ORTHOGONAL RESOURCE REUSE W TH SDVA BEAMS
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Application No. 60/794,001, filed April 20, 2006,
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COVMUNI CATI ON, " hereby incorporated by reference

herein in its entirety. BACKGROUND OF THE | NVENTI ON

[ 00BRTHOGONAL RESOERCERETESEWITHISDMA BEAMS

wi rel ess communi cati on and nore specifically to

resource allocation in space-division nmultiple access

(SDVA) wirel ess conmuni cati on systens. [0003] Wrel ess

communi cation systens have becone a preval ent nmeans by
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communi cate. Wrel ess conmuni cati on devi ces have
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1t$ gircemandi ng reliabl e service and expanded areas of
coverage. [0004] System capacity is a typica
constraint that limts the ability of a systemto
provide reliable service to comuni cation devices

within a given cBOEREGEOHNRLOFVIHIIRYENISRMuni cati on
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% PERCIGIKSHIS | zes the spatial di mension to support
nore termnals for data or information transm ssions.
083 SDIVAreless| comesurti¢aeios pattéras haicdreaerue e prayhlenhmeans by which a

o S T A R N s R

8680l €Bedothcantl BN abre doNRER] inforiér t8In@s consumer needs and
comuni cation system can i nplement SDVA in various
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beans or increased interference due to overl apping

FIRMF S?ﬁbﬁ%amx tﬂfca_ﬂc'ﬁlsltt%li‘ﬂlt:-hwt g}hts the ability of a system to

provide reliable service to communication devices within a given coverage area.
Wireless communication systems utilize various techniques that contribute to increasing

system capacity.

[0005] Space Division Multiple Access (SDMA) is a technique that can be

implemented in a multiple antenna communication system. SDMA utilizes the spatial
dimension to support more terminals for data or information transmissions. The SDMA
utilizes the spatial signatures of the terminals and schedules multiple data transmissions

on each link that have (ideally) orthogonal spatial signatures to one another.

[0006] A wireless communication system can implement SDMA in various ways.
One method is to utilize beamforming or otherwise directional antenna patterns.

However, SDMA systems utilizing beamformed or otherwise directional antenna may



[0007] A wirel ess conmunication system can i npl enent
beanform ng across nultiple omi-directional antennas
W@ ocnzese beans at different spatial directi oPGI/UTI87/067149
comuni cati on system can arrange the beans in sets,
with each set arranged to proyi de substantially
conpl ete coverage over a predeterm ned coverage area.
Juféer Gomivilc advictige st atwean bednisdngecreived tbiféphe GV
beam sets to support substantially conpl enmentary
eYRFePRiE bsPBRs, such that a main beamfroma first set
provi des coverage to a weak coverage area of the
second beam set. [0008] The wirel ess comruni cation
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[ 0010] Aspects of the invention include a nethod of

[(RBGLT Gfe MEHFSs b ﬁmﬁdcﬁ&&?é@teﬁ? F%?B%Qﬂwﬁé’ SRMes The
net hod i ncludes determning termmnal 1| nformati on,

sletsentialhy onthogohialrstoubram ¢achaf fhiertshmbemmThetsubstarally

lurality of beam sets based upon the term nal .
PrDREk F e SEhD ST A h AT FroTuEkyfogErand the like, or some
asapehdBfebt h @ subset of resources of a plurality
of resources, and transmitting signals utilizing the

am.in the first .beam set,,on at |east, sone of . .
gL, ABElsfe) Bl B ST ORRT bR oS, 13 i Rlnicaton
linly g4ihg @Bombidhticieofbdant feathndfsub@salallg @rthegERl foowces in order to
Wi rel ess communi cati on system The nethod i ncl udes
povEieympEpvad spyirags vishatt agpgpwoading ancregse it nigEgence e or

N A ﬁ%fes?%&ﬁic%ﬁﬁl S&E@n! &Y ag{igfygge{na Rkl i)é/alm %e{; and the

orthogonal resources, determning at-least one qua
frequeancy bastacr arfimgondiecplttcabirtypoaliingit@tiel leam set to a particular
transm tting acomuni cation to a base station based on
9%%m%?wﬁ%ﬁé§m%ne quality nmetric, and receiving a

signal associated with a beam of a beamset and with a
HOB8Et Aspedthef the imvahiieryinofude rinmslgahel] rescs@ucsesn a wireless
associ at ed w

h the beam set. 012]. Aspect.s of .the.
P BRI Heletucl i EPRbAyider SLaap bRy B0 fogmstion.
WEtERAIBHS a first beam in a first beam set from a plurality of beam sets based upon the
terminal information, cach beam in the first beam set associated with a subset of

resources of a plurality of resources, and transmitting signals utilizing the first beam in

the first beam set on at least some of the subset of resources.

[0011] Aspects of the invention include a method of resource reuse in a wireless
communication system. The method includes receiving a plurality of signals that are
transmitted over at least some of a plurality of substantially orthogonal resources,

determining at least one quality metric based upon the plurality of signals, transmitting a



conmuni cati on system The nethod includes determ ning
a beamin first beam set supporting a conmunication
WO povk/12486ch beamin the first beam set associ aR€HUSENT067149
a resource, transmtting signals within the beamin
the first beam set, and transitioning the signals from
the beamin the first beamset to a beamin a second
beamusehtioredcbabe smiombdsbé os e thabean @elityasaaic, aldateeiving a
with a resource that is substantially ortho%?nal to a

plgay gposiafedowich abeam of ¢ Reamh ectand Srithgbabsetof themarps{y of
ﬁgﬁ bl Qo€ o ngﬁﬁgwéy%iﬂyﬂegg% o2 method of resource
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orth ogona resources, transn1tt|ng a comruni cation to
supipagBgst mmmlbﬁmdln@nemh@e@mam tlteyﬁrﬁtehelamt asapelated with a
recejvi eas

seSGike A RiBFETERITEIaRLAC Prack ] T Dol sk 5 s fioning the

SigRATY RoBatht BBam [1DBE 4irst AT PR GESto Af bhMEin Ia¥eHdi B2Bmi BE lebidtEbeam in
an apparatus configured to support resource reuse in a

thicrsesad deaBriri A eatiPG it yageww ¢arhet ip pehistrgdallporthogonal to a
Fers«?]]ﬂ%é‘msbaﬁtte‘a%ﬂfhtgé‘ﬁ“?s‘{‘b%%%&”erate a transmt signal

a plurallty of resources
d on one r nore cont a resource
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ere rce co troI er and canfi red to.encode the.
PSR e bR h B pEaRE b PR RS o Stion based
@%ﬁfecquah@c{n&mw ahd @ecawﬂge@ﬁéanﬁnﬁn&f sigihe uﬁhivlﬁg bi fedst @ﬁe of the

resources, and a plurality of antennas coupled to
mﬁnﬂ@mmn@ldnmumﬂs ddsadnho eeromenicetien. encoded
transmt signal in the first beam [0015] Aspects of

[0ve4) nvepEdtOsf theelvedgordincRiAPan af)}%wﬁratﬁﬁ) odri fipufdots@pport resource
support resource reuse in a wireless conmuni cati on
sew B YHgess eergdsationsysemyiyt iedpdas girasgmittst cafiguged to

%%I% ne#ﬂé Ay L?glﬁﬁ+l%%%ﬁ1§%? %&%ﬁ%@h%&r@lﬁg%@fl%&iﬁﬁké b %e@bn one

ornmed SsiI gnals
assoi @hedl sigdals, atredoaﬁzetcohmllailcsﬁﬁgméd toegnuracethe oae or more

aRehand, Pl ogesSRtLEanLL U, L0, pLocens & LeaSt B purtiy

Sprreﬁcﬁﬁé’é%n% &Qoﬂ@&%ﬁ%ﬁ:ﬁ ) ﬁlréqlra%%ftieg WhEthe r@sogﬁfé%ﬁttr@ﬂé}tand
least one quality tric for received signals ofeach

cespuraldp cacmicahe eaporcegmdnd ¢ Grdt beang drof glirsededno set associated

t b d t
ST AhT i pnEaht P BETY BoToTrRepbl SPGrIThe! THULRE Faipled t
tﬂé%hb&i%r ahd eRPRAIIUS beeHAE P HeQ@HA bR dSHPRAIlsi gn@BRAURE Brst beam.
reuse |n a wWreless connunlcatlon system t hat includes

ﬂf(ﬁg]s Aspec 3% En 1nnvlelq ot Elrcfnde an apparatus configured to support resource
reuse in a wireless communication system that includes a receiver configured to receive
a plurality of signals corresponding to a plurality of beamformed signals, the plurality of
signals associated with at least two distinct resources, a baseband processor configured
to process at least a portion of the plurality of signals based on a corresponding

resource, and configured to generate at least one quality metric for received signals of



i nformati on, neans for determning a first beamin a

first beamset froma plurality of beam sets based
waipen/1243e0 t ermi nal i nformati on, each beam i n tPEI/U52081/067149

beam set associated with a subset of resources of a

plurality of resources, and ngans for transmtting

signals utilizing the first beamin the first beam set

eqthatsoua@sindsorsowte tdigrodlubssifigofedrie somtra @lse ref803rAnd baseband

Aspects of the invention include an apparatus

PIORESYLOSHPRY & DHHETIET 1°8QWERce reuse in a wirel ess

comruni cati on systemthat includes neans for receiving

B0pbLir Aspeats of ths imyratien inkhitle an epparans oortfigadcdadv enpmtrt resource

| east sonme of a plurality of substantially_.orthogonal .

RS (b BECloraRe e Aga st Pl dhlidqs o ot torminal

s fioRaneshs Yook tdrhBniRL WAkt He¥mQh a Hr@MRhS scBAS fl@hlity of

transmitting a conmunication to a base station based

beam kats bascdl gpet the hermanead linfoymatioms tash beae ingeenierst lgnam set

receivi,ng,a signal. associ ated wth beam of bea
ESES ks it Sh 8 3 SRR8R & Sutie e B v mE SR
reSeUtEeSide BatiliaingdhsMitshbédhe inBa frd @bam BRI Jafat least some of the
DESCRI PTI ON OF THE DRAW NGS [ 0018] The features,
pijseicafgesonrrgs-advant ages of embodi ments of the
di scl osure will becone nore apparent fromthe detail ed
84Ty i pispeuts sfthe irnehtiohak hide wh eppdratke corifizuewinp Yogidromsource
with the draw ngs, .in which |jke ?Iéenents ear |ike )
Ifeélﬁee}newgelﬁwg%mﬁ@@fgiwmitbﬂruéc ydgsdnegng fqpgpqefyipga plurality
. b . i ¢ ‘
S0ELORRLuELSRI 591 R A0 RIBSHAEIN il
gitiggonli resbutremcineanddr ditaoknidp agleashoot qaalite medakd basad upon the
of a.transm.tter apd receiver in a nultiple.access
Bor i C R p2or GATSY e CqOOLF g AP giiap based on
P | dabti € qLbING th@A@lanBInRGKs Hir3cATh©f si@RalIRREEERth a beam
of a transmtter SﬁSt em supporting resource reuse in

shMecapesatend pith 228ubgit glithe purplityanf orthpgankl edowicesgssaniaséd with
nbegbodi nment of beam patterns for SDVA beam

S6t 5.?1661;23] Figure 5is a sinplified diagram of an

enbodi ment of beam patterns for sectorized SDVA beam

sets. [0024] Figure 6 is a graph of user geonetry for

various partic PRI Zﬁ#@ use

SDVA. [ 0025] F?%%Feﬁgglegla m%ﬁlg u{ryg%qi osﬁal bl ock
f00a8} affheffeatureswbpdisyant advhntagesedembedinsynsd &fithe disclosure will
geuc%?n%rr}lérggaplroiggtuéocn? tl{ee e?aﬁleldr(]iessé%og Egcnfgfth below when taken in

conjunction with the drawings, in which like elements bear like reference numerals.

[0019] Figure 1 is a simplified functional block diagram of an embodiment of a

wireless communication system.

[0020] Figure 2 is a simplified functional block diagram of an embodiment of a

transmitter and receiver in a multiple access wireless communication system.

[0021] Figure 3 is a simplified functional block diagram of an embodiment of a

transmitter system supporting resource reuse in SDMA beams.

[0022] Figure 4 is a simplified diagram of an embodiment of beam patterns for

SDMA beam sets.



[0026] Figures 8A-8C are sinplified flowharts of
enbodi nents of nethods of resource reuse in a SDVA

W@ yBUar46) 0027] Figure 9 is a sinplified functPONEE2007/067149

bl ock di agram of an enbodi ment of a transmitter system
supporting resource reuse in §DVA beans. [0028] Figure

10 is a sinplified functional block diagram of an

poRapi ment Figluress isecsgmpkficddippant 0@ shendimar of Betse patterns for
SDIVA beans. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
f@@%dﬁwfﬁe’?%ﬁ"éommm cation systemcan inpl ement

SDVA by providing nultiple antenna beans positioned to
HOggbrt a Prpedet srangragidofteveg@getgrfonyvaridtus particular embodiments
cfg ni cation Iﬁ&]ﬁ em can i npl enent the antenna beans
akIeAHeReYIeUs Ty ‘ional antennas, beanfornmed or

beanst eered antennas, and the like, or a conbination
t092pkof . Thigurail tsiapimphnediwmatidtnehbiock diagtren ebarf ¢rgbodamient of a

d . Th
e SRl aPh B Sl e B SRS eBhE a1 21 1
omi -directional, or can be limted, such as a sector

§1028] cover Bigareartdade ne simelifiediBpwehasts obembgdimontsafancthods of
ch of the nmultiple beans can
Persmﬂ% Qé‘ﬁwbSl? 1}3 ﬁ independent area within the
determ ned coverage th beans

F
ﬁ%?ﬁﬂoe as s B i AWIRlibeh gfééjia ek ozt AT gReiAbiment of a
ﬁ%ﬂﬁ&&ss Ll s%gaﬁhgmbﬂfcé rGRYEH 3081 268N, The beans of

beam set are substantially non- over appl ng, such

transm ssSions in am do ubst i all
L@??L. bat orird AR errERf A LRt S RpEa A dagdiment of a
RRABR cPRPPOFBE resbiRcRORDIS sDM&@earﬁe configured such
that a major beamfroma first set occurs within a

boundary of one or nore adjacent beans froma second

set. In this manner the first beam set provides strong
beam cover ageEirmaEeasEsz@RWeIa@\beam}m)mvegm@Nom the
second beam set. A heam set need not be a urality of
[0038] e AW HE | ChieemMUIN CRtIOB NS AP |1mpl§mepysla?ﬂf%j by p@rvechtlg

%@g@p?éérﬁén&a%e‘éﬁk @Hmﬂo mﬁg?%bﬁ?ﬁ%éaﬁgﬁigged@dv%%ge agefa The

transm eanst ee
boromdo@stiorssygteal Can[lﬁ@&h}en-i-ﬁ& antan@h bsanmsn’mulnpteahreononal
%% stem.can al so a%som ate_a resource h each
grnapeamigrmedis braByered antgue e e - 0h 2 64 ingiggyfhereof.

$RE mdufi éﬁ@@[ﬁ&ﬁﬁtﬂe%k ¥arPhd BRERARY & @uﬁpo?ﬂ ﬂ%ﬂeé&eﬁﬁﬁ@d"é&%mge

assocl ated wth any other beam set. l es of
arcthdhopzdetersiood cesrigeciresdan bbutlbmtelaﬂsatomnu-dlrt:@d)nab or can be

E%ﬁg %ﬁ% ?ﬁ,‘%%e{é&’g ? ﬁglpxg%?gel a{]rteae {hafql %Inqlgfele%na% bteﬂleg cllrlcﬁlgf o’

hexagonal.

[0030] Each of the multiple beams can support a substantially independent area within
the predetermined coverage area. Furthermore, the beams can be associated with beam
sets, where each beam set supports the predetermined coverage arca. The beams of a
beam set are substantially non-overlapping, such that transmissions in one beam do not
substantially contribute to interference in an adjacent beam of the same beam set. The
beam sets can be configured such that a major beam from a first set occurs within a
boundary of one or more adjacent beams from a second set. In this manner the first
beam set provides strong beam coverage in areas of weak beam coverage from the

second beam set. A beam set need not be a plurality of independent beams, but can be a



[0032] The wirel ess conmuni cati on system can determ ne
a servicing beam and associ at ed beam set and

woeanoganal resource for each comruni cation | iPRI/UT1087/067149
Wi rel ess communi cati on system can deternine that a
communi cating device is transgtioning towards a beam
edge. For exanple, the conmmunicating device can
plueatitylef diffeeadbatk axys to whidheslttaneaagastdeafarsing) oreRemple,
or nore netrics, nessages, or other information that
fransndf g Weshisiogite permisieer therbraadsasttianel a beam set .
[ 0033] The wi rel ess comuni cati on system can
{003k Thomvitchess communicetdn systdm oda dlscoassamniate d gesoafceavith each

eamin e et havi ng.an, associ,at ed ort hogaonal
IR A SRR R A L AN
FRhQonhABe saMBL BRRY RG] § 88 Bhy BERMP&LDS:. ﬂ%ﬁmﬁl@@ﬂf

in the second beam set has a different associate
orthdgogalrasouress dualeds, bitvee setrininidtat frequesys ttiem, coding, interlacing,
tr(f\tilgil%i ons th% cgmni aet iogn link froma beamin the

# &ath TeF “GNGF Pt Y ‘hogonal resource to a beam

in a second beam set with a second orthogonal

03231 r dae Wiglsd Fompmupisatiahisinhed deteimarg 4 saraieing beam and

Wb GhRE BesiRTURALS Lg&lawe%&m ?&%aélﬂ?drﬁﬂﬁ@%atm. "The wireless
a rne

one or nore base s I ons usi hg beanfo

commutlichtéat $ysteal caardcenmas:. thidsi cognrbedodtmipgrdenige is transitioning
techni que, ommi _antennas can be used with ,

NS PSS AT PIAFIRAC. Ao eUBMpBSNIRYS ¢X L TR REPVids a feedback
GJ%E&aB%m(%%&%&r{iﬁ%ﬁsmr rﬁa%tnlha{acsq hEGLEOB: bR cAMAEYBon that
virtual sectorization of a cellular system For

sxalaEddas pasibars witbinat haam efanbagenet.at e beans usi ng

mul ti ple omi-directional antennas to achi eve peak

tllﬂ)@H] 9ghBsviRlesd coffifunRRfon 3tcADhr! thisitioflthd Q&mmesPAMink
80, 240, and 300 to form 3-beam SDVA systemin a

trem|an {dgo 863 beam iinsa Hean peibkeing @n lsspeiatnd drdogensed sgspurce to a
cove e over the.cell .covera ar ea.. Howeyer

ORI Arnty S e gt it { SRy T SRty g g e cdee
Dhie baun EBBEeddhl e/ BEIHaE A QEffatet)asiRWtEd @ftlgohal resource. The

interference ratio (SINR) due to . . )
FIADY BiSATAbIYSICHT ERsHioan Ee opBRBeFtion vk {ram aRpam ims first

ﬁ_%gfg%t %HJi Bird? ﬁﬁ&goﬁlgg%g rgeet%i d @Qﬁﬁ%@ko%@@ dseeg FvitP (e)lrsecond

ore, su eam coverage 1S
with@joaslseseivieces posi ti oned near a beam boundary.
[0036] The cellular w rel ess conmunicati on system can

[00BUE BN OBRLIMERY, & cAAMR! WHARLRLMNRARDE kFstdA Ch g?plernent

peak beam gai ns positioned at the overlap of” adj acen
BBMvE i1f oronerametic dusastatidne aning dtam fomaied olsi-dimedtminhlyantennas.

RS b BB L BB 05 i
dc8td BEIMA) technique to create beams at different spatial direction to achieve
virtual sectorization of a cellular system. For example, a base station can generate
beams using multiple omni-directional antennas to achieve peak beam gains at 0°, 60°,
and 120° and their mirror response 180°, 240°, and 300° to form 3-beam SDMA system

in a cell.

[0035] It is desirable to have uniform beam coverage over the cell coverage area.
However, communication devices situated at an overlapping area of two beams will

experience very low signal to interference ratio (SINR) due to non-separable



resource, where each resource is substantially
orthogonal to the resource associ ated w th anot her
wheansase [ 0037] Figure 1 is a sinplified fune€T/o8a07/067149
bl ock di agram of an enbodi nent of a nultiple access
W rel ess conmuni cation systemy100. A multiple access
W rel ess communi cati on system 100 includes nmultiple
edrfsence fhm okt BeahB32yhidiDHas @nthaldbbe pdwerttd eheatebioe sigmdl power.
of Figure 1, each cell 102, 104, and 106 may i ncl ude
$hersﬁoé% suchhfixqek bepmprovaree isnat idsakfonyyirelsss ée‘éé%tmﬁléloned near a
L0938dunkle, Mul tiple sectors are fornmed by groups of
ant ennas ach responsi bl e for communication wth
als in a portion of the ce C
R36T 2 The hrlk @rr%ﬁﬂgsslcf%m%&%ﬂoaﬁzastﬁ%a%Hewe@s?%%ﬁa mpre
E&nﬁe&bﬁtfal%f R REHQing 8k b@%ﬁgﬁl € oﬁﬁd)ned]a(i) thd cﬁferlap of adjacent
divided into three sectors EOZ . Afirst
bennerfnem B1iBstinet beam get.fand stbssansieby nmidway bﬁW@@cﬂmamaJor axes of

AN AR Beatig TEDRDI TR Hoad S Mo, h9E Resp Ayt §itinet

ARGR0A AVIFTOLRS rdsb8rceld Qibsantall2Z tiepohalae tHasRanet dstoddated with
different sector. In cell 106,” antenna groups 124,

apsherdR@m 98 each correspond to a different sector.
[ 0039] Using beanform ng or beansteering techniques,
[110817] afignaass camphiicd edtivadl ibldsMagdraa b 'am a@bodiment of a

ate beans qt di fferent, spatlal glrect to achi
’{Hu tnigfccsacyige P Lompprndgatign sxyte 14 %fB?SS wireless
@&ﬁﬁ{ﬂh%au&h n;ﬁ@ f00AhtRBe Hlu fenc%ﬂQtee%Q@ zu%éi‘gmd 106. In the
mul ti rectlona ennas t | eve peak

bmhmﬂlgmmnsf Fagure , &@h ca}hd01,21®)4aamﬂ tIfenay michudoan respopsiet 150

%gp, F 0 300 to form 3-beam SDVA systemin a
F?@‘é@% méﬁ%ﬁ‘%%ll is configured to support or

ot herwi se serve several access termnals which are in

H9FRLI niThamiudiiplaisedtors aee %rmﬁfbbje groaps of antefnas pasch responsible for

gognﬁnrﬁun]lgf?t?odn;—\gggh aﬁc%?sit\sggglna 1n a FO r ex Efnﬁ) ell 1 2n \&e]? 202 antenna

peups 1124214 amda9s6 cher éﬂrfb@ﬂ)éhd]taﬁ (ﬁﬂ&eﬂt?&ct@f eFd)Ifbxample cell 102 is
conmuni cation with access point 144, and

divided dnterthren actors. 38 0arl2a.40 Tpleantonna d ey esat fishsastarr 022, a
%&g&? %%ﬁ&agltnl é]s%gfgs Ia SSE% Hggctfraf“dgbogndt aht%nﬂ%‘ﬁ?e‘ﬁﬁ% ﬁ)% &tr?e%s a third

N conmuni ca
tavrdozesh delirifinaltsmnagaatpsdd 85X, pad M2 &R ,coﬁésff)pndlmja

46 is not Lim t o communi ¢ WO access
%é&grﬁnﬁ sfeorady CﬁHL}e/g% @pi5BR4 SToHpS ﬂi‘kﬂ %% q&% gagycorrespond to a
Fﬁfe[gnmggcsgorup to some limt that nay be a physi cal

imt, or alimt inposed by a comruni cations

\S used herein n acce I nt
38 g St B o rs RGBS AR Gor be used
Hv&th fS'UMJAStlel ﬁu@@yo @bse bband af BffeRt dpatiddircaish tonehide virtual
sone or a
sectorization of a cellular system. For example, a base station can generate beams using

multiple omni-directional antennas to achieve peak beam gains at 0°, 60°, and 120° and

their mirror response 180°, 240°, and 300° to form 3-beam SDMA system in a cell.

[0040] Each cell is configured to support or otherwise serve several access terminals
which are in communication with one or more sectors of the corresponding access point.
For example, access terminals 130 and 132 are in communication with access point 142,

access terminals 134 and 136 are in communication with access point 144, and access



functionality of, a base station, a Node B, or sone
ot her term nol ogy. An access termnal (AT) nay al so be

W0 efognzgeb t o as, and include sonme or all the PCT/US2007/067149
functionality of, a user equipnent (UE), a user
termnal, a wreless comunicgtion device, a termnal,
a nobile termnal, a nobile station or sone other
teﬁhﬁ‘ian;01|3¢891yld 140@A2h cohenaliavien @u’ith(ud'befﬁe pbiit ¢4h ABhough each of

npl emented utilizing transmt (TX) processor 220 or

%@Cceﬁ? Beidtssis, t%aag 14413, shawa torkery sprampnigationavith tyeo access

&mﬁﬁls', Bachil GHLE pimt H? 104 O4RS96 S REMinRieedRE %Bl%l;]{{glg:aﬂﬂ with two
any processor, Bont r o or ‘ot her processi ng devic ®
mdssrtalynibels shomag sap;par‘onp'uttmber eﬁakabd;setemmaals tup tto soxse limit that
adabl e nmedi um source code, object
BB iet A 96 o ll[nt}b%}“ﬁf B&P@O@H}uglcaﬂgﬁ%%%dﬂded
functl onal bl ock diagram of an enbodi nent of a o
f(}ﬂéihls miAstused berding acagogssypaint maaynks 4 ﬁpﬁtdest%tmwsd farrcenegmicating

nicatipn st 00. - At ans r, system 210,

TR B R S s et A0 80Y e S RE SR G M o
ﬁfn@ffdnﬂihd}abfa a9 $Riodl2 Node 8, bF ﬂm‘ﬁdfd)thet(t@ﬁhmdl@gﬁ An access
rocessor 214. I n an enbodi msnt each data streamis

mehfA Demanler barafersgionsandtindndniomegitabihe furpsonality of, a
N e R i

pebile cuharal, aadbbily saioarce ssmb edicerindtolddyat data stream
to provi de coded data. [0044] TX data processor 214

e Tﬁ@?ﬁé&%ﬂ?&d‘irﬁerﬁy Péﬁb@%gﬂgergéﬂf&{l&ﬂﬂﬁﬁéﬁ%ﬁnﬁ Tt}@g)frocessor

oI s of the data streans upon t ocat i on
ﬁmeom&ﬁé)r; ptooesshi 23 ¢rti¥y Osymrbrobmonr 23 2209, asrshowmiin Fexmire 2. The

and the antennas fromwhich the s

PROSFRSHY MERHC PEOTOISHON SRS HE ST §°}4{‘rb@efb%fa9+€?§ rm‘?%?ésmg device
Wel BBy e o@¥edhe cOppalcAtQdanasREutRAR i€ RAGMBhLtcF RIS Bredium as
information that is indicative of the condition of the

squaerserids sttpert peddror pbeiveenh t he access point and the
access termnal. The channel response information may

048 nei@ired id4 biipified fldiondl bheycRelidg@sin Of at BaBo&ent of a
estimates provi deg by the user._ Further, in those
FavaytteTand GRS dte nhultinierpesspoisclcrsrompurndgatign system 200. At

| ect
B B 5LV P B PO
smete 71204 5] trahkit¢dNe datd@t@ceﬁsmr 2é4ch dadnab&lime@nearhyatastrecam
[ i il ot data using

mul ti pl exed with technlq The
Biqaé‘?l%%ﬁi’ﬁzw?”sa ’EG‘%‘? ctixe Frﬁn%nk Ay A él% HAPEEEHSOF Eng fqrenats,
BERE E5AGkke RS KRB $6r AR dﬂEXtr@ﬁn ¥sed oftha ﬂaﬂ?cular coding
recei ver systemto estinate the channel response.

salemie ptlexted fqi thaitdaaimﬂreemde gradadeacoded detach data str eam
is then nodul ated (i.e., synbol mapped) based on a

|\l c qb@aat ERbi DI &ENRBnfifurdd to Ep%@%ea%%mg%%fghts to the
ected for that data streamto provide
bgls;tpf tHp dgtyewﬁg:;rgs bapgpeé upon the location of the user to which the symbols
are being transmitted and the antennas from which the symbol is being transmitted. In
some embodiments, the beamforming 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 214 can select

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



data rate, coding, and nodul ation for each data stream
may be determ ned by instructions provided by
wee@easgor 230. I n sonme enbodi ments, the nunmbePCD1S2007/067149
paral l el spatial streanms may be varied according to
the rank information that is yransmtted fromthe
user. [0046] The nodul ati on synbols for all data
prodsp T hacedddndite fo @vdhodh teeam nhay Bd Moltipleedssdr pik? data using
whi ch may. further giocess t he nodul ati on s%nbols (for

Ok B teehniayes. GHowilot fata i wpIcplne kaewh dato pattgrgihat is processed in

RIR% A E?gﬁ%haﬁg El*z)agrl belsE& HWie }&GM %{i?e%\’ {B{ ésﬁﬁ{ia% t(l\l/% R/b’ﬂé&el

222a t In certain e I ment s,
pspasss dhe R0 iEA@Edipast oebevidod ditadonveiclydata strearh isethen modulated
se

nbols of th ata streans, based on the r
(i SR EROM GGG, PS8 PE W1t PRSP SEitrd b PSK. QPSK. M-
pOkenMA-OARY JARLRR fbNBaSaPQlcatrSto PR Age tbamaidd §y8thols. The
fromthat users channel response information. 047]

ate hate.rcadinigi antdemodd@tzont fior canjrdageRtcamguei bedetemuned by

rocesses a. ective | streamt.o proyide one or
RSPETERS e ARG PO b SRR BB Faraitl
griphi dtices nidyl HeBRagicd alidrdRE QNMKE idrk) infod@ aBneih@fis Sta@sait&d from
to provide a nodul ated signal suitable for
theawetni ssi on over the M MO channel. N T nodul at ed
signals fromtransmtters 222a through 222t are then
{00d 6 MTht etbdutation Mimbels ésrisda?24eeati’ acaihbn gRAided to a TX MIMO
respectjvely. [0048] At receiver 3ysten12 0 he
Progrist $ 30 patisdesprgress Shegmadylation sy, OMprsxample, for
R 2 e A, T oL S92l ransmitters
(BdéRy 8224 tREWIRh 2234 . InEacthin cetbeidnemt 3X EoMd? piooessor 220 applies

e.g., filters, lifjes, .and downcon .
beiHatige I B, b bt AT Zag: bred ShaRIMe g Which
HeGPRbokArdbANE H#enstAAR] A7) thaRftchi &8 WHEPEHRS$ABoL B Being
sanples to provide a correspondi ng "received" synbol

ransaaited fro04b3t usgrs Rixardigt eesponse edemnat®e0 t hen recei ves
and processes the NR received synbol streans from NR

[09a2] V&hash Bbdnliasexb2e thrdu@ar it etetics bRE Bio¥ses a respective symbol
processi ng techni que to provide the rank nunber of )
stepspeietnagvide gpgey meteradaleg signals. Hdferbe Gegdisipnile. gagrpplifics,

BB FGATOLE  , PELRSTAdB eor
esismissi@sovai thehd IviodeHaandl oV syodabtdt&l dig@ats frottedsimaters 222a

the carrespondi ng dat tream RX data processor 260 .
e A BT ESEH R B9 A ST 8 S 2 Sk spectively.

detected synbol streamto recover the traffic data for
{0948 atAd retereamystchh &5 @ rtbe tssimgebmoRXadd smnpls @acessarved by Nk

260 is | ement.ar that performed by TX M . .

B GusS 257H Bttt rocie 5B stagl o 47 e i vided
RYSte§McaFOreceiver (RCVR) 254. Each receiver 254 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.

[0049] An RX data processor 260 then receives and processes the Ny received symbol
streams from Ny receivers 254 based on a particular receiver processing technique to
provide the rank number of “detected” symbol streams. The processing by RX data

processor 260 is described in further detail below. Each detected symbol stream



[0050] At transmitter system 210, the nodul ated

signals fromrecei ver system 250 are received by
wa@pioennaso 224, conditi oned by receivers 222, PCT/US2007/067149

denodul ated by a denodul ator 240, and processed by a

RX data processor 242 to recomer the CQ reported by

the receiver system The reported CQ is then provided

inelydeooesisds thaBire @nimatsedl the nlotl)ilatieh eymbdaie trahenidad a)r the
rates and codi ng and_npdul ati on schenes to, be used
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BRBRS {REFIC) HePasooat 24 gpEsEany e g

enbodi nent of, for exanple, the transmitter system of

080} e A2 tignsnaitter systemm 21Qarthfsmgdlelmewsghalﬁ fronbepseivert sysicon250 are

b L . .
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D4; labgl @Focasstd BRAMY Hew pei@ssoenii2 Bicesh ok theJBQEFpbRedBEthe
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process reans

nor €
sttcarmBradd RD gingaad vasione asrsrol ol Téé(dumbﬁ),cestshﬁ2l4 and TX MIMO
transmtter 310 can be configured to generate one or
oeesse=Bi synbol s based on the one or nore baseband
signal streans, and at | east one OFDM subcarri er
{405h) n Fegusy Brivod siomgphifibe fugntibnay lbicwﬁ dﬁagrml ppen tmbodiment of a

arti.cul ar, co ni cat.ion |ink. S tter 0 )
PSS GrTTARaSS S et ot & SORNR Dot W& gpmsmitter
%fs%é?& BG4 SCOFiRreP&h el AAEnRATEent b Q‘éﬁ&xaﬂque tﬂ'iéﬂt@eﬁﬁhﬁttt&rsystem of
y

10 includes support for one or nore substanti al |
bieuhoyonairarsey ensystsm Witlein arbapsstitianegr sgh@ribanstigeon of the

con ured t.o process t signal stream supporting a
er [Issqﬁqng}m%l nt'rPﬁ?r?yétS{n ofﬂ:eglf'rﬁ% to selectively utilize

one or nore of the substantlally ort hogonal resources
H95eH dihe diasmaittergystens P Qhinckid E?%W@@H“?r& 19 cenhgyregd to generate

615160&1 ér%qaﬁllg Jf%‘ﬁ%&[ﬁﬁ& 81? Qat g Tﬁgrgpdtl%ﬁ tﬂﬂg ttggﬁ{?lgtrer ﬂ{) can

S|gna to a orm ng enco configure
beeurifiyunadith eedERzesnngrmalmdns bzns@bzmdil digrpl streaniseind asocd4dthe one or

|-340 N The pl e ant ennas 40 N can be an

A Sgl?a"géb‘%@ WfanF Itg 018G ?ﬁm%rre%?a'%flé Aueyps. Koy raaplsate
RS 1@' &h ek %%ﬁéﬁ@@fé@n&ﬁé&e{ﬁre OMREIrE RN s3RBER Iﬁt‘)ﬁsed on the
type provides a nct Aantenna pattern. For’ exanpl e,
oineoramore rbascbaBd Bighal 3t0arhb, @ad ableasiona OFdNg enkaatrigfwithin a
symbol can be configured to support a particular communication link. The transmitter
310 frequency converts the one or more OFDM symbols to associated RF operating

bands.

[0053] The transmitter 310 includes support for one or more substantially orthogonal
resources. The transmitter 310 can be configured to process the signal stream
supporting a particular communication link to selectively utilize one or more of the
substantially orthogonal resources based on one or more signals provided to a control

input.



mul ti pl e ormi-directional antennas. |n another
exanpl e, the antennas 340 |-340 N can be an

waeoanganent of directional antennas, or a conPCTEHS100TI067149

of one or nore directional antennas with one or nore

omi -di rectional antennas. [0055] A timng and
synchroni zati on nodul e 350 is configured to provide
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%‘iﬁew&% One[oéé‘%’éi’ RIFLEToRY RO Ier 360 can be

configured to generate one or nore control signals
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the nmul tiple antennas 3401- 34 For exanp th
Batmmshinigs BSEMESRUSE 0 RAFKIPTHA taa%reée%%et &’rorﬁfiample the
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tora such as sol te ne
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fromthe beanf or m ng codebook 362. The beanform ng

3t odanaigRin syanhionizkiieleforcach axeagpinent of sgingela)
splitter that is configured to split the signal from

10086} r ARdUrt€Eondblet TN @ ARIcOBTiFEEd M gm&@lté &le &irsralcontrol
paths, where N represents the nunber o antennas 340

$1g13&1@thqt qaerob Bercamic i deasersdripd oeureesor prohsgEmgpnication link.
i fés?thtjcg orﬁfol f %(Fga ﬁclﬁ{lae? Qb@dﬁfgpﬂé;ﬁg%bg%lok Rab I?hatt R8fds the

opera ansm t nal
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The beanfornln nco er. 320 can apply th eanf or m_ng
weling Htos CrgnElet i thesgograok ?*égwé% gwflg@.aow@r of gPplex
%%ﬂ%e%&e@am&ﬁ]?l@;@ LR AL { Qfor vééigl&tk L QIyahl fora correspondlng
al though t he orm ng encoder 32 gure

aperst &5 ermmmhmm dtemmmﬁimnm@cadehn@kﬂ 42 en 1Bd10de om: or more

ot her enbodl Ee beanf or m ng encoder 320 can be
§tmaga pgsflg%s Such as Solid'Statd memory.

[0057] The beamforming encoder 320 weights each sample in the signal stream with
an appropriate weight vector from the beamforming codebook 362. The beamforming
encoder 320 can include, for example, a signal splitter that is configured to split the
signal from the transmitter 310 to N copies for N parallel signal paths, where N
represents the number of antennas 340,-340x. The beamforming encoder 320 can
include a multiplier or scaler in each antenna signal path that operates to multiply the

transmitter signal by a weight from a beamforming codebook 362 vector.



with the transmtter 310 and can operate on baseband
signals, prior to frequency conversion to RF. [0059]
wab@7nzgoeur ce controll er 360 determ nes whi ch REDUS007/067149
fromthe beanform ng codebook 362 to apply to a
particul ar sanple, and suppligs the vector to the
beanf orm ng encoder 320. The resource controller 360
pmsshe The dodroforiniiy @ocdd 820 32Damay thedeaafsrafief @Bpats to a time
gnal . fromthe timng and synchroni zati on npdul e 350
fi@n%zplsg%lak W@reﬁ‘?wtwgl ngo 9ﬁ@qvw&9mm IPERntaiiy opfditienelly,
Sl htl?e%gghl?o %Qr%od&hﬁor (ﬁsfqgﬁg oﬁﬁkés‘yn tfé o&?gt drafe
or gafil ze or ot se track th ormng vectors iIn
triisnbgar¥10r mi m@er&mdmtiumént§612 baamfmnhmwettcoder 320 can be integrated
redet er m ned am,sets. Each_be gan include a
N SRt bt et e A ol
ESNBFaES o ea, and corresponds to beanform ng vectors
used to configure beans in the beam set. Each beam set
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BebBGIOY6 20 apPlish @gj’attfdulay salhplesamuppmrta@eemﬂth ithe t he
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sanfoning cpeater B2 nT ke repousee enndiollsieioq qretie beamforming encoder
SAShARETelka ) AR5} RS D) R AR R0 0 aten

&peaﬂmhgpfthe vattoe winh dheppropriand mgnatl\wmpleam sets, a
maj or axis of a beamfromthe first beamset is
WDL GRE fesd %tcaﬂt"rdlge'r '3%0 anﬁ%l"‘@cﬁéhg&etrd&ltﬂé b H8rming
e two adj acent bea e second beam set.
Biaters ar thy beamfoenﬂutg:lwalebmﬁ ?rf@\acn@rdtﬂgﬁe prddetenmeetl dearhsets. Each
jor axis mfro rst eam s
Btraa e SeRite Bt B LS Pl BiPagagrigtermined coverage
@&lh 25ARbriEGRNEs toRemEordify Octd i Bs@th 268MAEur B8dMs inShe beam sct.
froma second beam set and anot her of the adjacent

Becirfwaimssef eambeaconfignigd e hers whstantigibeciroplamentaryod anpier of the
BEFTR - Rub e REGHR HE B P AT 8RB espygrese within

bRV &ee arga.associ ated with one or nore orthogonal

resources vvhere the termorthogonal, in the context
Bl PSSPy RaRAEASIR I i CORINAE By SR e

mfdstmgaityaﬂmdedm\em thcamajdmkeghf adpgtntédicems élond atrieatsedne other
freguency, tine, and the like, or s
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positioned to Iie within a null or of her wi se weak

chthe twg edjacea bafmsafiontiks sdveadbeet sct TRenitarlyb e crobodymants having
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between the major axes of adjacent beams, where one of the adjacent beams is from a
second beam set and another of the adjacent beams is from a third beam set. The
location of the beams in the various beam sets can be similarly determined for any

number of beam sets.

[0062] Each beam set is associated with one or more orthogonal resources, where the
term orthogonal, in the context of resources associated with beam sets, includes
substantially orthogonal and quasi-orthogonal. The orthogonal resources can include,

but are not limited to, frequency, time, code, and the like, or some combination thereof.



to one less than the nunber of beam sets, and rel ates
directly to the rate of resource reuse. In general,

WO b@nadse rate is the inverse of the nunber oOPCT/US2007/067149
di stinct beamsets and is equal to 1/K, where K
represents the nunber of beamypets. [0064] Figure 4 is
a sinplified diagramof an enbodi nent of antenna
6B Er A3 desdribied laboyadl, eheSRABr Daaof sBdasn A0 a Hdaen seubyipiqalle is
SDVA beam set s 400 include two conpl enmentary beam
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a substantially orthogonal resource. The two beam sets
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any coverage area, an € coverage are nee

boimemdpr kst sfpeoxdnkiae3G et HyE 160,294, snbidr dogdecsy Each beam
base station. Figure 5.1s sinplified djagr 500 of .

S Tt e T R e R bouBE: She SitPadim rovide a
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sectorjzed coverage area, the first sector boundary . )
Bogqueasigs theearssubyientisdyoshogmghenr i ssonliag e andigiearaige period.
area of approxi mately 120 degrees. [0068] The first
[0886) sdhe b&ms amchaadestd dandic canfigired andippearituallPanyaockcrage

510 that support the sectoqr.  The second beam set, S2,
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farsoutowzdddMVAdbdasr seB60 i ncl udes a beam set controll er
364 that is

[0067] In the embodiment of Figure 5, two beams sets, S1 and S2, are configured to
support a coverage are that can be a sector of an entire coverage area supported by a
base station. The sector is approximately bounded by a first sector boundary 502 and a
second sector boundary 504. In a typical sectorized coverage area, the first sector
boundary 502 and the second sector boundary 504 span a coverage area of

approximately 120 degrees.

[0068] The first beam set, S1, includes first and second beams 510; and 510, that

support the sector. The second beam set, S2, includes first and second beams 520, and



configured to track the beam set and beam associ at ed

wWith a particular communi cation |ink. The beam set
wa@onrnoddber 364 ensures that the appropriate cPCEDS2IKR7/067149

vectors corresponding to an active beam set are used

for a particular comunicatioylink. Additionally, the

beam set controller 360 controls one or nore

pa0,anatseprort thk 3¢@ék dnd thdiarop®itincdy eorpplemegahabeams of the first

resources associated with the beamsets. [0070] In one

fAFbeRtment , the orthogonal resource associated with

the beans sets is frequency. The transmtter 310 can

H968bnflihguesedrce (oogtﬁﬂmr 46@ irCRIdvs 8 podoisst cantrolla 36# st is

et. of carr,i en rst beam set
S i B g e tsamed 1 Yamarsec e mith ey HEGLLT semymigation
BRIE Oﬂ‘ije 5&in & cSHRARE B6LESutR Qltlat g eﬁﬁﬁpcﬁjrﬁ[g dodbbdok vectors

orthogonal to the first set of subcarriers, based on
cdreessqmcbm totdnrastizie beaﬂrasfa arcansed ftrepareeuiarsmneemcationliok.

3@@ al?/e ﬁ'};e)c,t%g‘fgh ??n Eoil T %ﬂr gr}g},?:)ogll% o{r go‘r?og?s] {)nﬁt&rtne{ers regted to the

bhieSUan@YOrthbadnal eREMEss Bbodigas tviththdBdaim &s.t he active
beam set for the communication |ink. Aternatively,

L @)H]gg%g{% %%Rﬂu%%r%bﬁ‘%%r&gg&ﬁﬂ gégglr‘ﬁfgg 8%5‘88 a%%'lﬁﬁ?‘&l% bEPRs sets is
fleqicnog.t Tb@amsaﬁtter Hd0cah be coefrurstio genahfecﬂ)]FIBM Sodbotawith a
ge confiqured to, control the transmtte

Bt 8tof sehepTisEpyheht ARG Hrpebeemmiot QFL%@I@ wafgyedfp
@@PFOH?%V\EE)@ &bin %%9&4 ts@fﬂowug&rﬁa@ HER Eg%%gtﬁeﬁmn

ere the ort ogonal resource IS
bltnbogoealrto slet fiusoset pObubearr864 bead obehe:symﬁbo@; unedanticoiata rate. The

ebr S ot ofF sut & ayfpienap Rl EpIE 310 o fraquency

Q&%ﬂ%@gmm @1% hf{RFk{Eé%]t ﬁ@ttha&fe@@m@ta%awlh Ratt BB the active
data sanple. Simlarly, he "orthogonal resource is

basaesct forehd eemmaptcatonkinlo| Ak§¢rn%\¢lscélﬁﬁ teonmittdr 3dAicai be

f?nqer%l()fdtt{% nglll%fal_tglttztg és 3%%0(” @9%)‘1)\/? deesaalitl g?rred;g?ndlng to a distinct
baipbe, anidaﬁ@seamn sdt lentesiter $64 basle @cﬁﬂﬁgafekm@ abiebl i frdiBmitter to
data sanple. [0072] The transm tter 310 can be

éf‘é@ﬁtlwglmr@auka@ ernd tha @FRIME symaRAls based on dhegetive beasn s astpciated
%ngtt% ﬂglcﬁ{bnq of the beam sets. |In another
man

e transmtter can be configured to

BRASL * Winie Pisiarineap S eseite sutme Fhe besem GPRFallyr 268 can be
EaHRRRAK0 368 AFRe Q&eq&%{&t{ﬁ@gaﬂs%la&owo%n%tegtaﬂ 8B &gnal

make accessible to the transmtter ntf orm ng

{0z @tdatessatripdd, depandusanh the alfeartfcemmset etseocpatb«bmtbltgmdata sgrople.
he r te b The
e B R OB e gheats DAt sy aiap sontro

WviRhtdolY oPpkalRY of HehdieaME ot BEh 'ttlaﬁ’stml&blgﬁﬁj use§ flkiRicB&e a
The addi tional weights can be, for exanple, a distinct
patpilexdaigesaginle, based on the active beam set allocated to the data sample.

[0072] The transmitter 310 can be configured to generate distinct pilot signals for
cach of the beams in each of the beam sets. In another embodiment, the transmitter can
be configured to generate a pilot signal that is shared among multiple beams in a
particular beam set. The beamforming codebook 362 can be configured to provide or
otherwise make accessible to the transmitter 310 beamforming vectors that are used to

beamform the pilot signals to the appropriate beams. The beamforming vectors can also



associated wth each beam In another enbodi nent, the
beam set controller 364 can control the transmtter
wW@1@7ti46t r oduce further processing of pilot BCN81087/067149
in order to allow identification of the beamfrom
whi ch the pilot signal origingfes. The additiona
processing can be, for exanple, a rotation, tine
agllaydditomd uwgathtoo, thopil@simaBtib édenfifyo@kisk ofi hedieams the pilot
combi nati.on of processing. In another enbodi nent, each .
s peeiien The aééwpp@lmf%ghtﬁ 1R dpTr@MAR e §stiRet copinle weight
éésg{léﬂgd wWifhQ43l vdhe H B LhBbdHIAL Y 59 & Séhtroller 364 can
Includes a receliver 330 configured to recelve spatia
carftl thettrapemitton 31 @ tadmsbdnat fughergeadeseng stigifotagnals in order to

subscri ber station. The receiver 330.is.depicted_as ...
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procoremgfascainhipatipe of prangsying. di gmether. enftoditagnt,Maeh antenna can be
recei ver, 330 can recejve . a.co ni cati on from each
QP RIa SRR d diste] WQRigfihyer age area of t he
transm tter system 300. The conmuni cation indicate the
943 | Thamaaymnitaesygton 3Q0 #lagsinghsles arrgeivand M} evifigared derecceive
il ' . P B¢ ' '
SR8 B ARSIy BB fon. The rcotvr
830 Balkepigtedlanbeimg\copplod tode divEss agrediec ameinha 632. However, in other
paraneters that the_ receiver 330 uses_ to detern ne_the .
%é?ﬁ{urgﬁawi He &e5ehisT 3}9 fantilize sog AT 2liEsf theegiepnas 340Kd40x used in

?%\éﬁfgﬁnﬁlgqhecgw sﬁ%‘a‘?&an i ndi cation of the beam

ntity base e received pilot signals, and can

jde.a signa uality netric that i ener al | )
RO o SRR 3P ety o i an o Pl Sipplrgd device
WRER tHE CovdBihcCéh FIRE BESING: JySel 08 THRIBEHM iAtaiBR indicate the
order to determ ne whether to'initiate a beam set

beantof Whiclatheedavaneirosadas, andeanmeedile smmazdicetion ebthp pesition
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re C e er

i@y ipRdviidatessbeaMnseics apdinictéro khat R rdeve 830 L3 46 Hetermine
Fi Sﬁl%re 6 is a graph 600 of user geonetry for )
hebepmand locaHpp wilthinihe begm £ Fagrramwle, t log Ry compwinicate an

FERAaP Ry LA SonRERYELS 55 BTN SHQRproviae
sigs€ gjuelonpasted thaoisgencrallg mdokBive bk e drdx@ainty SDMbeam cdge.
Dependi ng on the antenna el enents, a gain in the order

Q0731 Sa4Re CARIREISEEM prdQst HelB&lvddREAN G i dMBnYS BFder to
geonetry, the order of beam set mapping to frequency

dgasens phethier ©.inifi8icta §daing set handoéf. rAltam @t clyo thedic¢diear 83 can
cell, so for .two adjacen ells, two different, hbeam
SSinle g PereRed FEREGIRaRE tn 5 sesShioriconEollis 80 gh PRawource
SHHIRN (e LEHACTEN MR widther TR irfiti AL badH SEmRAhdSRoraNOi&lice.
head-to-head interference from beans

[0076] Figure 6 is a graph 600 of user geometry for particular embodiments of
frequency reuse SDMA. The graph 600 illustrates improved user geometry (long term
SINR) in 1/2 reuse 620 and 1/3 reuse 630 SDMA cases compared to no-reuse 610 fixed
beam SDMA. Depending on the antenna elements, a gain in the order of 3~5dB can be
seen. To further improve the user geometry, the order of beam set mapping to
frequency reuse set, i.e. {Si}— {Fi} can be rotated for different cell, so for two adjacent

cells, two different beam sets at different orientations will be used on the same



froma neighboring cell, and may inprove the worst
user's geonetry. [0077] A reuse enbodi nent utilizing

W@ o/ 1:6€code as the orthogonal resource assocP@r/Es2007/067149
with the beam sets can inplenent a rotation of the
beam sets of neighboring cellg or coverage areas such
that the tinme intervals or codes of adjacent cells or
hragensy adtiFONThis vehAgEndit easavdiEhaldso-head hogtireddeZiadn beams
the appropriate dimensions with respect to each other.
Bpm; 4 pgighporing Geld ABAMHAY: PR the Morst P?F‘é SZeOBRBY nat i on
of orthogonalizing resources can limt the overlap of
HIOTY7] arA reesoemipesment widizagamie arooode agjtheanrthagondl ma&qce

t he operation of bea h doffs i
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t stinct nent ary.beam
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sets. Additionally, the transmtter system 300 can
ticghsmt at | east one pilot signal in each beamof a
beam set, and the pilot signal in a beamcan identify
[0@8pedm dnexupivfithc et dt@apdibdsn haOdbf]in A fcbelaéﬂdyablimrsystem

evi ce, . such asﬁg@ﬁ)gbscrl ber station withjn a coverag

dpnghitich ystem kigpresy canche igpiemengrdav jia athee ﬁ?ﬁl%’t fof the
shgnal chTﬁggnlg&L ﬂ%ﬁlsom B 10fT (51% I?l%ngl‘ pﬁ% 300 can be
correspondil ng sets I r esi The o rati on of
ccmf@umeirto gysetreutnmgmaks vdésn twraﬂlsomtdad nmap]emed@s;cbealnesbts The

n further, d withre ect to Fi 008 h
e b D can Mob s B Gent Santnd Plfashine! oo or e
béRAN S tA@&u@ﬂﬁtyeme&%sﬁufé@Wh ey bé?f‘trérﬁﬂiltcéﬂléa\éﬁorféfpﬂot signal
the beam set, béam and si gnal quality within the

b)efainh be ofie bedmacti ol thepilotsignahin 4 hﬂanemmplttélfy the beam to

nal quality netric within the

for one or nore beans and associ at ed

beam sets. The receiver 330 of the transm tter system
B39} e dedsrtinationederisaningh @ae sehtcribaiating vt p Gaxdress arca of the
ggﬁa’ls&rﬁﬁgeexf&ﬁe& | éf?c?lﬁgs tgle 18( §i Ilgag%argg(\?;c?gcrﬁfe A3 AP AhE Seams
pabedricop@dinglvanpyces ie rasiids. b@bmpmmdmeqf afreceleeraynbm,m a

t he, bea and .assoc bea set for which_t

deinpiion d3ieds ?S&@L@ﬁ'ﬁgﬁﬁ%ﬁ Gl it prsRget Foelélgwéd

signal quality. [0081] The receiver 330 reports the

K98 addtic desimaent déwndoramegenantetand tthesme sothe¢d@nsmitter system 300

troll . Th t troll t
£ RanEpicalion ReiseUEotiTe B RBts B GRGH Endlg P BT Wan {5 beam.
Theddstiatsd ddvide cadOfol Bx@fle rtrahgnﬁqrsﬁgxﬁuqlﬁlﬁﬁﬁlemc within the

transmitter for the
communication for one or more beams and associated beam sets. The receiver 330 of

Ihl %ﬂ%o(gléeFPonI%ig

the transmitter system 300 receives the communication from the destination device and
determines a preferred beam and associated beam set in which the destination device is
positioned. The preferred beam can be, for example, the beam and associated beam set

for which the destination device experiences the best received signal quality.

[0081] The receiver 330 reports the beam and beam set information to the resource

controller 360. The beam set controller 364 determines the appropriate resource control



appropriate beam set. The resource controller 360
sel ects the vector or other appropriate codebook entry
w0 e@mitb@ent or m ng codebook 362 to encode si gnalPGI/US2007/067149
directed to the destination device. [0082] The
beanf orm ng encoder 320 encodgs the signals directed
to the destination device using the appropriate
sigakeb aofroeidt ty thcarapeainteo 8 0 inhedeaorunfi@at thertransmitger térethe
mul ti pl e antennas 340l - 340N- g0083] The receiver 330
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stination device to another beam and assocl at ed beam
wethe ddhmatiecdéiwer 330 can, for exanple, conpare the
signal quality metrics corresponding to one or nore
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dxarmuseng thnepprepwite epddok catry foricrindoren tclsemmuragation fising the
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ity WﬁH&PéfC’P“?%POP%@g {9 SRR Mersoeamy T %Eeﬁe‘tVﬁ%ir%t e detrmine
fvhemsotih @it 369d4d%nth BRNHG! ExaBiMk, the recei
conndﬁ?ééteegéggl snregar ing’tﬁgggggﬁlﬁando%%ﬁﬂb’t$ﬁgam“®r
¥ tannaitiatm bkawi leadoffhethe sepnshqualier m8tt©@ fowan adjacent beam exceeds

onmmunj cat.e, for ampl e, the tim ng and bea
T LB D etir e RaRe I ST e DA B 40 papgn berepig than or equal
o apeddtbinghe Bl ITEMhicHRIIE MERS c&ﬁﬁaﬂneﬁagncfofnﬁ]gaﬂaﬁon of the various

redeterm ned timng boundaries, such as a frane
gias (ypicTHe resp i baasr seg handodhwen abgasshandefffocawns.
boundary that the beam handoff will occur and

pOSUL NTeak&Buich @ohtid i 866 Yan nitiHitd1g be:@® Hendo® byoddh@hunicating an
resource associated with the beam set for which

verARdmecdsemonadetf & Beitigshdisaet). spdods thefrgumaittor 319 gan
% g@llll% ftﬂe%a&%%ﬁb? R 9%81%&0%6?(?&91’& ar@h ﬁ{ébo%gﬁﬂﬁﬂaonff to the

a recelrver system supporti ng resource reuse |
Silhativmadewice T e t@aghiver 3 By sinaromfithicad fieexample, the timing and

Enplenented for e within a scri ber si tigg

xanpl. e su
FanEregRvieesifor frdepmdiendelf. &y ap examle: ths TepHRIgH,
RSOkt RBG HLISW & PeRPSE R tinrﬁng b6RYdaed Suél &3 frame
supported by nmultiple beam sets. The recelver system
@0 dry . crftragemettr 800 tormmsmcttes thedmmmba@adagyrthatghabeam

ransmiter systemthat is iPdicative of one or nore
%]giﬁifn\%/ QFRWr communicates the frequency, timing, cod¢, or other resource

associated with the beam set for which communications are being handed.

[0085] Figure 7 is a simplified functional block diagram of an embodiment of a
receiver system 700 supporting resource reuse in SDMA beams. The receiver system
700 can be implemented, for example, within a subscriber station of Figure 1. The
receiver system 700 is configured to monitor one or more beam sets in a coverage arca
supported by multiple beam sets. The receiver system 700 is configured to transmit a
communication to a transmitter system that is indicative of one or more beams in one or

more beam sets that can support a communication link with the receiver system 700.



nore beam sets that can support a comrunication |ink
wWith the receiver system 700.[ 0086] The receiver

W@ YBUA2A4600 i ncl udes a receiver 710 confi gur edP@DUS2007/067149
receive the one or nore beanformed signals via an
antenna 702. The receiver 710idilters, anplifies, and
frequency converts the received signals to baseband
H086p! The [&@8/2} sykgn 7€ iclieles 4 tddcizan7 rearifigaredne r&kive the one
nore timng and.synchronization signals froma timn q
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tenfRaedl tofcohtns thearriset 710as @uille the réftevdrgalto receive and process
set/resource controller 740 can be configured to
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or Concurren e resources
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beam set/resource controller 740 can control the

reselapd signgly fromodipinst bean e edquentiadlygriprg the resource associated with

the beam sets is a distinct time. The beam set/resource controller 740 can control the
receiver 710 to process received signals from distinct beam sets concurrently, where the
resource associated with the beam sets is frequency or code. Of course, the beam
set/resource controller 740 can control the receiver 710 to process received signals
distinct beam sets sequentially, even if the signals from the different beam sets can be

processed concurrently.



di stinct beam sets sequentially, even if the signals
fromthe different beam sets can be processed
wa@oercae4ent | y. [ 0090] The receiver 710 coupl es B¢BEUS2007/067149
baseband signals resulting from processing of the
received signals to a basebang) processor 720 for
further processing. The baseband processor 720 can be
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[0094] The beam quality module 724 can determine a beam quality metric based on,

for example, the results of the pilot processing. The beam quality module 724 can
alternatively, or additionally, determine a beam quality metric based on a signal quality
in each of multiple received beams. The various signal quality metrics can, for
example, correspond to multiple beam sets, each beam set associated with at least one
distinct resource. The signal quality metrics can include, for example, a received signal
strength indication, a signal to noise ratio, a symbol error rate, and the like, or some

other signal quality metric or combination of signal quality metrics.



di stinct resource. The signal quality netrics can
i nclude, for exanple, a received signal strength

WO p@7aat46@n, a signal to noise ratio, a synbol PEF/D82007/067149
rate, and the like, or sone other signal quality
metric or conbination of signgl quality metrics.[0095]
The baseband processor 720 can utilize the information
f0008) t Mhc PudcdbndProc&SSON0742AR uditigk thb énfoaamiduadm the pilot
nodul e 724 to generate a conmmuni cation to the
POSPISH ?%Zeaﬁldéb%bm fyrdity Bodyle 7ot 1o Eeftarafe aIcPmynunigatigh to the
i S e R S R b S i
pmces’sm’dZOf canrpehéretepi dootmyriceteasuludiag al nﬂtﬁaeafmqamin feyeived
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t he baseband processor 720 can generate a
bewmrsati ha@nqblaﬁruedé)nﬂxmmt nge baspbaidgreesdsar Jde isoo Rensrite ¢

ref el The basgbha .
SaBlEieEi oS G thie colimant el rPEGRaT Boam weights.
transmtter 750. The transmitter 750 processes the
E9Lin Tha bpsshandprocesapis FOsouples ths coRENuieationite & &rnsmitter 750.

ﬂ{ec‘ &S&‘rn@[&%‘@%&‘ée@éésttﬁé oﬁgufl"élﬁlo f&\"::tr% %ﬁpsuﬁt to the transrmtter

upconver COmTni cat and and

tyseenc.oMmarGatiitary S0@ah,for appipdg ripadreveeithe cmhmuﬁlaa‘teon to an RF

format. [0097] Figures 8A-8C are sinplified flowharts
NS SIS OB (e ABRIODHES A dBiSHaFe ORMEDIA

system Figures 8A and 8B illustrate nethods of

H893LIr Ceguresuse 8t simplhiﬁbé ﬂiowpha‘mssrftead)oidhn@lts of methods of
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enbodi ment of a method 800 for assigning a user device
methediod agsoige seunk thalt ezsbeiomiemended wWohinenigceivemsesiemi n
accordance with one or nore enbodi nents presented

[0B98] N Figthesapal iflatvchiat af inodsbhddmbatofaencthdte80sRF assigning a
devi ce and the base station or sone other termna
wﬁ:f é?‘ffﬁﬁ fopnbqag et WHHFHE@IIRIBERion FOYironmpRnt fygagedgncith one
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based upon the te i nformdtion, which can i nclude
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[0099] In certain aspects, the appropriate beam is selected based upon user
positioning. In other aspects, both blocks 810 and 812 may be performed by a single
block responsive to information from a user indicating the beam to use. This may be
performed by, for example, selecting a beam associated with a particular codebook

entry.



bl ock responsive to information froma user indicating
the beamto use. This may be perforned by, for

W@ 2@mpL4aso sel ecting a beam associ ated with a peCT/USW0EI67149
codebook entry.[0100] The beamis then associated with
the additional orthogonal respurce assigned to the
beam (bl ock 814). Each beamin a beam set can be
FHO0Ci dhebeamh idthan sssbsiated ofitH the additibmdortabd ngIﬁS@@dSLﬁ‘eﬁ assigned
The addi tional orthogonal resource may be,
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resource can be transmtted or otherw se broadcast to
ohubggaersdsy pebset gughe kagthar mumaer ofrffrae pertads mayhanges,
the base station nay transition the transm ssion of
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Figure 8B 1Is a I ment o
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transmtter syste SuUcC e transmtter systemof
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Figure 1. [0103] The met hod 802 begins at bl ock 820.
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set servicing t recei ver syst
fromrtberrdctver ptem can, for exanple, initiate a beam
handof f i nmedi ately

[0104] The transmitter system proceeds to block 822 and determines, based at least in
part on the received communication, the preferred beam and associated beam set. The
transmitter system proceeds to decision block 830 and determines whether to update the

beam and beam set servicing the receiver system.

[0105] The transmitter system can, for example, initiate a beam handoff immediately
upon sensing that a preferred beam is different from a current beam serving the receiver
system. In another embodiment, the transmitter system may utilize some threshold or

hysteresis in the decision to initiate a beam handoff, in order to reduce the possibility of



upon sensing that a preferred beamis different froma
current beam serving the receiver system |n another
wepiod4rent, the transmtter system may utili ZRCHUR®07/067149
threshold or hysteresis in the decision to initiate a
beam handoff, in order to redyce the possibility
of rapidly toggling between beam assi gnnents. For
epadiptapglihfbetiveam beant heigndyetse Momayarppief thatr@ndnilieadyistem may
handof f when the signal quality of a proposed beam .
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Initiated, the transmtter systemdetermnes if the
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when a beam handoff to a serving beamset is

HereifekPam 66 transnitter system proceeds from

deci sion block 830 to block 832 and conti nues to

BaPppr if ddiecapr €3 daidofis acquired adukloeatvhenno béwit hargloff is scheduled
because a beam set handoff is not schedul ed, the

P Wheht beagp h%lgsﬂgfféﬁna&s&n%ﬂaﬁanh@é& e the trapemitter system
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ate the beam weights fromt ook
trandoé allavation.nThdies, bacmisbe beans ett hasdaf€ sinoe schedhled, the

ransmitter systemreturns to bl ock.820 to continue to.
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%@Mha&ﬁl 48 tHd Ram bRk fYShe Rb&&o8k M B®SarAthandoff within the
eci si on glock 830 that a beam set handoff is desired,

sdmec baaamsoirist desireds y Bhaetmansmaftes spisicm aetbinsdk bR 3240 ¢indigke to
200l DELADIIL ST, AYSLem Hiddates a beam set
ﬁ?n&%ver. OPANSH T &Y §§SP§ can communi cate the
timng of the beam set handoff and the resources

HYO8L | 3t tba tranyrpitienty sigphidt i ipesaandsdsiop lack 8 3P drabppepm set
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chanretr sypteinhiaitates hdrbmrsesioumkioecratic baasmstet system can

allocation, [0109]. The transmitter system proceeds to.
BIBRRNiSAS B iz RsORES Bitiogr HHThS R ﬁ?%a%«gﬁlateé with the
ﬁﬁda@&it Bdth LR BPRIRRE! @sﬁer& oﬁl%bﬁ’%nﬁt%rrsyst_e&r&ﬁn communicate the
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ifgnaition és thictrscaiiver syseers uging lan bgenhgademmdl enrteaciyent hsource

mu] tiple tfan mt antennas.
and beam set allocafion.

[0109] The transmitter system proceeds to block 842 and updates the beamforming
weights by selecting the appropriate codebook entry. The application of the updated
beamforming weights to the signal results in the signal being beam formed by the

multiple transmit antennas.

[0110] The transmitter system proceeds to block 844 and revises the resources utilized
in the communication link to correspond with the resources associated with the beam

set. At a handover boundary, for example a frame boundary, the transmitter system



[0110] The transm tter system proceeds to bl ock 844
and revises the resources utilized in the
w@enpd4e@at i on link to correspond with the resPCF/UE207/067149
associated with the beam set. At a handover boundary,
for exanple a frane boundary,>3he transmtter
systendi rects a handover of comrunications with the
diesed ¥ Rinddy st d@roimendnietioeywlik e deteit draysteny tb eamesebeam in the
The transm tter system updates the beam set and the

A% beam peld The dB0yBIEST Betaneapdsing thgbeasn st ang derassqgiased resources
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resource reuse. The nmethod 804 can be inplenented, for
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ThEMGHod &Y @An BY ﬁhlfgﬂn@ﬁte&l fotleendple, By kAtecdiRer sBtchosk Figure 7
804 beglns at bl ock 850 where the recejiver system
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transm er syste The receiver sysiem can receive
tHd2k; ﬁ?smgetmd&?“t gingat ?@%ﬁ%o w@g@dﬁ%@gewﬁéféﬁ%ﬁ‘w?lws
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gorit e receiver system procee
idsociktc8 5dthandh dthe dnfiforest ‘t@amwatsistlypm‘@drﬁydhé tanseattér sybtem. The

t he. recej ved si gnal bas eam set resources
et h e P e By b B G ek ST Ry,
%q@bﬁdmyn&t a{ob&rdﬁfg&sq ﬁ?&iefté}ﬁnmrs%hédﬁh@ér d&sfhmed

signal s"using the resources for a beam set, and may

DE1AF 9S8 s BtaCRLE Doty R BRUh b iy mpe ror

BRY daweretdiedibhadld Yast@ofl HHRARAM Bt REATFt@&Ndor example, the receiver
correspondi ng bean1set for the received signals, and

BatPIbeAcRTE 2aUalEy e besed an edrrtioplanseaerved pignals using the
bR B Q%@;pﬁ s@t%cﬂ@'h&%%%m ?5 ﬁzﬁﬁgﬂeﬁqc Lhe any articular

recel ver SysS enlhay recel ve nu ot si
Beaahn abybdeen sl Altemadetler thb l’@eﬁlepﬁystelnc tilag ﬁla{&eﬂamabﬂltyato discern a

eam set based on the r ved pil ot |gn
g ATFRSPRT dingaeapbich foy @9@?@% %@j @?%P%C Hired to
g&éwé ¥ qRY nfetdfiOfor %{hﬁ%le *b@arﬁ%m @eraﬂl &?gﬂ Pop %ka@@b e receiver

he qualiity nmetric can be virtually any information
$ysomm wiay céreiveentltiplegmiot signals st @emydembéotordeteamene a particular

BT e Bt 7 b prBBE SPGB Bon5Tb 48 Pl Poieedimaptahe
%ﬁgﬁﬁl‘g{ys@nbﬁ%&%ate 8 QueEe iy e fdrdnalipls e/ ahA bedn set pairs.
The quality metric can be virtually any information from which the transmitter system
can correlate communication link performance. For example, the quality metric can be
a signal to noise ratio within a beam of a beam set, a received signal strength, a channel

estimate, or some other information.

[0114] The receiver system proceeds to block 854 and transmits the one or more
quality metrics to the transmitter system, which may include the base station serving the

coverage arca in which the receiver system resides. Alternatively or additionally, the



estimate, or sonme other information. [0114] The
recei ver system proceeds to block 854 and transmts

W0 b@70ma6®@r nore quality netrics to the transnPCT/E82007/067149
system which may include the base station serving the
coverage area in which the reggeiver systemresides.
Alternatively or additionally, thereceiver system can
eRevuNdysRhecaa cdashurgchtdbedesird behream dedm ket tb i transmitter
transmtter system [0115] The receiver system
prs&¢keds to decision bl ock 860 and determnes if a
beam and beam set handoff has been initiated. The beam
HHdSbedire saerivieastin peapedseo dedisipmbledk 860 and daterniinesfif a beam

the nost rec communi. cat j f quality metrigs.or
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beans eindolseam omminaeadions. Aheltransmiitier, sybfommdacomnomicate a
event associ gt ed v¥ith thet handof f . 0116J§. tlf the db ;
PERRRG PV RIS IR I the FRebiveR Sy St ptating a.beggy gnd heam se
Bafieeingd. tirhd) %oﬁme%r,\& levE abRBIapidosi@ethe hah@dtr.deci si on

bl ock 860 back to bl ock 850 and continues to nonitor

Y , ‘ . i ver
(@8 aftng LGRRISP vl SAGTEET A {ESr oot R oRiRltuled,the
wlotiehr syktehspropexdatfiongdecisioroibyk BEElbizk tte biopke 8Ra0 endwedritinues to

the, resources associated with the active beam set.
PRgEor Rhav e ISR SDRERFNEL fIcdredyerdngd %‘Ptgﬁéi? any

PRAPESE. POnIOER:B SASAL RAREIAREL i FELE] g vi
thieatsoardse assosietedvatidhf fictine momestti| Eldys, theecqeace system need not

system proceeds .to bl ock,870. At bl.ack 870, th
L R B SR O RER T Serm he N S R s ces

associ ated with the beam set handover. The receiver
HMd7Eemlictha recevier sxstampHetcrmiseeitdecision biskhogdhatarhgam sct handoff

handover, i ning informtion, .Th iV, S can .
PARARE, e Thlh o LBl RR 1 Blosk 38, U iR 8 ThE Bbsiyer
Wstdin detb@antSBE tifing€ et dehsrtderssoclaakwiil tHotdlthf debhandover. The
menpry that associates the resources with the beam

Eepiyer spRisNT @efoy skamplst SRS G RCHPARIEOHIASNERNST HENBRIr ce
URRIGH 1RshAgLt 0% o Mg OPIRNEL o AR TP ource
isodhed withysbeam woot calisclibea dpRruppablatirempmboty that @bociates the
S N o
A LG Rin oot %Eg{,féav\her e the distinct resource

'th : .
assocl ated wit m sets includes a tine

(S RN A E R A T GRS L RN N

e Sbpopliale§RRRINCST the receiver system to transition to the resource associated

with the updated beam set at the handover instance. For example, where the distinct
resource associated with the beam sets includes a time allocation, the receiver system
can resynchronize to the appropriate time slot. Similarly, where the distinct resource
associated with the beams sets is frequency, the receiver system can update a local
oscillator frequency that is used to frequency convert the received signal from the
updated frequency to baseband. The receiver system then returns to block 850 to

receive and process signals with the new beam set and resource allocation.



associated with the beans sets is frequency, the
recei ver system can update a |local oscillator
WO e@quaaey that is used to frequency convert tPET/US2007/067149
recei ved signal fromthe updated frequency to
baseband. The receiver system4hen returns to bl ock
850 to receive and process signals with the new beam
EHII IpndFigues O £amplified atnctondl ®lokf]didgrgn o€ a9 elinbodirnent ofa
npl.ified functional bl ock diagram of an enbodi
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ns or transmtting a sig I nc es a
gﬁ&nmngmnn@&mﬁmgmmhg a transnlt S|gnal. [0120] A means
for receiving 1130 can be configured to receive, via a
[26] V& ABLRTBArctdi3Rg 1AB8 cO bR gtdNG rScelye0Mad receive antenna
signal source, such as a user termnal, and can
b pn¢ pemotsrsignady fromeofgmat sonceb asbchs erusetiermisele indehn

The t rmnal .information. can include, for. . .
SEHREnE oiGL FP BBp v QI RO iehfS TS e Plakingprmation
eanintIngt, Foeeampdng WcatiorPOSd feirBialbih acolvefaft Bidh of Barfinclude an
coverage area. [0121] The transnmitter system 1100 al so
pregilan pesitign aba sming) 1 3 paVisEREEERasynchr oni zat i on 1150
coupled to the neans for transmtting and confi gured
f0d2py oihd eransigittor sytmhel 100nlsuginsiugdeed sicars foy timhreoanidz e
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conj unction nmeans for recelving
detherthe neandhfer trensmittalg 4 g méthe oweany i@ﬂﬁﬁl]mgbarrdaanshrbmzanon

trolling a resource |.ocation 116 es, neans
FE G2 apeBi g ngaon lb A e A L e the
§§@ﬁhp&ﬂ%ﬂ&@§st one beanform ng codebook defi ning
mul t|p e beanforn1ng vectors in each of nultlple beam
ﬁﬁgg] ans tor on?r 11§ nat rreo I 1% Rafisid g(; incl al Isocaat S Pk

i nc]in JBdoneo Y e o Ag’a A Qe iy
bé&eh fueiRiBg M an shat odn eluaE BintlaRgfod sforing tat Q@ﬁ@n@fbezﬂnfdrlﬁlﬁig
bean1set for su portln a comuni cation |ink, eac
eReleholf defhdng mﬂgtpl%'%f‘é‘ e@ping yegiersar serhaftmu Bplfeuheém sets. The
f

rnl%%r?salﬁof: ?Ont%%}ﬁg% %?élé ?@ é‘ﬁﬁmggé% ?gé\bclﬁglb g%r r#leafr%ll tf cofntrolling a beam
&edmt ﬁﬁﬂudes neasOor dttetninirigh frssbdasedt ofirst b&m.lﬂfﬂ ésr smpparting a

lurality of sQur ces 0 The neans fo
g%%%ucw ink, F%@gﬁﬁﬁ‘@fé{“? é@a FoM Sefféf@c’@lafiﬁi wt% first resource.

Tﬂé:f“ i“s@lﬁeaﬂ@ 2 ah QL 85’@5?5 B]u?élﬁﬁ oftbdant Sdts, %ﬁf@ Qfch %ezﬁﬁ?@ﬂf@ first

beam set for suppoOrting the conmuni cation I1nk, each
beaansafis 4shecisted vt arabsot sEtesagsercofat duralityt ¢f rescsieend
resource that is distinct fromthe first resource,

Emm a The eRlaMefbr Thathdling Relseaice a116d2ebn a1 @R 48 indlude means
for rcligt%}/nenrnnllgsa %IQS‘[ beam of a second beam set for supporting the communication

link, each beam of the second beam set associated with a second resource that is distinct
from the first resource, when a received signal indicates that a beam set a handover is to

occur.

[0124] A means for beamforming signals 1120 can be configured to generate a
plurality of copies of a transmit signal from the means for transmitting, and can include

a means for applying a distinct beamforming weight from a beamforming vector



occur. [0124] A neans for beanform ng signals 1120 can
be configured to generate a plurality of copies of a

WQ e@3ed460 si gnal from the neans for transm ttiPQl/Us2ed7/067149
can include a neans for applying a distinct
beanf orm ng wei ght from a beayg orm ng vectorassoci at ed
wth the beamfor each of the plurality of transmt
Ssisgcflaﬂed oahi ths bt ganecadftheplghlite df shgnat signal heplﬁ@ﬂﬂg:‘enerate

for beanformng signals 1120 couples the we
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area. [012 nmeans for rece|V|ng a co ni cation
WitBhh ccarverageceiroae t he communi cation from a recei ve
antenna 1132 and can determ ne a beam set transition
fMe8f DReseshsaBr fRE VRS AALIEAdN 1T1BE ABRRBSIVE Ble communication
recel ving a comrmuni cation 1130 can initiate a beam set
framdoreesive anterrspldds end ean fscrmgnera hearasétdransiion event based on the
exanpl e, .t he.neans f.or receiving a conmunig¢ation. 1130
SRR R it PR a8 i B AP BG4 SRk it bcarm s
Rdddec@tih eespddRQo i e@ithikibatidhe FEe k16 thé rRAS ot FdcB@ing a
1 1 10 and neans for beanform ng 1120 to beanform or
erapjcaiéorh bidfen epntrd dhe masipt caitigHagsresanres BlogaHon 1160 to
R FARE00 o AT R 1P| LRSI ETBHIEE 117 o bgpemform
meahum& be[aﬁﬁ%l] thEitgusmeit 3ignals t@a beampiofi £sbcbudbtanosalusing a
bl ock di agram of an enbodinment of a receiver system
er00d PSR 1 Mgcs Afsinedhe fiey; feam petapfiasweigtad firytygsource.
recei ver system 1200 i ncludes a nmeans for receiving
H1gah!l $igi2d 00 'EB(HSjm;eliﬁed funptienas blvsk dnigirah bfaroembafymasd of a

r esour ces, re th als are.t tted qver at

RO R [ Sppctind iR S i, SOVEI by T heHeedVer system
PIG0NACIAAA a MESRUDERSeivIHRSidIRAMS 1D AbroseMmBINHINEIbSabiAlyS

1210 can include a nmeans for receiving a beanfornmed

gnt@qmmamwumasngh@w theedgitalione trefisnpitfed mudrta fslagt a portion of the
a OUI‘ ces ased on cati.on recei
tH)?%Slﬂ) an{l Sorahroggnaq T COHI'ng %h? m Erl]%SmOf {egPlVln)%s%l nals ﬁio can

bl@ﬁﬁle %trﬁéaln@ Ebr r[:&’l\aﬁ% a DBEMIRABS sihdl utidieRig\ak [tgst&m@raﬁlﬂ& multiple
1210 can be controlled to support each of the nultlple
grmlmaoaﬁkrp%qumm@ﬁ%q%@mmm@@eﬁw@ééwéw&ao@ﬁ stgwal ggurce, such as a

[ om a neans for controlling beam
resogggguiiggggi%e means for controlllng beam
t/resource 1240 can i ncl k bl e or
f“éa. Kt s st O geceRdne %gnéﬁhiz %ﬁwggfé‘a}@%itta SERRQr gpch of the
&&hg@&&&@&nﬁﬁ, 1ﬁ%§nﬂ§@§m&£§b%&ﬁ%ﬁ%&@BQhB&:&%ﬁb[gkndsﬁonla

signal s neede to control the receiver system 120
swppdot cavroting lati shsesatict il 24(h ngtermemsfommnﬁoll{I@mal]n
r. timn nch oni zat.i.on 30 c

%e(%ﬁrﬁ?si%g{sﬁegg49 831}@10&‘{1813300 up ta bR registers hs ng cach of ?nee multiple

substantially orthogonal resources, and the corresponding control signals needed to

control the receiver system 1200 to support communications utilizing the resource.

[0128] A means for timing and synchronization 1230 can be configured to maintain
synchronization or timing reference that is used by the means for receiving signals 1210
when processing the received signals. A means for processing 1220 is configured to
further process the signals from the means for receiving signals 1210. The means for
processing 1220 can include a means for measuring or otherwise determining at least a

quality metric 1224 that determines a signal quality metric for each of the substantially



synchroni zation or timng reference that is used by
the nmeans for receiving signals 1210 when processi ng

W b@7n2eel ved signals. A nmeans for processi ng BQROS1087/067149
configured to further process the signals fromthe
means for receiving signals 1210. The neans for
processing 1220 can i nclude a neans for neasuring or
ottheionalsesadete’r Mhangnafor parsisimy MN28ldah ylsoehdlude did2dhs for pilot
that determ nes a signal quality netric for each of o
PIRsCss g2 A thaal SPHf RS 6t RIOCE Bt v Pilorrignats Hhrderp assist in

[ : i nclude a nmeans for pilot

BURGER A9sidZAGubRY 3R P

rocessi ng I's configured to process received

B8k, Tadaehst Refin o0 P38 et KEZETVBH By talfunication
E200:dnfichied s rRefRaR: §iffal LEANS Midkidy i BRAMEUNRRRIrRbtion that

1250 configured to receive the signal quality metrics
writing@iitedde e bascotationnildatcommunication sart baths wictuplesdgnad quality

base station. The conmupjcati.on can _be thg actual "
BRERARt SULR by e AROTMBI BLHRE o Bkt lon e i or tpgomiting
Fedmintficafiéd 125020¥RI08 cohfgurb® & Barfsiit 4 Bansdd tdlédidnandication
communi cation 1250 can be configured to transmt a
péhanthaata gulibcnpeis viahi cation rather than a quality

metric value. [0130] Methods and apparatus for

BIpppr Mabodsemd uppeatue dasupporanSEVBursy sdugerinlnaS®Myegystem have

escyri bed herein._ The system can support nultiple beam
g@éeswﬁaeﬁ heretth Bt S8t caayPRRyt R eanbagmvith cach beam sct
EURRORb e Bea stﬁgﬁ%ﬁgﬁ a!}ﬁgdéf%&lg&w@tra@@ areg.aggclp@@am set can be

set can e Su conmp enment ary to a I stinct
bheéarmsdty, coud bmeitaty to healistmicobeabesn saxlethaf the ngajér beg axes for a

eam set |ie approximat el 1 dway bet weepn t he maj.qr
BRERHE5 s 5P B o 5 b4 PEOTY Boah DLt aL i closes
adlh@sedanean® ds8sttadRicedibk¥ms hRMyslcaly Aeh JPRRAM K@hSsets, but
but do not need to be fromthe sane beam set. [0131]
geoot iged tn befromghasmerharesttwi th a particul ar
resource, and the resources associated wth the beam
pEBS] C @acbBeadf §d1 20nREdiated wsthhistaatidull &lrbsduadel @ adsources
The nunber of distinct beam sets and correspondi ng

muRgaied stithshe beam setaranbesrthoggem ar spbssmtipbreartirgonple The
BFHEG oSl Bbr Rl Soreiioi e HILECHR TR M brnogonal
rescurcesddfine aasmgntt @frcusotrgef er ence experi enced in each
beam while providing substantially uniform support

[Dr':gﬁ{ t Afic @8thblctchRYEHROEN AT B8 theliR1B31n A% dieRe: RBREIeR reduces

erm coupl ed or” connected is used to nean an
ihedimoeot ofcioigplierange exspewendedas cachdicren; tvhdo ppiviidigg eubstantially
cannection. Wiere two or nore bl ocks, nodul es,
TREAPPG O AT SIS OV Rt ed. there may be one or
nor e i nterveni ng
[0133] Asused herein, the term coupled or connected is used to mean an indirect

coupling as well as a direct coupling or connection. Where two or more blocks,
modules, devices, or apparatus are coupled, there may be one or more intervening

blocks between the two coupled blocks.

[0134] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), a Reduced

Instruction Set Computer (RISC) processor, an application specific integrated circuit



bl ocks between the two coupl ed bl ocks. [0134] The
various illustrative |ogical blocks, nodules, and

W@ R00c24460 descri bed in connection with the enbPdi/H8200%067149
di scl osed herein may be inplenmented or perforned with
a general purpose processor, g digital signal
processor (DSP), a Reduced Instruction Set Conputer
(AB160) a ficld pessanhmabie cappdriagdFPOR) opethicf poghantraghlatopit device,
circuit(ASIC),. a field progranmable gate array (FPGA) .
piscisteraste Yrtsgsisionieie disstte hydwpiceonioagietos 2y pempynation

il Lo ) 0 ’ y

R e E e
piesessobmdy hen eiicropicgane bat inphe ploseatpreothe psarcssvaynaydbeany
n Cr opr oces t%r, but in the alternat.ive, the rocessor
VAR ’é‘(ﬁ%}mﬁ ABCESPIIrQlss: rofate MaChiper SJBAT I MLy alsgbe
AL BcARE Bl NEomBinRiALESIRpURRY d&ViSQ, RE kAMpRMEASRSin&Son of a
a conbi nati on of conputing devices, for exanple, a
PSRaing atnigrppodcessonSMlamatityaofrmicrappeess®ss one onmoptamedroprocessors

B O RTGRIRS eqsdat B oG i BRRERSE RS, "

configuration. [0135] For a firmware and/or software

[H3Pk mEiat afirgrarc and/or sefiwpigueslcaatatiopeyic krepaidrenegpced
. . bodiin |
SR AL 03 LSO BB R B RSN, v o

oexhiti peefdrh eicefunctiol’ @lcdribowaceim Micdirmsadrt wad/er oddese codes

may be stored in a nmenory and executed by a processo
BY2Y 5 stoskigrdnenery; apd |CEARHRERY # ArOSEeLRIraocosys. 1t 1rnp{ernented

fRE 200 $hd B¥cifhs TRl e« RBd Bh of FrANSMLd &rAY Bhic grgringl%e

or nore instructions or code on a conputer-read

mettietions Gooqlstaara conguedytreadnbth medinnl (deputsotdndeldmmeder
stora di a and communi catj on nedi a i ncludi ng an .
etHOGmbo R EOmPUET Fotese S B grcdion gl B Fisgmymedium
{HaP e PRRePIrBREr b 2 ADAHIRF probrath ROAGShPRE30 FRNhEE AMbrage
avai |l abl e nedi a that can be accessed by a conputer. By

wadiaghayebeaanyl availahlemedta thatreen be rensssed byta computer. By way of

ERRebp BB Bt R P e P V. ROM

EEPRO0E, ©D-ROMIES: diRgdpticd dbkQiRge:, eR¥h&RSiskOSto@PY or other
ot her nmediumthat can be used to carry or store )
HegRqtisdtqIpgsgdrice.cu any Athehmefipmnhihat canderused to @ry qgstore desired
gl%%gan? E&d’écikllﬂﬁeeﬁ)rlﬁ%? il BRL SR A RGHEIRE qPﬁ’ Whafcan ‘t()jp accessed by a
offput er . S0, any connection is properly terned a
canjputtrerAlse acglbendraoh ismprofoly texoasdd @mputertdoad bbf fadine. For
is transm ttfetd froma Wegg te, server, or other renote
SHimRle 1LEPAGITYACda IpRYMIEeh TR & WVERNCOSTYCE QQiics remote source

Eé’ﬂlgc'lﬁ %Siax@eﬁicﬁblegﬁlgér_togjdc §é’3‘1’§, %fispé?i#alitj, B%itgf%ﬁlb};o_ribgf line (DSL), or

w rel ess technol ogi es such as infrared, radi o, and
wireleswaviamolodesrsuches tdaxdidatadia lohé mifriobave, dintni the cedrlia cable,

{iﬁ%rfoté)ﬁg &;EballF,gt’ |i§l?$(i_ }gaHg nglﬂ, ro? lw?rséfesg teegﬂr?oqlogq sI seuséh als'l ?nr%ra?esd, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included

within the scope of computer-readable media.

[0136] The steps of a method, process, or algorithm described in connection with the

embodiments disclosed herein may be embodied directly in hardware, in a software



m crowave are included in the definition of nmedium
Di sk and di sc, as used herein, includes conpact disc

w@ aoy/1244eer di sc, optical disc, digital versarCT/ESH0TC67149
(DVD), floppy disk and blu-ray disc where disks
usual Iy reproduce data magnetigcal Iy, while discs
reproduce data optically with [asers. Conbi nati ons of
todulaleavaitshioud proatssor, bEIﬂ dedniisl egtiont dfhetvid) erlmmpleumteps or
conput er - r eadabl e nedi a. 0136% The steps of a net

Pt BesBethgd Op PERSEISIAM RERETIHEH N the OFIFH é]&‘t"r”b (o mae/rbetméformed
Iﬁﬂ&ﬁ%ﬂie%ﬁfe? gh&l‘ﬁbﬂeﬁféﬂ OH@ BIeIInB Xcel%omgﬂ @ngh{a@ Bk lo}ﬁltted or

ardware, In as marenn e execute
PIOTTBSIC rp;rocm:ss ommethed ﬂtbpsn]aay bea addedtth ehet mmthod’s}mld\moaesws An

S S n a mnet ho oc na erformed.
Fe® SRS Bt OB ey B8 B8 BeEaNing. sflopriBfe cning
Stistele c1Addits bemalathodRRRd BfocBREE Process or met hod
steps may be omtted or one or nore process or nethod

EHAPE: aT B s 05 TR R B RE S B s ¥ speote any

pagbmaf didinaBnykill BV the Bt €6 MRRE BHuRXhS HisEl9s18t.eNefbss bdifications
t he net hods and processes. [0137] The above

e gprbodimatts wHebafegeiln apmarasodipremi s dingtypkalindae art, and
{rlrlg gﬁégr?é ﬁé@%ﬁﬂg@%@g@ Ihglfelnoﬁl%l Eg }1¥ 11%5 t$ B%Le?eﬁlgcfdlf'ﬁreﬁts YQthout

osure ous "o Ions’ to
ﬁé]ﬁstﬁlgeﬂﬂfﬁﬁdhdmﬁﬁorwbd)ﬂe dfehe¢ éiaclbsure.appay; éretdidobosuteo senodintended
ordi nary, skj [n . the a nd. t he ge eric principles
o1 IHatcditert E mgats ébm geretrbb%ﬂw@ c@pyarhibigadest scope

Widshaut wHERRL ﬂlﬂ&pl@iﬁ{a dﬁd%@ RRukdsldiQosig ARRIOT the

di scl osure. osure I's not Intended to be
g@i%ijggﬁﬁﬂé5@23§2°d'"Ents shown herein but is to be
St scope consistent with the
princi pl es and novel features disclosed herein. WHAT
IS CLAIMED | S: CLAIMS 1. A nethod of resource reuse in
a W reless communi cation system the nethod
conprising: determning termnal information;
determining a first beamin a first beamset froma
plurality of beam sets based upon the term na
i nformati on, each beamin the first beam set
associated with a subset of resources of a plurality
of resources; and transmtting signals utilizing the
first beamin the first beamset on at |east sone of
the subset of resources. 2. The nethod of claim1,
further conprising transitioning transm ssion of
signals fromthe first beamto a second beam of a
second beam set



different than the first beam set, and on anot her
subset of the resources orthogonal with respect to a

W@ aw3ae440f resources associated with the firstPOEHEN007/067149
set, the another subset being associated with the
second beam set. 3. The nethoghy of claim 2, wherein
positions of the beans in the first beamset are
conpl enentary to positionsGIAKMS beans in the second
beam set. 4. The nmethod of claim2, wherein a major
axis of a beamin tFe second beam set js substantially
m dway bet ween RERIPOLRESSPH G scidrt WSO ication system,
BHeshdihsd cpGHBimet s- 5. The nmethod of claim1, wherein
the plurality of resources conprise tine slots and
each subsedtectofmininggersiintlsniasmaiainat ed wi t h each beam

set is orthggonal with each s s|.ots.
25061 at ecGIPEHIRACH!T: FaM Bancisem s Home HatToee heam set
Basell ipdn theh@h@hd) isBHAATINNERS Yehf ih eﬁerwaﬁtl)eahﬂie@ b§SBELRA with a
conprises determning a [ocation of the term nal

swbseti of T%OGWépﬁgelua%léﬁOf rﬁsoulrh@, et hod of claim1,
wher ei n de{rgﬁs 19 @% 0%’ utlhzl tHee ﬁ{ﬁ E%a%?{n t%g?lr%%legrﬁts%ﬂn h at
re o eTIirs

a codebook vec spon eam o

kﬁﬁsbmkﬁfﬂ&aﬁhksefnﬁamcmhere|n transnitting conpri ses
wei ghting the signals usi ng the codebook vector to

Sher el ' deter m ImEetOR A AR RETBH SR Togigine
ﬂlgﬁsﬁ{lg&aﬂ 5&951%%1& f@@ﬁtth@ﬂ%t B3 1o ayseea&d b&am S a s@@@ncfﬁéa'ﬂ?&t

of claim$8 erein determning at [east one quali
digferant thao e fisebeage saty andronrgrother arbtsetyofolic Esmd@sm@ﬂogonal with
rece ed from.the term nal thod 0

é}lona w%tr%r?ﬁpocegﬁsspgg@fi V%}H]etﬂa E]_gﬁ Fvnﬁ% {t‘ecano%her subset

E&H@ hdsdEifitcd QY 1k Bédodd BBarRREtr Y Of a codebook based
upon received pilot signals fromthe termnal. 11. The

met hod of claim@8, wherein determning at |east one
qual ity nedric &bapreihodof gleime 2nivhetse Rasaimel fadichmy in the first

g 5&%}:& c%'ﬁlpl%‘l%?nt;—@%o §§§1981% qqft{r‘c: i:)eadn{p iR ’the%@&?d lg]earn set.

ermnin I'C conp
detern1n|ng channel quallty |nfornat|on based upon
signals reéeiveWhénmﬂxﬂhﬁehﬁnﬁiwahﬁhﬂsnmﬁMGXMthadmnﬁnﬂm

claim1, wherein th u of resource onpr
&98&;@9?%?@ 1Y ibgin gl @&@mbe WS BN AN SF o ohl béis from
Fulitdemksmacsess ( OFDl\/A)

5. The method of claim 1, wherein the plurality of resources
comprise time slots and each subset of time slots associated with each beam set is

orthogonal with each subset of time slots associated with each other beam set.

6. The method of claim 1, wherein determining the terminal

information comprises determining a location of the terminal within a coverage area.

7. The method of claim 1, wherein determining the first beam
comprises selecting a codebook vector corresponding to the first beam of the first beam
set and wherein transmitting comprises weighting the signals using the codebook vector

to generate weighted signals.



system and wherein each subset of subcarriers
associ ated with each beam set is orthogonal with each
W@ aw3ae440f subcarriers associated with each ot PEr/UR®aNI67149
set. 14. The nethod of claim11l, wherein the plurality
of resources conprise interl ages and each subset of
i nterl aces associ at ed with each beam set is orthogonal

wi th each ubse nt.er.l sociated .with each
ot hor *boarset - THEMEKOHET KB Jf PESOLRETHNE el
W62l L9 8 cGﬁEHbH@'d%%ﬁﬂn ¥9ERMbnd heliekHBeE. conpri si ng:
receiving a plurality of signals that are transmtted

over at least sone of a plurality of substantially

or t hogonal 9+ esoliheBsthod@f glaf i whergin daserginipg et lgasiione uality
{};%]g[ncsc%n:b?i%&ddqugﬁm Gn %Hﬁr 8{” h %3de%fo% aléeggg?é {riorn thB tesrren CPal.

on the at Ieast one quallty netric; and receiving a

si gnal asso@i at e micthodaf bhﬂmSQf)vharehedmerﬁﬂ‘ﬁingradlemjttohe guality

subset of . th urality of grthogona sour ces,
%%&Oﬁtpé’&ewitt%“tl eBREREet? § e%%lé{’%ég HBRP tecivpdpiigt signals
tem thbesgida transnitting the comunication conprises
transmtting a beam set selection indication. 17. The
met hod of claim 15, wherein the substantially
ort hogonal 1t.esolihemsthodmbrlaire 8f whegenddtermining at IEhg one quality
net hod ubst.antial ly
BEtoGaeieS B 0m R Bl M 8 gnnent s. 10
The met hod of claim 15, wherein the plurality of
si gnal s compr i seh@inethodwif ghgth 8, whbreinldgeritingdt Kéﬁst one quality
claim 15, wherein determ ning at | east one qual it
st Q?%Hﬁﬁr Jdargipiag shans| epliBnindgprmagioppased ipae B’@B?JS received
ﬁlocﬁé fhad th the beam 21. The nethod of claim 15,
ere| n determning at |east one quality metric
conprises determning an entry of a codebook
associ at ed1 t hThhmethodmf skim 12@heEhethapturddy of rasbaices

15, wher n.determ | east al metri
A A e RIS TR RS TS SR TG IV
FrenmBidREcrein GbREMBsdf WP EES alddBiaRdUliB édcH bRAm set is
substantially orthogonal resources CO;‘{L)I‘I se

aiibesensl witls cich sabscopf ibgamiars assastpiechwith ¢iah ethgrbeam set.

mul tiple

14. The method of claim 1, wherein the plurality of resources
comprise interlaces and each subset of interlaces associated with each beam set is

orthogonal with each subset of interlaces associated with each other beam set.

15. A method of resource reuse in a wireless communication system,
the method comprising:

receiving a plurality of signals that are transmitted over at least some of a
plurality of substantially orthogonal resources;

determining at least one quality metric based upon the plurality of
signals;

transmitting a communication to a base station based on the at least one
quality metric; and

receiving a signal associated with a beam of a beam set and with a subset

of the plurality of orthogonal resources associated with the beam set.



access (OFDMA) system and wherein each subset of

subcarriers associated with each beamset is
wau3taast al |y orthogonal with each subset of PCT/US2007/067149

subcarriers associated with each ot her beam set. 24.

The method of claim15, the plurality of substantially

ort hogonal resources conprise interlaces and each

subset of inter] aces assaqcj at i th. each beamset is . .

or't hogonal i ¢ nTBSERIORRLELTRAS: WhuFindEesmIgEp U Goatmunicaton

YrhpriReeAn PhiRalg DERAM Sebelection idd1ativat hod of cl ai m 15,

wherein the plurality of substantially orthogona

resources conprise tine slots and each subset of tine
sl ot s assoti-at edhevnethod o klabadm whercinghe substaatialibapithogonal

§%§ﬂ8%§%%hg$%§%qgggﬁssubset of time slots associ at ed

eamset. 26. An apparatus configured
to support resource reuse in a wreless comrunication
system thég.app@hamgthod@fplairgildgwharcinrthasutistandally orthogonal

configured to generate a transmt signal utilizing at
[ QL ECOPERBISC %Eﬁﬁwgpm@vﬁof resources based on one or
nore control signals; a resource controller configured

to generat gt heTRO/Hod WPCRIR QB! WRrci 4 giu%lft? of 8nals
transmtter controlling a selection of the at’ | east

orreprase ralopsignals.i ty of resources; an encoder coupled to
the transmtter and the resource controll er and

configured,to encode the transmt, signal a fir ,
beam from %\6'f ir Eﬁe glgglr%gso LE fag%lég] el rg'?jl %teir‘h‘%}lﬁ% atalteg‘s'i one quality

heakt conijrised ddtreniing halehiry o0f co6 ook eB86¢ia@AGVith the beam.
plurality of antennas coupled to the encoder and

configured_to bropadcast the encoded transm.t signal in i
the first %Lam Tgweﬁah?s ohfsir dous et CHTPTBE vy ephauality
EREI CRGRAAREs dSerhffhb AHREY bPa §%d%‘5801@a51%§af5f69 Wh&ﬁ% gearn set.

codebook, and wherern the encoder 1s configure
wei ght the transmt signal with entries fromthe '
beanf or ni ng2.cod€bowithod®f cihire 14pwheratnudstayfinhapnle@s one quality

wherein the encoder ig corf&g%éﬁg totmeight t he
PPdis I”?F% %ﬁ“%@?%"%ﬁﬁ @ MR IPE beam st eer the
encoded transmt signal. 29. The apparatus of claim

26, wher ei p3.t heTht tictoldtof cRim N8s@bEreSthe PRBdlit$ 6f substantially
substantially orthogonal resources. 30. The apparatus )
pithegoapfesarcapsameripe subsarpictrinen ythagonableqHeaeys division multiple

access (OFDMA) system and wherein each subset of subcarriers associated with each
beam set is substantially orthogonal with each subset of subcarriers associated with each

other beam set.

24. The method of claim 15, the plurality of substantially orthogonal
resources comprise interlaces and each subset of interlaces associated with each beam

set is orthogonal with each subset of interlaces associated with each other beam set.

25. The method of claim 15, wherein the plurality of substantially
orthogonal resources comprise time slots and each subset of time slots associated with
cach beam set is substantially orthogonal with each subset of time slots associated with

each other beam set.



conpri se subcarriers in an orthogonal frequency
division multiple access (OFDMA) system and wherein a

W0 peogti2egebset of subcarriers associated with tPEr/bB2AT/067149
set is substantially orthogonal with a second subset
of subcarriers associated w tig a conpl enentary beam
set. 31. The apparatus of claim 26, wherein the first
beam set c ri ses _a subset . of lurality of beam .
sets, and Aher elA AADYALS REN AR GEuPRYHFPWPREUAS In a wircless

SRAROHicBiSEkteh], (R WPpRlalls@bhip¥ishl: beam sets is

associated With a resource distinct fromthe at |east

one of t heaprusnailtet gondigured o genseaic adroyndsigdawitilizingseé lcast one
f%a{ St rakflff‘ao 1rséeot 'r3é2'ba-sreh(fsona rpeaorratol'{’s colfltlroqI ?i ni 31, wherein

P ep]1u| F st Cheam €8P HE CubstAnt T al Py cosrﬁ)nlaérrent ary to

the seconda kgamics ebntradr cdifRuaginBprhétatcQhe Ghddrhdrd control
wherein the at | east one of the plurality of resources

sigBde fofhe drapgrpiffer epatioflingra sebosHew ef the gt kkagopgaf p alurglity of
hhegonal to the resource associated with the second
eam sét. 34. An apparatus configured to support

resour ce reauseoder @uplct @b dIranemitten hndithceesoapstoemrolidrend
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%ﬁ%e%tngagt %ﬁe?ﬁﬂiéfplum Bl ME@libdsy af signals

associ at | east two distinct resources; a
baseband papbesdgpof egainaguoated ® the onmdsr atd dopfigured to

ortion,of the plurality of signals based on a
BhieeShoRantagcs Bebte bty Bor saPed to generate at
| east one quality netric for received signals of each

resource; and aThegsPaFaes GUMif0ld, Shefdifhe@uE®TEr isonfigured to
control the receiver and baseband processor to support
goreanr baagipraping eadabeele and svheraie thepaedar isscapfigureditenvgight the
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of claim 34, wherein the at |east two distinct
resour ces 2&npr Tseaghasttunattcldimefy evhetodrs theIricodBnés configured to

a ratus of.claim 34, erein the at |east two .
SRR e tronguis Siepel Kb oyt Sk Sty Rk Hisrgngaded teggsmit
ﬁgﬁﬂapparatus of claim 34, wherein the plurality of
signals conprise a plurality of pilot signals.

29. The apparatus of claim 26, wherein the plurality of resources

comprise substantially orthogonal resources.

30. The apparatus of claim 26, wherein the plurality of resources
comprise subcarriers in an orthogonal frequency division multiple access (OFDMA)
system and wherein a first subset of subcarriers associated with the beam set is
substantially orthogonal with a second subset of subcarriers associated with a

complementary beam set.

31. The apparatus of claim 26, wherein the first beam set comprises a
subset of a plurality of beam sets, and wherein a second beam set comprising a second
subset of the plurality of beam sets is associated with a resource distinct from the at

least one of the plurality of resources associated with the first beam set.



39. An apparatus configured to support resource reuse

in a wreless conmuni cati on system the apparatus
wa@opnesing: neans for determ ning term nal PCT/US2007/067149

i nformati on; neans for determning a first beamin a

first beamset froma plurali4y of beam sets based

upon the termnal information, each beamin the first

beam set associated with ubset of resources of a
D ar ity ST LB P T BENG PO D P RGeS
SigRalifiHEdhp1&hB8atye thd JcedndEam iR the first beam set

on at | east sone of the subset of resources. 40. The

apparatus of claim 39, wherein the neans for
det er mi ni nd3-t heThe priaraseseh dampt i sdsraim thest fegpt one of the
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tosaunsehdsbtingd edtipthe sedndbadais sétor wei ghting the signal s
usi ng the codebook vector to generate wei ghted
claim 39, wherein the

signals. 41, The apparatus of ,
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EQhmAgic86 A sry_s{éﬁdﬂbeq hiafls BGRMsing: t he first beam set
associated with a first subset of resources that is

subst ant i ah rgecort bodignedd t cciwequwaliuifsegnabfcorresponding to a
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wWher&iréoliites;f i rst subset of resources conprises a

subset of subcarriers in an orthogonal frequency
di vi si on n@ibascphnd proeessey CcoofDVIRY tasproresnat legst aipetion of the
a f ' i N e first S 0
PRERNFESe Bl R P Th ARor tERE ik I BHBRED sBigporme

Ruioat qoility interis ftréccavdaiinalsed ciéH ls@red) abgam set i s
orthogonal with each subset_of tinme slots associated

with each ®tderrcpeanialler configurotfosppieldneieceiyar ygasepand
&é&%%@%«ggg&&‘éul&e%&lrb& a wirel ess communi cat i on

ystem t ratus conprising: neans for receiving
a plurality of signals that are transmtted over at
| east sone3df aTht apmkdteyofoflaisuly wdetdimthieyat brastitegalsainct

resources; neans for determning at |east one quality
RSOV SRS ARBH ALY BORERPRL S FCSsi gnal s, means f of
transmtting a communication to a base station based
on the at Beast TROgypaahd $VcIaTBE 34, GihcAdtH¥RANSstftR0 distinct

receiving a signal associated with a beam of a beam
Espurgesgcomprise distinct frequencies.
37. The apparatus of claim 34, wherein the at least two distinct

resources comprise distinct time periods.

38. The apparatus of claim 34, wherein the plurality of signals

comprise a plurality of pilot signals.

39.  An apparatus configured to support resource reuse in a wireless
communication system, the apparatus comprising:

means for determining terminal information;

means for determining a first beam in a first beam set from a plurality of
beam sets based upon the terminal information, each beam in the first beam set

associated with a subset of resources of a plurality of resources; and



with a subset of the plurality of orthogonal resources
associated with the beam set. 45. The apparatus of

w@b@ime44y wherein the nmeans for transmtting BEEUS2007/067149

conmuni cati on conprises nmeans for transmtting a beam
set selection indication. 46.35The apparat us of cI aim
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means for determning an entry of a codebook
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i nstructions thereon that nmay be executed one or
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associ at ed4){\.'I t hAtnhaIe)paraﬁ‘ls conftigured to support resource reuse in a wireless

communication system, the apparatus comprising:

means for receiving a plurality of signals that are transmitted over at least
some of a plurality of substantially orthogonal resources;

means for determining at least one quality metric based upon the
plurality of signals;

means for transmitting a communication to a base station based on the at
least one quality metric; and

means for receiving a signal associated with a beam of a beam set and

with a subset of the plurality of orthogonal resources associated with the beam set.

45. The apparatus of claim 44, wherein the means for transmitting the

communication comprises means for transmitting a beam set selection indication.

46. The apparatus of claim 44, wherein the means for receiving the

signals comprises means for receiving a plurality of pilot signals.
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47. The apparatus of claim 44, wherein means for determining at
least one quality metric comprises means for determining an entry of a codebook

associated with the beam.

48. The apparatus of claim 44, wherein means for determining at

least one quality metric comprises means for determining channel quality information.

49. A computer readable medium including instructions thercon that
may be executed by one or more processors, the instructions comprising:

instructions for determining terminal information;

instructions for determining a first beam in a first beam set from a
plurality of beam sets based upon the terminal information, each beam in the first beam
set associated with a subset of resources of a plurality of resources; and

instructions for transmitting signals utilizing the first beam in the first

beam set on at least some of the subset of resources.

50. A computer readable medium including instructions thercon that
may be executed by one or more processors, the instructions comprising:

instructions for receiving a plurality of signals that are transmitted over
at least some of a plurality of substantially orthogonal resources;

instructions for determining at least one quality metric based upon the
plurality of signals;

instructions for transmitting a communication to a base station based on
the at least one quality metric; and

instructions for receiving a signal associated with a beam of a beam set

and with a subset of the plurality of orthogonal resources associated with the beam set.



