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Wiveless commumnication svstems are widely deploved to provide various
communication services such as voice, video, packet data, messaging, broadcast, ete.
These systems may be multiple-access systems capable of supporting multiple users by
sharing the available system resources. Examples of such multiple-uccess systems
include Code Division Multiple Access (CDMA) systems, Time Division Multiple
Access {TDMA) svstems, Frequency Division Mulliple Access (FDMA) systems,
Orthogonal EDMA (OFDMA) systems, and Single-Carrier FDMA (S8C-FDMA)
sy stems.,

A multiple-access system may utilize one or more multiplexing schemes such as
code division multiplesing (CDM). time division multiplexing (TDM), ete. The system
may be deployed and may serve existing terminals. I may be desirable to improve the
performance of the system while retaining backward compatibility for the existing
terminals. For example, it may be desirable to employ spatial technigues such as
multiple-input multiple-output (MIMO) and spatial division multiple access (SDMA)} 1o
improve throughput and/or reliability by exploiting additional spatial dimensionalities

provided by use of multiple antennas.
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SUMMARY

Techniques for fransmitting a spatial pilot to support MIMO receivers in a mulii-
antenpa and multi-layer transmission commupication system are described herein.
According to one embodiment of the present invention, a method of transmitting a pilot
in a wireless communication gystem is deseribed. The method includes generating &
first layer pilot for a single layer transmission. The first fayer pilot is repeated across
subbands in g first OFDM symbol and the first laver pilot s also repeated offset from
the first OFEDM. symbol in an adjacent second OFDM symbol. The first and second
OFDM symbols are then transmitted.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a High Rate Packet Data (HRPD) communication system.
FIG. 2 shows 2 single-carsier slot structure that supports CDM.
FIG. 3 shows a single-carrier slot struciure that supports OFDM.
FIG. 4 shows a block diagram of a transmitter and receivers in a High Rate

Packet Data (HRPD) communication system.
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IS-2000, 18-9% and IS-856 standards, € FTRA includes Wideband~CDMA. {W-CDMA)

and Low Chip Rate (LCR). A TDMA syslem may imaplement a radio technology such

as Global System for Mobile Commupications (GSM).  An OFDMA system may
implement a radio technology such as Long Term Evolution (LTE), IEEE 802.20,
Flash-OFDM®, ete. UTRA, E-UTRA, GSM and LTE are described in documenis front
an organizgtion named “3rd Generation Partnership Project” (3GPP).  ¢dmal2000 is
deseribed in documents from an organization named “3rd Generation Partnership
Project 27 {3GPP2). These various radic technologies and standards are known in the
art.

For clarity, various aspects of the techniques are described below for a High
Rate Packet Data (HRPD) svstem that implements 1S-856. HRPD is also referred 1o as
Evolution-Data Optimized (BV-DO), Data Optimized (DO), High Data Rate (HDR}),
ete. The terms HRPD and EV-DO are used often interchangeably. Cwrently, HRPD
Revisions (Revs) 0, A, and B bave been standardized, HRPD Revs. 0 and A are
deploved, and HRPD Rev. C is under development. HRPD Revs. 0 and A cover single-
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FIG. 2 shows a sinple-carrier slot swucture 200 that supports CDM on the
forward link in HRPD. The transmission timeline is parstitioned into slots. Each dlot
has a duration of 1.667 milliseconds {ms) and spans 2048 chips. Each chip has a
duration of 813.8 nanoseconds (ns) for a chip rate of 1.2288 mega chips/second (Meps).
Hach slot is divided into two identical half-slots. Each half-slot inctudes (i} an overhead

segment composed of a pilot segment at the center of the halfislot and two Media
Access Control (MAC) segments on both sides of the pilot segment and (i) two traffic
segments on both sides of the overhead segment, The taffic segments may also be

referred to as traffic channel segmuents, dala segments, data fields, etc, The pilot
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It may be desirable to support QFDM while retaining backward compatibility

with HRPD Revs. 0, A gnd B, In HRPD, the pilot and MAC segmenis may be

demodulated by all active terminals at all times whereas the waffic segmenis may be

demodulated by only the terminals being served. Hence, backward compatibility may
be achieved by retaining the pilot and MAC segments and modifying the traffic
segments. OFDM data may be sent in an HRPD waveform by replacing the CDM data
in a given 400-chip traffic segrment with one or more OFDM symbols having a total
duration of 400 chips or less.
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provi de good performance ma frequency sel ective
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descri bed bel ow. {0029| It nay be desirable to support
OFDM whi | e retai ning backward conpatibility with BRPD

Revs. 0, A and B. In HRPD the pilot and MAC segnents

may be denodul ated by all active ter inals at al

times whereas the traffic segnents may b e denodul at ed

by only the term nals being sefved. Hence, backward
conpatibility may be achi eved by retaining the pi | ot

and A se nents and nodifying the tr g %

VVSDW SINGEHEAIRE %/{H’( aﬁfﬁﬁu‘ﬁé\()gff ?Ynﬁua?yorts FDM in HRPD.
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segment wth one or nore OFDM synbol s having a total
AFRIAIGRER P RREDST & Pﬁﬁéwsmm egone petheconkg the half-stot and

tw eh%gam@rseﬁmhmsaﬁ P efae§ QP fd\@ "j‘;‘i'{o@ %@Q%ﬁémgw two traffic

For sinplicity. only one
%ﬁ}fm'i 0133%9?h Fives ipdthe of f&ﬁwqdﬁ@&a@es '(!1 gt*miowﬁwnevéﬁc segment may

BAL of %EEQ %%Ekl) B8Ny fhe F@\%ﬁ%hﬁ? Qgﬁgtm é?tICrt he\ each traffic

center of t 10t "and two b

st hﬁ@liﬁé%@@?}t)ﬁngmt’@ﬁ @agmmamm (%&J}lbloi/\b%t aaﬁrtatwn of 200
S...Qf g Segment In

%gg‘e‘r' fﬁ kggcﬁgﬁl )f?‘ d WQ}{W{ E%‘(% g Jgjg)%?& one or nore

OFDM Elrbd| showsoa tdﬂ:&ixémﬁmml ecfﬁhsa\;mmt ni IPG} of 3k maldkmntenna HRPD

bt R i SRRCHET ety e st EOE & iy, acoess

mn’azmaymcﬂamam mﬂelafaszﬁl@’&@ hempsnal{ 0DaHas El fmgld receive antenna,

Shows, & det ai n .access point 10 of the

PR RERR 1B PR ot om 100 wi th tvio

ter m‘hnamsmz@nmdoa;aed by tE@ﬁuslﬁlﬂ}:S?:lgnGi hy thaaﬁ&l eﬁspcﬁﬁt mKO and the
as two t ant en term na

“émgl n?j’luémf‘e‘ge n“g%{)e’ﬁﬁ’éma{;ﬁgo‘?\/l‘% F‘erﬁ%‘f‘ﬁéf‘%ﬁé%’ F'uajsf2 channel

Itemﬁxnf&.e eewvwecdnhennas Mhdo3 ikl %ﬁﬁl@b@ﬂ%w& bﬁtbﬁ‘i@isha)t the sccess
gﬁpﬁ‘%}ennas at the cessﬂpo ng C%)

quﬁtg WO A EHRES R YEMES fgpiopb a3 i?rﬁ“y“ B?é characterized by »

@Hﬁﬂﬁﬁh@rﬂ&;ﬁ%sbhﬂni . :P I‘f??a@fh@l:esk %‘éﬁ@ n9e tfé?l‘éin‘y’t@ ta;ﬁfot Brom the two
A M MO channel forme antennas at the

e SaniE b 100 IS o SREaSan BRI LS ek respeciive

alisd20h8 I\W()bﬁlaﬁﬂﬁﬁs ALt Rbt 2arAYr 1 2adnE RARRE hoined @@%@ generate
matri x_Ms-:.- e access point 110 transmts a pil

 FERPesiE Pilgb t r ansnmit antennas to allow the M SO and
M MO $RL RARA FoikP 1 86 bl Bt fshiiClidia FEEREAEI ¥6m both transmit antennas

to the MIMO receiver to mmprove throughput The description above is for a 232
system in which the access point has two transmit antennas and the tenminals have at
most two receive antennas. In general, a mullt-antenna system may include transmitters
and receivers with any number of antennas, so that T and R may be any integer values.
FIG. 5 shows & multi-carrier slot structure 400 that supports OFDM in HRPD.
In HRPD Rev. B, multiple 1xHRPD waveforms may be mudtiplexed in the frequency
domain to obtain a multi-carrier HRPD waveform that {ills a given spectral allacation
and is transmitted on a first transmit antenna. In the example show in FIG. 5, one
IxHRPD waveform is illustrated as being configured as a legacy channel including the
pilat and MAC segments which may be demaodulated by all active terminals at al fimes

whereas the traffic segments may be demodulated by only the terminals being served.



SO and M E O channels. A pilot generator 1.12 at the
access point 110 may generate a conposite pilot JG033J

wah®7mesaescs point 11.0 a transmt data in par ab¢EUSIDDOA2453
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both transmt antennas to the MBMO receiver to inprove
t hroughput. The description above is for a 2 - 2
system w whi ch the access point has two transmt
antennas and the term nals have at npbst two receive
antennas L general, a muit -anterma system may i ncl ude
transnitters and receivers with a y number of
antennas, so that T and R may be any i nteger val ues.
0034 FIG 5 sho a multi -car | ot structure 400
{ 5&;‘@?1#5*:@5{%1%'%@%@ § ﬁvkﬁw wv TerEniRg) Pieppidot and MAC

MH%H@ VWAYRS S ﬁﬁm@es%tﬂ}&%e&%{iw WRRISHAAUI M red as non-
démain to obtain a multi-carrier HRPB waveform t hat

lpgaqyschigngeeanpated an rasnceewr pesendntiird ak foyrdinyansmit antennas,
xgﬁ’icﬁ dol ﬁ{ﬁtrecﬁﬁl\%n&@‘ok rerhBh E‘@%eat@ slfokﬁth%x(@F‘E{\?% hg?f!’s tdblude periodic

5, one’ 1 XBRFD waveform I strated das
wmtdsga meidi%asnfadﬂetg atylbonhwvéb of entegd idmostathd the [@dpi gangrator 112

?f ?Iéegfr‘r&&{éa%W' ﬁ@\{pﬁ%@ 9 tqe@di%rﬁhggu i@lihe Q%‘ﬂ)ﬁe symbols. A

erm nal 3 at ereast e trarfic segnent s
m:awb“@ NEvA uhm:eg& bSOto AFNG. tHereveivm nizd gn@@n rgmposite pilot in the

é?b\(’? JkaQIQ %hfl E%ﬁ%‘i’ %xﬁ%&ﬂ%@fm ¢ etyah cﬁ‘%ﬁzgw&gmﬁe.

Fetal Nt n SO OWN
FI G Ekém-eamahne esystdsh Drvagrv eftibizas nud)im;ﬁireg gaectrasior data and pilot
?% @ind ‘{Ot d .?f ?Fh C?i? tg‘f] S;%@l?% ! t.{g}g ht?geg %ﬁ‘ t j !&n%eo(i Fleiy ihlﬂtl'v(:&mel
meduiktien tﬂmﬁmqm&sr ke atins other odisuscn OF ﬂ.ﬂ&iﬁmm pabinioss the overall
inclu ite,pil epbedded. in the
bR TRV RIRER, Maufte R s PGRCHE isilehd gpyands. These

Ahbbihd ard agenekiad ames, me&h&& bidw&:&s froquehtaRbiirell With OFDM,

in thg nbal s. ecei vi ter nal Ob .
e(a‘g:fx Ggu 2§m£) &:é bgggtm[d hiélt& RoT SR §| Sl“ ‘ﬁF‘FI{) tﬁt AR sa modulated with
SN S HRed g OFDE gleth bRy dBE bR ARIREL HiRE & QftallddBbands for

MO chanpel respopse, {Q035J Ml ti -%ntenna system nma %
8% FrS %”?ﬁfr*tfib’&“é‘%ﬁ*i’ ﬁ%é”e‘ﬁ’éﬁ“‘%‘t"ﬁ’ AR PRY Brve as guard subbands to

Air{ﬁ@ $Re $540R Mihlebdk E&cﬁﬁf Reke ;@&Yx;é?ﬁetﬁ«f OinrdﬁﬁphthM following
e other multi-carrier nodul ation techni ques, or

oRaPiTHEREEn L HLR SORIMGRS BAS K yfdifawifwtrméﬁs*%‘@“wm

over akic Sy gtk @ﬁ%%@t@u&t\ye'\'%d’) B Ba Wb UER] Ror Qb transmission in
or t hogonal ese subbands are al so

freguency bands.
®a mutéa -4ERTER OI%QM@Q’M@F}’E Pstrasigt sabe deisave pr shenefdl gilot subbands,
Whih &E Q%bﬁﬁis%@@ Q‘B}d gii@t @ﬁ@%KQI}@ dw%xtehtv@xcriﬁ§ BECH | M& improved

subcarri er nmodul at ed
prafarmageg @zﬁﬁwan@@m s *eqmpr@r&ysrméhgm zgxlceﬁ S@Ehﬁsiéﬁ mgf be uniformly

&08ibled AL A Y RORRASubRnds such that consecutive pilot subbands are spaced
apart by /P subbands. The remaining K~P subbands may be used for data transmission
and gre called data subbands.

FIGS. 7A-7D show an exemplary pilot transmission scheme for 8 multi-antenna
OFDM system. The present embodiment utilizes spatial pilot tones that are differently
formed sccording to the number of layers or beams that are formed by the multi-antenna
OFDM system.  Specifically, since a layer may be formed by a beam resudting from 2
combination of antennas, accurafe characterization of the channel cannot solely rely

gpon the pilot of an antenna but must rely upon a pilot formed for a specific layer or



data and pilot transanissiott, and e remaining
subbands may serve as guard subbands to allow the
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sinmplicity, the followng de ciipiu a sunmes that all K
subbands a e usable for data and/or ptlot transm ssion
| @G36{ FI G 6 shows a subban structure 500 that may be
used foi pilot transmssion in the multi-antenna O-DM
system A transmt synbol is sent on each of P pil ot
subbands. which are subbands ued for pil ot
transm ssi on, where typlcally K>P. For inproved

erfor rran and d receiver prs ocessi,ng,, .t
oy TGRS fay ST LA ol T 08 PRI a A0S AR HR: the per-
faPEakiice @@ﬁ@ﬂ%&@@ Gl rdRed 2saRO R8MYLT YR PREAIQEy &Y 9&@&@&

are sgaced apart by WP sabbands. The remal ni ng]
subbahH& ﬁéy!ib@f%ed% sigelegver traapsHtion grow ar @lf~-¥ut of OFDM

%@1&3&? agﬁt a\é HhRanda sot (83 Dﬁ@\%r%éﬂlﬁiﬂ%&h@’v{ﬁ‘ﬁ)\? symbol 1, the

exenplary pilot transm ssion sche
sgleitaven spstivd POPDIVRS yercamand pecpr es e loaarfiodivient data tones. For

Jtt‘t 1dd 36% SPPbIA! s\,‘mb!o?t tﬁe?@ ex%o&iﬁake ah eszgle f %@Pté;ﬁ{wﬂ pilot tones.

accordi ng numnmbe yers or
Slt’f@xﬁ@ﬁlnreﬁoerFDévi rsamlbpi 3atnﬁe@‘ﬁa\mmeiyét@msmie layer spatial pilot

1§H iflfax%{'i‘luf.x a8 %egs'ﬁﬁx n’%i rth] g%/n%g%l{é&%( %ﬁé&%ﬂe& eRy ’?(?io%ag?\d for OFDM

ma co =accur
s,yimtrcéc‘l e\ndz’afmm sgfnbbhé chraningle tayar cspsm3e1bzyctriehg g plmstrated as

Of a t
%eﬂlnf laf ‘%irf\vgﬁ/ ?fset ‘i‘}.l(}_} ‘s% a%;;acen% 5%;(1’1%0}/5 'i,l'{e (‘ji’r;t’:! deale‘PBUt al}% ngumr ﬁ\rel’\-

2P &tneal 1|cnclmftt1 nglk'atl&rﬁzszmmhh sehdped dbr ﬁigﬁml}lﬁmi Bmgﬁsh baver spatial

Etfoﬁils 1& gl oragy‘gr gx\\’»\%é%r%aggéem% %r eas%%é%; ﬂngop%lcr a single layer
%éxt?ﬁtﬁic&t eﬁaf 8 adjaghe Oia)"eTsytrtbasllSdﬁlib? lals QF{FAr QR 2, the single layer
a sl ot of OF As ustrated for each .,
SPER, SYfnes Soat s BOGHBRFOFREEI VIO haneingre HEgal pilot tones.
RRakisalnapdd Ot bROORTEEeRhSoRALh RECHRaRe @ff@ett;ﬂﬁﬁxciﬂif an adjacent

ever 19dtat n For 80 tone
ORDN % ﬁs ag&g& @%ﬁ@ P%afwgyé?f SR |dﬁ§ﬁ|°afl ?f@ﬁ%*sl characterization
wRBGh bl yei &;Yon addot orfa DM syed anid {am t&RM synbol 3,

heS|nIe er spati al pllotto Ois illustrated a
s begf! Fﬁ'@ a SEgTR BHEe &R cfki‘@b*eéﬂ"’ﬁh JraayBiSIop0atBifed halfslot of

anthni QU m%QM Y '}@soéiiu%z‘ﬁ@cg &AMy ol syiabdi] h&:c8 a8 @IQ)\{ symbol 1,

| ayer Spati al F ot tone is illustratéed a s begi nni ng
mtﬁw@\gﬁyéﬂr sl PHehiRdeppafsarshecapigsgns tane fgnevery 19 data tones

ﬁlldeé,/ el [ A Bﬁzﬁizﬂ GheE¥ %’fﬂée{?f@orﬁq{keﬁrst%ﬁg Qfsg' Yo add§ecupies one
andw dt h over ead for supporting the sin ayer

wpatbaevey| 6t draiendss e (30 tanen@yOE spm elr é’éfﬁ? vayld be 18 first
)%:Q'Vfls&%@&kd f‘iQEzy %ﬁhiﬂ@kcﬁ t&d%)ée‘;g::&ﬁ@ﬁm §§H @Fm&?yréhol 1 and OFDM

ad] acent such
St GUTER Iﬂayﬁrst iayer and second layer spatial p;mt tones axe ;iiuthaied as beginning

at tone one and repeating every 10 tones and for OFDM symbol 2 and OFDM symbot 4,
the first layer and second laver gpatial pilot tones are illustrated as beginning balfway
offset from the adjacent symbols af tone eleven and repeating every 10 tones
Accordingly, the bandwidth overhead for supporting the first layer and second laver
spattal pilot tones is one in 10 or 10 percent per OFDM symbaol for a two iaver
transmission,

FIG. 7C illustrates a three layer transmission across a half-slot of OFDM

symbols 1-4.  As illustrated for each OFDM svmbol, the first layer spatial pilot tone



spatial pilot tones are offset fromthe adjacent
synbol's single layer spatial pilot tones. It is also
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position of a adjacent OFDM synbol's s le | ayer

spatial pilot tone for additional channel
characterization w thout relying upon additional

dedi cated spatial pilot tones. |039] FIG 7.B
illustrates a two or double |ayer transm ssion across
a hal f-slot of OFDM symbols 118 As illustrated for
each O DM synbol, such as OFDM synbol | the first

| ayer s&atl al, |Iot tone repeats and occupi es, oae tagne

FBFOE I8 POAPICHRIE O8RS s 40 SBEOREEY &y EFORpayPpatial pilot fone

B85 had BESLDRY dukashd e et«-e;rysfg @hgleRbs Ank %Qﬁ@& $ay%i‘ glaucn pilot tone
OCCUpI es one tone for every dat a tones.

repaes @mbwwmaane tppekos %’ﬁﬂ@ dpés s i T8¢ fxrb&ww aeond layer, and
%‘E&ioﬂg n_%}éﬁﬁl ﬁi@&t ﬂuﬁés Rid Qh%ée?&?%oﬁa%ﬁ '(f?i?@i{ &\Mﬂb:fl@dd and repest

first layer an
sebohet tha%ﬁ 1@%{ *‘mtmcbia}et angribisd faver pratias pﬂ@t todesgrepeat every 10

{b%ga %@%&gasﬁn%x %&gmglggmggﬁggg% RV /LY f‘ilf"é’i %g%ﬂﬂ% symbot,

twed sewdhdd dfefirgphyial bq@bmbtlax ronesdatterd [dvest spatield pilot tones.
3?0@?1“3 g mtpg Q&l\{ g?}ygﬁ&% ad Hrosmgf)gr%ilgq 19%@ a@é(mgm‘%d layer, and

oné& Iev nan
Aeciolrgemgplayalt ot batmfkws ahihy xml@rd@eia)dpeh ot wp ﬁﬁ?ﬁ\irﬂg ntbiod for a three
i“,li,i_{ﬂsttr Ulm Tggslgmand second | ayer spatial pilot tones is
Sne&" HFIBMOT 10 percent per OFDM synbol for a two
| ayer Fi@aﬁﬁl ilssdratds. a | 004 Qhydrl FanshGsdidd ustosat eshalf-siot of OFDM

syHEaP 44 e IREETIR Tt P CORPr 2Bl EBipedgugiial pilor tone

tdpeath iah8lochigy ey opidhe dbr -werj Qb daeN@ibq of RPERd Rvah @batiai pilot tone
occupi e onetoneforﬁ)\é ry igtatones gsec d et it i
TERYEF SRR PRSIOOHE Bl $3lngnSt: culbidsEie H“Bﬁ]ep' ot tone
fQlate @k Yocdidabie RSy R B Hithtondsayed asmaf:h adwef spa‘ual pilot
g)é]Lot tone repeats and occa}pl es one tone for

cAEPHRE ST PRETRSS QFC Ffifetor WEROAY JoiyKINes o e il éla\ er, second

1@&@ reh3@akjeRl amd \L&iﬂht m&s q;ﬁdﬂ%] %U@Q&ﬁz’é@ Grak@Bgerkd IDMe OFDM
ymbol s répeat such ihat t first layer, second

v\ay‘érfs tahand Aesegt Plasﬁeifhaé past PEf Ipvarotecrpday o efisal layer, and fourth

o r t8 4,
FAE 1A, LARER N80 s A T B BRI B, P s

For a ¢ 80 dgney OFDAE syabrhyhare vawld BeA¢ tinsylayers rsaactqnéuaw third layer,
Pid Qbub@NBSer %&% d# gl ymefshe @%@m@kh By 654;1%%%&0 loverhead for

supporting the firs second layer, a
suppertinyiieifat 1&?4"05‘:@0@@@ 8e§r ithird el gnd f@trrfm@\ B’éﬂ@@ﬁl pilot tones is

B mq:%{ﬂ(ém&lt pgpf)}* Pl @{« fBol for a four tayer transmission.

Since the various layer spatial pilot iones are transmitted on different sets of P
pilot subbands in different symbol periods, this staggered pHot scheme allows the
MIMO receivers to obtain pilot observations for more than thelr specific subbands
without increasing the number of subbands wsed for pilot transmission in any one
symbol period. For all pilot transmission schemes, the MIMO receivers may derive
frequency response estimates for the chanrel based on their received symbols and using
various channel estimation techniques.

FIG. 8 shows a block diagram of an embodiment of TX spatial processor 830

and transmitter units 832 at access point 110. TX spatial processor 830 includes a pilot



| ayer transm ssion. 10041 { FG ?Dillustrates a four
| ayer transm ssion across a half-slot of OFDM synbol s
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| ayer spatial pilot tone repeats a d occupi es one tone
for every 19 data tones, a second | ayer spatial pilot
tone repeats and occupi es one tone for every 19 data
tones, third | ayer spatial pilot tone repeats and
occupi es one tone for every 19 data to es and a fourth
| ayer spatial pilot tone repedtts and occupies one tone
for every 9 data tones. The first Iayer second | ayer,

third | and fqurth Iayer ~SP t tones are
aehstior BH0at A IMBACRORPEPRERT oM 1 BRI eisEnr IS, R Oc through

bhatsot e f irkSinil Aednassecond layer, third I ayer, and

fourth spatial pilot tones r e[% eat every 5 tones and

occupPst sereraien 819 geneyier yhe Toeprapasip edlotrty the MBAO terminals.
il 6§ fhQH

’I‘igg S?t%%esﬁég?ﬁ 2 r{ﬁ ﬁg\n d u% S%ﬂbetgé% Efess%g?r:agﬁearcc?ﬁﬁﬁ%%e spatial
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suppo |3 1S&C FRYEL

and 1 e Ppoile phicEEhr B Stesi B B Kol o Bl processor

ﬁié? e&%meﬁeﬂnmmas ym&i:ﬁ:@ pn ghdsoulatd syrebolsr Borsenasgilandata qutiai

h [} il on
EARARky 2205 RS PBIRPe W ShutRE b PLShELAER 0% wanami
ghitbfese rihtsyspbbhi percesds, 9ZIUh mmwsbaggw atbt ppeefitrs efiémenat apﬁ'f!&i

pige Qlcessmu 01? H}'\élﬂ.tl'vo breslxr%gns}%: CalpFn mv géﬂn a\gﬂt%1 dﬁqgseéac%tmgmpiexex 930
raaeweﬂ:al negpetchee riarbemtef mbktmdfmus datal @aiipl potessor 920 and the
ransn '_}g,,s' any ane synbol riod. For all, pilot
v R EEbER eOhERbe SR TRt Pl el duf o symbols v
ieatent)syrdapo st pRSid-rah estfwbyihbe shamnel based on

their fﬁgel ved, Fs{r%(rrbol and usi ng various channel

est i mEPHbATANEBHIT QREsST FI0RTCs NG, PIECEHENS ESICHR% output symbot

st awieln a&bhemﬁinﬁanﬁn@%si X PEET @Imtmmﬁ&@%n&?»&mh set of K
and transmtter units 5}314% access poi nt, HO
PR

QFRYS BImiRls fusiEer gt 56 The aiﬁrto@(zsn@e S %K-@%ﬁ IFFT and
Prodated 5RahbAmEM QPRSED ‘i&n@%@mta%ﬁkd KT il ddRif @ 5, (’Mi?)clw prefix
930a t hrough 930/ for the T transmt antennas, J004

PIIEHEOY S Fepei Jonntige e Fatesasiamedcymins 4 &pl poPEDM symbet
frQr c&hﬁnw\@ &iﬁb@xﬂ%r@( i hRe SANPOSIARiRNabdAd. F?'h'e %pealeci portion
tones for the subbands are generated according t

Yoalled s q.v&ize refpapadissicd ie combet igjay) sprepeé n@@uawm% channel. A

TX radic frequency (R} unit 946 converts the OFDM symbol stream into one or more

analog signals and further amplifies, filters, and frequency upconveris the analog
signal(s) to generate a modulated signal that is fransmitted from an associated antenna
834. Cyclic prefix generator 944 and/or TX RF unit 946 may also provide the cyclic
delagy for ifs transmit anfenna.

FIG. 9 shows a block diagram of a MIMO {erminal 120b in a muld-antenna
OFDM system. At MIMO terminal 120b, R anfennas 852« through 852¢ receive the T
modulated signals, and each antenna 852 provides a received signal to a respective
receiver unit 854, Each receiver nnit 854 performs processing complementary to that
performed by transmilter units and provides (1) received data symbols to an RX spatisl
processor 860y and (2) received pilot symbols to a channel estimator 884y within a

controller 880Gy, Channel estimator 884y performs channel estimation for the MIMO



[ 0045] Data spatial processor 920 receives the data
synbols from TX data processor S20 and perforns
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data spatial processor 920 nay denultiplex the data

synmbols into T substreans for the Tt ra mt antennas.

Dat a spatial processor 920 nay or ay not perform

addi ti onal spatial processing on these substreans,

dependi ng on the system design. Each multiplexer 930
receives a respective data syﬁ’BoI substream from dat a

spati al processor 920 and the transmt synbols for its
associated tr enna, rrultléol exes the data
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g\glgiggf actuggnyo dluﬁ%gng%l}fﬁ dy?&ﬁr‘" mfﬁl s{:)g‘ %%%8% By f;ieé éMmch fields or
padcies, o XnRieombliati@d herpyf. al so provide the cyclic
b1 00k Tipst PhrkOl S ey e AP EoBiRt| hs. YA aveiive losical

Bobi, synstleidy, AlchtdVQuie algdiahm 1dehs Ri=aptiamas &hdaction with the
hrou h 852r receive the T nodul ated signals, and each

MRS hEED0 gRaK, P dewipreaie %ﬁibgﬁfﬁfﬁélhdf‘é“%‘fr BYBBEET veitware, or

Etﬁﬁﬁm{ﬁﬁmuw bm‘fﬁ54 ToEaiehr¥ 8RBdtMes HHRIihieRBAnPOLIAY & hardware and
processing conpl enentary to that perfornmed by

YR By o Ops Uhi st §“‘a%¥“ﬁ?<6\?ﬁae§*°(ﬂj‘)» mahyggsy é’dmﬁﬁt gnd steps have been

8§HERBLBallReaRnEXS RALdrAls RHRGLRRLLoRARY. @Vﬁaﬁ&)mch functionality is
recei ved pilot sy ols tg a channel estimator 884

Wrniamanigd cnbegrRer o8 Soffwach dapRdsedtailico pa@miar application and

B SPES R &Q@%"H@éo@& tb'nr{ﬁ& 0Bl Qaikhe MilEN aERLNE ?na@qgl slement the
provi des a . VI I'ND channel response estinate. X spati al

Prsstbed évn%@bty perfasying waet ifel epcl cueSsiiag agﬁzqaﬁon but such
11898k¥ R SR LRGP Aholl #AFe LT ed GERIMEBhg W HESarture from the
seope of the present disclosure. '

The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specitic integrated
circuit {ASICY, a fleld programmable gate array (FPGA) or other programmable ogic
device, discrete gate or transistor logic, discrete hardware components, or sny
combination thereof designed to perform the functions described herein. A genersi-
purpose processor may be a microprocessor, but in the alternative, the processor may be

any conventional processor, controller, microcontroller, or state machine. A processor



S54a through SS4r with the M MO channel response
estimate and provi des detected synbols. An RX data

wpemeesses 870>! synbol demaps > dei nterl eaveRCT/HSIN07/062453

[0053]

decodes the detected synbols and provi des decoded
data. Controller 880y control the operation of various
processing units at MMO term nal 120b and nenory unit
882 stores data and/ or program codes used b y
controller BSOy. (O4S{ Those of skill i the art wo Id
under stand that infornation ahd signals may be
represented usi ng any of a variety of different

tech{lol o and techni gues, exanp data
R RIS %xﬁ m‘é’%‘?&ﬁ‘o‘éﬁm tﬂetgp%qoaﬁm‘r@ éiﬁhchb e ,ﬁgwmbmaizon of
Syhel S&nda'ld wlotdRSodedad, NRYpRealtef er eﬁﬁ&@gﬁd‘é«%@ﬁsho%e or more
t he above description rray be represented vol t ages,
BiTPRIAEYSOTE 10 o0 BRRigHetite 8 I eeore ragg citlier fawér Rptigpration,
partig h ¢
D b & é??%ﬁ@@ﬁ%é ‘rﬁgéé dd ?xl g%gﬁf ﬁogé%o?)g@% c{i’l ne@ﬁéfn with the disclosure
areinheny dgprabodied ditketly thdavdritous il ‘rmistarratﬁt(v@k executed by a
[L Qglsal phe %k&‘ﬁnﬂw'qwneéﬁ tEheUl 5, (andalgar ).Lé Q{stxteggé in RAM
described 1 i connection W th fhe disclosure here
lbamomp Heste e o, SRQ\écme@mr;: HER RN emcmoma uEéPRO\f memory,
gg f I GO N f, c o

{*&“\é&t? h%{d o lrm}ﬁ‘}t\ gttrxié %g“z‘gg ébrp ?(t(?\i Qs %H fﬁ@ ik:¥m Qﬁ‘ f gtorage mediam
bmivtwvar é,e aw*ar An usamplams bmaag,e\mectmnmnmnpied th Itimsc b&:,ce%sm such that
ﬁ'}t Dﬁe[‘a?t}i t,an i‘ 3 H?f()l 1} 9%) e| r ’1?1 ’flﬁ%elg OIT%gtSigWg F]e ‘1 QT%”% medtum

hubb afteumatw@nhé stbyawe wsedingpl 1&9‘@ bt magsahaf ﬂmamacfﬁﬁar The processor

ware depe on the parti ion and
3 sfibenﬂeb%strs? s PR es i AL TR 1A ST i Afe in a user
tekehinhRd Jar thesansndiRy, P perRMor tdhe desabtdRednedium may reside as
%u\ngt i onal i t ln var% rmg way's for each parti cul ar
ﬁ‘ﬁf”teéé‘m%’ﬁ‘“ pift 2 SUEA- TP enent at i on deci si ons shoul d

not behd @tenwsea@dngﬁmc BFSHOGliglekRpand BrQid4Dm bhgble any person
ent disclosure. | 0050} The_vari ous

ﬁl‘l‘iﬁﬁg‘tﬁrf}&t |a§;té0|nb§§(§%|ub% F}E?c‘li‘éc OB &l étgwuhpﬁdft&wpgs to the disclosure

SIBEBE FHBREyMHARRE & 'ttﬁ:l’%eWkIﬂédtzheéhg'aﬁchﬁé Yhe sBe R Rif@Mes defined

be i npl epented or perfor med with ener al pur pose

}iﬁrggég%}m dapiéﬁdgfit)tig nercy ﬁt‘?ﬁf’“b i"é’é@é‘é ragt omatﬁle spirit or scope of

tﬁ@ Fﬁrl‘.&@i{k@n BRACHI QiskREEQr At x%jr Qr'tér&i‘éhtm(ﬁlmw & the examples
field rogramrable ate arrg%/ or ot her

P inebytggite b@@@r@févﬁ %@r‘@t*é 3%@%@%%%%@%&&&

4% el HlaRfELliS1BRNGWANL conponents, or any

conbi nation thereof designed to perf ormthe functions

descri bed herein. A general purpose

WHAT IS CLAIMED I5:




processor may be a m croprocessor, but. in. the
alternative, the processor may b any conventi onal
WEe@eosEo6s , controller, mcrocontroller, o r SPEL/®S2007/062453

machi ne- A processor:i 3 nmay al so be inplenented as a

conmbi nation of conputing devices, e.g., a conbination

of a DSP and a m croprocessor, a plurality of

m croprocessors, one Or nore m croprocessors in

conjunction with a DSP core, or any other such

configuration, j'0Oad.1J The stléps of a nethod or

al gorithm descri bed mconnection with the discl osure

herein may be enbodied directly in hardware, in a

sof tware nodul e executed b %Lp‘r-[%%ssor, or in a

conmbi nation of the two. A software nodul e may reside

in R AM nenory, flash nenory, ROM nenory, EPROM ne o_,

EEPROKY nBeibeg, of dginsmiiisg mapiddtdig ke witkleppemraugpaion system,
or any other formof storage edi mknown in

teﬁ%gr%%ll A exenplary storage nmediumis coupled to the

pr oc egswaradush irdt fayer hdotdpos siwsbrlaperraneamdssiont or mat i on

from S ¥ G L on. SteQr b U n

the. nlardl s nREdRch Aol o bR BFORPRL MLl

tdpestproofss drom Thefipt bayes pdet efitdie tire GFDMagenbeldhadirst laver pilot

may reside. in, Sl G The A Vankeside i n, & user

Corm Ao ot e SR O P BB P g

stuosmaigecnthd ifursh and secasl GIEDREsyaisd s ot the cogpoheat isansmission.

user termnal. {0052} The previous description of the

di scl osure is provided to enable any person skilled in

tthe afhetgeihdd of cleisel thehei sohodimge. Vari ous

nodi fi cat i ons to th di Sﬁl osur e “vvii ] g e readily

appar SRTSTEES ASLOE RPN BECL'REA LD | VEh T PR g8ver i ¢

pri ncirgdeating ofsaegohane First llk@&éfr l@ﬁnﬁﬁﬁ deeshd Dyet Higd a.crosfs subbands

vari ations out departing fromthe sp t or scope o

t he dﬁ’%EIt‘é%tYﬁ)%S?‘#ﬂﬁg{?"Ri he disclosure is not. intended

telingd bifkdi @bk Ohd LR OBX BRRE B80tdESEE REMMOALEAIY tthé Second tayer

to be accorded the w dest scope consistent with the

pri ncPPreCTaTFURBYKE of éa pdiredt gperrldSEIMhEIRRSE: B1Y%00sS;

M%Eaih%&haé&m&%lh%é%l MDA svab BN (R 1Ay neabhikhieg.

a pilot T a wreless conmuni cati on system ‘conpri si ng:
generating a first layer pilot for a single |ayer

&I ansAia$hAflod HEASA! 2 NGrhbe:didskagd.ayer pilot across
subbands of a first OFDM synbol ; .
generating a third layer pilot for a three layer transmission;
repeating offset from the first and second layer pilots the third layer pilot across
subbands of a first OFDM symbol;
repeating offset from the third layer pilot of the first OFDM symbot the third layer pilot
across subbands of an adjacent second OFDM symbol; and

transmitting the frst and second OFDM symbols in the three layer transmission.

4. The method of clatm 3, further comprising:
generating a fourth {ayer pilot for a four layer transmission;
repeating offset from the first, second and third laver pilots the fourth layer pilot

across subbands of a fisst OFDM symbol,



repeating offset fromthe first layer pilot of the
first OFDM synbol the first layer pilot across
wa@ aibassdse of an adj acent second OFDM synbol ; apdI/UuS2007/062453

transmtting the first and second OFDM synbols in the

single layer transm ssion. 2. The nethod of claim1l

further conprising: generating a second |ayer pilot

for a two layer transm ssion; repeating offset from

the first [ayer pHot the second | ayer pilot across

subbands of a first OFDM synbdF; repeating offset from

the second | ayer pilot of the first C]:DM synbol the

second | ayer pilaot across subbands of an_ adjacent L

s econtFPertm %‘5 ybom Q‘ﬁ’amtlffgﬁ%}fﬁ‘ PHPhef ‘thh é"’f‘ﬁ ‘{DE P ggmbol the fourth
&O&%t%xw %WEQR&ssoﬁﬁﬁadeni RYEhd bﬁ*ﬁﬁ@%ﬁaﬁbp Apg3. The

nethod of claim 2. further conprising generating a

t hi r dirpageitting the firgtend geqopd &oF %@mttqhaﬁ!sﬂw Segrdpyer transmission.

repeating offset fromhe first and second | ayer il ot

the third layer pilot across subbands of a first OFDM

SynbolFher eptiand g efdrgef. fwlomeinhéhe Hirsid dF‘éyWOpﬁl byeofpilots are

58 OF o).t t rQSS

élg%fazgth%;\ d)gg_\ S%zéy r[gcéehﬁ i iﬁgneconlgb%&&% a%[c}ng 1{\19 tna;? ABSsecond OFDM

swalmgsi tting the f| rst and second (]:DI\A synbols in

the three layer transm ssion. 4. The nethod of claim

3, further conprising: generating a fourth |ayer pilot

fior aThe unethay ert’ dlaian Sivelsiren; the etpeatsjenegzd)ﬁaﬁs ghirirleyer pilots are

{ [t s N
fUk7mTy oS aikacn bt aReSrr o BrbyrayRbtds tird OFDM
siepest bdigenf ke gtledst ong bhthe. ff:@ttm}ﬁhebcawemfbhi stmbélst he f
rsfl OFDM synbol the fourth |ayer pilot acr s
subbands of a adjacent second OFDM synbol ; and

1f7\r ansmh bidfighd drRldihl Stw i@d?&n&ﬁf]ﬁ[b@, s%h@l\zl ﬁﬁffbﬂieﬁfdmﬂxh@»el pilots are
Pt la e%%;{:gzg%?n | gqr%an Plgi}aépgap%?%:ibggfapést seaclond third and a fourth

@Imw; @%baglmj &% thI20NQ6 drl Jritie: SANReSIHINARAAErd CHANH symbols,
the first n ‘second OFDM synbols. 6. The nethod of

claim 3, wherein the first, second and third | ayer

§i | ot $hanfeRbd &f B@Eﬁzngl*&‘h&@%'ﬂ?b Qﬁ%diaﬁél ;‘51 &%Hﬁiem}pmmmateh )
subbands across the first, second
percent of the suhb(mds of each of the first and xec:md OF{}M symbols.

9, The method of claim 2, wherein the first and second layer pilots oocupy
approximately 10 percent of the subbands of each of the first and second OFDM

symbols.

10, The method of claim 3, wherein the first, second and third laver pilois occupy
approximately 10 percent of the subbands of each of the first and second OFDM

symbols.

il The method of claim 4, wherein the first, second, third and fourth layer pitots
oceupy approximately 20 percent of the subbands of each of the first and second OFDM

symbols,



synbol s adj acent to at | east one of the first and
second OFDM synbols, 7. The nethod of claim®6 wherein
W b@709848¢ , second, third d fourth | ayer pil ot BCHUS2007/062453

alternatingly positioned in the sane subbands across
the first, second , third and a fourth OFDM synbol s
adj acent to at | east one of the first, second and
third OFDM synbols. 8 The nethod of claiml , wherein
the first layer pilot occupies appr oxi mately 5 percent
of the subbands of each of thd® first and second OFDM
synbols. 9 The net hod of cl aim2 wherein the first a
‘s‘econgﬁl ayer pilots, ciccu y approximately 10 percent of
The s BPMALHESDaAEROIEH OHEPIIFRONHeSe camar BREM

synbob Silol GendkB@r WRERBMe 8 ceh b 3 MR LRE Pitbh SaJeH r‘§1t 8 number of

second and third I ayer pilots occupy approxi mately
frapsedtirgsmiions b die orleedone pilotbring repspted peross \ubbm*s of a

§Eﬁ‘€ Qﬂ%q:@ﬂ}@/l% Srrtiler Eexﬁnere?%t gﬁ t i‘?(lx @m of the at least one

erein the first second ourt ayer
pilptorighe Eics @F!abbm’xfwﬁam%y sgithapdy obm adificarh dewwidfAR@d! symbol;
q each of the first and second OFDM synbol s. 12. An
apparatus in a wreless comunicati on system
conpr 'ﬂs:iiungiitvaoficmmmitg@neﬁfawpwpe tatiavenit @acgenféﬂmtf‘e stagnd second

%)?‘?f\tt &Hx%o?d ;Q\ eglhgésugg é{hm%ez Llill é%r t?am:m e(?r“s \txg a e;?mra}st} bf fransmmit

ransnrt ssion, asSt one pi
atteshaacr 0ss subbands of a first OFDM synbol and
further being repeated offset fromothers of the at
| east one pilot of the first OFDM synbol across
subbafiéls apharatusad] claiae 2, shaeindthORD Isybat pilanthchuides a first laver

B¢ Vnlle T Ehot et SRR P! RALBRS N ot aros
589864 biiAe ugraed sefoni YDV fvafisg.ssion via a

plurality of t a s antennas. 13. The apparatus of

claim 12, wherein the at |east one pilot includes a

f4.r st Thaw ﬁbdr@tdscﬁf 8k 32 SWRGER: 1haYeNedst BAS PSS ixMURBEG first tayer
wherein the first layer pilot is offset across

BRI SEForchiaves P fer g e BRiT ERPNPISEPRIHswhepgin the first and

JtBn ARRAF ?m aff offded hﬂb%zsulﬁﬂ’él&fs%f@hé DRt ahd keand <m:e»z symbols.
pi | ot includes a d rst layer pilot and a second | ayer

pilot for a two |ayer transm ssion and wherein the
{41 st 18B%pparatus of claim 12, wherein the at least one pilot includes a first layer

pilot, a second layer pilot and a third laver pilot for a three laver transmission and
wherein the first, second and third layer pilots are offset across subbands of the first and
second OFDM symbols.

18, The apparatus of claim 12, wherein the at least one pilot includes a first layer
pilot, & second layer pilot, a third lgyer pilot and a fourth layer pilot for a four layer
transmission and wherein the first, second, third and fourth layer pilots ave offset across

subbands of the first and second OFDM svmbols,

i7. The apparatas of claim 14, wherein the first and second layer pilots are
alternatingly positioned in the same subbands across the first and second OFDM

symbols.



second | ayer pilots are offset across subbands of the
first and second OFDM synbol s. 15 The apparat us of
w@b@irnvss2q wherein the at | east one pil ot inclRdEESH07/062453

first layer pilot, a second layer pilot a d a third
| ayer pilot for a. three |ayer transm ssion and
wherein the first second and third |ayer pilots are
of fset across subbands of the first and second OFDM
synbols. 16. The apparatus of claim 12 wherein the at
| east one pilot includes a fi At | ayer pilot, a second
Iayer pilot, a third Iayer pllot and a fourth | ayer

| ot {or a foxir sipn and wherein the

ot ThE G i laaht FGURPHOPAEh STanr SHad 1aver pilots are

&!fefn&@ﬁ}gﬂclﬁ&&&nﬁadbb s subb/hdsidchdss Adrae %@&Qld%@'\é third QFDM
synbol s, 17. The apparatus of claim 14, wher ei n

mrb@és %@fv@éﬁbﬁdw%w ol g and seemdHBAM ngmwls

positioned i the same subbands across the first aad

second OFDM synbols.:i7 18. The apparatus of claim 15,

Wher et ve appardtis of Ciﬂ%’eéén\dhfa'ﬁfeﬁ thaffire, seaped. third ood faur layer pilots

£ Ja d C
ﬁ% ﬁ?fiﬁé? 9 5% gggoaie gmg@%M@ aétgggﬁage BrlCLA83d, third and a
fpurth| QEEM eyebols mheewﬁt rqstat hmt e of @beoﬁml «@ymbahé ﬂmrd OFDM
%%}b'glpge apparatus of claim 16, wherein e first, second,

d'and fourth layer pilots are alterrtati. ngly
positioned in the sane subbands across the first,

’%? co n'ghe e{b Qf‘fg%{h g(f‘lgll ?gl 'W’Qef@i ﬂ?vla?y{r? ey 8% aC & n%ﬁ%%ﬁ)r%\mlateh 5

Téast on .’ Seco na t

2Bcent béihapphbatdsof e&ctcdwt‘athertxis% anth esaind t(limﬁ&@tmﬂcﬂg/ er

pi |l ot occupi es approximately 5 percent of the subbands

of each of the first and second OFDM synbols. 21. The

:appar ‘Hhe sp@e’iramls admiddy Mheviridin tth@ ffrisff fd aednagaeidpilots occupy

SHRHRRET D1 DcREREDY oF R FTGRISch Seb OTGrBRE dgfiptend OFDM

;g,at}boﬂ’_]e appar atus of clai 15, wherein the first,
second and third | ayer pilots occupy appr oxi rrately 10
percent of the subbands of each of the first and

FeConthOaPo SRS clafd. 1 I NehapratRt ﬁ$st0f§e&a‘n§' é}idlﬁnﬁi Cayer pilots

theflrst second, third and fourth Ia;i i
oceupy approximately 10 percent of the subbands of each. of the {n”si :md second OFDM.

symbols.

23 The apparatus of claim 16, wherein the first, second, third and fourth layer pilots
occupy approximately 20 percent of the subbands of each of the first and second OFDM

symbots.

24. An apparatus in 4 wireless communication system, comprising,

means for generating a first {ayer pilot for a single layer transmission;

means for repeating the first laver pilot across subbands of a first OFDM
symbol;

meaus for repeating offset from the first laver pilot of the first OFDM symbol
the first layer pilot across subbands of an adjacent second OFDM symbol; and

means for transmiiting the first and second OFDM symbaols in the single layer

transnyssion.



occupy approxi mately 20 percent of the subbands of
each of the first and second OFDM synbols. 24. An
wW@ppane4ss its a wirel ess conmuni cati on syst enPCT/US2007/062453
conprising: means for generating a first |ayer pilot
for a single layer transm ssion; neans for repeating
the first layer pilot across subbands of a first OFDM
synbol ; neans for repeating offset fromthe first
| ayer pilot of the first OFDM synbol the first |ayer
pil ot across subbands of a adjlcent second OFDM
synbol ; and neans for transmtting the first and
second OFDM synbols in the single ay r
transm ssion..:i8 25. The apparatus of claim 24,
£31r t hehe aOIRLLS @i BANGhEY c@gReali ng a second
| ayer pilot for a two |layer transm ssion; neans for
r epealieARs 1oF Leraratingorscnid favies pilotpen typ laver Farsrdsdowd
| ayer ihOkor 65085 : SHOBARIS 10f fiove idves il REM S YHROkyerB Rt acros:
S formgé%?gtl ?ﬂgeg%l?? ?gs f"romﬂtQ g%st(la%:}gﬁgﬂl ayer“%e|{>(|;ﬁa(gtIa ¥ %ﬁﬂm aaross
st%&flqi&isﬁaﬁlsm%%ﬁﬁbtfﬂae second | ayer pilot across
subba | A | eaide T s
For T anmrey bR DOR (R Al B L PRE S R symbol
thesceas Iy eilot ransmiubbinsls 0of 26 adifkentappadddEON Eyrobel| md
25, f H.\re%!:?:? {brcx(?m{z{i t?i'ﬁxugthe R0 311{ Q% *c%%”ﬁf?ﬁ?\k _rigm%a}shfnr ﬁae two layer
| ayer "piTot for a Pee "l ayer FANSIT SSI ON; - Means ' f or
trepeatiimg of fset fromthe first and second | ayer
pilots the third | ayer pilot across subbands of a
first OFDM synbol; nmeans for repeating offset fromthe
i r dThaygpargik of clafim hghubthestonbBMsynbol the third
| ayer rPi I og; across su bad;ds of. C?E adti[! ace;nt second OFDM
sy mbof"SENET FEARRIF T THAR A (G PHE By drangRgsion.
secon ﬁmeﬁlfﬂdr&ymﬁhg fch?ﬁ‘slei fent heatsd ﬁjﬁ:ﬁi&cbﬁ@ NSt pRbRMhe third layer
27. The apparatu . |yn 26, further conprising:
~ %frﬁ‘é’“i"?)?‘ﬁg’éﬁg?%‘(ts?ﬁ&tg)ﬁg@r”?ﬁlq"gyer pilot for a four
| ayer nlehad&iir§Sda08g offset from the third laver pilot of the first OFDM symbol
the third layer pilot across subbands of an adiacent second OFDM symbol; and
means for transmitting the first and second OFDM symbols in the three layer

transnission.

27. The apparatus of clatm 26, further comprising:

means for generating a fourth layer pitot for a fouwr Jayer transmission;

means for repeating offset from the first, second and third layer pilots the
fourth layer pilot across subbands of a first OFDM symbol;

means for repeating offfset from the fourth laver pilot of the first OFDM
symbol the fourth layer pilot across subbands of an adjacent second OFDM
symbol; and

means for transmitiing the first and second OFDM symbols in the four

layer transmission.



means for repeating offset fromthe first, second and
third layer pilots the fourth |ayer pilot across

w@aibaysdse of a first OFDM synbol ; . means for PEPESI00TIE2453
offset fromthe fourth |ayer pilot of the first OFDM
synbol the fourth layer pilot across subbands of an
adj acent second OFDM synbol ; and neans for
transmtting the first and second OFDM synbols in the
four laver transm sson .2S. A nethod of performng
channel estimation i a wirel ed€ conmunication system
conprising: obtaining, via a plurality of receive
antennas, received synmbols each including a first .
Py or ApPieShoduof PN ChEMEL BHMANENT e Vo Y rspgunication
{REMdoRGshe; first layer pilot offset mthe subban s
fromeaci'h other; and processing the received synbols ,
basedofinike V4 # plurgly Of rencl draientgptrapeivek pimbitle gagdincluding &
P ld{%@tﬁi&t}‘s\fﬂﬁ afnans ghg's M}W@d@f@éﬂeﬁy B BhbYic@ the first layer pilot
transmt antennds and the plurality”of receive
ofiftet fnths, supbandTifwanerchodhef ard ai m 28, furt her
conpr ﬁic@%ﬁimﬂ%ﬁé 'i»rég'sy'}ﬂbﬂis%a%%& ?Qltﬁ %rs?fav'éfﬁi%t“:g obtain estimates
ant enhas, reteived synmbols eac urther 1ncluding a
st prudat i pé chipidebt bavivedn Gidjpierehity ofiesoft afeeeged dedplurality of
synbol s, i.nel uding the second | ayer pilot offset in the
%U%ggﬁ§§m$%6n1each ot her; and processing the received
synbol s based on the first and second | ayer pilots to

obt al Ry estliml oo, o, & Rl b, gfsghannel s betuween t he
Pplurali '?y o7t T anem T ant ennas rana= t he plurality of

recei vetamgnvias: pBoaifhecimecbiod oftershai rcd@i@ed uytobels each further

CONMpLi Si ng: taini.ng, .via. a plurality of. recei e
GRTBHEs ond 28 it Biasefordh Ay rRrepE ST S inotuding the
§elaﬁft1)&fdyay piiTtpiﬁ‘set in\kll'r}]é hmﬁﬂhwile@m QOR ST, atn,flafe receiv eﬂ

synpol s I ncl ugi ng the tn Jayer pilot.oftset 1n.the .

) DDA s Srnb Gl RS cBep iyt i pesioB i pilots to
SyAROES nRAGL O 9PldbEn  bff StannsSieapeanthet flFulin) oY @ansmit aniennas
pilots to obtain estimates of a plurality of channels

et e Srale QIreRelYs #WeBESt ransnit ant ennas and t he

plurality of receive antennas.
30. The method of claim 29, further comprising:

obtaining, via a plurality of receive antennas, received symbols each fusther
including s third laver pilot with adjacent ones of the recetved symbols including the
third fayer pilot offset in the subbands from each other; and

processing the received symbols based on the first, second and third layer pilots
to obtain estimates of a plurality of channels between the plurality of transmit antennas

and the plurality of receive antennas.

31. The method of claim 30, further comprising:

obtaining, via & plurality of receive antennas, received svmbols each further
including a fourth layer pilot with adjscent ones of the received symbols including the
fourth laver pilot offset in the subbands from each other; and

processing the received symbols based on the first, second, third and fourth layer
plots to obtain estimates of 8 plurality of chamnnels between the plurality of transmst

antennas and the plurality of receive antennas.



3 1. The nethod of claim30 further conprising:
obtaining, via a plurality of receive antennas,
WO e@ei9sass synbol s each further including a foup€hUbAY®B062453

pilot with adjacent ones of the received synbols

including the fourth layer pilot offset i the subbands

fromeach other; and processing the received synbols

based on the first, second, third and fourth |ayer

pilots to obtain estimates of a plurality of channels

between the plurality of tranghit at n a s and the

plurality of receive antennas. 32 A apparatus in a

Wi rel ess communi cati on system conprising. a plurality

of receiver units operative to provide received

$Y DOl @B&RwIsNE hUdkd8ssRofdhiffichy b siin ebmMiking:

adj acent ones of the received synbol s |nclud|ng t he

i 17, si Plagadity ppfi gecehifar crity HPEHEYE USh FHPEAE rropsieek ymbols each

&Eﬂﬁfneg 29y a?&am' B g{%@&rmﬁ@%ﬁ}b MEed Qed°£ﬂﬁﬁ§f§ mciudmg the

ceive ase first layer

Bt bvar erétiucw&pfe@ th¢ subbahdy Ghprtepclypthehardel s bet ween

the p

of elé g#%léx'eg%%tgﬁﬁgé Qgé%%ﬁrkggﬁ%?%eﬁ%@gi@& anHEﬂ iiat:é/ci on the first

m@r Bhnttd ebMBtwmwwmisgllemimntih bitviaes tudpingiigy of transmit

\! .a Nt ones of the received

%ﬁ&%&gahgﬂ 1U§h1% ¥ écgé%ggggfayer pilot offset in the

subbands fron1each ot her and wherein the first and

iconq l AN %tpx% O? 13:%{236 lpxrh%gex? v\}%ceji rt]_‘tc?qhg 56}11 olgé%ciﬁufit%ei including

] rsamm’h ih» aaﬁx(m neish aﬁﬁcm’ﬁe&nﬁh i ahd te}ceﬁfed r@aﬁloﬂlﬂmiudmv the second
nten as .34

PRLERDEGr35hiBdRe SBRBRY, tpwhraek oRiel and warETh AR AT appkiecond fayer

pﬂzdm@m apiiobesRelf ac anhiroattndds dihepledl W dhsyEobaween the plurality
cluding the third | a | ot of fset mthe subbands

o GRS PRy RGB! (hreres e asond and. t hud

| ayer pilots are processed to obtain estimtes of a

plurality of channels hetween the plurality of . . .

#4-ans A'e SRIATEHALS CHIHE Pharheret Hie ft“fj""?ﬁ?"d uElelg gach further inoluding

@@ﬁlﬁrﬂﬁﬁér ;313(5&: \Wiﬁ 2BRRBHIALHS oPhhClRENES4yIBBIShBILHG the thud layer
received Y% ol s each further including a fourth layer

B’i}‘}’td{ﬂ S6h Hb d‘f{gb‘@ﬁ? rgRech pthoy ang adwrgia &wsfyzﬁb gesond and third layer

bxn&tL Wl &%cuﬁ@ﬁ foubhlh @:@%?a‘iew%ﬂ e\%}ll Lhifigelr c'hﬁ‘fﬂelikebcm reen the plurality
bbands frora each other a erein the first

§*e1@§h61,1t ATHETHGS AR thegr ety Wé%mb? pEERNEr e processed to
obtain estimates of a plurality of channels bet e the

pI urality of transmt antennas atid the plurality of
PRcei vae appaupna ot claim 34, wherein the received symbols each further including

a fourth layer pilot with adjacent ones of the received symbols including the fourth layer
pilot offset in the subbands from each other and wherein the first, second, third and
fourth layer pilots are processed to obtain estimates of a plurality of channels between

the plurality of transmit antennas and the plurality of receive antennas.



