundantly transmts rmdulsﬁa%i giehol s
over multiple OFDM subbands, (2) a Walsh diversity transm ssion node that
transmts _each nodul ation syrrbol over NT OFDM synbol periods, where NT is
the nunb®P 2844%2%4snit antennas used for data transnission, (3) a space
time transmt diversity (STTD) transm ssion p6 DEC 2006 WD 2004/002011 4
node that transmts nodul ati on synbols over nultiple OFDM synbol periods and
multiple transmt antennas, and (4) a VWl sh-STTD transm ssi on node t hat
transmts nodul ati on synbols using a conbination of Walsh diversity and
STTD. For nidie #ai ghnssitsv afoditalioRngmBélsséved mibMipleaOFMN SdyaiboNDERSds hME sane.
nodul ati on synbols may be redundantly transmtted over all transmt

ant ennas StulEpleftEnemit aRseIRGt anen(43 \2nBtish-HRID trasmpsgieanimpde thabyapsmits f er ent *
transmt C t [ % annel or
targoted FaFiIRen sumOR IinEACIh AL dEP B oRRy Bg g RARR it

user - specidivegsityadnd Walsh BT TR yrahemadph siiids, hs esine aibdubioh s§indols S84 0be
capability of the receiver device. The transmt synbols for each data
st r eam ar éedungphy transeitéed Qyer el ;&@@%Wéﬂt@ﬁ%@r&ff%@ meduigia syubelsdaay | 1014]

I n anot her, e?{m%ﬂltﬁﬁ%er&ﬁgﬁhmﬂlsﬁt 81\6'a§jed for processing a data

transm ssion a recel ver a w r ess ‘comruni cati on system In accor dance

with the [Mt3)od, Eidheddvasiréatu by tai foe as iokyrhtadcimmnelsoroargenddot s egedific each
of one or nore data gstreans tq be recovered is initially determned. The
di ver si t y TeGeRYeE APYss- o Aherdela rafe dor caph psagpecific data sparadnay benaddwatadgbasedunber

of possi bl Ol§. .f c t m ar e
Chen_or oo TG HATHASLATIRIES, of RE AR VD e s BRI SrcR AR 21 o
stream t 0 datacwicam arettansenieet sy wbapsctivelgralp doae o8 mop@swdands. nodul ation ( “')
synbol s tra smtted fr&rp atransmtter for the data stream The recovered

synbol s fdt léﬁch Irapnoder smpodigentya mrsthose pp rPYided 1on PT9EEHAB A2 t tdr ovi de
decoded dahanfQfon gbsr&%[) r%li’% Eleshi:?ﬁuﬁl }@gbﬁyﬁta@gggh&oﬁﬂc@m%gems of

the invention are descri urt e 1 nvention
further prmathothsherpaioular divessityriransmissioni thede nedeiov eschusli dre, or merendaal s,
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further  for each is selected from among a number of possible transmission modes. Received
symbols for each data stream are then processed based on the diversity transmission
mode used for the data stream to provide recovered symbols, which are estimates of
modulation symbols transmitted from a transmitter for the data stream. The recovered

symbols for each data stream are further demodulated and decoded to provide decoded

data for the data stream.

e

[1015] Various aspects and embodiments of the invention are described in further. (
detail below. The invention further provides methods, transmitter units, receiver units,
terminals, access points, systems, and other apparatuses and elements that implement
various aspects, embodiments, and features of the invention, as described in further

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS -
[1016] The features, nature, and advantages of the present invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify_ correspondingly

throughout and wherein:



detail below. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 1016] The features, nature,
and advantages of the present invention will becone nore apparefpy IEGnPHge
detai |l ed description set forth bel ow when taken in conjunction wth the
~drawings in which |ike reference characters identify correspondingly

t hr oughoutWEi¥M&EHLi n: O 6 DEC 2006 WD 2004/002011 5 [1017] FIG 1 is a
diagram of a nultiple-access systemthat supports a nunber of wusers; [1018]
FIG 2 is a block diagram of an enbodi nent of an access point and two
termnals; [1019] FIG 3is a block diagbam of a transmtter unit; [21020]
FIG 4 is a block diagramof a TX diversity processor that nmay be used to

i npl ement t pEOIf7Y equEGCY idiav@kShinYoSE ARMEle-hd @2 dysfinGeha? shﬁp&tsbi REkba gFIr am
of a TX diversity processor that may be used to " inplenent the Wl sh
diversity s&dpe; [1022] FIG 6 is a block diagramof a TX diversity

ot sed I ol t th 11D . 11023] FI 71
Bl ook ai agr MAIET™% B &St bitel Pesiedor’ PRetmey Besnateret 4o ApY dient a
repeat ed WaksghudalsID schenme; [1024] FIG 8 is a block diagramof a TX

diversity processor_that may be used to inplement a non-repeated Wal sh-STTD
scheme; [ 1028119 GFIG. B és ablprlodingmmel ammsmiterngtiei ver unit; [1026] FIG 10

is a block g am versit r;...[1027] FEl 11, is._a bl ock
di agr am of gin@?g( an}tgiéih%gs Eﬁﬁ 3%‘%{5(218 ravr{ny ?ﬁ{l gﬁﬂeﬁfggﬁ&y [p(rﬁ’ C\%%Og iﬂi“{?rﬁyo%%g%e Pand
whi ch may bémplesent the fieq@nYbisbrsity étieid; y scheme; and [1028] FIG 12 is a
bl ock di agramof an_ RX subban%&rocessor within the RX antenna processor

and whi ch nbif23% udBH- Hds atleck dipgameel ade diyposite pecpesser Weat gpey TrRddehenes.
DETlAl LED DEﬁﬁBLBE)IIIIt% Walsh diversity scheme;

( ' . [10223 FIG. 6 is a block diagram of a TX diversity processor that may be used to
implement the STTD scheme; |
[1023]  FIG. 7 is a block diagram of a TX diversity processor that may be used to
implement a repeated Walsh-STTD scheme;
(1024}  FIG. 8 is a block diagram of a TX diversity processor that may be used to
implement a non-repeated Walsh-STTD scheme; '
[1025] FIG. 9 is a block diagram of a receiver unit; _
[1026]  FIG. 10 is a block diagram of an RX diversity processor;
[1027] FIG. 11 is a block diagram of an' RX antenna processor within fhe RX
diversity processor and which may be used for the Walsh diversity scheme; and
[1028] FIG. 12 is a block diagram of an RX subband processor within the RX
C antenna processor and which may be used for the repeated and non-repeated Walsh-
— STTD schemes. | |

DETAILED DESCRIPTION
[1029] FIG. 1 is a diagram of a multiple-access system 100 that supports a number
of users.. System 100 includes one or more access points ('AP). 104 that communicate
with a number of terminals (T) 106 (only one access point is shown in FIG. 1 for
simplicity). An access point may also be reférred to as a base station, a UTRAN, or
some other terminology. A terminal may also be referred to as a handset, a mobile
station, a remote station, user equipment (UE), or some other terminology. Each
terminal 106 may concurrently communicate with multiple access points 104 when in

soft handoff (if soft handoff is supported by the system).



[1029] FIG 1 is a diagramof a nultiple-access system 100 that supports a
nunber of users. System 100 includes one or nore access poi nZ}s (BLE?Q R0g
that communicate w th a nunber of terminals (T) 106 (only on %ccess poi nt

is sho .n Fl 1 for sinplicity). An access point may also be referred to
as a bmbg?'}é‘}%ﬁ%ﬂﬁl a UTRAN, or sone other term nology. A termnal may al so

be referred to as a handset, a nobile station, a renote station, user
equi pnrent (UE), or sone other term nology. Each termnal 106 may
concurrently communi cate with multipleBaccess points 104 when in soft
handoff (if soft handoff is supported by the systemj. 1 D 6 DEC 2006 WO
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mul tiple antennas and represents (1) the multiple-input (M) for a downlink
transni ssTOHCEERE LY the nadERe -y (MDD for  dewpbinkirargmissien {rem thpaccess point o
mul tiple- ! 1nk hS$l 0N termmnal Lo the .
nccess porne riniing €5 8 BLBORBE MR BB LRBR b TR R 4hS "o ven

access poigrmimlid ertdcues poinePACREoE nd fiemoidl thinfihels 06 poinidicatifie wigven! i nk
transm ssion and the nmultiple-input for the uplink transm ssion. [1031] Each
access poigﬁt‘:“l@QFeé%rP%'Hnﬁ‘ﬂ%CBéQlé wpraseh ethsr muliiple-prwut cfori thal downlénk e t her
concurren . i MW sV ik £ nnas avail abl e at the
access pté‘{aﬁﬁlﬂiéﬁgggﬁ%mgr@ ﬂtljéle_r%é@f%ﬂ %Hﬁ%@g tg%ngfrﬁ%[ﬂ%é at each termnal.

Term nal s {1} n Badhi aceess QOIMIIIO4L caxi tammimirate &t ¥ies ofdnhdipke @hAginals 106her
signaling information fromthe_ access ( ) point, as shown by the dashed
lines for cHBSEgPEenthser ﬁ%ﬁ@&gﬁ%‘ym%thenmﬁﬁr@le antepngg Fpilakle ‘af jtae @eRps i nk,
the accesgonplal yRMH SO oARLAANRRIANE LEER EELTAN FerIER RSy hofile N
antennas for reception of one or nore data streans fromthe access point._
I n gener akpmiNRniariohenayi fetaive pilot andkbr fotlet eignaling trifoamitionnizoh eheracess and )

can be any.integer. A M channel forned by the NT transmt. antennas and”
NR recei vé’O"’érﬁSéﬂﬂ‘ﬁg OXaF %5“‘6’385‘ sté’amf’ﬁféogfsthf‘?ﬁéﬂ@ﬁ[iéﬁﬁ%ﬂannel s, with N
<_ mn { Mp3AR For HeUBwAHRE th@qg&%glsﬂi %ﬁgﬁi}g‘m érﬁTrﬁ'nla§ And S1& fe ';{aP as a

spatial subchannel of the M MO chann rm nal s concurrent
recei vi ng edmplwysi hier dataatennanfomresciptinon € ede motmdre dasqstieppedravatthe ecpeat nunber

of recel ve ot enas L RS bbb L5 AOUNDN m SR LSt SSFLY,EN SN2

any integer. A MIMO channel formed by the Ny transmit antennas and Ng receive

antennas may be decomposed into Ns independent channels, with N < min {N,, N R} .

Each such independent channel is also referred to as a spatial subchannel of the MIMO
channel. The terminals concurrently receiving downlink data transmission need not be
equipped with equal number of receive antennas.
[1033] For the downlink, the number of receive antennas at a given terminal may be
equal to or greater than the number of transmit antennas at the access point (i.e., C)
N, 2 N,). For such a terminal, the number of spatial subchannels is limited by the
number of transmit antennas at the access point. Each multi-antenna terminal
communicates with the access point via a respective MIMO channel formed by the
access point’s Nr transmit antennas and its own Nx receive antennas. However, even if
' multiple multi-antenna terminals are selected for concurrent downlink data
transmission, only Ns spatial subchannels are available regardless of the number of
terminals receiving the downlink transmission.
[1034] For the downlink, the number of receive antennas at a given terminal may

also be less than the number of transmit antennas at the access point (i.e., N, < N).
For example, 2 MISO terminal is equipped with a single receive antenna (N, =1) for

downlink data transmission. The access point may then employ diversity, beam



equal to or greater than the nunmber of transmt antennas at the access point
(f.e., NR ? NTI). For such a termnal, the nunber of spati al uﬁ)%h ggeﬂ&]ﬁl S
limted by the nunber of transmt antennas at the access point? "Each

., multi-antenna terminal comunicates with the access point via a respective
M MO chanwel 20bgsmed by the access point's NT transmit antennas and its own .
NR recei ve antennas. However, even if multiple nulti-antenna termnals are
sel ected for concurrent downlink data transmi ssi on, only Ns spati al
subchannel s are avail abl e regardl ess of 4 he nunber of terninals receivi ng

t he downl i nk transrri ssion. [1034] For t he downl i nk, the nunber of receive

ant ennas at 8| ven term nal ma]y f\&]ﬂl‘%‘r}ess than the number of transmt
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termnal may also utilize al I'y a subset of avai | abl e ant ennas
for upli nk ttansing mngsnanior Ate wpiink gires fmmed iy e, antdneadIsedthyanenirimantaetiveas f or

the uplink are for ant.enn sed e.or nore active. termnm nals.
e WMo s hteS] e VR RS B (R Ny, B a At 20 ehtas frath il mer [ ve
term nal s %Bﬁlvé REMAGEE 8Rd BRI Alces ﬂ*@%'fé@ex%‘%ﬁt@ﬂﬁﬁ ﬁfl@nﬂh&ﬂ&%f §Han§lpat i al
subchannels is limted by the nunber of transmt antennas, which
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N-r., NR 1) 103 FIG 2. Iock di agram of an
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access poi s,.of traffic as user-speci fic data
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data based on one or nore codi ng schenes to provide coded data. The coded

data is thenlsﬁiﬂﬁt’cp@ﬁllﬁ&aﬁlﬂéaj frarda fdatat mrcen%ﬁalsagn@ting,u ang, 50 gy aboprovidegdd) based
o o, O TonSpi TRy Gl SRcAEHITBS FocRLSMI NPTl B TR e tarik

modul at ed
data based on one or more coding schemes to provide coded data. The coded data is

then interleaved and further modulated (i.e., symbol mapped) based on one or more
modulation schemes to provide modulation symbols (i.e., modulated data). The data
rate, coding, interleaving, and symbol mapping may be determined by controls provided
by a controller 230 and a scheduler 234. The processing by TX data processor 210 is
described in further detail below.

C [1037] A transmit processor 220 then receives and processes the m_odulation
symbols and pilot data to provide transmission symbols. The pilot data is typically
known data processed in a known manner, if at all. In a specific embodiment, the
processing by transmit processor 220 includes (1) processing the modulation symbols
based on one or more transmission modes selected for use for data transmission to the

- terminals to provide transmit symbols and (2) OFDM processing the transmit symbols
to provide transmission symbols. The processing by transmit processor 220 is described
in further detail below.

[1038]  Transmit processor 220 provides Nr streams of transmission symbols to Ny
transmitters (TMTR) 222a through 222t, one transmitter for cach antenna used for data
transmission. Each transmitter 222 converts its transnﬁSsibn symbol stream into one or

more analog signals and further conditions (e.g., amplifies, filters, and frequency



rate, coding, interleaving, and synbol mapping may be determ ned by controls
provided by a controller 230 and a schedul er 234. The procezﬁiﬁgﬁ?ﬁ@% dat a
processor 210 is described in further detail below [1037] t

processor 220 then receives and processes the nodulation synbols and pil ot
dat a t o womebddm2dansm ssion synbols. The pilot data is typically known
data processed in a known manner, if at all. In a specific enbodi nent, the
processing by transmt processor 220 includes (1) processing the nodul ation
synbols based on one or nore transm sg on nodes sel ected for use for data
transm ssion to the termnals to provide transmt synbols and (2) OFDM
processing the transmt . .synbols to provide transm ssi.on s ol s. . The
processi nS’PBV“’FF‘aPngiﬁ f‘"ab?%élggglﬁr[()z%gfa aEHrHy dow,qi%gp@ﬁa&sagqa] bel ow.
[1038] Trapsibié fBf AaRsHREor AeP 0N ERSs MBmfhRalEn LhahjeRDSELGS H%nﬁMUbM s to
NT transmtters (TMIR) 222a through 222t, one transmtter for each antenna
used for deodulated sigeatistbemtransAated vinanespectiveranBhda A wetheserntisals.r ansmni ssi on

synbol str, intQ,one, or ND nal og, si gnal s d further conditjons (e.g.,-
anplifi es,[fﬁg'}t erg,t Ay ‘FF%‘&GL?%Q@ &@e %ﬁ‘dﬁ“g @O%tﬁéoﬂwg%ﬂnsm_“ Wonverts)
the anal ogrask@iadnterids GEMY ARsApbife RRCIbMOed @YWbcnkr FRAHIALARNAODS
suitable for transm ssion over a wreless commini cati on channel. Each

downl i nk avaidableeethe Semynudl. iThetrhemved agmbiftone dachi antennacdddds provddahtoemna 224

to the terninals. .103 ch_t erm nal 6, the downl ink nodul at ed

S gnals. § ORI rertiee RO PR TR e 5 oGt Wb o e et ser ved by
one or nulghiH&Quakiyedd\Atorvetts) ¥ dbdcphldcsi@lal bthE thekdh dghizesTe dRERIonEd signal
fromeach antenna 252 is provided.to a Tespective receiver (RCVR) 254. Each

recei ver 2natwrpdovideasespectiye strédmh obsamplesapl i fies, and frequency

downconver Its,received sign nd further.digitizes the conditioned

signal to [Eﬁ%)(ul deAarcF‘E%epBIPP?Vgr gflfor @5%‘??1‘3"’5%%4 Bg.gcfsfﬁ%]sttrﬂarf‘%é’gf%plﬁf‘ ocesgml

260 then rfﬁﬁﬁidﬂe&c@iﬂé'rsplﬁcﬁﬁng@fid’éh;@c@efﬁa%&m sedphgsoddiaeinatd). recei vers
ynbo

254 to provide recovered s s (i.e., denodul ated data). In a specific
enbodi nentspegifie mbvdisentnthebprocesgisigviey prostviespoees3e0 26hdnelddes (1)O

bd (2 ArbeSulf i AR TR D S et foe B SRRl CrE @R <51 on
node(s) t @reddssh the received symbols based on the selected transmission mode(s) to obtain
recovered symbols. The recovered symbols are estimates of the modulation symbols
transmitted by the access point. The processing by receive processor 260 is described in
further detail below.
{1041] A receive (RX) data processor 262 then symbol demaps, deinterleaves, and
decodes the recovered symbols to obtain the user-specific data and signaling transmitted

on the downlink for the terminal. The processing by receive processor 260 and RX data

p—

processor 262 is complementary to that performed by transmit processor 220 and TX (
data processor 210, respectively, at the access point. | '

(1042} On the uplink, at terminal 106, various types of traffic data such as user-
specific data from a data source 276, signaling, and so on are provided to a TX data
processor 278. Processor 278 codes the different types of traffic data in accordance
with their respective coding schemes to provide coded data and further interleaves the
coded data. A modulator 280 then symbol maps the interleaved data to provide
modulated data, which is provided to one or more transmitters 254. OFDM may or may
not be used for the uplink data transmission, depending on the system design. Each
transmitter 254 conditions the received modulated data.to generate a respective uplink
modulated signal, which is then trahsrnitted via an associated antenna 252 to the access

point.



recovered synbols. The recovered synbols are estinmates of the nodul ation
synbols transmitted by the access point. The processing by receive
processor 260 is described in further detail below [1041] Ar @glgﬁ (§m%
data processor 262 then synbol demaps, deinterleaves, and decod g
‘recovereddiggﬁohﬁ(}? obtain the user-specific data and signaling transmtted
on the do B'lthe ternminal . The processi ng by receive processor 260
and RX data processor 262 is conplenentary to that performed by transmt
processor 220 and TX ( ,) data processor 210, respectively, at the access
point. [1042] On the uplink, at term nal 9106, various types of traffic data
such as user- specific data froma data source 276, signaling, and so on are
provi ded t o[I#43K daAraacqesO@einol04 i8e ypReswdilaizd8sigasiesirbieont bf anemt
.types of traffic data in accordance wth their respective coding schenes to
provi de codEEMHRISATE ARFeHSH it aANteniae? T4 albe rachived sigpakiiramt eech AnteprruEdt isr 280
t hen synbol his
provi ded P ocdhRE 228 KAt Bftylhs BhH eEres TR ALEE B0 B ", 7

the uplink datgpettiansreassoOsampleneDhié Bgmpe dtﬂee:ns)fﬁdr@miﬂdesélgérs 2B2cike then
transmtter 254 conditions the recei ved nodul ated dat a. enerate a

respect i ve BPPHRd birotidrmpdaater gfliand fyrber fecodpd i tl?eﬁﬁ%gﬁﬂt)t dary RX dpta
d /
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[ 1043] At a cess pol nt sighals fromone or nore
term nal s afi®4dpceiCetrollyrsa2Bleath 7@ AdrectThe opeedionedt thiegieakssfpoxm @riCthe
antenna 224 is rovided to_a receiyver 222, which conditions and digitizes

the recei velfT@iTghdesPegtystyy Meanorigs rzégr?@étmeé’r%‘flfl"eéﬁ?mﬁe for REnzen cqies a@dnpl e
streams fro Qlu'se Sf?br?t%l&rszg% Qﬁcf‘z r?elﬁ?é( eg)g O@Eﬁéﬁ%r%é@scﬂ%f@éé%@ﬁ% 240

and ‘_further eco ed necessar ta processor to recover
t h¢d data tram&msm@doxbghctdb@nliek Canﬂ@bsmblbrllﬁmmglm@)fumhﬁ feensalk30 and 270 direct

t he~operati ess oi nt. and .t termnal, res i vel ries
232 and 272ﬁ@ﬁgi/| d °§t %fé’e %ﬂspﬁrw% B’GEfé‘é’ Gmeﬁé{“asgf‘scgl %691%%30 | lers
230 and 270be16@59&086\¥ﬁﬁﬁk téﬁé?ﬁgéibf?r %ﬁésesgé%%&» Sha nj ha?sod%EauseBri%Psﬁﬂlﬁﬂ‘t' on on

the downlink (and possibly the uplink) for the tern nals.
transmission, and this is within the scope of the invention. - Also for clarity, in. the

t”

following description, subscript ‘" is used as an index for the receive antennas,

L3

subscript
an index for the subbands in the MIMO OFDM system.

is used as an index for the transmit antennas, and subscript “k” is used as

Transmitter Unit

[1046] FIG. 3 is a block diagram of a transmitter unit 300, which is an embodiment
of the transmitter portion of access point 104. Transmitter unit 300 includes (1) a TX
C .. . data processor 210a that receives and processes traffic and pilot data to ‘provide
modulation symbols and (2) a transmit processor 220a that further processes the
modulation symbols to provide Nr streams of transmission symbols for the N7 transmit
antennas. TX data processor 210a and transmit processor 220a are one embodiment of
TX data processor 210 and transmit processor 220, respectively, in FIG. 2.
[1047] In the specific embodiment shown in FIG. 3, TX data processor 210a
includes an encoder 312, a channel interleaver 314, and a symbol mapping element 316.
Encoder 312 receives and codes the traffic data (i.e., the information bits) based on one
or more coding schemes to provide coded bits. The coding increases the reliability of
the data transmission.
[1048] In an embodiment, the user-specific data for each terminal and the data for

each overhead channel may be considered as distinct data streams. The overhead



[ 1045] For. clarity, various transmt diversity schenmes are specifically )
described below for downlink transm ssion. These schenes may ammt@ﬁg _
for uplink transmssion, and this is within the scope of the i M@ ! _
Also for_clarity, in the follow ng description, subscript "i" is used as an
I ndex f&VOF?Pé"OP%’&Ei ve antennas, subscript "7' is used as an index for the
transmt antennas, and subscript "k" is used as an index for the subbands .
in the MMO OFDM system Transmitter Unit [1046] FIG 3 is a block diagram
of a transmtter unit 300, which is ani@®nbodi mrent of the transmtter
portion of access point 104. Transmtter unit 300 includes (1) a TX C data
processor cigzhfas trhat idcRee Biesdcand phsifs eaResthbF 8bhbfon2finRiik ?heﬁh%aafot& provi de
nodul ati on synbols and (2) a transm T processor 220a tﬁat urther processes .
t he noduletivedh by yiizeingsingle. PpalviptbedanT ststansamsy efsotheaseanioss gioen saymibadls f or

the Nt 1t t G IX t 210 dt . t
2203 are A0 EHBGRFRENTATb® 1AL IEpROCaLL BPEER 1N dnePecHnGiae SB8ss0r
220, 1 espgQédivPiof thdt BatalsGeard. "I[hii@,‘la7i|lu1ﬁlfbrfotf'?r1c§:5@ﬁc5h9 B0 RREmS hgwn 1 n

FIG 3, TX data processor 210a includes an encoder” 312, a channel
i nt er | eavée pRyileddydneodey dbdforrdiffpenipvethead nhar@eB. andEerooods. 312 recei ves and

codes the ficodata .(i.e,, the infqormation bit based.on one r nore
codi ng sclg];dﬂg tg”}?_r%’%(flé%CB@H%&%@%@%H’@%&H@ & a%férsﬁa%és eﬁé@’?ﬁﬁ?bi lity
of the datRdhbadairb sbfNeorltr@MBh30.n AR @uhgdidieRie fof RecH &8hinaPaRlyfie data
for each termnal and the data for each overhead channel may be Consi dered
as di sti netledted, dostxagwins basedeonofcediigk dnfosmBDED 120G 6ed (MO0 kHRDRD 1EackD
channel s may_incl ude broadcast agi .n and_ot her conmon ch s i.ntended
Co be- reCative AR RY SRt EORbRd o B SvARL ereENecsa) BEDD B8 ent to
a given tesgiAddclic @amaﬂ@@ae@kgeﬁco BBe) fid FolRc ERGERRRLRNT IREd)ReR6s On § )

specific coding schene selected for that data stream Thus, a nunber of

i ndependef®-£ya conedutinnahceder e dragberggde, bdlenkosdddeandso eme ot epdigg Scifepre

di fferent overhead. ch | s. 1 nal s. [,1049] .Th I fi I hem |
to be used A aReieaErg oA as HERL ROt oG SN B8 Prom
cont r ol | ekach3@hta Stéant. 0 Nidigovee TR chBVol@asiial hed TuftR) cdiRY, ffctufifg dyvesh for

exanpl e, based on feedback information received fromthe termnal. Each
used to adjust the code rate. More specifically, puncturing may be used to increase the

code rate above the base code rate. '

[1050] In a specific embodiment, the data for each data stream is initially
partitioned into frames (or packets). For each frame, the data may be used to generate a

set of CRC bits for the frame, which-is then appended to the data. The data and CRC

bits for each frame are then coded with either a convolutional code or a Turbo code to

generate the coded data for the frame.

[1051] Channel interleavcr 314 receives and interleaves the coded bits based on one (!)
or more interleaving schemes. Typically, each coding scheme is associated with a
corresponding interleaving scheme. In this case, each independently coded data stream

would be interleaved separately. The interleaving provides time diversity for the coded

bits, permits each data stream to be transmitted based on an averége SNR of the
subbands and spatial subchannels used for the data stream, combats fading, and further

removes correlation between coded bits used to form each modulation symbol.

[1052] - With OFDM, the channel interleaver may be designed to distribute the coded

data for each data stream over multiple subbands of a single OFDM symbol or possibly -
over multiple OFDM symbols. The objective of the channel interleaver is to randomize

the coded data so that the likelihood of consecutive coded bits being corrupted by the

communication channel is reduced. When the interleaving interval for a given data



codi ng schene may include any conbination of forward error detection (FED)
codes (e.g., a cyclic redundancy check (CRC) code) and forward err rE
correction (FEC) codes (e.g., a convolutional code, a Turbo cod@,ﬁﬁ 61 Sellb
.code, and so on). A coding scheme nmay al so designate no coding at all.

Bi nary or -W¢&94{08208hsed codes nay al so be used for each data stream
Moreover, wi th convol utional and Turbo codes, puncturing nay be wused to
adj ust the code rate. Mdre specifically, puncturing my be used to increase
the code rate above the base code rate.11{1050] In a specific enbodi nent,
the data for each data streamis initially partitioned into franmes (or
packets). F
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coded bits used to form each nodul ati on symbol. [1052] ‘
channel i nt emhsavestioneohaine] copamynidrics onghirdhan theinerddaingddedial.dat a f or each

data st | t] bbands of .3 single OFDVM | i bl
ml 11 pl & OS] ooyt Bh maBBREc el afb faskeh amfldhersr e pububd de ot V"
r ar@‘om' ze  hdSrdageledit ¥ha of ndrb doduli@ioh iskRinidiagthratids AsRGHHA %%E&Q.ed\ bits

beiwmg corrupted by the conmunication channel is reduced. Wien the
i nt er| eavi npartieslar wedulttin sghefng arpydhgt used f@ PEICd2RGEeamO TheGpnboloapping

i ngl DM |t ded bits.f

oot o a3 0P G SET M P RGeS 580k B Bt b et BN BMATBR * °
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OFDM synbol s, the coded bits are randonly distributed across t
dat a- car r yi faja sY/pbrd i@l 8 e it & sighall copsielaties |corresnoadingde ithegmpdrlationaschenae

exploit bot Pelgcge%? 117 fo?qgattda&ﬁ s[%ia%ﬁ?r'ﬁjlet SelectdY m%dw.aﬁ(%l ?c%%mleo aa)lfll be QPSK,

M-PSK, M-QAM, or some other modulation scheme. Each mapped signal point is a

complex value and corresponds to an M,-ary modulation symbol, where M,

corresponds to the specific modulation scheme selected for data stream m and
M, =2% . Symbol mapping element 316 provides a stream of modulation symbols for

each data stream. The modulation symbol streams for all data streams are collectively
(/_f shown as modulation symbol stream s(n) in FIG. 3,
[1054]  Table 1 lists. various coding and modulation schemes that may be used to
-achieve a range of spectral efficiencies (or bit rates) using convolutional and Turbo
codes. Each bit rate (in unit of bits/sec/Hertz or bps/Hz) may be achieved using a
specific combination of code rate and modulation scheme. For example, a bit rate of
one-half may be achieved vsing a code rate of 1/2 and BPSK modulation, a bit rate of
one may be achieved using a code rate of 1/2 and QPSK modulation, and so on. -
. [1055]  In Table 1, BPSK, QPSK, 16-QAM, and 64-QAM are used for the listed bit
rates. Other modulation schemes such as DPSK, 8-PSK, 32-QAM, 128-QAM, and so
_on, may also be used and are within the scope of the invention. DPSK (differential
phase-shift keying) may be ssed when the. communication. channel is difficult to track

‘since a coherence reference is not needed at the receiver to demodulate a DPSK



area network (W.AN),

multiple OFDM synbols may not be significant
; commruni cat i on channel
[ 1053] Synbol
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tion schene maybe

to

dat a

nodul at i on—syrbel-s—-or—each—data—st+ ans for
all data dqtreans élnnvalutlbmlt(ﬂmkl y c s1qwn as rmddl‘xatliodﬁoch:ynbol strelam s(n)
in FIG 3. [ 5 apre T I'T§rs varioup c%% g motat-atfom schemss t hat
may be us &%3’“' 2 Coderdte N gdo@flatimelt]r ‘%‘ ‘F‘fYCI e06AS el OMdahtanbﬁt es)
usi ng con Qﬂ:is hnd Turbo  codes. Edc tle (in unit of
bits/sec/ rtzogr bps/ Hz), may bepaghi e/ed usd,gg a spf/? Ifc ¢ natl on of
code rat e jand—odulat K 3 ~a hilt f __one-halff may be
achi eved ysi ng1® codé¢ rafe o LQEPSKnd BASK nhdul atfi ony/2a let QBSK of| one
may be achieveg—usim ode|Tat and—EOPSKmodutat o —ant—so} on.
[ 1055] I n {Tabl 25 SK3?‘tPS iﬁ's& nd_6%2QAM lar e¥sed fo@ ?he ljste )
bit rates. O hgr m)dul gk on sq@m spcgh as,) BPSK, | 8- K, BZI 1288- QAM—
and SO 0 Iruy 9! SO be us-e Q_nrl are—mt ol fhn sclope éf 1‘ he vlenfi n. DPSK
(differ ent|j aI 2@‘hase shi2f} k«=y|lﬁgQAMay e us2d whepn t M@ comﬂmQPeMi o
channel ig i Cult [TOoJack coner Ce TEefergnce| | _Teeded at
the receivie rgodem) ul a’i‘%b a Dﬂ%l@gf% @ VW3 20 /0020_fl(1‘8%‘§"I nJ dul at ed
signal . For CF@I\gl moglul gkg on may;_@lvpe formagljon pefypsubbagslchasi s and
t he nodul ap+er—-seherp—to—be—fised—+or—epch—subbanrdrayr—be—i+pdeperdent] y
sel ect ed. 4.0 2/3 64-QAM 4.0 213 64-QAM

4.5 3/4 64-QAM 4.5 3/4 64-QAM

5.0 5/6 64-QAM 5.0 516 64-QAM

Other combinations of code rates and modulation schemes may also be used to.achieve

the various bit rates, and this is also within the scope of the invention.

[1056)

includes a TX diversity processor 320 and Ny OFDM" modulators.

In the specific embodiment shown in FIG. 3, transmit processor 220a

Each OFDM

—

\

modulator includes an inverse fast Founier transform (IFFT) unit 330 and a cyclic prefix

generator 332, TX diversity processor 320 receives and processes the modulation

symbols from TX data processor 210a in accordance with one or more selected

* transmission modes to provide transmit symbols.

{10571

In an embodiment, TX diversity processor 320 further receives and

multiplexes pilot symbols (i.e., pilot data) with the transmit symbols using frequency

“division multiplexing (FDM) in a subset of the available subbands.

An cxaniple

implementation of an FDM pilot transmission scheme is shown in Table 2. In this

implementation, 64 subbands are available for the MIMO OFDM system, and subband

indices 7 and 121 are used for pilot transmission. In alternative embodiments, the

pilot symbols may be multiplexed with the transmit symbols using, for example, time



Tabl e 1 Convol uti onal Code Turbo Code Efficiency Code rate Mdul ation

Ef ficiency Code rate Mddul ation (bps/Hz) (bps/Hz) 0.5 1/2 BPSlqgﬁg%/%gﬁﬂ
BPSK 1.0 1/2 QPSK 1.0 1/2 QPSK 1.5 3/4 QPSK 1.5 3/4 @QPSK 2.0 -
2.0 1/2 16-%?M 2.67 2/3 16-QAM 2.5 5/8 16-QAM 3.0 3/4 16-QAM 3.0 3/4

16- QAM 3. ¥0A20844E008AM 3.5 7/12 64-QAM 4.0 2/3 64-QAM 4.0 2/3 64-QAM 4.5

3/4 64-QAM 4.5 3/4 64-QAM 5.0 5/6 64-QAM 5.0 5/6 64- QAM Ot her conbi nati ons
of code rates and nodul ati on schenmes may al so be used to. achieve -the
various bit rates, and this is also withii@ the scope of the invention.

[ 1056] In the specific enbodi ment shown in FIG 3, transmt processor 220a

i ncl udes a T@ﬂvigio%exhﬁlitib}éxﬁxﬂgc{qmﬂrcoaggiv?:ﬂgn Multgf%m%}\@}:% any EaabinsEdM

nmodul ator i ncludes an i nvérse fast Fourier transform unit 330 and a
cyclic prefiof FMnEPM,and €BM. TX diversity processor 320 receives and

rocesses t dul atj gn nbols fr TX data processor 210a in accor,dance .
\FI)\A th one or_m@ gelﬁécglé’ﬁm yrpéﬂ%ﬁﬁ?%s npli%%[&% Of“g trﬁpﬁmtﬁnﬁpgﬁté‘lrﬁq R ¢Atbl s.
[1057] In aropnipdid®iior. Tﬂ‘h@ié)\fé‘deg%i?g/ bR ‘PXe&%@{sitﬁ%QoéeHMrhﬁO {se&%i:fégea gﬂngsi g

mul ti pl exesdpi | ot synbols (i ot "data) with'the transmt sy
frequency dustheridstaiihelaw.pl exi ng (FDM in a subset of the avail able

subbands. A npl i ntation of an FDM pilot transm ssion schene is
shown in Ta[lﬂg@_ Iﬁa‘fmggb%%trﬁ‘ﬁ‘@ﬁﬁ 1g9peg ‘f?b‘ézﬁ’égmasry@bélflﬁfqagblxﬁ("?or t he
M MO OFDM system an band, ingdices.7. and 21 are used for pil ot i
transm ssi o)r@“ﬁ‘r’? cri‘Fa]i‘ g)lpﬁ)i\? Ul o i eti 6330 raupssiarih set o M dlagsm syrpkels in
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into its time-domain representation (which is referred to as an OFDM symbol) using the
(- © inverse fast Fourier transform. '
[1060]  For each OFDM symbol, cyclic prefix generator 332 repeats a portion of the
OFDM symbol to form a corresponding transmjséion symbol. The cyclic prefix ensures
that the transmission symbol retaihé its orthogonal property in the presence of multipath
' 'délay spread; thercb‘y' improving pcrformaﬁce against deleterious path effects such as
channel 'dispersion caused by'frequency selective fading. A fixed or an adjustable
cyclic prefix may be used for each OFDM symbol. As a spéciﬁc example of an
adjustable cyclic prefix, a system may have a bandwidth of 20 MHz, a chip period of 50
nsec, and 64 subbands. For this system, each OFDM symbol would have a duration of
3.2 psec (or 64x50 nsec). The cyclic prefix for each OFDM symbol may have a
minimum length of 4 chips (_200 nsec) and a maximum length of 16 chips (800 nsec),
C" with an increment of 4 chips (200 nsec). Each transmission symbol would thén have a
duration ranging from 3.4 psec to 4.0 psec for cyclic prefixes of 200 nsec to 800 nsec,
respectively.
[1061]  Cyclic prefix generator 332 in each OFDM modulator provides a stream of
transmission symbols to an associated transmitter 222. Fach transmitter 222 receives
and processes a respective transmission symbol stream to generate a downlink
modulated signal, which is then transmitted from the associated antenna 224.

[1062] The coding and modulation for a MIMO OFDM system are described in
further detail in the following U.S. patent applications:



division nmultiplexing (TDM, code division nmultiplexing (CDM, or any
conbination of FDM TDM and CDM [1058] TX diversity processer 3&8 . ’
provi des one transmt synbol streamto each OFDM nodul ator. Tfﬁaﬁp Ee@gﬁng
by TX diversit rocessor 320 is described in further detail below [1059]
Each O:W%Qﬁ(?%%lﬁbr receives a respective transnit synbol stream xj(n).
Wthin each OFDM nodul ator, LEFT unit 330 groups each set of NF transmt .
synbols in streamxj(n) to forma correspondi ng synbol vector, and converts
the synbol vector into its tine-domaiygrepresentation (which is referred to
as an OFDM synbol) using the inverse fast Fourier transform [1060] For

each OFDM syyhgls Y&k %Opg;gesﬁaﬁ gener %&FO@@%{) dﬁ@ﬁ@@ E‘%Lﬁﬂ;i@Q-A%?éshe OFbM

synbol to forma corresp Ing transmission’s . prerix -
ensures that thatipiedman dMalopleshaipol MEDAONS dosnniédtiogorsyktent,’Opfilddy i n t he
presence of rruﬁ?i gr?l%h 28 ay spread, thereby inproving perfornmance agai nst :
del et eri ous pat¥V g ch as channel dispersion caused by frequency

sel ective fagi ' < Ol | NSt I ef. 4 ed for
cach OFDM sy bt TR ARG A SR KS] ks 138 Slfe PR Ea IR AbBallRET
system may havéora Baiehsingt hDafa 2th Maz, Maltifléhpver involtipfe-S0tpuns ¢evioyd 64
subbands. For this system each OFDM s(%nbol woul d have a duration of 3.2
sec (or 64x50 &oEEyunicatan System: Uiizme, Chamed aaate dpfommatiemofilsthMayadd a

m ni mum | engt h,g§;.4 chips (200 nsec) and a maxi mum length of 16 chips (800
nsec), wth an irdcrenent of 4 chips (200 nsec). Each transmi ssion synbol

woul d then havel& PaletaAppicatienSengd NoQ 092 2,483 Carldo0995h,56% Holt etittdd C
prefixes of 200 nsec to 800 nsec, _respectively. [1061] Cyclic _prefix

generat or 332 | Megwdrandrtmrangus fef Yhligpe (hasrel 51aie datprinaion i aYéiselsss on

Symbol s 10 an ResfhAlafin SLBRSH 1halois IBR Mhuli 300t Lek PhRaliefghves (and
processes a respective transmssion sy ol “streamto génerate a downlink “—

nodul at ed si gnabgi;which is then transmtted fromthe associ ated antenna 224.
[ 1062] The coding and nodul ation for _ a M MO OFDM system are _descri bed in

further detat! U PatentrAmnlisofiongSeriab Ng, A95H6.05p entitled ‘Gradlings Sehpmeofimer WO
2004/ 002011 14 Wireless Communication System,” filed February 1, 2001; and ‘
e U.S. Patent Application Serial No. 09/532,492, entitled “High Efficiency, High
Performance Communications System Employing Multi-Carrier Modulation,”
filed March 30, 2000.

These patent applications are all assigned to the assignee of the present application and
incorporated herein by reference.

[1063] The MIMO OFDM system may be designed to support a number of modes
of bperation for data transmission. These transmission modes include diversity
transmission modes, spatial multiplexing transmission modes, and beam steering -
transmission modes. '

[1064]  The spatial multiplexing and beam steering modes may be used to achieve

higher bit rates under certain favorable channel conditions. These transmission modes

are described in funher detail in U.S. Patent Application Serial No. 10/085,456, entitled
“Multiple-Input, Muitiple-Output (MIMO) Systems with Multiple Transmission

Modes,” filed February 26, 2002, assigned to the assignee of the present application and
incorporated herein by reference.

[1065] - The diversity transmission modes may be used to achieve higher reliability

for certain data transmissions. For example, the diversity transmission modes may be

used for overhead channels on the downlink, such as broadcast, paging, and other

common channels. The diversity transmission modes may also be used for data



U S. Patent Application Serial No. 09/993,087, entitled "Miltiple-Access

Mul ti pl e- 1 nput Ml tiple-Qutput (M M) Conmunication System" frdjdﬁaﬁ%ﬁgber
6, 2001; U.S. Patent Application Serial No. 09/854,235, entitl

.and Apparatus for Processing Data in a Multiple-Input Miltiple-Qutput

(M M) Compueig@adohpn System Utilizing Channel State Information," filed My
11, 2001; U. S. Patent Application Serial Nos. 09/826,481 and 09/ 956, 449,
both entitled "Method and Apparatus for Utilizing Channel State Information
in a Wreless Comunication System" respectively filed March 23, 2001 and
Sept enber 18, \ ) 2001, U S. Patent ication Serial No. 09/776, 075,
entitled "Coding Scheme for a Wreless Communi cation System" filed
February 1, t‘"%ﬁ‘ls's‘%él) Wheneveg t et ragspitte a floesn nde hiaxe a%quz@a/cbal@ehgezate

Wit - car i EEStRlibh S0, oEcBhmyFali0h KRRRE, CAIUMA BRIl SHRGEESIE DY) 09
are all assquffidentlyo pbbie (g s ugdaecentairt h&)bilit?sdﬂﬂﬂlt@ﬂpﬂ hfdch@riot dagport more

i ncorporated herein by reference. [1063]. The M MO OFDM syst em na
desi gned t oSPEabY atfigicnt imnsmission raerss. angk(3d fraosher éﬁ”#t&mdg‘f@“t‘?ea §ﬁﬁS§E| on.
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mul ti pl exi ng transm ssion eam st eeri ng { Fansnt S5| O

[ 1064] The syiAdripalwemfibit daph eatiminga) amey Yeeavitslled o ngprﬂodpsﬁdsmm&:ee Asanted
achieve higher bit rates under certain favorable channel conditi ons These
transni ssi off WYEESY UAPENGUSE MAslel MaY hupupmericdigpdiare escrbed inpriapg detail
Applicationpepial No. 10/085, 456, entitled "Miltiple-Input,

Mul tiple-Qutput (MMD Systens with Miultiple Transm ssion Modes," filed
February 26[108602, Thssiignsty transhlissi@s sioges euahptt loeachievs arnsiaipplivessity by and
[ nair porated herein by reference. [1065] " The diversity transm ssion nodes

be used$BlIHAE e %PQ‘HEY praeng dhe i lpylnp*eors%'é]rst gaﬂsrgugpg Fomn EMIERE ons.
For exanpl etral‘hhl?t th¥ 28] t@nﬁé@ﬂﬁlﬂ&sﬁh fmdﬁ&sﬁﬁ%ecpgignhﬁ%ﬂaﬁ BE RYREDGR

channel s on the domn I nk, such as”broadcast, paging, her common
channel s. Thejudnser Sty spacansm sy cormbinatés mm,recﬁl sd‘rhm;mlseiﬂvdmy tratyabe

established via any one or combinatien of the following processing techniques:

» Frequency (or subband) diversity. The inherent orthogonality among the
subbands provided by OFDM is used to provide diversity against frequency

selective fading.

¢ Transmit diversity using orthogonal functions. Walsh functions or some other
orthogonal functions are applied to OFDM symbols transmitted from multiple
transmit antennas to establish orthogonality among the transmitted signals. This

C E scheme is also referred to herein as the “Walsh diversity” scheme.

s = Space time transmit. diversity (STTD). Spatial orthogonality is established
between pairs of transmit antennas while preserving the potential for high

spectral efficiency offered by MIMO techniques.

[1067]  In general, the frequency diversity scheme may be used to combat frequency
selective fading and operates in the frequency and spatial dimensions. The Walsh
diversity scheme and STTD scheme operate in the time and spatial dimensions.

[1068] For clarity, the processing 'techniqués enumerated above and certain
combinations thereof will be deséribed for an example MIMO OFDM system. In this
system, each access point is equipped with four antennas to transmit and receive data,

and each terminal may be equipped with one or multiple antennas.
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transm ssion (1) whenever the transmtter
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along with the modulation symbols using TDM or CDM.

[1071}  In general, it is desirable to transmit repeated symbols in subbands that are
separated from each other by at least the coherence bandwidth of the communication
channel. Moreover, the modulation symbols may be repeated over any number of
subbands. A higher repetition factor corresponds to greater rédundancy and improved
likelihdod of correct reception at the receiver at the expense of rcduccd efficiency.
[1072}  For clarity, a specific implementation of the frequency diversity scheme is
described below for a speciﬁc. M[MO OFDM system that has some of the
characteristics defined by the IEEE Standard 802.11a. The specifications for this IEEE
standard are described in a document entitied “Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) specifications: High-speed Physical Layer in

- the 5 GHz Band,” September 1999, which is publicly available and incorporated herein

by reference. This system has an OFDM waveform structure with 64 subbands. Of
these 64 subbands, 48 subbands (with indices of +{1, ..., 6, 8, ..., 20, 22, ..., 26}) are
used for data, 4 subbands (with indices of £{7, 21}) are used for pilot, the DC subband
(with index of 0) is not used, and the remaining subbands are also not used and serve as
guard subbands. | '

[1073]  Table 2 shows a specific implementation for dual and quad frequency

diversity for the system described above. For dual frequency diversity, each modulation

-



and each term nal may be equipped with one or nultiple antennas. DEC 2006
WO 2004/ 002011 16 Frequency Diversity [1069] FIG 4 is a bl ockgc% z{iﬁrfaﬂﬂ

an enbodi ment of a TX diversity processor 320a that nmay be use

.inplenment the frequency diversity schene. For OFDM the subbands are

i nher ent | yweydohp@amal to one another. Frequency diversity may be
established by transmtting identical nodul ation synbols on nmultiple
subbands. [1070) As shown in FIG 4, the nodul ation synbols, s(n), fromTX
data processor 210 are provided to a sygbol repetition unit 410. Unit 410
repeats each nodul ati on synbol based on the (e.g., dual or quad) diversity
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may be transmitted pective group of one ‘or nore subbands assigned
to that dat asubbangarnthat Smreepafatediley a% ar ﬂébh@wd&;b@ﬁm fregyerioy di essatyvsstiemey
pilot transms e.g., using FDM . Alternativel t he pilot synmbols may
be transmittB 2 éﬁ’gﬁéﬂﬂ!ﬁ?‘ﬁ“?‘ié"%&%? SEORF e ‘lﬁ‘éf“ﬁ °TDM or CDM [ 1071]
In general, it is desirable to transmt repeated synbols in subbands that

are separated fromeach other by at | egs$ie 2 he coherence bandwi dth of the
comuni cati on channel . l\/breover, the nodul ati on synbol S nay be I epeat ed
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and serve as guard subbands. [1073] Table 2 shows a specific br@@{
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and quad frequency diversity for the system describe

dual frequency diversity, each nodul ati on DEC 2006 WD 2004/002011 17
synbol V602004831t t ed over two subbands that are separated by either 26 or
27 subbands. For quad frequency diversity, each nodul ation synbol is
transmtted over four subbands that are separated by 13 or 14 subbands.

O her frequency diversity schenes
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s(n) may be repeated and transmitted on multiple subbands. For single-antenna
terminals, frequency diversity may be used to provide robust performance in the
presence of frequency selective fading.

[1075]  The frcqﬁency diversity scheme may also be used when multiple transmit
antennas are available. This may be achieved by 'trénémitting the same modulation
symbol from all transmit antennas on distinct subbands or subband groups. For
example, in a four transmit antenna device, every fourth subband may be assigned to
one of the transmit antennas. Each transmit antenna would then be associated with a

different group of N./4 subbands. For quad frequency diversity, each modulation

symbol would then be transmitted on a set of four subbands, one in each of the four
subband groups, with each group being associated with a specific transmit antenna. The
four subbands in the set may also be selected such that they are spaced as far apart as
possible. For dual frequency diversity, each modulation may be transmitted on a set of
two subbands, one in each of two subband groups. Other implementations for
frequency diversity with multiple transmit antennas may also be contemplated, and this
is within the scope of the invention. The frequency diversity scheme may also be used

in combination with one or more other transmit diversity schemes, as described below.

Walsh Transmit Diversity

[1076] = FIG. 5 is a block diagram of an embodiment of a TX diversity processor
320b that may be used to implement the Walsh diversity scheme. For this diversity
scheme, orthogonal functions (or codes) are used to establish time orthogonality, which
may in turn be used to establish full transmit diversity across all transmit antennas. This
is achieved by repeating the same modulation symbols across the transmit antennas, and
time spreading these symbols with a different orthogonal function for each transmit
antenna, as described below. In general, various orthogonal functions may Be used such
as Walsh functions, orthogonal variable spreading factor (OVSF) codes, and so on. For

clarity, Walsh functions are used in the following description.

I's not used, and the remai ni ng subbands are al so not used

| on
For

mayi&l so be inplemented and are within
the scope of the invention. Table 2 Subband Dual Quad Subband Dual QJad
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-8 18 6 19 18 6 -7 pilot pilot 20 19 7 -6 19 7 21 pilot pilot -5 20 8 22
21 8 -421 923229 -32210 242310 -2 2311252411 -1 4£ %@525
12 0 DCDC- - 0 ~ SEC Zoos WD 2004/002011 18 [1074] The frgéJg g\/
.diversity scheme may be used by a transnmitter (e.g., a terminal) not

equi pped wd fhoidabipl € transmt antennas. In this case, one transmt synbol
streamis provided by TX diversity processor 310a. Each nodul ati on synbol in
s(n) nmay be repeated and transmtted on nultiple subbands. For .
single-antenna termnals, frequency diﬁ rsity may be used to provide robust
performance in the presence of frequen g sel ective fading. [1075] The
frequency schene may so be used when nultiple transmit _antennas

Sd ver si t§1 | 35@@

are avail abl877Jrh; thggmyedimant shosep WFIG: anbrmaduiagon syrialieshhdmmdifon
-synmbol fro | 1__transm.t, antenn on distinct subhands .or subband groups.
For exanp[ﬁea?a ipﬁocﬁssf)ﬁ[zlbt PEnmt egnlf’e?\r{%nwgt{ﬂt]%’?f er@”ﬁbd&f‘wﬁ’é’%ﬁ‘ﬁgﬁgﬁ may be
assi gned t Osymbblsah® Wf nidaglatibARSMbS] ABEEARS ondadutinToNtdchaibmaasypul d
-then be associated with a different group of NF/ 4 subbands. For quad

frequency diovalati trgnsmasgeen fistlukagh deta-canrivgl subbend). t Feeh beodulatins rsymbel on a
set of four_ subbands,, one i. ch of the fou subband ups, with each
group bei ngsugg%eé‘ﬂﬁ %ki@d‘svﬁr?ﬂgﬁf PRECHVE T4me "c“dam?"eeﬁ%%rzghe f our -subbands

' h I . I h.th h f
possi bl o Hap uar R Ey 10 vaRERe) PReetoRf i ae  BRERaGShoSrrRReH « (o

on a set ofgpidQms YRRANREASproMNRAIH NGaRtipfiers WO4S WRBANS HOWMP She, [ BEfsmit
I npl enmentations for  Trequency diversity wwth multiple transmt antennas my

al so be conremRhadRfdre AN 4Tobthid SkaMipldityltchi)e 18 BRRSMINTiIhER showeH ke 5, The
frequency diversity schéme may al so be used in conbination with one or nore

ot (@r t r anseflel medw&lcnl §pmist g MRSprodgedes alli foedmddimisrs 524 for each 4-symbol
period, which corresponds to a symbol rate of (4T, )" . Each multiplier also receives
"~ a different. Walsh function having four chips (e, W/ ={w,, w,, w,;, w,}) and
assigned to transmit antenna j associated with that multiplier. Each multiplier then
multiplies the symbol s, with the Walsh function W' and provides a sequence of four
transmit symbols, {(s, -w,;), (5,-w,;}, (5, -wy;), and (s, -w, )}, which is to be
transmitted in four consecutive OFDM symbol periods on subband k of transmit antenna
j. These four transmit symbols have the same magnitude as th.c. original modulation
'symbol Sk. However, the sign of each transmit symbol in the sequence is determined
by the sign of the Walsh chip used to generate that transmit symbol. The Walsh
C, function is thus used to time-spread each modulation symbol over four symbol periods.
The four multipliers 524a through 524d of each TX subband processor 520 provide four
transmit symbol substreams to four buffers/multiplexers 530a through 530d,
respectively.
[1079]  Each buffer/multipléxcr 530 receives pilot symbols and Ny transmit symbol
substreams for Ng subbands from Np TX subband processors 520a through 520f. Each
unit 530 then multiplexes the transmit symbols and pilot symbols for each symbol
period, and provides a stream of transmit symbols x; (n) toa conespohding IFFT unit
330. Each IFFT unit 330 receives and processes a respective transmit.symbol stream
x,(n) in the manner described above. '

[1080] In the embodiment shoWn in FIG. 5, one modulation symbol is transmitted

from all four transmit antennas on each of the Np data-carrying subbands for each 4-



C Walsh Transmit Diversity [1076) FIG 5 is a block diagramof an )
enbodi ment of a TX diversity processor 320b that nay be used %MW 3
the Wal sh diversity schene. For this diversity schene, orthog I ons
(or codeg) are used to establish tinme orthogonality, which may in turn be
used to BRWEYRMI ul| transnmit diversity across all transnit antennas. This
is achieved by repeating the sane nodul ati on synbols across the transmt
antennas, and tinme spreading these synbols with a different orthogonal
function for each transmt antenna, agpdescribed below. In general, various
ort hogonal functions may be used such as Wl sh functions, orthogonal

variabl e sgiaadhashd aghet f&%@m?ﬁ&ﬁ&%as anRdise@ f@ Yatd Qénsnﬁés%d e spiiiikgh
functions dare used in the foll owi ng description. mac zoos WD 2084/ 002011 19
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processor 520, the nodul ation symbols in substreamsk(n) are provided to NT
mul ti pl i er HUEDFRM gymbels (@zrlﬁalgflaﬁd brehenseperseis i tV; hndasmis iffpRastionNm = 4
for this exarrple system . In _the enbodi nent shown in FIG 5, one nodul ation

synbol sk £ pmawlaw symbel 1§ GiobHRG oNen & scgegsore QFOMusyyhals| theper i od,

\rAQIcglhvggr & ?aglroéoatt %%ﬁl@gh LJ]; &2}% o%ecg] g\%— %3\2 fdur coﬁ?e%ntnr@}etc&%w};'[ﬂ?

W2j , W3, . ,symbo)]s). and assigned to transmt antenna j associated with t hat -
mul tiplier,_ Each rrultigller t hen rrultlplles the synbol sk W|th t he V\alsh( )
function WI08AH prlod¢n ademativegneadimenss incrsgsed Stpﬁatﬁér#féﬂgw% be achigyed \q )

(sk w2j), } I f our
Conseout | 2 BERFILHalsARE shciatbhloymbplt ERidad, drind Ramk WABRLichSmibn’ DU
four transontachytrdneinit dnéeneat For excamepleyaigmuttiplexeas$10 meayobd drisipatd m)plmlva:tcl on
synbol sk. However, the sign of each transmt synbol in the sequence is

det er mi nedfoubﬁlsﬁlﬁét wpgHatan sRebolfy| Shee Hi-pAndsed 1@ sniplisradéda haeuahy Rl t
synbol . The vl

for eacﬁ 4-symbol period. Each multiplier 524 would then- multlply a different
modulation symbo} with its Walsh function to provide a different sequence of four
transmit symbols. The spectral efficiency for this embodiment would then be four times
that of the embodiment shown in FIG. 5. As anéther example, demultiplexer 510 may .

be designed to provide'two distinct modulation symbols (e.g., s, to multipliers 524a and

524b and s, to multipliers 524c and 524d) for each 4-symbol period.

Space-Time Transmit Diversity (STTD)
[1082] Space-time transmit diversity (STTD).supports simultaneous transmission of
effectively two independent symbol streams on two transmit antennas while maintaining
orthogonality at the receiver. An STTD scheme may thus provide higher spectral
efficiency over the Walsh transmit diversity scheme shown in FIG. 5.
[1083]  The STTD scheme operates as follows. Suppose that two modulatlon

symbols, denoted as s, and s,, are to be transmitted on a given subband. The

. & LEY il
transmitter generates two vectors, X, =[s sz]T and x, =[s, -517 .

Each vector
includes two elements that are to be transmitted sequentially in two symbol periods
from a respective transmit antenna (i.., vector X, is transmitted from antenna 1 and

vector X, is transmitted from antenna 2).



function is thus used to time-spread each nodul ati on synbol over four synbol
period's. The four multipliers 524a through 524d of each TX 51635’4]@ 2{]6
processor 520 provide four transmt synbol substreans to four

.buffers/nultiplexers 530a through 530d, respectively. [1079] Each

buf f er / mulNyophe®r01230 recei ves pil ot synbol s and NB transmt synbol
substreans for NB subbands from NB TX subband processors 520a through 520f.
Each unit 530 then nultiplexes the transmt symbols and pilot synbols for
each synbol period, and provides a stregm of transmt synbols xj(n) to a
correspondi ng | FFT unit 330. Each IFFT onit 330 recei ves and processes a

respectlve m t rs]%nbol stre n;'l ? i n the manner scri bed, above.
[1080] In tH odlfriBAreehsRring Hdgs) Esimgle {SHG VaraBa G, B p1vpd signal

transmtted r antennas on each of the NB data-carrying
Jgfa %\@@H&SJ&%H matnggﬁ%ﬂ ds:

subbands for DEC 2006 WD 2004/ 002011 20 synbol period. Wen four
transmt antennas are used for data transm ssion, the spectral efficiency
achieved with th iy |schene is identical to that achieved with
t he quad frequendy ﬁl‘.SI}tk¥ he wher eby one nodul ation syEgdhl) is
transnmitted overl’; Yat Biclar ng subbands for each synbol period. In the
Wal sh diversity scheme with four transmt antennas, the duration or |ength

f the Wal sh f t d t b
ouperscr | pr TGN i 18- e P HUmERISGFARTRLN tht CBSER N SRRt BATOdS Abde | s

di stributed over four % epssi ve OFDM synbol s, the dermdul ation at the
recei ver is perforned based on four consecutive received OFDM synbol s.

[1081] In an alteg nmin, eaﬁm@dpdﬁ}?%%msIMQ%QQOWM@&I}@H%Qbecﬁé:)tedﬁmé be
achl eved ~- - i Dby transmtting stinct nodul ati on synbols (instead of the

nEmi nmodul ati on synbolapteona é@cthe tsnblvemidi undant@sideratieoy whEznihe qa,atldgafmé arepl exer
510

y be designed to provid four disti dyl ati on synbol s s2, S3,
and s4, to multipli er§15§‘?1? ﬁ?eoffﬁ‘ﬁta%ﬁﬁ’” %F“@%& apd S{ANG STVep s %aymﬁ%ﬁch
mul tiplier 524 woul d thgsg.rMhtiply a different nodul ation symbol with its
Wal sh function to provide a different sequence of four transmt synbols.
The spectral effimiaxcy, drethetivis assdotbdmeitt thaawbdedehed spmbbuy ahdnps  t hat
of the enbodi ment shown in FIG 5. As another exar‘r?l derul t i1 pl exer 510 may
[1085] The receiver may then derive estimates of the two transmitted symbols,

s, and s, , as follows:
S=hn—hn =(h[ +|8[)s +Bn—hn, , and Eq (2)

S=hn+hn =( [+ s, + B +hn,

[1086] In an alternative implementation, the transmitter may generate two vectors,
C x, =[5, 5,7 and x,=[-s; 571, with the elements of these two vectors being
transmitted sequentially in two symbol periods from the two transmit antennas. The

received signal may then be expressed as:

h h1S, hzsz '
i) h132 + hTS' nz
The receiver may then derive estimates of the two transmitted symbols as follows:

=K +hr = (P +| ks, +Bn +hyn, , and

§, = -—h.zr; + hlirz = (1 h, F +|h, |2)32 ;hznl'.+ h;nz .



be designed to provide two distinct nodul ation synbols (e.g., s, to
multipliers 524a and 524b and s2 to nultipliers 524c and 524d)- BrUE%tﬁﬂﬂs
4-synbol period. C Space-Tinme Transmit Diversity (STTD) [1082] “Space-tine
transmt diversity (STTD) supports sinultaneous transm ssion of effectively
two i ndepeh¥g#00281inbol streans on two transmit antennas while maintaining
orthogonality at the receiver. An STTD schene may thus provi de higher
spectral efficiency over the Wal sh transmt diversity scheme shown in FIG
5. [1083] The STTD schene operates as f@l | ows. Suppose that two nodul ation
synbol s, denoted as s, and s2, are to be transmtted on a given subband. The

transmtte ner . 0 = nd x2 =. - *f . Each
voator i ncHOBRLCT S ANONERHOIRennhs off dfplofdd for B0 SRTURR EFTIP 1t
symbol per ichéige if (w0 as §pREPAD! effieicht aNBolh tthaddL fRguéricyaiivereCscbem antis ’

transmtted fromantenna 1 and, vector x2 is transmtted fromantenna 2). 4C
DEC M5 WohodBalsindiigusity sghenpe) wigh twe frapspit ateanase (Thenci Ly schemesitiegtizelyecei ve

antenna, t .he recej ' Ay i n [ :

1 kot 2s2af i oot SRR HblaRieRibof (B S8564a, Byt tyd REMAR., o
in two conametnat eedyinh@bolpgsrioddshadead the dubER&jueaty diversapdclitthedtigmstie pat h
gains fromthe two transmt antennas to the receive antenna for the subband

under consPHBRsNEmodHalen symbohrewgsuhkangs & cagh symbel Resiodand GiesWalsh over

t he subban ' .t - l.od; [ he

nor s aseol Ay S rEfitg Aty 2SR HhoduBloh Wime i yo U b

recei ver neynidigeriddy. i S@cegic ibdramtion it Bacht modilh@wes sirhba ds sistaied ove, and
s2, as follows: s",=h,r,-h2r2(lh, 12+l h212)s, +h, " n,-h2n2 , and Eq(?2)

E2=hz, +h, r Wq siscessive |GFM symbols.for the SHER pehiemea thedeamadylation et thegresiisit at i on,

the transmstiBtriBYoHEN6H M EcdnBufRE I &%fied OFDM symbols. ()
[1088]  FIG. 6 is a block diagram of an embodiment of a TX diversity processor
320c that may be used to implement the STTD scheme. In this embodiment, the
modulation symbols, s(n), from TX data processor 210 are provided to a demultiplexer
610, which demultiplexes the symbols into 2N, modulation symbol substreams, two
substreams for each data-carrying subband. Each pair of modulation symbol substreams
is provided to a respective TX subband processor 620. Each modulation symbol
substream includes one modulation symbol for each 2-symbol period, which

corresponds to a symbol rate of (2T,,,,)" -

[1089]  Within each TX subband processor 620, the pair of modulation symbol
substreams is provided to a space-time encoder 622. For each pair of modulation
symbols in the two substreams, space-time encoder 622 .provides two vectors,
x, =[s, 5,77 and x,=[s, -5, with each vector including two transmit symbols to
be transmiited in two symbol periods. The two transmit symbols in each vector have
the same magnitude as the original modulation symbols, s, and s,. However, each
transmit symbol may be rotated in phase relative to the original modulation symbol.
Each TX subband processor 620 thus provides two transmit symbol substreams to two
buffers/multiplexers 630a and 630b, respectively.

[1090]  Each buffer/multiplexer 630 receives pilot symbols and Np transmit symbol
substreams from Np TX subband processors. 620a through 620f, multiplexes the transmit

symbols and pilot symbols for each symbol period, and provides a stream of transmit



X, =[s, s21T and x2=[-S2 s, ]r , with the elenments of these two vectors
béing transmitted sequentially in two synbol periods fromthe- ggP 5
antennas. The received signal may then be expressed as: Lzi +h ~+[n
The receiver may then derive estimtes of the two transnitted synbol s as
fol l ows: wa)z208dro02eh2r 2 =Cht 12+1 h212) s, +h, ry+h2n2 , and s2 = -h2," + h r2 =
(I k 12 + 1 h212)s2 - hen, + h, n2 DEC NOS WD 2004/002011 22 [1087) Wen
two transmt antennas are enployed for data transm ssion, the STIED schene
is twice as spectrally efficient as botg t he dual frequency di versity schene
and the Wl sh dlver5|ty schenme with tmo transmt antennas The STIED schene
effectively h?ans ts one indepe ent nD i on nbol per subband over .
the two tranSRPES * %ggrqsao %Lbe ?fg‘ erdaBUthen prassssesraquency

~diversity schene transmits. only a sjin Ie dul ati on synbol per two subbands
in each sydBBFepE! f%ﬁ‘n&ﬁdmpﬂlegt'\?\grlnéﬂ thedm@m ?V“gﬁ%él?@/etransm ts only a

singl e nodyhggjon m@?tp%h&ﬁ&ia é&t@fﬁaﬂ@n hmﬁem taf eg%gxgeg%aﬁﬁn gsa@gxe.the

~information in each nodul ation synbol is dlstrl two su sive
OFDM sy nbolestiflest “A Bengle MhassoheBe/erd tyeTatbnigde fat Wanlest Colerunsatonset IBEE

f d 0 FI G
B LT R St et RIS e TR atenss ok 16 by By o Jaod ogt 195EL [t
may be used4b9 WHIBA RTBdrp Sﬂaﬁdﬁaeﬁﬁj cd1ERce. |ﬁet§Tﬁ)‘§M1g‘§f§B’de§c Bed in

nmodul ati on synbol s, s(n) from TX data processor 210 are provided to a
denul ti pl esteither gleGiil inhUdh Ratent) App it atios SSeriak Noy 0BO133,6021 entZik “Iiadhddasndon

synbol sub rea trea each. d C nd.. Each pair
of nodul at e ﬁte n?r‘?)roﬁncé'fﬁ?g‘?b% "ﬂF éﬁr}cﬂﬁﬂcae’@ ‘ﬁﬂp ei‘ﬁ’é‘&tl 3@3‘@6 SUWBahd
processor @ﬁnnéf@ﬁhlém%@&'5020@¥H§%.€§ned$é‘ﬂr%tarsﬁgﬁ%'&Qﬁé’ﬁﬁ%&n@ﬁ msaﬁl&{ &fd on
sygbol for each 2- s% erlod which corresponds to a sy rate of
(2FoFnM) ' incoipm@s] Wetl’hli’)hfeé@@weTX subband processor 620, the palr of

nodul ati on synbol substreans is provided to a space-tine encoder 622. For
each pair of nodulation synbols in the two substreans, space-timnme encoder
622 provides two vectors, [s, sz]T mqsncgmsz - s, IT, wth each vector

i ncl udi ng t[vvo transmt synbol s to

092] A Walsh-STTD scheme employs a combination of Walsh diversity and
STTD described above. The Walsh-STTD scheme may be used in systems with more
than two transmit antennas. For a Walsh-STTD with repeated symbols scheme (which
is also referred to as the repeated Walsh-STTD scheme), two transmit vectors

x, and X, are generated for each pair of modulation symbols to be transmitted on a

given subband from two transmit antennas, as described above for FIG. 6. These two

transmit vectors are also repeated across multiple pairs of transmit antennas using
— Walsh functions to achieve orthogonality across the transmit antenna pairs and to
L‘ provide additiona) transmit diversity:

[1093] FIG. 7 is a block diagram of an embodiment of a TX diversity processor

320d that may be used to implement the repeated Walsh-STTD scheme. The

modulation symbols, s(n), from TX data processor 210 are provided to a demultiplexer
710, which demultiplexes the symbols into 2N, modulation symbol substreams, two

substreams for each data-carrying subband. Each modulation symbol substream
includes one modulation symbol for each 4-symbol period, which corresponds to a
symbol rate of (4T, )’i . Each pair of modulation symbol substreams is provided to a
respective TX subband processor 720.

[1094] A space-time encoder 722 within each TX subband processor 720 receives

the pair of modulation symbol substreams and, for each 4-symbol period, forms a pair



be transmtted in two synbol periods. The two transmt synbols in each
vector have the sanme magni tude as the original nodul ation synbcﬁg,nf% Zﬂnsl
's2. However, each transmt synbol may be rotated in phase rel atfve

original nodul ati on synbol. Each TX subband processor 620 thus provides two .

t ransm tWoRGHI02&llbst reans to two buffers/nultiplexers 630a and 630b,
respectively. [1090] Each buffer/nultiplexer 630 receives pilot synbols and
NB transmt synbol substreans from NB TX subband processors 620a through
620f, multiplexes the transmt synbol sggand pilot symbols for each synbol
period, and provides a streamof transmt DEC 2606 WD 2004/002011 23
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than two trafismt antennas. For a Wals w t'h repeate nbol s schene

(which i se@itDa MelGr fuaetidroWetshavirgs Lahd\Wkighe SbTRNS SieMnnad Mand r ansmi t
vectors x, and xz are generated for each pair of nodul ation synbols to b{?‘\) '
transmtted ®ackemulipizn 72dthanchultigliestesch symbslnint itant@onas ; wids itdlaBalsh bed -7
above for FIG 6. These two transnmt vectors are al so repeated across

mul tipl e fahd¢tionab provds ové tramdnsin sasbolsitt e thasmitet in ewo @oasebutiacdymbod

ort hogonal ity acr os% t he rLlr ansni.t antenna pairs and to provide additional
transmt deEeAsPR subbarglehtrgnseit antennag. p| ock di agram of an enbodi ment of a

TX diver Si[rlhlﬁ’ﬂr 0CHP ﬁgljiicular, muitiplier 7242 multiplies each symbol in vector X, with the

Walsh function W,z and provides a sequence of four tfansmit symbols,
A ) (80 wyy), (s3-w,), and (s,-wy,)}, which is to be transnﬁtted_ in four
consecutive symbol periods. Mulﬁplier 724b multiplies each symbol in vector x, with
the Walsh function W and provides a sequence of four transmit symbols,
{(5, W), (5, -wy)s (-5 W), and (-5, -wy,)}. Multiplier 724¢ multiplies each symbol

in vector x, with the Walsh function W, and provides a sequence of four transmit ( '

A

symbols, {(s, - W), (5, W), (5 Wi,), and (s} wy,)}. And multiplier 724d multiplies
each symbol in vector X, with the Walsh function W;? and provides a sequence of four
transmit symbols, {(s, W), {5, - Wwp), (-5, *Wy,), and (-5 -w,,)}. The Walsh function
is thus used to time-spread each symbol or element in the vector X over two symbol
periods. The four multipliers 724a through 724d of each TX subband processor 720
provide four transmit symbol substreams to four buffers/multiplexers 730a through
730d, respectively.

[1096]  Each buffer/multiplexer 730 receives pilot symbols and Np transmit symbol

substreams from Np TX subband processors 720a through 720f, multiplexes the pilot

and transmit symbols for each symbol period, and provides a stream of transmit



320d that may be used to inplenent the repeated Wal sh- STTD schene. The

nodul ation synbols, s(n), from TX data processor 210 are prOVqug ?cqus
dermul ti pl exer 710, which. dermultiplexes the synbols .into 2N8 | a

- synbol substreans, two substreans for each data-carrying subband. Each
nodul at i owWs3p¢208ubst ream i ncl udes one nodul ati on synbol for each
4-synbol period, which corresponds to a synbol rate of (4To,,,)-'. Each
pai r of nodul ati on synbol substreans is provided to a respective TX subband
processor 720. [1094] A space-tinme encogdgr 722 within each TX subband
processor 720 receives the pair of nodul ation synbol substreans and, for

each 4- synbo riod, forns a pa 0 /002011 24  of

nodul ati on é’ﬂﬁ?ﬁ@l &) to%ﬁoﬁef‘?gmim% ﬁ&“ﬁ?’ﬁ% %ﬁﬁ’ 9Yens PSS S the two
“substreans Th Babr of nodul ation synbols Is, and s2} is then used to form
t wo vectof? ¢ "s2]r and x2 = [s2 -s,*]', with each vector spanning a

4- symbol rmimd ‘éﬁeegaéateaemmmb TRRrR SNbwiesn tHE. [%ith Y&t Rinsit T O
mul tipliers 724a and 24c and the second vector x2 to multipliers 724b and

724d. Mul't mptqneasé haszulw samk ypeabal effieiney gothesTBINY schenveabhtwif wnBlG. dnarvhvi ng

two chips (I d to,trans ennas 1 and
2. Simlar Ihf}'w% ”‘? ?fi'eﬁ rfi] %mﬁiycwath%‘%j‘dd 18 %’I’i’g%& o SP@%’&W/B@ s\ahgﬁcﬁﬁnct i on
W2 havi ng taagitiehalpgvéesidy %Fﬂo@ﬂﬁd ﬁqusrwmmmambﬁnaﬂﬁm&mgﬁeﬁéhted
multiplier 724 then nmultiplies each synbol in its vector xj with i1ts Wl sh

{- functi ofymbolsr @\’ﬁfd@‘li%ﬂ tReEA soh tra@yrrrb@m@nn@ﬁ belhe Malsh-BTER_iproceswing
particul ar PR P Fah683 BlesHy IR0 koo (BTRE f, EAPGphica AP e

lesh funchumﬂnmananﬁmprOV|des a sequence of four transmt synbol s, {(s
(sl.w21 (s2_.w1l), and (s2w21)), which is to be transmtted in four
con secut i vdl ol F%ﬁ-rﬁd&i@ biagly diapramepl 7p gmbadimeng of @sTX AHYersnBOCEsser vect or

ol b, PopdSe b5l YRGB £ RIS SORE AR sLgHb AR
MUl ti pli er (Waibh isnulsb iretbires 1emoihe symbgpeatcil hwacswﬁ*mmmeh’rmsmmwwnct i on

W2 and pI’OVI des_a sequence of four transmt synbo (s1, wi12), (sl .
w22), (s2 .bewsed to merpape; spegproh efficiengyat e e%mnﬁepf l;czaéwmtmtbqﬁ@gscm%

symbol i n GGkt K7Wt RstshEwie] B1G.fURG! BB BB BiO Ve se BroiauaRSE Of

f our
demultiplexer 810, which demultiplexes the symbols into 4N, modulation symbol

substreams, four substreams for each data-carrying subband. Each set of four
modulation symbol substreams is provided to a respective TX subband processor 820.
[1099]  Within each TX subband processor 820, a space-time encoder 822a receives
the first pair of modulation symbol substreams and a space-time encoder 822b receives
C the second pair of modulation symbol subsfreams. For each pair of modulation symbols

in the two substreams in the first pair, space-time encoder 822a provides two vectors

x =[5 5,17 and x,=[s, —s; 7 to multipliers 824a and 824b, respectively. Similarly,

for each pair of modulation symbols in the two substreams in the second pair, space-

time encoder 822b provides two vectors 373 =[s, 5,7 and x,=[s, -5,] to
- multipliers 824¢ and 8244, respectively

{1100] Multipliers 824a and 824b each also receive Walsh function W,"", and

multipliers 824c and 824d each also receive Walsh function W,*. Each multiplier 824

then multiplies each symbol in its vector x; with its Walsh function to provide two

transmit symbols to be transmitted in two consecutive symbol periods on subband k of

transmit antenna j. The four multipliers 824a through 824d of each TX subband



transmt symbols, { (s2 w12), (s2 ~ w22), (-s; wl2), and (-s, w,z&). The
WAl sh function is thus used to tine-spread each synbol or el qg@ﬁ]ﬁ 200
vector x over two symbol periods. The four nmultipliers 724a through 724d of
each TXV?(BJ%%?B&'O ocessor 720 provide four transmt synbol substreans to
four bufters/nmul'tiplexers 730a through 730d, respectively. [1096] Each
buffer/multiplexer 730 receives pilot synbols and NB transmt synbol
substreans from NB TX subband processors 720a through 720f, nultipl exes the
pilot and transmt synbols for each &fnbol period, and provides a stream of
transmt DEC 206 WD 2004/002011 25 synbols xj(n) to a corresponding | FFT
uni t 330. probessaruB2E® gusiide Pracieasinngsntbod Subsieanisi loefbuaiovfers/mligkkerkhe

. repeated | sh- STTD_schene shown in FIG 7 (with four transmt antennas)
has the s tapough £30d.a¢sPeetiveéhcy as the STTD scheme shown in FIG 6 and

tw ce the tr o - 1V, [ e .1 FIG 5.
However , tlgggrti aﬁﬁgﬁ?fbgffgxg@gﬁbxllﬁhE%tfge%l&g%p %%/t SS’ h;ﬁ)gi%]fagﬁg @’r‘%ﬂ gc ef?rcg by )
transm t t subgtreazpefibmdV; SPirowitand pescessokst §20aethpaighsI20f, muhipaxet tanpdsinas. The
Wal sh- STTD processing provides full transmt diversity (per subband) for

t he si gna?yéglioi%\ﬁg i AspnLYy ?Wi? |for £pgh SHRPOLa e nd prmygf Fpegang qls g

bl ock di a . i . i i ce at may be
used to | EREEER O EtliritiedialE MGl 20, DhRE RN Gen e iR

al so ref e{sragqeécgbg&a&%@ non-r epeat ed Wal sh- STTD schene). This schene may be
used to increase spectral efficiency at the expense of |less diversity than

t he schenf102howThemdnk€peated WalshiBTWD se¢helleGho®mn ih RGO duith fbwranymitol s s(n)
are provided to a denultiplexer 810, which demultiplexes the synbols into

aN8 modul BPBHSShAsRNCe WesRIaheRiciepey A WaeRGaissnY aishrSTHR Roheaeasheamy ying
bband. t i $ _ |
Fespocti Ve TR sl aoreleseahy” b e I AR BER e AR pr 0 7

pr ocessor @it antepageinsi iesteaded depeaB@P the teoaranemit vebrd soreds thapairsodf

nmodul ati on synbol substreans and a space-time encoger 822b receives c the

second paFfPsspt ABGEPaS i© ﬁ‘ Lonpyt 28ipRd palinBay beruseddh ansPitomdrRRIgEst i on

symbol s kit diQbiis. S Uiat f8@ARSin' frehtBesfebfedl effiflchey 3PAREd:EDR SReRdess 8222

provi des two vectors _
diversity performance. Some of this diversity may be recovered by.the use of forward

error correction (FEC) code.
[1103] The Walsh-STTD scheme is also described in further detail in the
aforementioned U.S. Patent Application Serial No, 09/737,602.

Frequency-STTD

[1104] A frequency-STTD scheme employé a combination of frequency diversity
and STID. The frequency-STTD scheme may also employ antenna diversity for (

—

systems with more than one pair of transmit antennas. For the frequency-STTD
-scheme, each modulation symbol is transmitted on multiple (e.g., two) subbands and
provided to mﬁltiplc TX subband processors. The subbands to be used for each
modulation symbol may be selected such that they are spacéd as far apart as possible
(e.g., as shown in Table 1) or based on some other subband assignment scheme. If four
transmit antennas are available, then for each subband two pairs of modulation symbols
are processed using STTD. The first pair of modulation symbols is transmitted from the
first pair of antennas (e.g., transmit antennas 1 and 2), and the second pair of
modulation symbols is transmitted from the second pair of antennas (e.g., transmit

antennas 3 and 4).



X, =[s, s2]r and x2 = [s2 -s, ]Jr to nultipliers 824a and 824b,
respectively. Simlarly, for each pair of nodul ation synbols_in the two
substreans in the second pair, space- tine encoder 822b provi oe&ﬂf\ﬁﬂﬂﬁﬁ:tors
.X, =[s3 s4]r and x4 =[s4 -s3]r to nmultipliers 824c and 824d, respectively
[ 1100] Mulwopbiseosi824a and 824b each al so recei ve Wal sh function W2, and
mul tipliers 824c and 824d each al so receive Wal sh function W22. Each
multiplier 824 then multiplies each synbol in its vector x, with its Wl sh
function to provide two transmt synbols,to be transmtted in two
consecuti ve synbol periods on subband k ©of transmt antenna j. The four
multipliers t hr ough 4d of each TX subband, DEC 2006 WO 2004/002011 26
processor 8 kﬁ%gfov :}%’@H F%QP&J%(UP& it fﬂ%f)f $yHbiransapied e muliple spphands and over
-buf f er s/ mul t4 ; r : i yely,.

buf f er / mul t?ﬂﬁp L’?i?ﬁ%%ggﬁ‘?%ﬁ%é?*%?|'%§9§96 ReBRfl: s %1}1%1%%1%&%1{@?”%6@01
substreans fs; don NSsexh sathfamdtrprsadessamnas 820asind deal greq@2fly, divatbity mhekes t he
pilot synbols and transmt synbols for each synbol period, and provides a
stream of  perforsmwiltas Sylidood. sMod(lajion eyrabalos, r B Spioaily pepvidddTiouriot TX3 Sébbaldde
subsequent processing is as described above. [1102] The non-repeated

Wal sh- STTD prhesyers §hgyfiori sabbdn@s k&nd i+ N ¥ Dur Intsubbsid &, modalitien spaghoinass t wi ce
the spectral efficiency as the repeated Wal sh-STTD schene shown in FIG 7.
The sane prpressedgvithpnbthee xeintiioh osyamtsy s, e osing t STEDYton fore two fvectofsansmi t
antenna pairs. Instead of repeating the two transmt vectors across the

pairs of tmxasgs t; ArdcdnRas [s,eas]y’ | whith fitd traRbENCRIBA trar¥Byt dEeniset ah@
transmt independent synbol streans. This results in greater spectral

ef ficiency 2frespretidgsindubbandbRAse, (0, mativvtioaistinbpes f Rrofedsed witimotter t hi s
di Xgrsity may be recovered by the use of forward error correction (FEC)
co [ 1103modiiiatidil SinbST T, satiggesTEDalts of s Giviob edctof, f txgiupser sgét ahd in

the aforenentioned U S. Patent Application Serial No, 09/737,'602.

Frequency- SKTR[s [ 1308] whidhr @uescin bl PosCRRiCIREASE B af® AD irdk@bddaBlyof
frequency diversity and STTD. The frequency-STTD schene may al so enpl oy

antenna di VRIoBuladlod @ymbol s, may be the same as modulation symbol s, or a different

modulation symbol. _
[1106] For Ithe above implementation of the frequency-STTD sche\mc, the
modulation symbol in each subband has two orders of transmit diversity provided by the
STTD processing. Each modulation ‘symbol to be transmitted has four orders of
transtnit diversity plus some frequency diversity provided by the use of two subbands
and STTD. This frequency-STTD scheme has the same spectral efficiency as the
repeated Walsh-STTD scheme.  However, the total transmission time for each
C modulation symbol is two symbol periods with the frequency-STTD scheme, which is
| half the total transmission time for each modulation symbol with the Walsh-STTD
scheme, since Walsh processing is not performed by the frequency-STTD scheme.
[1107]1  In one embodiment of the frequency-STTD scheme, all subbands are used by
each pair of transmit antennas for data transmission. For quad diversity, each
~ modulation symbol is provided fo two subbands for two transmit antenna pairs, as
described above. In another embodiment of the frequency-STTD scheme, each pair of '
transmit antennas is assigned a different subband group for data transmission. For
example, in a device with two Ipairs of transmit anténnas, every other subband may be
assigned to one transmit antenna pair. - Each transmit antenna pair would then be

associated with a different group of N_/2 subbands. For quad diversity, each

modulation symbol would then be transmitted on two subbands, one in each of the two



systens with nore than one pair of transmt antennas. For the frequency-STTD
schenme, each nodul ation synbol is transmtted on nultiple (e.g. m)ﬁvmc we
subbands and provided to nmultiple TX subband processors. The s ands tTo0 be
used for each nodul ation synbol may be sel ected such that they are spaced
as far aW&2W0492¢éssible (e.g., as shown in Table 1) or based on sone other
subband assi gnnent schene. |If four transmt antennas are avail able, then
for each subband two pairs of nodul ation synbols are processed using STTD.
The first pair of nodul ation synbols iggtransmitted fromthe first pair of
antennas (e.g., transmt antennas 1 and 2), and the second pair of

Cransm o R Sl BB e ROB e RO D s o B e B 0,
modul at i orTHeywbabbbamdé bses for eavhmbdidaionrsymbol imlyeessekbrddsctamd: hegtre C

multiple transmt antennas. For clarity, the processing for a given

nodul at i orfPasgeins|far apart asgposgibley SPET WRPRMEBHORY Fnrisauenst EhHAS it US| ng
dual freq i i Ly e . ) l.ati.qn nbol s. -
ot o EelptEghinte FnRCou R ERE beXbrl e el SN BT S
and k +NF scdpe ofltie mubhiwad k, nodul ation symbol s. is processed with another
nodul ati on_synbol sb:usi ng STID to formtw vectors, xi =[s sb]T and x2 =
[sb - sb] TH08khi chs lustrated hyrihe aleves vainusiverpity schemsh may be implpmented -
respectiv o b : af | pny sy.nbol - I.S.:Rf O W th
anot her qusﬁ%du\;lag??%nﬁjsageﬁégg %&é@g@%&#@éﬁtl&%&%m gﬁ)g Cléngggl%%gﬁg Sj
and  &=[ S.impllichratiohi ohvaions diversty schatest iave Heemdedtribediab®eIfasa Spearffic 4,
respectively. NMNodul ati og synmbol s, may be the sane as_ nodul ati on synbol sb
or a diffcVERM. Vamaoas obhesy dhynrsity sohpwes may alpe baimplereninde Attt ton of
the frequ - SLT. . nodul ati on synbol in each subband has two ™
orders of %@ﬁg?&s?o@af%ﬁ%n@ﬂ%rnbvi ded by the STTD processing. Each (u)
modul at i on{13§41bol Movedyer, totteen divetditydchasesf may also de i mpidmenteadebased dn diheer sity

pl us sone frequenc iversity provided the use of. subbands nd STTD.
Thi's Trequomtymaerobioearscesind (Enais S iarnomd Bieh oautnghe

scope of the invention. For example, another diversity scheme may utilize frequency

diversity and Walsh transmit diversity, and yet another diversity scheme may utilize

frequency diversity, Walsh diversity, and STTD.

Diversity Transmission Modes

- {1110} A number of diversity transmission modes may be implémented using the
transmit processing schemes described above. These diversity transmission modes may

include the following:

‘\_/"

¢ Frequency diversity transmission mode - employs only frequency diversity {(e.g., (

dual, quad, or some other integer multiple frequency diversity).
o  Walsh diversity transmission mode - employs only Walsh transmit diversity.
e STTD transmission mode - employs only STTD.

¢ Walsh-STTD transmission mode - employs both Walsh transmit diversity and

STTD, with repeated or non-repeated symbols. ' B
¢ Frequency-STTD transmission mode - employs frequency diversity and STTD.

 Frequency-Walsh transmission mode - employs frequency diversity and Walsh

transmit diversity.



repeat ed Wal sh- STTD schenme. However, the total transm ssion tine for each
nmodul ati on synbol is two synbol periods with the frequency-STTD schene

which is half the total transm ssion tinme for each nDduIationﬂéyﬂﬁ@ ﬂm&h

t he Wal sh-STTD schene, since Wal sh processing is not perfornmed by the
frequencywO@Rileohene. [1107] I n one enbodi nent of the frequency-STTD
schene, all subbands are used by each pair of transmt antennas for data
transm ssion. For quad diversity, each nodulation synbol is provided to two
subbands for two transmt antenna pairsygas described above. In another
enbodi ment of the frequency-STTD schene, each pair of transmt antennas is
assigned a diff for data transm ssion. For xanple, in a

ent su u I
device with tV/\D?B%UP%CYG%&B%;@ﬁt ARIPETIRRs madg et \CRRIAKY f’éeGB%HdSWEV’%e
assigned to O”GWEIﬁﬂﬁéﬂgh}i@dﬂr&E‘i%aﬁéisﬁTDEaCh transmt antenna pair would then
' adiffe

be associated wt rent” group of N, 12 subbands. For quad diversity,

each nodulgdon s nsm t on,two subbands, one in
each of théﬁgfv@ Dsggéﬂ gﬁwlr%}rggsgoﬁ %B%%Tf}%ﬂ "tlsggtg ra‘?f’éa E?'El'}jﬁgs,lo’aﬁ)e{tﬁe%‘ach ‘
group bei nghagsesippida fefiminalsp dhiefspecific aasmibsiNhRAB 2 A for a ghea daro
subbands used for each nodul ati on synbol may be sel ected such that they are

spaced as PHPAMAPARY besdgpsBdanb|al vexiusr fAcks sHethtaat (1ondefype fof edie beingSTTD

spaced as FEFTROARY Das: ) . | RSSTT
and thi s i SR G R AT TR B PATTRMAS o BloRweRoeiof JbFIRLE by (ne

above, var i@tfind), (2Y S yinbeh efBxsteriviy a0&ildbie hiee iaasmittés iang 3R e US) the
processi.ng techni ques descri bed herein. For clarity, specific ]
i npl enent ach#mgl spnditignsodd e versramentt Ak Hies da JEnBmiss 0fed-i Bedealitde for a

specific z,xagaeﬁ%?%@{se&aaéhgg%of t hese diversity schenes may al so be
: I1S7is W

i ngpl enent e in the scope of the invention. ) [1109]
Mor-eover, ¢1112] di Emhsictsssgoierivshesystahsnaypbe eqiibpad nitd flrasachpy) fodher
comnbi nati ons of thedﬁrocess_i ng techni ques_descri bed herein, and this is also

wi thin t he 28BS fBF dathBansHyEsien il repeiony Zaph ermiib i be fayoped MythoBRene may
utilize freguensy oAk¥GE et ﬂ?ﬂbe%fsght&gﬁgsf@} (ot H@@ﬁiﬁi&éﬁom and w&ptidROt her
l'1ze r S

diversity schenme may utl equency diversity, diversity, and
STTD. Di vedifsult divemsyrirasintssidd dedles may be defined and used for each terminal type.
in a specific émbodiment, the following diversity transmission modes are used as

default:

+ Single-antenna terminals — use frequency diversity transmission mode with dual

... Or quad diversity.

¢ Dual-antenna terminals — use STTD transmission mode for dual diversity and

frequency-STTD transmission mode for quad diversity.

(: o Quad-antenna terminals — use STTD transmission mode for dual diversity and

Walsh-STTD transmission mode for quad diversity.

Other diversity transmission modes may also be selected as the default modes, and this
is within the scope of the invention.

[1113] The diversity transmission modes may also be used to increasé the reliability
of data transmission on overhead channels intended to be received by all terminals in
the system. In an embodiment, a specific diversity transmission mode is used for the
broadcast channel, and this mode is known a priori by all terminals in the system (i.e.,
no signaling is required to identify the transmission mode used for the broadcast
channel). In this way, the terminals are able to process and recover the data transmitted
on the broadcast channel. The transmission modes used for other overhead channels

may be fixed or dynamically selected. In one dynamic selection scheme, the system




[1110] A nunber of diversity transm ssion nodes may be inplemented using the
transmt processing schenes descri bed above. These diversi EQ/ tUEEE‘?'{HlG‘Si on
nodes may include the follow ng: Frequency diversity trarnsmhi ssion node -
enpl oys I uency diversity (e.g., C..) dual, quad, or sone other

I nt eger ‘12‘3?‘?‘-’.“;8@9% requency diversity). Walsh diversity transm ssion node -
enpl oys only Wal sh transmt diversity. STTD transm ssi on node - enpl oys
only STTD. Wl sh-STID transm ssion node enpl oys both Wal sh transmt
diversity and STTD, with repeated or 3fbn-repeated synbols. Frequency-STTD
transm ssi on node - enploys frequency diversity and STTD. Frequency- Wl sh

t ransm ssdaamineewhick ahdyissibn 8de iCthe thosieHbbly (AUkpREE ALY effitiams i fise
diversity, O 6 DEC 2006 A WO 2004/ 002011 29 Frequency- Wl sh-STTD

transni ssf®reagbdd he gapppiging prafehehanmelschased wn theaingh of termipals baingersity,

and STTD. T L yersl tr 1SS es e, used faor data
transm ssf%an&%ﬁ %@aﬁ]s%%ég)ngjgé%ess ssc%(%tl%ﬁmt@slg%go{@g?ﬁ %ﬁ?alafﬁgm?gse%ﬁ fcftger
transni sstenfigidiont ®foigRLdOrmay Pev signdad ao tht reannbBy fHe efaRRBdeRt tHen

various factors such as (1) the type of data being transmtted (e.qg.,
whet her cBradesrstdanagli terninals or user-specific for a particul ar

termnal) [1(1%)31 ¢ t %itﬂm lee sﬁg%a | Qﬁayq%/e%éa la% oﬁgtir}cp §'ﬁ%srnnﬁgs?om él{aﬁrréelggfa

receiver, he “channel "con ons, e requi S0

t ransm ssamdteesaghe, ortdifferesdiversily tpaskstior ndles hatyeYe udd FoSMe@bbdndd.12] Each
access point in the system nmay be equipped with, for exanple, four antennas
for data FPas3amBE ORC LHYETHEE disnpissiopamRde anay hal vsedylopealle dai2PBadingi t h one,
two, four 0 0 s . r ransmy.ssian d _
recepti on?ugﬂg‘?séﬁ ¢ c# \%}é;ﬁ y{%Etry %@%@%@?ﬁéﬁgﬁ%@ 5%18&8‘3?3? rn%?fgadnag{lused for
each ter nmcagying ypishand.| Mareswecicriacgieabostibard)tit niayef guskibW Omseidviesent y )

transm ssion nodes are used as default: Single-antenna termnals - use
f r equency divietsdy drapgmistigm Sradss o5 HitfeRt SRis©oh Uangmit agengasad di versity.
[1115] In general, each data stream (whether for an overhead channel or a specific
receiver device) may be coded and modulated based on the coding and modulation
schemes selected for that data stream to provide modulation symbols. The modulation
symbols are then further processed based on the diversity transmission modé selected
for that data stream to provide transmit symbols. The transmit symbols are further
processed and transmitted on a group of one or more subbands from a set of one or

more transmit antennas designated to be used for that data stream.

Receiver Unit

[1116]  FIG. 9 is a block diagram of a receiver unit 900, which is an embodiment of (

\, ;

the receiver portion of a multi-antenna terminal 106. The downlink modulated signals
from access point 104 are recetved by antennas 252a through .2521', and the received
signal from each antenna is provided to a respective receiver 254. Each receiver 254
processes {e.g., conditions, digitizes, and data demodulates) the receivéd_ signal to
provide a stream of received transmission symbols, which is then provided to a
respective OFDM demodulator within a receive processor 260a.

[1117]  Each OFDM demodulator includes a cyclic prefix removal unit 912 and a
fast Fourier transform (FFT) unit 914. Unit 912 removes thé cyclic prefix that had been
appended in each transmission symbol to provide a corresponding réc_eived OFDM
symbol. The cyclic prefix removal may be performed by determining a set of Na

samples corresponding to each received transmission symbol and selecting a subset of




Dual -antenna termnals - use STTD transm ssion node for dual diversity and
frequency- STTD transm ssion node for quad diversity. @ad-anbg;&&%gmﬁgal S
- use STTD transm ssion node for dual diversity and Walsh-ST si on
mode for quad diversity. Orher diversity transn ssion nodes may al so be

sel ect ed W0 20(3902idi aul t nodes, and this is within the scope of the
invention. [1113] The diversity transm ssion nodes nmay al so be used to
increase the reliability of data transm ssion on overhead channel s intended
to be received by all termnals in thesystem In an enbodinent, a specific
diversity transm ssion rmde is used for the broadcast channel, and this

node is kn Q m nal s the s I. €. n ignaling
is requi regj\é?oﬁi‘g Pﬁ’ ese% s"rﬁag?:(cdrfomemﬁ?}é/%& ﬁgbﬁﬁgmB? 3%’@5932
channel ). tHan ttﬂﬁhﬁoﬁﬂd/each h@:eh%ﬂ IOHBMSS 1 & e@cht sbtl%lf@&%ﬁﬁzpﬁ@msﬁﬁgc@n\é%stt he
data transmtted on the broadcast channel The transm ssion nodes used for

ot her over Hewtr éiaasinen & pioyide geveriox ofi Ne rreo@w@d kbl ioxstée dztsabbantlsy BRE

et or m noc i SPAPERERPLY BR Rl PRV Ferais®) (HRUETs fabEbaP y

efficient) tﬁ§|u‘§" F r each\% t he remai ni ng over head channel S based on the
mx of terf BN OCEM The transni ssion nodes sel ected for use for

these over h\ag] chapoalvers &%EL%& 926 BekbHA B rary HREQE TthﬁE i gnal ed
to the ter tr?nqna s, for eiagg’lre Vi a tg roadcrag’tﬂ)chanlﬁg Ngi/ec@ﬁrcéh OFDM

t he subban%ﬂbﬂystt%msr@ap@dl@sr@pmrﬁmﬁwmbplxnssfnksmdwh:hannﬁirsates @ﬁdhbhe same
or different diversity transm ssion nodes may be used for the subbands For
exanpl e, of@dgaYeR} HEROlE, r%ﬁbrﬁeg‘sli’)bweﬁfﬁﬂémm Bae @waswtgrwa{?qpeﬂ@naﬂéawy| ng

subbands separ ate di nsm ssi on node nm | ect.eqd for each
a- carrg‘ﬁ(nﬁ Bﬁ)dess%gg% ‘ﬁ%e’f"iﬁ"t Q"dg BANSBREhERO H‘F “rﬁja‘f?r Gehddai ple to
di ffer afdam @ Metesbleted RANBMCHEH B AP MAAsthREio ihdde! @RkroB ERK &afvefs{@nsm t

antennas [1115] In general each dafa stream (whet her for an overhead

channel or P@C@ﬁ@fcﬁmﬂ@deﬂcgb@l mé’ﬁﬂu@ﬁetﬂd)beﬂmy be coded and nodul at ed based on
t he codi ng ion schenes ect or that  dat m to provide
nodul at i pn[lggﬁ]o giﬁ%hé’r%dwpﬁﬁsls%rngﬁ}e? e§ the gecoyeRd F'M'ingﬂlgr _S§’+ gléglgd based
on the di VgLt BheTSReRA I Re ﬂbtﬁ(b}&:@ssor 262a, which is an embodiment of

. RX data processor 262 in FIG. 2. Within processor 262a, a symbol demapping element

._:942 demodulates the recovered symbols for each data stream in accordance with a
‘_demodulatlon scheme that is complementary to the modulation scheme used for the data
stream. A channel deinterleaver 944 then deinterleaves the demodulated data in a
manner complementary to the interleaving performed at the transmitter for the data
stream; and the deinterleaved data is further decoded by a decoder 946 in a manner

complementary to the coding performed at the transmitter. For example, a Turbo

&

decoder or a Viterbi decoder may be used for decoder 946 if Turbo or convolutional
coding, respedtively, is performed at the transmitter. The decoded data from decoder
946 represents an estimate of the transmitted data being recovered. Decoder 946 may
also provide the status of each received packet (e.g., indicating whether 1t was received
correctly or in error). |

[1120] In the embodiment shown in FIG. 9. a channel estimator 950 estimates
varjous channel characteristics such as the channel response and the noise variance {e.g.,
bascd on recovered pdot symbols) and provides these estimates to controller 270.
Controllcr 270 may be designed to perform various functions related to dwersny
processing at the receiver. For example, controller 270 may determine the diversity
transmission mode used for each data stream to be recovered and may further direct the

operation of RX diversity processor 920.



for that data streamto provide transmt synbols. The transmt synbols are

further processed and transmtted on a group of one or rmre';ﬁtgbpﬁ@d%rfsromé :
a AN

set of one or nore transmt antennas designated to be used f dat a
stream Receiver Unit [1116] FIG 9 is a block diagramof a receiver unit
900, whi"th2004/0@41lenbodi nent of ( } the receiver portion of a nulti-antenna
termnal 106. The downlink nodul ated signals fromaccess point 104 are
recei ved by antennas 252a through 252r, and the received signal from each
antenna is provided to a respective r@peiver 254. Each receiver 254
processes (e.g., conditions, digitizes, and data denodul ates) the received

si gnal to[11pYPVi 48G216%d £8IHR id, @Tﬁghﬁf%ﬁ M&Hﬁ@@%&%ﬂﬁh@kﬁz Iﬁ%ﬂeggbri s_then

provided to a respective OFDM de ulator wthin a recelve ocessor 260a.
[1117] EaB0xOmbMhdeapbiubseddor a malltide®nea weeivier dpvied. i bn thsnentaldiments tH812 and a

fast Fourier transfo FFT) _unjt _914. Unit 912 renpves. th clic prefix
Lhat hod NeksrenaR RunhdsbpimEahe Mascsei Eamiamnas b grovieshions BS. aptenra

cor¥ esponglaissbiaC RI208 hnfdugh! 10307PlEactTIEX Ciftbidda BfREASSr MRADVEbcdBY e

performed by determning a set of sanpl es cofresponding to each received

transm sstegpecsiyerredei vddsyestiod citicag, a; GAIbsal @mbvided aDberedpOling N2 ci 84002011
31 these NA sanples as the set of NF sanples for the received OFDM synbol .

FFT 914  thwiol tstreans;f 3 (n)s for dohass e sted eteive RMeayabhl an dltereaivh es®bdidieniF
sanples) using the fast Fourier transformto provide a vector of NF

recei ved symbpherd BX sitennhiprecdsbasn d620 RFeTtimendhteed Zhdansed o pgivel 4l Nar ovi de
NR received s ol, streans, ,(n) through rNa (n), to an RX diversity
processor“@?’d.g ﬂﬁftrwsdi versity processor 920 perforns diversity

processi ngiony t hey M_me%@im]sdthay %&tve§tzrnaae@nﬁmedorﬂgvMereﬁmpéeﬁgﬁﬁbély mbol s,

9(n), which are estimates of the nodul ation synbol s(n), sent” by the é !
920~

transnmi t t streanFhigorprtbe e A X gnteond provessooy h2althroug) 191202 tes proyider siagkeor
ecover o EEXCH STRERIGHOB. Y 1 MERSAPLLT b MY BOARFSE, ok HEYB 8y y
ot ocessor B0 SRty o ARl e IR RhBhand b sk ey YEILERH Y o
be recovenRdn; GesdivenleRia 1F GRES SFMbSP PRriodMWhithi BredBerRAHOGE NENY , ®br

i=(, 2, .. ,N,)) are initially scaled by Np weights assigned to the Ny receive

antennas. The Ny scaled symbols are then summed to provide the recovered symbol,

5., for subband k. The weights may be selected to achieve maximal-ratio combining,

and may be determined based on the éignall quality (e.g., SNR) associated ;?vith the

receive antennas. The scaling with the weights may also be performed via an automatic

gain control (AG‘C) loop maintained for each receive antenna, as is known in the art.

[1123] Fdr a single-antenna receiver device, there is only one .réceived symbol O

stream. In this case, only one RX éntenna processor 1020 1s needed. A deéign for RX

antenna processor 1020 is described in further detail below.

[1124]  The recovered symbol steam, §(n), provided by combiner 1030 may include

the recovered symbols for all data stre.ams transmitted by the transmitter. Altérnatively,

the steam §(n) may include only the recovered symbols for one or more data streams to

| be recovered by the receiver device.

{1125]  FIG. 11 is a block diagram of an RX antenna processor 1020x that may be

used to perform the receive processing for the Walsh diversity scheme shown in FIG. 5.

" RX antenna processor 1020x processes the received symbol stream r,(n) for one

receive antenna and may be used for each of RX antenna processors 1020a through
1020r in FIG. 10.




RX data processor 262 in FIG 2. Wthin processor 262a, a synbol demapping
el ement 942 denodul ates the recovered synbols for each data s‘br.eﬁgcia
accordance with a denodul ation schene that is conplenentary t & it
modul ati on scheme used for the data stream A channel deinterleaver 944

t hen dei nyenh@a¥ast he denodul ated data in a manner conplenentary to the
interleaving perforned at the transmtter for the data stream and the
deinterl eaved data is further decoded by a decoder 946 in a nanner c

conpl ementary to the codi ng perforned the transmtter. For exanple, a
Turbo decoder or a Viterbi decoder rra?l:g%e used for decoder 946 if Turbo or
convol utional coding, respectively, is perforned at the transmtter. The
decoded dalHl26} omIldgbodmbodisndt slepyeseRlG Hn thestecemed sphbolhreamanéi st ed

- data being recovered. Decoder 946 may al so provide the status of each
recei ved paukeded(te. gdemiltigiesert 1146, whehhdemultiploxss theceicived symbolsantq{e) or in
error). [1120] In the enbodi nent shown in FIG 9, a channel estimtor 950
~estimates infalNsowbstedransned reedivadatyreiols (Wiosh stecdenatedt dser cheowgkl 7,p ewpemse and
t he noise variance (e.g., based on.recovered pilot synbols) and provides

t hese esti gt wdex ¢ hosriecol drepped 70T sinqplidityd| omer subpOeanyfoh eache ditgrattying
perform vari,qus, functions related to diversity processing at the receiver.
For exanpl é‘,’b%@Bﬁ]Tt ur%cfjertewé ﬁﬂ?/b(ge"t“gf’tﬁqaﬁb ¢ He e P@r"é‘f‘f’a}o 3 FesRetivefdn node
used for eagl data stre Oto be recovered and may further direct the
operation df Waw&sﬁsgf brocessor. 920. OE DEC 20 6 WD 2004/ 002011 32

[1121] FI Gj1129] 1 s Bachlrox kuBban paéBessor 8N 26 HRAGddTBNhurfber T rEotivh MoESkiny
processor 920x, which may be used for a nmulti-antenna receiver device. In

thi s embodpabhtone peth QR aaele dfapwnit Aptasor used damrdafaciransmissR (fewreregeivant ennas

e onna. pr Bse@l i BE b ERE A6, T RGCkR: thie: MRS Ry R0 iiRRR |

(n), and ppatl theSedki EAryafipohd thgsutegoae ardprosided @b a shulgginar 1122 tadhlso for
the associated receive antenna. In an alternative enbodi nent, one or nore
RX ant ennarqeeiveess sesed OZAlskarfendtione h5(WHed vare: Useds tihe pbapixsconjugalsi
recei ved synbol streans. [1122] A conbiner 1030 then receives and conbi nes
t he NR r ecolv@meldresyoriselestimbtecsmsednr wanstiie aidBhidX; éwhiehnis aggoonesiswitls tHA20a

t hrough 1020r to provide a single . _
multiplier) and the receive antenna for subband k, and (W)’ is the complex-conjugated

‘Walsh function assigned to transmit antenna j. Each multiplier 1122 then multiplies the
received symbols with the scaled Walsh function and provides the results to an
.“'-‘associated integrator 1124. Integrator 1124 then integrates the multiplier results over
the length of the Walsh function {or four symbol periods) and provides the integrated

output to a summer 1126. One received symbol is provided to multiplier 1122 for each
C ., symbol period (i.e., rate = (Typp) ) and integrator 1124 provides one integrated output
for each 4-symbol period (i.e., rate = (4T, ) ™)
[1128] For each 4-symbol period, summer 1126 combines tﬁe four outputs from
integrators 1124a through 1124d to provide a recovered symbol, §,, for subband &,
which 1s an estimaié of the modulation symbol, s,, transmitied in that subband. For
each 4-symbol 'period,I RX subband processors 1120a through 1120f provide Nj
recovered symbols, §, through 5, , for the Np data-can‘yiﬁg subbands.
[1129] A multiplexer 1140 receives -the recovered symbols from RX subband
fjrocessors 1120a through 1120f and‘mu]tiplexcs these symbols into a recovered symbol
stream, §,(n), for receive antenna i. |

[1130]  FIG. 12 is a block diagram bf an RX subband processor 1120x that may be

used to perform the receive processing for the Walsh-STTD schemes shown in FIGS. 7




recovered synbol stream 11(n). The conbi ning may be performed on. a -
synbol - by- synbol basis. In an enbodinent, for a given subband;d<. e’jl{ﬁc&ﬁi '
recovered synbols from :the NR receive antennas for each synbol 6 ﬁ

(which are denoted as {1k, } , for i=(1, 2, ... ,NR)) are initially scaled -
by NR weM§hit84/82811gned to the NR receive antennas. The N ? scal ed synbol s
are then summed to provide the recovered synbol, s"k , for subband k. The

wei ghts may be selected to achieve nmaximal-ratio conbining, and may be
determ ned based on the signal qualityage.g., SNR) associated with the
recei ve antennas. The scaling with the weights may al so be perforned via an

automati c i n trol . (A intai ned for. each recei ve antepna, as
is known if 'eRgér) u_b'i)arﬁ&ré)g?s) S&%?P%b"s?fﬂg‘isé“:sa?{{eefﬁﬁ%{"?@%yéﬁl‘v’iFS‘&%K?F‘@eﬁ Here is
only one recei \ a i , | v _aone : ’
processor %28@2"‘?\553@& r%%ﬁgs%%ﬁ@o%%@gﬁg e%s(r%g %’F oeggl%s%oér ﬁ%gﬁ%ﬁ?d

descri bed procdsedrt h20atBtarigh 1020fAWFIG1IR4] The recovered synmbol steam 9(n),
provi ded by conbiner 1030 may include the recovered synbols for all data ’
streans trHAdH t t duthpermbrdimenireban iR FIGAIZ, dbeacpived yymbelhin substpam g n) may

include only the recovered synbols for one or nore data streans to be
recover ed B FOHdedRRWRFeCRING PEREesYing paths,mng, paih foreeagh prapamit dnkgnaprisf an RX

antenna pr 9683306 B3SO (IRl HREM:HE AT AL MANELT BRENSGPERROS ] O

for the Wa I Versi 0 enna processor 1020x
processes frignieatenad). syohakh $ro@adihg pathnihef 1@tei tEsynitRte hiepravidedn@aand may
be used for each of RX antenna processors 1020a through 1020r-in-FIG 10. T
6 DEC 2006multpli0tR@200aclsb r8eeivesI@lpléxcanfiegatarbWalshdmictoh di# )i assigned 11,
the received synbol streamr, (n) is provided to a denultiplexer 1110, -
whi ch denuta thp|tesxemittantenne peirvheihgsyobesbed by that patt)  Eaglit muliplisu b2y thens of (.

received s ols (which e denot ) through rfa .. where he i ndex
has been d%glﬁl?ilﬁs ﬁr&rre%?wﬁ?qr%y@ﬁ% WEgﬁlie yﬂ&ﬂ@ﬁﬁ%@ﬁ@ﬁ%&?épg&sﬁ?iaﬂg _

subband. Eggbcike Sht¥gdior NIhe) Iﬁﬂégﬁwre@wtkeﬂ ftddi0Bs MeOvbARfed Rsditd §9ect i ve
RX subband processor 1120. [112 Each RX subband processor 1120 incl udes a

nunber of thedengte of ity Bédshnlpnciion (s, tworkymbat ipefieds) ead pravidesghe integretedna used
for datat (r)u Bﬁtr?osas h&Qy geom%glt i%éﬁﬁe a unit 1228. One received symbol is provided to

multiplier 1222 for each symbol peridd (i.e., rate= (T, )") and integrator 1224

provides one integrated output for each 2-symbol period (i.c., rate = QT ™)-

[1132] Referﬂﬂg back to FIG. 8, for the non-repeated Walsh-STTD schenﬁe, four
modulation symbols {s,,, 5,,, 5,5, and s,,} are transmitted over two transmit antenna

pairs in four symbol periods for subband k (where the index k is used to denote subband

k). The symbol pair {s,, and s,,} is transmitted over the first transmit antenna pair, —
and the symbol pair {s,, and s,,} is transmitted o'vér the second transmit antenna pair.

Each modulation symbol is transmitted in two symbol periods using the 2-chip Walsh

function assigned to the transmit antenna pair.

[1133]  Referning back to FIG. 12, the complementary processing is perforined at the
- receiver to recover the rhodulaﬁon symbols. For each 4-symbol period correspbnding to

a new symbol pair transmitted from each transmit antenna pair for subband %, integrator

1224 provides a received symbol pair {r,; and r,,}. Delay element 1226 then provides
a delay of two symbol periods (i.e., Ty = 2Ty, » Which is the length of the Walsh
function) for the first symbol (i.e., #,) in the pair, and unit 1228 provides the complex-

conjugate of the second symbol (i.e., r,,) in the pair.



processing paths are shown in FIG 11 for four transmt antennas). For each
processing path, the received synbols in the substreamare proy ﬂEtO @5
mul tiplier 1122 that also receives a scaled Wal sh function hkj (W V\Zl re
.hkj is the conpl ex-conjugated channel response estinate between transmit
ant enna j wehomhoies1 associated with that nmultiplier) and the receive
antenna for subband k, and (W)' is the conpl ex-conjugated Walsh function
assigned to transmt antenna j. Each multiplier 1122 then nultiplies the
received synbols with the scal ed Wal sh facti on and provides the results to
an associated integrator 1124. Integrator 1124 then int egrat es the

mul tiplier th th f _V\ashfunc nbol-
peri ods) angﬁégi) J\EBI%PH rﬁ% 6%@" Ogugnrggﬁnje?gai %?i’ ﬁé&el ved
'synbol is pE&l@cﬂﬁ’éj{t ikt thE' wﬁ ulatﬂe%; sia@{vneﬁcétpﬁtlﬁﬁ{@?'foﬁﬂ{e' Akt (chanSmit rate
= (TomM-') and integrator 1124 prow des one integrated output for each

4-synbol pepntowha(paire. In pagiclar, diTiphid 12302 puldpldds the symbahy, 4wl tieothapesli od,
summer 1126 conbines the four outputs from integrators 1124a through 1124d
to provide ?esﬁ&fé@\é@ﬁﬁdtesﬁﬂb%u!txél!‘{ar f%%&ﬂﬁﬁh@ﬁé& the syt '] sviintheséHarmdie of
t he nodul ati on synbol, sk transmtted in that subband or each 4-synbol

period, RX res %Q%R@ﬁ@eﬁsorﬁu%ﬁ&@a@%ﬂﬁ e He o ﬁ,dSﬁth[ @%C@}‘éﬁieqd

synbol s, 9, roug ata- Ca rryling -su

mul ti pl exer 1140 recei ves the recover ymhol s f subba rocessors
A A AR A AR N SRR e A
stream s (n), for receiye antenpa i. [1130] FIG 12 is a block diagram of
an RX subbamp(msg@étsrsmtﬁ A 1.2@kere it lsmyewatm%thetczham freapanserHieom drrabmi

processing for the Wal sh-STTD schenmes shown in FIGS. 7 06 DEC 2006 WO
20Q747 00201 12antguna jia thegrecgdye snibiarfar prhbaed ko Sumerost23¥aobers sibiragh ther apity ed

for erargﬁ:?tfﬂag’ﬁbsa@()bpﬁe %33@3&%@1}"@% éﬁ?ﬁaﬂ?%é‘&ﬁ%?@g%“ﬁ% k[’&o%Suse?n
Fl
br ovi ded g ij”atw?trrﬁe iRl & s i iy oBh e P DR EPA RNt cnna
[ h h
Fra 12 1 or of Bufoies R PRE R étg“‘? S e R R
symbol's ar e provh A6t dufatfbn symbol in the pair.

[1135]  The processing by the second path for the second transmit antenna pair is

similar to that described above for the first path. However, the channel response

.é'stimates, ﬁm and ﬁk 4 + for the second pair of transmit antennas for subband & are used

%or the second processing path'.' For each 4-symbol period, the second processing path

provides the symbol estimates §,, and §,, for the pair of modulation symbols
C ‘ {S43 and 5,4} transmitted on subband k from the second transmit antenna pair.

[1136] For the non-repeated W_alsh-STTD scheme _shown‘ in FIG. 8,

$,)» §42. 5,3, and 5, represent the estimates of the four modulation symbols
S Spz» Si3. and s, sent over four transmit antennas on subband k in a 4-symbol

period. These symbol estimates may then be multiplexed together into a recovered

symbol substream, §,(n}, for subband k, which is then provided to multiplexer 1140 in

FIG. 11.
{1137]  For the repeated Walsh-STTD scheme shown in FIG. 7, one symbol pair

{s,, and s,,} is sent over both pairs of transmit'antcnnas on subband k in each 4-

symbol period. The symbol esumatcs 5y and 5., may then be combmed by a summer

(not shown in FIG. 12) to prov1de an estirnate of the first symbol in the pair, and the



mul tiplier 1222 that also receives a conpl ex-conjugated Wl sh functlo%
(W2)' assigned to the transmt antenna pair being processed ﬁ@t Bgih
Each multiplier 1222 then nmultiplies the received synbols with the Wl sh
function and provides the results to an associated integrator 1224.

| nt egr at 8P 28924 en i ntegrates the nmultiplier results over the length of
the Wal sh function (or two synbol periods) and provides the integrated
output to a delay elenent 1226 and a unit 1228. One received synbol is
provided to multiplier 1222 for each ggnbol period (i.e., rate= (ToFDVM-")
and integrator 1224 provides one integrated output for each 2-symbol period

(i.e., 132 f a I 0

non- repeatsg%lﬁ%%giﬂﬁ%%gkéchené‘ ]rpgﬁ S%M%I gt%’?lﬁlge{{:bg 'ﬁilhi £u gr ki, and
sky} are a [ eriods -
sk e USRI LY B kY8 AR AR SARATREL Ropf i T lesper O
pair {sk, twncbumrﬁe}rs insayt than $ei mtlbtﬂ)]amértogdﬂaerfmmsa recoanedi ¢ynwmﬂ anbsircam, I and
t he synbol, pair {skij sk4 } is transpitted over the second transmt

ant enna pajf™s f@é@ﬁl’?ﬂﬁjdiﬂ“’&‘ﬂqhdﬁ‘Wr?é%‘rld?%totm‘alﬁgl’i”?‘?ﬁb]&oliﬁFi(ﬁollsyrrbol peri ods
usi ng the function, as ned tg the frans tenn air.

[113%] Ref[ilr:ﬁﬁ 6‘/ F‘faéouﬁzimclﬁ gt%offPﬁF lﬁé‘#aféfe 310{955‘{1 #f or med
at the r%%gmgm}.qr&%%@ées& P&n{r&ﬂyk&ﬁﬁm %ggeéfrﬁ é;mEQEles%ﬁBJEH ﬂer%aﬁﬂm peri od

corresponding to a new sy pair transmtt each transmt antenna
pair for salﬁmtimwea foi trhteelghlait and tHig 2Awphimvthel ssope ofebeemwenhcgyrﬁﬁnlexpmple {rk,

andrk2 Del ay el enent 26 th rovid eIa of two s eri ods

2 e Breatssie SATEs HoRm R AIO8n Bt b G AL SVBLRE TPRINBET M &1 ho

fi rSt Sym}ﬂéltl(ént&natérhmﬂa] ?&Lﬁ)hﬁkﬁﬁt'artpanﬁﬂﬁs&!ﬁ't 1228 prow des the COW' ex-
conjugate of the second synb (i k2) in the pair. 0i DEC 2006 WO ()

2004/ 00201113¥5 [ Tha4NITNG Q@Mes&tems@acmﬂmdohgﬂttIMMd alsndbes wiesigned 1832a aﬂjd

1232b th t t t at 2) f
Cho i ot W ont GFbrb S it SRR SR SRe SRR o Bb %Rt ¢ pl | e
the symbol(apmAw ﬁﬁnc tdMasich 3N Bple arce&@qrrmmtfre@ieﬁcwhwmomﬂuuﬁ%bIa@&esa2306

multiplies the synmbol rk2 with the channel response estinmate
mul tipli er(FDM8% and| 50 pru egDMré Bgntpooviddk cemthin rdvhriagdsanvrs| othue@p@mé

estimate hk andC A gBOd rgult Lold .

channel * rossmnaecti el bR Ep @iy T M RERE le'Y i st

response fdegighéd wsﬁplcment various processing techniques described in CDMA standards
such as 1S-95, cdma2000, IS-856, W-CDMA, and others.
{11401  The techniques described herein for transmitting and receiving data using a
number of diversity transmission modes may be implemented by various means. For
example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the elements (e.g., TX diversity processor, RX
diversity processor, TX subband processors, RX antenna procesSbrs, RX subband ( )
processors, and so on) used to imp}emént any one or a combination of the technigues
may be implementéd within one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, micro-controllers, microprocessors, other electronic units
designed to perform the functions described herein, or a combination thereof.
(11411 ° For a software implementation, any one or a combination of the techniques
described herein may be implemented with modules (e.g., procedures, functions, and so
on) that perform the functions described herein. The software codes may be stored in a
memory unit {e.g., memory 232 or 272 in FIG. 2) and executed by a processor (e.g.,

controller 230 or 270). The memory unit may be implemented within the processor or



antenna j to the receive antenna for subband k. Sumrer 1232a then subtracts
the output of nultiplier 1230b fromthe output of multiplier #gs’ig%[;(?

* provide an estimte, sk,, of, the first nodul ation synbol in t i Pgﬁ

. .and sk2 } . Sunmer 1232b adds the output of multiplier 1230c with the

1 out put of wldoopéazert 1230d to provide an estimate, sk2 , of the second
nodul ation synbol in the pair. [11351 The processing by the second path for
the second transmt antenna pair is simlar to that described above for the
first path. However, the channel responsgy estinmates, hk3 and hk4 for the
second pair of transmt antennas for subband k are used for the second

processing path. .,For each 4-symbol, .period, the second processin at

provi des t heexi o WE RS Uk a‘r:lA © ok £3% gbre %8“163%?:?"‘5% ﬁﬁﬁﬁ?‘gtt? 2'9:6
synbol s {_Sk[;’m@ggbrsmvgﬁotugmmgstieﬂqdmm wukband k fromthe second t_ransm't
antenna pair. £11361 For the non-repeated Wl sh-STTD schene shown in FIG 8,
Skl, sk2, SKilld4Znd Hleadingperssioplvded dergin foratcéesense andetd aidr innlogating: estain
synbol s Sk, k2, -Ski,.and s r_f ransm tant enna n_subband k
o S synbbeR: e vAREne S RS Mherlieie B s APREKT BE' GPER AeseBl

t oget her i ntiBerdin’ @Q@V,%rﬁdhe@)’d@h@%)@ﬂﬁ?tHae@ﬁgplﬁdﬁbﬂi)[y it Othe$ WtRAg througdueh i s
then provided to nultiplexer 1140 in FIG 11. [1137] For the repeated

Wal sh- STTD dsahentire § afipgnF| G 7, one synbol pair {sk, and sk2} is sent

over both pai of i | ; - riod.
The synbol " ali ot e IR SEPRHAT O BSREET bRl Bio RS ARRL
shown in Fl Gnylgdrsdw fhilddi de the RSté Nahle o Gdee thd rpsésehly fid@ntion) t Maripad r
and the - @OEC2006. WD 20041002011 36 _ synbol estimtes sk2 and ss"k4 may
sinilarly benedifigatioas teiheshembetimentiel begeadibyoanpaeenhip Botg skalled igrthe g,
secpnd synb i nai.r : . | ; - may
hoh be il B B Bheip BN e B3y AR ATLRE SibodiiEn S SRS !
for subband departif dton shet $pert ¢rr eupel efithiednvasitioh pl ey tht péékentninkdrEion kit nof 1138]
For clarity, various details are specifically described for downlink data
transmi ssi orintepdid tarbediritegddo t; qmbadyments ghawrhhareinpybisia b A the¥ddeshed
herein may : . 0l k S ol i thi:n the scope of the
i nvention. ﬁglﬁﬁéé&”g%%fég?g‘t{'%%@g‘ ess#ﬁé%%gga%%b?%%yq%&% GS. 4, 5, 6, 7,
and 8 may be inplenmented within a

[1144] © WHAT IS CLAIMED IS:



multi-antenna termnal for uplink data transm ssion. [1139] The M MO OFDM

system descri bed herein may al so be designed to inplenent one Qr,
mul ti pl e access schenes such as code divi s38on nultiple access B@%fzﬂa&e

division multiple access (TDWA), frequency division multiple access (FDW),
and so on. CDVA may provide certain advantages over other types of system
such as increased systemcapacity. The M MO OFDM system may al so be
designed to inplenent various processi RELAEWRNI ques descri bed in CDVA
standards such as IS 95, cdma2000, |S-856, WCDVA, and others. [1140] The
t echni ques ddscri b‘emeﬂﬂ@démrprﬁ@ﬁssmgdﬁ@rﬁ)lmmgnﬁm ﬁr@n@lweigssmmmangna
nunber of diversit transm ssion nodes may be inplenented by various neans.
For exanpl eap]FzH%tgé(, tg](Pﬁlﬁ Ues may be inplenented in hardware, software, or

a conbination thegle&ing F@iveith ahaiEESon MBHE M Ahdrh lhi‘?ﬂ?lgyebﬁdl‘?&% #y(e.g.,
TX diversity processor, RX diversity processor, TX'su ban processors RX

ant enna proc@%ﬁﬁ@SlOm@Q%m@lnM@@ tyrcsf divensitysef temymission masies islusieant  any
one or a conb natlo ted.wi.t hin.one or

h
e honl | onP AR Ronlil it S M Sherd Yo mt HRLGRT AlGRiV L e 8r e,

processors ( E}%i?ﬁmt acﬂrg fﬁaﬁbf%ﬂaﬁﬂﬂiss@ﬁ Qﬁﬁ&ﬂb ngngl 8 Yir& @5ir (0PeMeBnas anBaGeEqamabl e
| ogi ¢ devices (PLDs), el d progranmabl e gate arrays (FPGAs), processors,

control | ers, DAireF Barssrission $3élﬂ@15 RiTeg & peCon: ﬁglopﬁantmme;wle@re@tthoﬁrsépmpf s
designed to p formt functio desaqr erein, or a conbination

t her eof . _[113%3 ngf? @?‘%ﬁ?coﬁéﬁ’? %?%en%aﬁy one or a conbi nation of
the techniques des@mg Red nivduRting BEladiOné dRh ei®M RAprovide firdul 8scone pdirs
procedures, functions, and so on) that performthe functions described

herein. The ©bmodalegiorsysbolseandne’ stored in a menory unit (e.g., nmemory 232

or 272 in FIG 2) [ rol |l 230 or
270). The menory Qn‘?%ssﬁ%%/&‘ggggr?%ﬁ ?e“ﬁ‘%ﬁgﬁ?ﬁg%‘?%elﬁ%%Seﬁlrog@gé%%ace M5 ¢ pEC
2006 WO 2004020 andhissntresdeab ptdvidd e it 9GS DO frandniis¥ibih §)hn'§cﬂ§ﬁ)rlt can be
communi catively coupled to the processor via various neans as it known in

the art. [114@pspissian ayer the 8rst peir gbemcnnss andhihegecandfpaitar geoduionsymbelsi n
| ocating cergal iy onstﬁgg%ﬁ%g%m &elgér‘i &AL r%(u%e%’e sea&ﬁgqlegf&a‘?nsh{ |y the

scope of the conce ereln nde Se concepts nmay have
appl i cabi | i t)éyﬂnBol@tfdiletfatﬁﬂl@sfsidﬁﬂﬁref the GEEMd Pair of antennas.

2. The method of claim 1, wherein the first pair of modulation symbols and the

second pair of modulation symbols are transmitted over different subbands.

3. The method of claim 1, wherein at least one symbol of the first pair of
modulation symbols and the second pair of modulation symbols is a same modulation

symbol.

4. The method of claim 1, wherein the plurality of diversity transmission modes

further includes a frequency diversity transmission mode.

5. The method of claim 1, wherein the plurality of diversity transmission modes

further includes a Walsh diversity transmission mode.

6. The method of claim 1, wherein the at least one data stream corresponds an

overhead channel.



the entire specification. [1143] The previous description of -the discl osed
enbodi nents is provided to enable any person skilled in theéﬁgt E@ lse or
use the present invention. Various nodi$¥cations to these er dp n will
be readily apparent to those skilled in the art, C and the generic

princi ples defined herein may be applied to other enbodi nents w thout
departing fromthe spirit or scope of the invention. Thus, the present

i nvention i notThd methodeficlhin DewhérdintseRetiny ¢dmepriseh sdlbdimitias&hgon agpei N but
is to be accorded the w dest scope consistent with the principles and novel
features di¥dhoadershanceiata strqam44] WHAT IS CLAIMED |'S: 38 0 6 DEC 2006
CLAIMS 1. A nethod for processing data for transm ssion froma wrel ess
comuni cation apparatus, conprising: selecting a diversity transm ssion
mode from arong Bhephethad bf ylaimd 1 dwh@einistlecting consprises sadectimpdased woahaype t he
plurality of_diversity of transm ssion nodes include a space-tinme transmt

diversity n‘?fd%"ff\‘/m@rr%ceémeﬂf fRe Hretpndimnd sgeansrnginaf medulaiion symbolsy ansmit a

first pair of transm ssion synbols using a first pair of antennas and a
second pair of transm ssion synbols using a second pair of antennas,
wherei n thed.firsThepaethodtf claim ¢ywhaeiarselediidd @ngtiseé Edeotingdasiaqod apaixr of
ant ennas; coding and npdul ating at | east one data streamto provide first
and second Ydsrunalypesdy Gpmmugicaionpahan agess pelBkessing the first pair of
nodul ati on synbol s based on the space-tine diversity transm ssion node to
provide the first pair of transm ssion synbols for transm ssion over the
first pair Wf arTlemehodoficlkine | Sebeastid splettingodoniprtbel sdlectingsnh®aime offgsed on
t he space-tine diveyrsity node . to provide the second pair of transm ssion
synbol s f orPliielRsoH dvsrhy Eansmissin madsod asaatial srlipledngaaede2. The nethod of
claim1l1, wherein the first pair of nodul ation synbols and the second pair
of nodul ation synbols are transmtted over different subbands. 3. The nethod
of clai m 1, 1mherBienmathod efsihino 0, whutkialscleftitgh@niprised segdaiing dbsedrupdul at i on
synbol s and the second, pair of nodul ati on synbols is a sanme nodul ati on
synbol . 4. chaansleafRBEats™. ¢l ai m 1, wherein the plurality of diversity
transm ssi on nodes

12. The method of claim 1, further comprising multiplexing pilot symbols with the

modulation symbols.
13.  The method of claim 1, wherein coding comprises utilizing a turbo code.

14.  The method of claim 1, wherein coding comprises utilizing a convolutional

code.

15. A transmitter unit in a wireless communication system, comprising:

a controller configured to select a diversity transmission mode from among a
plurality of diversity transmission modes, wherein the plurality of diversity of
transmission modes include a space-time transmit diversity mode where space time
transmit diversity is used to transmit a first pair of transmission symbols using a first
pair of antennas and a second pair of transmission symbols using a second pair of
antennas, wherein the first pair of antennas are different from the second pair of
antennas;

a processor configured to code and modulate at least one data stream to provide

first and second pairs of modulation symbols; and



further includes a frequency diversity transm ssion node. 5. The net hod of
claim1, wherein the plurality of diversity transm ssion m)desﬁ fg'itch?!lﬂﬁ

i ncludes a Wal sh diversity transm ssion mide. 6. The net hod of (,E\ imI,
wherein the at | east one data stream corresponds an overhead channel. 39 0
6 DEC 2006 7. The method of claim 1, wherein selecting conprises selecting
based upon a type of the at |east one data stream 8. The nethod of claim

1, wherein sel ectajngglfelpﬁgaje&éséle&)ﬁﬁgégtet@é E%épﬁ%ﬁgﬁﬁ?ﬁﬂié gf fnl‘;ﬂﬁlati&i ?ﬁr{ﬁ%ﬁ nal

recei ved one of the st pair a pair o ulatiron s . 9. The
met hod of cltaken dn thelpaceitims divesity hgnowispon sede seprevidente Himspair apon a m x

of term nal types in co ication with a cess point. 10. The nethad of
claimi, yxhéF%?‘ﬁlsé@PéX‘P ?%W%%?Wég@%cﬁa p@ir_tq%@rl‘feaﬂaew@rithwcmﬁ BBty
of di versi t Yoyl ASMASYABORDLS & the sRBkIn difibiy Rloas | oméq%e setond e

met hod of claim 13, whéerein selecting conprises selecting based upon

channel i nf gamatfitensmi@on Febote firachnefmissioaionerthe fenont airob aptensisng

mul ti pl exing pilot synmbols with the nodulation synbols. 13. The nethod of
claim1l1l, wherein coding conprises utilizing a turbo code. 14. The nethod of

claim1, whefgin %%?B&aﬁ@'ﬁ%iaﬁﬁ%%hé&ﬁﬂtﬁ&ﬁ?st @ﬁ%?iﬂéﬁhﬁﬂ@ﬂl syti€andithe A

transmitter unit In a wreless communi cation system conprising: a

control |l er ceodrdgpaired malwsioasymboliiavetraismitted ares diffsemsubzads.f r om anong a
plurality of diversity transm ssion nodes, wherein the plurality of
diversity of transm ssion nodes include a space-tine transmt diversity

mode where space fidpati AT ClaimdisY@hébinatichstidyhiBol 6ARE M plirkir st pair
I‘p f of a ?I

of transm ssion synbols using a first palr ntennas and a second pair of
t ransmi ssi ormeduitoinsymdiolsgand thesonnl par of mbdulamresynaw]s whsnme mddutatidbnr st

pai r of antenn%s are different fromthe second pair of antennas; a
processor colh Qhred to code and nodul ate at | east one data streamto
provide first and second pairs of nodul ation synbols; and 40 ,06 DEC 2006

18.  The apparatus of claim 15, wherein the plurality of diversity transmission modes

further includes a frequency diversity transmission mode.

19.  The apparatus of claim 15, wherein the plurality of diversity transmission modes

further includes a Walsh diversity transmission mode.

20.  The apparatus of claim 15, wherein the at least one data stream corresponds an

overhead channel.

21.  The apparatus of claim 15, wherein the controller is configured to select based

upon a type of the at least one data stream.

22.  The apparatus of claim 15, wherein the controller is configured to select based

upon a type of terminal received one of the first pair and second pair of modulation

symbols.

23.  The apparatus of claim 15, wherein the controller is configured to select based

upon a mix of terminal types in communication with an access point.

24.  The apparatus of claim 15, wherein the controller is configured to select either

one of the plurality of diversity transmission modes or a spatial multiplexing mode.



anot her processor configured to process the first pair of nodul ati on synbol s
based on the space-tine diversity transm ssion node to provide the first
pair of transm ssion symbols for transni %l on over the first pfﬁg DEC 2006
antennas and the second pair of nodul ati on synbols based on the space-tine
diversity node to provide the second pair of transm ssion synbols for
transm ssion over the second pair of antennas. 16. The apparatus of claim
15, wherein the first pair of nodul ation synbols and the second pair of
nmodul ation synbols are transmtted over different subbands. 17. The

appar at us of 2+ ai bespraRBe of plagn 2fcubereigibe egniodier isfconfigured fosselqeh baseds
nodul ation s I . ond pair of nodul ation synbols is a sane
nodul ati on é@?ﬁgﬁzfﬁ%&&#ﬁgﬁ%’par atus of claim15, wherein the plurality of
diversity transm ssion nodes further includes a frequency diversity
transm ssi on node. 19. The apparatus of claim 15, wherein the plurality of
di versity trafsni SN sPARSROmMMSingier i ncl udes a Wal sh diversity

transm ssi on node. : j %& ' t one
data streamcorr es%%%ag&ggleg%\%é %é)g@tg&rgﬁér@sgb%%o e@%lggéggggﬂaolwgfai m 15,
wher ei n the alivdrsig] trasmissichanbdegiiwheteinahs pluedtity bAsieersity pOtamsniiyfién @bdéshe at

| east one data stream 22. The apparatus of claim 15, wherein the controller
i s confi gur edn¢ledesairase-tigedemsmifgiyeraty Pppde where spageriane frawsaitdiyesiteisgred he
first pair a (. . at . r s of
claim 15, mggéﬁaﬁﬁ?ﬁgﬁ%ﬁﬂroﬁ%ﬁgﬁgﬁ% |%ﬁu§r{e R%%ﬁgéﬁ%%ﬁg%tgg%% aﬁ%gn a mx
of term nal tsg@esl pair cfardissiah ispRbylks Uking A saaed$airRdiafifennaddwhdiet wp fisstat us
of claim 15, wherein the controller is configured to select either one of
the plural it yagrof gntpanas arg diffesers fiogsthe seqopd @air of antenmast i al nul ti pl exi ng

mode. 41 p8 DEC Zgagﬁggi%s%mﬁggmm@ 23 nfddﬁl %‘leatsY‘@Fr‘J 8&2@;&%@7 @3%6%8{;' d

is configured to ase upon annel 1 ntformati on. aratu

conpri sing: rasnmdfsetongdglairs bf ngdalatow eymebdly, ahdansm ssi on node from anong a
plurality of diversity transm ssion nodes, wherein the plurality of

diversity of trandheassienpraesess thefimimer of mpshdation;symbplshysed an tesracet ¢ y
node where space dik/%tlg}aty AR Ribn HUEES f)lro¥id'e %heuﬁl%fjpair of transmission symbols for

transmission over the first pair of antennas and the second pair of modulation symbols

based on the space-time diversity mode to provide the second pair of transmission

symbols for transmission over the second pair of antennas.

27.  The apparatus of claim 26, wherein the first pair of modulation symbols and the

second pair of modulation symbols are transmitted over different subbands.

28.  The apparatus of claim 26, wherein at least one symbol of the first pair of
modulation symbols and the second pair of modulation symbols is a same modulation

symbol.

29.  The apparatus of claim 26, wherein the plurality of diversity transmission modes

further includes a frequency diversity transmission mode.

30.  The apparatus of claim 26, wherein the at least one data stream corresponds an

overhead channel.

31.  The apparatus of claim 26, wherein the means for selecting comprises means for

selecting based upon a type of the at least one data stream.



to transmt a first pair of transm ssion synbols using a first pair of
antennas and a second pair of transm ssion synbols using a seecgnd Ei f
antennas, wherein the first pair of antedBas are different fr tgg se&édnd
pair of antennas; a processor configured to code and nodul ate at | east one
data streamto provide first and second pairs of nodul ati on synbols; and
means for processing the first pair of nodul ation synbols based on the
space- time diversity transm ssion node to provide the first pair of

transm ssion _synbols for transm ssion over the first pair of antennas and
the second pa2r ofherephsrates ofrlaignifpivdierdiathednenns fdrsckptiepcamprises meensior y
node to provide.the second pair Qof transm.ssjion o] s.for, transm.ssi on
over the sec%%%?tlﬁgi%ﬁse fupgﬂtaﬁmea%ﬁe%.nglfﬁ%e“é one L%Jlier%[sj( AL Sf%?ncﬁﬂ?érr%tji n the
first pair ofnoaﬁlqtibladég@[b&yrrbol s and the second pair of nodul ation synbols
are transmtted over different subbands. 28. The apparatus of claim 26,
wherein at | east one synbol of the first pair of nodulation synbols and the

second pair nmodul ation s al s,is.a sa nodul.atipn. synbol. 29. The
apparat be. of S¢1 ar AHoEReRHlus YRS, it PR B B eRing R EHeR BRI rodes
further inclgdesing bhéc@Aipn @yt ofesrgiiAdl t¥icd NS0 BHURARatIRORith 3R accEBEp@ppar at us
of claim 26, wherein the at | east one data stream corresponds an ~ over head

channel . 31. The apparatus of claim 26, wherein the neans for selecting
conprises neaps f sel ect | No] d.,upon_.a type.of the at |east one data
Stream 42 0ohDECT BoBAers: Onuncay SrdRaT oS fGh sleCling bomit RE RSt or
sel ecting COE@}édtﬁg%itHﬁQﬁh% Jf e plaRliBCdf dieraRs@thsHRRbBNbYRSr afsphten M nal
received one of the first pair and 'second pair of nDduIatlonB synbol s. 33.

The appar at umudiiplesiing modé, wherein the means for sel ecting conprises neans
for selecting based upon a mx of termnal types in conmunication with an
access point. 34. The apparatus of claim 26, wherein the neans for

sel ecting coppri s¢he ARARRud OF clainf3 £ GilieRSn Hetrh@hs Gl eREtifd SorRprited irchis ok
diversity transm ssion nodes or a spatial rmnultiplexing node. 35. The
appar at us of sd¢cding\b3sed uplea channel indonsing. f or sel ecting conprises neans for
sel ecti ng based upon channel information.

36. A method for processing data for transmission from a wireless communication
apparatus, comprising:

providing two pairs of modulation symbols;

processing each pair of modulation symbols according to a space-time diversity
transmission mode to provide a first pair of transmission symbols from the two pairs of
modulation symbols and a second pair of transmission symbols from the two pairs of
modulation symbols; and

providing the first pair of transmission symbols for transmission using a first
pair of antennas and the second pair of transmission symbols for transmission using a
second pair of antennas, wherein the first pair of antennas is different from the second

pair of antennas.

37.  The method of claim 36, wherein the first pair of transmission symbols and the

second pair of transmission symbols are transmitted over different subbands.

38.  The method of claim 36, wherein the two pairs of modulation symbols

correspond to an overhead channel.



36. A nethod for processing data for transm ssion froma wreless

communi cation apparatus, conprising: providing two pairs of nodul.atd

synbol s; processing each pair of nodul ati & symbol s according tdwtﬂﬁ?%%
space-tinme diversity transmi ssion node to provide a first pair of

transm ssion synbols fromthe two pairs of nodul ation synbols and a second
pair of transm ssion synbols fromthe two pairs of nodulation synbols; and
provi di ng t hgof i r Sthe padthioddf dl4im36)wheicdmpRy it Svd Slirstof ansul /D GHmBEIsNY a
first pair of antennas and the second pair of transm ssion synbols for
transmi ssi on COBPHEFSEodMECoOmPrises wilngmueEhtpde. wherein the first pair of
antennas is different fromthe second pair of antennas. 37. The nethod of
claim 36, wherein the first pair of transm ssion synbols and the second
pair of transi ssiThe nsathdabdfelame3d, hesain ploeilitywevo shifsfahesduifiohamdsls 38.
The nethod of claim 36,.wherein the_t pai rs of nodul ati on synbol s
correspond t GOBRUIBRESR HXS%‘W&‘NN@F‘?“@@%C 2006 39, The nethod of claim 36,
wherein providing two pairs of nodul ation synbols conprises coding
conprises utilizing a turbo code. 40. The nethod of claim 36, wherein

provi di ng twaipai Theafethmbof @4ino36, sshetuih processigrdoagsised protesking adirst pair of
convol utional, code. 41. The nethod, of cl ai rr}l36, wher ei n pr.ogcessi ng conpri ses

processi ng a the o paingiof mexdulatign symibols i fsmdhe Fetoriael Banswipmer ymeols sdm ¢ he
processing 2 arr I _ . . f
rodul ot on syEaI TR BT IRA T oA RauBn SERBNS Rl B sEchg DB P! T2 11

met hod of cl atamsmiksiombsankole. at | east one synbol of the first pair of

nodul ati on synbol s and the second pair of nodulation synbols is a sane
nodul ation synbol. 43. A wirel ess comruni cati on apparatus, conprising: a

first procesger C%%g%ﬂﬁ&fjoﬁ il DV AR rdidMy 102k bt @mﬁﬁ%ﬁ%@hﬁﬁﬁ%@o' s; and

a second processor c Igured to process each pal’r on synbol s
accordi ng t o nsodupaoe-syinbelsdhd giesietynd paansim chil ivnpodolsds psavée ewdalation st

pair of transmssion synbols fromthe two pairs of nodul ation synbols and a
second pair @ymbol.

43. A wireless communication apparatus, comprising:

a first processor configured to provide two pairs of modulation symbols; and

a second processor configured to process each pair of modulation symbols
according to a space-time diversity transmission mode to provide a first pair of
transmission symbols from the two pairs of modulation symbols and a second pair of
transmission symbols from the two pairs of modulation symbols and to provide the first
pair of transmission symbols for transmission using a first pair of antennas and the
second pair of transmission symbols for transmission using a second pair of antehnas,

wherein the first pair of antennas are different from the second pair of antennas.

44.  The apparatus of claim 43, further comprising a controller configured to transmit
the first pair of transmission symbols and the second pair of transmission symbols over

different subbands.

45.  The apparatus of claim 43, wherein the two pairs of modulation symbols

correspond to an overhead channel.

46.  The apparatus of claim 43, wherein the first processor is configure to utilize a

turbo code to provide the two pairs of modulation symbols.



transm ssion synbols fromthe two pairs of nodul ati on synbols and to provide
the first pair of transm ssion synbols for transm ssion using.a b rsé air
of antennas and the second pair of transti ssi on synbol s for t‘geﬁn Eics mﬁn
using a second pair of antennas, wherein the first pair of antennas are
different fromthe second pair of antennas. 44. The apparatus of claim 43,
further conprising a controller configured to transmt the first pair of
transm ssion synbols and the second pair of transm ssion synbols over

di fferent subbandsg. 45. The appar tug of claim43, wherein the two pairs of
modul ati on $%/mbol 'NC APBHRRIS 96 RAIE 45 a¥ o R HER Broshiser 1S coptievRdo apisrat us of

cl ai m 43, Ly i . I i ilize a turbo code
S0 provide {oaraibhiEeodd SprafiaeRRIAG phit: SORMAMM SRUNL ) (56 47 The

apparatus of claim43, wherein the first processor is configure to utilize a

convol utional, co to provide the_t ai s of dul ati on synbols. 48. The
appar at us oftc| aidI%eLf‘@P © Flﬁmﬂﬁéﬂ ‘\é’\ﬁirg‘ﬂdﬁ?)?eﬁe BIocesser SERRHIGYF &0 PECHBocess

a first pair g W 5@,@% t.l S’Jﬁﬁlnst p pair
of transm ssaif(l;rfrsltIS a}glionf‘:)ﬂg]@?svp(g%%ﬁa&i%con ioge?' r&%ggxt e t\kg%ggg?{agog%%ﬁ?g?l on
synbol s to fsgmbolshad seseomd papaifithofwa paan siiesivatios gyhbbls o #89m thheecappar at us
of claim 48, Wm%rei n at. | easf one synbol of the first pair of nodulation
symbol s and ReHETLBRHRESIBAFYMBPISodul ati on synbols is a same nodul ation
synbol. 50. An apparatus for processing data for transm ssion froma

Wi rel ess comuni cation apparatus, conprising: neans for providing two pairs
of nodul ati f¥. syrlelappameans cfaon 481 whérzinrug laastspecembohef the fiest piir pf

transm ssi on e.to provid first .pair of transm ssion synbols fromthe
Lo T o i Ricky Bih byt dhetesiian priLSBodiatin o ahors s aneRY SUARLE) no! &

fromthe twgypaprs of modul ation synbols; and means providing the first pair
of transm ssion synbols for transm ssion using a first pair of antennas and
t he second pair of transm ssion synbols for transm ssion using a second

pai r of antennas,, wherein the first pai f antennas is different fromthe
Second  pai i i RIS fof Progessing s for fangRisHPA CRIBIEHES e1 n the 111 ot

pair of trangWnsiOmion YpRRhfs athprifg:

means for providing two pairs of modulation symbols;

means for utilizing a space-time diversity transmission mode to provide a first
pair of transmission symbols from the two pairs of modulation symbols and a second
pair of transmission symbols from the two pairs of modulation symbols; and

means providing the first pair of transmission symbols for transmission using a
first pair of antennas and the second pair of transmission symbols for transmission using
a second pair of antennas, wherein the first pair of antennas is different from the second

pair of antennas.

51.  The apparatus of claim 36, wherein the first pair of transmission symbols and the

second pair of transmission symbols are transmitted over different subbands.

52.  The apparatus of claim 36, wherein the two pairs of modulation symbols

correspond to an overhead channel.

53.  The apparatus of claim 36, wherein the means for utilizing comprises processing
a first pair of the two pairs of modulation symbols to form the first pair of transmission
symbols and a second pair of the two pairs of modulation symbols to form the second

pair of transmission symbols.



second pair of transm ssion synbols are transmtted over different subbands.
52. The apparatus of claim 36, wherein the two pairs of nodul ati o'rmi{a?l@ns
correspond to an overhead channel. 53. ThelSapparatus of claim 36, e
the neans for utilizing conprises processing a first pair of the two pairs
of nodul ation synbols to formthe first pair of transm ssion synbols and a
second pair of the two pairs of nodul ation synbols to formthe second pair
of transm ssion synbols. 45 'D6 DEC 2006 54. The apparatus of claim 44,
wherein at | east one synbol of the first pair of nodulation synbols and the
second pair Of noduleappontus pibleim 41 swhereiarms lagsidue ayindal oishefisit pair of

modulation symbols and the second pair of modulation symbols is a same modulation

symbol.



