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II. Background

[0003] Wireless communication systems have become a prevalent means by
which a majority of people worldwide has come to communicate. Wireless
communication devices have become smaller and more powerful in order to meet
consumer needs and to improve portability and convenience. The increase in processing
power in mobile devices such as cellular telephones has lead to an increase in demands
on wireless network transmission systems. Such systems typically are not as easily
updated as the cellular devices that communicate there over. As mobile device
capabilities expand, it can be difficult to maintain an older wireless network system in a

manner that facilitates fully exploiting new and improved wireless device capabilities.
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[0006] A typical wireless communication network (e.g., employing frequency,

time, and code division techniques) includes one or more base stations that provide a
coverage area and one or more mobile (e.g., wireless) terminals that can transmit and
receive data within the coverage area. A typical base station can simultaneously
transmit multiple data streams for broadcast, multicast, and/or unicast services, wherein

a data stream is a stream of data that can be of independent reception interest to a
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embodiments in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.

[0010] In accordance with one or more embodiments and corresponding
disclosure thereof, various aspects are described in connection with providing improved
pilot information to MIMO user devices without increasing interference of SISO user

devices in a wireless communication environment. For example, a data communication
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the CDM waveform, where N is an integer greater than 1. Still furthermore, the method

can comprise terminating transmission of the second waveform upon switching from a
low-throughput modulation format to a high-throughput modulation format for
transmission of the CDM waveform, such as from quadrature phase shift keying

(QPSK) modulation format to a 64-quadrature amplitude modulation (QAM) format.
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pilot segments that overlap with pilot segments in the CDM waveform. The apparatus

may further comprise means for transmitting the continuous OFDM pilot waveform at a
power level approximately 20 dB below a transmission power level of the CDM
waveform.

[0014] A further aspect relates to a computer-readable medium having stored

thereon computer-executable instructions for generating a CDM waveform comprising
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[0016] According to yet another aspect, a method of performing pilot

communication in a wireless communication environment can comprise transmitting a
CDM waveform having pilot segments at a first transmission power level from a first
antenna at a base station, transmitting an OFDM pilot waveform comprising pilot
segments related to the CDM waveform the first transmission power level from a
second antenna at the base station, and temporarily reducing the transmission power of
the OFDM pilot waveform to a second transmission power level during transmission of

the pilot segments in the CDM waveform to reduce interference between the
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indingivedhaivews g busefew off the vamouserayis in whrohgheprinciples of various

RSB U LSRR B R BPES BB o
@ cl adgebtd SndEs: dgnivalengh t he principles of various

enbodi nents may be enpl oyed and the descri bed
enbodi nents are intended to include all such aspects

and their egyj E

pRaw NGs [ oo by RESCRIRTEONBR IHEDRNGS

[0018Tuni catHIGn 1 shhstates wivileless lcbinpluaidatiee systeat withsndtiple base
muj ti plléf t?rm' nals, in accordanc,el}vvi th one or nore
sidjppe pad mulimipipging]sgn 2CPrangs Wifh o PapPIE SRty -

rggiql]l pl e- ipapub i fiubhioRbrRhuliMEMht rllapR&Jutiwe l(deO)

transmt antennas at base station and multiple
dhRynal éoreieddydhtramsnusangnnas etdrané station and multipled & caseivetahtennas
\{arti ous a.specta descgji bed her eitn.d %O%Z?h FIG 3
a2 erEpal ORISR H! YAIRS SPHR OGRS A8 e or dance
[0020] One OFIGTBHBuASRE GifSrviles Gihk Besbthe! Ri ddcorll e Hithbde or
4 illustrates a forward |ink structure, in accordance
- Wptetpspaves dasciknddieidpect s descri bed herein. [0022] FI-G

1l uStr . . s
by UoC e AL GEIBI b T YA, 0GR RGR o
Botel dspsty ddsexdbedl Hekink di agram of system t hat
facilitates prayviding | ow-power pilot signal in
902K i on 151Gk SalIR dPTERd Sk RyCtuer i ee S AR cE e
EIR a‘%ﬂeﬁt@é&%&?ﬁeﬁ-heﬂ&@?q FIG 7 illustrates a

ol ogy

net ho or providing inproved channel
[0023] FIG. 6 illustrates a block diagram of system that facilitates providing a

low-power pilot signal in addition to a communication signal, in accordance with
various aspects.

[0024] FIG. 7 illustrates a methodology for providing improved channel
estimation for MIMO user devices without adversely affecting extant SISO users
communicating within the same wireless communication environment, in accordance
with one or more aspects.

[0025] FIG. 8 is an illustration of a methodology for providing improved
channel estimation for MIMO user devices without adversely interfering with extant
SISO users communicating within the same wireless communication environment, in

accordance with one or more aspects.



estimation for M MO user devices w thout adversely
af fecting extant SISO users communi cating within the

W@ 2002/09836€ 1 ess communi cation environment, in aPCDUSENEE37129
with one or nore aspects. [0025] FIG 8 is an
illustration of a methodol ogy for providing inproved
channel estimation for MBVI O user devices w thout

[6026Er sel y FIG! ilfustrategda itiethddedspafdr ptbEding Sesignal pllOt transmlss1on
communi cating within the sane wi.rel ess comupi

fephpnngh ﬁ@ﬁﬁathnrpyd\gg\gpd.gﬁbgev\;ﬁefs pvithqut %ﬂrve%]ryeaffectmg extant SISO
uf? g&g&uhggg‘@ wit hg‘thg fdn%é WELEQ! c%%ﬁuxﬂ&#tﬁﬂ%ﬂbﬂ&ﬁn{rﬁ lin
provi ding a gna pilot transm ssion for channe
aeairdiméi»\mmdmysonv/hi\z@a@ectsdew ces w t hout adversely
cting 1 SISO users_co ni.cati ng within the

Wi r efié ﬁg’éﬁﬁﬂ HSEAtoRAf BYRFT POVIFR %Flﬁtaé%sc‘gqt‘?fgﬂgélow"
p%kﬁg R38Nl B Gin BTREGLSE tolc8PA alhihnel Rorishi gier-power

tration of a user device that facilitates
camtremidatign sighg\ip awarelgss conmsinigatidn etharonggnt, eaqgordangeeith
to estimate .a | for a higher-power comunication
08¢ GhEPq ?‘?pgc;twfi‘ig?‘@%ger@gmmm cation environment, in

(662891 danc eIl § NisQNelI@irafi® 6f /5R6HH thabRicilftaed ﬁrobem@ Hlow-
[0028] FIG 11 is an illustration of a systemthat

ppwet pilataisms! Hasandendlized Gwsbmate asbperel §<Pr96riaghftfweé an
CQI%IIH}HIJaltlé? gl Bgl 13%%1@5@ Cglllﬁnlﬁ ﬁ!)l’l EWII‘O%IIE&”IQ %5(308%56 with

conmuni ca n signal Tn a wreless communi ¢ation
variviy gpedat , in accordance with various aspects.

0029] FIG, 12 is ap illustratiop o reless
PRt K R0 Ghlrema S HioR ah e S EASYEt §rionment that can be
grgﬂd)%ﬁ% k&ﬂuﬂ\étfoﬂ Wifleth¥ Qﬁﬂl&ﬁﬁs)'\éﬁ%ﬁts SA® mRHOISBERABE herein.

scri bed herein. DETAI LED DESCRI PTI ON [ 0030] Vari ous

enbodi nents are now described with reference to the

drawi ngs, - wherei al s are used

to refer to like emhiﬁﬁ%ﬁﬁﬁfésglﬁ‘iﬁﬁ the foll ow ng
[06309" | pti OVaridud EmBUdiRRERSr&hoe ¥pdoribad vah refettiies @the drawings,
specific details are set forth in order to provide

wheaein &@hlﬁﬁ@éﬁﬁsmﬁﬁ@ﬁhﬁ@fed#se@ feredit t?r&ik@ e@%@@ut‘%@ﬁs@m ? Inthe .

eg‘f)lr (ﬁé’én%gx%}l ftoﬁgl\lfﬁ)}ﬂ%ﬁ gg é{@%réagl:ép e L %is%&‘ﬁ(: %ll:taﬂﬁ&re set
foitl irao@esto previtle K tmuoughtundetstindis ga]ﬁ dnel evinosescralraalimbrgsnlt may
i.n bl ock diagramfo m|n order. to aC|I

hecElenb Y CBTelngt SUB PRSI eReL! ef)f@@ﬁ'@ﬂf? vpihayt hgsq gpecific

debhi ﬁﬁmhbpﬁgﬂaﬁ&s HOE Kb S TBru S REPAEMvices aYshb®iin bﬁ)@ﬁi
the like are intended to refer to a conputer-rel ated

dagramyfprneint drder todpalitateedeseiifingvameor more embodiments.

22 (¢

[0031] As used in this application, the terms “component,” “system,” and the
like are intended to refer to a computer-related entity, either hardware, software,
software in execution, firmware, middle ware, microcode, and/or any combination
thereof. For example, a component may be, but is not limited to being, a process
running on a processor, a processor, an object, an executable, a thread of execution, a
program, and/or a computer. One or more components may reside within a process
and/or thread of execution and a component may be localized on one computer and/or
distributed between two or more computers. Also, these components can execute from

various computer readable media having various data structures stored thereon. The

components may communicate by way of local and/or remote processes such as in



software in execution, firmvare, m ddl e ware,

m cr ocode, and/or any conbi nation thereof. For
WE@2@mpBsss6 a conponent may be, but is not |im tRdI/U82006/037129

bei ng, a process running on a processor, a processor,

an obj ect, an executable, a thread of execution,  a

program and/or a conmputer. One or nobre conponents nay

ab@FtgRe Withd gl PAAAE Die NCIOAY datdpRRets 0f. g C e tﬁﬁdrloﬂnean d
a conponent may be | ocalized on _one conputer and/

CAMPORGTH interacting Wik Anqther compepent ie 8 Mesal Bystem, A&l%lébut%@@t@m
t of I
HYEP S G AOIEE N SO kMR SR B e REER Sona
Aﬂ&wﬁnﬂmmmmmmmemnyfqammunksaﬂmdmpmmmymgmehﬂﬂﬁhgﬁhdﬁbﬂ
renpt e gﬁgfe es such as inacc rda wth a s
REPLFRGSALY SAdHoPal CPMBONERRR KT er(te hta&?ﬁCBlﬁW@%ﬁ%ﬁ@OﬂS
! limited to th

FRRORBIL diOkRERS!RIch i 0B BErESERANERY ichoimicd o h
pmextiseorokfiguetiomssset foathl intaeyi veatfiguice, las otithbe apgreeieied blyynoakilled in
tg% he signal). Additionally, conponents of systens

Tibed herein nmay be rearranged and/ or conplinented

[(po37ddi t | GRRthefRSIRONEIILS etnBo@f@ETs atedddsafbdd Heddif in connection
achi eving the various aspects, goals, advantages,

witfca suhgét@tmm@é@nmwbﬁq@ar Hatianesasalso berfalled @ SYﬁSftm a subscriber
\JmtnlntoSﬁ Ltgtl&h %’l(ﬁ)lil%c]]l ?n%*tjecﬁﬂ dng H&c%gé Iggﬁtbﬁz%oté %ﬂ‘la:l rﬁa@ﬁss

e appreci at y one
téﬂmﬁnﬂr tlSer t@m useir dgeet, aore,devae ) cﬁusereaquqﬂmemnpss*.uhscelber
descri bed herein i.n _connecti_on bscrl

%%t@p.rw < G SRSy RGP DB B e Pilitign Protocol
rmp@x@he 3 Wwir8& b lodp W LL ) RRIohEa ?él@éﬂa@ Bi gleﬂs@nt (PDA), a

te St ation, access point, renote t er m nal access
haadhnlch dbvicelsaing wirpiessmdonnetion cappility, er afb@rprotessing devage

user _egu ubscri ber station may be a cellul ar
Ctogp%cﬁ?étﬁéapwﬁaﬁ%ﬁa?%& t el ephone, a Session Initiation
fBossjocol  (NbRbvahoRousAsyictsedrgsured BédcribeDReréiMinhdy be
station, a per sonal di gital assistant (PDA), a

1m&ﬁm@1 ol WeinetboRRAPPAIGIUA Peirdae o&mﬁ@féﬁwmﬁﬂaﬁ V5 :
e t "

a2l BAA5T b BlyHE el Raian 196 B {8l ¥ hEhGGure" as used

lﬂa&aﬁ id ipeddedroanoonpyssecontppted mm aaesdabledtddny computer-

aratus, or .articl It]fmanuf cture usin Stae?i&
%@ leadRtiGeeCatTien 6F m@ﬁ@ SEFYARYPlS. COMRItraadakif gnedia ¢n include
blﬁra}é 1§t Ginfiled TR HALRG Wi Srag @G iR Ge. Eeﬁﬁﬂ%éks flopyb esie ndoBetic

enconpass a conptter program accessi bl'e from any
opy U, eptied disls ¢ gdevimpyct diak (CB), digital nenditdle disg(DVD)...), smart

ut er - r eadabl e nedi.a can .i.ncl t e .
G B PP BT B oGO dey atE o §oionfhf varous
sﬂbﬁﬁge nfehﬁméycrﬂieé lhereifPEHMaEheseht bhddr mode, defees &l/orttitBdeSnachine-

e. npact disk (CD), digital versatile disk

J(Cmp%}e meyla ferrgiening information. The term “machine-readable medium” can
include, without being limited to, wireless channels and various other media capable of
storing, containing, and/or carrying instruction(s) and/or data. It will be appreciated that
the word “exemplary” is used herein to mean “serving'as an example, instance, or
illustration.” Any embodiment or design described herein as “exemplary” is not

necessarily to be construed as preferred or advantageous over other embodiments or

designs.



cards, and flash nmenory devices (e.g., card, stick,

key drive. . .). Additionally, various storage nedi a
wa@le@cisdssal herein can represent one or nore deRCT/ES2006/037129

and/ or ot her machi nereadabl e nmedia for storing

informati on. The term "machi h@-r eadabl e nedi unf’ can

i nclude, without being limted to, wireless channels

[00BH]var i OUfig.Of iektrieH wirclafadvhemadicaionrsystgm 100 with multiple

cont ai ni n and/ or carrying instruction(s) and/or

basa siatiqns 131) japd ﬁéllt&ﬁ%@@ualsgléot WACCOIHANGROYIEN ORSQITPPIS AFPects.

. b oemr i | .

A s SEGRSL R4 TP 885 Vil SoRRUARAXIR! e eminle anc may

atheserdalledlaharcesspoiist, 4 BwderBl ar sone athergernneclegpaEadhybasestation

be construed as preferred or advani ageous over

1 RN s OB BN GAUOT GRKCTP SR Pﬁﬁtlgvfaig?qar%@E% Gra 08 fhe tom

“Biiel B Seres RIABIL GakibA Bn GYSHEBvER e WehlepRHl il PbrPthB @8 ftext in

stations 110 and nultiple termnals 120, in accordance

whithhtherternois used. €T asppovs sysienbeapacisy, athapmstatiorgenyerage byea may

a fixed station.that communicates with the term nal .
Erar b mil i Pral A a e Bybihile: 4R hChuiio Fie. 1
192RE102bh&1d foae MEACH GBller BRE BabBS Sersd by Orespdddive bassi tedSceiver
conmuni cat i on cover age for aﬁparti cul ar geogr aphic
sabwaten0BTS)h dhe derm “seetpr ™ cap apfer P TP an(Opiisensrageidei
a%ﬂ%(ﬁﬁ% hﬁ ﬁ}e%%}{é&ﬂ%%lﬂél?ﬁ?qgr%ﬁ%sw IS L 86 oA XL tHeBTSs for

iI'c e termis used. To Inprove systemcapacity, a
dlassetoss @ftthaireel awetypigell peebeary whithipéetbiatd svateoh fonthe cell. The
multiple smaller

R BIOR GG Ry SooE) DR A Do i EgA GO ectorized el
RV Bla S58H GAN uh8eds2#a%¢ehy_Por'sEEPRSL, ¥ahO e Bwing
transcei ver subsystem (BTS). The term "sector" can

desérgtionotha tBTS tanddtation tis used\generipally fere Gegslestationghagigerves a
t he cont]ixt bn (W}%Ch t%he termis used. For a

SRR 8} Vo 4° R BFPY SN BFSETSA SN sectors of that cell
00351t YPi cabdnnhisds | mecat eghiouily igpetsbe thasehost @t ispilerh Odnd each
the cell. The transm ssion techni ques described herein

- tamyinplamay beififest oramelile: dhioningl Bay plspibgsalleded mebide stpign, user

. stem W - [ roo S oR!4.CiL Vs
R
pionesestrgaabdigiial dsyisthor (PB Af)] K @itelbainbdem chidf arskesovwes Bach
sector as well as a fixed station tLgat erves.a cel|.
tPowash I200pRY sRmEuRisee 3t 46§08 4yl Spssejations on the
&J%&rﬁfﬁg%?lﬁtupflﬁ'l@ als‘a)rfrl?tﬁg?wn B HerR 268 HEW TN or T8 aRE1AI) 6 rs to the
or nobil e. al l e

Ater may al so- be called a nobi
snahimegtiondienk feauitheriene statdonsgo the totnhisalst andrihereplogy (or wverse

t erm nal be a .wirele devi ce, .a .cel Jular one, a
iyl S o Bt Sl B P el B BIRAR
00861 and B& LfentrERe abditeitiR), a ZleriBYNEAEIUBD ERiptes to base
with zero, one, or nultiple base stations on the

daiomsilAR andaraypdes arordinatipry angl eeairohfnmbage starieas dbnF etk
éigt?ibﬁf%ﬁ\%?ghgtelcthr@f })asrees[a%i%ﬁs iﬁ) 1In|z}§ communicate with one another as

needed. Data transmission on the forward link occurs from one access point to one

access terminal at or near the maximum data rate that can be supported by the forward
link and/or the communication system. Additional channels of the forward link (e.g.,
control channel) may be transmitted from multiple access points to one access terminal.
Reverse link data communication may occur from one access terminal to one or more

access points.



communi cation |ink fromthe base stations to the
termnals, and the uplink (or reverse link) refers to

w0 b@7oss3sauni cation link fromthe term nals to POEURNS€037129
stations. [0036] For a centralized architecture, a
systemcontroll er 130 coupl edlto base stations 110 and
provi des coordi nati on and control for base stations
[0037] For aAfekrsédistbationgwaich hllbee hnih&esdairingl tdtacesss ad dékess
may communi cate wi th one anot her as ,needeg. Data .
nepvrk nacsasseermpaltIRE ang Phg PHhP AflesHRYURISsSUCh @hrpcsses point 110,
B Ao AR oL EE A ReoSip B MRike |
dohmdcteinutidte resthimg doommtiel predetomissysicesss pAwbddire cavabss terminal 120

channel s, of the forward link (e.qg., .control .channpel .
RS0 e SO TRSHISRER e LAba0 301 i T B gt data
RACERSILREBA R ko adRB¥EIHR 100N I Bk RerGRAATY DD 8t BArches for

occur fromone access termnal to one or nore access
qtloraceesf POIBR]thatfmas be alyied to ant dative seitnif @hcess tesminah h20. An active

access.termngl to access agcess networ S .
PERTR A B et Sr BOGR e BECETPRORINE Wi BB Rminal 120,
WheeschRAiabtesd pOint RFbaI, lasdesteeOIALMIC@h caltulatdk quiitn ghetric

a &: edeterm ned access procedure. | n the connected
afti RCCPBNMILE Agriard Hlk.ehigh Big¥ CePRTiffcrsigaldednierference and-

A C . i . .
R E0 ATINIE Y BOled b LEERNG I 2pRittienat
Acssteithindbt 29 ssadheofol piler arssgpéss tiod daterpsBesBINRs for

100. .Access termnpnal 120 _conti nual | rches for .. )
BN Ve ERR PO it SNy od5e il TG cdlriizig: f gpalipgmetric
&fa BEFEE Jink 86MEa0RhcLOpoifindhd A e S&Lof GOEHRE teP@fmal120. SIF the

of access points capable of conmunicating with access
foewarid diak quaiity twda frouchpaticdecassesspoinits above @ pragletermined add

t i nal 0 | cul at i ' fo..
RS0 b B SRR R A 4L Rl b e
Slc@Ramiifali 1IN0 ehl RIpBAGAcRRENEIatien ERddcess(pRREI1RD. SkedlchiR
may be determined in accordance with a pilot si

nal .
- etseses frasm agqead PoipDl aaafieast AeessoerainalalZdde @d%gq Pftg delete

e ' I : [ . poi nts.
B B R et O o B ST B 1 1
0088 c of Acdess wamihal i2kcaharddr@ohllaeies 8 sgoingtaccess phiat from
active set. o{, access termnal 120. If the forward link .
{96, aPesy RBITR) % L0 5va SPAPHGOLn el GERRRECIgER b SerungiscRss point
R 2RRedet g&im Medis 3 N EE AR DnBfulSliRW by dB58N 8108 d3€ tbrminal
drop threshold for a predeterm ned period of tine,
aapeRssess @pirit tak isk@Mrsenicatisgdlata te thsrpartidudarracdse terménal. The set

cess .point 110.. Subsequent nessages from.acc <
OIGIAATELT iy OERSE A 0 LS ST PREP 98 DTSR or
fnRasiedn@ings, hbaertdieaRCe ficket-Erdtiar| fol eRaaple] MRl H§lothdd&nown or
particul ar access point. [0038] Access ternminal 120

desired pariemetsinl Thpsskr esample sibe §1iig2A6¢388 BoipbAY be selggted in

accordance with the largest SINR measurement. Access terminal 120 can then

broadcast a data request message (DRC message) on a data request channel (DRC
channel). The DRC message can contain a requested data rate or, alternatively, an
indication of a quality of the forward link (e.g., measured SINR, a bit-error-rate, a
packet-error-rate, ...) and the like. Access terminal 120 may direct the broadcast of the
DRC message to a specific access point by the use of a code, which uniquely identifies

the specific access point.



the access termnal's 120 active set based on a set of
paraneters. A serving access point is an access point
w0 bav/0sssseel ected for data conmmuni cation by a PCT/US2006/037129
particul ar access termi nal or an access point that is
conmuni cating data to the patZicul ar access termnal.
The set of paraneters may conprise any one or nore of
[gu393ent amde ﬂﬁt@\td) bel GaRinNRedRARUES T Atital 120 can be recelved by
bit-error-rate :facket error-rate, for ex
aghegs BALHERK sangnteiol30y ddiereafier apcqprenevark eﬂauglleffléf’ may fSend the
[
SR Seock oY RO BRE BT BP0 o TR ol RERFAN R, albeos
newvork badtroll20 1 $tmay fiest dbtenanhe az@hckaaadaﬂsq)onrﬁqwsssbleqleé bagla

ad36s (SRR LALsane SV iRBRE o DI ath Cep Sendifee di Bamerving
?Ae%ﬁg&ﬂi '"II"}%' dﬁta @arﬁ Henre@td Q@J@%E afthd %@éés§ ’F!oﬁif(s)t hepa 1ng

g., nmeasured SESfR, a bit-error-ra
nzesfpee ksty- them be; sanabye one or, moie agor$s phiaty tolaecesptermil 120 on

e or B0 B B8 S RBP4 By e s
0 Q8 or WokCkonidl EkRhYls ikdlehtbinfthepadifiemenagéd i ¢ access
5)0| nt.[0039] The data to be transmtted to access
[OQ40 naI Gh%fﬁ)ﬁwaél linke Bie\ieepsh POt W@ schedplfuiate transmissions to
ﬁg gf {h% acgéés% éﬁ%{?}h eaT%‘tg %él@é’ ﬁh@§5§§§ gfégstbaﬁg ¢ énfé%%hﬁw fokthod for
selgclaling tresmiissadn ik 28saibed weUsePat. Not 6528917DF, eilnyltle@l’.:&xs&sn for
network controller 130 rm¥ first determ

Alocadre BEoHteendsa Semanddtiny Sy fiemaccageed G piafent swience.
HsvdvBE oBRE Ub18adfes BFScRAIuh he n nﬁ? disbemifiend TheacdakPolh uses

the sérving access point. data can be stored in a
thmmmecoantrot indoramties seqevvied tirf thip DRC pregsagg fiopseashacensy terminal to

et Rar 53y 181 PR TpR el e IREES o BRI Bies BRRRER rce of

daff ey 14RO cORmREIaA6:€ Systtlopte sesiRsa Hi*ﬁbﬁ:l @ﬁ&h@deo IThe access
one or nore control channels to obtain the pa

- Doy slagamines to4a tate 4t Mdichdpwenemitithndats ercaess gf;rgvrpaé iLAP based
B¥e 7t %h ggeltnﬁ ?l% dr he\?ﬁ%@nﬁe%éa%@%egegleaqyoﬁfhe alagesg%‘fﬁﬁﬁl 120.

ermn a receil
@m0y ythert deedpdior urﬁqdwjdidehm@estermsmssmnan at@ss terminal 120

described in U S Pat. 79 entitled " t
o8 1 BERHIRF R CBRIEE SoTigpesio gl ARt SPfige Bpweih ot
deagﬂb%qnggpz% oclr‘ﬁ‘eslﬁ’cﬁ?zégml“hﬁ%ﬁa&&%g coﬂ@ffﬁy 6E o 18 El_}%oenbise (PN)

proache chedul in so be utilize
cade dosexanipht 2 sppreading eodeateénccbhy thelIS+89pstamdaridon

ived ip the DRC sage f.r.0 ach ess. term nal
DER 17 ci ey temaahi . Ryl £ Padies e rétiives and
R8N The RAS pAdREE ERhRataBR6R $LaskRBatt@ vetheh i@aidiefBYch as a
vary, the conmuni cati on systemoperates in a variable

seqeescepamberTwhichde Bsest hygichess dsminakil A &0 daiect githes migged or
ugél\gg %rgnstﬁs§1 5 sﬁchhaeh eqf%}né,‘ aéc%ssat%ﬁﬁﬁlﬁl fﬁ)régrrﬂf’ﬁllmé*gtgs the

sequence numbers of the missing data packets via the reverse link data channel. Access

network controller 130, which receives the data messages from access terminal 120 via
the access point communicating with access terminal 120, then indicates to the access
point what data units were not received by access terminal 120. The access point then

schedules a re-transmission of such data packets.



on the nost recent value of the DRC nessage received
fromthe access termnal 120. Additionally, the access
wW@oion383né quel y identifies a transm ssion to aPCEES2006/037129
term nal 120 by using a spreading code, which is
uni que to that nobile stati ob3 However, ot her
approaches may al so be utilized. This spreadi ng code
[00g2] be a IMNQ iNsatEs Mﬁhﬁlgleélﬂbl)t 1aoitigle-durput€EVID )echannel
spreadi ng code defined b}g he 1 S-856 standard. [0041
foumeddy ¥ gawwmtms 394 thigrizk R0Fmar base statien f% andgmultiple (R)

e

aaccsmme ndth variobeaspesth idederibed biegeid. he MO shamrehimaglbe
120 to detect elther n ssed or dup agéate .
chitasterizesstyonisR (T chinor! apye matriz SELSOF @A tharmissen

communi.ca e nurrbe
AR L0 M et EGHPE SRR DR, b Teh iRl e
cAGL IRk O DML ¢ Blsn@fer 1eRich Witlyda giepeisves the dat a

nmessages from access termnal 120 via the access point
communi cating with access termnal 120, then indicates
to the access point what data units were not received

by access.\te 12 access point then
schedu 1éQ)a {l’éz()gfansm%%wg of such data

kdtls,, (000472],(F) g:-- 2 hik (RSt r at | i npu
ﬁr&‘{%ﬁ pl e-output (MMD) chann&il lf(g?#égsg hrfl?%‘)jn’sm' ttEq' @
ant ennas 304a through_304n |at base st at| on 302 and
mul ti Re(]()R)hxré@él ve dntréfinas 306a t hrough 306n (where
nis an integer) at a termnal 308, in accordance with
various aspects described herein. The M MO channel may
be characterized by an RxT channel response matrix
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arrier COMA ’transmtter r subban

t}eh%e?ﬁfa)?lsﬁﬁ (aﬁl% %P%dt 1%@69%{?1&% a]] fMaﬁf? kIR fP.%kﬁLVa%nR x1

chbfdel reshfselvectdr for transtit @M€nha & which-is the z_Eh coMehsfel (k).
the -conpl ex channel gain between transmt antenna i -

[004B]r ecei Ve ti¢aea ofithe MIMOeagstbmkor, angrEDMA, d¢r othdrsmat- aRtenna
x| channel response vector for transmt_ anten

WIE%SYS?W ihe teceiver g ARSI FRnaesyimaty ¢fsh § aqnﬁpﬂ?édef to
%) Wzﬂp aAYRE 5 erYarers M Ea0R cﬁ’&tnlﬁ@f This estimation,

schene Eyst em the receiver and
whua]m sari mtveﬂrve calnulegng srgnd-teawise cdiinsnig mare complek ferghe MIMO

determ ne ca aC| nd/ r ters, for
St AR agron mingisef e o s S RO aaf MO G, e some
el Miks Rl BuSded B relnRilOhied il OFanshissioak €o SIH(Dhﬁ%s

for the MMO receiver. In a systemw th m xed users,

Heweyer, usingrptisiranieants MUVIRHE eHets or oHEF gonggggnformation to MIMO
\%sel%rh?lrllﬂng %'I% txraﬁg‘gfé§ é%smﬁgﬂlcfe%@n%ﬂ%?&ﬁg Qn&l Uﬁds@ Qecodmg erTors

ransm sSsi ons
for the SISO user.
[0044] According to an aspect, in a scenario where system resources are

allocated in whole to one user at a time, users can be time-division multiplexed with the
resources allocated to a given user for a given duration of time. In such a scenario,
when resources are allocated to SISO users, capability to estimate rate (DRC) that can
be supported by MIMO users that are not being transmitted to in that slot can be
provided. In certain embodiments, a continuous low power pilot may be transmitted

from some or all of the antennas not transmitting to the SISO user for MIMO users. In



However, using other antennas to transmt pilots or
ot her control information to Mdvl O users during SISO
WO c@®BE3S6i ons nmay i ncrease interference and CBUBES2006/037129
decoding errors for the SISO user. [0044] According to
an aspect, in a scenario whel® systemresources are
all ocated in whole to one user at a tine, users can be

tHis ARnAErDIBC @stiratidnl qabsbiit) dah b pidedddas oy MEMalidepcateadvhen
to a given user for a given duration of tinme. In such
theypeepeisredulgden resources are all ocated to SISO

'SMIk%rarté% aeI%Hv 18k sBh&ufcHT0) int d08brd5Ai Wieh one or

supE)ort ed users t t are not beling transmtte
nioze bspettaabscsibed hemin. Hewgi bavappeetiatbdthaethe delow-described time

RSB o VRGNS ¢4t rep e AR SRS A and other
tin{eAS AN k] (b feRothb! evaﬁies%g& e&tcf Ay MBubdd WREA delbzﬁ}inli@ from the

manner DRC esti mation capability can be provided to )
undelyis Mpineplesofepertiohaf ther@ynmmrecaﬁl@n sygipiad dhe germ "chip” is a

at.es for i Nk structure
Elg@%al:ﬂg %’5%%%% WHH%B%O B?SS@? %ahé%spects descri bed
[0®163i N. | tThvifbhw @ liApPOERIdRtise inhadmst dfdrames. A frame 1s a
bel ow descri bed tine durations, chip | engths, va

sagigEsomprising tapesigiscldéntash tige- %&té'r%b@@gefﬂrfxaraa@ 2048 chips
191{g2 @6n%€§%ﬁé‘ f P d%§?)hﬁlla{eﬁl | 669 Ene- %’ﬁ@{ &l{ﬁa @rp%a%h time-slot 402

out ‘departing fromt
inuheldss Ipylbnlglrsts Ho¢.i Bhalspibift boped @&t llnayl bo96 thips long, centered about a

Smuloatin syalen e o SN LA ML L8
gggﬁt‘ﬁ]at 11@8vécr&f ¥erhdadihel b§Qols sHaf Aewalsh cb88 MBth@hdex 0. A

ftames. A frame i's a structure conprising time-slots
fadyrd smdiun aqmsssiootroh@@nb@u(h@c)f% fesanipiue bueg4Bhichiaps

n orre to an
tfipiief S RREY bASre e bR oL B B iR B0, pg A
408 sdySheAddpokardt up to@ Joué Shianfi@ld, Wiixh By e oethbgsnallp lagvered
centered about a md-point_of its associated tine-sl

- byog-aryhedpisnar astuVatsh age Basisere ehaqng); ip édentifiethbep MAC
1%&%%}10&1'}1% a'vﬁl ?%}éﬁ&egg lngxd%%\d#“dqhgﬁg gllnﬁq%g%tl—a?z nge?ﬁ’lg

de 'w orwar access
Walsh code. CHrrfostard W}raﬂﬂﬁcﬁaﬂﬁeﬁbr flewontrolr disnel phylohd @rsent in

d
the @ DRHoSE Rt (e et 86 [halFBE Camp AR R gat,
\;/l;f/ile%e EQMiRI E%@F&a?mes"%n%l ﬂ@ééa@e% S Apasatiyy 6QYakigd

4-ary code, such as a Wl sh ode. Each code channel
[0347]dent i fIn @ddebyo providie impetered eﬂmnaitonrfasl\’ﬁMQmms while reducing

and tif .
BBVERPR RN Lo oMol Fo W0 ey B Akamngpos. may
Bertrdn@ﬁltﬁ'e@%dnﬁ) bnt@ﬁl?d@ﬂﬂ vl et aveSorsea0? is lﬁrahhﬁltted from antenna

remai ni ng portions 408 of the tine-slot 402. The
Al.alrthis casea pilell weveformedl Qiseludepsegments 412, 414 and 416 that do not

overlap with all or most of pilot segments 404 of waveform 402. For instance,
discontinuities between pilot segments 412, 414 and 416 can be approximately 96 chips
long and can be aligned with pilot segments 404 of waveform 402. If desired, pilot
waveform 410 may be transmitted at a power level below that of waveform 402, such as
20 dB below the transmission power of waveform 402. However, pilot waveform 410
may be transmitted at any desired power level, including that of waveform 402 when it

is discontinuous (e.g., it does not overlap pilot segments 404 in waveform 402, and



while the control channel carries control nessages,

and may al so carry user data. [0047] In order to
W@e@viossssé nproved estinmation for MBVI O users wheT/€52006/037129

reducing interference for the SISO user, a pilot

wavef orm 410, which may be dlscontinuous, may be

transmtted fromantennas A2, while the wavef orm 402
tHegefbreamsiiot kel fdre Garawition AaldAlonalln atidiosaleastivelyi tradsmission

wavef orm 410 includes segnents 412, 414 a ?Pég t hat
DEIBeT IR CVEICaR [0k WHeRITm B0 dHse CEnstpisHgy 05&@ t seemsRts 404,

a%li WéﬁB@e?@g&? g?ﬁ 44}%%'2%3@8 cafbSEARifH 4t 88whEb MG Nevel

gnen 416 can be approxi matel
d8fing pill qr+OK dutgrvalsd Foaimstaca Ipilghegmaentsid 18] 4 ldkt andeld rend/or

KN M N

WRYRHAMIL ARile HuGR e BOwEBn PRbIOWEMBA U ANEIH 581400 and pilot
power of waveform 402. However, prlot waveform 410 may

ségmentad¥his mitgatad buredudiegitraasmissige powes el waviefra bl Gdyiring

tt hat. of V\% ef\o/lr{n 40% vgdl§2 it 1s discontinuous {e.g.,
rapsysen QHEne gL Yo R "8 segment's 404 in wavef or m

[#648] andt hexcefdaieiownbihen@pedtnwvevdieme4 i emeds donjinuous (e.g., the

Additionally and/or alternatively, transm ssi ower
weapfopa neadi DRl @IIRsise GRRFLTEHY SRNAEEMERIS i 4t1f*z51ﬁ§ fh? @sﬁfﬂér?aaf

c %ﬁngén%aqaﬁzﬁgigﬁﬂxtbtﬁ pfBm MM Rich @hses SRR 4b2may be

e‘transmtted at a | ower power |evel
tehugingd pt hpgtroxdfvatdl n2@dB adss thardhe imasefams 402 i mgigate interference

segnments 4 414 d 416 and/or wavef.orm 410 .can be. .
V@thxt?ém}@@d%%w?ﬁ&S%F&ﬁ&#%ﬁéﬂ%vaa%ﬁ%f%&gﬂg sifictent
Pof¥Elo RAmMARVEE eRIAA0Rr N0 ReR! TEIHB IR RRtEEA other

pil ot segnents 412, 414 and 416 and pil ot segments 404

differmices gapedertly.gr.d §uiBi, 3§ dBr ANdRi s oitsiwesoiavelsirms 402 and 410

vvavqfo‘i%nélo during transm ssion of the pilot segnents
YA 0% 1Z65&ccor ding to another aspect, waveform 410
[08491be cont wLBeIsppr&sifed thah@av@ueh 00mae éd arotle-division
conpri se gaps between segnents 412, 414 and 416) and
mdﬁpbé%((?@&) v eform Wilpiat seemRetyd ¢othal a5 B%%aqnélrﬁequf%n@y-

d?%gi%n %ﬁ&@gfmw P8 s efi§ 4”, N3 '%1& h%jgrl%g sitn%ilarly be

approxi nma l'ess than the 'waveform
dithbporadl Erefjidneyfdeviging enuliiléx adeto dbvor diffé@at eardémirequieh@es than

segnents 404 therein while still proyidi sufficien
RO 3B i B f%maﬂgﬁrf&n%@%t%h Rushieptigns 3040 o same
(ﬁ@ﬂgérgntgﬁw@?i&gl thabuOhReferifh tHeadvaRe &% will bd Aer bifprébiated that

15 dB, 25 dB, 17 dB, . ..) bétween waveforms 402 and
vid@forey4 Ml o bedransinitied @d a fefiodigbasis thet hgedgmwt correspond to every

eci at.ed that vef 02 ; f‘lw | S

GRE 518155 By RASLETY R B BB EEA L3010 o
ddaat e vert diRaanabmiskiof e nayetorh 240 updti tahrth@xedl of a group of

OF . Pilot segnments 412, 414 and 416 nmpy sim | arl
waveforms 402, or upon any desired permutation of transmissions from antenna Al.
Moreover, transmission of waveform 410 can be varied in response to detected
circumstances, such as loading and the like. For example, it may be desirable to reduce
or increase a frequency with which waveform 410 is transmitted with respect to
waveform 402 transmission in response a determination that a loading parameter has
crossed a predetermined acceptable threshold level.

[0050] It should be noted that less than all of the segments 412, 414, and 416

may be transmitted from a given antenna, effectively blanking certain segments during a



ort hogonal frequency-division nultiplexed to have
different carrier frequencies than pilots 404 and may

w0 baog/obssseoncurrently transmtted with pil ot SPQIER1086/037129
404, at a sane or different power |evel, w thout
interfering therewith. It wilél be further appreciated
that waveform 410 can be transmtted on a periodic

gib@stime Fioal ame@enmotin on¢ exsning aspeceweieye BBM are four transmit
transm ssion fromantenna Al . For instance
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nairt aspofts slegpmibed bereine It willibe appicciated thatithe hgloay ¢sebed time
time slpt.. The sel ectian of :
chtfion sRipdrrelfe STE nest B R RS £ b oo dfher
tiﬁﬁﬁ:ydlﬂﬁidnb,echz[@@gth}_,h@mb&ﬁh gRcec.rapy be ubaseitheyp departing from the
channel conditions, or sone predetermned pattern,, .. .
vadeylying prnripias oERCEHIOBAS St GAITRIHCAHONSYFGINE R I PP 18 2
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[0es2oni zath Fig. Bamestderpoovide improaed/estiatatiox forPdRYIReysers, a pilot
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vﬁﬁ%l 4 &Alih@8hs S8hininideion Wehe®im 383 is @iHshdik@rodyRhieash Al. In
And Apparatus For Providing Antenna Diversi téé In A
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It will be appreciated that the bel ow described ti r?
ateibhehipniongclhe discemipuities (¢§), 8PS amdRsswee@lot segments 512, 514
r n ' i
BT Er STELS: o B a5 0 v
digped with thef pionségdirents 504 and MAC segments 506 of waveform 502.

According to a related example, the discontinuities between pilot segments 512, 514 and

516 can range in length from approximately 96 chips to approximately 224 chips. If
desired, pilot waveform 510 can be transmitted at a power level below that of waveform
502, such as 20 dB below the transmission power of waveform 502. However, pilot

waveform 510 can be transmitted at any desired power level, including that of



underlying principles of operation of the
comruni cation system The term"chip” is a unit of a
weowensgsseadi ng signal having two possibl e val BEFDS2006/037129
[0052] In Fig. 4, in order provide inproved estimation
for MBvlO users, a pilot wavEform 510, which may be
di sconti nuous, may be transmtted from antenna A2,
wakiétbem 802 emikh itue discamimrom @zt ,iiddoesmeeéd eriap Hlat segments 504 and

N M N
[% | ap W'Atdlalt%lgLlllyoﬁncv&silteﬁfatl%l OfrarS REERAN fowrd fordbavehim 510

segnent s 6 of waveform 502. For exanple, in a
caxplser evlhmdeiupng Oiansreigsien 0§ tl@MOM@H@BtSCﬂﬁ)Ap@d wieg segmepnts 512,
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cant bfgﬂi@rdsmmw attatremgipoyier Saghasrivayedomn a0 iglegfreneebetween

6 of :
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chips to approxi mately 224 ch|
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therefore will not interfere therewith). 053
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vdVefdzke 5028nd810 mapalsbibeadlizdd. a regul ar pover | evel
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eve wWhi | e 1'nt eff erence bet ween
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users. t shoul
parameters such as loadlng and the like. For example, it may be desirable to reduce or

increase a frequency with which waveform 510 is transmitted with respect to waveform
502 transmission in response a determination that a percent loading parameter has
crossed a predetermined acceptable threshold level.

[0056] It should be noted that less than all of the segments 512, 514, and 516

may be transmitted from a given antenna, effectively blanking certain segments during a



be noted that other differences in power (e.g., 15 dB,
25 dB, 17 dB, . ..) between waveforns 502 and 510 may
WwW@bk®ae/obsssati | i zed. [0055] Additionally, it w |PCD®S2006/037129
appreci ated that waveform 502 may be a CDM wavef orm
Wi th OFDM pil ot segnments 50418 Pi |l ot segnents 512, 514
and 516 may simlarly be OFDM and nmay thus be
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co- pendi ng US Pat ent lication Serial No.
tﬂab/smﬁned&manrteaitantehw B l\mchB%L Insichp saseat yEtuabantenna Bl carries

Pr %#If% gﬁgﬁe@t enn al ver%t %#es Wavér?:’%)%ggg(?z?ggwg the virtual

RIRAERT andBReb Bhysical hsteitsiAlednd A2 806mbinki §70 & used to multiply
illustrates another forward |ink structure 502, P
the signala fiee the tvitual antennas. Certain aspects and embodiments of approaches
of mapping based upon such a combiner 570, which may utilize a unitary or
orthonormal matrix, are depicted and described in U.S. Patent Application No.
11/261,823, entitled “Method And Apparatus For Providing Antenna Diversity In A
Wireless Communication System,” and U.S. Patent Application No. [Attorney Docket
No. 050947], entitled “Selective Virtual Antenna Transmission,” both of which are

incorporated herein by reference in its entirety.



one or nore aspects described herein. It will be
appreci ated that the bel ow described tine durations,

wa@ biop/0Bs3sgt hs, val ue ranges, etc. , are presenP€rUsm06/037129
exanpl es only, and other tine durations, chip |engths,
val ue ranges, etc., may be used without departing from
the underlying principles of operation of the
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processing by each terminal 606 is complementary to the processing by base station
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[0065] Each terminal 606 may generate feedback information for the data
transmission to that terminal. For example, each terminal 606 may estimate the SNRs,
DRC, CQJ, or other information, e.g., based on the received pilot symbols. Each
terminal 606 may select one or more coding and modulation schemes, one or more

packet formats, one or more virtual antennas to use for data transmission, one or more
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[0067] Referring to Figs. 7-9, methodologies relating to providing an OFDM
pilot signal during transmission of a separate CDM communication signal having
OFDM pilot segments are illustrated. For example, methodologies can relate to

providing the low-power pilot signal in an FDMA environment, an OFDMA
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waveform can be transmitted at a lower power level than the first transmission
waveform to facilitate minimizing resource expenditure in transmission of the pilot

waveform. Thus, the pilot signal can be received at a user device employing a MIMO

protocol to facilitate improving channel estimation thereby without interfering with the
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The power level at which the pilot waveform is transmitted at 808 can be the same

power level at which the first transmission waveform is transmitted without adversely
interfering with pilot segments in the first transmission waveform. For instance,
discontinuities in the pilot waveform can be aligned with the pilot segments and MAC
segments of the transmission waveform in order to mitigate interference there between.

Additionally and/or alternatively, the pilot waveform can be transmitted at a lower
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transmitted from a second antenna at a second power level. For example, the power
level of the pilot waveform can be approximately 15-25 decibels below the CDM
waveform. According to certain examples, the power level of the pilot waveform can
be approximately 20 decibels lower than that of the CDM waveform. Thus, the pilot
signal can be received at a user device employing a MIMO protocol to facilitate

improving channel estimation thereby without interfering with the CDM signal and its
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transmission, overlap between pilot segments in the pilot transmission signal and pilot
and/or MAC segments in the first transmission signal efc. As used herein, the term to
“infer” or “inference” refers generally to the process of reasoning about or inferring
states of the system, environment, and/or user from a set of observations as captured via
events and/or data. Inference can be employed to identify a specific context or action,
or can generate a probability distribution over states, for example. The inference can be

probabilistic—that is, the computation of a probability distribution over states of interest

based on a consideration of data and events. Inference can also refer to techniques
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data waveform transmission power level is desirable. It will be appreciated that the
foregoing examples are illustrative in nature and are not intended to limit the number of
inferences that can be made or the manner in which such inferences are made in
conjunction with the various embodiments and/or methods described herein.

[0081] Fig. 10 is an illustration of a user device 1000 that facilitates detecting a
low-power pilot signal that can be utilized to estimate a channel for a higher-power
communication signal in a wireless communication environment, in accordance with

one or more aspects set forth herein. User device 1000 comprises a receiver 1002 that
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direct Rambus RAM (DRRAM). The memory 1008 of the subject systems and methods
is intended to comprise, without being limited to, these and any other suitable types of

memory.
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Id

in the data transmission. Additionally, the low-power pilot waveforms can be
transmitted at approximately 20 dB below the power level of the data transmission. The
data transmission and the low-power pilot waveform can be concurrently transmitted

from separate transmit antennas 1108.



dynam ¢ RAM (DRAM, synchronous DRAM ( SDRAM, doubl e

data rate SDRAM (DDR SDRAM), enhanced SDRAM ( ESDRAM ,
w®gciobssnk DRAM ( SLDRAM), and di rect Ranbus RARCT/US2006/037129

(DRRAM). The nmenory 1008 of the subject systens and

nmet hods is intended to con‘pri2§e, wi thout being limted

to, these and any other suitable types of

16636l y. [ 00841}0@&@ MR canorltipex asighadforioansmissiandyaa

f det 1010 th .
TR 2P sl g s ST LopfPee a4t s manme,
w8 8mebn EE07 dMtihehct RItALPIhRydf qévéraiemegmmm aidh@nat a SISO
signal . For instance, the pilot waveform det ector 1010
@ahdw aaatreceiecthp dpta arapgnispenerd empley pdogsegments therein to
égs% e as chr?anelﬁgerg &Aé)’] gzlhflg F%/Iﬁ{)é;(;)%sgror %@&Q'cﬁﬁ%cgﬂe%eg%%

ﬁrﬁfshhsstoaxtas wetCathé wwv-povlérgsilot eavelotat wieioh threbewadliZed to more
glean_information that can be utilized to estimte

RBIRAY ostignate A ehamebiop HieAlsh Eansdysiagy Withaut inteés m@e\vﬁt@e data
&%ansﬁdn 1\&seffuﬁst113§er1vé‘cpagméh§l§§) RefddRQ), modul ator 1012
and transnmtter at transmts the nodul at ed
g’n]al [ OBig512 Bhigys dhlexiempiany witeless catinonmicatioresysigst E300. The

1100 that facilitates viding a,lo wer pilo .

FirglRes coptmy T sas e 1200 SaPiE o Dretaraion anfl R tarmjng) for sake
& B ERErHPONRE, IERTBBELEFHELNRA a8 ARl sybBmecaMif@h®SHore than one
comuni cati on environnent, in accordance with various

laa.sp e@tlgn aigl/et warethooonsdapmingle whareimadsitionat basa stetigps and/or

U4l 58 Do TR 040
feBaVdesambel bedsy 1 D@iditeditas tor t&ﬂa@lp'rdctﬁd thdt2#e bixatstation and/or

transmts to the one or nore user devices 1104 thr
theCoramaakionn ampION B stomns (Rigsel-demd Pri) andier Fethods e 6-5)

bEEREIRL-AR 1 FLRMAE S Y&s BhERAR: Breaittlyéch
i et paliisal

operatively assocl ate at or 1112 t hat
[e88Hul at eReﬁem:@ wedtd Flgolmnlaaimwnﬂiahnaimb@seﬂomytﬂjﬁl 8 transmit

nal yzed rocessor 1114 that .is sim,l
BN %s DeSSor B iR, REBYE St eeve i ptgutafes (or
a?) te¥fi ‘aﬂﬁlaﬁg tp?@n&s'i’ﬁd’ﬂ&[a\ﬁoi‘ﬂs%ﬁbbﬁ@da% Snfols”). A
|nfor ion related to pilot waveforns, transm ssion

piomien] mhashubater, 1216 akagives aid p@CW@tﬂa&l@ datatsgmbels and pilployymbols and

t sui tabl.e tion rf n
PiRbichs P el of il AV AP BOELER BRARRAEPIT, Bk pilo
Eyrﬁlﬁ‘(ﬂ§§rﬁf pro¥ilids ihend toratth@smie phie (TVMTRY 1200 Emlﬁfan@mhtcstymbol
i gnal generator 1118 that can generate a

wav@fsardmaasyn@@b amilob sy Adignal veyaphizare EP%E%% sygbols may

bl %ﬁﬁ @&Ttlnﬁgﬁ‘slg ?rye\énagg ‘é‘?jﬁaétfﬁ%%fog.g ?ﬁ% @g‘ﬁ sgﬁlb\%ﬁ[&%h ol cﬁteﬁgency
dﬁgamfmsluplexad dEbx); ordrogond sﬁeqnenc;s\cdd:\dmdn ng;lm;demddﬂf@M) time

spect I
1v1s(1aon mu}tlp?exgld (’?f)l\ﬁeggc?u%%cy division multiplexed (FDM), or code division

multiplexed (CDM).

[0089] TMTR 1220 receives and converts the stream of symbols into one or
more analog signals and further conditions (e.g., amplifies, filters, and frequency
upconverts) the analog signals to generate a downlink signal suitable for transmission
over the wireless channel. The downlink signal is then transmitted through an antenna
1225 to the terminals. At terminal 1230, an antenna 1235 receives the downlink signal

and provides a received signal to a receiver unit (RCVR) 1240. Receiver unit 1240
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frequency and impulse response estimates for the uplink and downlink, respectively.
[0093] For a multiple-access system (e.g., FDMA, OFDMA, CDMA, TDMA,
etc.), multiple terminals can transmit concurrently on the uplink. For such a system, the

pilot subbands may be shared among different terminals. The channel estimation

techniques may be used in cases where the pilot subbands for each terminal span the
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98 et o ot S Cal o p L Ralols GERSHFR B oy T Eitination
m;ﬁ)ﬁenté\oﬁm&ﬁﬁﬂoldgm ot patrseslafaRsédieng meec@eme@nddaa
sanpl es and provides recejved pil ot synbols and data

epbasimertss hurane of erdmapnekill B the jart mgy 1Rsogpgeshpaysiygher
%zﬁ’xglﬁ%ﬂ#gogg :‘?@& gél'trr;d?ftloql@%f‘y%}/ﬁg Qgib‘aﬁltrﬁe'ﬁ?sl $8p %él%@ C%?:’&frdm gly, the

ata transmitte term na
fasogiesisambatin@entp erefintengdedah ambe:iceeﬁtsud’a&ltamhdnsrmedlﬁhatlons and
actlveter%nal transmttln on _the u

vaiPRRihat eVt Hesprtsng § toreof é}frqugﬁe@ Caﬁl,rr? + Eutth h&fmore, to
pRlek ke @3t b FRIP&S? iMRed in either the detailed description or the

claims, such term is intended to be inclusive in a manner similar to the term
“comprising” as “comprising” is interpreted when employed as a transitional word in a

claim.



assi gned sets of pilot subbands, where the pil ot
subband sets may be interlaced. [0092] Processors 1290
war@70288 di rect (e.g., control, coordinate, nRACEYE2006/037129
etc.) operation at access point 1205 and term na

1230, respectively. Respecti¥& processors 1290 and
1250 can be associated with nenory units (not shown)
that store program codes A&ldAWMSa. Processors 1290 and
1250 can al so perform conputations to derive frequency
and i npul se response estimates for the uplink and
WA 9L ATRBIBPakt vel y. [0093] For a multiple-access
system (e.g. , FDVA, OFDVA, CDVA, TDMA, etc.),
multiple termnals can transmt concurrently on the

upl i nk. For, such a .syste t he .pi.l ot :

1o har GtimafiOf s e P ooy e i 8 WRRE Pori bR ion
eﬁ$ﬁéﬁﬁﬁﬂﬂ3@nhﬁ@ﬁglques may be used in cases where the

pi l ot subbands for_each termnm nal span theentire. :

oper dtansgitiegaicqdscdivisionymeliipleped ((JPMp piavefry tha decoptinuous
fI‘SUCQt lga Iohé)antéﬁ‘jrpdbagﬁ%ascétsrt fotnuﬁr?d woul d be .deSI rable to

obt ai requency diversity for each ternminal. The

t echniaguaBtitkes sacohe dahefoan compyisibg pilogihfmeatiemrebated to the
various neans. For exan?le, t hese Be hni@ges may be

GIAM waveferayttom ah lnash pue €theg grienRt & e Pass s@BRbi nat i on
thereof. For a hardware inplenmentation, the processing
units used for channel estinmation may be inplenented

2 t hiTheanethat ofhdaien hpht secand wavefpas coinprises Pagt segaygnts that are

circuits (ASICs), digital si.gnal processo
S stigrar +spavell A RLoR2uef; BEBRT b Rot WIMO) user
&RxeErammabl e | ogi c devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers,
m cro-controllers, mcroprocessors, other electronic
ni t es] r - [ ‘ I
Hor ei HCTBHHBEEEHBab B R B RE R S Bl a8 OFDM
wiRf@fent ati on can be through nodul es (e.g.
procedures, functions, and so on) that performthe
-functions descri bed herei-n. The software codes may- be
torefd bt it RLOEEHA WSpilot
€ZQOe§ﬁQﬂTg§%Bf?%%g%fhgggmgag%??%ngy?%%ﬁghentatioﬁ%p
tehments off tegaemddesefarbedd hesrovedampijotisegments efithe CEM waveform.
with nodul es (e.g., procedures, functions, and so on)
that performthe functions described herein. The
$.0f t VBEmEMEE of HBin BEhS k&oRE wWale RS YistthitinGowsnahd the pilot
executed by processors. The nenory unit may be
jegplentyoih thecseopndnv aveforan ¢ BelcysBaD Bifotsegrasihpr medippeaccess
roc o 0 e j e comuni catively
@18%53@6%%”?ﬁ%%%?3€8§§%§N9§§&%§P?ous means as i s known
in the art. [0095] Wat has been descri bed above
i ncl udes exanpl es. of one or nore enbo inths. Ié isf )
of cobnswethadof plaim i plusthercorpprsmEOwgmE e sicoRs WaKtigrm in
£ALP AR Y Hterlaces comprising the CDM waveform.

7. The method of claim 1, further comprising providing the second waveform
according to a predetermined pattern.

8. The method of claim 7, wherein the predetermined pattern comprises
transmitting the second waveform once every N transmissions of the CDM waveform,

where N is an integer greater than 1.



of conponents or mnethodol ogi es for purposes of
descri bing the af orenenti oned enbodi nents, but one of

wo@e@i7n383y6 skill in the art may recogni ze that PERYS2006/037129

further conbi nati ons and pernutations of various
enbodi nents are possible. Acédrdingly, the described
enbodi nents are i ntended to enbrace all such
alterations, nodifications and vari ations that fal

thip th f. th d
SFur - HEBT R0 P iR QR G CorREE e e DREHE G- CBRgia plorm
A8&€in tgrio Qinhfigh thdiSs BIREAL 18t HESAET biPA A rAE of e CIOM Wlveform.

such fermis intended to be incl u5|ve in a rranner
S|n1lar to the term"conprising" as conpr|5|ng IS

LR R T U iR eb AR Bk 1 torm

Aeedrtiielth APaidéin Ahat GOBAXYA hiCladst QNpdrioda E\lberc&hﬁﬂﬁmency of the CDM
comruni cati on environnent, conpri si ng: transmtti ng a

wagkorsl- vi si on nul ti pl exed (CDM waveformthat is
continuous fromat |east one antenna at a base

station; and transmtting a second waveform conpri si ng

Idi. | otThHenhethoaddf daint &) fatther comptikimg@bhsmatnes e sedond iwaatform at

RO 6] SN AED [hACdacs A LEBR aPHeL BN Sbichifs GPM

WRLRRAL 8 tlahéhitRa! ewﬁémhqyee&cbm atdfimh & AckBaniglwdveford.
mul tiple-input, nultiple-output (MMD) user device. 3.

The nmet hod of claim1, mhereln the second waveform

]f?g g”p ;@%%ﬁgﬁg%%&%ﬂw 1V fgrtg?r Cc?ngtnlSW l%o [ 3%1129 unig ﬁm sgclq%id%a%eform at

SEOTRNEv] @[%prbﬂﬁla‘ﬁeﬂ? 00 dBVIRYST 8 hEWEtictd tat ﬁzhﬁjhltl@@ﬁﬂt vaveform is
segnents of the CDM waveform 5. The nethod of claim

tgansmiéeds whersHn e vegone Wavefoands & APTtHIELS WAYRIOTh e pi | ot
segnents of the second waveform do not overlap pil ot
segnents or nedi um access channel (MAC) segnents in
I7e CDOM methed of cainb 1, fﬁl’theﬂt&ﬁﬂ}ﬁ)ﬂingfte@iaﬁtmg]lranﬁmi$imﬁrof the
conprising providin qt ond, wavef or m

e se
SeCPNG WOt BROD ng ﬁ@n@ﬁ%w@gwmw t1 n eﬂ{)@t to anhlgh-
iR e%ﬁ]gut%ocﬁlllzﬁioﬂ‘ﬂrmit%ﬂ Rk mERBRAJf $h DRI Q/\é{/&bﬁﬂ the

wavef orm according to a predeterm ned pattern.
14.  The method of claim 1, further comprising terminating transmission of the
second waveform upon switching from a quadrature phase shift keying (QPSK)
modulation format to a 64-quadrature amplitude modulation (QAM) format for

transmission of the CDM waveform.

15.  The method of claim 1, wherein the first waveform comprises portions
transmitted from at least two antennas at the base station during a given time period and
the second waveform comprises portions transmitted from the same at least two
antennas at the base station during the given time period, wherein the first waveform
and second waveform are mapped to the at least two antennas according to a linear

combination.



8. The nethod of claim7, wherein the predeterm ned

pattern conprises transmtting the second waveform
wor@a/088366 y N transm ssions of the CDM wavef or P¢T/MRI0E037129

Nis an integer greater than 1.9. The nethod of claim

1, further conprising transni¥ting the second wavef orm

according to a pattern that is based at least in part

n a D=t acthad of chin b, vaRiveindbeficot waveform Tikthasedoad vegfveform

claim1 r nsmitting t ecand
SR PO HeBE B 570 B e b ARE R b8 pUfroB B B e aot
in part on a spectral efficiency of the CDM wavef orm
11. The method of claim 1, further conprising
17r anslihet weingd ofelaie 4 rivhaxein dhefirst wavefore wrd thleéwand waveform

t | t

cﬂ@ t@%ﬁ{)‘] légs\t/ g?o%ﬁneﬁgas?kﬁ% %epe}ﬂl% %SQRWa\)eFO\f&t arl]ﬁ second

W@Mmh we\efppEdtd the at leadtitive unesnavaacedrdingto A 2nitdiyamatrix.
met hod of claim11, further conprising transmtting the
second waveformat a power |evel approximtely 20 dB
Pel owpg 5 Wﬁcﬁ\(ﬁ}elc?sts ORInGidaflBn fdotiplisi@vef orm i s
transmt erein the second waveformis a
contlmpkuwdltyvaf/mft@mas ab8. The nmethod of claim 1
further co risi te atln transm ssion
S conPREBPL AT ToF RIFRHY G PR BRPraPL gRpigured to
trAfREIH AEDM wWasBBh cbﬁpﬁsﬁ? QjFle.l %Mhﬁgheﬁﬁ(ﬂcﬂlﬁlhﬂ l@ﬁh_f_ one antenna

format for transm ssion o waveform 14 he

fee e 1$$B0 asercdexicmand aﬁwﬁe*favewommglmg@lm wserppgion related to
0 n

b S P A AU PRI RO LSO

format to a 64- quadrature anpl i t ude nodul ati on (QAM

format for transm ssion of the CDM waveform_ 15. The

Kbt hobhotPraraishf rlaimney Bierprodsesariseairaigh iher(de My wavelorm as a

CIRLORETaRPdrhd, @ A L&ty M @b JFENI iV gment

ant ennas. at ?ﬁ-{l Eﬁgéglggataﬁaongg%rlgng a gi ventptll negmens

period and the second vvaveform conprises portions
ansmtted fro he at | east .two. antennas at t

ohce TREFHGFRLGR I T hoo T8 Y EPCL ¥ SO s GG OMUHBLS PV EEm:

first waveform and second wavef orm are nmapped to the

at least two antennas according to a |inear

%bn‘ol hhe inparabes of thamad, Hedprefessdranstiuets trapbraisgion of e first

wavetf.or m an the gcon [ I

CRSErRLERR PBOdrl A BTt s &S TPRBG ek By

Amrodirnately 20 B el nledlrafpo«xJeale%IlS, wherein the first

wavef orm and the second waveform are mapped to the at

| east two antennas and wherein the first waveform and
sgcongy, ROV Gl B E}’f‘edfnrspwﬁxns?oﬁ{ is 2 | €23 tind R waveform,

antennas ccording to & unitary matrix

comprising data segments, OFDM pilot segments, and MAC segments.

23.  The apparatus of claim 22, the second waveform is a discontinuous waveform
comprising OFDM pilot segments that do not overlap with the pilot segments of the
CDM waveform.

24.  The apparatus of claim 18, the processor instructs transmission of the second

waveform according to a predetermined pattern.



18. An apparatus for w reless comunication,
conprising: a plurality of antennas; and a processor,
wa@owplossss¢ o the plurality of antennas, the proRPEFES2006/637129
configured to transmt a CDM waveform conprising OFDM
pil ot segnents from at | east 38ne antenna for a Sl SO
user device and a second waveform conprising pil ot
A5nf orftetapparatuelofitietn t18, thh praCBionmsehess frafisngien of thesecond
one_.ot her ante for. a MByl.O device. 19. .The .
EEa Qe Gery bttt e RBL wrvefaRl e N g s
&ftpigm as a conti nuous waveform conprising data
segnents and the OFDM pil ot segments. 20. The
apparatus of claim19, the second waveformis a
nt i-Quo f T r . Im. .
o PPN 8 PR APBRE RS Oyl ARFRor e e
waesrarf fiomtat Raftitivetanfanes at kiesielse siatlon Berigecgiven time period and
wavef orm at a second power | evel approximtely 20 Q?,
the pesand He veipra frogp e same geleast swo aﬁtﬁ@naéabgw&taagstétfon uring the
- . d |
g e e R T SRR P R R R o he
& éguemtosantdBas Adverdipg@r alinesr ofmihation. 22, t he second
waveformis a disconti nuous waveform conpri si ng OFDM
pil ot segnents that do not overlap with the pil ot
BeIMeeSapphratR®r Sl W8y eheeh the frocddi6r RRBAfAIYE tddform the linear
claim 18, "the processor instructs transm ssion of the
eomguraliongvedrdingta et ortbenvgebmatrizy edet er mi ned
pattern.25. The apparatus of claim 18, the processor
instructs transm ssion of the second waveform once
E3/er YTHY hehos of Slain® D6, wiieréiheheGhabtaseoras oonfigundtetodorsh il linear
an integer greater than 1. 26. The apparatus of claim
EEbipHiONSCEOTHRE (D ASBEYY AR iRst ruct s mappi ng of the
first waveformfromat |east two antennas at the base
station during a given tinme period and the second
Mavef Awirdless nomhengatien apparaes composiagit ennas at t he

base station during t iven tinme perio erein th
T b PR s SN R R e AR NGRS e
at | egsinsti¥PsRREBAD 2R GHISMHIoREal@odn;| dngar

conbi nation.” 27. The apparatus of claim 26, wherein
t he pmovsdeniransgiitiogthePdlweeeioon fropha l¢gshengrantenna and

e e A S T

configured to formthe |inear conbination according to

a unitary matrix. ) ) o .
30.  The apparatus of claim 29, wherein the OFDM pilot waveform is discontinuous

and comprises pilot segments that do not overlap with pilot segments in the CDM

waveform.

31.  The apparatus of claim 29, further comprising means for transmitting the CDM

waveform and the OFDM pilot waveform at a substantially similar power level.

32.  The apparatus of claim 29, the OFDM pilot waveform is a continuous waveform

that comprises pilot segments that overlap with pilot segments in the CDM waveform.



29. A wireless comuni cation apparatus, conprising:
nmeans for generating a CDM waveform conpri sing OFDM
w@Rloa3segent s; nmeans for generating an OFDM pPCT/082006/037129
waveform and nmeans for transmtting the CDM waveform
fromat |east one antenna an¥transnitting the OFDM
pil ot waveformfrom at | east one other antenna. 30.
33he Thpappdratss of cleina2Inf@Sherchmpeising ranOfeDMapshigting the OFDM

wavef ormis di scontiphuous .and.c i.ses,pilot segment

DU A RO AT I D PO LpE o ey PO ver
14RY 6 B BDM Ivavéfgmappar at us of claim 29, further
conprising nmeans for transmtting the CDM waveform and

the OFDM pil ot waveform at a substantially simlar
| evel . 32, .The

owe at us of. cl aj , .
B\ oimreaverapnol ehit B s beRay BB flaeb Akt oo
pRlot PhveIOEEH SovidtadveD¥rodmandly DO ABItelovs & gamsmhissiompd e level
CDM wavef orm'33. The apparatus of claim?29, further

of grefrPM wavatedhs for transmitting the OFDM pil ot
waveform at a power |evel approximtely 15-25 dB bel ow
transm ssion power |evel of the CDM waveform 34. The
33ppariheupparatus otlaind 39, whertinehe Sshpaiefbmy compnses fportions
transm tting the OFDM pil of veform aj a power |evel.
(BB GIEF e o2 BB ALHE PATSTHILD, BB QFem giperiod and
t%setcgﬁd @%f@?ﬂ 8b@pMRes Partioht EraRRRAEA ot B seh@htTedd two

erein the first waveform conprises portions
anteansydtttheelhse sefivatuliegthe giveo tian paiiedsiusther ¢ranpsising means for

station durin iven ti eri od .t P
PSR PRed 8 rr ool D P etS s TR ERL mbimation
at least two antennas at the base station during the
given tinme period, further conprising nmeans for

3eappi Ty apherafusof claim B 1 BherekirEcads foRRRRARG S GRpHses means for
accor dj . | i coki ion. 36. The apparatus
Ig?ppé?%éc%g%’?g&hagr%&%ﬁ%eans %' mappi ng conpri ses neans
for mapping according to an orthonormal matrix. 37.

The apparatus of claim 3 wherein means for ma

Formpr TG PHERRQ AR B G EEOR AP TO HG CRE BF roans for
%ﬁ%aecﬁﬁméo@mﬁﬂmﬁg@dabl e medi um havi ng stored

eon conput er - executabl e instructions for:
generating a CDM waveform conpri si ng OFDM pi | ot

B P A Rinp R BHPIF Sl e iR tRERSH SEpRATREL R
instructions for:

generating a CDM waveform comprising OFDM pilot segments;

generating an OFDM pilot waveform comprising pilot information related to the
CDM waveform; and

transmitting the CDM waveform from at least one antenna and concurrently

transmitting the OFDM waveform from at least one other antenna.

39.  The computer-readable medium of claim 38, the instructions further comprising
generating the OFDM pilot waveform as a discontinuous waveform with pilot segments

that do not overlap pilot segments in the CDM waveform.



CDM waveform and transmtting the CDM waveform from

at | east one antenna and concurrently transmtting the
wOROWossssef orm from at | east one ot her ant ennaPCBBS20061¢37129

comput er - r eadabl e nmedi um of ¢laim 38, the instructions

further conprising generati n& the OFDM pil ot waveform

as a discontinuous waveformw th pilot segnments that

4o nofhexpapivigy- rp:idable rg@cgmmf slaim 3Phte pMugkensiioythgr4omprising

I I e T )

pi | ot waveform and the CDM waveform at a same power
I evel. 4 1. The conputer-readabl e medi um of cl aim 38,

4lhe &tmomw’@@a% RediuRsnstas 3 gthg drbiugt ereduithe comprising
SR LRl SR SRR E1 L EAMPRL A Bl s

oveviep omutnpiléﬂseg]itmtsaommeBM waecfatvthe nmedi um of claim

41, the instructions further conprising transmtting

the OFDM pil ot waveform at a power |evel approximately

40~ 25T u@éﬁ’ I@a&abﬁﬂﬁgﬁﬁﬁﬂ AR1PAYE! the @Ns@ﬂucﬁ&{s fuftRer@Mprising
wavef or m he conput er-readabl e medi um of claim
ahsmithieg mhas(ﬂFDM pibotgvdvafarmert apowpr lesélagpraximataiyt 15-2pdB below

SRR b Bl o012

waveform 44. A processor that executes instructions
for i ncreasing throughput in a wreless conmmunication

Fhvi r&mmputqrrréad%b& pedumgH slayds theilnsiruchemdpehersgmprising

bR s e e G e
m:&isaﬁscbntpbWeh&va}drm@DMwavdmdnt ransmitting the CDM

waveform from at | east one antenna and transmtting
the OFDM pil ot waveform from at | east one ot her

ante nﬂ?roc‘é@sor e e%cgfé@ $5@uc@bnsFhAinReddng %H?@u%lgugrzl SI\)IVireleSS

Instructions further conprising generating t
@inhrotniveticafepyiroasen, diesotntiionseompuamef or m havi ng

di scontin |t| wher |n t he

- di scoft’F Pgl ggblgf g?{gf‘&ﬁﬂgﬁ Zﬁﬁ%ﬁﬁ I%W?gﬁletn e pilot
SegMegdnSratin g tah ©FE piRY Ghedftim At hdR1oR (F6RsH1dh r@IEted to the
cl ai m 45, e |nstruct|ons further conprising

@D%Wﬁwfpnﬁgan@he CDM wavef orm and the OFDM pi | ot

way ef t%r{pm%upgﬁ? %Es%férerﬁ :ﬁﬁ)gf 1t lea s?%}’]ged' e!n%%f %hd éonsm-mﬁlg the

processor S

OBDM pﬂbmga\@ﬁnﬁrmsmmg lehfteon©olir pntemia. wavef or m as a

conti nuous waveform having pilot segnents that overlap
45.  The processor of claim 44, the instructions further comprising generating the
OFDM pilot waveform as a discontinuous waveform having discontinuities between

pilot segments, wherein the discontinuities are generally aligned with the pilot segments

in the CDM waveform.

46.  The processor of claim 45, the instructions further comprising transmitting the

CDM waveform and the OFDM pilot waveform at approximately the same power level.



the pilot segnments in the CDM waveform 48. The
processor of claim47, the instructions further

W@ oinpisssseg transmitting the OFDM pil ot wavef op@T/E82086/037129
power | evel approximately 15-25 dB bel ow a
transm ssion power |evel for 3fhe CDM waveform 49. The
processor of claim47, the instructions further
o mprThsi prgcassaares laimiddgthe frestrorbmsgbfther opmpeitigegeagrating the

@% pi:logv\yvg Ive rat% )r(?ie‘\%aés%}lf% \%vgafv%t?)ﬁﬁpﬂa%vr\{g%ﬂ%{ &%&%&%ﬁﬁ%veﬂap

the pilot segments in the CDM waveform.

48.  The processor of claim 47, the instructions further comprising transmitting the
OFDM pilot waveform at a power level approximately 15-25 dB below a transmission

power level for the CDM waveform.

49.  The processor of claim 47, the instructions further comprising transmitting the
OFDM pilot waveform at a power level approximately 20 dB below a transmission

power level for the CDM waveform.



