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large number of people worldwide communicate. Wireless communication devices have
become smaller and more powerful to meet consumer needs, which include improved
portability and convenience. Users have found many uses for wireless communication
devices, such as cellular telephones, personal digital assistants (PDAs) and the like, and
demand reliable service and expanded coverage areas.

[0004] Performance for a wireless communication system may be enhanced by
using beém—formed transmissions within a region to communicate from a base station or
access point to the mobile device(s). Such a region can be a service area and can include
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narrower area than transmissions using a single transmit antenna. The signal to
interference and noise ratio (SINR) is enhanced within the area or sector covered by the
beams. The portions of the sector not covered by a beam are referred to as a null region.
Mobile devices within this null region generally have an extremely low SINR, resulting

in reduced performance and possible data loss, The communication system may use
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SUMMARY
[0007] The following presents a simplified summary of one or more embodiments
in order to provide a basic understanding of some aspects of such embodiments. This
summary is not an extensive overview of the one or more embodiments, and is intended
to neither identify key or critical elements of the embodiments nor delineate the scope of
such embodiments. Its sole purpose is to present some concepts of the described
embodiments in a simplified form as a prelude to the more detailed description that is
presented later.
[0008] In accordance with one or more embodiments and corresponding
disclosure thereof, various aspects are described in connection with wireless
communications and enhancing performance of such communications. According to an
embodiment is a method for enhancing performance in a wireless communication
environment. The method includes receiving a user preference for a transmission mode.
The method further includes associating the user preference with an entry or entries in a
codebook and assigning the user to a transmission mode corresponding to the entry or
entries. The transmission mode is one of a precoding, space division multiple access
(SDMA), SDMA precoding, multiple input multiple output (MIMO), MIMO precoding,
MIMO-SDMA and a diversity. Each entry can correspond to a transmission mode.
[0009] According to some embodiments is 2 method of determining a user’s
preference of a transmission mode. The method includes determining channel

characteristics of a user, selecting a transmission mode or modes to apply from a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a wireless communication system in accordance with
various embodiments presented herein. *
[0015] FIG. 2 illustrates a multiple access wireless communication system
according to various embodiments.
[0016] FIG. 3 illustrates a witeless communication system according to one or
more embodiments presented herein.
[0017] FIG. 4 illustrates a beam pattern for a sector utilizing the disclosed
techniques for iinproving communication in a wireless environment.
[0018] FIG. 5 illustrates functional blocks in accordance with various
embodiments. '

- [0019] FIG. 6A illustrates a methodology for enhancing performance in a
wireless communication environment.
[0020] FIG. 6B illustrates a system for enhancing performance in a wireless
communication environment. ’ | ,
[0621} FIG. 7A illustrates a methodology for determining and reporting a user’s
preference of a mode(s) or transmission(s) technique in accordance with the various

. embodiments presented herein.

[0022] FIG. 7B illustrates a system for determining and reporting a user’s
preference of a mode(s) or transmission(s) technique in accordance with the various
embodiments presented herein.
[0023] FIG. 8 illustrates a system that utilizes the disclosed techniques to increase
system capacity in a wireless communication environment in accordance with the one or

more embodiment presented herein.
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DETAILED DESCRIPTION
[0026] Various embodiments are now described with reference to the drawings.
In the following description, for purposes of explanation, numerous specific details are
set forth in order to provide a thorough understanding of one or more embodiments. It
may be evident, however, that such embodiment(s) may be practiced without these
specific details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing these embodiments.
[0027] As used in this application, the terms “component,” “system,” and the like
are intended to refer to a computer-related entity, either hardware, firmware, a
combination of hardware and software, software, or software in execution. 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 execuﬁon, a program, and/or a computer.
By way of illustration, both an application runhing 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, distributed system,
and/or across a network such as the Internet with other systems by way of the signal).
[0028] Furthermore, various embodiments are described herein in connection
with a user device. A user device can also be called a system, a subscriber unit,
subscriber station, mobile station, mobile device, remote station, access point, base
station, remote terminal, access terminal, user terminal, terminal, user agent, or user
equipment. A user device can be a cellular telephone, a cordless telephone, a Session

Thitiation Protocol (SIP) phone, a wireless local loop (WLL) station, a PDA, a handheld
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[0030] Referring now to the drawings, Fig. 1 illustrates a wireless communication

_ system 100 in accordance with various embodiments presented herein. Various modes
can be utilized to improve communication in wireless system 100 including pre-coding,
SDMA, SDMA pre-coding, multiple input and multiple output (MIMO), MIMO pre-
coding, and/or MIMO-SDMA, and a diversity. As illustrated, a mobile device 102 is in
wireless communication with a base station 104. It should be appreciated that while one
mobile device 102 and one base station 104 are illustrated for simplicity, there can be
more than one of each.
[0031] Base station 104 includes transmit antennas that can generate beams
- covering predetermined areas, resulting in a fixed beam patfem. Base station 104

supports techniques such as precoding, SDMA, SDMA precoding, MIMO, MIMO
precoding, and/or MIMO-SDMA. Base station 104 performs pre-processing for
whichever technique is utilized. For example, for precoding, a particular vector is
utilized that can modulate all of a user’s transmissions for some time period. For MIMO
precoding, a set of vectors can be used to modulate the transmissions from base station
104.
[0032] Codebook 106 contains entries of different vectors and/or matrices that
may correspond to multiple transmission modes, such information can be pre-defined.
Each entry can correspond to a mode of transmission or a form of spatial processing (e.g.,
precoding, MIMO precoding, SDMA, SDMA with precoding, MIMO-SDMA, efc.). For
example, codebook 106 can contain a set of sixty-four entries, however, there can be any
number of entries and sixty-four is an arbitrary number. Codebook 106 can be

customized for base station(s) 104 or sectors or mobile device(s) 102 in communication
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system capacity. On the other hand, in low SNR regimes (linear region of the capacity
curve), it is usually not beneficial to take power away from a user while increasing the
dimensions. In these embodiments, 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 embodiments utilize a pre-

defined set of beams to transmit to the user. In a MIMO scheme, there are multiple
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pr ecodi ng, wiybM2,028&80 precodi ng, and/ or MEVI O SDVA. BasgcstszbicnasziD4
performnms pre-processing for whichever technique is utilized. For
exanple, for precoding, a particular vector is 'utilized that can
nodul ate al |, of user's transm ssions o one tinme perjad, For MO
pr ceodi ng, éu?gfs%swg%@r © P HES JOEE™ ti}e a?)t?j LR IR e(raﬁhoél RPSLRIS S
from base stibh-oectdiQrectid®32] Codebook 106 contains entries of °
different vectors and/Qr .matrices that pay correspond.to |.1.iple
transmi ssi otd83Bbes, SHE{HZI?%%Ithﬁ CSRHIURR SeHmes OPFIARP O%E‘Efiplgm%
can cor r espepdclodipdt/MEDhpltmalak SehANMIEOAMIMONMREodRakNEEDMA is
processi ng (egle; ,tpgr ecp%i ngl,D !\/wa[grg%% ng, SDI\/A%SDI\/Aﬂquvi t.h )
precodi ng, FaaMBISmHARPlYEREDT§Codmgrn thedapnspace of SBYKk baraes. SRAciEeANY o Hhete
set of sixty-f ' :her s SHURRL: Bfisists of
entries and)érse‘l a%—‘%%a'ri E%@raﬁﬁ%@‘éﬁ%%&g@%ﬁe@g@%@%ok 106 Cc_asr1]S be
cust oni zed Feirof basew spaditl wals.) T4 narows benorfernoa basibfor thedrapirgiegiey)s thay2
in communication. V\(%thocﬁ%l]/‘agge% 025PCT/ US2006/ 033937 7 with base
station(s) PHAT "ESF B and not limtation purposes, codebook 106
can support [@o3p] ur al i The ddcisithesf whighphydeng utitiee (preacding, SDIMA, SDAsand
descri bed herein. It ou be noted. t ha ile odebook i.s shown
106, there @5390%&%11@&1}@@%@%8 ‘Sgo%wdgﬁ‘é gﬁ%(faﬁ 8%?138?18“%%?{
one codebookycldehaaRe cERIIAGEON @lafkl g@zhity Rdfiert QD @2haiadé o Heasel to
station 104. [0033] Mobil e device 102 can notify base st? 104 of

t
the entri es detsarinpbichaeeier/iodise. reR PrRyisieg the hiekiest op HvssHYE ‘ﬂ.elo OF BiFCqsEng, 2
known a pri Qblichir & bQEﬁi%H*@he& ?&-ﬁw&isée@ {HQNEC S MR Bides. LIS NodES

station 104 For exanple ase station 104 can notify nobile device
102 of its ouviediogk sdi®é vecers corebapbizpdtogue prosess (e hpse eatignpimgsmissions.

the parti cullioRaesr8ifs ke SR RAERIR Al B e e rpRec Tor

performed ayoassati cal Fig. Dyjllushatesrpinultipledimvdss wirtBes comrowuerbios kystee2@). |

by a processor accessing the different codebook). or |

104 noti fyi A§°RYDF Oevaﬁlggﬁ ?gbofg?e%? I PR Begelff ?%m%%%ﬁ?ﬁr%ﬁﬁt% e
users nmay beosaltadl editplonslls,ane otls202 @041 4nd 29amen the eRbOdiegnicrf@g. 2,
resource where their spatial si

signatures may be djstinguished. |
SDMVA, a sectedfh Gl 2883 »W%G\Wag’tlﬁ%wdesaé‘@%%@%lﬁ tdﬁ%{gn ‘é‘gf' m&f&??eces
in the differenk Tﬁ&hﬁ@l&é@%& OBy SO lanleBSRWhEESsponkiBleEhy
achi eving higher spatial reuse. There mght be a separate

transmi ssi orsomptEicetien Wit ewats tentigalpinurogien A destl. &1 eHEd( niienpRigouPS
transim ssi o ode. 7Y BSalSSheh A sbion QBiof O AN0RTRERAHEARLS,

data. Every virtual sector cou [ i

> further subdivided into a set o
narrower sp&2DandBaarschsorredpand to pdiffeicniseetpr. Haaall 20, anicprsgroups 224, 226,

conbi nati on of 25’§9a’5ﬁ)cor"r"és%)ﬁﬁcf‘to% At hiakaggector can be applied to a
particul ar JEer-u&v ce’ ereby 1ncreasing antenna gain to the user
devi ce and I[p0A9]i ng spadh @ll isqudeadevefal bdvessiterendls mémheare me@esimipatiothe
transm ssi on..ggOOBS SDIVA { S L%sefhul in_hi 9% SNR sclgna%(r:eiscs)%n\ﬁ@n%ﬂ AP0
capacity is "HULMEOREOFpFotors of each access pornt. For example,
232 are in communication with base station or access point 242, access terminals 234 and
236 are in communication with access point 244, and access terminals 238 and 240 are in
communication with access point 246.
[0040] As illustrated in Fig. 2 each access terminal 230, 232, 234, 236, 238, and
240 is located in a different portion of it respective cell than the other access terminal(s)
in the same cell. Further, each access terminal may be a different distance from the

corresponding antenna groups with which it is communicating. Both of these factors



finear region. In these enbodi nents, overlapping nultiple users

i ncreases the nunber of available channels (dinensionality) at the
cost of dewoveasmdss?AR to each user. Gven that at high &NR:b@0EBET S
are in the non-linear capacity region, this approach increases system
capacity. On the other hand, in | ow SNTR regines (linear region of

t he capacit of y
froma user ({e Sﬁ%dtlgpegiss? rct1 Hét&ﬁéel k’([:fr ne%tnéﬁﬁfggﬂhﬁ C%h%ﬁlgnst ﬁﬁgo‘%ﬂwﬁg%tc?\a

i s benefi ci aiust Giffersnt et&aealtcbmdlﬁbslﬁ tobe pieeentib@wednhaacky glvessdetning wedits
such as precodi ng wher ecodi.n uI d be.over nultiple streans
or flows of® ?rﬁ?SBﬁ%}dﬂgth‘geﬁ” ﬁﬁ ‘?’ ‘gtlﬁti HRRDIA M o di ment s utilize a
predefined sgg1pf bemtﬁe@hbreanmdcegs otdnmaysseaﬁxémstandyﬁma@hene
there are nultiple WO 2007/ 027825PCT US) éogGI 033937 8 s gﬁi‘e

transmi t t edopBMpgatingyath e ferminaisaa may 40 35 FHeTEsd {0 B 2pft fcdide spragior all
al ong mul ti rate%ﬁdﬁgﬁtmy eﬁta%se%&eﬁtm@@es [&Qéﬁt bl tb@hﬁ&og@em h&gbsosed
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Specifically are a rew virtual
enabl ed, eaemestmhinolagyon further consists of a set of narrow spati al

beans. Thes row orm,. sis, f the n t
occur Wit hi EO({J‘%Lt vir 81“6 E{Dg@tne FO@%? e(gtlrhg &?lif%rfq%\/\iotl grtq)i&e to
utili é e (pr 66@% B%mamlaﬁ%ﬂaea aﬁlﬁeba&g—lsmﬁoni‘ﬁldmr t%f@(hrﬂﬂDMA (e.g.
precodi ng, ar a e based on on nor e

condi ti ons. Ae‘t:ﬂraqﬁlﬁ%ttvecfﬁ‘ﬁ% yl% ah‘?dtaéeait%‘ron(lwa)re P’gtbﬁﬁ?c(ﬁ‘ﬂfé Oﬁg 30193{8’8’

t o det er m n@saMik 6 A1BEdtOthe lsAnd SR nn & 18 difEreNt 1S ifithey thil&@@ﬁhogbhaﬂc@\/\/es'[
val ue. For precoding, a particular entr tﬁ/qtcan be utilized th

pr e- pr ocess dyasi-aEheEoa! veCtprspA SEcss- oW SmbREW@SW%MOH@n%( igdpdegp

vectors can
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resul ting i bedetdrdroagesst or cast transod8BPFi qrlembedimgpissthe sypFn e

access wre IngaaS Sutlﬁo m?é noI &n%u? gﬁfvﬁ{@f%r?c% AGHRI gtlf&?xahgn tlse}ééo%éﬁ Eo '[616 user.
At (f em 20

enbodi nent s. ccess W e Ion s
i ncl udes nul[@04p] e cel Fig, 3 ﬂtugtrateed wﬁelaﬁzpmﬁﬁmma'amrdsy%ﬁn 3(]0rac¢chréng to one or

nbodi t of Fi h 202, | ud
:ccgslsnggr nt?noé%ﬁgmfé‘t’eefggﬁe ; eéihr?fﬂ“t |‘%%geés%e(9 OESP%SG Stlaﬁngxﬁwc J ‘gucgect ors

are formed byulg)leuentalgraupk eﬂmmeemﬁe@mmm@dmﬁteﬁmmﬂm RABIGON
w th access term nals in gggortr on of the ¢ a%d cell 202, antenna
groups 212, apather op o1 srelileniepnasS8p awt 10 %ﬁh%r SFURCaL Fcfugp anteppas

cel | 204, ar3t1§ B3 191 Wangelﬁas #8Qiustasd B2 3a&%ﬂnﬁ@§rﬁ%§ eREvédrOmare or
different sector. In cell 206, antenna groups 224, 226, and 228 each

correspond tfeves agiefias Mtbeslélbmﬁrfor $20b 3YF RO IMobilederiged G al
access term %Mc%ﬁn%ﬂ@érﬁeﬂn@s §t?z"@£!dr3'1 g,a)tfﬂe?@antennas 312 and 314 transmit

information to mobile device 316 over a forward link 318 and receive information from

mobile device 316 over a reverse link 320. Mobile device 322 is in communication with
antennas 304 and 306, where antennas 304 and 306 transmit information to mobile device
322 over forward link 324 and receive information from mobile device 322 over reverse
link 326.

[0044] Each group of antennas and/or the area in which they are designated to
communicate may be referred to as a sector of base station 302. In one or more
embodiments, antenna groups are designed to communicate to mobile devices in a sector

of the areas covered by base station 302. Beam-forming techniques can be utilized to



with one or nore sectors of each access point. For exanple, access
termnals 230 and 232 are in communi cation with base station or
access poiwb 28¢d27saccess term nals 234 and 236 are i n GayusuGiosRsi on
wi th access point 244, and access termpgls 238 and 240 are in
comuni cation with access poi nt 246. [0040]As illustrated in Fig. 2
each access Lterm 230 in a
di fferent pgfci rﬁ1 8?“ s ﬂécgi?’egté x?silxés%gc%? lﬁéﬁbet‘ﬁggg%ﬁ‘ereh?g%%ggg For
term nal (s) exdinglli®esapeitand ﬂnay rovidhenltipdacinmsadcisstidne imtha atctorayf bre-

o Ferent o alanee 11Em ANGuS S LSSRRTG LB STORS oty B bl
2007/ 027825BEeldrk Ia2Q0 M 1 33Pchéesybte@oapteitsi t uat i ons al so due to

environnental and other conditions in the cell at .can caus

different ch@MAkbl condPMerdM@ %OWP@%‘HP“E&@% prng E%W“h
termnal ang. hﬁe?x()% i E‘tgllng BuchRk 817 BAhHoAH FreWihdnly WHistdh hbltipR access

conmuni cati ng Used herein, an access polnt may be a fixed
stati on usedOFBMA)custemi datQFRIMA Wemmﬁtt@nwxﬁawsraléwt%waw&h lgo

referred to 6}12 eplgntho'rggﬁal sﬁil?ca WE Blos@lube Exlé%fsto 9RAkd 1Yas¥nes, %aﬁé?se

station, a KO er term nol ogy access term nal may
al so be ref eﬁwcaﬂnets;bms and/fod ﬁeq\mhcbd@asm Kxch atcatrieeisfagsociaiedrvathia y of |

a user eqU|p devi ] , a
mobi e ot at POGier T e Rl Gy b5 et ey Bt Sl

a set of knawguaich BReahulEbleding s aahxetvbegnng@hamgmmngmumptmiata ces may
be utilized at the base station jn, ordc(rarr to provide S g%g a{ﬂ?
or adapti ve TEpERisTeYs fon muliiple userdevices, (GTaPS of USRRAFEOFCAR RE }eg,sgp
beans for ewgEMrits€hnd tht dﬁ@@raﬁdtﬂu@s@@ﬁﬁr b8 us@BvieO MR BE sdn®bn thef f er ent
users if they utilize orthogonal or quasi-orthogonal vectors or
matrices. | rﬁu‘@ﬂaﬁ&f(sb@fb@ﬁﬁ‘?ﬁéﬁi‘@ usefyeyigen Wﬁ%ﬂ\’?%m%@paﬂmmsﬂc beam-
omi - di rectl pa‘ﬁh E%Ene 8 &3 §1c$soal"39atm t%Qi?ﬁ}ér&ﬁ fredMch Bfons.
station vvoul us% t eam or broadcast or I'ticast transm ssi ons.
In further dod6di rrentmabdael @yrs@cbmmmmyymm,lsmzterspr@mmmg uiig hout
SDMVA i f such ch i tion |

3 illustrat 8®%Y WP ?agfségjss c‘{()mr‘r’lr?ﬁsnse(r:‘éetﬁlbgﬁapoggés?&ej%%%‘g&gccaggﬁ?aﬁ%&)%g%})%gggog
mor e enbodi nRsNen Heas Fht Babe batien may Achedule darsetisam viaﬂ*stbe steatlpGee G0Re

can include rmultiple .an For. e .one C

i ncl ude ant &W&ée%ﬂsﬁﬁgﬁm,ﬂm@t ?@P“@‘?‘Sﬁé’%&nﬁ e 8]6 n%glé%dﬁg%g 308
and 310, andndhdddi GffadditRMpPbéaanfoltitk W DMicaneas p@tia?:n aliwys3lishse uion to
antennas are illustrated for each antenna rougswgﬁever nore or

fewer ant entédzadhMde MIMO padeproghnisicche 18 REBIUES devi ce
316 is in C%m&h%&lyo oWt abhp®) K54 ﬂfox%’e%oﬁdl%é%h@nc%ﬁz{yeoe%@ﬁ@ﬂrb@%sﬁéz

and 314 transmt information to nob devi ce 316 over a forward |ink

318 and reciDMA; viendevines prthiwedrrondibipnas ik ckansals conjé be eehedijed wing
link 320. plé aﬂgxgcggon%?gs gscghfa b%%@ﬂ@d*ﬂe?%%hg SBOhERNASMER4 and

306, where antéennas transm ion to nobile device
322 over for[0@47d | i nkSgeen 300imayp oilizedeamffommng inorenfuncienwith prscadiang ce

S Vet iRt Be R i PSR Rt B Rp R RRICR PR 8RR etk inere

different entries of a vector are applied to different transmit antennas. In the case of

MIMO with multiple data streams, precoding may consist of a set of vectors where each
vector corresponds to a certain MIMO stream. It should be noted that multiple data
streams may include a multi-layer MIMO transmission with successive cancellation, a
single or multi-codeword transmission with data symbols multiplexed over multiple

transmit antennas.



cormuni cat e maybe referred to as a sector of base station 302. In one
or nore enbodi nents, antenna groups are designed to comrunicate to

nobi | e deviveesoinargassect or of the areas covered by basep@tado@nz382.
Beam form ng techni ques can be utili zedlﬁo WO
20071027825PCT1U52006/ 033937 10 provide fixed transmt directions in

sectors or e utilized . | ctars.
patterns nag%\é ?ﬁvi de Wﬂeﬁf”e o{h#ngﬁtgfér{a B[R ER 3%§m|b%§%hggkggglgg)@og¥lg
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frequency division nulti Ie access (OFDVA) system An OFDVA system
partitions PRETOAEABIItzZed BleePERHY mwcﬁoaawnﬁmtwppth% CRIE REFGoHRg matrix

subcarri ers js JLORaRSHRE Q{aéﬂu@&lﬁ c;?a zfah&pmaéi of sRdidwe r@?edttﬁ’eﬂ@ﬁace
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transm ssi ordsvwe)rthatmtuailplhes albatier bewilalgs of GkamnquomdltmseN edevqmzaﬁan
be all ocated se arat Yg %[erl er% ang t.he data tr nasnixssut) ag%r each
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inplenented for user devices allocated to di ffer C
regions. [ O8HEPPHARRTHER RFHIFITEC QL mel R Sﬁﬁdgg Gl o

portioned Ugjsidn SRBRSA Be RAIEHhat HERIChADYI Kif $efSS ty/ £HmBYregudhd$ Ceefinaltichd
sector can indicate a preference for a given beam The base station

nmay schedul é hanngl{s Reaslyi cORSIMtt h t he user device on the given beam
using SDWVA, 3@? oppg tk'ﬂlu%&ét@s Peam ﬂa@céﬂﬁ'él@g f&r a s@&tb?ﬁ@”stﬁﬁﬁgfélth@(ﬁsmosed

met hods. In"addition, beamformng wt fixed beam pattern allows a
base st ati ofechuiquesifor zepreDconnNIEation 1m®w¢1@%smn§mrén@éaﬁﬁcmr4ﬁ2 trgludes

schedul g LGERRRAYS ARl WULSAORAURL Y AL SAIHL B1a BRRLIAh oo o acces

orthogonal user devi ces mm user VIC
wi th wel | - coomit 4060 ridae mmtnateﬁ beé:mtﬁélrsme@nt tutzotsepaaheombmeltmmfmgama 0,

beam 1 or m nde P OB E i e SO T TR BAHRDRST FAG oPA combinatons

conj unct i on aid/bikubsct 6OBERE chelaiei mquma with e &ﬂtlﬁ@dle&b@&ﬂﬁ&hﬁl [Fyr éample,
quanti zed representati on of a 3’ pace of vect gn‘g{?g di fferent
entries of AN eWRYRatioNOT AR peqrgs ithe st eam et“l11 dmpreve Airertionglity.

the case of ghEManhh Vﬁb%&dlﬁé@wﬂﬁh roth beARBodiRY REQE,\GhiBR Yn SRS St

of a set of vectors ere each vector corresponds to a certal n M MO

stream |t shbedigepls, max exresprad tebmitaphattiges teteascheriilined for preredies. oo
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ME&’QBB o
or multi-codeword transm ssion W th data synbol's mil tipl exed over
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precoding weights in each other virtual sector. It should be noted, that some beams (e.g.
those at the edges of virtual sectors) may be protected from being subject to precoding
weights in order to prevent interference or leakage problems. If a precoding mode is
utilized, the “beams” are transmitted and do not overlap. In MIMO mode, the multiple
combinations of “beams” are utilized.

10050] Unlike standard precoding wherein precoding weights (e.g., rows of
precoding matrices) are applied to different transmit antennas directly, according to some

embodiments, the precoding coefficients are applied to the beams. This approach can



11 [0048]In sonme enbodi nents, precoding weights can be selected from
precodi ng matri ces where every row corresponds to certain transmt
ant enna whivloeo@v®tgss col utm corresponds to a M MO str eampcfe$206uB537
M MO precodi ng, either a scalar or a vegéor guanti zati on may be
applied. For scalar quantization, the cog&fficients of a precoding

matri x are anti zed i ndependent r vector quantizati]o
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pr ecodi ng ”Q}Slﬁ d. Be wsbd anzﬁfé ,chml@ stRESNByith3EDedtG BHEE VikBsl sadichs dat BAt
over | ap. MI%/D i pl e conbi nati ons of "beans" are
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wi thin ot herschedpled fr thessamsresoise prop iffsrentidepal gecipk dyecodinepdthasgicgiiad
the same resQUEGeSbd agéﬁc;v?srd%ﬁhtl\éhro&"&'f’a!rmﬁz%?b?é’ﬁd]ﬁ@ il i d bR hat, for any

(|ntra sect or Interference Is
precoding matrix, every antenna transmlts the same amount of power. This can be

beneficial in thermal-limited environments (e.g., large cells, limited link budget), where it
may be desirable to transmit at the maximum power level. In some embodiments,

orecoding in the space of transmit antennas is utilized for non-SDMA user devices. Also,



[ 0052] I n ot her enbodi nents, virtual sectors are defined in teuns of
average spatial covariance matrices and preceding matrices are
gener at ed Woroeyeigsr egi on as (pseudo) -randomreali zat |1Q’fl$US2f)O6/033937
matrices with the average covari ance matlgl x defined for the region.
gyf](c:hoom ng quasi-orthogonal average covariance matrices for

i fferent ions, a lowlevel of. intra-cell |
achi eved vhan-aeesm gt BFmdL oo Bt ot ik SPES ERffa Sbrbfoast
di fferent vigahsmaiksisgctors. [0053] The decision to put a particular

user device in node_of I|2| recodi wei gh )
conbi nat i ond 95&3 be bgﬁgeﬁlbih’ﬁ'a?fe% Efq‘ﬁl’?ga g}gﬁcgl %s%@?goé‘iwf%wm
anot her userHeW dafbo@itnetsd %E@rfaﬁtiuoﬁm HdeRY repRE&rR FudfiehsStplbmented by a
determ nati on can be nade by the access point. This determ natl on can

be based on pﬁmsa@héﬁﬁq@areqn@ﬂmhwamémrw&e By pmEre)s dpcladsg 2g@a Peam ¢ he
desired pr eg@ af, &%SWIQ%OQ% ShBG508)] %@%@oﬁmma@@@m% iRFface

t hi ngs, ase n the clannel " strength with respect to other

vi rtual secmtlseatltlaiﬁlemdﬁhmgeﬁmmml@e@qsme showerthar esrcle watser feWeSDIVA
node. [0054] evic t

and precodi wgnagﬁocgoaﬁ%l ﬁg’t |f%1%ftmﬁaf%§b%g§e%% %glﬂ{r)rlglgd %Pseg ehqgcop‘ﬁﬁ%qgr
a virtual sehkdwriothahbidaénigimesdnted herein.re sector. In t hi s enmbodi nent,

pr ecodi ng i es can be defined, eit th.respect to tr
Brtennas. wilHT s ¢ hBosi aSrouglg o i contietp PP atsets Tl dne or
beans. [0055}drt vediers bfld/Beond ok fdrd ‘Fb%’éor BEABMSHRAS 6r §2£sC T exgnys16 Wesn be
beneficial to support SDVA because it gives a hatural way to ljmt

i nt er f er enc S°PERRELN? (78 grrerye At I"%‘aOlTQSrV CetpeSCE AN S ALY a8 R ey n Bepm

di fferent vighyal, méaﬁ%rtﬂ%f E&R@dté‘gsé%ﬁ@(tﬁlﬁﬁ@&ﬁﬁl 48) VAR TP vb ot HeEIRARAS
allows definition of a famly of precoding matrices such that, for
any precodi rgs asuhsiagtialbrdfferentor éhﬁélYtdfiﬁ?TQImCPYﬁr%&?@mﬁéh@ thprpeisragsprea of
power. This i |

Do oo 2 FERP Rl Pty Uyl S5kl LA, 6 POl 8 i
transmt at rtohevamap( amdmapbemmthdgenm In dthersorpedisrhisdiheeenond veaters édivagor

in the space o transmt antennas is ed f user
tovi ves. T g6 capsiBe s puBheaRaR ol atiue it Sl U A FENT
enbodi nrent S,[003%3r € Wa)&sﬁ@dﬂ@O@ézﬁﬂQdioﬂﬁg\ﬁﬁﬂVO@éSlm cppire eskr flewices to the

broadcast transmi ssions. [0 Fi
of a system gd)e?lﬁ oaégaéq éf% 5? elfﬁOKLcanlblelags%tc:lrai%a?Nsﬂhfaucrc]) tel:go%ﬂ%llat lgcl)n(%:ﬁgss a

predefined set of vectors from which an access terminal can choose. Each entry in the

codebook can correspond to a type of vectors. Thus, assigner 504 can associate the user
preference with an entry or entries in a codebook. For example, one eniry can be a vector
that corresponds to precoding. Another entry can correspond to two vectors utilized for
MIMO precoding, wherein each column in a matrix would be a vector. Yet another entry
can be a set of matrices, each set corresponding to one SDMA cluster. The SDMA users
should be separated by having sufficiently separate beams at the transmitter, or access
point. If two users overlap, they should only overlap if they get beams from different
clusters. For example, if two users want transmissions from one cluster, one or both
users are sent to different entries in the codebook, and SDMA is not used for these users.
[0059] A precoding technique can be utilized to associate a particular beam (or
beam set) to a particular user device. Assigner 504 can further be configured to assign a
second (third, fourth, efc.) user device to a second (third, fourth, efc.) beam of beam set,

which may take into consideration a spatial processing technique. In other embodiments,



vari ous enbodi nents. These functional bl ocks represent functions

i npl enented by a processor, software or conbination thereof (e.g.,
firmare). wiomwbudestsar e abeam generator 502, an assi gnescH0<boo633937
schedul er 506, and a conmmunicator 508 that interface with each other.
Wil e four functional blocks are shown, there can be nore or fewer
functi onal I

funot onal Gl gekesG s SO, GANL ANRE OHaSken AR LRI IS B b

[ 0057] Beam g@mﬂ’roat}(precﬁﬁﬁtgomﬂ b atibedf w@wrénhgtt@sqm&eetmadue@rts sssigrat 504
with one or no vect ors nore vector conbi nations or

R Eh st 8t
sets. For eX eém“?fe% 8 UPATIHY O W RS enerate a first vector or
vector set I@eong a cmaﬂgles%roembe aﬁlai@ngeﬂemé@ﬂe &dEmedeation fériee user

generate a second (third, fourth, GC.) vectg . ve r.set that has
a substant i QF‘flgﬁsg’?teﬂé}i’éﬁﬁp%? WisiqpHpyL 91’1)6@?%% éﬁi’tﬁ&%ﬁfg@eﬂw@w@wgn
the cover ageuRhE@mRO], B/bt dppbrttBsicWea forhhg whe&ﬁtn tdcAnig&stbrao a
manner, the vector or vector sets g ener at ed shoul d not overl ap and

maybe ort hogarmissianmeddiers. erdsodingeIMA, SRM Aspreensing, SEMO.MINP vect or
sets) can h?}’e‘éo&gﬁé\iﬂ\gg ﬁ%\‘éﬁ%\ glggrs e%uﬁ?s g%llﬁgglﬁ}ul&’ c#%mééﬁrto YREHOL

set). [OO58]Assi fl gure ssi gn orle or nore user
devi ces to pbdorfrianst inlacginaless cremmisaion eAslsmgtmt Wdldarﬁ%eam%@tbm@d

Wlthacodebookthat,cnadi @ﬁ% 1 d set of vetosf i.ch
an access t SIAT REFTHSIPRBEEL PR H AT ?%?“’Pr?a‘t FRTERIO B el of s n
correspond tie @déyopk. of vectors. Thus, assigner 504 can associ ate the
user preference. wth gn entr tries.in a codebo For

one entry ci‘ﬂmﬁb a ve ?Wuflﬁgtf’r i%&%g?ﬁﬁ‘&?r/ﬁ?eﬁreg t?‘?ﬁmﬁﬂhfag cive
entry can ce{mmaﬂ@rohpeabmseyaeﬁw@%ﬁamg b B84 bPBeaM MhRfcRGRE! RE
wherein each colum in a matri x wou be a vector. Yet another entry

can be a seEXRPIpEPRTRIEICAs 0hCuECCREAISSERAETEREE 1052 FRRSTLENAR BedRst er |
The SDVA useisinsheuld sbecéﬁﬂ&t&tceﬂﬁgxe&t%\&aﬂenﬁ ttte 11GHERT A SEBAY ﬁirtﬁ%des

beans at the transmtter, or access point. users overl ap,
shoul d onI ysdecéfrd dp si¢h etmwxeg@pmbelmwf ﬁQ&nadumtﬁ@cemthcth@ettler@nctmml

exarpl e, 11 plp, 49863 WL, WARMLASLANS LAl UL kot

bot h users are sen erent entries In
not used f oromtwesecassepsnt. [ 0059] A precodi ng techni que can be utili zed

hovi oo nasTitaP 5 0s “Hignba AR L weRBRRE! brtrulo BER e g Hiretess
(third, foucthmusication dasRénBeN| The hethed SECKHaths (4t 602 d:vhetwﬁgehpreetr@c} is
g?g?eggl 2ga%ne§g]§%¢ Wgcli gqu]ﬁ”g%ﬂt ak l nt o COHSIeg%V\%EeI u%gr mob1 %[ew%e The user

2007/ 027825 E&T&b&%@&@/ PRPA3 ﬂi‘éfe?e‘h% Qiéﬁt'ifyfh%‘th@ﬁﬂdéiﬁﬁﬂtﬁﬂe frxb&&taldh‘g%th

device to the second subsequent) beam or beam set's if
gﬁ‘cﬂl Sit

precodi ng wirdlatedeQl tor F%@‘ﬂor aflcad dstferepiial hebBefninE Qls fafsertegtﬁ aore
504 can det grNe@ Ghank SlromlfbAdels c8idbf FhefnBeutitS&ito determine this

nreference.

{

[0063] At 604, a codebook is read to determine what mode and specific vector, or
vectors, or matrix, or matrices, correspond to the user preference, e.g. correspond to a
quantized index that was included in the user preference. The reading of the codebook
can be performed by associating the received preference with an entry or entries in the
codebook. At 606, the user can be assigned to the particular spatial processing mode or
transmission mode utilizing the specific vector, or vectors, or matrix, or matrices. The
particular transmission mode can correspond to the entry or entries in the codebook that

correspond to the user preference.



[ 0060] Schedul er 506 can be configured to schedul e communi cation for

t he user devi ces based upon space division nultiple access (SDWA),

mul tipl e iwpwhomahdspl € output (M M), and/ or opport unigst¥/6s2006/033937

beam f or mi ng schedul i ng techniques or tgsa transm ssion node (e.g.,

precodi ng, SDMA, SDVA prccodi ng, ML1\40, M MO precodi ng, M MO SDVA,

di versity). schequl i n |41 : :

per f or mance [i&}r{ﬁ W r e?‘(‘qésso glag%%rﬁrlg lr%l o g%ﬁgﬁ?%dﬁi \gii) é%g%%ﬁ@g@gﬂ%gﬁ?lg ]rfocgsgglg

can sel ect omwdeoan take mahy fomsei & shanid beutelsrstood dppihg folldveng disewssipois fomn

correspond to the entry oy entries. in the codebook, .

[ 0061] Conmu FERTGPIgaisS eBly £ AU R PEERTER © 8T USSR PYTFR o

receive i nf ¢ pratdddi, Whivh RAGE utils2d feteMilaalityedase tha e hdamosigheam

set preference. For_exanple, comunjcatqor 508 can receive ser,
dgﬁgegaﬁgcanbe

pref erence BFAUOT: rEdeiing SiyAlUGHEOT Vet PSP SIERRS BT 4

configured t,@1iiddaosikint BEsibidend:t fier of the node or nodes sel ected.
In such a manner, communi cator 508 can interface with the other

functional H0®Eks in Amefber sebof eatries ean o ieaneombingtien ofbeAnE8eringat
can share t@@ct&x%.s ?H%s%eo%arﬂfﬁe%ﬁﬁ%{'@[ﬁ?s HnR o1 %ﬂ%ace[rtgglqgﬂegﬁ& ing'%ector.
illustrates a nethodol ogy Tor ®nhancing pertormance in a Wreless
communi cat i dhugmet everynesat willlbreindiptbeighiond beyutidize lintar@oRpinghens ef these
user preference js.recejved, based o plural it ' '

ot er i ned BYRIEHRETIash: 1 HE r an R MR ook o bl tothese
conpri se a phefrecebiatiogeat. & yétngdcddignaivde thanutlidepdrsy mmdesodoombinatibish

related CQs_for so or | of e des, differentials, hetween .the
CQ's for ondor 4fif %ﬁlﬁ)@g‘{,becﬂﬁt‘?‘ittg?t agf%ﬁtéfet ‘?fﬁf@tﬁﬁﬁﬂl’inbc?rf’ahﬁ%t eps and by e
of being ut igeiizetoitcftre tAl BY MRat d¥nfbinatiBhLs AR amk OPBShodkssGRitht cah use
codebook is read to determ ne what node and specific vector, or
vectors, or thase piexdefiged bramsi ces, correspond to the user preference,
e.g. correspegjto a ge@d?&ihg%@m@ﬁés&tf@tmﬁﬁ@sscaw&@deﬂ&& Wikrd High Uy
preference. The readi ng of The codebook can be perforned b i
associ at i ng indheles tewithieel fprefies; eisceeciors: Hagh cammpl Bie tegiciogs @nyibg adijear
codebook. AlofBfiaidiGr HEGlnfAN AeRIPHOBRMLO LB LA AbebRRl AL
processi ng nmode of transm ssion node util1zing the specific vector,
or vectors, differerets ofthe Gineanaémbiog®on afives fhacolimus. afortexamplel ®kinon! sade
can correspond to the .ent or .entries in.the,codebook that. '
correspond tG%¢IF8 E@Fmb‘?{e%éﬁnéﬁtgané %\6“%68%3%32 ErIOPRELE PO 7-
15 [ 0064] As30gidd.i Athitdwet efdntiicdSah be 4 hetrzkpdhdeialcadiocolur@cdn el lmear
spatial processjng node can take many forns. It shoul d be understood
that the folcP@mnﬁgo‘H‘i’fsﬁ?ﬁ‘?% on is for exanple purposes only and not
limtation. (g7 exanpEgs andSISdA é?cfam'?lé',[ & i&Fet 8fbt 62 bF B&RAYEN bepointing in a
precocling, which can be utilized for a plurali t)é of users that are
in |ine- of - Pt dBpREIORLR & PECtoTo Ta@EiforE FRTRNG PR HhS0RFYs, 3H bEaiay @n be pointed

2 ieam S nglr’ Is N9a Y G RESaRIL fRkANNE. ARG seRR n§ bEllvidet8hto @b of ABrel Vil Of
J ‘sectors wherein all beams within a virtual sector are grouped and all beams in another

virtual sector are grouped, separate from the first group. These beams are essentially
clustered based on which direction they are pointing. Thus, if two users prefer beams in
separate clusters, and user 1 prefers beams in cluster 1 and user 2 prefers beams in cluster
2, SDMA can be utilized with user 1 and user 2. These beams are allowed to overlap.
Precoding with SDMA can be described as a mode where a user is assigned to a beam
that is a linear combination of beams in a cluster.

[0068] Fig. 6B illustrates a system for enhancing performance in a wireless

communication environment. The means 610 for interpreting a user preference is



[ 0065] Anot her set of entries can be a |linear conbination of

beam steering vectors. These beam steering vectors can be pointing in
a certain digRetd2esin a sector. Thus, not every user Wwdtud80dd3ze37

| i ne-of -sight and can utilize |inear coqr?i nations of these

beam steering vectors. Another set of entries in the codebook can

correspond to e | ine onbi nati o .0., a.set of co nat.i.ons

Chat -+ hol uasSg R et 12 Ao et Hesops P qee it o FRL ABEAR be
noted that &edibrl Sivests, 6f metiix braBateieds, dmeres;ﬁinhaﬂthem@@@sseferam &pe next

set of entries can be |inear.comyinati.o of. the bea%. The_access

poi nt can uSeTIAYYHC 3quaniized kX ms in Bfé@ésrﬂtedﬁmr repige. Mhegpasingpt

set of entr 'tl?e%o&%of@@arﬁ?efﬂe?l%ﬁnw%s&%ﬂg@[&&é%ﬁéﬂ%&&%ﬁcém arll H§@r
four, five, etc. vectors.” Each colum of the matrices nay be a |inear

corbi nat i on efries indhdyadnokA Mesans12 i cwpﬂerdép arenyd ¢ fph@SJ@@lﬂﬁﬁhPsusé%fﬁ ﬂli‘e
ascert ai n' ne mh@aardglpgaﬁ@a&&ﬁq o&ehﬁ tﬂahsaﬁesﬁoncrﬁgga ﬁl&hmo oB8 Stif;

col umms. exa 't near conbination o beans

and 3 and cetaarﬁm@cﬂosoavdzqtasre,aarnmmmonammﬂs of beans 2, 5, and 6. A

i near  comot%! on” ot iBotna Srgbe e IRESISE iR dﬁre?mpé%?

first set Oﬁlsdﬁegﬁﬁﬁrdhamoﬂwnlpdh(ﬁ)tdr figndntisston(s) Itéc&hﬂudinl’ #eCdriiatee iwdthahe various

sector. To perf rou n the bea ns can be pointed at
a 30 degree eqy 1%“”“ B’Eesgﬁ%{ﬁlﬁﬂr@n é‘i%"@@gf e H’éﬂwg gy \?P%IB’de'r%t halﬁf?g
nore Vi rt ualch §844R6Ss P8 L& ArefdeterBBRATt BiokB 70D, arne dhbmtRl c}&e@t@l@u@r@y
grouped and all beans in another vi rtual sector are gr ouped, arate

fromthe fi bgpngerguge Clie @%@aﬁ%ﬂf&%ﬂé%@ﬁ?ﬁl&mliﬁl%ﬁww & 2Bt
whi ch dir ecttﬁe%ohmﬁaéu eamam 'td‘ﬁhe udd? U@hese Indd¥PinkRas §DMA@fSﬁMReam5 in

separate clusters, User 1 prefers beans in cluster 1 and user 2
prefers beamCde&lpmémg@/IﬂgmMén MIM Qipierodieg] diviersity e, apdépnthediker
2. These be r 0di | e
Geseri bed ad e AnAahOeURE LD el EAHG b Bl ol

| i near conblstnaigﬂmmthtfr sbc&anntarfereac@ilnfmmmon @Wﬁﬁjtﬁrghalﬁmnfmﬂnmmw-

a system for anC|n erf i wre tio

Sl t ormene 0GAD NS N8 BEH AR AR Bt SR SRR T iy oTo
20071027825 B&Eﬁmﬁaﬂﬁ@é@%e&& hﬁoxﬁﬂu@h@ chardctdtistieQns eﬁé:ﬁplé OA fieieagideton
codebook to determ ne what node a ecific vector, aqr ve ,}ors or

matrix, or Phtheiadsls) ﬁé?ard@s%b‘ﬁﬁfmcfgr inplading dhe medsrs frapsitteds ay

corres pond G072 quant Ag gdoisBsemotdl e MRR:s intGldy Gen A SR ﬂi@@ﬁmg,
pr ef er ence. The r eadi ng of the codebook can be perfor med

associ at i ng preseding SOMAs MM rreegding, anf/arthe Jike rin @pder F%‘%el@lch‘”]ﬁwr
codebook. MpaRg Ghal M@Jes&ﬁgﬁ pPREHRSs 8kt %bmsmweédaﬁlgia%rsﬁy

the particular spatial processing node or transm ssi on fromt

codebook ut inhdde, amg/ot th@ l$pe<mrtfamnfmemtmn shold beprowided taohe hwterstaiaon o

o 1o Xt Thidtnforbidd bR oBmhiAH AbLERYy el SHonHil AL N N9
information as to which precoding weights or beams and precoding weights to utilize.

._1

The user or user device may include one or all of the following metrics in its reporting of
channel information, which then may be used to both decide which approach to use as
well as which linear combination to utilize in the approach. Metrics that can be utilized
and reported include CQI for precoding, CQI for SDMA, and/or CQI for diversity mode.
These metrics may be reported in any sets of combinations or exclusively of each other.
[0\072] The CQI for precoding metric captures the channel quality (e.g., SINR) if
a user were to be scheduled on a certain beam (or matrix if MIMO). Usually, the CQI

corresponding to the best beam is reported along with the index of the best beam. There



user' preference of a node(s) or transm ssion(s) technique in
accordance with the various enbodi nents presented herein. According
to the nethwadobogys2sone or nore channel characteri sti cspdUus@odassys7
are determned, at block 702. The channgh characteristics nay be one
or nore CQs for each, sone, or all of the transm ssion techni ques or

des, d thei ' ' il er .,
el uie SOMES SPRRBILEa g ook ER e o e L BB FeltBafy

di versity mbeey, thindb&t bdadhgelci ke. Further, the channel characteristics

may include fransm ssjon r sets, sjgnal strengt ot .
sector int er[éqgs nce iqﬁ?%?ﬁg%%? §P%HE}I&%‘B{“%§?1’%%W28“$§¥’€ nif the
criteria. fQGfQfefd toteQElkeddRd usife SBIVEA NTRES fNpdver iBERnAsed Rsutih g the
node to apply. The determi nation can_be based upon chan

.upol el
char act er i stp@vas pehiedeled ppihe bestbeap. In geapish thegpiegprengsds ﬁﬁ&é@é}f tye
made, an i depidifierri ! td16e BRABF ihSroldi 2L it bel #hterfQEnce. Th
[ 0071] As di Slg%rist@'gg %%éﬁjé%lﬁgym ee_s I ncl ulc?fla SDVA, SDMg 1prgcodicr?fg;;, °
precodi ng, NeduiDd SOty (ENEpodetochis interfesand? due to lhaserispeeduled opodee! the
sel ect whether to use S odi i .
V1V O pr ecou At Barl ot BEEaR b B B Mne ik Tk on
i nf or mat i on liatityg emindirpermyiadadgihgotdredirasdeshatndoingde infarfensgbeangrwill
Thi s i nformation .g%zul d conmuni cate not only the selection but also
i nf or mat i on °§8°%°8°%hi ch precodi ng wei ghts or beams and precodi ng
wei ghts to ybdMize. ThehesRkagdis deeidvdsebeandraydd, thelintederomns due ted do-of

the following netrics inits reporting of channel information, ghich
then may be Sg@% usg ipetimatadc s SREmEPTASEE &t s vsrdnaybe jehqduled on any

whi ch | i near,ng gk BanhsOWitHif a itfokdrk Blubter Ma%a%ra%@a@&he&@é&ihcassgammum
be utilized and reported include for precoding, CQ for SDVA

and/ or CQ flbe amovrtof interfasenge sernprrseciiom appther chsier Behe eysmaeddthien any
sets of comnbj ' j : : for
pr ecodi ng ﬁt%&%‘g%{%ﬁeg?ﬁ e gﬁ‘ghﬁlgﬁé%%gof@%t%ﬁl%gg'g?%@%?aﬁ%mﬁ 5&% bséer
were to be gldneforel the sam of theenteidérandsalaniq e othat ¢lissters.f HMO). Usual |y,

i ndex of {nOOTELt  boall Sy Erois3BaTrb AR PSR ARSI o

be benefits sparificceainig adsipakd toheuspr maaditader®g SON AnthstendThesyerfeomed e

second best A be dhird best beam etc. .[0073] The | f.or metric
captures t hdMEHaFRY: the mieripsncedrogn this ejejeamy; Thyqugh g@ézra{l%f’&%esﬁ’éém
schedul ed usi BfelIMputalids, HicdiRad tedGi had the GOARbIE RHarASFi foritgtisWwithither
was schedul ed on the best beam |In general, the interference is_ the

sum of two gigartandierferys compated.LBiReA P fed baokelangigrthe Hdpral the Rert

the inter-c ?éi?éﬁﬁ%)%efaﬁlra%ﬁ% inddXSFURCARFreANEN b Y 1HALIHS HRAMS: fuRrfehifs

interference due To a user scheduled on one of the.-beans in a

di fferent clesnerdeThere can be many ways of conputing this and two

non limtin odi ne a0l €880 i .

interferingq%ea mﬁl?&@g&gﬁ%@?gSQ%QQYﬁﬁd@%&ﬁ&%%d@ 18626h. 1 iric
captures the channel quality if neither precoding nor SDMA is used to schedule the user.

This metric allows the system to provide a minimum level of performance for a given
user. The idea here is that precoding/SDMA is used only if the precoding/SDMA CQI is
greater than the diversity mode CQI. It should be noted that this CQI reports the quality
of channel containing diversity mode information.

[0077] Fig. 7B illustrates a system for determining and reporting a user’
preference of a mode(s) or transmission(s) technique in accordance with the various
embodiments presented herein. Means 710 for determining one or more channel

characteristics is coupled to means 712 for determining a mode to apply from a codebook



[0074] I n the averagi ng over adverse beans node, the interference due
to a co- SDVA user is estimated. This estimation assunes that the
user may bgosehwdighed on any one of the beans wthin asids®émsnsses7
cluster and that a user is scheduled in spatial cluster. The anount
of interference gener at ed from anot her (l;guster is the average of the

interferenc eat e the be bel on

Lotal i nter PEPBHRE e Ol srapup SP AT e GG Theo el M sty be,

tS P)ﬁ/AOt her cbusdreficre ﬁi@@ fdrJehdh, ‘S&fiﬁe SL Aybfthé ﬁaxﬁﬁﬁ@fdnng:hhqam aroateles, tahé
user assunes_that a specifi eam js assi

i nt er f er i ngtSHIGRTEIGEens, ava’llﬁlélet %%P?eérm s 1%‘1]1‘%%3%&)3\48 ﬁ@lt’rﬁ%oadmg’

i nterferencgrhsam Mﬂ\&ommemmomewaqtg Uik brkity Abi€Q An@br thb Hkel EBgthened

or other conputations, the user term nal has the avail abl e, chanpel

i nf or mat i onttmcbameh@aasac@mauosm inluds traasmission poWFHATBES, StgRRLsteaghs Qther
fed back al 9&9}1‘%‘:@4}3&&%1 T ?x{dt’t)? Pq%?&haﬁﬁélmdldtﬂ)l cRRAM BREhI NS is
index of the interferin eam I'zing the single interfering
beam node. EO@IS] tAmim’?Mnfbt geveraiisg athide@@er pHthe diodershielymayhen be
transm ssion. Thjs rrgltlrlc ca fures t he channel quality if neither

pr ecodi ng ngﬁnsgﬁ%\ﬁ&iﬁ UEEFS P8 S chedul e the user. This netric allows
t he system @78y ovi deFig. Srtltustm&d@wehl &wbﬂmuﬁmemmhsctused wclyiiges to
user. The idea here is that .precodi ng/ SDVA i.s used 0

o e SORPEERISE SPBah 20 IS SHoTE O Py R ae oot et i o

be noted thate dnBiosnichd erﬁlﬁﬂ%érﬁ teh@ntiurtdid. YSRtent BENd¥a restd@rih aibAdenation
diversity node information. 8

77] Fi g. 7B|IIustrate stem&?r
det er ni ni ng 2Bder m@p@@rtqeﬁge,aﬁsa% be apresiatebhiceneskillgd FH)@@G@) Fitem 8
transm ssi onf $)el §Fé891b9;%2' tﬂat%&%%éiﬁag@a Wobd) fdrigstMRE biitst resth elbRENt S

presented herein. Means O for determ ning one or nore channel
char act er i stan‘@snas,sﬁnd@@rib@@ typicehaglinns thepeop de.g.¢l EltersAmLifgs, SOVBePEVEEs, --.)

apply from /

A T R e S e e R
may be one 604 pmrdenGukte amd peavide, reseived pilotrsyaibblsdd a phrsesspraiisrfpschanrel

t echni ques or des, and their conbinations, available to the user.
The nodes i ﬁétr{rﬁ%é’ SDvA, SDMA precodi ng, precodl ng, M MO SDVA, M MO
precodi ng, dooreysity PiRdessore808/car bé fiprobdske. de&imittadn&ra,natylamgmfanmlon
characteristics may include transm ssion _power fsets,

strengt hs,  &8KEed E@E@tcﬁ’t" ey ${AnFF é‘?ﬂ?@“f‘%fn(g&ﬁt\gﬁ%g’ t@ﬂ?‘i’}lﬁﬁm lt%h‘é ansmitter

channel i nf R BcbioREks G 06 RE Be a MRBESor flad chifirdlOsHY R GndrOcdiBRsntd dfuseOr
generating an identifier of the node, which may then be transmtted

to the accesevipoif and/oummpesepr gt malyzss infarmation woevekhygoeriyH 402,
utilizes t h%eﬁjérﬁgé PaLHfGLRRLINGEsstd by a transmitter 814, and controls one or more

components of user device 800. Processor 806 can be configured to select a transmission

(

mode of a plurality of transmission modes from a codebook. User device 800 can include
an optimizer 808 that coordinates beam assignments. Optimizer 808 may be incorporated
into the processor 806. It is to be appreciated that optimizer 808 can include optimization
code that performs utility based analysis in connection with assigning user devices to
beams. The optimization code can utilize artificial intelligence based methods in
connection with performing inference and/or probabilistic determinations and/or
statistical-based determinations in connection with optimizing user device beam
assignments.

[0080] User device 800 can additionally comprise memory 810 that is operatively

coupled to processor 806 and that stores information related to beam pattern information,



i ncrease system capacity in a wireless comruni cati on environnent in
accordance with the one or nore enbodi nent presented herein. System
800 can regbpdeyip7eds base station and/or in a user devi %T/mowghj%be
appreci ated by one skilled in the art. 1?S%lstem 800 includes a receiver
802 that receives a signal from for instance one or nore receive

ant ennas, a eriorns t I.Q

anplifies, E’%ﬁ’ %?%pl}ls%g 15’%0 %éorn erg%l;e@g}f’ % épﬂgﬁ%}m&{lﬂﬁ i f)%%asuo{lhe
condi ti Onedrédt@t@%eérﬁ-f&lﬁﬁﬁgﬁs &acrteé heret, MémnﬁinaO o4n Mﬁlcma]ﬂy store
denodul at e and Frow de received @%1' ot syglﬁ s to groces ? for
channel est PP 3ssopigted] Belawne Belgrdae, g/ca s ‘ffi& LYY eﬁ‘é%l at8d
to anal yzi ngmp1e§ SlfERatHrOBcd1SRY Mk oBYhniaS Blcy@ke %@%ﬁﬁd’i@é@fy gengmat i ng
information for transm ssion by a transm tter 814. Processor 806 can

be a proces gzmreceeﬁqt thaighe flait siors{e 2o memsFies) compenralftdssabed derngay Pe e
800, and/o r BhePVAGHR %a}% ?xt n@Ne aﬂfe‘?ﬁerﬁ&{r Q% MR} R dd BSRYBHIMA

recei ver 802 generates rmation ransm ssion by a transmtter
814, and con@nvolaklmenmy Wycﬂmlﬂmtr@tma@fnombemam ineev olgie memory can
Processor 806 aonf i of a
plurality o R e Suf R RO Cp R Bl R HOATPROM), SaiRAS O 2
i nclude an ppigtaiingadle ROBI @Emomperedmdtmadabhm@dﬁ@mmsorﬂash| m zer
808 may be inco rated into the cessor 806.

appr eci at ed H{eﬁlgfquﬂ%f‘ %’Fno@b?nc‘ﬁ‘ﬁ ‘ls‘)eﬁ(??‘f?&"eacﬁﬁstsln?ﬁl%oﬁ{’ ?%%ﬁ%b@é“ﬂ? fiAg as
perforns ut bkibdil RAFAHeANI BSivwayl JF iGQHAEEL 400 IiioMlhrhiﬂatﬁbﬁﬁRQM B@vaiBble in
devices to beans. The optim zation co&m@n util | V4 ahit)g | ﬁl al

i ntel | i genc@2BREwEs fishias gEchrpnoup,RANE nPYariapRas

and/ or pr obgRiANI $EHEANB! EhBld \Btd ARSIHMMIQDDHR SbRAM)C alimRARISRAM
determinations in connéection wth optim zi ng user evi ce beam
I

assi gnment s (ESRRAY), &@PWEM@@«WEGH@ eshBRI) UMY (RRR Ao FYe
810 that is ( Ly, hﬂﬁ\{s

i nformati on %%éﬁél 0% ?tte%irgﬁg [ nf%ﬁ Eﬁgé f@%ﬁe@%dco o SHftofbeing
2007/ 027825&@3%&)@26@6@‘ 8@3@1&? sm&xblmmpfmmOes Tempedesion§04 mfcgmwaﬁeii e

beam for m gy A0 BRGHPRE SR At A kb ORERb Al bRl ¢, o,

protocol s agmsej at ed wgtmﬂmemesed dystgml tbnklupzets@bdcesmg enctsmvsmwhnctrme

user device 800 can v%{eﬁt orerpmg%lot ocol s. and/ r aI I‘Ithn%éﬁ
i ncrease sysYSER E@B‘é&y iz Wifglesgop © F&WW& ?ﬁé’eavé SYagious
(e.g., NMENDEIBSHmMEMEPOREHh §0(¢&ﬁﬁ;§r&s@§ﬂb&§8 5t@#ioh SEAviklea ﬁicélhamm@}haatacblees
rrermry or nonvol atile nmenory, or _ can include both volati|e and

nonvol ati | esigass #Omwe\%?m&'f user fqyises 394 BrPush ARe HROITFRCTE AR IGRRas 906,
nonvol atil e M ﬁ&hﬁﬂiﬂﬁﬂéﬁx
RN ( PROM - B e Erg) oot "
erasabl e RO93.EERROM movrenfliodshente raseiye anfeinas P%an@rmﬁlylt@aﬁmaﬁép%%
random acce VLR y
way of ill u??ﬁ”ﬁ?ﬁéﬁ}{%é%% ’%@!ﬁ‘?{{a %ﬁnﬂg |§]%g€iz§| (l%gb ell n mﬁi{h3§1o§
forns such @emsyceihr aionss SF%Mn(iSiW‘e)atwdylammteWmm@iulaw Athihehous

CESDRAV) . SYREHTAN R CBRAY o ettt SRRt LAY " e

menory 810 @dgl eh@c}&&ﬁue&ﬁit 1ﬁd¢[ﬁlﬁﬁzﬂ§r RodtsgEeittipath sighaltcem@ekntsusing a
conpr is e,

wi t hout bei ng Ilmtedto ese nd t her suit abl es, of
menory. The%ﬁ@%%@&se@% corzelaigitne ot Béjg”ﬁ;@ BTIV%Wﬁe@%%{‘g Elﬁ
transmtter ldet ﬁ@%ep%faﬁﬁ@ Hﬁtﬁﬁeﬁd’é@m@@ﬁbﬁhﬁé&ﬁe@ﬂogiﬁbﬂl HeQBBkLikied by Sne

illustrates a systemthat utilizes precoding and SDVA to i ncrease
system c apa@klﬂsﬂ%/ intheariy Aeqoeding oY aSBects MUEING TeEFNER T b ARiordihte

with the varj hous é%gpg%g{gﬁg%c%d%}ia{ I%Eél‘?&%ag)%pﬁﬂlﬁﬁ%teamfa@é&h%ﬁ@f {002

with a recei’Ve ves signa romone or nore user
devi ces 904 improvedyistionates of usrpd@a.r Bempdidatethtyerholsar@06 ] yzah Hy & progesspr s 4

that is similar to the processor described above with regard to Fig. 8, and is coupled to a




V\D 2007/ 027825PCl AS2006/ 033937 20 nenory 916 that stores infoimation
related to user device assignnents, |ookup tables related thereto and

the |ike. Jweesi7werszout put for each antenna can be j oi ntic/g060s3e0d
by receiver 910 and/or processor 914. A,podul ator 918 can nultiplex
the signal for transm ssion by a transmtter 920 through transmt

antennas 908 to u evyices.904. [0 Base.stat.l urth
conprises affd®Y %ﬁ{atp% °s Wf%lﬁn%larﬁg%élt%usﬁ g%vé%esaggg%r? %fﬁ’}l]%at@? ?ag%sor
Idnt egral torgitedBstty anﬁlﬂedlﬂ?TI d})achw Muqanf(:ewaihlmteagacqjmﬂ joinfly ptdcesssElry
evices in a sector serve se station 4 and.can assi user
devices to BESHE %}é)_s?@goéf’mf’ %rtﬁiél_n Ap’&?‘ﬁulac%roﬁ tcﬁlérqugl?}t’ﬁ tg'ﬁ Slg‘?aqtf‘?fe

I ndi vi dual  usgamiset t%%ar@m&f&@@@ﬂﬁ&gﬁ@ﬁaﬁiﬁﬁt arflénnads ESOUKERIcHRE I0A]
schenme. [0083]Fig. 10 illustrates a transmtter. and receiver in a

mul tipl e acd@$3] wi r el Bass siebpmiitd BabheigRmpystsamasdosT Sk Shintgn boa
various enb Pdc@&%cﬁstﬂ{c?ﬁ&ﬂ.to?ﬂﬁg%%g grocé%éﬁj1gsa§1d%ﬂzw&unce%we@x§1t&m1

1000 depicts one base station e user device for sake o
brevity. Howeardeyicgstinpsediar seyedppbascistatien®4emd ceh essigpgtsenderises fobeiute

nore than one ha tation and/or r han . .devj rein
addi ti onal E’%Sseg 3Bt ot ‘%Pr?&?@er Barith ogté% i@%ﬁ@%ﬁ%@?ﬁ X é‘%??%%ey

simlar or diehel @refouestshingngeceemd.ary base station and user device
descri bed below. In ag]%i %‘L\(in it is to. be adﬁ_greci at ed h%t t he bagﬂe
stati on andA¥¥B3{ he ushie: HEYEERes A 0BG A ECRPL L HE AR BPesHSTREas
descri bed hepgidintcatidraghtbint18be alof BhES Sraf EBboE R dnebrédastee hireinneen.
10084] At transmtter system 1010, traffic data for a nunber of data

streans i s predrgeammusinizonrsisms S0P depidnane hage HaiquAd PPE UEST VIR
processor 1Q}4 ofhRvi9MBoRERR L (RO LS apR@iledtBiiGhSdysRARAnIndliide 8, ta8d

over a respective transmt antenna. TX data processor 1014 fornats,
codes, and ione basestatiersandfns mara fifenonelntendgvige, wherRingddiional bagratasiosed on
a particular ' - e Ahata; Lo Qépo‘égéje
coded dat a. W%gg%%gd%%ggiﬁn% n%“g,&&‘ﬁ‘%”%g’%“éﬁg@odég?é%ﬁ%?% Qpp?]i S

beam f or mi ngtatien gitt wet devicedesyibdbaowf It ddditidas iisso be apredizieddaithobase

h ich th nbol bej ' d d
1 om whi ch_ CHECS DTS Enari e anom et e it BB RRL R

beam f or m ngacihgitlatyorhaugeshahecbdasad upon channel response
information that is indicative of thﬁ congi tj or} of thﬁ()a t sm SSi on

pat hs bet wedP0%he accebBaysaitar sgxgm HE: 52 taied 3yaper Og'ﬁ 2 AR &

response i nfasndddifRm MM BRr@eTRNRaS & ehanbirid (T2) A8ta PRI cebsdf DUIARLL Sdindr
channel estinmates provided bg the user. Further, in those cases of

schedul ed t reapefinssisopsh datp slroarn i§Axapsmtter @s 8 Fespeptiye Hapsnybiiennat g

packet for i r . i [@BRSH . dath 68
t he user. n%a%%%% 85%%5%@%§%%6%?§%%b%6 ggfgg]d'%he C(?dedatdat a

for each datbasestonegnrticalar bedingischppe eslesteddpr thatylafagtiregiatie provide coded data.

In some embodiments, TX data processor 1014 applies beam-forming weights to the
symbols of the data streams based upon the user to which the symbols are being
transmitted and the antenna from which the symbol is being transmitted. In some
embodiments, the beam-forming weights may be generated based upon channel response
information that is indicative of the condition of the transmission paths between the
access point and the access terminal. The channel response information may be
generated utilizing CQI information or channel estimates provided by the user. Further,
in those cases of scheduled transmissions, the TX data processor 1014 can select the

packet format based upon rank information that is transmitted from the user.



usi ng OFDM t echni ques. The pilot data is typically a known data
pattern that is processed in a known manner and nmay be used at the
recei ver swyoleemeos2esti mate the channel response. The mdtiuRbE08H37
pil ot and coded data for each data stregin is then nodul ated (e.g.,
synbol mapped) based on a particul ar nodul ati on schenme (e.g., BPSK,
Q@SPK, M PSK, . or. M QAM, sel faor .that .data str . r OVl

nodul ati on 49@8& S. ‘II\%BG @éﬁgﬁﬁg{%@a@o I nsér,eargﬁnaa yn%ﬁﬁqq%éélg%eﬁ Vﬁﬁ{r&%}ig?{a
dat a streamusiay OF®OM edchnighsre Thbyilotrataristypicaltpa kerwWiodatephtiern thatdyi ded
by processor 1030,.1n sonme enbodi nents, t nunber of parall.el

ohabt ol ot CHESSHAR DEUR R SOLRE G st RSP TP (B P ha
is transm t tRehnblREPohlte TRShultiflSRAidhedwedid td fonesl abalsgednofs thde
data streans are provided to a TX M MO processor 1020, which ma

further prod&esslaiadde.goaymbalimsnpl) hpwsH on g@?@ﬁcsﬂmf Ppdugtigpschepe (uenGPSK.
rocessor 1 k t A AMIR
P g%?’:{(g %—?S@ér M%‘;M( ! RAkc& fop BIBAdts v |\17[t)5 proville Iﬁ&fuﬁfgg 0 )

1022a throu n so nbodi nents, TX processor

appl i es beasyfibelsi Hoe dutd e, soding, pidbmeguititinsfondach Hata szeaz wey badwgerhurrdd
upon the user .t i.ch the i ngn e;

ant enna 1 oy i A s P Bef b piSpLRs b RCR st ne
channel resmomber dfpheallakdphida str¢afB8rdyEaolaried anemingtte ther@dinfameiivethat is
and processes a respectjve synbol streamto provide one or nore

anal og si gndPESIYRYIPIHNERET-conditions (e.g., anplifies, filters, and

upconverts) [bd88] anal 0gh&ingd@hifonts9mpP6Ie Yordke @at@fbenabRbrevideiab aSIH Makioe
for transm ssion over the MEM) channel. NT npdul at ed s;\%na’lnfg fhom
transmit t er ¥1ee901029, Whigh meySuthes process Searequlatign sYBMRIAfe-SrfPE RRRAL)-

1024a t hr ough BRI prob&ei a0 ¥hMes NOQSRDAMstrb AL eI trSMARIaN g@ﬁ@m the
transm tted nodul at'ed signals are received by NR antennas 1052a

t hr ough 1052P22atkrougk 1024 e InsomhesmadimenisofX SAMO arrcesspial 029spplies beam-

provi ded tow& ' ' éagé Bn R GSLME wnidiadk
conditions (e. ggsagll%ﬂts\eﬁ?gﬂeeégﬁ%%?ﬁég@{%% O\Xtﬁscegg@erts) a{ re.spect? ve
recei ved si gmabgls diedielrigdmssihitted emitte titomedrai whigh thesymbolis deinganpl es,
and further processes t saml es .t o _pravide a. correspondi ng
"received" eéﬁ?@éﬂ%ufﬁg@?f%%r Qléfgtmaig%?ag%%ssor 1060 t hen

recei ves andqo(s7pcessegadhheanbiRtiiteet@Rvectiwy alnbprosdsseas ansspbetomsiiiRbol stream

receivers 1054 based on a particul ar recejver processing t.ecl ue t.o
provi de t he % BRRYA CRH &Y MgFe an?ﬂ@%é‘&‘ﬁwgﬁ'an‘g Tcofﬁ?ﬁﬁﬁézg"fﬁ@ﬁﬁ%gﬁtg?i%
by RX data pheseessthdfdgissmaiesefrotiad ainfbdiltddRphaldattatilé fdd elafdhisdRac h
detected synbol streamincludes synbols that are estinates o

modul ati on W%bq: MIMQ shansl; Y mefulgterhsignags from transmitters 1022a thrfoug[;hhleOZZt
2007/ 027825 Rl LISERAA/MAIRT tnRn R 0D LSRRALH 1 MGEBesihbRam RX data

processor 1060 then denodul ates, deinterleaves, and decodes each
det ect ed syrd®R$8] st r eadit raseiveicosiem 105Q the tnbingted modulatnd signals @eq rgceived

stream The ' ; ' SHERL3HY kO
t hat perfor r?&?i\q%%& %@lﬁﬁ%a@%g%ﬁ%@??%%@%ﬁ%v%&@%% g‘m%%g%l essor ?8141
at transm t tpeovidedsd emespEdBe receiver (RCVR) 1054. Each receiver 1054 conditions (e.g.,

filters, amplifies, and downconverts) a respective received signal, digitizes the

conditioned signal to provide samples, and further processes the samples to provide a
corresponding “received” symbol stream.

[0089] An RX data processor 1060 then receives and processes the NR received
symbol streams from NR receivers 1054 based on a particular receiver processing
technique to provide the rank number of “detected” symbol streams. The processing by
RX data processor 1060 is described in further detail below. Each detected symbol

stream includes symbols that are estimates of the modulation symbols transmitted for the



[ 0090] The channel response estinmate generated by RX processor 1060
may be used to perfonn space, space/tinme processing at the receiver,

adj ust powrp Joemptsss change nodul ation rates or schenespcfs20ds8sos7
actions. RX processor 1060 may further fj?ti mat e t he

si gnal -t o- noi se-and-i nt erference rati os”{SNRs) of the detected synbol

streans, and 055| bl chara stl CS r.ovi.des

t hese quant |? BRO I}db“%dagar 2@{' i%%f""%@fgégé hsp 8?82%@15} gtgﬁte%?aves and
]E)r oc eﬁ sor 1Qddddemsact gettdier syiiﬂfol M:ﬁaamﬁo esbydrtiicaraffic tdie fcgeﬂﬁel;1 dtd Stx;ean. ShiR
or the system Processor 1070 the rovi des estimated channe

i nf or mat i onP{PESFE biie at?rﬁ’gpcﬁstﬁﬂ‘pqu%g CPHIPHERFR Y (9 8atper iy %WWO
regar di ng t BRc6RMUND GAE T&MHakd fHbceastel 1 014 & handnBA& s g@@mQ@fl@ stream For
exanple, the CSI may conprise only the operati ng) NR. The CSI is then

¥

processed by0020ITX datﬁhqmmmse@por%wmawﬁeem@ﬂ Reeprorese 10pQ ey be
data for a H&H&‘Q&B%égjnnd%% géagﬁggﬁgwce e FeRRME, 8 SJuQ'%@wer Ray &

by a nodul ator ytr smtters I054a through 10%%(2
and transmi mcéuﬂawc#atasor ‘sqhamsm0t biber stietse MXLPOOess§rO06a Tnay furthenestintateer

system 1010 the eisver 5

recei ved by TEH=04 tgsmﬁ??aﬁl '1% ﬁg??ﬁeg%téo Q%I(]ﬁc) \gllevdee?és@efgg’}f%a %Sﬁﬁ%% ed
by a de m)ﬂ u Ipadsmny 38 dchasmiedl cmmmafsﬁﬁdarblyprwlﬂéé thkat Qummeemmodbéb@z wm
recover the reporte the rec er s em The r port

t hen provi dgf 4%@56%@0538?396@6065%?@%@ é‘ré“ilﬁrgeﬁlé’?@?ﬁ‘?] ‘ngh ata
rates and cogiRavarBNIBUhadjisRh. FeHRERS 1070 ther piowded @fimhite cBaha
streans and (2) generate various controls for TX data processor 1014

and TX M MOUHeiaraEes g SL.och ey gorppsgse faaous fmss obmiorpationisgarding fsssi ng

techni ques @&Mmaﬁcmquﬁ&n%p%%c&v@@dms&&ﬁﬁl%@@xéﬁ@@%@cmng%o%%se
the NT transmtted synbol streans. These receiver processing

t echni ques nuly theongrasing SHR. riths @SAas then praespsasdtyergbi idais P€¢0)333§{)bﬁ3|8a‘?"1ﬂ&hd ‘
space-time Lge ?éc %t%fﬁg ﬁ%’)ﬁ G, rgﬁ?kp FHESHEMN £OmA Bl hEIEr red to

as equallzatlon successi ve
nul I'i ng/ equa:iodulateddm_sr aamﬂuﬂaMrdrOBQroen@eozmdlbg@iahmm@m '106wbrough 1054r, and

processing cthE%ﬁ) #?@hgnggiﬂ%er 3%%@@: erred to as "successive

interferenc ve cancel | ati on" receiver
processing f@olpi que) At t[rﬁgﬁﬁc}ei\swmmameaiodhmmcgnbm fronerebBivdrsgaani t

2EgnEeR | ;ecel gt .%g Eegglr\]zﬁhy ?x%:tﬁimas gﬁélg n%xfif {%%%A 'tr)‘|t 2 Q\S/er!s rllgfzo ﬁgrg(?@utlated bya
2007/ 027825644 d4pA0106/40 %ﬂ%?o&%e&lﬁ?f b w@wﬂ@&ss&h@mi RedRythalcse be

referred to as a spati al subchanne a transm ssi on channel)

of
t he MAI O chzaprepd bindhe cepeives pisicas ths r@poaﬁér’éﬁé jséhen grogded tPtPf‘?c§SSPbl 438 and
under st ood {,Qaty, {{)&eRIRAL NSt $4d LAGE A8 nRIad1alBY sdiBmes to be used for

the data streams and (2) generate various controls for TX data processor 1014 and TX
MIMO processor 1020.

[0092] At the receiver, various processing techniques may be used to process the

NR received signals to detect the NT transmitted symbol streams. These receiver
processing techniques may be grouped into two primary categories (i) spatial and space-
time receiver processing techniques (which are also referred to as equalization
techniques); and (ii) “successive nulling/equalization and interference cancellation”
receiver processing technique (which is also referred to as “successive interference
cancellation” or “successive cancellation” receiver processing technique).

[0093] A MIMO channel formed by the NT transmit and NR receive antennas

may be decomposed into Ns independent channels, with N < min {Ny, Np} . Each of the



i npl enented by hardware, software, firmmare, tniddl eware, m crocode,
or any conbination thereof. For a hardware inplenentation, the

pr ocessi ngwonlbd7®2yd2t hi N an access point or an access t efan/vsabosaipsbe
i mpl emented within one or nore applicathgn specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal
processi ng qev] AhamR oJol] [ , field
pr ogr ammabl ggé%%g&gggﬁﬁe%% pr ocgsé% l(t)or%,acsgon\irS@féﬁitg,rgnslgi,_{b)§21

m cr 0- cont r adehamissiomadhenmedy afdesENE, chatrted anddopetponds © audinessiaesi gned

to perform unctigns, descri bhed, herein . a_conbi.nati on t hereof.
[ 0095] Waen H’;@“L mbodi ﬁé%?g’e%%ergﬂ%‘? tg‘??e‘ﬁ? apqdimur f5rgred Hepoin nay S

m ddl ewar e @kpRinefited B RardR@QsoARaEs GanwirecnilidlesagRiddrcodeaanyay be
stored in a machi ne-readahl e medi um, si.lch as a . storage corrFson nt. A
code segnentCOIﬁﬁVa‘il%HP%@%ﬁtFoéaﬁ%E’W&e nfafiens thegRrocessiag sy a

program a redtkd fint ot af BEUebintiBal nfay HRGMbRmeRtc8 OAthNad1R ob Bfokd@Blicaion
class, or any conbination of instructions, data structures,

or

progr am st atspesifift istegmated sirsuise@Piny), digiel pignd pugresars: (DSEpe fligtn! sighdk
segnent or ic6d (TSP LG 1R HHoed @5 Ssy iakth bl

i nformati on,%r%g{sgl\,éedaer%égg nts,s)’%?ggﬁrr%?béﬂrlg, or ems??m y gg’nterﬁrggrmma °
| nf or mat i on,gargays@E@PSAsh araesbs; sontrdiitrs, mietoecontrolers enipmpssessors, other
forwarded, o ransnm tied usin ny..sui t e ns.lncl udi ] y
Shar ng. - medesRh e e e e B P o AR TR R L TR

[ 0096] For a ted@édfwar e i npl enentation, the techni ques described herein

may be inplepented w modul es (e.g., procedures, functions, and so
on) that periﬁtsﬁ'n t he Etﬂ?e 08&%%‘?5 aﬁeei(%‘pﬁ@?@%?‘?‘.m ?&éwaée’codes
may be st or egldiBwhire BPhYcritdde Spr8fEmeseS s Bde REnRHRCEBSERES be FibRJMRADI Y
unit may be inplenmented wthin the processor or external to the

processor, imciperrdebis meium spehips asbRE SPERLTRE| 4 CRGUTPBEN RS AR esent
processor t Qgp%&ﬁurg,aar fullttronTE ﬁfb%rc@g?aﬁ,% PEOONA, 4 Rubif€ adlibroutR0D AboUa!a
has been described above includes exanples of one or nore enbodi nents
to enabl e a spwarenackkis, laedhss,wr pimecqmbination phiveireptions date jseugtarss, 9F pgram
functions, qperatijons I i i -

course, not S%geé%;ﬁ t)sl eQ\ %061@ gg%gérﬁ?g“g&%gé 1%3%%%%%%@@%%{1%&5:%1{% Wg?g
conponent s e@ircuiehinedsihg ghder earivipginfoseson iatd cggundits) gatatneters, or memory

af orenenti oned enbodi nents, but one of ordinary skill in the art.nmay
recogni ze tﬁﬁ?te%n&gw{}ﬂ%rar% sn%z{r%ﬂgrs,a%aa, 6%TW%?P3(§%3§1 >£ Fard Siis
enbodi ment s t@ahenitW AR B16 Fledis 20060 D3R8/ shadng) amsdabt passing, token
Accordi ngly, the described enbodinents are intended to enbrace all
such al t er atrPHHE REBHTOSPISIRE ¢nd variations that fall within the
spirit and ggepe Of th& AqEeRESEhyIdnRint®Bion, Th febi8fidiRE BesctiPed thigei@¥iag BE
that the term"includes” is used in either the detail ed description
or the cl ai n@plemgeiad Fethmmodales ke & npreerdEssHiEngtions. 381l v omrihal PrEpLthe

simlar to thebal M RRIRERR. Mhe sBitwark QRS ntly ™ stdrdl th MERAY Bhigdmahen
enpl oyed as a transitional word in a claim o
executed by processors. The memory unit may be implemented within the processor or

external to the processor, in which case it can be communicatively coupled to the
processor through various means as is known in the art.

[0097] What has been described above includes examples of one or more
embodiments to enable a person skilled in the art to make or use the features, functions,
operations, and embodiments disclosed herein. It is, of course, not possible to describe
every conceivable combination of components or methodologies for purposes of
describing the aforementioned embodiments, but one of ordinary skill in the art may

recognize that many further combinations and permutations of various embodiments are



25 CLAI M5 A nmet hod for enhancing performance of a device in a
Wi rel ess communi cati on environnment, conprising, in conbination, the
steps of ' :wbeo@iogisng a user preference for a transm sSSimT/UR008/033937
associ ating the user preference with anygntry or entries in a
codebook; assigning the user to a transm ssion node corresponding to

the entry or entrigs; an .ayt I I fent
codebook i np?s(g@%% n‘g@o{d@“%\t}éer% ﬁ‘fnbgg eﬁﬁ%ﬂgg&s (%%/e ng%tﬁ)%%% QI%P %F gei%li LB}as e
stations. ZAlterdtivms/mbdifchtions /ldaiatintions ﬁ&sfadilvat}nm@letspmt agbscopy effthe ence

with an entr tries in a cod i sing. i,ng a codeboqgk
to deternin pffnﬁ%jd'galﬁlﬁd ‘é‘?heFTéﬁrfttOﬁ %‘Eﬁ’g&%f)?e HFCZ ? gﬁﬁedﬁﬁf‘g}? the
that correspgsis deforlplitn USBE cRIEY, SidhRE®: is inendt & BEhblasvo Lhainet | .
wherein the codebook ‘i ncl udes entrl es for transmss nodes
i ncl udi ng peiEdlsaale tesp AeemRisiSs 38 nCoRIEIET @1%’&%@%‘17(’ ploysehiop,

pr ecodi ng, tiple output (MLM)). MEMO precoding,

M MO SDIVA a%%ﬁcﬁ{a@vg?ﬂ%@#%cﬂlbhe met hod of claiml , wherein each entry
corresponds to a transm ssion node. 5. The nmethod of claiml. the
recei ved user preference conprising at | east one of a preference
identifying the node, a channel quality indicator (COD, multiple
nodes along and related CQls for at | east one of the multiple nodes,
and differentials between the CQ's for at |east of the nodes. 6A

met hod of determning a user's preference of a transm ssion node for
a device




in conmuni cation with the user, conprising, in conbination, the steps
of : determ ning channel characteristics of the user; selecting a
transm ssion node or nodes froma codebook to apply; 76 transmtting
an identifier of the node or nodes selggted; and receiving a
di fferent codebook fromwhich to select”a transm ssion node in
response to novenent of the device anong different base stations. 7.
The nethod of claim®6, wherein the step of determ ning channel
characteristics of the user conprise ééW%%nining by using a CQ,
power offsets, signal strengths, and other sector interference
intbrmation. 8. The nethod of claim®6, wherein the codebook includes
entries fol trahgwilvdifoncnirodess paitirudiseg!prieviedimyyirslosiomndinviisition

I tipl . codi |tiple input multiple
out put. (M BN B e B e A s ey 0! The et hod

of claim 6, thecchanneblsdrpidemnde fona camprisssinngodt | east one netric

that is used to select the transm ssion mode or modes to ap$|Y- 10.
The nmethod of EFHCHIES PHECHRIEITRCT P AT Py OLE S48 & coffdosk: a cQ
for precoding, assigning the user to a transmission mode corresponding to the entry or entries;
and
automatically accessing a different codebook in response to movement of the
device among different base stations.
2. The method of claim 1, associating the user preference with an entry or entries in

a codebook comprising reading a codebook to determine a mode and at least one vector
or at least one matrix that corresponds to the user preference.

3. The method of claim 1, wherein the codebook includes entries for transmission
modes including precoding, space division multiple access (SDMA), SDMA precoding,

multiple input multiple output (MIMO), MIMO precoding, MIMO-SDMA and a

diversity.
4. The method of claim 1, wherein each entry corresponds to a transmission mode.
S. The method of claim 1, the received user preference comprising at least one of a

preference identifying the mode, a channel quality indicator (CQD), multiple modes along
and related CQls for at least one of the multiple modes, and differentials between the

CQIs for at least of the modes.

6. A method of determining a user's preference of a transmission mode for a device
in communication with the user, comprising, in combination, the steps of:
determining channel characteristics of the user;

selecting a transmission mode or modes from a codebook to apply

>



CQ for SMDA, and CO for diversity node. 11. A wireless
conmi m cation device, conprising, in conbination: _ a processor
configured to select a transm ssion node of a plurality of
transm ssion nodes froma codebook; ang.a mermory coupled with the
processor; wherein the processor automatically accesses a di
fferent codebook in response to novenent Ff t he device ?nnngd f
fferent base sta X W rel ess communi cation device o
S:a|n1ll mheréaﬂyPW€¥¥de%56W‘PH%FHH@%Obﬁ@?%é§mﬁ6?Eﬁﬁansn135|on

modes i ncl udi NGeRNMAECOHH iMBrend BAREo S Ndnﬁ'\\ancher|s£[€&'a§1a%§ﬂ%§x%n’(\/%Qw :
SDMVA pr ecodi ng, nultlple i nput mul tiple output VE) )

precocl i ngesSPRVID-SPIRE MaH T sheddoy e ginopg diffefent Base Fhdioms.r el ess

comuni cation device of claim 11l wherein each entry of the codebook
corresponds to a node of transm ssion. 14. The wireless communication
devi ce of 7cl ai mhk nlethodhdickim 6seheetn tbastef of deeerining bhH8 &M aeEasticS of
based on %rlter are ne .or e chan els bet ween t he devi ce

and a base's %9%W“$i%gm?ﬂﬁnvfgépﬁgsa 'LRATYR e Leengths.angdiofer

[, wher ei RedthienRroRassOforhacei.ves a dlfferent codebook frpnlmhlch to
select a transm ssion node as the device is noved anong different
base stations; and a user preference is generated based on the

sel ected ®ransm,sslcadtPdeim 6, wherein the codebook includes entries for transmission
modes including preceding, space division multiple access (SDMA), SDMA precoding,

multiple input multiple output (MMO-SDMA), MMO precoding, and a diversity.

9. The method of claim 6, the channel information comprising at least one metric

that is used to select the transmission mode or modes to apply.

0. The method of claim 9, the metric comprising at least one of a CQI for precoding,

CQI for SMDA, and CQI for diversity mode.

1. A wireless communication device, comprising, in combination:

a processor configured to select a transmission mode of a plurality of transmission
modes from a codebook; and

a memory coupled with the processor;

wherein the processor automatically accesses a different codebook in response to

movement of the device among different base stations.

12. The wireless communication device of claim | I, wherein the codebook includes
entries for transmission modes including precoding, space division multiple access

(SDMA), SDMA precoding, multiple input multiple output (MIMO), MIMO precoding,
MMO-SDMA, and a diversity.



16. A wirel ess comunication device conprising, in conbination: means
for processing a received a user preference for a transm ssion node;
means for associating the preference with an entry or entries in a
codebook; neans for assigning the user,40 a transnission node
corresponding to the entry or entries; and means for
receiving a different eodebook fromwhich to select a transm ssion

de inr onse to movement of the device ampng different base
g?a?ian.%%g7.%$ﬁ@”W¥$%f%E@“%ﬁﬂﬁWﬁﬁﬁﬁ?Ptﬂaﬂé$hd 1T BRI 16! theher ei n
the codebaobetonk tu@egoRRS b &t OF uhiANSMSSi on nodes including
precoding, space division mltiple access (SDVA), SDVA precedi ng;
multiple input nultiple output (M M), M MO precocling, MM>SDVA and

a diversity. REsWEgioh 58T SALLAN) ASUIRS, gl Al M LS.
wherein ea])é'h eﬁ??y“é%?ér%e@p&ﬁ@sq t orgéylt('r ansni ssi'on “rode; eci@l.l °A'Vii rel ess
connunicaﬂWOﬁﬂ@%miU@d@demkbhngﬁmknemdnpknamummnnmaamsdﬁem“@mqme_

deternini%gwgpan,ggwchq acteristics or a user; neans for selecting a

transmni ssi on hbde or- té@% froma codebook to apply; 28 neans for

transmtting an identifier of the node or nodes sel ected; and
15. The wireless communication device of claim 11, wherein the processor receives a
different codebook from which to select a transmission mode as the device is moved
among different base stations; and

a user preference is generated based on the selected transmission mode.

16. A wireless communication device comprising, in combination:
means for processing a received a user preference for a transmission mode;
means for associating the preference with an entry or entries in a codebook:
means for assigning the user to a transmission mode corresponding to the entry or
entries; and
means for receiving a different codebook from which to select a transmission

mode in response to movement of the device among different base stations.

17. The wireless communication device of claim 16, wherein the codebook includes
entries for transmission modes including precoding, space division multiple access
(SDMA), SDMA precoding, multiple input multiple output (MIMO), MIMO precoding,
MIMO-SDMA and a diversity.

LS. The wireless communication device of claim 16, wherein each entry corresponds

to a transmission mode.

19. A wireless communication device comprising, in combination:
means for determining channel characteristics of a user;

means for selecting a transmission mode or modes from a codebook to apply:



means for automatically accessing a different codebook in response to
novenent of the device anong different base stations. 70.The wireless
comuni cation device of claim19, wherein the means for determ ning-
channel characteristics of a user conprises deternining by using a
CQL, power offiets, signal strengths, and other sector interference
information 21. The wirel ess communi cati on device of claim 19, wherein
t he codebook includes entrjies for transm ssion nodes incl uding

precedi ng, space®d? rdjagpmindilg anprentdice eside roprmy modp seleategr aslodi ng,
nul tiple input fadht kplaGorttiPAly “fcg:ésé‘t:]ﬂlr\a%%e @MCW&%[)%B%%PI%ISM’S% ][r\élulné/ﬁ?eo%ll\l/{o"

and a diversit 77A conput er -readabl’e media i ncluding ins ns
stored t herdesrlovise amane defeses bessmmimineat | on devi ce, conprising, in
conbi nation: instructions for processing a received a user preference
for a transm ssion node; instructions for associating the
user prefélencdmivtitelan c@ﬁhﬂ[lyicﬁ)ﬂ’mﬁdﬁvi‘de%cﬂann a9 codehp ol m%ans for
instructions for assi t he use to a transm ssion node
correspond?%ﬁ“?ﬂ“"@“gafpga%?“%ﬁfP user gejgprises determiping oy e ar<Ql or
recei vi ng pawdi 6 frexepiongedenaek afd Qlﬂh%bt%hmtté?%%?]lc@ﬁ FndiioANS M SSi on
node in response to novenent of the device anpbng d| erent base

stations.
21. The wireless communication device of claim 19, wherein the codebook includes

entries for transmission modes including precoding, space division multiple access
(SDMA), SDMA precoding, multiple input multiple output (MIMO), MIMO precoding
MIMO-SDMA, and a diversity.

oo

22. A computer-readable media including instructions stored thereon for a wireless
communication device, comprising, in combination:

instructions for processing a received a user preference for a transmission mode;

instructions for associating the user preference with an entry or entries in a
codebook;

instructions for assigning the user to a transmission mode corresponding to the
entry or entries; and

instructions for receiving a different codebook from which to select a

transmission mode in response to movement of the device among different base stations.



