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OF THE | NVENTI ON [ 001] Enbodi nents of the invention
relate to the field of comunication, and nore
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gain. This technique suffers perfornmance degradation
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time domain processing, interactive processing, hand-shaking or collaboration between the

base station (BS) and the mobile station (MS).



i nvention can be practiced. [006] Figure 2 is a
diagramillustrating a 2x2 M MO OFDVA system accor di ng
wo cooonessenbodi nent of the invention. [007] Fipor/esBor/e12401
a diagramillustrating a conmuni cation unit according
to one enbodinent of the invention. [008] Figure 4 is
a diagram il | ustBRIEF DESCRIETIEIN OF THODBRAWMNGEINI t
according to one enbodi ment of the invention. [009]
Figure 5 is a diagramillustrating a receive signa
rocessi.ng uni.t according 0 one . enbodi.mrent
0Py ERBRT s o Eryress! RN BT PR R LT el Py e
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odi_ment of the invention. [0011] Figure 7 is a
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odi nent of the i nventi on. ﬁé] g é a}
0 BT | PR H@tr%fm@glsygﬁa PR cBh Erp gD o the
n“@gﬁgﬂgh@gpp@nagp enbodi ment of the invention. [0013]
Figure 9 is a diagramillustrating a transmt signa
[00%] OLRARI 1Y a Wi ctarR ARGHAHN ggl 2x2 MINVEO OemeAishReth abdordifg to one
i nvention. 2 WD 2007/ 147858 PCT/ US2007/ 012401
BmDESCmeﬂTMmmPH@PH] An enbodi nent of the present

invention is a technique to process signals in a
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operational node. An equalizer and conbiner generates
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embodiment of the invention.

the

[0013] Figure 9 is a diagram illustrating a transmit signal processing unit according to one

embodiment of the invention.



signals, estimted channel responses provided by a
channel estimator, and an estimated CINR provided by
wanooZhM3sest i mat or. The operational node cont rpET/US2007/012401
signals select one of a plurality of antenna paths
associated with a plurality of antennae. A transmtter
diversity processor generates transmtter diversity
signal s as a fun@ESSIRIBEIGNN | east a mapped signal M,
the sub-carrier CSI signals, and the operational node
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showh @ 4 ded satmBithd §deREMERE BF Mk ddriptiodhe transmitter
processing unit provides transmtter diver SI ty by

transmtter antenna h usin
mmégqer?ﬁib@gml?ﬁ%ﬁfﬁ}é? MVFTLIO Y e dé??&‘g@{ NR PTES® %é‘ﬁ‘l‘%’é psually

depic@d e & Flob¥hdrS a A6 H deaesn RYstBRCdiA e tdAQ bidcRRISAE 4k S A lthough
antenna path whi ch has a better CSI than ot her
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or colMdrs b Mk iBined to update the associated counters or pointers. In addition, the

order of the operations may be re-arranged. A process terminates when its operations are
completed. A process may correspond to a method, a program, a procedure, etc. A block
diagram may contain blocks or modules that describe an element, an item, a component, a

device, a unit, a subunit, a structure, a method, a process, a function, an operation, a



speci al standard specifications. [0015] Figure | is a
diagramillustrating a system 100 in which one
wepdodisssit of the invention can be practi cedpCing2007/012401
system 100 i ncludes a base station (BS) 110 and a
nunber of nobile stations. For illustrative purposes,
furetibyal M«N@r rokk,lcec. A Altonalil20 aangerddth @i ebe whowned As | S
known one skilled in the art, any nunber of nobile
d”@FﬁPW@H@‘Hﬁ?“@@ used. [0019] The base station 110 has
a nunber of antennae 1150 to 1151.1. The nobile
[0 vpRh@mbodiMept A28k inaamtian Mol a abn@ttia mﬂmssl:%ﬁﬂuﬁﬁnd a
1251. 1. The NS 130 has, a.

unmber of ante
reci38: Brepng uniLTor AN RRCh 50 BTy OPBUI U e g A PHEEDMA
tecMBqded0 TRE reb&fer REIEHBNIST FOYidedB3hink@s BNhé ciinel responses and
sub-system such as cell ul ar phones, nobile personal

CIRIR ¢ thsﬂraasg@ft%rtpaﬁqesscmﬂ TWWFT@IUH&W&@%P%UI&éWO&E@S or

rz a&m&t&\fésx té/lb@ s@!@&m%'m%hﬂﬁt@; am&ﬁ% p% u%ﬂag tlﬁerkgtlﬁﬁ@d MBarthe!
an are Cor‘rpat ib

rcsgqramﬂdlmgu dhangmitten e vneﬁssslse@@ex%by {edmgm thq*rfén%ttixz@tenna
pmqg@kc%gﬁéa @etiré 3 851 Bhah ﬁ@‘ﬁ{ J@}%@u&i‘%meﬁ& ol o g@@&%ﬂ% 5@

. nicati unit
burglfrdis a sgtmﬁtsmbatarmr idices. The tagBrigtishds ntremberna advtages including

si mgfe V%hqégtu'regzérqd Sp%ﬁ%}n% L I?gdu?g;)gwcrtco%%p dH&j 808& not require

spedibbsmmipmspwmayxontew ce 145 may i ncl ude any |nput entry
devi ces such as keyboard, pointing device (e.qg.,
[0038]yFipsp,] mmthsgranﬁtmstmt;mg ahysmm t¢einvgech dno cebéimmedadiahe

ment 150
R B PECiAR) B AR e Groenr Sheay Bt g dpg e nemoer
of mgtlelseatiote Hoe Rissatil pagokd3| dnll twammbbidnsitvho (20 HidT)30 are
l'iquid crystal LCD), col or super-tw st
Sho @i TN one SO €D Eerany FaPerh p o T dnay be used
oo e 9 A0 RIS S5 g Y scion
(MSOIPNERE € abmhed? ofl i ténnd®025,t€ B3, MeThaME {30amns Fhtsbelaifantennae
via the ntenn 1250 to 125L-1. ni ati_on i
1351 {S5w0 @a@ﬁﬁ%& B} RATEHE 1P| U@§\§§ 3 Nd0aErERps any
moliHE @itleR Bitas g@&hhsuf:ﬁ 9 ReAuRH s Qﬁob@@"p@i@@@ &@Ithsass‘}stm (PDA),
2007/ 142858 PCT/ US2007/ 012401 using estimte

moll¢dipdheld g et SOmpHeS) NFRoneTHDOSBIE gid &% i the MS's 120
and 380 bfeQof rgnthﬂe QRELAIED OFPSMAREnNRd 120n bt BHHINEG02. 166,

processing receive and transmit data, controlling the
[00202 P I\EQMO’ incid8e &ﬁe%ﬁt%@é o, Enh?npgt e?xﬁ}ly%Xw@é %?B'dlsp ay

and perform ng other house-k 2 t asks.
elemane [l Sl @ campm@etswzt iéOdanguatcamtr@hlegri wers%@ierfaae i

proJThé‘srﬁ’eFfQ&tLE &l hex%fy r8§i'ill? igl%é x?s%@?mtéi‘ﬁ@@(d’uﬁ"&genu icons,

perip eral evl ces ure IS a |agra
etc. iThe uwrmtnynigvrae Y4mpg m@ud;mmnsy@w]d@oas dediosdienepard

o SRR S bR o B % S GF B, e
dispéay dldnhans i $(apriovidessydispap. iheap be aghtypé oﬁm@lﬂsmaﬂﬁe amandiBe
devi]dezsosuglf? 3s %Yr\f-)ﬁ Im transistor (TFT) liquid crystal display (LCD), color super-twist
nematic (CSTN), double-layer super-twist nematic (DSTN), high-performance addressing
(HPA), or any other active or passive-matrix displays. The communication unit 160
receives and transmits data via the antennae 1255 to 125;.;. The communication unit 160

provides transmitier diversity and selects an antenna path from a number of antenna paths
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antennae. It is contenplated that each of the BS 110
and M5 120 may have any nunber of antennae as shown
wo pooFilgnsse 1. [ 0022] The BS 110 has two ant ennper/U$07/012401
and 115, corresponding to BS antennae 0 and 1,
respectively. The M5 120 has two antennae 1250 and
usid@&stimaes bespand iragoldss anteintkaeThe cand!idr, 170 esmam ihdée)lpymnon

or GG B b i SO B SR 20 R0 n

dev@le€lB Ab & oOthe BPROBRAES! 130 Cansiyedrmih0A3] hdﬁb@k&@lﬁkﬂ@&,ks It
my %ctlvate both.a t,enpae 1150 and 1151 or one%f

may MO8 8 PEETAG 2GR eLsi §8! BIRETSERTr HRLITOROHEP ke gt qsgociated

meibg MB ptafheFmyiededsi vat e both antennae 1250 and 1251 or
one of them dependi ng on a MS operational node. It

[00ZB R ads 209, Biagy: aﬁMﬂhs@ﬁh@@@E‘& mmj OFDm?sﬁfenﬁl(@rﬁé@éxdmg to
base or non-standard base to % activa
onegbedinat plohpmverfivad The Sé#‘%fﬁépot%é’dséhiﬁﬁ 4 aﬂﬁ@@r@és 1”0

The]sﬁgem[ﬁ)@ 28]n Jhﬁmﬁ@é‘@éﬁhﬁ@ﬁé@@acﬁ R Y}@% fl@edn§§4§- 1% %QWO

é{ be carried out th roug f our hannel s:
anterOeE. Hétswgenqma edrifei gachof theahdl | 18 @ MED20 ey M@rﬁny number of

1251, HI D between antennae 115, and
antei\%e %gﬁ\a}&ﬁ)lg@g?v\een antennae 1151 and 1251. Any

0035 B Ao SR 4 1,1 D AR p e pand .

respgctiMebnsT el NIS ti Behgsaws |atﬂbmasy§5mdd@ﬁm‘qog@mndiog S antennae 0
and 3CROL00 L2 08 13h 8GR b D RO ERARRINAE s bt 500

at’e
1. Honalatityy eot alof tieadlémventssirabmpoenseasponda. to the state
where the antenna is actively receiving or
[00231] dihs BSt ElOmgay ,ﬁhgmcabcsh afdnniaf AcIg avie ($3 airencofrthesplepﬁﬁimo on

st at ere ctiv
283 Qetloriy o PRI PEAS &Rk BF oo latE a2 o
one pHIern- de@e/n dhg onood S oiadzﬁﬁormnﬁodelzsaepka&]ml\ths@mam;mmmal
|Iabe active act ve activ
modB5R SEEY Bt 3 e Prdiie Gletie ok ey A oieS aRts ngao ve
usedHih@ztﬁ!ﬁtthdlBsawaﬁeMSamDI ve active 2x1 Hal, H11l active
i nacti ve active active 1x2 HOO, HO1 5 WO 2007/ 142858
[002BCThYGZ0REhi0d 4 bt weenaetB SV E Oaat iiheeM8a R0 way ac tavied dXiZhrough

0, H1 ctive inacti active I1xi
four GRINGES FHaEh G ANARGE L) D 0 P Ha e NS SR grsand 125..
Hyo Bivbartandihhe/ Bl 5, BRE1I5 8nd H,, BdiWeen antennae 115; and 125,. Any

configuration of the state of the antennae 1154,115, 1250 and 125; may be possible.

[0025] Table 1 shows all the possible system configurations according to the state of the
antennae 115,115, 125q¢ and 125,. The state of the antennae may be aclive or inactive. An
active state corresponds to the state where the antenna is actively receiving or transmitting
signals. An inactive state corresponds to the state where the antenna is not actively

receiving or transmitting signals or in power-down or power-saving mode.

115 115, 125 125, MIMO Channels
system available
active active active active 2x2 Hgo, Hor, Hip, Hi
active active active inactive 2x1 Hgo, Hip
active active inactive active 2x1 Ha, Hi
active inactive active active 1x2 Hag, Ho)




i nactive active inactive active 1x | H | Table 1

[0026] Figure 3 is a diagramillustrating the
we@ osuTumiss@t i on unit 160 shown in Figure 1 accpcDURDOY/012401
one enbodi nent of the invention. The comruni cation
unit 160 includes a receiver processing unit 310, a
TT 20670 L[t ChciREOCeSadnvg uhi tac®20, [andxa neldiinHaccess
CORR@T | (AMBGJe N 06@8&0r 3@btivéahe desiignatiign of the
Ueldi%e E%LM% aRgtve T ENSoRddt e " Tikimaijniy  for
LE@ui%y oINS NEodvB TNEink@GET Yer [R1OoCesg|ng unit

S ARy [Pel o o I, TSI &1 PRCeSSig uni

320, —ot—vite—versa: 0027 e €T VET proceSS| ng
unit 310 processes the Rf, %gnal s received fromthe
antennae 1250 and 125, via a downlink (DL) reception

OB B S I P AR

acr@h R @steintatiecand thesyimmtedhe hammehicriésponsEY ing ades a

the transnmtt cess n|t 3 0
e arenr L BF b b e SRR U btng B Ve Qe mE i ccesy convol
(M@@)@mdafsans:m tTHerdestigveios of yhe tarmd éreamder&anch‘l‘trmsmtteo his mdmly

e TR S BLORE1R0k 1001 18T o e By

proéBdsingkin(tdh, drivadeseisasi on path, The transmtter
processi ng unit 320 provi des operational node control

[00279MRY focdiferSRbRESin LR D prdressanthe RiFagznafsaeceived from the
transmssion via a transnmitter diversit

A B S R e e R R R

a bA%- MHQ dgﬁ %Qé’a%itosthg REAC bFoBsBsd380. NRGBIpYSNdRIaaCIREStshighate and
uni t and the transmt data to be ssg to the

%ttm%ﬁb?hﬂmeéFesﬁfi’@éfe@éh%féansﬁﬁ ef PIPSRSINg Linig pr ow des a
transmtter diversity node to, select the nod

[06Z8h R Bhirp ey tter grarassy) gtLSI,’Ht 320 regaiapy o Hansit daty ga&r@vﬁch@ yersity
md3g 8@& {u%gf%%ixm B%.@éﬁoﬂ% He NiRE: d;trséas%ma @' zcRERGESSRAGrakdmhit

gure IS a diagramillustrating the
signde i the antprrae g5 ang [ddhi wa 1 @h&%) TARSIpsgigR @28 TR transmmittes
prapes mgqllnﬂ%OB roiHes 8%@&% b aeUontrdl & dnBi¥ @0Ed)RP oncl i@ he antennae
recerver cess ng unit 10 i ncl udes receive signal
forpraomsomglaumahsnwrmt)dlamitﬂ@@m%lechannel esti mat or 430,
an equal i zer and conbiner 440, a CI NR esti nator ?fo,
(00291 EhaBidyieprodsor @A perorhs doldroassing nahs 4?00%3%”8 qm the
19cessln / PRGhEGadsmhitd?
e B R G e
uniaf2@ninalspatohsicas souimtedi wisiti ndie taspashiaaiods £pr) ranggiter
of ., the s ) I, it
iGERL LoRE e G AR RS RRARAHa o B ier ey uni
32@007/ 142858 PCT/ US2007/ 012401 correspondi ng ant enna
under control of operational node control signals Po
(0080 Figdrepr i9Midthgehm illustrating the receiver processing unit 310 shown in Figure 3

according to one embodiment of the invention. The receiver processing unit 310 includes

=

receive si gnal processing units 410 and 420, a channel estimator 430, an equalizer and

combiner 440, a CINR estimator 450, a de-mapper 460, and a decoder 470.

[0031] The signal processing units 410 and 420 are connected to the antennae 125 and
125, respectively. They define the antenna paths associated with the antennae 125p and

125, Bach of the signal processing units 410 and 420 processes the signal received from the



by the transmtter processing unit 320. The
oper ati onal node control signals may set the antennae
wQa 2801203688 125, and the signal processing unitspdil/Qsznt012401
420 in active or inactive node in any conbination. In
active node, the antennae 125() and 125, and the
APt irenaf i G SRRl 3 P RuERA pE0C 1 iy PRATI provides
b)l%Oraaﬂﬁitt&rZEﬁoceandg thie3 X gl?h@bpepmweisgpwompt ggnplomangtt the
420 po sav wn
srirgrat o b Y Hrre et Ral i G AL PR By K8 dpactive
m@gmaﬂ csmlgmhcﬁa R@a&n&ﬁﬁbd@lt,hk AntbmpéﬁiolaméIIQS; e[n@@l%‘ZsiOnal
The chanpel estimator, 430 es tes a r.espons
PAGSTSHIGE RS ﬂp&eéﬁgﬁaf%? @ﬁaf"%ﬂ O&G‘(fﬁ *ﬂ?a’éﬁﬂcﬁe QP’ ‘i%“f’?%)m e
artbiAal 2 0AE €5 120G tHenidogl prdeksanguAR0 e ecd420 may b@magmwcr -save
oper ati ona node. The channel g?@ Z{zﬁr conm tes %
OTRAWEFEPWH sr@waﬁﬁéﬁlgfl@%%ﬁ% EE m?‘@ @6?% Helercy Somain
Sla&lfl Ry E{;‘g(p\?g‘qggglegwe;ﬁ |,k = estimate of Hd if Hj is

ned otherwi se where H i is an estimte of

[dOQf] ’fﬁkacrﬂgrgrleiédtmgﬁng @gtﬁﬁ]até@ c@x@nr@ﬂk@%%s'usﬂ@db@ﬁtﬁ@@% signals

IS a
RpﬂmdtRl\&él ommeg:enalmmswmég Ahanst 428 at?Wédlﬂbeafr“ PRgRAbiepal

”ﬁ%?tih%?f% neﬁ %stxﬁrglgerF%Bg%fglE eididi& &'a%ﬂesﬂd’rﬁ&eﬁbﬂa% g to the

or exanple, suppose a
fcslywt@nqomnﬁn guration is a 1x2 M MO system and the

M1 oper | e, ponds to active BS 1
ant efifa 115 mdl%nogc peg"géggﬁ(f%znna 1 1.51i active I\/IS()

ant enna E266theranist active MS antenna 1251. As shown in
Table 1, this operational node corresponds to two
w&M@IH abhreesohﬁmrmék}m dH@lﬁhearjdssHamted Mithtzhiesnacizsd anfepeag; ij = 0,1,

uat [ t he C
é #%I]p E §/a Hg&}tév {%"g%‘ﬁ coqres.gmig to {h%?&m?@ogé of
sdbbﬁuezeﬁcﬁmmaieadn e arpnel pmc&s@m{lmﬂs 48D endkd28@nd Hj 1, k have
zero values. [0034] The equalizer and conbi ner 440

[0D8FEF R leRENB, sagﬁu;aé b 2 gfera behfizordibm&ch b&lZQvlﬁTMO wgiterg and He MIMO
S

d
oge%‘g‘%s %lsnt]e Qd@?ﬁ%ﬁg}@gds,@ ac tp(vegyspzrxlz%mna 23%1339“‘9% ﬁg Il 15,, active

MESHnkd¥BE 915,448 active MS salesima TNt Aoblicea xbg‘ablhe Md\@emuona] mode
se of

cé)r%g;%tg'a ?mnt?vlz)élr\'nggﬁaf cgg{xﬁﬁ g aﬂ‘ib‘muglé gﬁlts Rase fg?rp ﬁ,glfdtl (1) above,

the t&ﬁﬂﬂﬁéd cHaB S ARG e QK and B, HnayMh @ der@imd/abid vhluks, tuhicreas the
equal i ze and conbine the Ro k and R k signals. In

extipeedehamg] remonEss Hineansfiiak P2E2e9n@ dnbi ner 440 uses

only the estimated channel respons LélElook to h ch | N
[()@a@]aThez@;ualrzermq@mb[r@oé&genﬁ@tﬁé:ﬂmﬁe g gpmpigad dignal using
th@?ﬁ*dc@%&& ﬁlm‘izhse[{(g MR ﬁlggﬁ@ thbestBia dnz@ri RBsbne &R} ;J’I:ﬁ‘@rov:ded by

ﬁe es is used to enerate t
the pbmt:h whabtontik Iwrmo(ypmgqlgﬁ & ghej MMH@P@W%&% N FOT

e amp‘fce§ éachOMIZtMﬁkg@ the equalizer and combiner 440 uses the estimated channel
responses Hoox, Hoix, Hiox and Hyjx to equalize and combine the Rox and R « signals. In
case of 1x1 MIMO, the equalizer and combiner 440 uses only the estimated channel
response Hoox to simply equalize the Rox.

[0035] The CINR estimator 450 estimates the CINR from the equalized and combined
signal, The estimated CINR is used to generate the operational mode control signals in the

transmitter processing unit 320.



7 WO 2007/ 142858 PCT/ US2007/ 012401 [0036] The
de- mapper 460 de maps the equalized and conbi ned
wao@nak2ssgihe decoder 470 decodes the de- nappeBCEHUgAN/012401
The decoded signal is then processed by the MAC
processor 330. [0037] Figure 5 is a diagram
illustrating the receive signal processing unit
AD03 8 Dhestrommpper #60Regmans e emiebzadioang cerabiperksi SitbodhgiEsseder 470
nye t e 7
BT PR g TR OB HenlIE B O3S nEMAG processor
r&gover 520, and a frequency domain processor 530.
[0038] The RF front end processor 510 perfornms RF
f [meﬂi Figsrediis  Hzgroritlespting thegecer woignokmiomesing grbd 10/420 shown
RF functi.on y I
RTERP AGS- AL BBRTLP B o aha Ay T gt b g processine

C@(ﬁVﬂﬁﬂﬁﬁlZ@ﬂnCIﬂa&@ aREFrdht Epdpreedss@ 200y zegmmsmvguﬁ@ﬂdand a frequency
interval fro he recei ved signal. [0039] The
f?@ﬁﬂ&ﬁé&e%6r n processor 530 converts the recelved

nal_to a frequenc

R S R R S e e e

P05 8SSRHE sighAnahe RE flncyibRy @ay inglude RF sf@h&l}toﬁ(ﬂxﬁomegl,tfﬂtmng, down-
t he equallzer and conblner 430 and the

JPASHI el A Sl 2 LA e U M P ol R R

PG ES SQEoRPYULes the Fast Fourier Transform
]EE% %%E)ﬁe gorres%ondlng recei ved data stream where

t [:@%Sﬁfﬂ-he ﬁ;éq%@nc SoMain rﬁ?@&@&or B2 @tdrQes the re@cxdécagézo o a frequency

ratlngt etra mtter processmg unit shown
i doriFig sigeal hswae Dotath points- ol nfscasaprydiopaitsigp! gfeesponds 1o the

| %V?crgztaeldoy %m x\;hre?eqs-nb i ﬂn O}fg DSEER) tﬁ@ec}ix@hzter 380combiner 430 and the

-carrier a ation controller 610, an
ecﬂmnﬁkﬂ estGRBor daIOmhrppx@renﬁﬁﬁxmqlt,dh@hmpncygiograugprocessor 530 computes

I(tr,(]y{i %W@hmr ’lg%]%é}fmgggr o tﬁ&lt PArFEs S Bl Rb& sQRYR Where the FFT

rans t diversity processor
685k isand transm t S|gnal processing units 660 and 670.
[ 0041] The sub-carrier allocation controller 610
gfenedlarigsre SUba ﬂtagrramtlusaﬂahmgﬁmtmnsrmttgrrmb@ssmgmmgnq@own in Figure

| ocat.i on base omt C
S%J BQCBéFf”P g té)ronglepg%cg{nle%t orpg'ae nga n%og e[%? 9%%3%1312& A)F(FE%&SH\ gi’, unit 320
| Mt RaeRd Jvarasiog nitdcathe domtro@mcﬁla zabl onerdsi 630, amapperBiQi 2 .charme
The al |l ocatio nfor nat.i on Si aI
i Higs %@WHO%&S&L@%P%P]&HW%H\%F QILﬁgﬁgvrver c?ntrollcr 40, a
BifHstnid Bver§fiSr&tessdr BSU, Ghd ransalitd gnaapirdceafin@hlhxma%ﬂlaod 670.
unit. The all ocation base i s discussed further in

FEOWI]gl ige- sgBQQﬁ'@} %ﬁx@%ﬁﬁ@ler Ggg %&RQMeBb taramsatiocatitat sgnals

provided by the pr ocessor .

resre BndllorsHen brse FomHee MHF@a@Sﬁ?fa?ﬁgnﬁ be 2113 ﬁﬁ8°d“°“ signals
SHPruaa Lt hiffaddeperRARAAgAI Salloc and a diversity unit, Bunit. The allocation
information signal contains information on the diversity unit. The diversity unit Bunit is

one of a burst, a slot, and an allocation unit. The allocation base is discussed further in

Figure 7.
[0042] The encoder 620 encodes transmit data provided by the MAC processor 330. The

-mapper 630 maps and modulates the encoded transmit data for a sub-carrier index based on
the atlocation information signal to provide the mapped signal My, according to the

following eguation:



the allocation information signal to provide the
mapped signal M, according to the follow ng
weqeatiszsss 8 WO 2007/ 142858 PCT/ US2007/ 012401 p¢vbpp200g012401
& Modul ation, if kis allocated Mk = (2) 0, Oherw se
where k = -N2,. , N2 -1 [0043] For a 2x2 M MO, the
CSI ang M MO control l er 640 generates~sub-carrier CS
si gnal $Mappis dndlodrlakoand Hofses atlpeied mode contro
sMgna$ Po and P, corresponding the t ennae 12562and
1251, (espect Pyehyise usi ng the sub-carrier allocation
signals, the estimated channel responses provi ded by
tWeere kanh¥l. - estV4dt or 440, and the estimated C NR
provi ded the CINR estimator 470. The operatlona
[0043}@11@ ?ééﬁﬂ%% th¢ GRbang MDY@ santrolles 64Qeancigirs seff-carfipieCs
, [ a
e e S ol LRl e
antenngg ngalan@ﬁbi)egspen@vedm usisg 8B8GubndTIE7locTve signelsathic @ﬁahatcd

PQ and. P
chann R paseopoy ety 8 S pclaitiar &l AEP Y ERYE RS ea
by the L28R eptimdidb470. S ha@parm&m@rmbdimﬁtrvhswn'ﬁhé’odedi i bedecobnd bie

ut.ati on. of, the, sub-car 4 and
the ant§ PGSR AR e TRE: LhRera izl ThePBbeins o
correspRing 1S theandriit Higll bcesBing [LOBAEI0 ahaes70.r 'ﬁht&ﬁpetztt@hd mode
diversity grocessor 650 generates transmt

contro]oqxg;@}sSPotai) | GARPSUZHE P VYRS CAGUEH O Al tg catleh%{hether the
antennAREEE dr $39NActi Mo ihRBvS UbheCREdils BF theSbmphi SN &F thdilh-dabiger

operational node control signals. The transmtter

CSI signalsésosiang Cpr @@@@g@wor@t@oa@m@i degnain and Enaigishewp in Figure
diversity signals according to a transmtter diversity
nmode corresponding to whether phase alignnment is

[0044] u@%qmnM%mt &ighsny ﬁch.ecEsog by@%acﬁayesmqﬁnm& &C&Wﬁ?nz@/ds a

rocessor For a
function o AlAdst t@mqmm@ma& Mkpth@@éswneréﬁd sigatlaraat d qpefatioas!

mode Joﬁ@&%@n%&e Frhe ShGT; t}%ﬁlr'ﬂ}/Vel%lltg gﬂc%%?té%{;%in@rat%§ 8RN hnsmitter

ansmitter-diversity sig respondlng to the
dwer31ty| sstals caemdise m)miaramt@m devepséty o de cersspotdinggpyyhether Phﬂ%

lgnm?mctc??trwt%hg%&%ansm ! ca 'q/ [:lno%c[, ﬂ%Xv‘%g&fﬁ th%%négo)é@sm 330.
N
[0045 3 gmwz fggﬁégumget&gsn@m@{;g vga?ﬁﬁgzgﬁ 6,534;,%&;&5“% xk{gn aner

diversigrtn®] Td read hissahd kanshil@gr diverdNy ighal T x correspondm gto the fl rst
and second antenna paths, respectively, according to the transmitter diversity mode (TxD).

When the TxD indicates that the phase alignment is used, Ty, and T, x are determined

according to the following equations:
[ Huk ; ; ’
M, x—=%  if (B, Active and F, Inactive)

]Hno.k

b k=—-N/2,...N/2-}
Tox =M X a0k elseif (Cy o 2 Cy) and (Fy Active and F, Active) (, a=0if BSuseant 0
’ a0k a=1if BSuseaul

(3a

0 else

(3t



70,k =M X HO k elseif (Ck > C,.k) and (Po Active

and P Active) , a=0if BSuse ant 0 (3a IHOK | a
We2007i182885 use ant 1 0 else 9 (31 WO 2007/ 1428B81/US2007/012401

PCT/ US2007/ 012401 ™MA x H- if (Po Inactive and P

Active) IH ,I,kl k N12,..,, N2-t TI', MXelsei C<
C.,,,) and.(P Active and P Active) a = 0 ify BS use ant
0 ashy i —BS uperalrile i pelge)where k = -N 2,

N2 -1; aiHm]O if the first antenna 1250 is jused and a

=1 if the ,~second antenna 1251 is used. Hy, k|fndi%ateV/2-!
the (mpdel—cmmeyfgaotk& of )szcd (PJ(A«fiﬂﬂa;jdl‘E} Jckve) Y, S{&Re if BS use ant 0
magnltudéHaﬁl Hij, k. The' H j,kK's are determmned, _ ir s useant |
accorjding to egyation (1) above. [0046] Wen fe ﬁf% '

i ndi gates that the phase alignnment is not ysed, To,k

and 1l ,k are determ ned according to the fjoll ow ng
equations: M if' (Po Active and P, Inactive) TO k =

M elseif (CQk > C ,k) and (Po Active and P Active)
,\vﬂfert,:}(:l\ll\ll/z 2, ., N2 - 2=D.if thd&ist afle@las@5Ms ubdd dnBa =1 if the

sec!ggg gl%tlpi\énea i \ﬁélsgr:lt h%em{@ F%}g he cgﬂwléleslc?{pej:ufg(ge 0 Hi;(I ;qufaU b )13 the
maefiidde of FR L SThagE @ ark detemNhé’d accordinghb g% atibn (i)Q\@éWe] The

fransmtter si gnal processing units 0 and 670

[004@Y MeRRMATIIPddnQica HaBMB dhRBbRgimdn®ls dof Ak nTﬁSx'n@ T dfee
transmtter signal processing unit 660 is associ ated

detgimined areorlinedn e folipwne sgitiprocesses a first
transmtter diversity signal TO k of the transmtter
di vensi ty (g gapalesmduﬁmagn@he first oper t| onal node

EontiPy 3L BB, B0 TORU AR AP, FURRE |BESERE 0 -1 oo

progésseslsa second transmtter diversity signal T1,Kk
of the transmtter diversity signals using the second

Ioper[zafl OE?MRE&WW tg{,ﬁ.’cnvs)' gnal P1, [O 48] Figure 7

an UL allocatijon according
T o= oMe eaﬁm‘dﬁﬁmﬁtcgﬂandHé/hcnmﬁl@nicttird) UL—aINI/@catNdﬁ—l (4b)
indigat? the allocation base used in the system
[ 00 &Cor di ng to the | EEE 802. 16e standard, a frane
structure nmay have a nunber of franmes, The n-th frane
éYJ‘WEﬁISFS & a B2 sbb-frame, an UL sub-frane,

smt-to-receive
[0047] The transmitter signal processing units 660 and 670 correspond to the antenna paths

for transmission. The transmitter signal processing unit 660 is associated with the antenna
1254 and processes a first transmitter diversity signal Tox of the transmitter diversity signals
using the first operational mode control signal Py. The transmitter signal processing unit
670 is associated with the antenna 125; and processes a second transmitter diversity signal

Ty of the transmitter diversity signals using the second operational mode contro] signal P;.

[0048] Figure 7 is a diagram illustrating an UL allocation according to one embodiment of

the invention. The UL allocation indicates the allocation base used in the system.

[0049] According to the IEEE 802.16e standard, a frame structure may have a number of
frames. The n-th frame consists of a DL sub-frame, an UL sub-frame, transmit-to-receive

transition gap (TTG), and receive-to-transmit transition gap (RTG). The DL sub-frame

10



transition gap (TTG, and receive-to-transmt
transition gap (RTG. The DL sub-frane 10 WD
wQ@o@7/14288858 PCT/ US2007/ 012401 consi sts of a pcrEasto®012401
a franme control header (FCH), a DL map, and several DL
bursts. The UL sub-frane consists of ranging
Vs T
o SRR AL RAER Y P UL e PE R by G PR e
The U ssHfrap@iconssts ofarngng o-chaimetshmad nejer‘éﬂlsburamd an
OFDVA synbol axis, respectively. The i-th UL burst 710
{0060IsTist BL afid Dhebumts ampdefinteh antvm’rémsmMUaVﬁl@pé @*:f inEdbl a sub-carrier

a%{) ”Lh‘é\?gg SalqusL% f SC?IF%y nal ymbo és?téelsgg IV% i g‘ge 1~:fJ'n ﬁ'LSburst 710
cdiu%fslfseif emnd o;UhorAltlbamﬂxb islon7105s t Bachastot B2 iconsadtd ofcatérainAllocation

Uaxﬁs ‘2132)5 Sé‘f’l }{gluglél gsa grugtpfaet gﬁ-z Sube rqegﬂg%regt([)#@ocatmn Units

as 6o kjlockhien BWEC, ﬁhﬂu@!:@t\gm thd¥ub-ch&nneBMPUSEW 740, 24 optional PUSC
sub-carrjers and ymbols. There are 4 pil ot
7%@’%%’?3‘4&@0@@“&@ 8 data sub-carriers in a T Tile
In UL PUSC %Frrrutatl on nethod, a slo

Né%ﬂs he S peps Unitiiseqmpessd ofﬁﬁéb@aﬂe@raarif?ﬁw'@éo*s There are 4
plféﬁt ~?£ﬁ8$ﬁg%ﬁ s'a%m sfae rzm%{%qn gfn@ (BYbIR @‘T[!P@éé pemu&m

ere are carrier
mstb@d skt i C@mgructﬁda”rdmﬁgﬂes&@)) ThpoRlonaty S AlIoRUSe Urit i

o Ry b Hn RO PR S b P28 gt
ca@ﬂﬁsum aCHiter (Be?)s Iralitl optioy ABST permhdation areghatd, psﬂoms constructed

frc?rﬁ% & g§&> j n&m tﬂmﬁmn xgsgngpaépdo & %{g-&%; and 1

per nu tion net
syMnBﬂ‘hmheadl pitay mli—xzenérsmmdcﬁadam mb-candiess ix aBimidl 1) aki &y UL

A‘?fg;&eé%aﬁl %)-éx‘ngt% $ sl%s&éo%;s(t%%c}eg%)éor? ﬁ;%(p (Ss kF Fzgg% axgs:]x symbol axis)
Bihe@ix0)3, 2{08i02 |(9H)gBK2eBi8s 49s1)aod¢oagarcama 4 Biss(94ll) inlggttiee

CSl. and M MO controller 640 shown in Figure 6
allgeliOP df %Yt o one enmbodi nent of the invention. The CSI

MO | | d
o84 op Fepnaeram3lieVne hEE L MAMP BN Giak pshgpen im Figure
6 @28k dinaNo @iv{fledirﬁlboddﬁmc:t@SE mlemha%ﬁ B TB@@%IS@HG{%_E\@O Bcontro ller 640

rati ona e CO r.o r e u
ing i A BT SRS HETDe? B B8 e sruTBaL R gh ogeral

CauBrlobs3ahdh dPeeatiofilinitak eeniediangudl responses. The
bundl e CSI generator 810 generates a first bundle CSI

[0633ynak bBER bSPOG ety BI0BcheRHAHURAIESS] SikNRbasBPon B bundle b

corresponding to first and second anténna_pat hs
usipg shrcastma@d wharmekiesponsean dhe b Hrieesipige 810 generates a first

bug%o @L%?Ezg}{ﬁ P@pb%ﬁ(?ggg:bﬁ@b&ﬂle ¢4 dnal é@wcﬁﬁe?&H@Eg%ﬁrst and

o, xbtrrl2 +1H a. xbtr)12), b=1,...,
segamd ];y\tgm ;(ag;;)assogx afedwith first and second antennae, respectively, accordin gto

the following equations:

2 2
BC,, = éZQHWW]Z tHpuo| 1 b=l B xOCX, (5a)
I=1

L
BC,, = %Z([Hw,,f HHpol ) b=l.wB 50CX, (5b)
=]

[0054] where Hooxoen. Hotxouy Hioxs, and Hiy wyy correspond to the estimated channel

responses, and Xy = {Xp(1), ..., Xu(D), ..., Xp(L)} is a set of sub-carrier indices, xp(/) is the /-th

11



BC, ,b = ~(~Hoi,.rbtrr~2 J H 1.abt1r12 ), b =1, ...,

B, xG(1) CX (Sh) L ,., (0054] where Hoq,,b(J)
waledo7Xiagsy , Hro, Xb(l1), and ' 11b(1) correspond POr/UB®07/012401

esti mated channel responses, and Xb = {xb(1), ...,

xb(1), ..., xb(L)) is a set of sub- carri;ar I ndi ces,
B D8k o 00508 TR0 P o

thme or esehivi-y2 andslads-toar NiZeN bemgevpogitieainesger; Lhanumber of elements

oFtﬂ?Qunut Ob awé % r%{)]r%%er o {Ahﬁﬂnt@r %f bLHng tdlllx:]l'ng% &g cdt tﬁc s

nt's
CiBﬂﬂe#ﬂDeESEmS@ndst otal nunber of bundles and is pr OVI ded
by the sub- carrier allocation signals. [0055] The
[09ahl- wabeanmsgmeméﬂo gmrag@nbr sbesrrieh €SI signals Coy and Cyy

AP BT CSf il - G el Bl s

cagesrerStsanalaCyfians b sa:ubd smbawaﬁ*m@rCS@SIgnﬂ iy pedrréspordingid the first

BRSBTS e A ORI,
according to the foll o¥ ng equatl ons: 0,

i ni tj.alifati onin@lkaion 1: 5hSB_( 6a) ,
ti T Q’e(tzrorﬁé}k JJ%gB 1@,‘0

BCO, kl‘f Ezcc )ﬁﬁ;}\COX i ni
1, b 5°B (6b) 13ClL, if kcXG [0056]

The over@ll CSI Wgeg{gra or 830 gener ates overall CSl
sign si ng ‘ivelidper argie gpals ,Qpk and (g
C ., kakfh erfa}ctﬁl erter at 67 E%Egepierat es a fi rs(t )

overal | I' si gnal and a second overall CS

tothef seco.d .
o3 AR VAU ERL e 5REE %Ogé?%v%ﬁffe}es St G a5l SRS sub-carcer
CSlaignalithg aﬁt{@@t iThe 9veRCCSEZERd0r 880 Zeddli@ss. a first NERHICS] signal
00531”“-”'16

7 k PC =E k== 2-
Py 5aR arsnsP TOME LT Bt et Gale iy sk ketond hmdita
pafpeesdcb ey, aseEng@nhe tllowirgnaligionsisi ng the overal |

CSI signals and a threshold THRCWR, The threshold

TI - e ect ccording to the channel
%R@oi\gggy Re _$ed eched o g . (72)

state t ype "of 'mddul at’i on. The operational node
generator 840 generates a first operational node
signal Pty and a second operational node
PC,=YC,, k=-N/2,..,N/2-] (7b)
k

[0057] The operational mode controller 840 generates the operational mode control signals
using the overall CSI signals and a threshold THRcwr. The threshold THR g may be
selected according to the channel state or the type of modulation. The operational mode
generator 840 generates a first operational mode signal Py and a second operational mode
signal P, corresponding to the first and second antenna paths, respectively, according to the
following equations:

Active, if CINR <THR_,,

R, =14 Active, elseif CINR2THR, and PC, 2 PC, (8a)
Inactive,  elseif CINR2THR ., and PCy < PC,

(8b)

12



signal P, corresponding to the first and second
antenna paths, respectively, according to the

wo odorawdssg equations: Active, if CINR <THRch, Rr@DUS2007/012401
Active, elseif CINR > THRc, N,z and PCp > PCl (8a)
Inactive, elseif CINR > THRC, NR and PC, < PC1 (8b) 12
WO 200 /1142858 P AH%%} 012401 Activ if CINR
<THRc| Be= | ndctiVe-Teredi f CINR > THRcin, R and PCo
> PGS Inacieve, eled?yﬁéiWR Qfmcm atHREWE &£&d; PCo < PCs

where ChNR,l s taeo)e@twmam Cl MR pcoyipded by the CINR
esti mator 470 55] The operatl onal node contr ol

ant B8 GOARAL! agftﬁaat%/dngﬁ\éﬁﬁ%d%@m% (R ATERRTRR.

I
[Oi)ggﬂﬁpﬁ]qg%gz{uio%ﬂ L hetch @ E% n;?c{e%dxa‘g;he ulsecpﬁo ttha nurnber of
antHHaspdth% u?l%@ﬁfé'e@dtﬁxéﬁe&l@m meﬁ 081, beneusriy Ih%tﬂbhwleéconsumpuon of
W rel ess devi ces. 0052‘% ure 9. i di ag

theicPIESTHCAETTIY O eI R Hced ORI Mg Bas ISRy ity useful for
hd@ﬁ%@%gbl 1266QEJidBgc40 one enbodi ment of the invention.

transmt signal processing unit 660/670 includes
iy AFReN a%:?lﬁ‘é‘ 80N in gunGUSEOM 70
[00%9]51;1F¥1% 991858&%&%{‘19%1&@1 ?%He r % rgéess:)nrgaj’SO
acdoBED otk emb@ﬂz@ps@fﬁhﬂeqmﬁ@y ’amqfaawnﬁrstge@g%@ﬁesm@unn 660/670
inc d;(c)i nr 1tn§er9<{]§eq%£rllc§%n{aw bed 9§§ angrﬂlgrd 1“@%@@90@ L&l a RF front
a ransm signal. In one
encép\‘omsmr@ﬁﬁ the i nverse frequency domal n processor
910 conputes the inverse FFT of the transmt diversity
(008D Tiad inugsaiequancyi dowsirse oRETor Sile eonyErnpneTH ghegfifgy and second

t 920.
oSSR P O bl AR ey
doraﬁhfp@cfcﬁﬁ,o%mfdsm@tueom ioverdelI& Tt arfalnistmmsmmdgmashty sighel usRE an
imisp 0B84 Thh Sl Qi ich Bl O ARLOLAONNE 3 Afhe ool
[0062] As di scussed above, the transm tter diversi ty

[00$ChERER B $@fl dnd ptdresspr @ﬁ)quorm;vﬁﬁtf ingnonsayhdieargmp sigeal. The

Rngxé:éxogq @éﬁ%ﬁg? gxgﬁg«to]aéénan%aigio é§F§Igﬁ£1 Q{Hﬂtmn fxltgnng, and

up-dbyvefsesiei ver confornmng to the standard may receive,
de-map, denpdul ate, and decode the transmt signal.
ition, the communi Cﬁaﬁ&{ on..unit 160 at S

(OO:GE}T& ggch@dt%veameéwﬁggme éelalt%vgera? g%eu dLthe Igh,sem xnvenuon
ma§ Xt 8RsiRM 14 ShyaYMeRy WBsurharRisanaendard specification (e.g. ]EEE

802.16¢). In other words, any receiver conforming to the standard may receive, de-map,

demodulate, and decode the transmit signal. In addition, the communication unit 160 is not
limited to two antennae. The above discussion may be extended to any number of antennae.

The structure of the communication unit 160 may be modified accordingly.

[0063)] Elements of embodiments of the invention may be implemented by hardware,
firmware, software or any combination thereof. The term hardware generally refers to an
element having a physical structure such as electronic, electromagnetic, optical, electro-
optical, mechanical, electro-mechanical parts, components, or devices, etc. The term
software generally refers to a logical structure, a method, a procedure, a program, a routine,

a process, an algorithm, a formula, a function, an expression, etc. The term firmware
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The structure of the conmunication unit 160 may be

nodi fi ed accordingly. [0063] Elenents of enbodi nents
wobowwhesssivent i on may be i npl enented by har dwaP€r/US2007/012401

firmvare, software or any conbination thereof. The

term hardware generally refers to an elenent having a

) &R I%tdr]H?Ezﬂ rsﬁu&&’r‘é ha ﬂéth@!i 8GHEQBIE, a program, a routine, a

trorragne g i cal ectro- Optl caf
pr@m@hamﬂleaﬂlihmeﬂ Eomp @rfé@hfa?ﬂ @arxm@ﬁsm@,etedhﬁoﬁwiemewd or

ent%ggxeg ﬂf‘a %&&nelpt?ctﬁr@ E‘{%t %ﬁg gfn?iek ¥f iS5 848 nda9 iflude

ructure oce a program a
mxm@udrden gritable qEnucieyss, rmmoatrgmmwmstr@t!ﬂ@r fhea implemented in

B8 B R PLESBA By P e 1O

esdeR@iBahe sddeyednibnes to @eﬂﬁ@frmhel ne@sproredul e, softwpredgrmarre may

TS o S585 0 LIRS W L Bt

m@ﬁ@&d lo@6bdelth-A ehaltwar §malaldd Qiﬁdldipﬁre(tremg Thefor@sim me nanre)sﬁ gments

rrpI es of firmmare ncl m cr ocode
corgBntPBH T BRESTCE MBS Bro AL Ed FHGE GRET (R  Compter
dala¥RheneMRkdifa crﬁﬂ&{\\l\@ﬁeorchrsr drial Moadiged bhecatienentrs of
an enbodi nent of the present I nvent

|
trapywiasien AEAYME Hee CRIBSXE HAEAE OF %f%‘é\bfed"r‘%{ IR e ekE TS y
reaﬁﬁ\agﬁr ackB&ibROhENGR e Ll FIONRE &n PR dinhtGh baestbReraGHiabr -

to carry out the operations described in one
trapsfiyguiompationoExamples phiheprocesaor rerdablsce ruplne eweisdiemedpm
e

o e L 0B g0 Sy SERTR o,
a ﬂzﬂdmamryg af erasublei R@Mo[EBt]DMJ wowpartb@rprogtanma@ﬁw (EPROM), a
ﬂoe%yrn? dt%:?tcej 40 m?pdcc;:tadrr%k (gbg\r%%\sf\g,i aétn tr@a&% &”?%M&k”aar‘i&? gt)'{c
metiad abrhdio O'eqtzmc;e@@) tihle, ere dihertbmpnict daesipreé may xdidslagy signal

access nt' nc
thagf%’rpeomtgr‘tgr%?ﬁattrané)lplwf) P 5¥ gtu riulléﬁg o??r%togggll H@*&E@{nggﬁ&p tical
fibb exlnpgléeﬁ@ﬁ@herﬁrs adfabke car Thachinegaenessy bt dowsdidedvia

i ncl ude a ct ' nduct
e R T L A R s A VAR
be %3&@&& 8 aﬁ@{tcgeﬁﬁ%&l mga@rm&ee ?‘?e &ﬁblﬁn@ﬁ&@efsmmd bilémﬁi@yl %rél]r\)/clie
a 0 i skette, a c act dis .

dataﬁv%mheearrcearegrby g c@psgithe Raghpep PEFiPTLthe ﬁeafatﬁﬂs a

desrcﬁgédlaﬁco‘(/@ Wﬁychﬁtlg'ﬂcéséxﬁllé me@lfn maN I MERUE Plogkhadt eode
gnal may include an gnal that can propagate over

et o S TIoTrAESEN SRR N gk e IR IARHD FaPer o the
| ef € Sita” )
L A e A o
encmdrxbﬁcr arachist-wodabde Btrfb%eas'fherr@tentt ey éitclude REOZsHBLCOdRIdata,
e machi ne accessi bl e nedium may be enbodied in an
icle of manufacture. The machi ne accessi bl e nedi um
may i nclude data that, when accessed by a machi ne,

[0064LI48 of part nﬁ@mmt@dmnp@frtﬁ@mmtm repeeamplsmsnted b¥ Spidyats.

sofﬂpa%/ eo*r f 1;1;1@8%&%9 CoMGiGaRR thdiEorTagk HRTEY, &rSArd, BFtitEGare

lement may have several modules coupled to one another. A hardware module is coupled

ﬁee

to another module by mechanical, electrical, optical, electromagnetic or any physical
connections. A software module is coupled to another module by a function, procedure,
method, subprogram, or subroutine call, a jump, a link, a parameter, variable, and argument

passing, a function return, etc. A software module is coupled to another module to receive
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enbedded therein. The program code may i nclude nmachi ne

readabl e code to performthe operations described
wab@va42sIhe term"data" here refers to any typeCcDUS2007/012401

information that is encoded for nachi ne-readabl e

pur poses. Therefore, it nay i ncl ude progran1 code,
vanfoﬁ%h%axgnﬁ%tgxﬁt ar%\hm%r{tasy PPIate; ers e cea}rr)ed{]c{) @%raﬁe d} é)?l&b ggilltgetppdated
vas@dfidswpoietersoetc f Arfinveraes moduleamyomﬂcﬂ)nomabuhmmmdm laoafny The

har d ) ft ,
ool BRI a1t SieGapPen Db SR e RET A T B g, o
firfodtd reodiSe @Y &ﬂlp leli@ @:ryo;tnla @F amoigh lher derelTﬁifhﬁlﬂd, oafirmware
el ectrical, op ctrona%netléﬁor any '

ysical
g findr TP OH Mk 256 PE ASH oI O B G iodnetsl Wil dperatng

syshRd HlngiiYonand PRGSO UA, nﬂﬂﬂ@ @rﬂllyra@so be %Tam(ire SHRPIQGhARre, set
or subroutine call, par anet er

upiBHiahE, eendARe regeiye ﬁ@ﬁfo 3"65‘595‘? ﬁaardyam%w ofN FRRAALRS may
incRIde anPeSAEhNASF ARAWLR, dofiwaRUBh ek Q:raRRkties. modul e to
r ecel ve 14 VD 2007/ 142858 PCt/ US2007/ 012401
par. ameters, unent s, p0| nters,

[OoéﬁthWetﬂéP igrEeRnes bsen s%fg% o0d8 s Of seyerat %bodlments those of

ordvr%y abl Pthe B 'vml ?Jc%wmfcttﬁat trﬁ: b E TR En TR 8 1d S s&ae&kzﬁgms
t o ‘anot modul e by any onbi nati on of hardware and

dessnlbetd:\/amte:an b@:ptapm@dmthhmﬁ@b@w and yherpgiot walh ), the effitiendescope

of t% 1?4%355%951 n'qgé'h&cx?@%n*?&hﬁg)wfcqg%?kgcd%gmlugggtf \Qfms'&cad of

hmﬁU@uIe may al so be a software driver or interface to
interact with the operating systemrunning on the
platform A nodule may al so be a hardware driver to
configure, set wup, initialize, send and receive data
to and froma hardware device. An apparatus nay
i ncl ude any conbi nati on of hardware, software, and
firmvare nodul es. [0065] Wiile the invention has been
described in terns of several enbodinents, those of
ordinary skill in the art will recognize that the
invention is not limted to the enbodi ments
descri bed, but can be practiced with nodification and
alteration within the spirit and scope of the
appended cl ains. The description is thus to be
regarded as illustrative instead of Ilimting. 15 WO
2007/ 142858 PCT/ US2007/ 012401 CLAIMS What is clained
is: 1. An apparatus conprising: a plurality of signa
processing units to process signals received froma
plurality of

15



antennae, the signal processor units being controlled

by operational node control signals; a channe
we@sdo7medsss t o estimate channel responses usi nge¢es2007/012401

processed signals according to an operational node;

an equal i zer and conbi ner coupled to the channe

estimator to generate an gﬂ‘ and conbi ned

signal using the processe S|gnals and the estimated

channel responses; and a Carrier to Interference Noise

Rat i i mator coupled to the equalizer and

conﬁ?ﬂéﬁggﬁ%gﬁﬁ%nate CINR fromthe equalized and

conmbi ned signal, the estimated CINR being used to

genératefﬁﬁ%W@®e¥§@m@ﬁﬁm‘wode control signals. 2. The

app ' £

e L e s
anfenpat thesnpreessss mmttecbepmrqoo&r@ﬂd@tmyfqunmmm sodaconim! eignals;

the a cﬁbx‘fm%sﬁma r%&%%a&%ﬂgﬁ/n%{ 1‘6319 Qésﬁ.g%nlg(?hé &?%@R&d Seg%ljl¥

end processor to renove a guar
acuhéngmgmaommnmndraxkrequency domai n processor coupled

to the ard renover to .c

& ot Fa G R Efrc BRI b P sk an cavatized
dn@mmbmd §i prenl ﬁglegue@wedemagmmr@nm esumrerdeamedﬂesmmts@s and

ocess aratus of claim
e r e R rEerehas Naist Ray G BD AL hS: Byesth BUl Fediger and
cofbinBN®lesti B60 UINRI s FRkflidNged Mdidomblned skl INBEirdfedTINR

if Hj is defined, = Q0 otherwi se wherein Hj is an
beigg ppeelp gersrate HigrpReTatipjal medoeangbdsHils h ant enna i and
antenna j; and k =-N2, ..., N2 -1. 4 The

apparatus, of claiml further co a de- mapper
cougi od T {PREraBG QAP TR} WAREINGS n‘B? Slﬁaa@éwﬁ%wlgtwes
corggtikab: zed and conbi ned signal; and 16 WD 2007/ 142858
PCT/ US2007/ 012401 _a decoder coupI ed to_the de-map
to HECHEcquRReYISEntippEad BiogrrarT operiameRE fykrans A Qﬂe "of the
sighdi@l m 4 wherein the decoded signal is processed by a
Medi um Access Control processor. 6. The
apphEHy dEerEversapied to Wﬁ&F Tqnt pEPTgagPRIILG Tegraye a guard band from

the GREBAE RleGaidnR @ mul ti

a frequency domain processor coupled to the guard remover to convert the one of
the signals to a frequency domain signal having N data points, the frequency domain signal

corresponding to the processed signal.

3. The apparatus of claim 2 wherein the channel estimator computes the
estimated channel responses according to
Hyx = estimate of Hy; if Hj is defined,
= 0 otherwise
wherein Hj; is an estimate of channel ij associated with antenna i and antenna j; and

k=-N/2,.. ,N/2-1.

4, The apparatus of claim 1 further comprising:
a de-mapper coupled to the equalizer and combiner to de-map the equalized and

combined signal; and

16



input multi output (M MO orthogonal frequency

di vision multiplexing access (OFDMA) standard. 7. An
W@pEanaisss conprising: a sub-carrier allocati oPCT/US2007/012401

controller to generate sub-carrier allocation signals

using an allocation base; a channel status

information (CSI) and nultiple input nmultiple output

( M MDfecademaonplet! & the denmagpertio dgcrec digHeaappeesianal.

all ocation controller to generate sub-carrier CSI

signals and operational de. control, si.gnals usin
t hg sub- cAhy ﬁ*r@gra&lswlé glgtm 69%%%%‘3? 9‘?008%‘f ?I‘%E? ég&rgcéﬁsﬁﬂ e

MESRIBIES s PORYIIIRA BYprécesddpnnel estimator, and an
estimated Carrier to Interference Noise Ratio (CINR)

provided by an CINR estimator, the operational node

cont 6ol STENApEran SRk Btk NO/heRE BE signdl e abinbatibed with a mulij
~antenna paths associated with a plurality of antenn D
inpyEmalty ouipk (VEMED ofhoaandl; faguency dedeet MpBiRIRULE A0St ek PMA)
S%§&H@nd M MO controller to generate transmtter

Iversity signals as a function of at |east a napped
signal M, the sub- carrier CSI signals, and the

oper ati onal ;podeuCOMPRIngsi gnal s. 8. The apparatus of
claim7 wherein the allocation base corresponds to one

of a2 syueariienallgeniige ceptrolighio @RRFHE FL-¢aplsE) 0cadign signals using an
a%&{i&pﬂse;P_USC, an AMC, and al location regions for

correspondi ng bursts. 9. The apFaraﬁus of claim8 ,

wher etimnnletatustinfoamatioar(CaDIaoe avitite wpyrar§rieseinuteIME)
calt}o%%fc%dugféfl!t@{hg.ré L1 A0 ShoRah cBRbiIRr @ 668 kYo URHEr CSI signals

t'he sl oeation i nf or mat’1 on signal  cortai nin _ ‘
ahderammhalonoderontne siinele using thesnbh-tamietmloditioarssingls, eskmated

bei one of a.byrst, a slof. . ' it
ot st ar il bR el Simgp Bl AR b QEREAR i terence
Nos Ra6b (EINR)gpipvi degieny aa QINRHsem@St, tigeoperagiboal mage control signals
enerate bundl | _signals based.on .a Qund| e b I ng,
s0nE Bt Pt M DR RET r GUBRCEa e A g o AntéEhbanc
20074 %42858rROBFUS 6L E4s0AADEd 80 SIBIESE and MEM CSIntroller to
generator _coupled to the bundl e Og% .

. | gsener at o{{ .gq h b
SFAT WRSMitERE dBGEILy SIEPRIS &Y 2 BRFNY o AT 4 273Rg°d FET4 ftaihe sub-
chribr CIHNAaS; anbikhe JRParRRRANGHE SRSl sigh@lk.m 10 wherein the
bundl e CSI generator generates a first bundle CSI

signal BCO b and a second bundle CSI signal BC,,b
cor r gspongig@pireruf bf ShimfNehersidciulicamtoarbase @atelonds to one of a

associated with fir nd seco en . —
R qfévg,chaae@é@?%@f %fb?f’“e&%?’ﬂr@@% B AN gppylgeation regions
fotlchlr@pokdifduls, b =1, ..., B, XJl)c XG

9. The apparatus of claim 8 wherein the sub-carrier allocation signals include
an allocation information signal and a diversity unit, the allocation information signal
containing information on the diversity unit, the diversity unit being one of a burst, a slot,

and an allocation unit.

10.  The apparatus of claim 7 wherein the CSI and MIMO controller comprise:
a bundle CSI generator to generate bundle CSI signals based on a bundle b using the

estimated channe] responses; and
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L42Z2BCl.G=1(~oi,.~Lu>i ~H~ xy(gl ), b =1,
.., B X,, (I)CXb L ,”1 wherein Hoo, xb(,),
W(Irlﬁlowﬁbz(slssr H, o, xb(l), and H, i, xbp) corresponeCt/osith®012401
esti mated channel responses, and Xb = {xb(1), ...,
xb(l), ..., xb(L)} is a set of sub-carrier indices,
xb(l) is the I-th elenent of the b-th bundl e and has
an i mtse@earﬁva@ﬁrbgemeproesermeidng the baindle €31 géreratpmdernerate the sub-
rea and |l ess than N12, N
‘%merb‘ggSIC’Baﬁg?Sl%{hggFe er |a§ nunber of el ements of
t he bundl e b; and B represents a total nunber of
bundl;es a?gc 5@;&%&Vdf@%ﬂnQMthPr%lrﬁHpbmﬂW $16/enal o@%@ﬂérﬁ@s a first
si gnal S. e apparatus o alm1 er el n
bsrurﬂe €&l siigea] BCS), agéa eacamburxgl@r%‘ﬂatgesl BC pfcorrggponding to first and

e&‘é)lnd g%éﬁré]egq&s,aﬁsoggr?e:a ewsrbhocﬁaﬂ dnd'’s c%ng‘ ?itgrgr?sg isplé %"N a!:c% cang to:
antenna paj respecti vel y, accordr ng to; jO0,
|n|tl%ﬂow 5@ Al oo +i§mr,,m{ KOX= 1 e NN SX N 2- 1

15bSB ‘J GO, |n|t|aI|zIIt|onI c1. =,

k=- N12, vy M <b<B C, ,Gif k CXh , 13, The
apparBﬁ,US*o éHalmm]flﬁ’ngﬁe},nbt#ﬂemC@.I 2 d A MO

control |l er~ further conprises: an overall CS

generaLal, GRUR!, ed, Lo Hihg, ,Sarra-}@,qrbp)iceﬁes d G8REERLAledRanne]
generate over Farl | | Si 8nal S usi'ng the sub-carrier
r@gonsss, gndXs = ar(di) an xdPer-atullanad @ spbeesubeamics indies.tio(l) is the I-ih

t e r L. ' S L (
fIETIEL BUEe LIPL@PR! A/ hg%@rl inlPRAR 2RO R oAb SarrP 1 greaer
tlﬂﬁ@?kdﬂ&ﬁaﬁ@@m HSQ(DWNMB%]W dlpbsitivh mt@gpé,riamumbcxfof elements
[ aim 13, wh in th raII ener a
of P L R Tr e e R B SRS A B o BRI ) 2B
camrignalocR(gh stgmisesponding to the first and second
antenna paths, respectively, according to: PCo=5Co, k,

k=-N12,.,.,Nl2-1 Kk
12, The apparatus of claim 11 wherein the sub-carrier CSI generator generates a

first sub-carrier CSI signal Coyx and a second sub-carrier CSI signal C, i corresponding to

the first and second antenna paths, respectively, according to:

C I 0, initializarion o Nle e Nia 1‘< e
0.k —_IBCWOIIJ Z:kaXb’ ) - 3y anty . < <

c 0, initialization 8 N2 VoL l<b<n
“\BC, fkcX, | 1<hs<

13, The apparatus of claim 12 wherein the CSI and MIMO controller further
COMPrises:
an overall CSI generator coupled to the sub-carrier CSI generator to generate overall

CST1 signals using the sub-carrier CS1 signals; and
an operational mode controller to generate the operational mode control signals

using the overall CSI signals and a threshold.



PC, =,L C ,k, k ==N2,.., N2-1 Kk 15. The apparatus

of claim 14 wherein the operational node generator
w@eoenadsss a first operational node signal Popends®o7/012401

second operational node signal P, corresponding to

the first and second antenna paths, respectivel Y,

according to: Active, if CNR <THRc,,,,R PO = Activ

el seilt- C K aAratuRRf gladn By heseipghe O‘Ieﬁ‘"é]c(t;$]\/géneréio§§‘?’1‘cmtes a first

G t f nding FRGd NRt and

o e e oo Ser o R e A Sre e 3 B

seeonil weipnial disf reqeNRveTHRECONINBI PCa < PCL wherei n O NR

is the estinmated CI NR provided by the CINR esti mator.

16. 'me:a ratyél&_qq’r/;pl aiymly wherein the transmtter

di versi't récessor generates the transmtter

di ver si ty signals according to a transmtter diversity

node Qr ondL ng 0 ber phase alignment is

used,P(’E‘ eztgﬁsgns}ér]lntthe/r2 dwggs?ty nmode being provided

by a Medi um Access Control (MAC) processor. 17. The

apparatus of claim 16 wherein the transmtter :

di versity._processor enerates. g firs rans

i ver i (YT Sarior el RN G AbEEndne iePip R Shor gonerates

a@r @b &riati dhab m@B@Signal By drid LRESRISIPedomy niode sipeal A cotesamtting to

second antenna pat hs, respec§ ively, when the

”terfﬁﬁ‘éﬁfitsﬁcéf‘d D ERABPE ISy TORRG LY %G?C@Hjc”égsmt hat phase

al i gnment use g to: 19 WD 2007/ 142858
PCT/ US2 ‘%12401’c C?ﬁﬁ(lﬁ; CME i f (Po_Active and P,

| nacth )46¢W6~ k- Netself, CINR NEBR & T ACZ R HsOA. el sei f

(CG Kk ~|Giackle, anQIselPCIARS MR ANERPPOLKIAG) , @ = 0 i f
BS u. se ar?tcoe IHaal?k a Fgrésﬁgepﬁt 1 0 else

NIk x briJe 1 f (f’@yimaqygg and P Active) 1 floi,K]
Tk = and (Po

Acti Ve~ {W“PLAct F@@f%llﬁﬁgﬁl Regn @’%f}g@ iﬁ’)Cl

Active, elseif CINR2THR_,, and PC, < PC,
wherein CINR is the estimated CINR provided by the CINR estimator.

16.  The apparatus of claim 15 wherein the transmitter diversity processor
generates the transmitter diversity signals according to a transmitter diversity mode
corresponding to whether phase alignment is used, the transmitter diversity mode being

provided by a Medium Access Control (MAC) processor.

17.  The apparatus of claim 16 wherein the transmitter diversity processor
generates a first transmitter diversity signal Toy and a second transmitter diversity signal
T\« corresponding to the first and second antenna paths, respectively, when the transmitter

diversity mode indicates that phase alignment is used, according to:
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wherein k = -N2, ..., N2 - 1; a=0if the first

antenna is used and a =1 if the second antenna is
wois@d/i142888 The apparatus of claim 16 wherei n tPer/US2007/012401

transmtter diversity processor generates a first

transmtter diversity signal TQ k and a second

transmtter diversity signal Ti,k corresponding to

the fifrst gnd second ant enna pat hs respectively, when

the trah erif (BiAgreieyP fed@e) ndi cat es t hat phase

al i gnrrent ‘f"spknot used, according to: l\/k |f (R 'M‘?z LNI2-1
and P Inacyrve) TOk =M elseif (CO dfP%S 0
Actii, ve 4 - ARG . >(§xdlfl§é(W€("f€“€?¢P 'f“ﬁ‘é(é)n v ‘aﬁ use ant

Activd) T |Rewtl Mk elseif (OF,k < C, ,k) and (PQ Abt# e BS useant !

and P,jgActive) ¢if el se wherein k = -N12, ..., N2 - 1.

19, The apparatus of claim7 further conprisegs: an
encoder to encode transmt data provided by Medi um

Acces$ Conyyol (MAC) processor; and a mapper coupl ed
to t heMei r ifalfelinarive ¢ibh @57l er al | ocat i on
controller"to map and nodul ate the encodedjtransmt
data flor aq$ub carrier index based o the IIocatl on

i nf,pF pft K J i ghel (Coalclor A G ot tseive an p B

Modul ati on,"4if k is allocated M 0, Else 2

2007/ @2858 PCIMJSZOO?/ 012401 wherein k=- 2, Ce
N 2-1; 20. The apparatus of claim 15 V\,herei the
plurality of signal processi ngf units

[ses: .
f i whereis KGmdV2.pr 0884501 2 384010P Séamt?\ﬁ”t"’ﬁs‘és W‘i? zgh@gﬁﬁeﬁmd

angd coupledito the transmtter diversity processor to
process a first transmtter diversity signal of the
transmtter diversity signals using the first

oper atjg onatrh BFRr6RMH ERIm $6 GMRdlein BOGaBTSEE dndrssy @mlcssor
processor associated with a second antenpna and-

teonarhies a firshingIimEtes dVarsiE 8pElyLop PRcREEERC TRPGE §§V§%§y signal
Slecg&gest)t bifeefirsUniQE®h Xnt@hrﬁﬂﬁths OksgeP®vely, when the transmitter
er

nsm ver3|t signal s using the second
ommtwmhndm@@ teas mhese [ali g s, not Used, according to:

M, if (F, Active and B, Inactive)

Tox =M, elseif (Cy, 2 C,)and (K, Active and Active)
0 else
M, if (B Inactive and F, Active)

T.={M, elseif (Cy, < C)and (B, Active and R Active)

0 else
wherein k =-N/2, ..., N2 -1,

19,  The apparatus of claim 7 further comprises:

an encoder to encode transmit data provided by a Medium Access Control (MAC)

processor; and

a mapper coupled to the encoder and the sub-carrier allocation controller to map and
modulate the encoded transmit data for a sub-carrier index based on the allocation
information signal, according to:

Mapping & Modulation, if k is allocated

M, = {O, Else
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21. The apparatus of claim 20 wherein each of the
first and second signal processors conprises: an
WO paensmsg r equency domai n processor to convertprponesm7/o12401
the first and second transmtter diversity signals to
a transmt signal; a guard inserter coupled to the
i nverse frequency domain processor to insert a guard
band wierdilk =t-Néhsni¥2 silgnal ; and a radi o frequency
(RF) front end processor coupled to the guard inserter
to perform RF functions on the transmt sig
The 2Ppar Thesprafated afickhim 1povherrat the shipritg eks! “%ﬁp@ﬁﬁéﬂs nits
I lcg‘sode transmt data provided by a Medi um Access
8or?t ol (MAC) processor; and a mapper coupled to the
encodeirsiaigiat frecessus-assarinied wvith a felamicona esrroppiEd & the gransmitter

Lﬂﬁ%bl@ Pccgs%d e Egesé)p?xrs? ehie Qﬁﬁee s?gnglagf el PnsRiteer diversity

ased on atl on information
s$gr@nalsing Ohepfirovipd entibhee mmippexdroéslgn@ll anl\’tk accordi ng to:

\Al\/ﬁ gr Iéiln cq@dd'}s/xbglﬁlpéocessoﬁ' BSSRﬁlﬁted Yitﬁl c%?h ggtenM ang’co@@cfto the

par at
t€dng@inier dMﬂ@;lt)eplﬂcdsh@ tb pAiassyiatst@ind chiawsemi s«:xtd)vvesmgrsmrsl efrthe

npatible wth miulti in out
tb?‘ﬁ’ﬁﬁ@bg%ﬂ’”w ug wé’a‘}’%f%gﬁqop’smﬁ e eX| ny 4"%%9
(OFDMA) st andar d. 21 WO 2007/ 142858 PCT/ US2007/ 012401

met hod co S

rantaTe) SRE RIS Sl RS SHELR Sh o S st
RORERES waf:plmesfmde control signals; estimating channel
responses u rocessed si nals accaordi n
oper P IBIFEE re g%xgﬂ@pgﬁcpﬁar 05 ‘é‘ﬁeﬂtacinrei’gg‘ gxﬁggm& QecBila
tPa‘i%EE*ahﬂB?@hvérlsﬁﬂﬁﬁgnalvsstbfégrahhﬁnergﬁmessed signal s and the
esti mated channel responses; and estimating Carrie

| nt erafo@ﬁrén@@ﬂmogéleﬁzéﬁ the IVEIsSRBPAYENBAAARIN BRGEFPR d“sg‘ﬁé} guard
b%ﬁ}j"&; [ﬂgga,ﬁhfg{@ém; tahg esti mat ed Cl NR bei ng used to
e

generate t operati onal node control signals
a radio frequency (RF) front end processor coupled to the ouard inserter to perform

RF functions on the transmit signal.

22.  The apparatus of claim 7 further comprses:
an encoder to encode transmit data provided by a Medium Access Control (MAC)

pracessor; and
a mapper coupled to the encoder and the sub-carrier allocation controller to map and

modulate the encoded transmit data for a sub-carrier index based on the allocation
information signal to provide the mapped signal My, according to:

M Mapping & Modulation, if k is allocated
70, Else

wherein k =-N/2, ..., N/2 - 1.

23.  The apparatus of claim 7 wherein the transmitter diversity signals are
compatible with a multi input multi output (MIMO) orthogonal frequency division

multiplexing access (OFDMA) standard.



25. The nethod of claim 24 wherein processing the
signals conprises: performng radio frequency (RF)
wo owctis3ss on one of the signals; renoving a BUBUS2007/012401
band fromthe one of the signals; and converting the
one of the signals to a frequency donmai n signal having
N dgga p equency domai n signal
cor?%spo'?} tﬂ%\b'dcoh{B SIfn%rocessed signal. 26. The nethod
of progdsping slgmie reseived ompeplurality off antemriac nedqcontend by operational
onputl ng the estimted channel responses
mogggﬁg{dg t% Hii = estimate of HL if H;j is defined,
= oesgmgnwlmnmenws bhipg the peacessed sigpaleacsbrdiigtnian bp¢r]atnonal
moa%?oci ated wth antenna i and antenna j; and k =
. . ., N2 -1. 27. The nethod of claim?24 further
congenestingan eqielizegizpid cgmbined sigual using thegpmetessedivignald and the
' g the de-mapped signal. 28. ' The
e“%‘e%@%%’ "?Pgls %g g'llcpurther conpri sing: processing the
d eccsdmzltmg @amler mdnmgfeaanbiwﬂIM(ﬁNRmmmé ec(dm@d and

co@%o??e 1 ;rtlée c:csgf%gp%t hot}dghu%gd e{ulara eéhhvvher F'i;ltnrl]oede control
sigmald. put (M MO) orthogonal frequency division
mul ti pl exi ng access (OFDMA) standard. 22 SUBSTI TUTE
SHEET (RULE 26) WD 2007/142858 PCT/ US2007/012401 30.
A n24. hodrheangthodsefrofpim@dnveieadin p@cming(thtrsigmls cahipaiesst | on
[ .
g&?aw rgcg gﬁﬂ&{ncg@) fg&lt‘% orma o(gﬂﬁ(as "signal s
andrenpemgtaigumadlbandﬁdm thcmnemﬂthesslgmﬁ gndisi ng t he

sub- CALE; i.0 [ '

res‘boé'ﬁ'sesg [hﬁr ovi d % @a@t&%gﬁmp é({l ?gn ﬁﬂ EEN data points,
thedefjueney domaiarsignel corespgontling t@the poaeedsed sngnaRat [ o (CINR)

provided by an CINR estimator, the operational node

control signals selecting one of a plurality of
ant #nna Phetmeshedsefadaim25avhereim eingating shanngl responses pmpwses

corfiifn@ AL FAARHIIRSS kRS Y & 0N © 2 @

ction o east mapped s Mk, the
subHgar r+ estin@st ofél.gﬁﬁh,ss defined,t he operati onal nmode
control sjafdhsise 31- The method of claim30 wherein

the all ocation base corresponds to one of a .
wherein H;; is an estimate of channel ij associated with antenna i and antenna j; and

k=-N/2,...,N/2-1.

27.  The method of claim 24 further comprising:
de-mapping the equalized and combined signal; and
decoding the de-mapped signal.

28. * The method of claim 26 further comprising:
processing the decoded signal using a Medium Access Control (MAC) processor.

29.  The method of claim 24 wherein the signals are compatible with a multi
input multi output (MIMO) orthogonal frequency division multiplexing access (OFDMA)

standard.
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partial usage of sub-channels (PUSC), an optional
PUSC, an AMC, and allocation regions for
wa@oeowrassendi ng bursts. 32. The net hod of cl ai mrP@GL/US2007/012401
wherein the sub-carrier allocation signals include an
al location information signal and a diversity unit,

th I'lo nfornmation signal containing
[ n?‘;oo?rmté‘: ihgﬁ PRRA®er si ty unit, the diversity unit

bei gegerating afb-cardenalocation sigadls usuagnh alocatidndasd;i on uni t.
33. The..net hod of ¢l aim 30 . 1 - at | .
S oERe PR bR chifle (el MR & SR Sl e oprpie
modé @m&bssl gmlqo.rsnfgahe SibrearTidr iallgeatiom Sigﬂalﬂﬁhnmbtgmdiaﬁndﬂ aespolnses
n e {
proZiled e atehestianEY et . Sl Caicrds Dty Mg?
(CINRD Qi'o@r;cﬁﬁlby?tr\] Q)INR&:gtllradtor Tﬂb&)pﬁﬂlbﬁﬂ nside @bmdhsi%ﬁam/sﬂémg one
at 1. .Nng e e CO DI i ses
of ag@Hr@ i1 Afenn gt it Pt B s Bty
&ahﬁ@ﬁ&ﬁnﬁ&r d&leﬁ;ﬂ lsigB&lk ada fubefiéreome wﬂstrzgnsppea bigAdl My,

second ant enn S associ at ed irst and
theg\é‘?:%ﬂef Istgnals, a %rt %?ié’&"io%llvda a?@E'Gﬁ\{Y‘(ﬂg‘i'Q{st o: L BCO, b
=1L(IHooxbtq12+IHoxbo>12) b =1, ..., B,

X bb§ Ll.) q‘he methcg df)gbmr(\%) v%e%n thﬁ %\llslgﬂ%%kﬁl ﬁ%esggﬁi:sfo oné of a

par(nﬂhk@e%)sumaﬂﬁﬂi (PLASTD5 8n 61EibhalFACRYT, /a6 WMC landvdlecation regions
Hoo. xb( %gjb Hos, xb(l), Ho,xb(g, and H 1.xb(qg
me%‘i“?sB%‘EJd Y¥5t he estimated channel responses, and Xb
' {xb(l) oo, xXb(l), ..., xb(L)} is a set of
far r‘fa-l% étpgi %?alm)gq(\i!{erélﬁ thtelg 11:ar§1Qr al@c&%@g%gfs uw\fde an

bund®™aRd Nas an er v ue represent
allcﬁ:uthnmafarmmnon sighak angt aedivesity umta thealloeation hnfpunatlm Elgaaid

conézpm E% M& o hl[c %E)Qtrﬂpﬂf’@i; Eiv\égltg%ﬁ 885 otre b5 xswa{m

repre ents a tota
mdmﬂbbcatmﬁuhundl es and is provided by the sub- carrier

all ocation signals. 35. The nmethod of claim 34 wherein

generating the sub-carrier CSI signals conprises
gend¥- at | The raethod eficlaimi30veherdin genesjting jsubraarrierCRI signgls gnd
ﬁt&%ﬁﬂné&%oﬁ lrsll gﬁngﬁkegnal C ,k corresponding to

st an tenna paths, respectively,
ac cgandiating b@ndl(:C@I sngn@lstbam ons lpqyﬁle b using the estimatéd channel

responses; and

generating the sub-carrier CSI sngnals using the bundle CSI signals.

34.  The method of claim 33 wherein generating the bundle CSI signals
comprises generating a first bundle CSI signal BCp and a second bundle CSI signal BC;»
corresponding to first and second antenna paths associated with first and second antennae,

respectively, according to:

"), b=l,..B, x0CX,

1 L
BC,, = zg(lH 00,5, (1) 4 |H 10,5, (1)

2
+|H|l,xb(l)| )'l b=l7 sesy B; Xb(l)C Xb

1 2
Bcl.b = ’ilzl(le.x,u)
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Ck BCif kciz, k=-Nl2,...,N12-1, 15b<-B Ob f b, O,
initialization CIA = k=-N12,...,N12-1, 1<<-b-<B BClb

wo bookadesss 36. The nmet hod of cl ai m 35 wherei n geORUSI00TIG2401
the sub-carrier CSI signals and the operational node
control si gnal s further conprises: generati ng overall

ng t sub rler al s:. an
ConTertin e it oy Bastinand Byeree oeopaid GG Sirafid chepnel
reslidnaasoamm.l J: {@a) Sl &ma,l s, x3(l)} B a setvfaabebmslier &&cea',txe(l) is the 1-th

ctergy A fhe e R B2 bR A VR PrSEing AR den greatr

thars oisgakl tECDY/2uivill 18ssIeanmad, N\beihglalpoﬁﬁl/e fntegen IL. iPGdmber of elements

of tﬁ%@'ﬁ@ 03131'1 é%g}tegegfsg,etﬂ% rstbegn gEgd %'Fr&'i?é% t?y t‘le sub-
cankefaNB&.nonSLghﬂlZ 1 k PC, =FC k, k =-N12,..., N12-1 38.

The nmet hod of claim 37 wherein generating the
operational node control signals conprises generating
a f3s st 'Idﬁemlﬁdcxufalaxmdmmfefgn@neﬁcmgﬂﬂ sab-sareienaSI signals

eration nal rrespondi n t he f
com RS e A VBN o5 ST sigl s ALr eoond aih-caigg Ci§Hena
C, x2brrespdbding 1d.the ﬁrﬁbﬁEéEcéMnﬁﬁbaﬁDr@s@@&{v%l@ZB&Brdmg to:
PCT/ US2 (27/ Olenfft%lmf\ocg ive, if CINR <THRc-NR Po =
Act jve | sei THRc, an 2
| nacti VEBC&I Sigikic X, NR}> £ THRC, KR’ & gog IES;L
Active, if CINR <THRc,NR P = I nacti ve, el sei f CI NR

>- THRc ande?thzdnon Cl Active, elseif CINR >
THRG.N{R whler e 20+-NR/ 25 1t hes RSB mat ed

CI NR pr V|‘de ”ﬁe NR estimator. 39. The net hod of

cl ai m 38 wherei n generating transmtter diversity
signals conprises generating the transmtter

di V38 Si tThe phethvdl of cRérfi G5 hefirt gendratingihe ¥ub-t&tielCSEsigialsyand

the operational mode control signals further comprises:

generating overall CSI signals using the sub-carrier CSI signals; and

generating the operational mode control signals using the overall CSI signals and a
threshold. '

37.  The method of claim 36 wherein generating overall CSI signals comprises
generating a first overall CSI signal PCy and a second overall CSI signal PC; corresponding

to the first and second antenna paths, respectively, according to:

PCy=)Coy, k=-NI2,..,NI2-1
k

PC,=)C,, k=-N/2,.,N/2-1
k

38.  The method of claim 37 wherein generating the operational mode control
signals comprises generating a first operational mode signal Pg and a second operational
mode signal P; corresponding to the first and second antenna paths, respectively, according

to:
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node correspondi ng to whet her phase alignnment is used,
the transmtter diversity node being provided by a

wokairamséecess Control (MAC) processor. 40. Thecresivoro12401
of claim 39 wherein generating transmtter diversity
signals conprises generating a first transmtter

di versi4y.signal. %ﬁe a second transmtter
di vers ‘{‘é);"vsﬁ gnallf ??Né%orﬂé’spondi ng to the first and

secBirel) Aetivenna  hoelf CINRSSTT R dvic 08U PCo BRG  t he
transn hégvedi velssi INRRA®IR NdurdPES <iPtat the phase
al i gnnent is used,” accordi ng fo: M°x HAO' Kk if (Po

Act i ve( gdigde P, | r,ya@mR/g)wHR%o. k TM = Mk X HaO k el seif

(Co, k C .k) and (Po Ac e and Actjve) Haox O
el sB wdngcriug; kel'r“f‘} € Fﬁg&mw@’dagﬁo %S’ﬁgct ive) | Hal.k
I T 1' KActive K Xelkddf €INR BEHR [ (ndkPG, €PCK) and (Po
Active and P Active) |IHal.k O else wherein k = -N 2,
. .whexgin CINR:is theestimated CE¥R pravided dp the (PR estimatad: and a
=1 if the second antenna is used. 41. The nethod of
claim 39 wherein generating transmtter diversi t'é' )
si i¥al s Theargthqdf claim 38 whereimeeneratipg transmier diersity signals
o 8 b I T A0, BB ABERM i dSventy
mogeprgsprndingaa whether phiagaslignmentys yied) theransmiierdivassivydmerds

. ' respectively,
b b M B o B B, ot es. ¢ hat

the phase alignnent is not used, according to: M if

( PogoAct iITdR ndikbdof claim@biwtRiein Senrafi spliférdiverdiy signal

Cl.k) and (Po Ac? icve ,and,Pe&ﬁ vfe nMgaI(lel se M(vi f .Sklg’gonas
compiises geperatingia first mansmigr divegsity shgnakToxand a sesgngt transigr
di vé}‘ﬁiv?glzgi k! éd{vﬁgﬁ&ﬂfg’ to felfirdt@hd s&ofd BRtenHa§athis Tredpectively, when

the transmitter diversity mode indicates that the phase alignment is used, according to:

( .
H
M, x H“”‘ if (P, Active and F, Inactive)
alk

Ty, ={M, X Han elseif (Cy, 2 C,,) and (F, Activeand R, Active)

a0k

0 else

([ _H
M, x—2% if (P, Inactive and P, Active)
Hul.k
Hou . . :
T, =M, x-—H— elseif (Cy, < C,,)and (F, Active and P, Active)
al,k
0 else

wherein k = -N/2, . . ., N/2 - 1; a = 0 if the first antenna is used and a =1 if the

second antenna is used.

41.  The method of claim 39 wherein generating transmitter diversity signals

comprises generating a first transmitter diversity signal Tox and a second transmitter
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42. The nmethod of claim 30 further conprises: encoding
transmt data provided by a Medi um Access Contr ol

W@ b@asocessor; and mappi ng and nodul ati ng p¢TEUS2007/012401
encoded transmt data for a sub-carrier index based on
the allocation information signal, according to:

. - K - i - -
GARY A, O BN ' ol 5 Mol e
thegransmittgBdivgreiteinadejindisates thaythe phast ahgremdnt isgiogngeld, according to:
conprises: .processi irst transmtter diversity
si gnal kt Hg %r“‘ﬁ@ﬁ?’?‘{g;”ﬁ‘f”\)’@r sity signals wusing the

firgg, | atelseifIC, /ROE, , Y avidk (Ry|AcEvediiall B, Axfidk)pr ocessi ng
a secong tray sm tter d| versity signal of the

transm tter versity signals using the second
oper at i (al if@Rjenaans ami FAgwe . 44. The nmethod of

o SR SIS RCD PSSR AR Rl g 20, second

trandm sés nverting
one of e elsest and second transmitter diversity

Si OWRérdintke= INYE, tragemt signal; inserting a guard
band to the transmt signal; and performng RF
functions on the transmt signal. 45. The nmethod of

cl adan 301“Ierﬂéthkﬁf onMiﬁGOiﬁﬁher@Bﬁapﬁéeﬁg transmt data

provided b di um ntr MAC) processor;
P ensiing (s it ot GHERs by RMERSbRCRRS Caul (PGB grocessor;
and”CT/ US2007/ 012401 mappi ng and nodul ating the encoded

transm.t dataci;?r, a sub-carrier jndex based on
al | HEBRMEHC I 38 s Preodsdranirait s@temraéuPﬁmws@abased on

the$116¢28bn MfornAG6REighdl Jackrding td8PPi ng & Modul ation, if k
is allocated M 0, Else vvhereln k =-N2, ..., N2 -

1. 4p._[Mepning kddoaviationai mkae)a%mred n the transmtter

di ver'sitg, signals are conpatible with a multi input

mul ti output (MLMO) orthogonal frequency division
wherein k =-N/2, ..., N/2 - 1. .

43.  The method of claim 38 wherein generating the transmit signal comprises:

processing a first transmitter diversity signal of the transmitter diversity signals
using the first operational mode control signal; and

processing a second transmitter diversity signal of the transmitter diversity signals

using the second operational mode control signal.

44,  The method of claim 43 wherein processing one of he first and second
transmitter diversity signals comprises:

converting one of the first and second transmitter diversity signals io the transmit
signal;

inserting a guard band to the transmit signal; and

performing RF functions on the transmit signal.

45. The method of claim 30 further comprises:

encoding transmit data provided by a Medium Access Control (MAC) processor
and
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mul ti pl exi ng access (OFDMA) standard. 47. A system
conprising: a plurality of antennae; a transmtter
w@r@cas®sng unit coupled to the antennae to gePer/asmo7/012401
radi o-frequency (RF) transmit signals; and a receiver
processing unit coupled to the antennae, the receiver

pro un| conpri s receive
E RGN el By R oo raBrl et B o (gbCbase on
the allgratibs )nfoﬂnmtxen ggmu tpprogids ﬂ'ﬂ:rmap’peﬂ sighaliMig accordingtot ed
by operational node control signals, a channel
esti rmtor to estimate channel responses using the
pro appigg&lModubation) dif kgs tllocaredoper at i onal node,
an U'adzerE?sgd conbi ner coupl ed to the channel
estimator to generate an equalized and conbi ned
Si gnal usi ng the processed signals and the esti mated
chan hes and a Carrier to Interference Noise
RatY rf‘&l @9 Mt"o coupled to the equalizer and
combiner to estimate CINR fromthe equalized and

confy ne drt}e%&ﬁkﬁi of c!alﬂ‘ﬁ 30 %Heﬂégﬁ e oo 2 n{}ﬁu F&:U&s@f& Qnajfsare

generat e the operati onal
compatibleywithenmuolti iputimmltd Futphi MIMO )ecathiogarfal ﬁh@mexéwxswn
' géﬁb ' conprises: a RF front end
’““‘31"%‘324 sag'?e%? pe%&?@hh@d'functi ons on one of the
signals; 27 SUBSTITUTE SHEET (RULE 26) WO

200@_14%@@%@3@&% 7/ 012401 a guard renover coupled

to the RF Tront end processor to renove a guard band
f r onplurality ¢fisatepnae; he signals; and a frequency donain

pr %@?ﬁ&ﬁtﬁ&‘ﬂ%kﬁgﬂ%ﬁ?%&gﬂ%ﬁﬁe LRI @fo ﬂe&&r}mptfmamcy

one o e’ sl quency n signa
(Rﬁaar@nﬁgtﬂgmi,an oints, the frequency dOﬁ‘BI n signal

cor

o LEEARPREE bR CofbIOf RARE S AD e rhver HlecciiT GF,

compgisingat ed channel responses according to
a plurality of receive signal processing units to process the RF receive

signals, the signal processor units being controlled by operational mode
control signals,

a channel estimator to estimate channel responses using the processed signals
according to an operational mode, '

an equalizer and combiner coupled to the channel estimator to generate an
equalized and combined signal using the processed signals and the estimated
channel responses, and

a Carrier to Interference Noise Ratio (CINR) estimator cour;led to the
equalizer and combiner to estimate CINR from the equalized and combined
signal, the estimated CINR being used to generate the operational mode

control signals.

48.  The system of claim 47 wherein each of the receive signal processing units
comprises:

a RF front end processor to perform RF functions on one of the signals;
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Hj,k = estimate of H/1 if Hj is defined, =0

ot herwi se wherein H;j is an estimte of channel ij
waseoaimsed with antenna i and antenna j; and pP&T/ES2007/012401

-N2, ..., N2 -1. 50. The system of claim47 wherein

the receiver processing unit further conprising: a

R e T e e T

thcd’ecgﬁtbpsxgo@lp.laed to the de-nmapper to decode the

t h . Cgl%ﬁ nﬂl i ro@éssorTJ&ﬁ%ﬁ& ﬁ‘)ttﬁgrgﬁrd vt fb7coYW<§{ &k Bne of

rOCGSSI n uni t onpri ses.
the signals & 2 frequeaty daradin signal baving N data mntg.éhefrmwncy domain signal

c°"ﬁ°§€"é‘§aﬂ’r§r%%ﬂ%§¢9&ﬂt H;}Q] signals using an allocation

status information (CSI) and nultiple
i nput multiple output (MMOJ) controller coupled to

t heygub-pargy Ctgfn drlclafit Qﬁ WhBrefRE ERInh &l estiPal@ e ERHPIE the

sub carrier gnals and operational node control
estmagadaqhsmwémgortsmeacsmﬂmga@ru er allocation signals,

. estjmat ed ﬁsp@&? 84 provided by a channel
t
est ‘h“ht or 'and an 'les mat eg Carrier to Interference

Noi se RetDothed¥isiR) provi ded by an CMestimator, the
opel ﬁ%rel?{/ﬁ‘.l i]§ ggg@n?a%]&fr c%%:hns%i g%loélateﬁ éﬁ‘t%téﬂga PAa dfenda j; and

pl urarll ntenna pa ssoclated wth a plurality
k=0oN/Znt eMNA2el. and a transmtter diversity processor

coupled to the CSI and M MO controller to generate

transmtter diversity signals as a function of ?

| ea8. a Fhgyyelemuf ghaim 4\ whereitthe greeivepprpsessing ypit further

co@h‘gﬂ% and the operational node control si gnal s. 52.
stem of claim51 wherein the CSI and M MO

cona deimapperconpled tothe equglizea ped eombiprrie fermyp thepqualized and

abealupad! e CSI signals based on a bundle b using
cor?ﬁlqu g'%]mat ed channel responses; and 28 SUBSTI TUTE

SHEEGeqoRtes @upigy toythe deompperig derodethedssoppedtigaaly o
sub-carrier CSI generator coupled to the bundl e CSI
generator to generate t he sub- carr

| )
a1 At nEG RO CmAT QTSR the SN GeRrSreSTing PR Famfises

52 YRGS EirRed difoctioh c@ﬁ‘l?olM‘ M eératersab carief alldchion signals using an
conprises: an overall CSI generator coupled to the
allgagtjor basei er CSl generator to generate overall

a channel status information (CSI) and multiple input multiple output (MIMO)
controller coupled to the sub-carrier allocation controller to generate sub-carrier CSl signals
and operational mode control signals using the sub-carrier allocation signals, estimated
channel responses provided by a channel estimator, and an estimated Carrier to Interference
Noise Ratio (CINR) provided by an CINR estimator, the operational mode control signals
selecting one of a plurality of antenna paths associated with a plurality of antennae; and

a transmitter diversity processor coupled to the CSI and MIMO controller to
generate transmitter diversity signals as a function of at least a mapped si gnal M, the sub-

carrier CSI signals, and the operational mode control signals. -

52.  The system of claim 51 wherein the CSI and MIMO controller comprise:
a bundle CSI generator to generate bundle CSI signals based on a bundle b using the

estimated channel responses; and
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CSI signals using the sub-carrier CSI signals; and an
operati onal node controller to generate the

weperatisssial node control signals using the orer/abioor/o12401
CSl signals and a threshold. 54. The system of claim
51 wherein the transmtter diversity processor

generat es. transmtter djversit i gnal s accordi

Do S BiRenciT et GO up Ry Rl K aCiiftonyd Bt B sub-
carnidrdiSiasignpls aisiag die yndier@Slisignalsed, the transmtter

di versity node being provided by a Medi um Access

Control (MAC) processor. 55. The system of claimb51

whe¥ei n Thesystemof plaim 62 whersinethe CSHand-MIMOLontreler further
congé/ygg.i ses: an encoder to encode transmt data provided

a Medi um Access Control (MAC) processor; and a
mapmervecad (f8Iemindratot baptaddo thersubaaiTieh@Skgeneratr to ganerate overall

CP bR Ine QN Lkl stk niiBRgNd. odul ate the encoded

nsm a ror a sub-="carrier index based on the
al | amoaperatinnal imrdde icomtrollentosgegerate, theapecatidnalgndde:control signals

. in dul ati i f is allocated M TO, Else
us'@%?&"%a]fcgp §’§Va§s, a"faqd.t,hreﬁp(gd'- 1. 56. The system of

claim51 wherein the transmtter processing unit

furdper .Th%%gﬁléljtn%? Chairft 5P WE%EHV\A&%( H'QrEsteiﬁ&m 'ty%r&'&%or generates

processi ng S-assocl ate . plural 'ty o )
the sransemitier diyrasityssigralspeoerdingdo a transanigteridivessilymaddeicorresponding to

whis phae SARRRGRTL LEINRP Hallfuhd ARG HEE LBy RGN G,
Medivar Acdess@ontrob ((MAE) pracessor.si gnal s. 29  SUBSTI TUTE
SHEET (RULE 26) WD 2007/ 142858 PCT/US2007/012401 57.
The system of claim56 wherein each of the transnit
si gl prhssysemef clain L wheginghe yarsmities proggesingaunit further
confq;rggyency domai n processor to convert one of the
transmtter diversity signals to a transmt signal; a
guaanencedss fq encodeingrismit datp provdded-iyes MedipmetgeesicGoniohEYIAC)
proBdsO&e r toinsert a guard band to the transmt
signal; and
a mapper coupled to the encoder and the sub-carrier allocation controller to map and

modulate the encoded transmit data for a sub-carrier index based on the allocation

information signal, according to:

M. = Mapping & Modulation, if k is allocated
*7 o, Else

wherein k =-N/2, ..., N/2 - 1.

56.  The system of claim 51 wherein the transmitter processing unit further
comprises:

a plurality of transmit signal processing units associated with the plurality of antenna
paths to generate a transmit signal to one of the antennae corresponding to the selected
antenna path from the transmitter diversity signals using the operational mode control

signals.
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a RF front end processor coupled to the guard inserter

to performRF functions on the transmt signal. 58.
wab@7ayssem of claim47 wherein the RF transm pCBEOS2007/012401

receive signals are conpatible with a multi input

mul ti output (MIDMO orthogonal frequency di vi si on

m“ p| %»EE% o %Fém(x %Dw}cm ct:a%ﬂ ?[he transmlt glgjrlxgﬁ -ll;lro-l(;essmg units

compnses

an inverse frequency domain processor to convert one of the transmitter diversity

signals to a transmit signal;

a guard inserter coupled to the inverse frequency domain processor to insert a guard
band to the transmit signal; and

a RF front end processor coupled to the guard inserter to perform RF functions on

the transmit signal.

58.  The system of claim 47 wherein the RF transmit and receive signals are
compatible with a multi input multi output (MIMO) orthogonal frequency division
multiplexing access (OFDMA) standard.
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