PRECODI NG AND SDVA SUPPORT Cl ai mof Priority under 35
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Support", the entireties of both of which are
incorporated herein by reference. BACKGROUND |I. Field
Chawof Prioxity yndenssV-48<8H%t i on rel ates generally to
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ecodi ng pace division nmultiple access (S
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Bl o nstcanioh SR and U, Ho s S Aot No.
S PPI,G14MBIIAILRr O9 MIOUN EftRA “Wec8HiBE ArABIIUA SidpbfM, the
devi ¢es have become’ smaller and more powerful to neet
entingtiemef both ed svhickhvire incomsratetbherpipryvrernset abi | ity and
conveni ence. Users have found many uses for wrel ess
communi cati on devices, such as cellular tel ephones,

personal digital assistapAeKERBEYNBNd the |ike, and
demand reliable service and expanded coverage areas.
J.0004Fielder f or mance for a wirel ess comuni cati on system
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n a region to <o nicate om a "base station
ack asengyo biher thingshie predoding add epave (déyisiobuotitiple negsfPDMA)
can be a service area_.and can include sub-regions, or
LPPPT Y WIRRIPSS OB HCAHORSYSIY ennas | ocated at the
base station can be used to form beam forned
transm ssions, which utilize "beans" that typically
HoverBackgaonwdher area than transmn ssions using a

j etr it antenna. The signal to interference .
B98% G oo PaEIG: DEMRR: o Bm iR Rooants R HERZPRES gy which o
BELd IO Y Lpp 1Yol deidb eamEunithr. Wirtle®@nohurtiti®ion devices have
sector not covered by a beamare referred to as_a null

- besgmermalpiandanersporEsslforneeh consimerptads el pclude improved
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denivasHuchhs esilubyr sélephomay, peselnd dipital asistants, (PDAsMadthe like, and

o S Sura el LY et ed o part el ar user
[o8d] devi CRLEImBRANES a Wafeldsk BSnmunication 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
sub-regions, or sectors. Multiple transmit antennas located at the base station can be used
to form beam-formed transmissions, which utilize “beams” that typically cover a
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



[ 0005] A challenge in comuni cation systens is that

the nobile device or receiver is located in a specific
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transmtter. In such cases, where a transmtter has
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Thi's summary 1s not an”extensive overview of the one

the remsiver.enbodi nents, and is intended to neither

' ify k or critical elements,of .the odi jent s
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enbodi nents in a sinplified formas a prelude to the
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[0008] In accordance with one or nore enbodi nents and
~correspondi ng di scl osure thereof, various aspects are
descri bed in connecti on WSIUMMARKess conmuni cati ons
and_enhanci ng_performance of s]gﬁh conmmuni ¢gati ons.
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e netno I NCludes recelrving a user preference for a
$unamagnyiis sdtom extensive dherviest diittle bug ¢rhmeoreiemblodubesnts, and is intended

associ atin he user preference with an entry or

Bre i ry kCoabaBiR] Sraots of Gricm ok R Goi deBhegte the scope of
SucARaFHoamhats. MRABICRIp &S ROPArBEnt RnldWnBEPts ¥f BE described
entries. The transni ssion node is one of a precoding,

epbedimgniyiin p simphfiied ifgrneascprebide (Shrmyore Seinideddasedpfianghat is
nultiple input multiple output (MMJ), MEVIO

Blire%%%%lﬁ&r' MDVI O- SDMA and a diversity. Each entry can
[0DOSES pondin cérdhficRREift 615 @1indre dmbolAY] andeoatsiondinio
sonme enbodi nents is a nmethod of determning a user's
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de
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environment. s'leh«e metﬁod mlc::)ﬁldes recelvm% 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 a 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



channel characteristics of a user can include

determning by utilizing a CQ, power offsets, signal
wa@eoengisks, and ot her sector interference i nf OPOEHUSING/033937

The node can be one of a precqding, space division

mul ti pl e access (SDVA), SDMA precoding, nultiple input
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nmode. The transm ssion node can be one of a precoding,.
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Interference informati on. The node can be one of a _
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a transmission mode or modes to apply from a codebook, and a means for transmitting an

identifier of the mode or modes selected. The means for determining a channel
characteristics of a user comprises determining by utilizing a CQIL, power offsets, signal
strengths, and other sector interference information. The mode can be one of a
precoding, space division multiple access (SDMA), SDMA precoding, multiple input
multiple output (MIMO), MIMO precoding, MIMO-SDMA, and a diversity.

[0013] To the accomplishment of the foregoing and related ends, one or more

embodiments comprise the features hereinafter fully described and particularly pointed



[0013] To the acconplishment of the foregoing and
rel ated ends, one or nore enbodi nents conprise the

wo ewremes herei nafter fully described and partPCUDs200§033937
poi ntedout in the clainms. Theyfollow ng description
and the annexed drawi ngs set forth in detail certain
ilLlustrative.as ts apnd are indicative but a_f . .
o Bl o R BE R e Apfon, i i g s s BBt im deta
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M, . i . .
Ml 418 bR AR b RS2 B0 AP RR TR B SR Considered in
enjlineidrewith theaRbiingdabCRicRTdc(d¥eDEmbbiinioRA\M ANBRFended fodihclude all
FIG 1 il Igstr,at es a wireless communi-cati on systemin
Heh atngsis ed et ARt enbodi ment's present ed her ei n.
[0015] FIG 2 illustrates a nmultiple access wrel ess
communi cation system according to vari ous enbodi ments.
[0016] FI G 3BRIEFDESCRIPHION QN T3 DRAWINCH i on
em ac i,ng to one .or nore enbodi nents presented .

MEELT, ° g s 3 yiles Pabeb Rl e Fotrorgnee i
$RUO EmBbdildcAtsedei®d Bkl 0sed techni ques for
| mproving communi cation in a wreless environment.
[000318] FI G'IG 2iillisieates atrowltiplgricedse watclass eqraaupigation system
accordance .with var.i enbodi nents. [0019] FIG 6A
?ﬁcf’rgigtgratgtvggo%s %‘f%(%@gﬁg‘gy for enhancing performance in
ONG] el esSFIth Brilladteibdsi aOkirétend icompimmidation 0¥2&h afdobdingt one or
illustrates a system faor enhancing performance in a
NPreenaodimenipoeseied kseignyi ronment . [0021] FIG 7A
tdﬂh trat egr 4%{1&&%'a%¥mf fret8b£4 E@c%r'ﬁgi)li%g the disclosed

eporting a user s prefererice of a node(s) o
teclangues Sai impreying eahmugicetiominacwiosldareoeirowrnéntt he

rjous e i_nents present her ei n. 022] .FIG. 7B

PRSI T ot colth SO e BT e oA Th oAt QR s
Lessdisenief erence of a node(s) or transm ssion(s)
~technique in accordance with the various enbodi nents
[P0#%lent ed HiF. GiAnilluftenes3] methalolggy far gshangingpesfogyance i a
tha]:e utilizes tt he di scl gsed techni ques to increase

WIS CCHPREF TP VAP PE ess conmmuni cati on

0RO ONMENEIG. EBANGSF A CE steht for tdlRneiAg peFformance 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.



nore enbodi nent presented herein.[0024] FIG 9
illustrates a systemthat utilizes precodi ng and SDVA

WO eoo7mzisehse system capacity in a wirel ess PCT/US2006/033937
conmuni cation environnment in @ccordance with the
various enbodi nents. [0025] FIG 10 illustrates a
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0026] " Vari ous enbodi nents are now described with
- eqnedfodiaeide to the drawings. In the foll ow ng
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maybe evi dent, however, that such enbodi nent(s) nmay be
practiced without these specific details. In other
i nstances, wel | - KnoyiHAfTUSH WISFCRIECIERN | ces are shown
in block diagramformin order to facilitate )
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drentinateoniof ardearearsl sofimate, eofteard/ asoffiveterinlsyeagion. For example,

bet ween two or npre uters. In addition, these
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Bemoyof ghustraitane botbusotapakication sewdiseme eompytingleyicg aad the
havi n ne or re data et . s
oA eh s P e SR e omp i b B Githin o
pro6ék ahid/st Biftad dif skédutih el & yatsohentmey b loaakiegionaone computer
networ k such as the Internet wth qther, systens gly vvarx

g ueé ese comiponerits can

wid/qrristapuphbtwepbioB)T RRFCCABPHISF  In padifighsthese cor
&@%W{laﬁioﬁiﬁoﬁgﬁ&f&&ﬁ%lgﬁfeﬁia alhgGARBEC At 28 rinirEs Rored
user devi ce. user device can also"be called a
thgsbanThacanpeenishery eomithynisaibby mapeof lesabandmr remolsiprecesses

station, nobile device, .renpte statio acce oint ,
BiiBas B ieePORECT Bl o e IR one Bt CLS B PiegNe ol rom one
L&hBreA intekREiAL RAth anBRF catfifient Al 196 Eystem, 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

Initiation Protocol (SIP) phone, a wireless local loop (WLL) station, a PDA, a handheld



equi pnent. A user device can be a cellular tel ephone,
a cordl ess tel ephone, a Session Initiation Protocol

w@ SloPp2skone, a wireless |ocal |oop (WL) statPONUSA06/033937
PDA, a handhel ddevi ce having wirel ess connection
capability, or other processing device(s) connected to

i rel, .mod 0029 . '
Bl FuSE Jlles Rt Pt LS HEb e Bok@UPe AREA edthected to
dRirblesh médpar atus, or article of manufacture using

standard programm ng and/ or engi neering techni uesb.§
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utilized to i npfove communication in wireless system = |
[0030]i ncl udRefgrrpgaowodithrydrawings, FigDhAluskates  #iitelgss communication

mul tiple i nput and.pul t.i . J .

- et iy e BP SRt e Gl b R YA Yorions modes
danlvestiliab e impréveRohenmgeoation inl Weless dystew 108l iaslading pre-coding,
conmuni cation with a base station_ 104. It m&%d @ﬁ%
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covering predeternjned are resul ti in a.fix

BohR teecl B ana bEbEE siaoR 10b st Belipigdiere can be
SHRLAS ol §GA6h.ng, SDVA, SDVA precodi ng, M MO, M MO
precodi ng, and/or M MO SDVA. Base station 104 perfornms

[9081pr oc esBasegtation 10 inshulee ranssaihanteruas gt ean gangiage beams
BB LR 0 AR50 ko 1

SUpPORETictEiQNss shel assRsR dingBDPMEA | SDIMA-precddiy, ®IIMO, MIMO
precoding, a set of vectors can be used to nodul ate

PiseodingAaos MINR-SPMA Basestation 1Qhpetignns prsgryggessing for
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or matrices at may correspond to _
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pre-defined. Each entry c correspond to.a node of .
BreGorie SOPLHF RO BRI BBt e BROLESSiHgRy gog Dase sation
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



precodi ng, MVO precodi ng, SDMA, SDVA with precoding,

M MO SDMA, etc.). For exanple, codebook 106 can
w@onwmris2a set of sixty-four entries, however, PCTIE8M06/033937

can be any nunber of entries and sixty-four is an

arbitrary nunber. Codebook 106 can be custom zed for
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base station 104. This codebook change can
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users are in the non-linear capacity region, this
2 pighoS8R theeseesage & the non-linear capacity region, this approach increases

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



system capacity. On the other hand, in | ow SNR regi nes
(l'inear region of the capacity curve), it is usually
waoedo7hozmses i cial to take power away from a userP@lUEm®06/033937
i ncreasing the dimensions. |Ingthese enbodi nents, it is
beneficial to increase the SNR of the user t hr ough

t echni ques ch as reco e recodl

G Ryl by SnP ST 1S L R e uttite
&iddnMracRyr Aaestidig) - These enbodi nment s ut|I|ze a pre '
defined set of beans to transmt to the user. In a

0038 scherfetilizingthe dagclosadtechiiess scammiessoperation of waltiply input

58l SRRl DGR Bl s BB ORIO) pRESEE biFspMA i
ddable biy gﬁﬂtyhg ﬂemir@slﬁdhé BbniRve st SERBYbesss. cspeciﬁbalm if there

of multiple input_single output/multiple input
3¥a pAYp VETUSLisestRrS Wi @%M@ls grablesh each sigl regipurther consists of a

SR YR 190 Py O, S SRS flsns o

seat witkinwhe vernBDb#etors enabl ed, each such regi on

th i sts. of t of t
e nar i ket R bmpds FVIE (PResdift, SLBoBNA and
%ﬂ%@&dn&g: Qv MO rec\/dd‘iﬁ%‘ @f MIRRD Qhd Sb@/ﬁ@)@angé ®ased on one or

eci sion of whi ch node to l1ze (precoding,
Boichane] poretitdetisnd) civBuelQualityNipliastdr (§@k @@hn@ue on ba lmgd to

Y ——

HREENI S yCaN b BtilisRdICthitPrel ficREsted e Wedrtd trate@iissfons.OFor MIMO
use, e.g. provides the highest or |owest val ue. For
preeading higst Of VesAeTs .ceebeutlwwpe(ﬁ%@s thei bapg eatiqmgransmissions.
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[0088]pr ocesFigt 2 dlisastes s haliipie aeety wiralessimomsnication system 200

Precodi ng provides.a higher § otent ally resultin
AgsoKERS trvapeys anrdirents| 66@%1}11% 4§cess Wixg %§P¥ cgfion system
ﬁﬂ:lﬁh@s REEBRS e, £ R8s BRI 'aﬁ@%@nhﬁﬂﬁé teefgb&%m of Fig. 2,
accor to various enbodi nent’'s. A nultiple access
wcheblé %&2 Qodmandi 208t gyninslyde emaess nomat| 230 dkat imdledep mailtiple

|s, 202, .204..and 206 i _the nbod
St i SRl sefiofs 4o g5Me 5 Houfl o5 pbeniay SplRARSRIY for
@&ﬁﬁﬁﬁcﬁwn%tﬁ&&emefmmm@ hlﬂﬂgé?rtlﬁﬁ b¥ iRl R11S B &6 202, ddtenna groups
nmul ti ple sectors are forned roups of ant ennas each

2Es Bbﬁ@iné 246 gasth C@mﬁmﬂddaﬂudtffﬁrw tSHCt% dassll 284 Anfeang groyps 218,
2.
D0 35 edth G050 ikt peckh” o BN SAP n@h BSups 224, 226,
SeTC128reach aorc@bbndZ(Ma, diffoteatsratogr oups 218, 220, and 222
each corresp to_a_ different sector .cell. 206,
Dhoo by EhRet s i gevestl gossss eguatls, BHQasG feropiaupication
a’litfl ofit Sf‘ﬁlofees%Et‘st ofl 363 %ce@%ﬁﬁh’cc Eol el 14l 4BSess BY@dls 230 and

access termnals, which are in comunication
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



with one or nore sectors of each access point. For
exanpl e, access termnals 230 and 232 are in

W@ eoumoeisent i on with base station or access poi PCT/BE206/033937
access termnals 234 and 236 gre in communication with
access point 244, and access termnals 238 and 240 are

B GREPRLGE HhO Rt BaSaRRa Bl & Bpak PO Rnéie o can
chade diffefent A38nelabAdifidhs fobel presahictsbtweenscadh fifcere®tminal and its

portion of it respective cell than the other access

qoateRpadingsAniquRa erEP SEHEWBIEh It 1S POPNBICAREBCh access
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i tuat.ions, also due,to vi ronment al . and ot her
B hbSIE of b i b SRS SNy, A scces
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termnal” and 1ts corresponding antenna group W th"
equihent (UE} acomalessicomprivmigatipn 0eige, Aderoneal, fvapbileistatzon or some

cess .pai nt may be a fixed station used for
%ﬁﬂﬁﬁﬁ’?@&f’gﬁg with the terninals and may also be
¥0@ﬁ§]f red tR sofe cibddinikikd) dRetSTRBON odthbgdnaBor quasi-orthogonal
unctionality of, a base station, a Node B, or sone

vickss ot wpficponahe uiilizedet tedasestationin oidss tapryidseSDMA (e.g.

r .
PRt oo " DY SRSk Bishe Y fors o enmms or every
aRitcinGilbéanthd sme ehartel for diffeadnt usersiftihéyentdizatorthogmral or
sonme ot her termnm nol ogy. [%4&1]5Insmeerrbodi ts, a
SEE-ShaeABHy PS5 gorEreso R fEE PBRENEYSF et Igpey Brlude an
m-&i%ﬁgﬂ@lﬁe:gﬁ tl’zétt l:!)l’rgs?_gn@stto 189rRBA8 LS TAE bAR ddlioBHRAd use this
to provide SDVA (e.g. Tixed or "adaptive sectors). If
bdam fordbmadtast promultisash ivansmisfionsh dn ertheo embodinisatspthefsystem 200

every.user, it can t.e the sane. chanpel . for

ey plidreindiies o d SO Fpueb 8n R infrs Ry s Sported o the user
foeas] - or t hpgoRnalusies 8 HareRiss BRhfubREtiorl §ysHNHI0 according to one or
enbodi ments, system 200 may i ncl ude an

word enghadépentoprgsentekireina® boerseeigphs stagond02 can include

recodi na.. Th a kO I iS r
B 504 AR5 S Bt oo SRR 4 306,
aidtiagigieptcan indneleyitdn@as RBGandedy 0)drid d thizd prepadh fig-lude antennas
w thout SDVA if such channel information is reported
# 17 a3 1ds dpvo quiymay ateitijustraied fox coch apigunasgrgpp.dioggyer, more or

%Wleﬁﬁg beXRiliz8a ﬁ)ﬁ Qa BCARL AL {%%)ru%@ Mb¥i1eUevitRBE6 is in

ments presented herein. A e-sector base .
sdmmiminatB@dvittamtenmab 2 amdiB 14, piherecamtennas3 I§r andpd 4 tRosmit

exanpl.e,  one, gr incl ud t 04 d_306,..
iR (S Bap P ae AR08 A deos Mg agon from
Hab116l 84 QU 603 Br & RFLHE EnRBLENNRADI1S dévidd 13223k 4n cdBunication with
antennas are illustrated for each antenna fgroup,

proowae 04 pst 100p whewagatenans Hidrrmnd 30ayrapemifinfpimatipnitp mobile device
53 cr)]ve% %M@luﬂg ﬁﬁpandwpéiée%nﬂ)%aﬁgn ﬁgﬂ% thobileHevice 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



comruni cation with antennas 312 and 314, where

antennas 312 and 314 transnmit information to nobile
wa@leo7oz78316 over a forward |ink 318 and recei VRCT/US2006/033937

i nformation from nobile devicg 316 over a reverse link

320. Mobile device 322 is in comunication wth

antennas,304 and. 3 ) 3

FPLREREe FrerhitestDfos BEbEr R A0 080 Bl e biRectors, For

dxlafilple} Béard PekitdrE Ry provideanultiplecrunkmirdiretiinsdn te\secters of a three-

322 over reverse |ink 326. [0044] Each group.of .. ..
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assocl ate rrier that can be nodul ate _ ~
[odh] dat a. Infnb@RDdAMsY Seesmissgn sisten, isesorsady portioned using

frequency division nmultiplexin . achieve . ..

BPRRUCDLIS (UPeOrOTtg® RV Y & el SRR Gariuiests gpreference for
veh BE&in UTRE hake \bta6iB 8 ma$ sBlkds et andi@dsi cAaViliCBS uSéiebRe on the

al'l ocated separate subcarriers, and the data

- givembedns viing SPHIA SMBY O spportimistic dearmyforeing enethenschpduling

sulcarrier |.ocat t 0.4 hi L.Ce

BE08 LEManbuBr DR fi R Belp BB e en o
frglize SIBNI AJ @¥IME@ and bpreabidc bearatifbinging séhefilaguectayques
regions. [0046] ma beamformed transni ssion syst

sipitignepuglye Fob Fianpie apUl N GridegRneh b BEHRts MAXR schoduled using
46 ,%e?@év¥c%gv@%v?elp@o%gitﬁ)tn@& bRfiSAEhAds 6Alld be diHcabRd Asing

pref'erence for a given beam ase station may _
MANED ahdaddittiormirieesd anldbd fthedidedrssng deportoeistnbedne forming.

] b ' DMA, .. tuni sti . . .
BlOAA]' or m Wit S0 e nt PR BT A MsauioSetion.yih pregpdine
ReRM Q! M@ diietiDeeheldiyadyRaasBdRBhremttidh 0P WEp R e RETECtors where
station to utilize S | O and opportunistic

didtenant onties gf &vdveatare a@’lip@ @qﬁiﬂqgmg 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

transmiit antennas.



si mul t aneously. For exanple, spatially orthogonal user

devi ces may be schedul ed usi ng SDMA, user devices with
wowdozozmsedli t i oned matri x channel s coul d be scheduUsm06/033937

using MEVI O and additional usgrs could be schedul ed

usi ng opportuni stic beamformng. [0047] System 300
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Pateid. dtikleouldbeindted thiat sintid chdenxel birt refdrotd dtilne-freghedytregon where

spagg.quantization accuracy is inherently related to
¢hgan ﬂ%@%fbﬁp?ﬁﬂgdback needed to report the desired
gaot | zat i B3 i NERKateOa bEEn haeRS ADS fotialsBetoPAGLutiiAld 148 Misclosed
y tthe receive site (user device) that usually has a
toetirtigres oronipeeigag ofmwhpicaiéin ivarwirelpssreayirmeeensr Sector 402 includes

guanti zation.can be re effi.cie whenever t

Sy ERh R B g Ry P AR pitea from an acoess
PR R MRt bRalsl 204 tepdstiiwb RE¥att bembRatiéh of beams sets,
precodi ng matrices) per static channel bin ma

Egypneoficshbasmsfeaehali sloudd be wrdesrqdthat messor i%@@m combinations
| IO . | )

A5 bbb oL i o R A pBEABLE dor cxampt

aggoatbindienel ahaswel beams irethe lsyt canibs bititited toAdBive Mirgetiofality.

illustrates a beamgat ern 400 for a sector

402 .
Eachy hegq.nﬁ@ax ‘PF‘eaS_a?%tp : at%%%?%g@dmﬁw?lﬁ]btﬁ,o\@@%@ in some
%ﬁﬁ%gg@,;ﬁ%%r&sﬁoﬁ@ B rEAMELSIUTRMy beIRAH20H ot Plecoding. In

er of virtual sectors including a = }
sonmhanbafimbets,the d@ubinationsafibeans withgmecedingoveighis pod given virtual
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e ivaere o h R BErE o e Rk RO EB iR o EEER
Sressdisl Weighide badtoRHertvinddal B8dtdt. Of shoIEHe MR that some beams (e.g.
conbi nati ons and/ or subset of beans could be utilized

thioschatthreedsies ef visieal sepiprsimenbe protegied Ermpsing 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.

[0050] 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



any conbi nati on of narrower beans in the set can be

utilized to inprove directionality. Each beam may be
wasmoormeed with a group of precodi ng wei ght s, PeiUS1906/033937
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H95#ned tFer usandevices diat aedobsrhgdylediosire the baagpand precoding
grgfgﬁﬂ) 50%b1££9)§13g16-m$cog§1%| rﬁézsp& gﬂeg é)gllfing% 0 %:\Iéllglg ls@JtoHﬁgtrlncludes
teicgtite sectohi Inahis@nthotdmyenheréredag migiticessah dd ldleﬁmsgl dntlher with

sane resources to anqther us r device on a.differe
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[(E)gsﬁc cesSyRRbIIE be Abied tlgaﬂ)%ms b ?%oﬁﬁ‘@ Be1dR IR Aal to

channel quality reported by t
support SDMA because it gives a natural way to limit interference between users

scheduled for the same resources on a different virtual sector. Precoding with respect to
transmit antennas allows definition of a family of precoding matrices such that, for any
precoding matrix, every antenna transmits 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,

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



user device for the desired precoding matrix. The
determ nati on can al so, anong ot her things, be based

woroorhersehannel strength with respect to ot herP@i/U$2984/033937

sectors that can cause intra-gg£ctor interference once
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hbterveddp frel may bd ontimganal) .In bthet edbollinestsathbeenend vectors (or vector
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I(WSB] funct hefgler BOA e4SbSAEMZRRIN adsBN he©R M d?6 usRd8vieés to the
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fitst boam pribehoset.s Apsiga 884 awtr eiorjated witha pdehaglidhat contains a
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B6dcBBsIECHaDEREFoNA N6l A BYpe@T@ecbrsNTIhas, \ved it 500 o abddiaBshe user
or sets. For exanple  beam generator 502 can generate
arofigreage Witlcaropntigor gakies in 3 eedeRadl- niiprexampler aRfeeriean be a vector

??E?(}r%?ﬂﬁ(ﬁ&? ﬁr,eégang.)aﬂngﬁi&t Qﬁgfr&g gg{rgsﬁ)gn@tos%m ors utilized for

etc”) vector set that has a
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ot LB IS8 ot S HFBPICiEh 2 Qps SIMAGS G (16 SDMA users
SI§duid %%Eﬁi&%ﬁﬁ@ﬁig@uﬁﬂﬁe&&%@%ﬁﬁe B4 §BhS Bansmitter, or access

S,

orthogonal . In”other enbodi men the second vectors
point.vi twonsers 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,



sets) can have the sane coverage area as the first
vector (or vector set). [0058] Assigner 504 can be
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&Elﬁﬁ&yg@ewm cation for the user devices based upon
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transm SSsi on no to apply he sel ecti on can

modersegm,rm” otleer iferngattonthagis @pablﬁeﬁ being utibzaddd dbteokine this

OP Cormmuni cat or 508 (or transmtter/receiver) can

‘f?lgured to receive information from each user f

[é@m]c e I egaf 604)d cadddealiisdead R ERinai IRkt &0 GRd speRific vector, or

exanpl e, communi cator 508 can recei ve a user

YRCkrS 08 Iedif, O matniqeaeoressing o thedser 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 eniry or entries in the codebook that

correspond to the user preference.



Comuni cat or 508 can al so be configured to transmt

the identifier of the node or npdes selected. In such
w@200a02m825 conmuni cator 508 can i nterface w t hP€1ES2006/033937

ot her functional blocks in orger to locate two or nore

user devices that can share the resources of a comon
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nat sét)of emnesmdrrba:lﬂ&:ar ddmbipations oﬁtlr&rbehman@he axzclessrpomtaten use
an correspond to the entry or entries in the codebook
SHPIEEP @%ﬂ%ﬁﬁlto t he user preference.[0064]
P8O at i NEcdhEing M MIRFO, aket HeentRsiehn 8k déﬁ’néﬂ where each entry
particul ar spatial processing node can take many
Inohldss twia, theem dout, Hee, erdeeatersobacthenlump ef fmlmameﬁgnay be a linear
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&@ﬂefeaswdhé Bnd2f €6:aBinAGon ¥hdss Thecclurhgs. Wdrlekzaplef @luran 1 is a
dlurality of users that are in |ine-of-sight

eembinationooichepmad, 2.nd 3pnd calumm,2 isfa lipsay lipsay gombination of beams 2,
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vectors. These t st ee ect (5. £ be poi nti ny
10868 cer ¢ oy St  deliaei st sf AEbeAmsiean e pyiiting in a
nL n #dctioR®h 4 Elec'tdrn To‘iferi%hﬂ Blovph cﬁﬁ‘.ﬁe Hédnlld 48 bbehﬂ@@eﬁl be pointed
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cal  ed "beans" and. the
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



next set of entries can be |inear conbinations of the

beans. The access point can use these pre-defined
whean®278p0066] According to MEVIO, a set of enpCi/ES200€083937

be defined where each entry ipcludes two, three, four,

five, etc. vectors. Each colum of the natrices maybe
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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.
[0072] 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



characteristics for a user are determ ned, at bl ock
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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
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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,
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(e.g., a technique that individually processes multi-path signal components using a

hD

plurality of baseband correlators, ...), an MMSE-based receiver, or some other suitable
receiver for separating out user devices assigned thereto, as will be appreciated by one
skilled in the art. According to various aspects, multiple receivers can be employed (e.g.,
one per receive antenna), and such receivers can communicate with each other to provide
improved estimates of user data. Demodulated symbols are analyzed by a processor 914

that is similar to the processor described above with regard to Fig. 8, and is coupled to a
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vol atile and nonvol atile nmenogy. By way of

illustration, and not |imtation, nonvolatile nenory
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recei ve ant enna), receivers can conmmuni cat
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that stores information related to user device
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access pomt 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.



recei ver 910 and/or processor 914. A nodul ator 918 can
mul tiplex the signal for transm ssion by a transmtter
w@2@7omsetigh transnit antennas 908 to user devPCEESH06/033937

[0082] Base station 902 furthgy conprises an assigner

922, which can be a processor distinct fromor

j gral t rocessor. 9 n L ch I -
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df o . . (g .
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TXMEVIOL$dE:ssdr 1820 o vtk N'T gfimitsol stueddey toNT tadstnitiérs €ANAR)
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Ye7a thiogl 4. Iosome qmbadinenteniys MIMA PLoewaE ﬁ&n%ﬁ)éﬁ@he beam-
fo&ﬁlﬁfﬁg@ge@q@&@ﬁé%ﬁsﬂ oPURS dafa srn%a@@ ShdeGipbh BRSEEL to which the

ante data”processor 1014 formats, codes,
symhlerld arabemgttiaasmitefl ind theangenha froeawhichl dtessystbobmrbeing

based _op_a particul ar codi ng schene selected for that
HaILe] BARIDY 58 GBS SRS T A R s orre

Eﬂi‘@?}jl Ment achligird@titer RORERRSIQEs AfdlftodRisiaG8spective symbol stream
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mati on may be-generated utilizing CQ 1informtion
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th f. schedul | SSi .the TX dat
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user’ [ The coded data for each data stream may be
perditiqried stemaldopovide sampdiest 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



usi ng OFDM techni ques. The pilot data is typically a
known data pattern that is processed in a known nanner
wanw7nens2dhe used at the receiver systemto estPOEHUS200616¢33937
channel response. The multi plexed pilot and coded data

for each data streamis then nodul ated (e.g., synbol
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ho@dated by atm(miawn 1080, cﬁqndmohﬁ'd by tremmeigert 0244a thioughdQ54r, and

1024t especti vel 008 recei ver system 1050,
‘Fﬂ’émﬂtlteé{%ﬁg E?P%ﬁ?ﬂ% ey hal s are recgl ved by NR
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[O%SE]eCt ed” A’[S gtr)gclel\%* rV%%gEs pr-glc?eesﬂgg ?ecgmquegmby 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 Ng independent channels, with N; < min{N;, N #} | Each of the



RX data processor 1060 is described in further detai
bel ow. Each detected synbol streamincludes synbols

W@ bar/ozases esti mat es of the nodul ati on synbol s PCT/US2006/033937
transmtted for thecorrespondymng data stream RX data
processor 1060 then denodul ates, deinterl eaves, and
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caxtsihation, therep il Stor pdmaedwareineplemensitzony thermdedssing onits within an
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RX dat'a processor 1042 to recover the CSI reported by
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nul I i ng/ equal i zati on and_interference cancell ation”
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



recei ver processing technique (which is also referred
to as "successive interference cancellation" or
w0 swcozrses ve cancel | ati on” receiver processi ngPCT/US2006/033937
techni que). [0093] A M MO chagpel- formed by the NT
“transmt and NR receive antennas may be deconposed

i nt.0. Ns, i ndependent channel.s,..with s .~ > R . Each
pspoBleb racePriiETe AR s HRA! ool b ntefadh d efBracs fisHln
Ardiondahd@ficatiehs harwelatibey that fall anhin Ssispitit ah@ ek bf tHe
the M MO channel and corresgonds to a di mension.

appendsyd dlaimis s Fughasaorm detheessat thatthe tora “dnaledes nisriised in either the
G55l REREL Bl e TP S bR R il Yo HAHENBAE in 2 manner
sottware, “rrrmare, i eware, mcrocode, or any
simiibl 1oahé ANt Banpiding Far‘camprsidyiaiséntempdtedrehtmemployed as a
t he processing units within an access point or an
transitiogak werdiip giclay be i npl enented within one or nore
application specific integrated circuits (ASICs),

di gital signal processors (DSPs), digital signa
processi ng devi ces (DSPDs), progranmable |ogic devices
(PLDs), field progranmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,.

m croprocessors, other electronic units designed to
performthe functions described herein, or a

conmbi nation thereof. [0095] When the enbodi nents are

i mpl emented in software, firmvare, m ddl eware or

m crocode, program code or code segnents, they may be
stored in a machi ne-readabl e nedi um such as a storage
conponent. A code segnment may represent a procedure, a
function, a subprogram a program a routine, a
subroutine, a nodule, a software package, a class, or
any conbination of instructions, data structures, or
program statenents. A code segment nmay be coupled to
anot her code segnment or a hardware circuit by passing
and/ or receiving information, data, argunents,
paranmeters, or menory contents. |nformation,

arguments, paraneters, data, etc. nay be passed,
forwarded, or transmtted using any suitabl e neans

i ncludi ng nmenory sharing, nessage passing, token

passi ng, network transm ssion, etc. [0096] For a
software i nplenentation, the techniques descri bed
herein may be inplemented with nodules {e.qg.,
procedures, functions, and so on) that performthe
functions descri bed herein. The software codes nay be
stored in nenory units and executed by processors. The
menory unit may be inplemented within the processor or
external to the processor, in which case it can be
comruni catively coupled to the processor through
various neans as is known in the art.



[0097] What has been descri bed above includes exanpl es

of one or nore enbodinents to enable a person skilled
WO poovioz7sast to make or use the features, functPONES2006/033937

operations, and enbodi ments djscl osed herein. It is,

of course, not possible to describe every conceivabl e

conbi nati on of conponents gg#gﬁhggdologies for

pur poses of describing the nti oned enbodi nments,

but one of ordinary skill in the art may recognize

that many further conbinations and_ pernutatians, of
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simlar e term "conprising” as "conprising" iI's
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associating the user preference with an entry or

@rat ldastsoriermairiz dlapé berstspordsdo desisghpigtprense. user to a
transm ssi on node corresponding to the entry or

entries. 2. The nethod of claim 1, associating the

3iser TPheinethed o€ clain i, whereintthiy calebesl intktes eimaesdbﬂ‘&m{:lkssmn

conprising reading a codebook to determ
mpdsdnandiBEErereding: spare Givisi ey iplecopsss K@M%%n&gm precoding,
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dhlvemftyn ssi on nodes including precodi ng, space division
nmul ti pl e access (SDVA), SDMA precoding, nultiple input
mul tiple output (MM, M MO precodi ng, M MO SDVA and
2 di vepshbihod df cihBe 1 n@ﬁ&@ﬂ akh EAtA} PBriespdMAS teh HaRdEibsion mode.
entry corresponds to a transm ssi‘on node. 5. The
met hod of claim11, the received user preference
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prefigénce |1Mﬂgﬁﬂgi tHegh@deps cKaghel duatityeibdicaas (C(QI’) emﬁftlplehﬁodes along

mul tiple no and differentials betmee

and nelsbast CT fort Iptiese ofgbe mUMRIHDIdE SaLOBRHPARRGEaesn the
g§4f0§aqe§§t%@ﬁg (%g a transm ssion node, conprising:
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ermning C characteristics of a user,

6. A method of determining a user’s preference of a transmission mode, comprising:
determining channel characteristics of a user;
selecting a transmission mode or modes from a codebook to apply; and

transmitting an identifier of the mode or modes selected.

7. The method of claim 6, determining channel characteristics of a user comprises
determining by utilizing a CQI, power offsets, signal strengths, and other sector

interference information.



sel ecting a transm ssion node or nodes from a codebook

to apply; and transmtting an identifier of the node
wo@rooToesss sel ected. 7. The met hod of clai m6, PCT/US2006/033937

determ ning channel characterjgstics of a user

conprises determning by utilizing a CQ, power
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RS VWOt T BE RO B Rty B THIEls i
é@l\ﬁﬁﬁ Si)MAaﬂl‘%éBcﬁﬁ% I %gﬁﬁm@ﬁiﬁl&@utbéﬁt (VEXEO), MY precoding,
diffefent base stati ons. A wirel ess conmunication
MEMIQ: 8 DdbApanidsi digersitipans for processing a received a
user preference for a transm ssion node; neans for
associating the preference with an entry or entries in

3. CodplRoRiclesy bimanscdtion dasist gnNélagn | hevhisen cheh dntry of the

transm ssi on node corresponding to the entry or
eafiebeakscorresponds to a mode of fransmission.

14.  The wireless communication device of claim 11, the processor automatically

accesses a different codebook as the device is moved among different base stations.

15.  The wireless communication device of claim 11, the processor receives a different

codebook from which to select a transmission mode as device is moved among different

base stations.

16. A wireless communication device comprising:
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; and



17. The wirel ess comuni cati on device of claim 16,

wherein the codebook includes entries for transm ssion
wore@e®2iseE| udi ng precodi ng, space divi si on nul PCPUS2006/033937

access (SDVA), SDVA precodingy nultiple input multiple

out put (MMJ), M MO precodi ng, M M3 SDVA and a

di versit 18. The, w reless conmuni catj on Vi

cl o meeeY TG TR BoREL Ry 0o Hiis o Ronbfie b the enty or
chfrRsm ssion node. 19. A wirel ess comuni cation device
conpri sing: nmeans for determ ning a channel

characteristics of a user; neans for selecting a

17 ans{rﬂe%{e? S 'g?ﬁgﬁmﬁfca dasvild &fgéﬁmfﬁd SRR, iHe BBRJoYk includes
and means for transmtting an identifier of the node
cdfriesdsiasansmissivhanode? ncluding piec@ling Spaendivision ailgple access

devi ce of claim.19, erejn neans, for d 1.Nj .
SRAS SR pRecpdEs TP DR HaPle S (YYD MIMG precoing,
Mﬁ%‘ﬁ@ﬂ)ﬂim&@ydﬁ%hying a OQ, power offsets, signal

S, e

strengt and ot sector interference information.
21. The wirel ess communi cati on device of claim19,

erej,n the codebook i.ncl.udes t.ri faor .t ransm.ssi
des eRgrRle rgmpRRRstiPR gevispafelaitn {7 oynseinrtpieghg coftbsponds
8GeeSSm{sSBMMode SDMA precodi ng, nultiple input nmultiple
output (M M), MEVIO precodi ng, M M>SDMA, and a
di versity. 22. A conputer-readabl e media including
stryctions. s . e i Sing: instructions
ifdcqar p‘(ligé;”ee S ﬁ%@ﬁﬁg%{éﬁéﬁ?% cﬁg{ﬁi@%ﬁéf gr ence for a
t r ansiieHs f@deteahiing A shanel darstdivticsastaasent i ng t he
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%od h 8 cadebook to.apply; and
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entries.

20.  The wireless communication device of claim 19, wherein means for determining a
channel characteristics of a user comprises determining by utilizing a CQI, power offsets,

- signal strengths, and other sector interference information.

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.

Y

22. A computer-readable media including instructions stored thereon comprising:
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; and

instructions for assigning the user to a transmission mode corresponding to the

entry or entries.



