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application clains the benefit of U S. Provisional

Application Serial No. 60/828,821, filed 10/10/06,
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syst ens may be code division multiplexing (CDM

stens, frequency division nmultiplexing (FDV
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updated as the cellular devices that communicate there over. As mobile device
capabilities expand, it can be difficult to maintain an older wireless network system in a
manner that facilitates fully exploiting new and improved wireless device capabilities.
[0004] Wireless communication systems generally utilize different approaches
to generate transmission resources in the form of channels. These systems may be code
division multiplexing (CDM) systems, frequency division multiplexing (FDM) systems,
and time division multiplexing (TDM) systems. One commonly utilized variant of
FDM is orthogonal frequency division multiplexing (OFDM) that effectively partitions
the overall system bandwidth into multiple orthogonal subcarriers. These subcarriers

may also be referred to as tones, bins, and frequency channels. Each subcarrier can be

modulated with data. With time division based techniques, each subcarrier can
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least two terminals utlhze different code offsets. The memory can store information
related to the instructions generated by the processor.

[0009] In accordance with another aspect is a wireless communications
apparatus that provides space division multiple access channelization. The apparatus
includes a means for scheduling transmission to at least two terminals on overlapping
frequency resources for overlapping time periods on different spatial resources. The

apparatus also includes a means for utilizing different code offsets for pilots sent to the
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[0013] Fig. 1 illustrates a multiple access wireless communication system
according to various embodiments for space division multiple access channelization.
[0014] Fig. 2 illustrates an example system that facilitates space division
multiple access channelization in a wireless communication system.

[0015] Fig. 3 illustrates an example section of a channel tree structure.

[0016] Fig. 4 illustrates an exemplary graphical depiction of a mapping between
hop-ports and frequency regions.

[0017] Fig. 5 illustrates a tree structure that places certain restrictions on the use

of the traffic channels for an orthogonal system
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illustrates aspects of SDMA transm ssion of
waednoyioedgenents (ACKs) by access term nal s POF/US2007/081013

reverse link. [0019] Fig. 7 illustrates aspects to

mtigate collisions of the acknow edgenments sent on

the reverse link. [0020] Fig4 8 illustrates a four

sub-tree structure for four access termnals [0021]
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access termnals, where one termnal has three

ACKany eb:@f:&sgemnaeﬂsfnrtrcmnsednd: the other terminal has

trea . ansm
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tealt bh il 1BversoMigly. € two have one stream bei ng
transmtted and other has two streans. [0023] Fig. 11,
[0020k+ r at eEigaR olustrates s do sabyres sBugtrEdos foup agqgpsterminals
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enbodi nent of a transmtter systemand a receiver
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aspects. It may be evident, however, that such
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used in this Eél ication, the terns "conponent™

[036LI e, Figy &4 diustraten paysiers for wacedisisionrayEplg acesss
{}lﬁfnﬁ@hztaﬁoﬁ conputer-related entity, either hardware,
rmmar e, a conbinati on of hardware and software,
software, or software in execution. For exanple, a

conmponent may be, but is not Limted to being, a

process runni ng on QE%HC%QMSC%I%FWSSOY

UREFt, anveXeeURR Bmerfts Il'érn%%ﬁdéafsn@e&emt'ﬁ fe%}enc% to the drawings.
program and/or a conputer. By way of illustration,

hntthh f@lh)vap@ descapiion fommpmﬂgs oﬁewlmmmtnun@rowespc@ﬁc detdlls are
onp devi ce_can 8 one? or
ﬁg‘é{h erggﬁrow ¢ a'thoroug un erstan g of one or rnore aspects It may be
ev1dent, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing these embodiments.
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[0028] As used in this application, the terms “component”, “module”, “system”,
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution.
For example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can

reside within a process and/or thread of execution and a component may be localized on
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a conponent may be | ocalized on WD 2008/ 045980
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between two or nore conputers. In addition, these

conmponents can execute from various conputer readable

medi a having various data sf§ructures stored thereon.

The conponents may conmuni cate by way of |ocal and/or
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enbodi nents are described herein in connection wth a
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syrstess® iy (§ )remkd uatsy Achdbd icforald toley arc asess @ampNoénBser some
dul es. apd/ or may not include all of the devices,
eORPGHRRPLEY nodul es  di scussed in connection with the
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e used. [0031] Fig. 1 illustrates a nultiple access

wiay elobgls acommhen o€ devions, soynspaaentiOfodees endlthedikieo It is to be

vari ous, enbodi nents.for space division.mylti e. aceess
e St et e The REFO GevSHFS niY A g e iR LS s,
&%rﬁfdrﬁﬁﬁs, SBAMUNALRSH B8y SotshA@NALA00f the Hedes, B8thpdnRh®, modules
cells, e. cells 102,” 104, and 106. In the enbodi nent

giscuspey inoneegtian eéthl thy fgures.0A, coathination ®f theye amedashes may also
CCess poi nt 108, 110, 112 that includes nmultiple
dectors. The

[0031] Fig. 1 illustrates a multiple access wireless communication system 100
according to various embodiments for space division multiple access channelization. In
further detail, a multiple access wireless communication system 100 includes multiple
cells, e.g. cells 102, 104, and 106. In the embodiment of Fig. 1, each cell 102, 104, and
106 may include an access point 108, 110, 112 that includes multiple sectors. The
multiple sectors are formed by groups of antennas each responsible for communication
with access terminals in a portion of the cell. In cell 102, antenna groups 114, 116, and

118 each correspond to a different sector. In cell 104, antenna groups 120, 122, and 124



mul ti ple sectors are fornmed by groups of antennas each
responsi ble for communi cation wth access termnals
WO p008/0g98¢ i on of the cell. In cell 102, antennBCTUS0PF081013
114, 116, and 118 each correspond to a different
sector. In cell 104, antenna groups 120, 122, and 124
WD 2008/ 045980 PCT/ US2007/084013 6 each correspond to
a different sector. In cell 106, antenna groups 126,
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Py B8] 8RS A P08,
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ir nt a g ot her conditions i‘
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&ﬁhfﬁﬁﬁﬂaam%acmbtﬁ@@m fa@fo‘i’@ ?@k’ld@ Refudtiohs CASS @R BAViRGhmental and
antenna group with comuni cating. [0034

dhcnenditian @ethWCt:lh, tg @mseaisfpﬁ@rcmts:ham egryiltl@rsﬁo Balpgesent bgtween
g Ice%l o Cn% and R’Bé rrespondi rHacatl onltWIw ich 1?15
(CCESE™Poi M *ad¥oct & R Gy Wi
ssthguaibigl. | y the same time be in communication with
an access ﬁgl nt assocjated with a different cell. For

a

QRIS WA FOMSBISPRES, ASECSS KETBBRHIH chartigtar cell
angg IBB AF &ﬁﬁﬁum@gﬁd?lt Wftﬂ) ﬁleaa%gef‘s% ]Jgrnt 366 ﬁédﬁgﬂhﬁgllgﬁlg at

I'n conmuni catl on W access
iﬂa@tanﬁaiiﬁy the caas titerbieiin abmirn@icatiyn *Mihlaﬂ ac@RPpointatoaed with a

h access points 108 and 1 0035] A controller,
disrond C%lgu%qréaa%f’eea%swnmﬁ@l @&WL Compmunicatign i access
f;&ﬁi {6 4 1b53cc€§s%eﬁﬁﬂﬁlal'4r8 RREL LI cGH{n%nﬁ&%ﬁ %ih%%es*s %omts

mul tiple networks, such as tHe |Internet, other
bHsadl het wod k@pssctarrmnalcld@trnwet ml@edlmammaelon e\tlthmct@s points 108
t%ﬁtﬂ?grow de information to, and from the access

als in comunication with the cells of the

gﬂss | Pl e agCRnfoMé18LES SoupPiNTYRL SRS 1R c8W%sSIioeM 340 8nd 106.
troller 152 includes, or is coupled with a

Sonfselldr d £2 niatconielieens e gnare garvicEensgA niylaphe apvarks, such as the

ﬁﬁgrggts oth&f Iggcﬂatl bsa'se(i I?Gtworks, or circuit switched voice networks that provide

information to, and from, the access terminals in communication with the cells of the
multiple access wireless communication system 100. Controller 152 includes, or is
coupled with a scheduler that schedules transmission from and to access terminals. In
some embodiments, scheduler may reside in each individual cell, each sector of a cell,
or a combination thereof.

[0036] In one example, a set of known beams may be utilized at the base-
station in order to provide SDMA to enhance scheduling and allow users to be scheduled

on overlapping, full or partial, frequency resources during overlapping, full or partial,
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i ndi vidual cell, each sector of a cell, or a
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known beans may be utilized at the base- station in
order to provide SDVA to enhance scheduling and all ow
users to be scheduled on overlapping, full or
partial, frequency resources during overl apping, ful
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bléasptebasanicshanyaed rfgr different ysersgathey ard lodmtrecaivieg datm@n different
Q@nnel for different users if they are to be
5%%ving data on different beans. [0037] The SDVA

[0edex can Re 8DPAA aRdIxESantbRal pat@iicteheiagmak ehaddomelayively
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t0038k ni t t eBDMAaprovides awafTicigntly fidhesi off Heamy atjthe transmitter that
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R Gaa LRGN thiPUZR forhd fe@@l@&kdmsmmt h sorre as pect s,
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038hsi onsInoireprdantsstyiinserag pypeeisrAcress t%rr%am sashsetsbgduled over
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;1.6‘8 0] ulro%g rSO Vgp fgalrn%gﬁy B%III La[r t%fr%queﬁ%g@g«%ﬁg% q?]gae%“rﬁe by-frame,
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functionalit a base station, a Nod B or

tE RaRRE Ity R R ULty T RAr ey 4P s GaY include
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[0041] It should be noted that while Fig. 1, depicts physical sectors (e.g., having
different antenna groups for different sectors), other approaches may be utilized. For
example, utilizing multiple fixed “beams” that each cover different areas of the cell in
frequency space may be utilized in place of, or in combination with, physical sectors.
[0042] Fig. 2 illustrates an example system 200 that facilitates space division
multiple access channelization in a wireless communication system. System 200 can be

configured to multiplex pilots and acknowledgements. System 200 can further be
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i fferent antennas and since there are nultiple
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tnetudt sams mntt:;f@ﬁﬁ@rma@séTMm&rad cdivBiha@ditcdnlte expesgsdngifollows:
has two receive antennas (RML and RMR2). The receive

antennas RM and RV will recei ve a i near

conbi nati on of thetﬂgmtte NsTl\/Il and TMZ,
whi ch can i ncl ude SE@TH]I?LE j % noi se. A

| i near conbination c as |fol | ows:

[TMLI[H *[RMLI[NI1 TM2 RV2 N2 [0044] In a SDVA
scheme, instead of having one termnal with multi pI e

tennas, {he n be mul users th one.
ARG TE or bt SOMER S Wiskse P B S stinGOg RIS
MuibiraB] tBerd 28 Be ARMINE uKeHEHHlbRE astchtd drANBANShYb@Mstakesent to
same ti me- frequency resource where their spatia

nf@rfmt UsES M@Hlpé@um‘r%mmg@ befiduled pimubpivQusly onsthe sane fige-

nt o spa t hat er de e
FRalshr PePuRP Wi shE AP aBH S Sl ERRENLE T SBviA. o
SRERUS B intd et camisest thet Beoeiices pathealifférentsegiohfishare the
some other regions, ~no spatial reuse is allowed.

TR @apngesobEccs therply %&hée%%lyab%f@a%aé EPHSE- b} toyme other regions,
he E}%l@ltd | ALLeis allowed. There might be a separate broadcast beam region potentially

overlapping with the entire sector that uses dedicated channel resources. This region
may be used to transmit dedicated control and/or broadcast data. The regions that are
not used for broadcast transmission are referred to as unicast regions. Every unicast
region is further subdivided into a set of narrower spatial beams so that a particular
beam (or linear combination of beams) within a region can be applied to a particular
user device, thereby increasing antenna gain to the user device and limiting spatial

spread of the interference created by the transmission.
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ntennas at the transpitter. 20 there are four
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four receivers 204 each having one 1ayer or
whelenmtwo reddieste hearorsdayst e antcombianka tindorse n@teplivcrrzhan gwo antennas
ch as.three rece vers. wher e

PoErSaPooRECET BRI ER by ing kR Eh YR o AT SR antehiand a
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s TR AR
Cdvhihticl oftiBerdiahfi/oF Bigtrs.

[0048] Transmitter 202 can include a scheduler 206 that can be configured to
assign or allocate resources. Such allocation can attempt to prevent pilot collisions, sent
on a forward link, and/or collision of acknowledgments (ACKs) sent on a reverse link.
Such resources can be allocated through utilization of a channel tree, which is a binary
tree. Further information relating to channel trees with be discussed with reference to

the below figures.
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structure that manages any conbi nation of users
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node, receiver 204 can correspond that node to a

HO320r ce oftispinelndeshin Avarsiaier 29 isnpitspict £%thahcanrhe configured
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defereno fo@et dbdd @reant piles dihepelots[HAOS Bﬂffe@étﬁ Oodim@ﬂfs&:dseaﬂ)rﬂempondlng

tr mtter 202 is an offseter. 208 fhat ca

toocﬁ?f?@at -trges S%tltaégte Hlt%trﬁt%nawl%gfomm @pf Jp accordance with

LRDSPLSS RO dLRribfih SEARIBEERs 2&66@3&13@1@ ﬁgs@ 'sﬁ‘lgn@e can be

different offset code to each pilot. The | ot s have

défbifred ®nlntec oﬁﬂhca‘dfmms%lm)ncreethpomﬁbmgtlott i® ndt fidcessent to
ub-trees so.that the t trans ssi ons

0o dulE Sol b ate Bigrfrad SRETEFLEM IS non-sDMA

graeription of all sub-trees, except for the first

sub-tree can be deferred to |later overhead channels

H1083k t hi sThapdsargen bnatileashanumbercafsantal dimengeomy @ullaﬁdefor

ont r.ol. sganment and overhﬁﬁ@5§hannels sent. in non- MO
ransngw QNG O MOTE receiver incc multiple & ivdr D APRE a551gned the

same channel ID, each user should be assigned a different pilot and pilot code or pilot
signature (PS), which allows each receiver to estimate the channel. Scheduler 208 can
assign the receivers with the respective pilot signature by specifying the receiver’s first
layer. This will be explained with the following example. There are four users, each
user having one layer. Thus, for example, Receiver; can be provided Pilot Signature 0
(PSo), Receiver;, can be provided PS; Receivers can be provided PS; and Receivery can

be provided PS;.
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WO e@eiy®s0 204. Since nultiple receivers can bePEEEFYNBOB1013
the sanme channel |ID, each user should be assigned a
different pilot and pilot code or pilot signature
(PS), which allows each recdilver to estimate the
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pilots edksubipledingrassenimegtsn dasssop el @ can beprocessor mwated to

0057 stem 2 can incl.ude a.proces
DA Sy SR oE et i ioEman Rervobhy Fammiser 202
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rece ransm rocessor

fi@nsﬁﬁéﬁi(brgwb ekht plloSXeasthRted 6 theueddivis util@dcatifftgnt @des that are
scheduling transm ssions to two or nore term nals on

plfest apprash ofhcs go sy cFlarring Heg of diequency resources. The code offsets

can correspond to different sub-trees. Processor 210 can also be a processor that
controls one or more components of system 200 and/or a processor that both analyzes
and generates information received by transmitter 202 and controls one or more
components of system 200.

[0058] Memory 212 can store information related to the instructions executed by
processor 210 and other suitable information related to SDMA and/or MIMO
channelization in a wireless communication network. Memory 212 can further store

protocols associated with taking action to control communication between transmitter



over |l apping time periods on different spati al
resources. Processor 210 can schedul e the

WO e@ROM98EI ons so that pilots transmtted to tPEr/US2007/081013
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fromeach other on the overlapping tine or frequency
resources. The code offsets l2can correspond to

di fferent sub-trees. Processor 210 can also be a
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a channel tree structure 300 is illustrated in Fig
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[0061] Each node in the channel 300 represents a channel. Since there is
frequency hopping, logically each receiver is assigned a node of the channel. In a
frequency hopping pattern, at different times or frames of the same interlace, the nodes
will map to different physical patterns to facilitate frequency hopping. The nodes map
orthogonally such that no two nodes map to the same physical resource at the same

time. Thus, in the channel tree 300 at any moment, the nodes map to a set of resources.



within the sane tree to be associated with
orthogonality. In conventional OFDM OFDVA systens, a
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comuni cations within a sector, wherein termnals
schedul ed within the channel tree 300 are associ at ed

wi th channel orthogonality. 1Bo enabl e enpl oynent of

SDMA, nultiple channel trees 300 can be used, wherein
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substantlally simlar tine-frequency resources. [0061]
faskilonnode in the channel 300 represents a channel .

FOREF er 1 Bty L B S PP A RFED). when o

heRgYaRe3heboMp bﬁzﬁm@ﬁlﬂ & fhat abd&lisfchem@inticatddee Sh@trerrmnal It
franes of the sanme interlace, the nodes wll map

@hwicbbfemdemﬁfm thaf thp Hiustaptad chasnekigsd 30048 a ppitionvd ﬁ@yannel tree.
cgﬂg)rﬂge cﬂ-e{?l%e éjeecscm'ﬂg@e Hl%s)?-ct}g(?f?&?els layth%l’f)gpe ltebﬁt Wﬂfahtﬁ’\fﬂe level

e sane p resource at t
tllu@'@atecT byl sodesnsoma 6c Han mei;t ltved @igh@Dinathe arne_y(er@nmﬂ tlcvet he
resources. WO 2008/ 0459

nodes to . a_ s
%@S%%BYP@%@ cany ISUEH SRR g TR éeweg@gh?rtca{l bgve cight
Q(Ydeﬁ AFRRT AP RO Hak R TBAR! ﬂl%n?\@ nQ@eS At ﬂe@ﬂé%“ h1%her The

1 on. [0062] "Each node 1 n the annel tree
mghadewmﬂmmqwﬁwemd®wmmﬁﬁmﬂen a node is aSS|gned t he

f@? n a| Elor %ftﬁg%tplaa eallﬁ g%sﬁ:é%g If(%ﬁ]tg d{%{llég tfl&g?s the channel

bfiliAéatryat@dnghanN Rk minaeR a388nddhode BOR te@iv@hadtvedAsHE 302 and
tree. "A conplete channel tree can have thirty-two

plortiedt anty navet b &g dnevgiven et these reo hadgeB02 and 304 map in a

b(:)Plé)lilrt%gt, ]r%a go t%}/s C@]?l%e 1‘29621}76%"]\3?1161 tI;“IE-lglgl’Iellg[ datg er)letﬁlﬁ 5’8 51%121 gl)le wrhereln
ewh tﬂ@i&%l)&b@ht ©R6. NoPeBaniEN &cHBOU addesebs ﬂﬂé(ﬁlhﬁéy GRmMm&ar€up in
g nodes, another |evel higher has four nodes,
ﬁe

iRy idRsdearc Aleqteisynext | evel higher. The hi ghest
isr
l‘@}é?i nai. poEor Gt BMR% AN, HOTHE rBltPe jndsigned o
ohéipleteceivtislor zadtifdy letyEfsmf niad sanlefreecitver Mhnslbaksstation will be
assi gned node 3 [ [ver has t nodes 302 and
SepprinE AR Sk%‘f‘ét In Nﬁﬁ’ﬁ’éﬁ%ﬁ”’%s@??ﬁp SATCOVEFRPDING Sighpdg o the same
[ARiRPIeR: ARy Bgreg%cé%ek RofchaRORR i8 Qle%hlte%sotu&etalﬁﬂstwo

channel , receiver wll transmt data on this physical
$ghésamhewﬂmdonemchmknk&nH&mS|xteen tones. The channel

B or o HesTiar ex#PEAERGY: MRGHER » ProcaiioBihe Mo gpFmas

SENRANAIT MY M3 a £BEvEAHIB tW6 SRGAER (RS BSSRYNEIn bR ideal system, the
multiple receivers or nultiple layers of the sane

mn@m@atlomﬁi@m Tabaguilébardceincdby Rvpend eeramynicetiomiomwo
SM Ve au[lg b% eCFWS(I}/%)X né{;? withSut %hyg Qraolsss-ta‘”f'lg BetRUE lhe c mngmlcatlon An

orthogonal matrix representing this is illustrated below:

where Ty is received by Ry, represented by “1” (in the top of the matrix),

since, in an ideal system, Ryy does not receive a signal received from Typ, it is



termnal. The anount of resources does not change, it
is the sane resource and two signals are overlaid on

W0 bs®#ye0 r esour ces. [ 0065] By way of exanpl e BemMuUszn7/081013
[imtation, a base station has two antennas (TM and
TM2) and a receiver has two antennas (RML and RM). In
an ideal system the comunidcation from  TML woul d be
received by RM and conmuni cati on from TM2woul d be
Fpegbmed b%WO RIYR the%fa BOHe X £ TRRSuiRl ik aRedaPeRIdMR 2 does not
conmuni cat i on. orthogonal matrix representing t
feseive kustemp bfrer Tkml ibws, “0” & injthe OwEr poidion of Me mafrix. The “1” in the

eceived b
ST i on B Conef TRESRFRRES Bl i iy N sb ol
[0®66] Ve a Blogaddr, thepaty/eehaly Ro2iVaERin dntidés sY¥-m generally do not
2008/ 045980 PCT/ USZOO7/ 081013 14 r eE/Jr esented by "0"

poayrt Nehat dpeserenemidy preaur isdhat toithrirprgmiyantennag gontybg to the
E%ﬁﬁllﬁg]c% %g&%d‘ﬁtbotﬂ I%SS%[ fnt rfaﬁ 9 %{l% ftlﬂe ﬂénﬁiﬂ ¢an d}%ﬁ%arated by

I ower portion o
tfilézing o¥ter Postrémescafedtblyeherdl fowxng mdtrrxat es that a
signal fromTM is received at RV2. [0066] However,
the pure signals received in an ideal system generally
do not occur. What does gener Ilﬁ occur is that both
transmt antennas contribute tpt communi cat i on
received at both receivefahtlenhas. |Thus, the signals
can be separated by utilizingl& flijilter F, as
represented by the followng matrix: 1 0 FH 01
[0067] In a M MO schene, a termnal is obtaining two

signals on the sane resources. In a SDVA schene, the
&9%{4 | node Insa %(EM% pegmcoa Hirmfng} ismbtaaiagitye signalypdhe same

?‘.ﬁ% 'n3 SD § Al sch&h JH@ fa oat%ﬁ§ gs%gﬁgd Eoe&?fe}/e% rERers. Thus,

assi g to a node an Celvers
prSiDNkzPed fwsttr’ecetlm afdaBeddmdecdeier Avebddie asyiznad |td a ﬂ@ctb and both

SDVA are different, for e ch recej ver and. ar
B%(Pfétaé‘apfioﬁl@géfe@ thmneéh A I fb%bfraé%swgﬁlée&n SDMA are

ﬁlfff%&ﬁltt %rl%acﬁr@%eltv&aﬂﬁirﬂr@ fh%ed s gﬁé\éowﬁ?clﬂ rﬂMﬁﬁiz@@leakage or

utilizing a filter, ustrat In the above
omebstalk. Thi mnsmmmMsl\t@M}MOroan evertap whoulgh ®lsdri asatlesttdtel in the

S moapim e Heedive e PR R B B RRa ety from
E Nt anefRd SRIPORLENd shtdlidal & SDIMARERABBeceiver estimates the channel that
corresponds to different beams.
[0068] If receiver is assigned, not at the base level of a channel tree, but higher up
in the tree (such as node 318 in Fig. 3). Then receiver can utilize either ACK resource (such
as nodes 302 or 304 in Fig. 3). Generally, receiver 304 will choose the left-most base node
to determine the resources. Thus, if user is assigned node 318, the ACK will be sent on
node 302 rather than node 304.
[0069] In the situation where the transmission is to multiple users on the same
resources, the ACK is not transmitted on the same resources for the different users
because the ACKs will collide. For example, in multi-codeword (MCW) MIMO if the
resources are assigned to one user having multiple layers, the ACKs need to be sent
separately since one layer might be decoded and the other layer not decoded. Thus, the

ACK should be associated with the particular layer being acknowledged.



[0068] If receiver is assigned, not at the base |evel

of a channel tree, but higher up in the tree (such as
wooae/0&b8 i n Fig. 3). Then receiver can utili zRCEUS19T/081013

ACK resource (such as nodes 302 or 304 in Fig. 3).

Generally, receiver 304 wll choose the |eft-nost base

node to determ ne the resousces. Thus, if user is

assi gned node 318, the ACK will be sent on node 302

[(ﬁgbfr t hampio ﬂﬁlhﬁﬁéAdI@%%hld'Ué A fRidéd Wah 'tl%"baﬂ%@é%urces A

] ransmSS|on|storrut|peusers on the sane
siepdaisodeton is tmprA@deuegcmmdetmlalthmA(Elé@I Yrharp aredaiggeceivers, a

BT PUESRT Ebe oo RE T rinf R e BSRA A Fie T o
M ted td ke a seeHRULCRS Hveevas shig irebabes the ﬁums@rofim/m R&ources
multiple ayers, the ACKs need to be sent separately

Bgoded a9 ahq spjetfoniiepd bpéo etcstriic anabetrl At Rapsourspar
d
e L A L T

ZH8] BAB | RETAOT20he/208 %Mt hent id &t IEBORAY nddess For example, if a
| tiple,  ACKs shoul d be associated with the s
e B%ﬁre%%aswoni%wée aisied Brds 1% e EF%Wf‘déa%agﬁ Zipde 302 to

BBt P e A %he §e€oﬂd\?s%@cﬁrtﬁllfzmo&ee§@4 }’)%EE’d aﬁ"ACfK rfﬁus in

receiver w be instructed to use a first
SEM}‘N,deoecmmmds cywriok bbessignad thmhe@asa)nmd)eaalse dtmdhe ACK

ACKL wever tthls ncreas the nu %3 1 b
RO RS Tt St LR OV TR IR g Tnals can be
hRENERBR sahR hidhEb & ePlodACKihBSBH G Ci@iSre ahOBfdd tetHRNEN Bhere should

in an SDMA schene wWith two users, for exanple, the

beetrlgast ﬁﬁ@ﬂﬂlaﬁeb essignctli for fove ersunalhthere sheulddsi fgmmténmnalg
aSSln%s 4t nﬁ)des For exanple, if a first user and
R Cond ﬁg dre assigned node 318 the first user can

[oo7kj ze nOHmﬁ’e@&ofepwhﬁ@m)wafhsé@iée@mcédiaa@e&atm@ouﬁ&spects the
can utilize node 304 to send an ACK. Thus, in

ehaneleleq FEcsure AR san Be refadicd i anatiive fayaner %&@reswfé@lé form to
Q&%ﬁfﬁ%‘éh&d&ﬁﬁ%5&%sﬁ%1néﬁg%wpae§ssc%hgﬂﬁﬁ didfis SAMnment

resources. term na S can b
I3 gned t ke fdioevifg fipets Wil lustnadend Sesotibathewaribiis aspects

there are three term als t here shqul d e at | east
fereeRedhens Hhﬁ%ﬁhah%f‘aal  byrhing e Fie At usprate H@P@X%B@deraphwal

Qﬁ)ﬁtﬁiﬂrofta%a[ﬂpﬂ@ éﬁ)O &%éeg%gapoﬁﬁ‘ G BRedulhidyteibO 7#tlis is retpﬁesented

Fur t her nor e, | e shown as 'a tree, I n accordance w
byoﬂe_baw@deﬁoﬁﬂé of titvdrmetru¢nee3 6t (FigtUr dHB0Daame ben

SELRDPRT p Sty PertuBbioR bapars B fiePkb dugpine t
Gﬁmﬁb' e Gl ?ﬁﬁlﬁs ik EPMERIhte [P Rhtidive Th phitRWaRGhe tree structure
gures wl | ustrate and descri be the vari ous

é@,(b@@tlgclud%l@ht brsd nages02i A04.LA00N 808, cﬁé@aﬁﬁ Jtdr it o
Bl SR e L AR ey e
ﬂfaethesﬂﬁhmfa&ga@lﬂl%ble'rﬂﬂé@ehSy Fgf6edenhgdne hop permutation.

[0074] In further detail, a first hop-port (hp1) 402 can be mapped to a third
frequency range (fr3) 404, a second hop-port (hp2) 406 can be mapped to a first
frequency range (fr1) 408, a third hop-port (hp3) 410 can be mapped to a sixth
frequency range (fr6) 412, and so forth during the hop permutation. It should be
understood that this mapping is for illustration purposes only. These mappings can

be assigned randomly, pseudo-randomly, or through any other suitable means.

Furthermore, the mappings can be re-assigned during particular time intervals and/or



by the base nodes 302-316 of the tree structure 300

(Fig. 3). The mapping can correspond to one particul ar
W@erosi¥s8o on, as hop-ports can be subject to nmaEPUSYOT/EB1013

vari ous frequency ranges given disparate pernutations.

In particular, the tree structure 300 can include

ei ght base nodes 302, 304, 366, 308, 310, 312, 314,

and 316. Accordingly, eight hop-ports may be mapped

LQofdiffto QF&fnﬁftﬁmn JChEAHENRYs KR UEBe ubdiddtodd Bathblt Mappings

an avail |l abl e frequency regi on during one hop

pEblaacatisdermipgde taf arcrasfogratdsewitly drediop;poats fwithen a channel tree to

RSB 400 1495 LR TRRRSHy oo LR

sEpReshytte ntaidthih®ithofdrRgyency range (frl) 408, a third
hop-Eort (hp3) 410 can be mapped to a sixth frequency
478k (f r 630 so1e aspeds. e mapRIRSIRY Agrapkascd by subcarrier mappings

: . shoyl i i ng
BESBAAL} R it VA S SRASFHARG L DL Bt RRR. D
bécas g Nadnragmanhy/gropssafdabsaanies may be disjdihr foerg lRacngther,
ot her, sujtabl e neans. Furthernore, the mappings_ can
w@ﬁ? theubqagia IHERSING ORAFT EONtABUQUSHEIh Soeh OHIE. AR gl a way,
T S PR PR e B N T st
abyemeremappi ngs enabl e access termnals that are

ciated W th the hop-ports within a channel tree to
RRREE " ol Bt NUSUGIT RGO A LiFalhle ey ESTghn rosstions or the use

bf @6 wa Ty chhAMdEfor 6R BrtREsdnh BRLREL. | For ctdiCibaffic WidhnkQhat is

mai ntain orthogonality). . [0075] In some aspects, the
rajgpehgd tradfic dennep e e sbsetsor deseerstentivhplghe gssigned traffic
PUER S0 Pl B PT FDSRE s PRI g e
seltpsl. dfhestliteed treffie oiaynddeardini et cofidi@hBAGhthahd&kigned
whil e the subcarriers in each group are contiguous
Kfs coarel 8 Hiat no 1w Gafls changelp use thosymecsabearg(r sskbat the same
ﬁﬁéiciently provided while facilitating sone diversity

or each assignment. [0076] Fig. 5 illustrates a tree

BXO7GEt ur e Aballusph@edescleaantlaide indsdasiM hidtiglec gab-trhes. UBRre are
f the traffic channel [ a rthogonal s e For
g&% AU -rrsﬁfoJlgst@ﬁ%iﬂ %@F@%&L?ﬁ rge 0 g§0°2|3 d,Trea|1|(¥54>a§¥b-af ree 2 (506)

gheonertchabg ag 15y eaet Sictlhic YeaaeRdaR bShbRtd hi¥@iber of transmit
assigned traffic channel and all traffic channels for
witighditrieesiass baged dipon dfefrnappainvlehay be defewbset are
restricted. The restricted traffic channels are not

used concurrently with the assigned traffic channe

so that no two trafficyehapngals usey he sanme

subcarrier set at the sane tine. [0077] As

illustrated, a channel tree includes Mnultiple

\%Jlglr_etnri(se Se'nu-lr-n o of sapra%ally multiplexed access terminals and My is the MIMO

order (e.g., the number of layers or streams) per access terminal.

[0078] In an aspect, each sub-tree maps to the same time-frequency resources.
In accordance with another aspect, where hopping is used, each sub-tree may have the
same hopping pattern. For example, access terminals scheduled on the same nodes of

any two sub-trees hop together.



four sub-trees illustrated, |abeled Sub-Tree 0 (502),
Sub-Tree 1 (504), Sub-Tree 2 (506) and Sub-Tree 3

W@ 2@8)4598 t his case, there are M maxi num conbPCETUS2007/081013

nunber of transmt spatial dinensions, based upon the
mappi ng. M may be defined as: M= max {M + ... + M)
where n is the nunber of spdt7ially nultiplexed access
termnals and MK is the MMO order (e.g., the nunber
lo7bpyers f utlARAIBM A8 shdGRIERSHot&S bR lots, h@RSilted B cach user
an aspect, each sub-tree nmaps to the sane
béine trﬁnmﬂeﬁtgﬁlmebmuésx may eplhdewith sadeothgrtifithgmolotsere
&s}gs%%& V\I@ﬁ{e m aC?S S, LeJSsed each sub-tree may have
fsmiged,en e saing SXIATERPSSS For  exanpl e, access
[0080] nal s Sakefbié, Gﬂ abdbrifiR e SAEsondapeat, a @MsibMBvoidance
sub-trees hop toget her. WO 2008/ 045980
deyyithspooeysam@ay by ufibiegbhy ¢ schadular o pptEDRmIeyent pilot
]
EARKS, ARRER FRUIFS-Bbiah e SRERS Heth e daliBFfpources
ezald: hoobdhesed for trassmiskioh $f aliepildts ﬁnsmy of &d werst heasaspect, this
ct resources [ 0080] erefore, in accoraflance wi t h

qugspaliaes a sub HS? mdgm sel\PE VSR @ECes s fgBMmafsHSEMA. In a
Eﬁ'ﬁl@f‘é&ﬁb@& fﬁ‘?syofj@s%t fétdolt le%?glaQYheatoﬁ@Hﬁg%tle ?étla:f BEh&fsioh® between
preven I'1slon e resources
theacedsk mrmumd:ls ﬂl@t aeabhng; s@reduleti éomawelapmsg)trawsmsimn.l For
not he used.for tra |on of the ts for. an
PHERIS oY Ren foyT 3Rcess é@fna 1 #i°dO TECELH ‘?‘wimam ?%Cke@%g?ftsets for

%%i"réio%ﬁeh RRAX 108 foret orPQWaRs ABIE O the8ulinBal &ffént offset.
I'n a furfher aspect, this offset is not |ess

f(w&hi t he t branotheurkemplefif ﬁp‘aﬁ aralsemnd@m@r OV Qeacogse terminals
ée\%‘} ﬁaca:o;ariclg%s&tt er?nralrllﬁas %}re::’egltvg ?WO ! ?ean?seelgg Pne g\e/ﬁqu\lgﬁglfi ha}ze an offset of 0
aeCamshdr ol diadve adlefstto e dritve ﬁaﬂer simﬂm tB&@6 s a MIRIO access
of fsets for pilot resources are or 3._on each

teramal (g sHeapgngd ﬁ@éMS%@%@SS&emm@le (bﬁfeam)f dbe pilotp deygacpess
{epmﬁﬁﬂ ?@ Lenf B/ Fﬂ%l s?ll(ne tlfafﬁp% @ur@ése(e %g chﬁgs %Elg g tMH\éQame base

access term na recel ve
hodes pas thapiote émh}nmlﬁaﬂg Hb@/evewpl]nle derhﬂﬂa&s annhmfd'iﬁfa%nm‘ode offsets

and anof her uld h ve an_of fset of 2. n this f her .
e LGTRPRling fofiletent sy WFmTab@ wrent o offsgts Senerale H@%ﬁﬁf}t pilot

gﬁlatére§5ﬁ@tl§éi%§esat% A6 Al End 1 Iﬁtah %leplemeere kL SreftRb SIMO

cess termnal, are sent on the sane traft
wEssurresall deigg scluoluteds ponsiongtsets met}ebesmdaetb as e

B@S?j 2] a|a§ EF?G }eg%glgqsqegcgibght%gén@&goéﬁesg@ﬁgren{ pﬂot 51gnatures for every

({fl@&éreﬁé@ﬁ(ibﬁﬂnﬁl? pdirf fraiedio mEPLE @ﬁﬁanc&hﬁy Qélﬁ% g&piRhding or
code offsets generate different és si gnat ur es an%

sdiembling eodgroa thopilots hat pilizeg the ¢ e@nfoe slsgripigahe oavisras scrambling

gehelge are two SIMO access term nals being schedul ed,
r%]y Ko of fsets may be utilized.

[0083] Fig. 6 illustrates aspects of SDMA transmission of acknowledgements
(ACKs) by access terminals for reverse link, to the access point or sector, for the forward
link SDMA transmission. An access terminal with M, layers, sub-tree index m and
assignment consisting of N, base nodes, sends acknowledgements for the it/ layer on an
acknowledgment segment, or resources, associated with the base node indexed

min{m,N, — M, }+i where 0 and N, —1 correspond to the same base node of

different sub-trees and 7 is the layer index.



[0082] The techni que descri bed above provides
different pilot signatures for every {layer, access
wWao egosi0sBG pair. This al so may be enhanced by PGI/D§20a7/081013
spreading or scranbling code on the pilots that
utilizes the offsets for altering the code or
scranbling sequence. [0083]i18Fig. 6 illustrates
aspects of SDMA transm ssion of acknow edgenents

(0OSHF) by BRLCESAutLN a@@éc&s foolrmﬁga @éo‘lﬁmbhé"lifthEO the
access(gélnt or sector, orward |ink SDVA

tekanwhddgsments sant m&l@ssvetr@erlmhmflhlqmcam cavige thagughpyt i lssues for the

d f Nk
PSR 1R o B B R a ST AP R AL SRR R s Gl Mg R o
Sy O 2 BB terSB @AM, ThE aélamué@ge:snenasss@msahaad vh bRnion of
the base node indexed mn {m Nk - MK} + i where O

ATERRCTLSI ZiyeR Fedisarion of QPH’é'WSSﬁ}r@D%% ESqED Hent dFast:

different sub-trees and i is the layer index. WO

2008/ 045980 PCT/ US2007/081013 18 [0084] Fig. 7
illustrates aspects to mtigage collisions of the

acknow edgenments sent on tNe erse |link, which can
cause throughput issues for the forward link, a
schedul er or sector can provide distinct

acknow edgenent resources for every {layer, access

08861 nal } iBhisrproviides adisnovd attgewrdipmcst tesausoifért @droflayer,

a union of = assignnments given to . the union of
o (BB T i e %Pgag%knowlisf%nﬁnmwwﬁmappmg rule
[fOP8RErs Iﬂ% 2ssPny 'tl%%? tl%ﬁ% tRGErcAC KD OWVGdﬁ nrnent of

resource r1or every ayer, access ternina

RIISHARY a¥d kit mhaBRQY ®e @M@W@l@ﬁ'@hﬁnglﬁé ay ﬁ&&ow&%bﬂl%t
rule if all users are aSS|Ened the same traffic

resewae nsstiomkT husNthissran dsShejhiatadtbyosliminpehanadieaillasesed within

RIS AN o BT PR YRR AT Medebar sppapor i

haetd tbirﬁh@ld IhYc&@ridnic atlﬂhrza@om@d@% et {Hlmtay Bt RGLridrtdd By next
dotted circle 702) after the no hat carries the

pligmating Aedes edlynesied withednttedicirclsi 7@4) heferasthe padqfhatgarries the
1Bt RES g@%%&t%gn%n@ppm%c@g P&fing L NI s may be

augnent e I mnating no es (illustrated
j4o8k| n dot Reférrmgto Fég. B0 streddois @ foursumadesttdraire 8@0 for &sir

SRR OB cRet Wir M S0 o SO0 gk f e paoseess ginals

keugoSR bhe ?cre%]?nr &eh H&ﬁ%%ﬁ)srﬁlﬁéd 5L an o@&‘fai;?ﬁlg time perlod for
termnals, 1llustrated at 802 4, 806 d 808

ofcrtahping cﬁm:quqxcy essoutces. M alustrated, a combination of acknowledgment
resource, reverse link, and pilot resource assignment, forward link, is assigned, so that
cach sub-tree, and thus each user, is assigned a different offset then each other sub-
tree. The different code offsets provide different pilot signatures to mitigate
“colliding” of pilots. Thus, the pilots for the different terminals are sent on the same
nodes (e.g., similar to traffic) but use different code offsets (and therefore different
pilot signatures) to mitigate collision.

[0087] Referring to Fig. 9, a four sub-tree structure 900 for two access
terminals 902 and 904, where one terminal 902 has three streams being transmitted
and the other terminal 904 has one stream being transmitted over an overlapping time

period for overlapping frequency resources. As illustrated, a combination of



802-808 have one stream each being transmtted over an
overl apping tine period for overlapping frequency

WO e®es98E. As il lustrated, a conbination of PCT/US2007/081013
acknow edgnent resource, reverse |link, and pil ot
resource assignnment, forward link, is assigned, so
that each sub-tree, and thu9 each user, is assigned a
di fferent offset then each other sub- tree. The
%%B@[e%@&eﬁqg%ugef RSbS®e Bﬁl@‘éh@ 911914 rgio%fc%rh"sm Pirh@t, forward link, is
signatures to mtigate “col I di ng" piTots. Thus,
agseenpil| sotthatfeaeh subetredi, ffidethesn t:adleusm, rsaﬁsggmdea difereno nffsdighen

traff b
SRR LRI ZatlieB st ed b Pl 2 g B gfiffgent code
6ff£]dﬁsa¢etg’ efijfeleqt pildt ispab@raptd miigar. com@cﬁﬂdf AeKer Ho@vdrQeach
a four sub-tree structure 900 for two access

teémmah%@?s 96t pecgivgs piets tha aicesscaien the sameapd®o02 has
stre gﬁ b S:

tdhrsg nal algé %léfg;? {ri elg@rung%g[lg(rilé foélkgﬁnb ? ]{egg{ o%tél}re 19100 for
tver happd ﬁegmtnlame whpsay twachdverono\satim ppinggrdnsmdtuseingy other has

resources. As illustrated, a co |naEﬁon of WO
SHOHI WA BETY Y BWI@%E@E? POHOYLIERBWRE E?@H%‘]W resources. As
[1RROMEE S coﬁﬁ)\{&“u%ﬁ of héﬂﬁowﬁeggmghtj r@%} ufc%sfégiﬁghﬁ'lg' Shg EH@H}ES urce

forward | assi gned, so that each sub-tre an
ashuwneat; Iﬁom&ed l,lnk $s asighghed tlat dadhf smberee, ofdfthes eacheaiser, is

each S tha .S b sed.. Each term nal
Sohgha dguSHiabroBen Siehedkent> outRe breRngeq o s e base
dodcf s @oh tek katthShdRh e mknt aﬁldgﬁlfo't gafli@steRbd AsSdifBreaf.
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demodulate pages and system information on a data channel. The offsets may be
transmitted on different sub-trees carried as part of a channel information message. In
an aspect, the offsets may be sent approximately every 200ms.

[0092] While the discussion, with respect to the figures is in the context of

channel trees, it applies to any logical resources that may be partitioned and utilized to
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a state diagram [0094] Method 1200
sY arapgl,hg %%quv\%cé’ @ ¥8nhsm ssion is schedul ed.

[0wos] At 1204, different code offsets are utilized for pilots sent to the at least two
terminals. The different code offsets can correspond to different sub-trees. This offset can
be on the overlapping time or frequency resources. The offset creates different pilot
signatures and can mitigate the chances of the pilot transmissions overlapping.
Additionally, the pilots can utilize a code that is offset by at least a number of spatial
dimensions utilized for transmission to one or more of the terminals. The pilot
signatures can be assigned to channel sub-trees in a non-contiguous manner. In

accordance with some aspects, the number of sub-trees is less than a number of



transm ssion can be scheduled for at two or nore

term nals on overl apping frequency resources and for
wW@roosweB@ppi ng time period of different spatiBCT/US2007/081013

resources. The overl apping frequency resources can

partially overlap or conpletely overlap. Each of the

two or nore term nals can belschedul ed utilizing a

di fferent sub-tree of a channel tree. |In accordance

Wi 06 B AR RFRRC The d@é‘clﬁ?ﬁ% 8?’&?5‘%%565%){6&3@& the first sub-tree) can

transm ssions to the two or nore termnals are

be tefduedt lgisr omhea{drvélammmeeth@en@nnam@ s mahaeicssescto

- I f .
08t ot SRR phy BRe Rhas LGRS WERRYIRRD paprsOMA
fedepi | ots sent to the at least two termnals. The

different code offsets can correspond to different
6} r ees. Inmyficardgngesitth serpe agpectsmethed R0 mehﬁ@ atschfaéuhng

ﬁlﬁl%[l?éq T0uce i A lcffifent $hew &ﬁ%harf%r? ﬁgtloq{s ok &l

Sl ghat ur es can nl I gate nces o
Qcilﬂﬁte ttlﬁﬁffﬁi[lbt&ﬁ‘l aeshaavid0n apnp) he3gEn a sdekttaf aoddsl by, ehtnhﬁatlng nodes

pilots n ut|I|ze a cod t is offset by at |least a
Risries g B helaners PN G gment SFROHG i access erminal.
kT@Pﬁl@&esrfd(i%Q ateQ1iR1KatOd, n‘l@ﬁ@d ﬁOOtJAﬁ ags@%ﬂ A@sst of HidBes b

l'ot signatures can be assi gned hannel sub-trees
ﬂnnamnmgnmwmﬁm@m©ﬂsInmmﬁeranmﬂnhabmbmﬂamwbdgmmhssynﬂnofﬂns

gects t.he number of sub-trees is |less than a nunber

W BHBY/ 045980 PCT/ US2007/ 081013 21 avai | abl e

E]OU?]'] si onsRrefthgn g | 73, ia o kf diddrhmOfManteh@Rirk &% 6 Rtransmitter
or the first sub-tree) can be deferred to |ater

sxsean At) etenreskiyes byseem tlAPE i adbiM@tsysami B 0Qds illustrated. At
{}% Csen‘?l%'t'er é’ysst[ehr% ??(')m[ra%at 45 Cfﬁg%lrngﬂ\lﬂ&r E@a as r?%‘ﬁg\éﬁelgr%%l(%d from

anne e n-’non

adeqrdaneel MRtth uSasmit AFREaits proetded3 1L 0B amaginbéidithé@Eeach
a scheduling technique to reduce the assignnent si ze

(e HBEA™ BHETGIHE dPOST 8 FORSCDP tTATG! antenna ey daty progessor 1314
I;]Aé)lll(lj%tss,r go%& tdh&) thter {E’?l{f&q %g&g 44 qfofag glgtaas J@M{? %Q%ed%fn a particular

I'mna ter e no
caditig Meﬂnb eclbasd fcmlim dmiaedgamm poeglentdeddati.hi s access

rnj nal . e node are elimnated t hod.
E@ag can aZeFQ ?15%1 Jl%ggteaeb HEGHEAByYehS muﬁgth%f‘gi with pilot
HQLQ ®3in \M%Qﬁmﬁl t%}ﬁn derd Iot ngt'é id 1051 Mea k&S data pattern that is

acknow"edgnent segnent 0 cess term na
pm@e@d lﬂelflelownrrgatmor midymayg Be uwdbit dtd«echlagrsammto astimate the

FRBr /EpogyS: Bl Py BREr AoSPay ERh Pt 3B i Sieam i hen
hlobitated fite dymBbl migpRMSEHséd 61 a PUSERR hdddlatidd Rhéte (ed {BPSK,

for a nunmber of data streans iIs provided from a da a

Q68K ¥-PSK o MQANMM seliceted To) thabdata pirerra $& provide modplgtion
AR ey U o FRICIAL LRSS
determined by instructions performed on provided by processor 1330.

[0099] The modulation symbols for all data streams are then provided to a TX
processor 1320, which may further process the modulation symbols (e.g., for OFDM).
TX processor 1320 then provides NTmodulation symbol streams to NTtransmitters
(TMTR) 1322a through 1322t. Each transmitter 1322 receives and processes a
respective symbol stream to provide one or more analog signals, and further conditions

(e.g., amplifies, filters, and upconverts) the analog signals to provide a modulated

signal suitable for transmission over the MIMO channel. N7 modulated signals from



formats, codes, and interleaves the traffic data for
each data stream based on a particular coding schene
w@ 0080w f or that data streamto provi de codePCHESENT/081013
[0098] The coded data for each data stream may be
mul tiplexed with pilot data using OFDM techni ques.
The pilot data is typically?2a known data pattern that
is processed in a known manner and may be used at the
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C A rlgis Fg Q&gé 1ec}31|t reesmmplr?s(e ga?r}o%s rp%g SRR rma g’ 100 regar%lng the

cornrnumcatlon link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. The CSI is then processed by a TX data processor
1378, modulated by a modulator 1380, conditioned by transmitters 1354a through 1354r,
and transmitted back to transmitter system 1310.

[00103] At transmitter system 1310, the modulated signals from receiver system
1350 are received by antennas 1324, conditioned by receivers 1322, demodulated by a
demodulator 1340, and processed by a RX data processor 1342 to recover the CSI
reported by the receiver system. The reported CSI is then provided to processor 1330



and decodes each detected synbol streamto recover the

traffic data for the data stream The processing by
woX00da¥8pr ocessor 1318 is conplenentary to the€T/US2007/081013

performed by TX processor 1320 and TX data processor

1314 at transmtter system 1310. [00102] The channel

response estimate generated 28y RX processor 1360 may

be wused to perform space, space/tine processing at
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and 1370, respective 001 At the receiver,
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and space- . . . , ,
electronic devices, other electronic units designed to perform the functions described

herein, or a combination thereof. The processing units at a receiver may also be
implemented within one or more ASICs, DSPs, processors, and so on.

[00108] For a software implementation, the transmission techniques may be
implemented with instructions (e.g., procedures, functions, and so on) that may be
utilized to perform functions described herein. The instructions may be stored in a

memory (e.g., memory 1330, 1372x or 1372y in FIG. 13) or other computer program



time receiver processing techniques (which are al so
referred to as equalization techniques); and (ii)

w0 280980 ve nul | i ng/ equal i zati on and i nt erf erBCIES2007/081013
cancel | ati on" receiver processing technique (which is
also referred to as "successive interference
cancel l ati on" or "successivedcancel |l ati on" receiver
processi ng techni que). [00106] As used herein, the
HRKITE: JAt QREGASKL byA Froltlsbi @3S tpri®¥sd?€ 33 P13 64 of 93702? The
same transm ssion. That is, a broadcast need not be
gemory magbp implericnta svithin the pa@msm opektatmal orthe prsicessor.
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tha/cameact pappiagehe ar wdconiunistiom skerinstinpeslogisalgrouping 1402 can
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1330, 1372x or 1372y in FIG  13) or other conputer
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P‘@Idl%?esél ftgrenr QS SHERRTUSTS- ihetwlah%%%gggxeaﬁ 0@93 Ffjﬁéﬁét) ﬂ%;the pilot

an&ﬁgﬁ§ﬁkﬁhﬁgogﬁklhe access point or access
termnal. It does not require or utilize fixed or

foddizk er m heatchtdendeswitli ssubeaspects.calectrital mnpqzxmnt o4& inoludes a
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system 1400 may reside at | east partially within a
mnonegt far pHpctting thegilpts tyeat dgspi apinbereaf sphizal dgyensioms utilized for

&_ns A4S nto ?sgn}%df%§tenqhadlng functional bl ocks,
Whi nh ﬁ% L IPENEEO NN CBI8ERs ¢ hat represent

foenesji ons Aﬂ‘@itl@ﬁﬁ[}t, 8¢kt 1300 can include a memory 1408 that retains
instructions for executing functions associated with electrical components 1404 and
1406 or other components. While shown as being external to memory 1408, it is to be
understood that one or more of electrical components 1404 and 1406 may exist within
memory 1408.

[00114] It is understood that the specific order or hierarchy of steps in the
processes disclosed is an example of exemplary approaches. Based upon design

preferences, it is understood that the specific order or hierarchy of steps in the processes



processor, software, or conbination thereof (e.g.,
firmvare). [00111] System 1400 includes a |ogica

wQ@r@apis3eg0 1402 of el ectrical components that PERUSINT/081013

separately or in conjunction. For instance, |ogica
groupi ng 1402 can include an electrical conponent for
schedul i ng transm ssions 14Q4. The transm ssions can
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nmber of spatial dinensions utilized for
{00A b6l sSi Ehoste@f akillleadd fother epprediatettiat tharadrons [loBGatBle

dd ally, tem 140 an ncl ude a.meno 1408 .
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éﬁﬁ&ﬁh@h@ QisvidsBd BéBRhACH insEMRSNENhSeld4RhiANEdwaid O&)mputer
or other conponents. Wile shown as being externa

msfmﬁry omoslblnatlom@ftlwﬂb elo dlndréy dlusiere ﬂnatnt@d@an@cahmtweaf

el ectric 404 and 140
%wfi are anﬂgﬂoware TS Wﬁ)lbsiril ‘We ‘}ml?osneﬁtﬁg%}%o 8df?]ﬁ%i tClrﬂ’iltS and
ﬁ@ﬁéﬁhafvb Ge& @&;Erlb)dfd oeE gl lyoh t&hBRS thair fuRetionalifc eWE&ser such
di scl osed i.s an exanpl e of exenplary approaches. Based

AoRbisY igrimplsimentaden daatwarg of sofiyraedeicaduunandhe pargcular

%@?%%%f%@s%g{% et B sNaTon I Barlly 0. PABKEERERs may

ishple@ernteh@descripedfubbiionatityeinseoyieg ahyd foe cpuhgmetitular application,

i scl osure. The a t hod cl |nB pr.esent
g‘i“éﬁ% e neqthidon dieiers 5%13%0 lalt%rﬁtﬂ &S GRfRg a depagfure from
Qo ofTRAPesdn® dRBlokHAT ted to the specific order or

hi erarchy presented. [00115] Those of skill in the art
ﬂﬁuﬂd]undeTh@amdnEmamnunﬂnbgaaTUndandmdu@naMQcnmuwchamﬂmdin

resent d usi riety of dlff ren

FBR BTy b RRAEEIHY gt BT gy A riapRgRpled or performed
Wﬂﬁtar%‘éﬁéﬂapﬁﬁpoéé%ﬁ&lﬁﬁﬁ; a HiBftIrsi@ial PRdceSbOMAD atbéﬂpfﬁcatlon
synbo and chips that may be referenced t roC?hout

mélfabwérad@s@mupt(ASICm;ﬁe rp gl gaic blyiay G pther
}gruolrgfa%rllr%lgble ?0(%3% aew = ﬂgrtej([]e S'ga\{vaor FansiSiD Ii‘oegtlc Cdlscre%e Hardware
components, or any cornblnatlon thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, ¢.g., a combination of a DSP and a microprocessor, a plurality of

MiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any

other such configuration.



particles, or any conbination thereof. [00116] Those
of skill would further appreciate that the various
WO kdoa®¥98i i ve | ogi cal bl ocks, nodul es, circuiPGT/USZI7/081013

al gorithm steps described in connection with the

enbodi nents di scl osed herein may be inplenented as

el ectronic hardware, conpute@s software, or

conmbi nations of both. To clearly illustrate this

[(mt1 e8IchangeRbitbhd of Dhethb@ bfm@sﬁthﬁmies&%m lcBand¢@bh QUi the
| ustrative conponents, blocCks, nodules, circuits,

@mblodlmeefp sils\?hxﬁedrrg@fem rdess ¢Ib@wlqb@wtlg ém batrdvvlay:, ima software
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thetpeascp:smr eachathe pmsésngcem Iéecpmﬁbmﬁaaoﬁ fiom, aht e/ rde pernaiftion to,
t he present. disclos [00117] The varlous
theistrsgeaneem; dgthea teﬁ}a%?oé © sBEgr sxdiugy, payibe dfpgral to the

gl%\%@srsblb efhd oce%gﬂ}%ﬁﬁttﬂeos'ﬂoﬁﬁ%% Relifdgh ﬁ%’%idy{ﬂtaﬁ ASIC. The hASIC

i scl osed herein may be | enent ed or perforned
mayg efrwteﬂh apueposeinpl do ¢lssaternativdi the paicesbgaral the storage l’nedlul’n

roces DSP n appl.i catiaon ecific integrated

L9 SR AR e PR R rmBRe hat o Aoy CFPa)
o1 @]h er  PhoBlcbis Gb@rlbﬁ&i 6f BeiseRsedd BB Bihentd & SoPided to
transistor logic, discrete hardware conponents, or

am%}alﬁt:mmermms iled e theatt td érsakg Qe dse e peasx‘:mrdﬁﬁd%ere Various
p glgtec%{s) 10118 tgfghse%% Igr?lgd men% FW chee Srggtf R ea{g)ﬁlflregtutro Qﬁoese skilled in the art,

add ®e @aﬁdﬂcqucﬁﬁes RIBEEE&O hBYbOEpidY tCoRvethbs@bnts without
processor, controller, mcrocontroller, or state

ﬁﬁ@ml}gefrom‘ thyy %@gépom thg digclpgirs. nﬁh@hﬁm@@seggdlgclosure 18 not
%;Béﬁ‘&'e@@pﬂ)é’ﬁ‘rgﬁéd G UG m AR 'h&%ﬁ h‘steengli)ut 1&00%@&&%%& B widest
or a an

m Cr oprocessor,
stope opiisit@s Sathsthe pﬁEClpl'eS et Bowel ﬁeraﬁmsadl@amdgletdm

B! Tt oS S A s
[R9d4d8Ated W?thstﬁ@(ﬁﬁes((@ ﬁa p%’cteaﬁ’t@s Flin@o9Q anl RFLAPSHG! pRAm the

in connection wth enbodi ment s di scl osed herein
frengtityes dendydubid enereahi. rEhﬂ stoftwane baded waiy ebe staredinsoémomrenits and
nodu execut ed ocessor r.i a conbi.nation of
TRty TR Rl nBhSR a gy PeipdeRe fORRIPRAE Pyptessor or
Edtashl RADHYceREMIMRAR YascEP %ﬂ%e"@ﬁﬁﬁﬂmcaﬁﬁ%@f@é&?ﬁﬁ% Yhe

regi sters, hard di sk, a renovable disk
pipgessOidrough oRIPEf Meansea deknesdi indkardown in the art. An

GUATPL 20, ARREE B SRR RS S BB
iMiplt@chtod ag daicthdd, dfparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), etc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, ezc.).

Additionally, various storage media described herein can represent one or more devices



the storage nedium In the alternative, the storage
medi um may be integral to the processor. The

wpe@ses®sr and the storage nmedi um nmay resi de i PCHIS2007/081013
ASIC. The ASIC may reside in a user termnal. In the
alternative, the processor and the storage nedium nay
reside as discrete conponent2y in a user termnal.
[00119] The previous description of the disclosed
SO thE e hirR- @a@d\bnedﬁédlﬁ For LAY BIARNLGET BRNtef Fatine-
in the art to nmake or use the present disclosure.
m&daﬂd@ medmdu danelatludm without ieergeliaerb@i wingtess glianhelpend various

0 tho e skil nthe art,. d the
bR SRR e PRARA P iy Shion Tt H e
ohe2] enbowHaehdsshesh UbRuibed algparnihdlndgesck anplel 6f Si drirhore
or scope of the disclosure. Thus, the present
embedishise L s, dipursprmospewsible o dsscnhagvesticanseiyplle combination

[ r

R AR e
tmbodimestsgbhione Sédrdh’t&lli’ﬁ Bldll if M@k20hayaicognisothhvaagy further

|nplenentat|on t he techni ques descrlbed hereln may

9%‘?@%&&8 &Rd REYIMLLAHRRS 0k ¥ariis gMbOdiranstiRfe @essill: né@?qmglgly, the
rlﬁ&i @'E’l%] (fulﬂ@ﬁts RS 1{1%5 af B%mﬁr Ca.tll' LR aﬁ%&éﬂsbﬁgdlﬁcatlons and
reln e software codes may e stored In nennry

varidtionathdt faﬁmdun ecbpeyof preoappsisdeds]aifhe Towtinoexyend mhat theetprm

Lene n,.th ocessor  gr extern to .

PR fRo e cithér b a2t RR or e vl i siiyended
BEheEsivO it NBanRrQERIFAS tHtERN B nYEH I Ss TBGHPridsy’ 1 i§
known in the art. [00121] Moreover, various aspects or
freespietasiow lessenn besd dyartednpitionyl voard i arglagme Fughicraore the term
neLhod a article of. .manufacture ng «

s adsed TR o ffe e GPuR AREART ey Pl dgnon
a}mmﬁﬁydﬂ’ article of nanufacture as used herein is
i ntended to enconpass a conputer program accessible
fromany conputer- readabl e device, carrier, or nedia.
For exanpl e, conputer-readable nedia can include but
are not limted to magnetic storage devices (e.qg.,
hard di sk, floppy disk, nmagnetic strips, etc.),
optical disks (e.g., conpact disk (CD), digital
versatile disk (DVD), etc.), smart cards, and flash
menory devices (e.g., EPROM card, stick, key drive,
etc.). Additionally, various storage nedi a described
herein can represent one or nore devices WO
2008/ 045980 PCT/ US2007/ 081013 27 and/or ot her
machi ne-readabl e nedia for storing information. The
term "machi ne- readabl e nedi unt’ can include, w thout
being limted to, wireless channels and various other
nmedi a capabl e of storing, containing, and/or carrying
i nstruction(s) and/or data. [00122] Wat has been
descri bed above includes exanples of one or nore
enbodi nents. It is, of course, not possible to
descri be every concei vabl e conbi nation



of conponents or mnethodol ogi es for purposes of
descri bing the aforenenti oned enbodi nents, but one of
wo@esnargo skill in the art may recogni ze that PEIYS2007/081013
further conbinations and pernutations of various
enbodi nents are possible. Accordingly, the described
enbodi nents are intended to28nbrace all such
alterations, nodifications and variations that fal
wi thin scope of the appended clains. To the extent
that the term "includes" | in either the
detail ed description or thgifﬁgggs, such termis
Wrhtaerscdddmed as:be i ncl usive in a manner simlar to the
term"conprising” as "conprising” is interpreted when
enpl oyed as a transitional word in a claim
Fur t harimhed fdrieciti@iing chahcliAfol $LH wirkle8d EdMhuhibRion system,
detai |l ed description of the clainms is neant to be a
CmDMHMQXCIu5|ve or". WO 2008/045980 PCT/ US2007/ 081013
28 CL INS. What i.s clalqe S: net hod f.o
faci IS e&fll%traeﬁerﬁ%@rl SaRBhPHE TS G @egapping frequency
FRETEA HRkA Q%r@’)ﬁfn%rﬂme Igé?fmrdnsdlﬁgr‘enﬁs%laﬁﬂ%éoﬂgces and.
transm ssion to at least two termnals on overl appi ng
frequ@h@ygdﬁ&gmmmueyﬂﬁdsﬁamﬂow§mnap¢ﬁagkmﬁnenpemmdd\dmﬁml
rent resou o a utilizing different
{5 duRT safithst ot SHerfg Suklstes “l oast two
termnals, wherein the different code offsets
correspond to different sub-trees. 2. The nethod of ,
&1 ai m'he mghed@if glatmd, wihprcly hadiféuent codd elfsats ereetadiferent pilot
g'ﬁ%ﬁ gnt pilot signatures. 3. The nmethod of claim 2,
b er  conprising assigning the pilot signatures to
channel sub-trees in a non-contiguous manner. 4. The

met hod of claim1l, wherein the nunber of sub-trees is
Pess fAarmetiodgisleimgs furthgreqrapiisingpsvigniiedhe piles sigpgaires to

%&Hgdsuﬁftre%ﬁf noﬁ%@lgﬁgﬁ% gduling conprises

ul'l ng ement the transm ssions to
the at least two termnals on the overlapplng

requ es for the ove tlne od on

i 11 o8 B tneRaa afo ds Bhpies S Surhar el siharees & 168 s fiber of
g&gﬁgwhﬁggﬁﬁﬁk_ls transmtted on non- overlapprng tine

or frequency resources. 6. The nethod of claim1,

wherei n the overl appi ng frequency resources partially
verI of claimJl,. where
VerI ig%l[’nﬁl&og ia@egﬁgywlhgg%ﬁlr %célsedé%rrprg 8?1g11p>1;1ses schedullng

acknowledgement of the transmissions to the at least two terminals on the overlapping
frequency resources for the overlapping time period on different spatial resources so that

the acknowledgment is transmitted on non-overlapping time or frequency resources.

6. The method of claim 1, wherein the overlapping frequency resources partially

overlap.

7. The method of claim 1, wherein the overlapping frequency resources completely

overlap.

8. The method of claim 1, further comprising;:



overlap. 8. The nethod of claim1, further conprising:

WO 2008/ 045980 PCT/ US2007/081013 29 assigning a
wGeipse¥598d nodes by el im nating nodes after a POOES100Z081013

carries a last acknow edgenent segnent; and assigning

a subset of nodes by renovi ng nodes before the node

that carries the |ast ackn@®l edgenent to reduce an

assi gnment size while maintaining the positions of

the agknamelapianrod& by deniiRIHpAbdeS aftdrai dBdd that carries a last

wherei n the description of subsequent sub-trees is

gkinewtaslgement| sagmentogit head channels 10. A wireless

conmupi cat i ons par.a ce t hat
execurieot RuST gy SR oAS o e EaR I e
Rt dcRAGK |c¥emerlt @ rad0Ed $n &BigaMRA GRPW Rl ﬁlﬁﬁl@dﬂﬁﬁg Yhe positions of
resources tfor overlapping tine periods on different
heackngwlpdgsmantses, so that pilots transnitted to the
at least two terminals utilize different code
of fsets; and a nenory that stores information relate
90 t hehé¢ methodef ichina 1ewaersiretic dyscripaon pf abesment subdrees is
&%e & rel ess cgm‘runl ca i ons apparatus of claim 10,

gired t9 lptseowrhead,hanme Sdevice conpri ses a schedul er.
12. The w rel ess communi cati ons apparatus of claim10,
wherein the electronic device conprises an access
umintAw&Rdcﬁhmnmmmﬁmmbssqgmnmmicahpﬂhsgapparatus of
cl ai m 10, mhe&?{n the differen H of fsets creat )
di f f ef BFCCHPT Bt Sioghiat isuctogs ‘HaSP Tyl rRRRIYSHRR g least two
fé@fhﬁﬂag%n olrérlap-'p—th% %qﬁ&ia@%@soﬁ%ﬁ'fﬂﬂ loGaappin tﬁﬁh‘{%’i‘l@ﬁy& @iftferent

claim10, wherein the processor is configured to

smheldmi@lr@am@ thyit pilpis transrhigiad to thewet leest e tsingingts; utilize different
£ eaiisub tree of a channel tree. 15. The

W comruni cati ons apparatus of claim 10, wherein

the ps afeﬁfospthat StoreS @itbirgatiddclag Baheiirections executed by the
acknow edgenent of the transm ssions to the at |east

PiRSCSSPler mi nal s on the overl appi ng frequency resources
for the overlapping tinme period on WO 2008/ 045980

PCT/ US2007/ 081013 30 different spatial resources, so

il hat Thewaeksovdredgniemions apparatns of tlbhied 1 @nvhendia the electronic

device comprises a scheduler.

12. The wireless communications apparatus of claim 10, wherein the electronic

device comprises an access point.

13. The wireless communications apparatus of claim 10, wherein the different code

offsets create different pilot signatures so that the pilots do not collide.

14. The wireless communications apparatus of claim 10, wherein the processor is
configured to schedule each of the at least two terminals utilizing a different sub-tree of a

channel tree.

15. The wireless communications apparatus of claim 10, wherein the processor is
configured to schedule acknowledgement of the transmissions to the at least two

terminals on the overlapping frequency resources for the overlapping time period on



overl apping time or frequency resources. 16. The

W rel ess communi cati ons apparatus of claim 10, wherein
wao bh@soyesd appi ng frequency resources parti al | BCT/US2007/081013

overlap. 17. The wirel ess comuni cati ons apparatus of

cl aim 10, wherein the overlapping frequency resources

conpl etely overlap. 18. A w30el ess comruni cati ons

apparatus that provides space division nmultiple

AERADS sRaNREhréAl {Pfat thEO BNb M HERM@n{Biited on non-

scheduling transmssion to at |east two termnals on

ovastappipgitimey orffrasigoayoysquessur ces for overl apping time

periods on different spatial resources; and nmeans for

utilizing different code offsets for pilots sent to

ihie aThé @aslesd ¥mmenivhtivhls appamias ef flainh €0, diidréih e ovedldgping

of fsets correspond to different sub-trees. 19. The

{irqueney sesewrpLpArddli oslapppar at us of clai m 18, wherein

the neans for scheduling conprises neans for

schedul i ng each of the at least two termnals

ut.i | i Thogialesgdedrimurioiticd ppara@s of claint heyniekcih the@vedpping

he wirel ess co ni cati pns apparatus of claim18,
BPHCEUE GPIETI%tel}S BYﬁﬂ%ipses schedul i ng

acknow edgenent of the transm ssions to the at |east

two termnals on the overl appi ng frequency resources

far t Aeviosless| cappiumgeationeaperatecthetrprdviflésespent divsspat maltiple

resources so.that the acknow edgnent is transmtted on

A PAPTSBRiy CPTRESIBE:  frequency resources. 21. The

W I el g28nCRMBRBHERL HARSMISRRRDLAE kast o Erindlsbd.oviikgpaigh
the pilot signatures are assigned to channe

Fequeneetsovraessfonoyer eoping gompsrinanerediffesent spptiel rebauetessand
comup gl%t flog ﬂt‘?’lfz@%ﬁfﬁﬁ%ﬁ&gﬁ% aﬁ%e?sl 3} %i?dé@%‘ilﬂf tggﬁeg;q ?erastq{xzo terminals,

n
sub-t Fees i er o

herRish®disfereW0d0 0 FEA4ERRHINC T WUERADTLBILRL3 31 23. A
machi ne-r eadabl e nmedi um havi ng stored thereon

machi ne- executabl e instructions for: scheduling

ﬁ R QOn%uhi‘é%?&ns ta@@ar%tﬁg gF El'a‘fn? 19NV IRY&hH 't%ﬁ{?ém for
requency resources tor overlapping tinme periods on

shihtdeingronppsdsinadans &8 echedelsig addofithe htilzdstgvodedniiedlentlizing a

&g%e offsets foglﬁJJots sent to the at |east two

fRhspbdreephachiiel ¥¢fe different code of fsets

correspond to different sub-trees. 24. An apparatus
operable in a wirel ess conmuni cati on system the

Appar Ahewircksnpmusiimgations apparatus of claim 18, wherein scheduling

comprises scheduling acknowledgement of the transmissions to the at least two terminals
on the overlapping frequency resources for the overlapping time period on different
spatial resources so that the acknowledgment is transmitted on non-overlapping time or

frequency resources.

21. The wireless communications apparatus of claim 18, wherein the pilot signatures

are assigned to channel sub-trees in a non-contiguous manner.

22.  The wireless communications apparatus of claim 18, the number of sub-trees is

less than a number of available dimensions.



a processor configured to: schedule transm ssion to at
| east two term nals on overl appi ng frequency

w0 e@s043966 for overl apping tinme periods on di fPEF/ER1007/081013
spatial resources; and utilize different code offsets
for pilots sent to the at |east two termnals,
wherein the different code if sets correspond to
different sub-trees.

23. A machine-readable medium having stored thereon machine-executable
instructions for:

scheduling transmission to at least two terminals on overlapping frequency
resources for overlapping time periods on different spatial resources; and

utilizing different code offsets for pilots sent to the at least two terminals, wherein

the different code offsets correspond to different sub-trees.

24.  An apparatus operable in a wireless communication system, the apparatus
comprising:
a processor configured to:
schedule transmission to at least two terminals on overlapping frequency
resources for overlapping time periods on different spatial resources; and
utilize different code offsets for pilots sent to the at least two terminals,

wherein the different code offsets correspond to different sub-trees.



