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HCT/ UB20t6lRd 734 2 downlink) refers to the

communi cation |ink fromthe access networks to the

{09031 nal s, Wireless communication systems are widely deployed to provide various

types of communication content such as voice, data and so on. These systems may be
multiple-access systems capable of supporting communications with multiple users by
sharing the by sharing the available system resources (¢.g., bandwidth and transmit
power). Examples of such multiple-access systems include code division multiple
access (CDMA) systems, time division multiple access (TDMA) systems, frequency
division multiple access (FDMA), 3GPP LTE (3" Generation Partnership Project -
Long Term Evolution) systems and Orthogonal Frequency Division Multiple Access
(OFDMA) systems.

[0004] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals. Each terminal
communicates with one or more access networks, referred to herein as an access points

or base stations, via transmissions on the forward and reverse links. The forward link (or
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&at SB?\/IA techniques have been developed. The radiation pattern of the access
network, both in transmission and reception is adapted to each user to obtain highest
gain in the direction of the mobile user. This is often done using phased array
techniques.

[0009] Precoding is a way to achieve generalized beamforming in MIMO

systems. Precoding enables multiple streams of the signals from the transmit antennas



maxi m zed at the receiver output. [0010] Precoding
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or critical elements nor delineate the scope of such aspects. Its sole purpose is to
present some concepts of the disclosed aspects in a simplified form as a prelude to the
more detailed description that is presented later.
[0014] According to an aspect, a method for codebook exchange in a multiple
access wireless communication system, such as Space Division Multiple Access
(SDMA), is defined. The method includes providing for a plurality of preferred
precoding matrices and generating a codebook at an access network, otherwise referred

to herein as an access point or base station. The codebook includes a plurality of



one or nore access termnals. [0015] According to one
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access terminals and assigning the codebook to one or more access terminals for a
predetermined sector in the active set of communication links, if the codebook status
response for the one or more access terminals indicates that the codebook is currently
stored at the one or more access terminals.

[0018] Additionally, the method may provide for generating a codebook that

includes identification of one or more clusters. The clusters identify a set of the

precoding matrices and, as such, a set of beams in the cluster. Thus, the clusters may
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[0022] A further aspect is provided for by an integrated circuit that executes

nenory and

computer-executable instructions for generating and communicating codebooks in a
multiple access wireless communication system, such as SDMA. The instructions
include providing for a plurality of preferred precoding matrices and generating a
codebook at an access network. The codebook includes a plurality of preferred
precoding matrices. The instructions additionally include communicating the codebook

to one or more access terminals.
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communication system. The instructions include receiving a codebook from an access
network, and storing the received codebook in a codebook cache. The codebook
includes on or more preferred precoding matrices.

[0028] To the accomplishment of the foregoing and related ends, one or more
aspects include the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative aspects of the disclosed aspects. These aspects are indicative,

however, of merely a few of the various ways in which the principles of various aspects
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pspeting.anfl @@&&hglﬁg goddhbokslnaacbd)rdmedm&gvaimusfasp&nts

s terpingl. fQr receiving and storin codeb oks .
f‘l‘fﬁg mul t i E}gﬁm@ggf %%Pé%@s taiphamrets e aﬁleglg%it ghfecqiving and
abfRg 4 28EDo¥k hihn éé@é§s Qe$ni R RE 58 cDrdah OO 2h vEHSus a%ﬂects
illTustrates a bl ock diagramof a single codeword

NMDBIS] ple Figplitsa ﬂfuMdlq:gran@luspatmg MpiAD} of & awslmdtfbereceining,
atgrcn(l)é gﬂa({] a(l:sglg\lll\qntgha &6 re‘tl) ok at an Fachcess terminal in accordance with an aspect.
[0037] Fig. 9 is a block diagram of an access terminal for receiving and storing
codebooks in a multiple access wireless communication system in accordance with
various aspects.

[0038] Fig. 10 is a block diagram of an access terminal for receiving and storing
codebooks in a multiple access wireless communication system in accordance with
various aspects.

[0039] Fig. 11 illustrates a block diagram of a single codeword (SCW) Multiple

Input, Multiple Output (MIMO) transmitter in accordance with various aspects

described herein.
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[0040] Fig. 12 illustrates a bl ock diagramof a single
w@eomsnsigl (SCW Miltiple Input, Miltiple QutpRCT/(840MD)82734
receiver in accordance with various aspects descri bed
herein. [0041] Fig. 13 illustrates a nultiple access
W rel ess communi cati on system according to various
aspects described herein. [0042] Fig. 14 illustrates a
fooaopm tt epigamsljipistr@e8h ¥RICk idihgRariBF & hiﬂg% RAEHSI h(stchvv) Multiple
e

Wi rel ess comruni cati on systemin accordance wt

{nout, Mgl tiplsfagpet. (MIdHABIecH ey, in aecdrdange piibiclerighsgpasts described
Systemt hat coordi nates generation and transn ssion
of acquisition information in accordance with various

poaert s. [ Bip44} ilkisgated 6 niustifle BtRekwittlrgy @mraiinitatoyist &6t
t hat coordi nat es si 3nal‘ acquisition in a wreless
RSRTAIRG BatarieHs aipgets dpeeiRed hefelecor dance with vari ous

ts. T J 0451 -Var:i
@3’55 osv deggr' {l\%g ?ﬁ%ﬁ%ﬁ%ﬂg gre\ltcien%t aoé%ﬁg&g{rl quﬁ‘ﬁg@?%%e%s
wirelesd conhinkeei catéfnasyetemannucedalcs vathehe sadodsaspeter to

i el emepts_throughoyt. In the follown :
h’&é?h pti oh'8 11%%5 aplﬂggsﬁlégra Ogﬁi’lsﬁﬁla‘thﬁfo‘iﬂor‘ﬁ{}%% gipgration and
gREMifdidn SekahisRioRifomBition iRk bridhc@WIBI vat BuPiPyide a
t horough under standi ng of one or nore aspects. It nmay
H¥44kvi denFig. howavilpck diagianseichsyaspethif ®prdragtehegnal acquisition
Fr acticed w thaut.these s]ﬁeq[i.fi Cc dq%t ails, In other
5 W S RESCOBIT S I08VRR VEPTIEH i BCOLfigCyaih dBEOWY BPEibwn
in block diagramformin order to facilitate

descri bing one or nore aspects. [0046] As used in this
application, the teDFTAHJIAD RIPTINuI e, "

’ em" nd the |ike are,int.ende refer .to .
(DIREES - PO B 65 rBLR SRR ARbRR piirRuingy
easRimiitd referéfce hamavay arc asel Bt ke Sahématteougdbut. In the

software in execution. For exanple, a conponent nay
frdlowng dgseripfin, frpurrages @f yelanations nEMeaws sPqCifidgigIsarie set

r ] I
P S R o Al MR8 i Adath 6 oo RHERUER, Temdy oo
waycraf hawdvas tthiaa sucdhmspéatshman bapplcticat wahout tinsse mgecific details. In

C utin deyi ce and the copputi ng devi ce n be a )
efgl ﬁtémge.s, vﬂl—kavwaﬁ%c% SHices 3%8%0?”&? E)Cm%%r%n form in

B dRE RS iR &’éscﬁl'ilhg dfc of m@f%ﬁ@ét@. n and a conponent may
be | ocalized on one conputer and/or distributed

H¥doken t wdsoscdmirtiis eppipuatien.she fermatiehinipopant, 't fresdule,” “system,”
AT ETER LN R e
fitBwaRITP 6B PInGti SHRYF HaPdMMB ab@EET I e WRYwake, bP SeHwAB M &lecution.
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. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can
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. In addition, 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 accordance with a signal having one or more data packets

(e.g., data from one component interacting with another component in a local system,



renote processes such as in accordance with a signa
havi ng one or nore data packets (e.g., data from one
w@oreposmant i nteracting with anot her conponent PEII/HS2007/082734
| ocal system WD 2008/ 052191 PCT/ US2007/ 082734 9
di stributed system and/or across a network, such as
the Internet, with other systens by way of the
signal ). [0047] Furthernore, various aspects are
dREMutdARYstBRI Sidlor @39 ARMBEIdrRSubh biitRNnteARE 8Fith other systems by
term nal “and/or an access network. An access term na
way of Besigned. a devi ce prOV|d|ng voi ce and/or data
ﬂ@@‘?ﬁgt | \éloh 1rtte§)1’rn§1retJ %grrloug 61 | na aeasew c&e ﬁegalélhm gonnne%{lon with an
h@pisaprsianideT af faccdf@§hét@zbrk6 ORPUEREs te@hinhl mayBdfelad aalevice
sel f-contai ned device such as a cellul ar telephone An
BOYEKRE YHENRIHET daficonapdiyitydo @ apire d\ipacsgsstvaiglesy terminal may be
t t
§é{ﬁ1%?trg& poegr c&ﬂfgﬁtln&adaeﬁég %ﬁéﬂr %ﬁaroltaé%? cbﬁl‘:ﬂutepglbaésﬁto ?Hgﬂ{ér or it
aagbsa salétcmmamed deviet agh ds arcﬁiltnlai tclaphetic. Aencdesaterminal can
or equi nent W rel ess

selr a user devic r
lfljlé L[fp ﬁegfe ﬁa%ystﬁlél gsulgsﬁla ?,rrqnbte? @qsgrtﬂ?eéﬁ atlwl,rrgpl@ tation, rnoblle
HENItE BatiGE |rérHJ)t@ rterhﬁlllﬁ{)%@ﬁ@l’esf SeeedsSleRRNR n\%lf@l%&rtgllnﬁﬁa user

t el ephone,’ Sessi on Itiation Protocol (SI'P) phoneé,
wrminak Iuse‘sagbmcaster doape, OV eqsipatcnonA varghess s&mmaial may be a

di.gi t.al t

b B s Rh BTkl e hyss B b REPRgpe SRS RpP L B
ARph6Re, aIBEEH BEtidtRNPridotsl (SHD) pHBAE M wil¥lessA6GE fd (WLL)
network, otherwi se referred to as an access poi n

gaken, stpstsonal, digitad psistant BRIRA), adteadhald degeq hmm&vvlrelBsq

%ect?ofnecra Elblll y gF otlh%e rocesgmg% 91%? n%%t}“ﬁ Kcok a %vl?ta iess modem. An
connunlca ov alr n ace roug h “ohe or

HRES rECbIl! Sthewltdlremrfeal 898 ait RE0FbI i, a D s&ﬁ@ﬁ§ﬁld/or a base
network may act as a router between the mnreless
ptation WrOHﬁro(BtStCé may fefgrtoarfievics dp ak accqas NSV Rk thiicemmunicates

5aY tlﬁ&ﬁ% Hﬂ@rfé’,ﬂc@ ‘Jh gh%ﬁ& of ﬁl%'f@&?loé Ivﬂh @ﬁ@l@%rtgﬁnaﬁyls The access

converti ng receive alr-interface frane
paoel may ittes acow@ssbaretswthk vatcdasss comirchl aad the rest of the access

mana nt of . tr|b tes for th i nterface.

P@W@%ﬁ r“'ﬁ?é?helawnc udgan dpfsmst @&QC@?Q? POk Q¥ CaBYELtingegeived
BeKRETdBYarkS to TMBAGKERN S 28&sfndRLAOMs0 BRRAMAY Snan®fement of
article of manufacture using standard progrannlng

attrayubes fen@nemaenierfgcet echni ques The term article of
EE’ Lact ur as used herein is.inten g enconpass
9—8 ter ?OVFH ABURLIBEES ‘Pfrfé‘ﬁ%“&er? e%%ﬂ?ﬁ fgiein may
reAeabhted Q@N hfethodCafpalaRiis, oPirtidRAf dantifictRX a§TRE Standard
conput er readabl e nedia can include but are not

prograngaing ARy Aeginecringdedgiugey Teelsrm Sagicle dfananuicgies” as used

R l, t 0 ' )
LY st PORDBI G SRS oL Ay comutr
fd@&@)le device, sifict, or @S , Foargarhplasdonifrin@iryaddBléiri&@Ba can include
ée ., card, stlck key drive...), and integrated ]

qltraé%pqtshmlted to magnetic storage devices (e.g., hard disk, floppy disk, magnetic

strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart
cards, and flash memory devices (e.g., card, stick, key drive...), and integrated circuits
such as read-only memories, programmable read-only memories, and electrically
erasable programmable read-only memories.

[0049] Various aspects will be presented in terms of systems that may include a

number of devices, components, modules, and the like. It is to be understood and



such as read-only nenories, progranmable read-only
menories, and electrically erasable programmble

WO 2@dosiby nenories. [0049] Various aspects w PECT/D82007/082734
presented in terns of systéfs that may include a
nunber of devices, conponents, nodules, and the I|ike.
It is to be understood and WO 2008/ 052191
PCT/ US2007/ 082734 10 appreciated that the various
Sppréeaed my tHe%hHﬁisesy@féﬂistﬂl@"lﬁbluQ@Hdlcﬁﬁ@nal aenPaNEsthSonents,
nodul es, etc. and/or may not include all of the
tedileagrc. @@dfpbm@mngt inplydelbof %ltecievweﬁ, semperaty, modules erc.

éon nec c]ﬂgnm\{r\drcac 10n w1& tL% o eeg dA CIO gtg)]tlrolgtel n co afllpd)tr%aoc\l%ve% may also
b@eﬁﬁramnngs F|g lillustrates a mnreless

conmuni cati on systen1100 in accordance W th various
HYSBLt s pr BsEertingnaye fasthp drawings, &ig 1iHasmtesanvieess
tlﬂ%ea)ﬂnhﬁfggﬁdn dsfrs]fggﬁ{p @éﬁlgog,ggrfg?ﬂcg%ﬁ,f&%ﬂ(’% W e81!s ?ﬁ%g&%& h%%.
Natidugrheds u:tqn he uf{iND) imprede @ombuaitatiot hr ‘eﬁellcysesystern 100

dl ver3|t ustrate an acces erm na
m%%ms §§dm8 alfipls igput Andy A @@ﬁ%g@pwe@%v%) #od 2
{rhinst oMk v D aiRRRY € Nsafi Gdratdd@in M'césecelqﬁ‘iﬁal RPRGE RPwireless

termnal 102 and”one access networKk are
corhmshicatiedwitbonn s¢arpd natwosk 104hdt élouhhbe dppravmted thhtawhile one

one of eac Acces l.udes
RO T O Sn AGESa Bl e TBBAET FGTRpliiy: there can
BE BRE BaRbRESr @cgas, resulting in a fixed beam

attern. Access network 104 supports techni ques such

5i!;} ecodi ﬁgcessmmorlah% welupsmonsagcadennag thapedn gopdrate beams
r for vV, t hn|
querng g?;cde%gr}lﬁlegéﬁe%? ’ tlng 1n%>&e§3)eg pagtg par Icgslflnaepvork 104
MePbas tdcBniytidsl suzle ds pﬂaactdlﬂg?; ISDMAU lnad/@r MﬂMO)an:eyss@ertwsrk 104
transm ssions  for sonme tine period. For
PerEBYiMsyProgessing for W@@@FW§GC@amu6és %gadt 8%%9%% dor
{ .

ARSI TGAY AT5uhE NTAPEFAR: ARl U pr L 0083 nsmision
fordoe tinet periods FohBIIMOrpsecoding esgpootivdcorsiodrt bepdsed to modulate

transm ssi on_nodes, such % &Ernation can be
Bwémaapwﬁ@asﬁO@ﬁeﬁﬂ%H?WvH ¥ correspond to a node of

fgodppm ssi @Bd&fooﬁ 16008 Rfes SRALE 8t dlpfrefé%§§&§t&9 an((/@r Bhatrices that
precodi ng, M MO, etc.). For exanple, codebook

1Q§ comespondh tqamnltmlfsteansoﬁssmgu maodesf ogh uacntrnatem cah cbwmdeﬁned

R SR ayC RN T Bt BB Rl sl proBessing

aspesitSodit SENMBKMEND, Ga). bieor el PRI gﬁébocﬁ@m@@ﬁ%ﬁmm a set of
networ k(s) 104 or sectors or access termnal(s) 102 in

BEHMONT etiPAOWRYH, tharscas be pay wemRersOf cntyies ame pLxEi xp Lsean
%ﬂra@?%urlnbg? 4 alcc%rlldeﬁl%r Qv(%t?lepsfeseﬁp egs%gc%) l%oagoooﬁem6 can be customized

for access network(s) 104 or sectors or access terminal(s) 102 in communication with

access network(s) 104. For example and not limitation purposes, codebook 106 can
support a plurality of users applying multiple transmission modes. It should be noted
that while one codebook is shown 106, in present aspects, there can more than one
codebook in system 100 and more than one codebook 106 can be associated with a
given deployment.

[0053] Access Terminal 102 can notify access network 104 of the codebook

entries that access terminal 102 would prefer. Depending on communication system



support a plurality of users applying multiple

transm ssion nodes. It should be noted that while one
w@oeslosaht i s shown 106, in present aspects, thRCEHUSHAT/082734

more than one codebook inldystem 100 and nore than

one codebook 106 can be associated with a given

depl oynent. [0053] Access Term nal 102 can notify

access network 104 of the codebook entries that

AQERSBektS THERIok 108 WP Y Bndieb e EithdPRP 8HHI tRYaRBss terminal 102 and

comuni cation system WD 2008/ 052191 PCT/ US2007/ 082734

the aceqgetaremsht 64, hogsisos lpelmem@atn ptﬁé@l@(fr@@mmW@bphle&% will be

%eenrelﬁc]l?%({]a y 2 il%gel%se Islestwto%rr ['64{‘ r%gn 1cape(21 t? he acggsg%etsrﬁlinal 102 and

asRddh acce@@téﬁhm@kcabﬁ@(lw |tbm§@rary@&d$l€g@t edlubunq)k@eﬁca@m

networ k 104, conmmuni cat ed to the access term nal

gafieboas Mg knawa by deth the peseaanctyapkn k)4 andghe aftcéiff"déli’ﬂéiﬁﬁrl 102.
Ests %ea&(égsrs tqur llldl 1'09 nkIves gﬁ%n?&ﬂ?ﬁ%ﬂi 80069&\%%?%% 169 6thé dccess

the access ne e access
teennmah da(l)2 131@}2 acq‘t&retalné app:lgresﬁfférenmddabookomammtaimn@ the access
di ff t. access. net wor ks 104, access. . tern}' nal .
A0 i (AT iEH R SppHTgPHe B er M a8 U8B GRUeD@signment of
2389 chadRdk Woé tha ghb% pRE6ARSI au@@rhWah %84hé ch&ﬁ%rrnmal 102
particul ar geographic region. The acq isition and/o
aﬁemcgnmm (ecHf., byaa ptevxcssmob@bcs@klglhkﬁduﬁ&yenb eo@dpdlorarddgt access

ally. by the acce m nal 102 aut ononousl
MR R el S AR RER R G bt st g
RID@RPOO k) © SOVIAGREAESIc vl Walykoe LB dRld sﬁﬂihlﬂ&e@@ﬁ? 88 the same
termnal 102 of a new assignnment. [0054] In SDWVA,

e tiiqguenaygesosirgeayhdse thegthspdiid] stznefures rn@hl@fmilsﬂl@gumhed hin SDMA,
g ?%E%t%? 1]#8 %%ltf;ueaﬁ] gé/ rlg %%Culfllrtéﬁ% user e#e%lctggm{he esrg i trg 10ns share
tielshine Icﬁzirﬁlellteﬁéutaés #REIbYraghigUidh hidhat spasslerred@v IR, 1hrSDMA
the different i ons share the sane_ channel

HeEory: b2 S%méart% NSAHFTIGMAGE ﬂiabP@Pnts%lé(tﬂr%‘fld?SefQE‘é“ signaling.

r:l"rrEﬁZran HisstEMhodk Flﬁ{yeoer{EXd R shsHER (%Bﬁgﬁatfd/&ﬁ{;gﬁ%.ﬁét (a"%ﬁi gvery

pot ent rovi des robust si
tzilrmalsms)s lcmrld (1)) cﬂmhmyuﬂmhvﬂscédltd o sdt roé nsmWercspmﬁarld»leams so that a

and/ or broadcast dat Ever sector could be .
P bt Pt gomaing e Cbbeadts) MM LREr UG psERhpen B applied
%1&9&14&@; d&iccl HetdbGYh@EashRAIMRL ghint8 e user device and

conbi nati on of beans) Within a vi rtual sector can be

hpgirigegpatidlopeapaf theanmeaoﬁreuwcrreded/ by éhe ttdmemmsyon

: . A !,
[ ESET g oS BMAR Gl iR SVIEs ey aiatiBe iPeity gy he
h&\e1ihd2 n&Ib1S SinQResc H9RRR] ovPMPping rﬁkﬁﬁfal@'usét’@ ittr&ResShRnumber of

scenari os when the cagamt% is near the non-Ilinear
v/

pegliabls. charﬁle!s{ég@e%mé s at tho 6Pt @b Peaiepsad SNde@a@hs@ﬁeg Given

thg? LG8 é}e %Iﬁlklhtﬁ% %é a%re Ihe é%étq ng%b%gam g‘éns‘rﬁﬁ atpgroach fnereases
$86im cdpavien Oh figd othér Hﬁh@ hin SR SNErdg&ﬁeESS(hﬁéa& réglo bEthe capacity

Ql?l'ge)l I1tqse I?srualclg ggtc‘tl)etngﬁcrtlglgtlo(%gke ptor\]xleﬁ a\?vrai}? rfr%glcallq usle? %vrh?lg?nec?easmg the
dimensions. In these aspects, it is beneficial to increase the SNR of the user through
techniques, such as precoding where the precoding could be over multiple streams or
flows of information (MIMO precoding). These aspects utilize a pre-defined set of
beams to transmit to the user. In a MIMO scheme, there are multiple streams

transmitted to the same user, wherein the data can be transmitted along multiple eigen-

vector directions.



system capacity. On the other hand, in | ow SNR regi nes

(linear region of the capacity curve), it is usually
wmodoshsaef i ci al to take power away from a userP@UE07/082734

i ncreasing the dinensionsl2in these aspects, it is

beneficial to increase the SNR of the user through

t echni ques, such as precodi ng where the precodi ng

could be over nultiple streams or flows of

[ooker mat i OUtl(any%aOdhﬁ’&@Qkim%mq-ﬁeﬁ%&@ﬁ&%@%tﬂéﬁ'dfhﬁﬁtlﬁe input
pre-defined set of beans to transmt to the user.

singfie oSt haEp|e inpat euliinde euipet (MléOéWM&})mreqordmmﬂtSﬂ?é\dA is

Ll PR oA e PR b RE RSP A S SRt i

2EBAr0 2 20 VirR(aT 4ddftO WAL RSINIA is krall&)28dh ddich rdgldm ﬁlrthhﬁ

dlsclosed t echni ques,. seam ess operation of nmultip

PatLs ofgy sehpknasionpinetiph icems] & hesspatromcems| @mbabw% for the
r enabl ed by appl yi ng

%%ﬂesgé% q@llg%%%t Qﬂ%@%@g gg@% @)MA beans.

Wd:] fi | cal e dédision bewkichmeda td atilixd (ptacading DA MIMO, or a

i S.ena each such reglogrfurthe

I
e%'glp%tf%l @Prea%éfe ang PRORE SpHOFafapag fendiigay A channel
1P MIRGITRC t@b%mﬁlﬁﬁdaﬁ bk Qed t'&edetéiﬁlmléﬁ VoS bhRL, e.g
cur within that virtual sector. [0001] The deci sion
povides ¢te higltbst ¢rdowtstiviale. Fpr preoalling,a [BEMAlarhiviDcambe atilized

opbi nati on thereaf) can be one Qr nor
Aot s e s bt ey Ter Qa0 Preceling et of vsgioys can
B@ﬁﬁﬂlﬁﬂe@llﬂ@ pFARtob&s Ukafcé n@ﬁ\ﬁcﬁkmtﬁﬁsm&lﬁﬁs VBet&ing Provides a
use, provi des the highest or |owest val ue. For
blrgb@roﬁﬂ I%g)ot@ntway 1r¢se1mn@rm digheypegdinatseand bfrttez eeverageat
Bf r ocesﬁgfse b he Lﬁg % %n ggc%p(f»arﬁlc S’\‘?’vlltgniS sent p ctsNleock diagram
recoding a or 8“Car ™ HE i) |ze3 %

peteding @@@@nﬁﬁtﬁy ate@ceﬁﬁ olﬂ@tcm@é’ﬂéoﬁ 200 &' B&d. Oft&. codebook 200
Precodi ng provid gher SNR potenti al

gy inalidsgons, th}% all 0 élv@ @HP@@%&%C%@@@@F&%@;& Bgjecxample,
E&%&%k i Iﬁ%#; gxdg% c%h@ooo% PQG’Z GEv i d Plsﬁﬁgﬁﬁﬁ{]ﬁle

aspec i agram |ng the exenpl a
sddehcdik.lfremaftha codxdmbbmk In?ﬁkﬁne $spdﬁp,l the e@ﬁeb&'dsieﬂemmﬂééldtﬂk may be

i.ncl ude sqne, . but .not aILeaof t he f

200
st LAY -Bitguantygfentifies pssignepby dhe accgidishuwe Slﬁtagn (16)-bit

EQebbslei ddnGRI20QRs ﬂlﬁlﬁrﬁﬁl' JolIRiork 38 tﬁehaéntﬁl%ﬁﬁ{&?ofttﬁe codebook
di stinguish the codebook from other codebooks. In

srom vy pes vsndarheHowdelnobk asptetsthicfdiedis@og drry ndtdimiged to a

B8 e Rboox TRTeh o e R8 o RE B todeBSon

idéﬁtnﬁérﬁ RS al RSFOLEIBR Atk Wi tHeQlbpSdANS disBlobddaspects. As will be
identification of the codebook anong vari ous vendors.

fepgebed in detpel lééf@ edsbankridemifigr 362 s de aped dsing dodehosy
Exch?n% Sa{n)&tagﬁ g)to V%IIIfIy a%g%l[?gve h%%‘c{) asflt:g%rogebook from access

uiat T on eng
tegh@fial Edcte.s are also p033|ble and within the scope of
t he di scl osed. aspect As will be
[0058] Additionally, codebook 200 may include a beam index parameter 204
that index a beam in the codebook. Thus, beam index parameter 204 may, by way of
example, indicate one or more of the following: (1) no preferred precoding or SDMA
matrix; (2) a preferred SISO (Single Input, Single Output) precoding or SDMA
transmission on a spatial beam; and (3) a preferred MIMO (Multiple Input, Multiple

Output) precoding or SDMA transmission on a set of spatial beams (e.g. more that one



described in detail infra. codebook identifier 202 may

be used during codebook exchange and assignnment to
wa2osfs2iand retrieve the requisite codebook frpeiA/HSWETE82734

term nal cache. [0058] Addil8i onally, codebook 200 may

i nclude a beam i ndex paraneter 204 that index a beam

in the codebook. Thus, beam index paraneter 204 nay,

by way of exanple, indicate one or nore of the

EQ L@ W REE prédodifOmE iR eThEBeaRt Beed hidmeter 20Mhay MBblihdicate one

(2) a preferred SISO (Single Input, Single Cutput)

o mowsdictipf gtloBENR overdapshriagsi on on a spatial beam and

preferred Mul ti.pl.e,l nput . .Mul.tiple
@% ?Jﬁt ) pr gg%%’,oﬁglzmp U&ﬁﬁkotlﬁ%lﬁgen% ggrils(’grhl{v%lﬁe%tﬁg ggrag*eter 206 that

Rleatifial th®earRBn (e ngmbesfantdnatic PneeMENt2PDBHI2AAL network.
PCT/ US2007/ 082734 13 col um of the precoding natrixé.
Aeditigaghy, cpdrbrok P4 msy also2nddudeaslayers supnedicd Rpmeta 208 that
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Codebook "200 may additional |y provide for clusters.
Glagst Ehscanmns dethe medriees i ddieoanp clibtepy ¢ ostidrig formt spatiesbeams

e.g. a se f beans) defined by a coverage space. .
s o Rl S p T P (s e h e e 2 aePBR Epigal fecds
bRt BAnf QAR SRR 2 uPEA® acEQY REtwdSk SRBErbaA!thiY as an indication
di stinct group of users/access termnals. If the

et b amaytseheauiedtheraasgess terminals on different clusters, i.e., allowing for
SDMA to occur. As such, codebook 200 may include a cluster parameter 214 that

defines the number of clusters in the codebook. Each cluster will have a cluster sub-
parameter 216 that identifies the number of beams in the cluster. The number of beams
in the cluster may be identified by a starting beam index and an ending beam index
[0063] Additionally, codebook 200 may include a cluster overlap map 218 that
indicates the clusters that are authorized to potentially overlap. The cluster overlap map
218 may be formed as a matrix of size (number of precoding matrices) x (number of
precoding matrices). Thus, for a codebook having 64 precoding matrices, the cluster

overlap map may have a matrix the size of 4096. The overlap map matrix may be
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|1ncl ude a codebook identifier, such as a sixteen
P48 Sbi t codebook identifier or any other suitable

[Wos] engt hae BURRGOk, the@BddbbbR s coltiBudensd Rtad o aeebatiess
may I nclude the i dentification of clusters, which are

tfémméscth@@rg ewoitl geithon recspfwlor@ngfgofrrb@ pgsassnetyprk. At optional
ﬂo‘%kts'o %&e'%‘éol%"’%?l egf fof H?S&e{wére tﬁé“aee%é’ J%?ﬁ!ﬁtg

e CO eaw1 n

Cﬁﬁhlnﬁfmﬁc%ﬁoﬁ bethi wﬁ‘@&fooﬁfmakyea@mlderwmh Sss(énﬂ&h&bfthb hedebook or the
starti ng beam i ndex and the endi ng, beam i ndex. In
assjpagiesl may acge mederendgnt of the communication of the codebook Flg 4

which will be discussed infra. provides a detailed method for codebook communication
and assignment.

[0067] Fig. 4 is flow diagram of a method 400 for codebook exchange and
assignment in a multiple access wireless communication system, according to present
aspects. It is to be appreciated that method 400 can be performed by, for example, an

access network (e.g., a base station 104) and/or any other appropriate network entity. At



codebook may additionally include a cluster overlap
map that identifies overlapping clusters. [0066] At
WBk@8MksB306, t he codebook is communi cated to oOnNRCDUSIOT/EB2734
access terminals that areléurrently within reception
range of the access network. At optional Block 308,
t he codebook is assigned for one or nore of the access
term nals. Communi cation of the codebook may coi nci de
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he active set .of agcess networks. [ 0068
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currently stored in the cache of the access term na
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the ability to query the access termnals for current
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access networ educes e Sl ze an
Bfock 468 sths a¢a@ss teiminal comtmom cdtbathe kadebook loeths haa:eesi terrmnal The

bet ween access networks. [0069 ISIO | ock 4086,
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Asvigting thecwodpbasikaueddes e inerlgmpasie the cedrboal fageparticular sector
I t'hgnaaiave' se‘El.- h The codebook assignment is communicated on the forward link.

[0071] Fig. 5 depicts a block diagram of an access network 500 configured to
generate and exchange a codebook in a multiple access wireless communication system,
according to various aspects. The means herein disclosed may be carried out by
computer-readable medium (e.g. software) stored in device memory, hardware, such as
processing subsystems or the like or a combination of both computer-readable medium
and hardware. The access network 500 includes means 502 for providing a plurality of
preferred precoding matrices. Each matrix will define a mapping between effective

antennae and physical antennae and, thus, provide for beam formation. The access



access network may communi cate the codebook on the
forward link as part of a codebook set-up nessage.

wO 0®303214t Bl ock 408, once the codebook has beR€iI/US2007/082734
comuni cated to the access!l6ternminal or after a
determnation is made that the codebook is currently
stored in access termnal cache, the access network
may assign the codebook to the access termnal.
APRIRMRNGCKJISe & PARBGAK niY Fr@Sanhétg th@ﬁiumy bf p@fdri
codebook for a particular sector in the active set.
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In addition, to the mber of cluysters int
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Idete bhalesicBRiGREER 4t MHIRED pRffoRR ABBfuh&tidnl Berein described.
cluster, the starting bean1|ndex and the endi ng beam
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ﬁfé?e flash memory cells, or may be any secondary or tertiary storage device, such as
magnetic media, optical media, tape, or soft or hard disk.

[0075] The access network 600 additionally includes a codebook generator 606
stored in the memory 604 and executable by the at least processor 602. The codebook
generator 606 is operable to generator a codebook including a plurality of preferred

precoding matrices. Additionally, the generated codebook may include a codebook

identifier, such as a sixteen (16)-bit codebook identifier or any other bit-length



response indicates that the codebook is not currently
stored in access termnal nenory. [0074] Fig. 6
waelepesosa9na bl ock di agram of an access networ k BEPHR2DTUE82734
600, according to variousldspects. The access network
apparatus may be a single device or multiple devices
configured to act in unison to performthe functions
herei n descri bed. The access network includes at
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g@%ﬂg ener ai?legd 7 éjv(:“lﬁe(:)s(:)akﬂorrvgl ],algra(fn 89 mteﬁl%d 7%8 %r‘ Jegf:eq\%nig B4 storing
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Predddblngt dibdceéss @amindl iifd diultigle acdess Mtelemumﬁﬁmﬁéanon system.
clusters in the codebook, the codebook nmm |nclude a
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P e RS TR R dwetn altict %%dfpﬁ%gquﬁ%r i tg%og discussed
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execut abl e by the at | east processor %02 The codebook
mspdreng BRecdp®fitlse aplebail may ocavio nmthei foavadtling. codebook
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status query and comuni cating the codebook to the

acseesstermiapl pagn idiq statpavhen iﬂpﬁﬂ%iéb@qudS seed tthaacaepeterminal
FRLSPSgB P e SR o BE A ByPSESR P B emin
Ry e dordtirédfo digegird IthgsoﬂBlﬁbcﬁddaEIhm@tries. Additionally, the access
terminal may be configured to delete codebooks from the cache when the terminal is
powered down or otherwise goes through a power cycle. Also, in the instance in which
the codebooks are cached in non-volatile memory, the access terminal may be
configured to delete the codebooks from memory upon absence of a power source (e.g.,
battery). In such aspects, the restoration of the power source will typically require the

access terminal to re-acquire necessary codebooks from the access network, to restore

the codebook cache as needed.



a codebook at an access terminal in a nultiple access
W rel ess communi cati on system It is to be

wappsesiiat ed that nmet hod 700 can be perforned BYT/US2907/082734
exanpl e, an access term ndB and/or any ot her
appropriate device in wireless comuni cation with the
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receives a codebook that includes a plurality of
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LT 0PYut 4l AU SoFERIRL L GRIDRRE AL P codcbook
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optional Block 706, a codebook assignnment is received

AT 813y DS FEBBIRY S sk ieeach neercessy BEIDER pddsHdo thergtive set of
slanmestsassigns the identified codebook to a

pre&%tern1ned sector in the active set of

ﬂlﬂﬁﬂmni Cat AoBlddkrdod, a colebognstamns rasporisheés mniﬁbm'odxtedhﬁythe access

occur nJun e} h the communi cati.on of th
RGHEHO Rt BtcHe scgﬂabﬂ%mhw CHEEHY %I?reﬂﬁ?/thﬁdiaﬁlfe ofihe access

terRhaff TR cddlBoARIRRORKP SRS NS R cofPiRA &R PHe mrse link and
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can e per Or ne
[‘.008an e, aAt BIRSD6] £Eddcbadk BeedieddthObddess terminal, if the

%@Eén%g r‘;ol tahteecogeebvolol% %taltur; qvl\lﬁelryellndlcates that the codebook associated with the
access network that initiated the query is not currently stored in the codebook cache of
the access terminal. The access terminal may receive the codebook on the forward link
as part of a codebook set-up message.
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terminal, the terminal may receive a codebook assignment that assigns the codebook for



communi cation with the access network. At Bl ock 802,

the access term nal receives a codebook status query
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codebook status query nesddge may be conmuni cated on

the forward Iink. A codebook status query may be

communi cated by each new access network added to the

active set of access networks. [0081] At Block 804, a
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network or the Internet. The access terminal can be a remote-slave, or other device that

does not have an end-user thereof but simply communicates data across the wireless
network, such as remote sensors, diagnostic tools, data relays, and the like. The present
apparatus and methods can accordingly be performed on any form of wireless
communication device or wireless computer module, including a wireless
communication portal, including without limitation, wireless modems, PCMCIA cards,

wireless devices or any combination or sub-combination thereof.



plurality of preferred precoding matrices based on

system configuration and deploynent. [0085] The
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for storing the received éBdebook in codebook cache.

The codebook may be stored according to a codebook

identifier, such as a sixteen (16)-bit identifier or

any other bit-length codebook identifier, included in
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access network) in a single codeword (SCW) Multiple Input, Multiple Output (MIMO),
according to a present aspect. The input data stream is in communication with turbo
encoder 1102 that use the selected code rate inputted from rate prediction module 1106.
The turbo encoded data stream is then mapped to the selected QAM (Quadrature
Amplitude Modulation) constellation at QMA mapping module 1104. The stream of
modulation symbols is then de-multiplexed to parallel sub-streams at demultiplexer
1108. The M number (M being defined by receiver 1118) of sub-streams outputted by

demultiplexer 1108 are mapped to the physical antennae using the effective antenna



codebook nodul e 1006 is operable to receive a codebook
including a plurality of preferred precoding
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queries to informaccess networks of currently cached
codebooks. Al so, the codebook nodul e 1006 may be
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communication with access terminals in a portion of the cell. In cell 1302, antenna
groups 1312, 1314, and 1316 each correspond to a different sector. In cell 1304,
antenna groups 1318, 1320, and 1322 each correspond to a different sector. In cell
1306, antenna groups 1324, 1326, and 1328 each correspond to a different sector.
[0093] Each cell includes several access terminals, which are in communication
with one or more sectors of each access network. For example, access terminals 1330

and 1332 are in communication with access point (or base station) 1342, access



1202, 1204 and 1206 and undergo OFDM denodul ati on at

correspondi ng OFDM denodul ators 1206, 1208 and 1208.
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comuni cated to the MVSE (RZni num Mean Square Error)

nodul e 1212 that inplenents a |linear MVSE filter on

the received denodul ated sub-streans. The results of
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especially for those systems where the number of transmit antennas Ty is greater than

the number of receive antennas Ry, The capacity improvement is obtained by
transmitting along the directions of the channel Eigen vectors. Feeding back the
channel requires overhead.

[0098] SDMA provides a sufficiently rich set of beams at the transmitter that
allows full flexibility in scheduling. The users are scheduled on beams that are signaled

to the access network through some feedback mechanism. For efficient scheduling, the



cell, to cause different channel conditions to be
present between each access terminal and its
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upon rank information that is transmitted from the user.

[00101] The coded data for each data stream may be multiplexed with pilot data
using OFDM (Orthogonal Frequency Division Multiplexing) techniques. The pilot data
is typically a known data pattern that is processed in a known manner and may be used
at the receiver system to estimate the channel response. The multiplexed pilot and
coded data for cach data stream is then modulated (e.g., symbol mapped) based on a
particular modulation scheme (e.g., BPSK, QSPK, M-PSK, or M-QAM) selected for

that data stream to provide modulation symbols. The data rate, coding, and modulation
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access networks and/or uséft devices can be
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access network and user device described below In
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recover the traffic data for the data stream. The processing by RX data processor 1460
is complementary to that performed by TX MIMO processor 1420 and TX data
processor 1414 at transmitter system 1410.

[00106] The channel response estimate generated by RX processor 1460 may be
used to perform space, space/time processing at the receiver, adjust power levels,

change modulation rates or schemes, or other actions. RX processor 1460 may further



[00102] The nodul ati on synbols for the data streans
are provided to a TX M MO processor 1420, which nmay

WO eooBlsa19pr ocess the nodul ati on synbol s (e. g.,PEDUS2007/082734
OFDM). TX M MO processor 1430 provi des NT synmbo
streanms to NT transmtters (TMIR) 1422a through
1422t. In sone aspects, TX M MO processor 1420 applies
beam form ng weights to the synbols of the data
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may be decomposed into Ng independent channels, with Ny < min {N;, N } Each of
the Ng independent channels may also be referred to as a spatial subchannel (or a
transmission channel) of the MIMO channel and corresponds to a dimension.

[00110] Fig. 15 illustrates a system for codebook exchange in a wireless
communication environment in accordance with the various aspects. System 1500
comprises an access network 1502 with a receiver 1510 that receives signal(s) from one

or more user devices 1504 (e.g., access terminals) through one or more receive antennas



streans, and possibly other channel characteristics,
and provides these quantities to a processor 1470. RX
wa@laad/opiecessor 1460 or processor 1470 may f urB¢EUS2007/082734
derive an estimte of the2Z6effective" SNR for the
system Processor 1470 then provides estimated
channel information (CSI), which nmay conprise various
types of information regarding the comunication |ink
0, Ahd trAQnTiRAS teshe@RIntre LE@ABRVicEOT SBARIFRLE a pllfit(-oF transmit
may conprise only the operating SNR and/or tﬁe rank.
JHenm@S|1S9% ke op ntee sspedishpcevadateriws 4 S rbisayomit antennas
i.ch,also receives traffic datafar. a er of.
e B S e S L e oS P P g rbive
116kl atib A frobfh@deiv e amdhids 506 ahdy istopansint i tagsosialdtbwiah a
t hrough 1454r, and transmtted back to transmtter
é%@@ﬁ@tmﬁ.2 theateorprulates recghsdiinfornpatigps thaesivan B 10t be, for
t [ 0 ' - I - -
PR a0 R LTS RRLE i B A0 Batpath signal
deirponeda gl agiled]iyofdascbantd dodrdttors) M HHMinimum Mean
géfce seg byﬁf RX dat a procgssor %442 to recover .the
are EERRraaer 155< 1 fe OF 3400 QFAFT SNfakle fceimeh Iqr SpRirtity qQuspiser

bSvitdReRsipfvhdes, Lowhr Q&aﬁ%ﬁ&ﬁa‘c%ﬁgon@ﬁgﬂé@iﬁ%é £t.(Adcording to

determné the dafa rates d codihg and nodul ation
soerespact, maltipdedceifens cumbe dapmysd (@anenegred r¢c2ive antenna), and

gﬁ erate vari ous controhi fq{ TX data . rocesggg %414 ¢
TOCRRSRN 43 orEREN Sy Wil sach pBrO A OAHS IFRIOY ettsaTigfes of user
dah! D@ﬁoﬁﬁl@&;@%ﬁnﬁ@b%@&&lﬁﬂﬁ%@ by ﬁﬁ))‘od%@solﬂ& etk fHat RIs@h€4I0 the
the NR received signals to detect the NT transmtted

BIpRboPT draserdlads /i Theisleragatskioég. 16prustieseipled toetmainguesS 16 that
g{ﬁ%’es l?r?fog{laﬁij %glal[erattg ugevl\r%e et sré%nn?e%tcs? go(r:l ﬁ?ab%s)re[(sa%aittfé%leto and

space- tifme receiver processing ques
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also be referred to as a spatial subchannel (or a

tspaets dessibohhohmnde bhe ofanie, sybthD 08 mmdldeand access terminal
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Yfr20R8/ A3diatd RUR/ A HAMAUBFID3hod 6612 that demodulates received
information. Demodulated symbols can then be analyzed by a processor 1614.
Processor 1614 can be coupled to memory 1616, which can store data and/or program
codes related to access terminal 1602. Additionally, access terminal 1602 can employ
processor 1614 to perform herein described methodologies and/or other appropriate
methodologies. Access terminal 1602 can also include a modulator 1618 that can

multiplex a signal for transmission by a transmitter 1620 via antenna 1606 to one or

more access networks 1604.



1506, and transmits to the one or nore user devices
1504 through a plurality of transmt antennas 1508.
WO p008/08210Fr noOre aspects, receive antennas 1506PEHTS2007/082734

transmit antennas 1508 cad’be inplemented using a
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interpreted when employed as a transitional word in a claim. Furthermore, the term
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or” as used in either the detailed description or the claims is meant to be a “non-

exclusive or.”



WD 2008/ 052191 PCT/ US2007/082734 27 [00113] It is to
be understood that the aspects described herein nmay be

wo pBesEnt ed by hardware, software, firmware, PCT/US2007/082734
m ddl eware, mcrocode, or &Ry conbination thereof.
When the systens and/or nethods are inplenmented in
software, firmvare, m ddl eware or m crocode, program
code or code segnents, they may be stored in a
machi ne-readabl e medi um sygglwpgsa storage conponent.
A code segnent may represent a procedure, a function,
a subprogram a program a routine, a subroutine, a

dul e, .a software package, a class, or any
ggﬁ%ﬁﬁ%??%él%f instructions, data structures, or
program statenents. A code segnment may be coupled to
anot her code segnent or a hardware circuit by passing .
and/ of Pethed {arkgdebepk ereangnhin ampliplgicgestariralcss communication

n@Qf mMenory contents. I nformation,

%&%@gghﬁﬁﬁmﬁ raneters, data, etc. may be passed,
f or wapedingfor tarphnslitytof @ebfersedgreaniingsmatrabd;e nmeans
i ncludi ng menory sharing, nessa passing, token .
passi ﬁal,eg%@gw&emogﬁé BeSeBHICTRPE W%é@ﬂt%‘]? Cﬁ@@oak comprises
ﬁlgfate@mﬁt d}@lﬁ@ﬁ@a biing hRidgGRi ques descri bed
herein y be i1nptenented wth nodules (e.g.,
pr oc echmmsniciatimgthe ondgboak th e @ymport hetespeermonin t he
functions descri bed herein. The software codes may be
stored in nenory units and executed by processors.
The meR®AMtheaiof crBY 1D&hbr %é%%ﬂlttiﬁg aWoHéYoBk titeher comprises
processor or external to the processor, in which case

gencramgsecodbnalnivbercintbe yodebapk ssddensificddy amodeleakgdentificr

%%9 vg%i%y%wgggqétqg is known in the art. [00115] What
has hedn Uescri ed above i ncl udes exanpl es of one or

nore aspects. It is, of course, not possible to
descri be every concei vabl e conbi nati on of conponents

& nefhoasthegiodslam 2. plipisssecsting @ seA¢hgOk duithss comprises
g{]&mﬁg%tdoﬁé‘%%k?@[l&%%ﬁ c§’&éﬁo081£‘€s i8£ntﬂfeﬁ'b§}aar 8] 41'6?1%{?
e art nay recogni ze that nmany further conblnations
esttbogqlerdont fadriassignaof byvtle nongss msperkt s are possi bl e.
Accordingly, the described aspects are intended to
enbrace all such alterations, nodifications and

yari arhORStHoR R cfadth 1, WhiRidcdnBunieRin! the BOELSGORRHSE comprises:
t he appended clains. Furthernore, to the extent that

t he t guaryingithmconedestiore scagserinmatsito ldetcrmine ad edeaiityeef one or
descriptign or the claips,,such termis intended to
PRt SR R e PSS e

" CONPfdcivitg'a @RlcbSdkiRdthSteRibnst Srom dHcROPHRIORE ovifie access
enpl oyed as a transitional word in a claim

runinabrindiceting the ideatiy of oge or moryeasgbpoksstarpdat qepleof the one or
aj | L.pti,on or the clains is neant to be a
%ﬁéené“g%é?‘%ﬁ% B4 W0 2008/ 052191 PCT/ US2007/ 082734
communicating the codebook to one or more access terminals if the codebook
status response indicates that the codebook is not currently stored at the one or more

access terminals.

5. The method of claim 4, wherein receiving a codebook status response further
comprises receiving a codebook status response from each of the one or more access
terminals indicating the identity of one or more codebooks stored at each of the one or

more access terminals, wherein the identity is defined by a codebook identifier.



28 CLAIMS What is clainmed is: 1. A nethod for
codebook exchange in a nmultiple access w rel ess

W@ ivaMsa1eat i on  system conprising: providi ng POF/US2007/082734
plurality of preferred preéBding matrices; generating
a codebook at an access network, wherein the codebook
conprises the a plurality of preferred precoding
matri ces; and conmmuni cati ng the codebook to one or
gor e @ﬁ@ﬁé&oﬁ%‘f@laﬂﬁ'ls further ddiBprigAd2di o8 fngah@tdbebook to one or
wherein generating a codebook further conprises
geretcaesisrigminds fiaurdetemenasi ssctoh e bodetbeokt plscommunication

entlfled by a codebook identifier assigned by the

access network. 3. The nethod of claim2, wherein
generating a codebook further conprises generatlng a
codebook, wherein the codebook is jdentified

&i xt edhe metpdsf clairg §ewbeisin 4Saléﬁmgfth%¢od§§§q’lgf%a pwietqﬁ@med
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conmmuni cating the co urther conp S:
quer yqugyinpehosre @maoro laeceas:'@eﬁﬁlatsﬁb aetteahse tao idtatier ofi ane or

an iden of one or codebooks currently stored
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r espong e {foM RREL K ath fR s B HonT AR 0BRSS or more access

termnals i'ndicating the identity of one or nore
todebbokdicsting tbd identiyadlonofor tivee onlebouks stwedataaclegtthe one or

t erm nal an ni cati ng the codebook to one or
ﬁ@ﬁ€“§g§§§§“9 ?ﬁwﬂnus i f the codebook status response

I ndi cadsBHidd @t cdBobRHENRAS nidie RBdesStihRAlsl fYr $ pRUSErAied
the one or nore access ternminals. 5. The met hod of

sﬁlcmrnm the aghes it af eereivicagorel i dd mlmﬁodsb@qkﬁatn‘e@pMQ for the
bre a%genp{ Il‘l%? als 1$8e| Vls A fhe cgg rlaenH stored at the one or

response ron1eac e one or nDre acces

merddiadsserintidalcat i ng the identity of one or nore
codebooks stored at each of the one or nobre access
term nal s, mhereln the identity is defined by a
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et ho urther conp
g&&regmgm@oﬂhlﬁ)okodhmﬂkht OOdeeolo ncludos Edea‘ﬁﬁmlsn of one or more
tern1na|s for a predeterm ned sector in the active set
BSE€Emuni cation i nks.

9. The method of claim 8, wherein generating a codebook further comprises
generating a codebook, wherein each of the one or more clusters identify a set of the

precoding matrices and a set of beams in the cluster.

10. The method of claim 9, wherein generating a codebook further comprises
generating a codebook, wherein each of the one or more clusters identify a starting

beam index and an ending beam index.

11. The method of claim 8, wherein generating a codebook further comprises
generating a codebook, wherein the codebook includes an overlap cluster map that

indicates one or more clusters authorized to potentially overlap.



7. The nmethod of claim®6, wherein assigning the
codebook for a predeterm ned sector in the active set
w@Roosomtani cati on | inks further conprises: quePgi/OsRoDTIe82734
one or nore access terminaB8 to deternmine an identity
of one or nore codebooks currently stored at each
access termnal; receiving a codebook status response
fromeach of the one or nore access termnals
indi cAhiapParkf fordRNkiatiNg fd QMM ERicARIECoREBLRIRG AKS multiple access
stored at each of the one or nore access termnals;
wirdlcasgimgmimgaticnesysiothe bOORIISIBZ ONe Oor nNDre access
term nal R 00 %L eAsten T Aghe RECLOl LT dibe At Lye
set of “EomRuRICat iton FPNKE Wi Y PHHe Tolebboke T¥atty
r esponseénd for gédteatin@EodEbdtIaE aR 6ERSSndtRb1K, Rdkin the codebook
i ndi cates that the codebook is currently stored at the
garapies theor Rlusdibeelreisrig Aeceding mateesmdhod of cl ai m
1, wherei ' t ' -
gener TS E B L RIRRBE M Ol Hhor AERL et
identification of one or nore clusters. 9. The nethod
claim8, wheregj eperating. a codebook further
g)npr ?pugéﬁwgﬁgeﬁu@oﬁ@HH&%}gMer ei n each of the

one Of,JPbL kg a&lothpufte i nfglfo)(licﬁ €4 pRtaliP 8t pﬂ%g&f‘e_?ﬁ%%ding

matrices and a Set of bea in the cluster.
metrlvest of claim9, wherein generating a codebook

further, c ri ses eneratin codebook, wherein eac

of "t hEPETIE! B TE PeroBIPUGT & a6 Frgroaok hLa Aohes Aoaa
WvReRin BBdod@boBR dbmpriRE MV 4 pERNity éﬂ-%refgﬂ%d PRdcb@ilg Ahatrices; and
claim8, wherein generating a codebook further

conpr feEdor granmgatdompuist toerbBuRicatgtier eddgbedketond @b owke

L nel . an overlap cluster map that indicates one or
%%%%Hg d%?%rs aut hori zed to potentially overlap. WO
2008/ 052191 PCT/ US2007/082734 30 12. An apparatus for
generathg and conmmuni cati ng codebooks in a multiple

tcesON INFEBIELACEY Mt AFCHISS SAMBYSE-ercutblrpnstaicHghs for
g&%ﬁﬁi %%Bd REAUAidAEn %de@o@lsqﬁ%lﬂlﬁlﬁ R IS LA @gco munication
Fecodr tri or g B g eboo

ng matri ces,; ans enerating a co at
systeme cksmstmadtions kompdigngi N t he codebook conprises the

a pluraliﬁg f preferred precoding.matrices; and neans
for c & @ﬁ’l?%%T§BH§ﬁ6 WFQX%W%m%?wﬁ%re access

ter m p&efating hdodbodoRMPHA §EcclERIRBIE WIBRHHRE codebook comprises
conprising: code for causing a conmputer to provide for

thepl phvralitytof poéfepedprecoding pragoosti ang

communicating the codebook to one or more access terminals.

15.  An access network apparatus for generating and communicating codebooks in a
multiple access communication network, comprising:

at least one processor;

a memory coupled to the at least one processor;

a codebook generator stored in the memory and executable by the at least one
processor, wherein the codebook generator is operable to provide for a plurality of
preferred precoding matrices and generate a codebook that includes the a plurality of

preferred precoding matrices; and



matrices; code for causing a conputer to generate a

codebook at an access network, wherein the codebook
w@orpisdes the a plurality of preferred precodp@iyUus2007/082734

matrices; and code for cadsing a conputer to

conmuni cate the codebook to one or nobre access

termnals. 14. An integrated circuit that executes

comput er - execut abl e instructions for generating and
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comuni cati on em the instructions conpriSing:
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0 nlreacc %xnerqtlng a codebook at an access network,

m% Pei ?% fodebook conprises the a plurality of
preferred precoding matrices; and connunlcatlng t he
codebook to one or nore access term nals.
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processor a nenory coupled to the at | east one

oce a co ook enerat in the . ry
ii %wp&we ‘btf;:?%lﬂ‘e vhegent e&ﬁé@ 0,9?8&@%8?2 Igﬁfqrgrere ppcrable
thlr eleiJolale |6r FRREL AL teinin AR RS @é?&%uﬁ@atpfdgl‘{ﬁtg%gfoﬁé ofmore

ality of preferred precoding nmatrices
gnﬂh:bordtse:uaren@xmp@dlat tdvhtactays tareml trheciee phadehdokt stato$ response
greferre preco

7 eh B FR 58S 9%2109%31“85568‘6‘8%16 @dé%\gﬂgﬂ&épe@i%% Péﬂn? gf more

EQRLOBERE I RRKCbaBX BE DAL 8r Rbrd NRe@ltedn@ARS afN€mmunicate the
processor, wherein the exchanger is operable to

t@aftne or wre aekskrdorninalsihiéc gpdebook statis ecspotseggdicates that
{h%r g IS< 18 no6[ cuThI?tl 881% % e o%fe of lrnaolllcr)efr%cjc 38 t\el\rhmel{la?ll n the
code generat or €r operabl e 10 generate a
codebook |nclud|ng a si xteen-bit codebook |dent|f|er
17. The apparatus of claim15, wherein the codehoq

bkchahBefPragteyehdem bp @ﬁlﬁtﬂll@sthetced%m@kyxrhr@geﬂé f‘B’Fher operable

{Bnrregela& g ‘8&&3&% f1a |ress Bﬁ)seqft}n? mh%% éﬁéq?ﬂedcﬁr orte llic&fss RPSGinals
nor e ooks  current store each access

tmlrcmmgthe idetey vEor aankeb oodketmbhi steretd es mhsaé thef amzmr more

each of the o e Oor, npre.access t

24r&SY taeppplsywWigreig he identigy 3@%@93@&&2 claqoly 8 ﬁlfe -each

of the one or nore access term nals and conmuni cat e

the codebook to one or nore access termnals if the

tDdebdbkamtaattusofrdapolfs evhicroai tatcedelidelitexchanger is further operable

to assign the codebook to one or more access terminals for a predetermined sector in the

active set of communication links.

20.  The apparatus of claim 19, wherein the codebook exchanger is further operable
to query the one or more access terminals to determine an identity of one or more
codebooks currently stored at each access terminal, receive a codebook status response
from each of the one or more access terminals indicating the identity of one or more
codebooks stored at each of the one or more access terminals and assign the codebook
to one or more access terminals for a predetermined sector in the active set of
communication links, if the codebook status response for the one or more access
terminals indicates that the codebook is currently stored at the one or more access

terminals.



the codebook is not currently stored at the one or

nore access termnals. 18. The apparatus of claim 17,
woR@Be519t he codebook exchanger is further opePEDIUS2001/082734

recei ve a codebook status ﬁgsponse fromeach of the

one or nore access termnals indicating the identity

of one or nore codebooks stored at each of the one or

nore access termnals, wherein the identity is

def i nede %aeat@p&fe&aﬁhs deRtdif iRrcoddsdok LoferaP QJ@HH& dpkrable to
cl'aim 15, wherein the codebook exchanger _is further

gfp@rma éodetboolas&hegﬂntthﬁew@igbmkooklud@ idendiftsptipeieonges e
Le tmnals for a predeterm ned sector in the active
SETSf comunication |inks. 20. The apparatus of claim
19 wherei n the codebook exchanger is further operable
query the one or nore access termnals to determ ne

a% i d&he prRprases offdaigy 2 lnptherciy Higsnaehosk aneratet Isfuhegrapgrable to

?éne?ﬁgg C e?)gélg‘ v@feﬁrﬂh %?éh i e Shé/ &t rﬁor%c&ﬂf‘spqu hieﬁttl@tausset of the
esponse rom eac fe one or nore acces

pecodinghmtrides bedd sa1@f blkend aeh¢ cluyteof one or nore

codebooks stored at each of the one or nore access

term nals and assign the codebook to one or nore

agcesgpd ﬂ?ﬂreﬁﬁﬁ S difi B, RIRASH RlBoBasboR @ehQhtot I} ﬁlﬁﬁer operable to

active se communi ¢ation links, ifthe codebook
stretaisa lce@?pbonlsewhemmteh@l afitbe one ronercatEss idetiefyrd statisg beam
gﬁdlca es that, t he. %pdebook is currently stored at the

X 8P4 g h@Ekinde i nar s wWo 2008/ 052191
PCT/ US2007/ 082734 32 21. The apparatus of claim 15,
wherei n the codebook generator is further operable to

gener dheappasdde@iodim heheran tM@Oddmb@@keram isuggher operable to

I%edn%lrr]a%t!cf L& tbI 8 v%ler ?h anOOFf( 1n§|hl es a Siierla clusteF map that
arat G&ToroeI a2 erern e coaebo gener at or

hﬁilcfaterstohe br MIRES dbdterstadthogeqetodloteniatpdedpk, wherein
each of the one or nore clusters identify a set of the
precoding matrices and a set of beans in the cluster.

323 TR%&HQ&‘fo?tré’c%ﬁ%g & 'c@de'[&kﬁl@ a%sk%lﬁ{eﬁ "Wt J‘l%uﬁfbﬁjee%%giﬁ Jpireless

gener at or urther” opera enerate a co
mhnmanMammnhmmhlbhmpnmﬂgor nor e clusters identify a

starting. beam x. and an endln mi.n :
appar HERYTgE %qdaf;%izfiomﬁﬂ SRS hNSHE ﬂ*egceﬂé?%a?ﬁudes on

bﬁmBMﬁrQi%ﬁe@BFéc@&hgrﬂa@nce@eﬂﬁr ate a codebook wherein
t he codebook i ncludes an overlap cluster map that

i ndi cstbesg theacaivadmodelzlolist erceddwbhordhzed t o
potentially overlap. 25. A nethod for receiving a
codebook associated with a nultiple access wirel ess

LONMUTHE AlethRd oF YRR TS, WRERII 18Ediing a codebook further comprises
receiving a codebook from an access network, wherein the codebook has an associated

codebook identifier.

217. The method of claim 25, wherein receiving a codebook further comprises
receiving a codebook from an access network, wherein the codebook has an associated

sixteen (16)-bit codebook identifier.

28. The method of claim 25, wherein receiving a codebook further comprises
receiving a query from an access network to identify of one or more codebooks

currently stored in the codebook cache;



recei ving a codebook from an access network, wherein

t he codebook includes on or nore preferred precoding
woreaosiosast and storing the received codebook iPCHUS2007/082734

codebook cache. 26. The nmeBhod of claim 25, wherein

recei ving a codebook further conprises receiving a

codebook from an access network, wherein the codebook

has an associated codebook identifier. 27. The method

of cl alspading WHBE idly WeEBRHY | RBtiAc£BH SP ARkonk WE 1fRE codebooks
conprises receiving a codebook froman access

paTently lstoredhiar the podcheolkc bbbk has an aSSOCIated

o LB b SRR, AL B B FRPBORTr e
610Mpid ®dsbooks @@ﬂr@ﬂtmtc&e@ Uethy cbdddoRbache GessSndiehoMddktht O
|dent|fy of one or nore codebooks currently stored in
£elebeRieodntcd adthdhe WoesoBeves2191 PCT/ US2007/ 082734

33 responding to the query with the identification of

the one or nore codebooks currently stored in the
29deb®bkmethodef cand 28 cebéreinngspondingad eteapicryt womthchidentification

access network, jf the identification of the one
AEe oBe a%ﬁs&@de‘e&qkég THRET SOYPEYFS T PPRLNG (RyLS SR the

ARRGHOBbn P ﬁle%@ o} Bfre Qﬁﬁg%l%uﬁ%%?}f bt@ie%qn \fﬂet SdERRK cache,

access network . The method alm 28, wherein
wsigonttic nrg:ntlﬁcettm 15 definedwiytancodhleodkd derttiffer tﬁca”celadnof the one or
t he one or, nmore codebooks further conprises respondi ng
POTG $ECBORISy with the identification of the one or
nor e codebooks currently stored in the codebook cache,
wherein the identification is defined by a codebook
p@ent The excthodrof slaern 2éf further eomeprising neerieing adepehwiol . assagnment
P;‘O m:'\atché:)s%j ng Ocl:’i< %ss 01a cd Wlle }1 eJebg&nBore? ﬁkerc%agbooh(n ch

assi gnnen roman access’ ne assocl at ed

Whéﬂeuﬁthe @d@é@@@k aSi@inemt hetidnb ehCcadebarkiot aphdcteriined 8tdtor in
t he codeboogk aSS|gnnent assi gns the codebook for a
Preagdyerchphensariceion inkst he "active set of

communi cation links. 31. The nethod of claim 25,

wher ei n assi gni ng the codebook for a predetermn ned

3kct oTh¢ method ofictainu @5 seheroin asapning itiad¢ddobodki fiok 8 predetermined

further conprise recei vin froman access
R A AR A S T HSh
cur r eplobingt o FrBmt 3:cc QI 8BQRIFK GRRIARL £y "tRS HRNEH RSk tcBdebooks
the query wt e identification of thé one or nore
codablysleged in the codebook cache;

responding to the query with the identification of the one or more codebooks
currently stored in the codebook cache; and

receiving a codebook assignment from an access network that assigns the
codebook for a predetermined sector in the active set of communication links, if the

response to the query indicates that the codebook is currently stored in the codebook

cache.

32.  The method of claim 25, wherein receiving a codebook from an access network
further comprises receiving a codebook from an access network, wherein the codebook

includes identification of one or more clusters.



currently stored in the codebook cache; and receiving
a codebook assignnent from an access network that
wW@®Bgsd9t he codebook for a predeterm ned secPOF/UBI907/082734
the active set of comunication links, if the
response to the query indicates that the codebook is
currently stored in the codebook cache. 32. The
nmet hod of claim 25, wherein receiving a codebook from
an aceRSmeRH W Ckim Bar Wh&EinGeeaNihg 8T ook YidAaRaccess network
codebook from an access network, wherein the codebook
funbleueasprisge nacevingat ¢asiebertk o apracenss acteiods tvdrosein woh of the
SRa s SN sar TS dogt OF S Pecodbedlnc RaTRan  pliugy in e
cattenr k further conpri ses receiving a codebook from
an access network, wherein each of the one or nore
clusters identify a set of the precoding matrices and
§y Set T@%m@ﬁﬁ%f kit |3§ Wﬁélléﬁltl%gewlgé a CIE@O %Etﬁte?rgatpgccess network
claim 33, ereln récelving a codeb roman access
fisthapcdmprises tdmemmgxrmrdebmk fremen\actgs actoode bdrkeih emm of the
an access_ networ k, wherein each of the ne.or no
B TBPIE Clpint 1deyiify aytarfing Repnp auier pAd) a¢ndif bare eﬁg
beam i ndex. 35. The nethod of claim 32, wherein
recei ving a codebook from an access network, further
8onpr Tbescthedeif vlang 38, wbareingoteiving meadctmok éwsn arescwosskctwork,

rein the codebook cIu es an overl.ap .cl
%Nh T EHERTLsE ESCOHE ao?O ?IE}?P@P%GS%B?%%F iék?rﬁl% tHE dodebook
ﬁl@hﬁl@i h@b‘iféﬂaﬁ\éﬁfs{e@ Paap3Rat 1&10@@@@{@&%& QlustcRCAItNdrHEd to
and storlnq codebooks in a nultlple access W rel ess
T

poamtipliyeaeileh system conprising: means for receiving
a codebook from an access network, wherein the
codebook includes on or nore preferred pr ecodi ng

B@t r i aasippands feanseiviag afd Soting céde®oslaciaiavegtipRdebsnokireless
in a codebook cache. . 37. A conputer-readabl e nedi um

@Hﬁ@@ﬂ@ﬁ%ﬁlﬁ@@HbCP@®“Eﬁ&S|ng a conputer to receive a
co de bgrggnsf fof F@c@lQl C@o%i% lﬁn ac%?ﬁ&%rﬁ Q\ﬁle ﬁi ﬁgocgﬁebook

i ncl udes on or e pre err precodi ng matri ces;
ﬁmﬂﬂe§omonmm3ﬂﬁg&aedpnmumegnnmnskunm.the recelved

codebook i a cod book .cach t ed
cir curnFaI%Shf'éf StQypg éscee@mﬁe@og&%a&%@&roe ructions

for receiving and storing codebooks in a nultiple
access W rel ess comuni cation system the
Bhst r Acongngraoadablcshergum, comprising:

code for causing a computer to receive a codebook from an access network,
wherein the codebook includes on or more preferred precoding matrices; and

code for causing a computer to store the received codebook in a codebook cache.

38.  Anintegrated circuit that executes computer-executable instructions for
receiving and storing codebooks in a multiple access wireless communication system,
the instructions comprising:

receiving a codebook from an access network, wherein the codebook includes on
or more preferred precoding matrices; and

storing the received codebook in a codebook cache.



recei ving a codebook from an access network, wherein

t he codebook includes on or nore preferred precoding
woreaosiosast and storing the received codebook iPCHUS2007/082734

codebook cache. WD 2008/ 052391 PCT/ US2007/ 082734 35

39. An access term nal apparatus for receiving and

storing codebooks for a nmultiple access wreless

comuni cation system conprising: at |east one

PY.0CeARACEes TR ¥pfePitBd R rdRiviREarRt stdBRStodeh&dks for a multiple

processor; a codebook nmodul e stored in the menory and

ascesuviadlEs doynnuuBCa4ion [sHen, emeprispigncessor, wherein the

codeboqrmnone]% ésopperable to receive a codebook from

an  atce®s WOk wher ei n the codebook includes on

or nog alenfoe§ esupel uartﬁeadbxsgonaptbemee and a codebook

cache stored in the nenpry and operable for storing

t he reeedobeek modaisinsrd inghe memory prhexecuiab I@fbydh%mtriﬁeg one
i

b v A Ao TR & DL b e AE BRI eR g an
sadehaokothasharinaths ocddbbeld inchelde bo ok mocteptteticd precdding
The. apparatus of claim 39, wherein the codebook nodul e
F@‘?ﬁ? 9dr operable to receive a codebook from an
access (RRHLWOK KachbRRr&l i thdfemoAe Me%‘fe A st%%ﬁg ¢hAkedved
sixteen (16)-bit codebook i1dentifie
aplshoat. us of claim 39, wherein the codebook nDduIe
operable to receive the codebook is further operable
to receive a query froman access network to identify
6. OMBe HFpahRETCPLIBOTO Kithefdit fRMbUYboDk HiREhld 1§ flf€r operable to
codebook cache, respond to the query wth the
rogeine fcpdetiopls firont ant aescwmetwerknwhercighie berskeok besramrpspaeiated

Q%ngﬁumn e codebook cache and receive the codebook

The Access network, if the identification of the

one or nore codebooks currently stored in the

codebook cache does not include the codeboo

4k socil Be arpaftuno himatt sdisrenp thrsercbogk momlé% i§ éwﬁr%pa%rable to
9efcelQ7E g &H{ie‘b%ok #?)ﬁ{ ﬁ{ &c%&qle %b&ﬁg l:@de%B&g ﬁ&%l & aﬁgomated
nti e

respon uery |cat|on of t
mnEem(MnﬁmenddﬁﬁhodMﬁﬁks further operable to respond
to the query with the identification of the one or
nor e codebooks currently stored in the codebook

gacheThMhereit $hGaildR) thef&@iﬁe(éedélﬁ)oﬁ%ddﬁ%joﬂyatﬁ’e to receive the
codebook 1 dentifier for each of the one or nore
caltbbaolsdurther operable to receive a query from an access network to identify of
one or more codebooks currently stored in the codebook cache, respond to the query
with the identification of the one or more codebooks currently stored in the codebook
cache and receive the codebook from the access network, if the identification of the one

or more codebooks currently stored in the codebook cache does not include the

codebook associated with the access network.

43.  The apparatus of claim 42, wherein the codebook module operable to respond to
the query with the identification of the one or more codebooks is further operable to
respond to the query with the identification of the one or more codebooks currently
stored in the codebook cache, wherein the identification is defined by a codebook

identifier for each of the one or more codebooks.
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of claim 39, wherein the codebook nodule is further
wopwsaidielrto receive a codebook assignnment frRCT/ESR007/082734

access network associated Wth a codebook stored in

t he codebook cache, wherein the codebook assi gnnent

assi gns the codebook for a predeterm ned sector in

the active set of comrunication |inks. 45. The

appar ahéigptated & dMidS39, WHRFSh thelcdbBeRY @Rk HPGHM L operable to

operable to receive a_ codebook assignnment is further

mseivablcedehgok assegnrecnd figneanyadeessmetvora @sws gaser b a kodapook

i.dent.j t one. or re.codehogks, current |y storged i

RSN b oo RRSle. WRif B B0 R S o TR ed dboook

fatarédctaaincdscbr tlhc 06td/cqEt shothre@detvakiskeur rent |y

stored in the codebook cache and receive a codebook

assi gnment from an access network that assigns the

deb t ' i [ -
37 conntaladh B AR  WiReh BRSO HudoR rIBIAGIHE, Bicceive
tottboalt sssighhaht is ertleco dpbrable to scceive aepuktyyfremanadcedsnnttherk to

codebook cache. 4. The apparatus of clajm 39,
Wﬁ%‘il& 1R oneToBeIsO0R RGBT S Maird RS Spiebinh gachg respond to
fh%ql%hré/gwﬁ‘h ARAELRPH afid1PHR BD o ACGERSr B HYRIoks cﬂ%ﬁl IsBorEd & the

codebook includes i1dentification of one or
cddeboalr sachd @nd Theivappad@iook assfignmhat odtan adaessaictwdrk ¢hat assigns

odehqok dul e.is f.urther operabl.e t receive a .. }
FEATBR P chhrgc Srmitied Selor e ACinerel R Bt G ianfinks, f the
RR3ForRE tdThc Qlugﬁytiﬁaieétés thal@ tcb{ié-’oo@k $§éurféhtl§z BRrddr ig ¢RI J¥book
matrices and a set of beans in the cluster. 48. The

easpar at us of claim47, wherein the codebook nmodule is
further operable to receive a codebook from an access
net wor k, wherein each of the one or nore clusters

helent Thy appasdtad &1 dhgmdza Mhicruihe ¥head de ok efshulgis B@#ier operable to
i ndex. 49. The apparatus of claim 39, wherein the
feseivpacrIThoakifion an sqesHstvessewheien the codebeek insluges

ﬁggﬁﬁﬁﬁ%ng%gﬂggﬂPgﬁﬁ: ..petwork, wherein the codebook

I ncludes an ov cluster map that indicates one or
nore clusters authorized to potentially overlap.

47. The apparatus of claim 46, wherein the codebook module is further operable to
receive a codebook from an access network, wherein each of the one or more clusters

identify a set of the precoding matrices and a set of beams in the cluster.

48. The apparatus of claim 47, wherein the codebook module is further operable to
receive a codebook from an access network, wherein each of the one or more clusters

identify a starting beam index and an ending beam index.

49. The apparatus of claim 39, wherein the codebook module is further operable to
receive a codebook from an access network, wherein the codebook includes an overlap

cluster map that indicates one or more clusters authorized to potentially overlap.



