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RADI ATED PONER CONTROL FOR A MULTI - ANTENNA
TRANSM SSI ON BACKGROUND | . Field [0001] The present
WO pwe942651 rel ates generally to comuni cati on, PENUSI006/@07811
specifically to techniques for controlling radi ated
power for a multi-antenna transm ssion. |l. Background
[ 0002] Wreless conmmuni cati on networks are w dely
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include wreless w de area netmorks (WMNs) t hat
provi de comuni cation C@ ({)BNﬂ arge geographic
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typically includes one or nore access points (or base
stations) that support conmunication for one or nore
HuseBackergumdl s (or wirel ess devi ces). [0003] A
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cowvag@ Hof@ihalle g@tibrahee Sfeap Qeldl, Bomes)US @l wisldsk naltyork typically
needs to |limt its radiated power in _any spatial
inglpgesceneodr MOTaRTISFNPANISHYR Paseatieiians they SupRoriFegsmynication for

I’F(S)gg‘iﬂré ﬁ%é%g%%gé% ?09 lpe?e%EngQ in the U-NI'l band.

esir bIe to use as nuch
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e TR SR ] S AL S 2P ) s
re%ﬂgljog}i bOfhcyAnlY RREGTCtsSPIFi 6N pSWRPRIELs FoNvaGSs Fléfudnéyabshds to
facilitate efficient use of these frequency bands and to avoid excessive RF interference.
For example, an IEEE 802.11 WLAN typically operates in a U-NII band that covers
5.15 to 5.35 gigaHertz (GHz) and 5.725 to 5.825 GHz. Although the U-NII band is
unlicensed, a wireless station (which may be an access point or a user terminal) needs to
limit its radiated power in any spatial direction to within a level mandated by the FCC in
order to qualify for operation in the U-NII band.

In general, it is desirable to use as much transmit power as possible in order to
improve the signal-to-noise-and-interference ratio (SNR) for a data transmission and/or
to extend the range of operatibn. A higher SNR can support a higher data rate and/or
improve reliability for the data transmission. The radiated power in a given direction is
determined by the amount of transmit power applied to the antenna(s) at a wireless
station and an antenna pattern formed by the antenna(s). If the wireless station is

equipped with multiple antennas, then these antennas may be used to synthesize an
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inmprove reliability for the data transm ssion. The
radi ated power in a given direction is determ ned by
wo b@oasnsnt of transmit power applied to the aPeEOISB(E)07811
at a wireless station and an,antenna pattern formed by
t he antenna(s) If the w rel%ss station is equipped
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e.g., toward a receiving station. In general, the
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SNR gingé rthéfbie ﬁ@leécﬁﬁﬂtﬁe aﬁ%f‘te@ﬁmgﬁésQB cahteol radiated power for a

undesirabl e. [0005] There is therefore a need in the
mylit-afignmatteesinisgiges to control radi ated power for a

mul ti-antenna transm ssi on. SUMVARY [ 0006] Techni ques

for controlling the radi ated power for a data

transm ssi on sent from nmuSUNIMARNt ennas to neet a

radi at ed. limt are descrjbed herein,
AccolerRiguED o enelag theradia powes:for ar‘ﬁataafL Siiipgent from
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cribed 1n wh an a aln is estimted based on
a syAtdueding ecdommsemtzpf fotaet imectmlomoa ntetieaddzitcantrolhng radiated power
transm ssi on qti?{ie t r.ans for. t.h
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syn@fts2bE& AnlANVE pattdriithr tHeORHOB traMikiggioh Nehd! Be aRMEM& power for the
aspect of the invention, an apparatus in a wreless

dage rensmissaert isninpitadesed ensthe asrey igBiacindisi rediateA powgeEmi-
cont %8!:01‘8&1 t1% ﬁéth&mag ro?rt?{%‘ymg at aaat% }r)]}ge{}atﬁs in a wireless

synthesi ze@l antenha p or a m SSi

cam@usicaivmt fiedtvoirknist dds@mﬂ)ddlmhlchnﬁdfiaﬂ@sta pontedllef ao et;thﬁate an array
data transm ssi on based on t he array gain and

g3 fpsefon puReesicedppientaayem -e & st tfpélsmbssgﬁ&na@rcontrol unit to
11@%thﬁltsm(ﬁf pdWE toPURNEHLS BrandHlisABR ¥a&dUsh tR HBSCEARGHd a radiated

power limit.

According to another aspect of the invention, an apparatus is described which
includes means for estimating an array gain based on a synthesized antenna pattern for a
data transmission and means for limiting transmit power for the data transmission based
on the array gain and a radiated power limit.

Various aspects and embodiments of the invention are described in further detail

below.
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i ncludes neans for estimating an array gain based on a

synt hesi zed antenna pattern for a data transm ssion
wapaeness for limting transmt power for thePOEUS2006/007811

transm ssion based on the array gain and a radi ated

power limt. [0010] Various aspects and enbodinents of

the i nvention ' j I '
bel ow. BRI EF &%@%FSW%{#@%E Wﬁ@dﬁs FG 1
Shows[@ 1t dhaws AitkahbRltisd shii @R WreBeivRGaLAIORY St ati on.
[0012] FIG 2 illustrates the results of elfgenval ue
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d| agmenzlcn‘hobvba bldcknBagriini of gheatfghsheRidp dhd geceivaxig Qatfons.
DETAI LED DESCRI PTI ON [ 0015] The word "exenplary" is
used herein to mean "serving as an exanple, instance,
or illustration. A'i)E’PKPEED’EESC@P ¢ibRed herein as
"exenplary" is not necessarily to be construed as
pr ef €he wdrdiexanpluny agesed herear toandmlr“selrvlurgjasrmmmmple instance,

00 FILG, 1 sho a wrele conmmruni catj on, net
oG iR 5 A STURF PR G SELET BRI CUGPBIAgY phiecessarly to
bédrfstrRéLas(phfeABl 8RB ANthESGstdVePEBBr dri¥lddiRBsts.a

recei vi nig station 150 equi pped with multiple (R

ant eFHasl g8 2 Wirelaghcorgppnicatipnaget waal 09awitap s@nyeitting station
1%&&@%&%@{3&&&% ?ﬂ‘ )er_z{%}xtnis ?}1 aat%cfl'llggﬁlg?lnp {1 edn%%ce Vﬂ{édstgﬁjon 150

eqmlﬁpqdemﬂommitipge a@atnt@haptsnhetﬁﬁiugg 159r. nAmh tamtahrya m@y hlke be called
synbols for each fransnmit antenna i W|tha5|n

an am?p%& SRR G THYAUOTNEPEICRY (8 sp19n- 1HOr gt y, THiffe 1 shows

I I

RRF e BLORCBD P FoPTR S pRRGIRRE DS hbols for

eawheardnuimithwtenps Om&&e&in@e @Gotplaxsgait tee dyfa muitiplier A1k nid general,
antennas 114a through 114t, respectively. [0017] The

thﬁasjiaaalepIrOpw'mg wfly det mars pdmpkeat endascaibedybeloppi CHid gutputs of

di f t t di ff t. spati.al ,
miftidErs b inish 38 ok, Bfunsh atissor e SRy fipm T wanseic
arﬂ@r\ﬁﬁl‘s 11 adihadued 1MaQmRspb&ivelygnsm t antenna arr ay may be

given by the real part of a Poynting vector,
f ol | dhgradiatgd power oRatrapgitantenpna Exr@bfmlcaﬂﬂhag dlffeggpt(mtpnsules

in different spatial directions. The time-averaged power density of the power radiated

from the transmit antenna array may be given by the real part of a Poynting vector, as

follows:

|E (6:9)|”

1 - - 1
p(0.9) = Re( Ex ) = el Eq (1)

where p©(6,9) is the time-averaged power density for the transmit antenna array;
H is the magnetic field strength for the transmit antenna array;

n is the impedance of free space, which is equal to 1207; and

E,...(0,9) is the total electric field strength for the transmit antenna array.

The total electric field strength E, (8,¢) and the time-averaged power density p(6,9)

may be expressed as functions of spatial directions, with & being the angle for azimuth



2 2 h where p (q,f) is the tinme-averaged power density
for the transmt antenna array; His the magnetic

wo p@bdoess ength for the transnit antenna arrayPCTUS®06/007811
t he i npedance of free space, ;which is equal to 120p;
and Et t i (q,f) is the total el ectric field strength

(- t t.en t.ot ctric
OE%OP%&E%I{S%{?&%&} é‘lcﬁ? %ash% gl% fﬁr e ev%on 5?’%\%861 rﬁmw For a
818 SdnkehnR, (Hé 1 e OfkRi Af
Sls%lat |nal dir E‘Ctll %ﬂgme{?&?tmpg‘” )bﬁsﬁ‘g)e?ﬁ%&;dgg He (?érg% of the transmit
ar&znmtuth(r@xarhplEj diffeteat electtiatfietdpateemtk dre bB!aﬁﬁ:dtf&ea aipdletantenna,
f r. elevation (or vertical rotation). For a single
IBfEINEN8 RISE tanfeant @1k SE(, £ Yo gn o*é}ﬁ@ﬁéeﬁm’a}’owlth hl@ultlple

ra‘aFae bl %le%e#fshl?‘sg& i t &ns@ﬁheﬁl@q?tafgl%ggx ?‘nPci B diﬂ‘g dlqﬁé #sum of

ctric are ob

th@ %Bﬁl?f@( el iRa e gg "W q{%n‘? e&’({h%ﬂ&l ati Elg and so on.

n antenna arr’ era I'on el enents
[0018] USEUThORothr %M&cﬁ?b@@n (tRe) Freﬁﬁkheeérﬁ&{rfa' &r,refg) 54 gﬂeob?l)amed by
, is the sumof the conplex electric fi
infagsatingathie fotali time-everagadnpower (OBitS]acTose thotsatfaceadf at sedlerence
fromthe antenna array nmay be obtai ned by
Sp?lg%l{ésffgf{ﬁ% the total tinme-averaged power density
across the surface of a reference sphere, as follows:
p 2p TRP = & jp( ¢ f) -r2 -dg-df . Eq (2) 0=0 f= The
t ot aiTRﬂ’aﬂl_[atIetd9g®mer dés dgndi cative of the total power Eq(2)
radi ated #pemthe T transmt antennas in all spatial
di recti ons. [0019] The effect ive isot ropi c radi at ed

aﬂﬂé‘rﬁia@nf’zﬂl Qinaltlﬁl dlf&uai?sm mum val ue for the total
ti me-averaged power density p (q,f) over entire range

[0019]1 of qlBeffectiveHeotmpRPradiatedh éow@m@imﬂ’é dom ¢l fenmnarray may be
conifthd PRI GuaRE.ENNa

EIRP = T prmx-rz-dﬁ-dgb, Eq (3)

6=0 ¢=0

where o, is the maximum value for the total time-averaged power density p(6, )

over entire range of @ and ¢. The EIRP is the power required for an isotropic antenna
(which radiates the same power in all spatial directions) to generate the same field in all

directions as the maximum field from the antenna array.

[0020] The maximum directivity of the antenna array, D, may be expressed as:
D= EIRP Eq (4
TRP q4)
[0021] The maximum gain of the antenna array, which is also called the total array gain
Giotal, may be expressed as:
EIRP
G, =——=D-¢€, Eq (5)
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(which radi ates the sane power in all spatial
directions) to generate the sane field in all
walreen9426m1s as the maxi numfield fromthe ant ePCEUS2006/007811
array. [0020] The maxi numdirectivity of the antenna
array, D, may be expressed as: D . Eq (4) TRP 4 [0021]
The maxi pum_gain of _the antenna array, which is al so.
Wagle| Ed1st the %ngISPCYan 8 é%tFW@%?%ﬁ“m & RS frtels wagpmit power
as. =, Eq (5 ere e is the efficiency of the antenna
g iSOl B8 binel fub M e “power 1 eeding. ol
el enghé FCof défhies @Faﬂﬂﬁmihnta hahe EIRP ey a wiflbis ktafibe opéfting in
defines specific limts on the EIRP for a wirel ess
thetGrNIbpansk df Hici tatg] pray gan Gigd 1s K9gwa or ican pp gompytgg, then the total

S SR a0 1 s
RSYSTERECE B RTREURATT EL A g BB R o

g4ib Giowt BBaot edsglto aompytegaidetet@iatai i s not easy to

conput e determ ne. [0023], The EI RP of the antenn

o v e ERp SEELA R T HRPRORIR 6 B ITHE Yot the total

41 e Uy A, fre _ . .

R R Ry T s vAcl %5, i Peglrtom e
[ igl t id ¥ ro ugtd 13x

el el (g P o bchon Qg oy e

eXedspd as: Emax is dependent on a conplex gain g . and an

electric field pattern K (qg,f) for each of the T

transmt ant ennas in the array and may be expressed

as: erelfB.i3 a free space wave vector; R. is a Eq (6)

vect rﬂm"pﬁizntiﬁlg f’rom a phase reference point to q

transmt antenna i ; and UL . is a unit vector

pointing fromthe phase reference point to a far-field

wheterE . sAb2daxinorm of H j(8id)y ,Eal 1s depelident ama ebeplerigain g, and

in the antenna array may be assunmed to have the sane

an aktcaici field patierer K, (&0) tfhatacKbf they I transkiitgarftynifagin kthe=array and

1, ..., T . In this case, Emax may be estimated as

mfay |be gwpressed as:

E . = Max (i‘,Ei(e, ¢>j = max [Z g e’ K, (0, ¢>) : Eq (7)
i=1

i=1

where k, is a free space wave vector;
R, is a vector pointing from a phase reference point to transmit antenna i; and
U, is a unit vector pointing from the phase reference point to a far-field point.
For simplicity, all radiation elements in the antenna array may be assumed to
have the same radiation pattern, so that K;(6,¢) =K(8,¢) for i=1,...,T. In this case,

Enax may be estimated as follows:

i=1

E_.. <max (i g -efko'Rf'UfJ -max (K(6,9)) . Eq (8)
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El 1 x <max { g e ) max (K(O, f)) . Eq (8) =1 JThe
term< °" R "Uf corresponds to the gain of the antenna
W@reapo4265 array gain) which may be denot ed asp@@/ys200é1e07811
array gain may also be called an array factor, a
steering gain, and so on. The termmax (K( q,f))
corresponds to the a| n of an individual radiation
I
T G e o8 £ %%%f?@wﬁf.ﬂ% g S MR By (o amay
how wel | a given transmt antenna increases the
gatrl) fdicti mey bademitatiapGwey. The arayapain mey akso bpaelial an array factor,

direction in conparison to an ic ante The
2 $iEeHIE BRPagRh S WG Efﬂg.telmay% G PRni St pai g td Bain of an

oL st OB B PP pa s T
SCEenNEel Blemehie gﬁlﬁt @ _ ars aMi@dve ofeovbevelDasghvmttiavehyt antenna

estimated as Tollows: Gotal dB 10-1og 10 (T) + Gant

incBases tiicgeffebye vatkated Gawer thEd parsictlaesmpainhdiodctian ianbmpﬂmson to
el ement

iven ts of .decibels_ (dBi nd. t ot al

angs G Biien; woalxaﬁ%g% 4on T SR LS oI (9), as
fofigwal to 10 tines the logarithm (in base 10) of the

electric field intensity of the transmt antenna

divided by the electric field intensity of the

i sot Ggpi<Gapt-Gnpa at the same distance. For T =4, EqQ©)

the array gain may be given as Gy dB - 101ogl0 (T)

6.02 dB. The el enent in G 111 dBi may not be known.

I n tHe ensugs@eetig @gﬁlﬁﬁt itk forpd Ziyen ApeTating sceppido, the total array

ga%l; Sﬁg% cgl?s'eﬁia &Eglg ERAIRNSs £ cgﬂ)v&l enment gain of 2 dBi

an ommi ITecti onal antenna. Thus,
Gtotal dB |s 8 dB in the above exanple with T = 4 .

[OOZ@loml'gpe10rlag1§l(ﬂ“)+ml\@/g‘3( may be linited as follows: Eq(10)
Pt x, dBm < EI RP11n 1n - Gotal,dB EIRP11n 1n -10-1Qy 10
(T) - G, Eq (11) where EI RPllln, , dBmis the EIRP

whérsi G, g,V Brthé Baitiof bs aneneBeiemantciVinin dBis oBddcitels @Ba); and
transmt power applied to the transmt antenna array
al SOG,,, ¢ is the total array gain given in units of dB.

dBi is equal to 10 times the logarithm (in base 10) of the electric field intensity of the

transmit antenna divided by the electric field intensity of the isotropic antenna at the

same distance. For T =4, the array gain may be given as G =10log,,(T) =6.02

array, dB
dB. The element gain G, 4 may not be known. In this case, an assumption may be

made for the element gain. For example, an element gain of 2 dBi may be assumed for
an omni-directional antenna. Thus, G dp is 8 dB in the above example with T=4.

The transmit power may be limited as follows:

Ptx, am < BIRPy i apm — Gtotal,dB E[Rth, am —10-1og, (T)— Gant, dBi Eq (11)

where EIRP,; . 4, is the EIRP limit given in units of dBm; and

P, ;. is the total transmit power applied to the transmit antenna array also

given in units of dBm.

dBm is a logarithmic unit of power, with 0 dBm being equal to 1 milliWatt (mW).
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given in units of dBm dBmis a logarithmc unit of
power, with O dBm being equal to 1 mlliWatt
w@ pd0p/0p02828] Equation (11) indicates that the PCL/EB2006/007811
transmt power applied to thg antenna array may be
reduced by the total array gain GGotal dB in order to
ensugg, fhAt 1 HNRELEP i fd ol th LS AR
The PRvAIRLL AR EAER dldh B oled yimic b IR AB) B ERRgpa ey
ntag dkeirzditted bitise iotglanag gahia G, | | Mih ofder th enduFthafiitle EIRP limit is
power as shown in equation (11) is a conservative
met.r kt mgyy tmmg@a thelfrtemh latray gam&!igﬁﬁtﬂ:dgﬁyrm ga%d(m) isladterealized.
ate. .l npraved. perfornmance nmay be achi eved i )
THE el i ARk She FanspHERovE o Shov R T RSBt bkl &t Rconservative
st afl EanGresulPASRAUE AndY WMAIESIAE arD tﬁgﬂﬁleﬂ PetSFfAnce may
and reducing the transmt power by an anount
bpachived ibyrealimatdng thesotabady gain ftya geirgacclitiits madagt(e\ge based on
S teqgy,C allow a wireless .station to.operate
2 crbRieF e, ket Bbiend Fificife Sn Frpiul Bonkhgay an amount
praportiohalddtthis tethBarrdyORdP] Thiy JAGHNRY draledS.cafl allow a wireless station
mul tiple-input multiple-output (MMO) <Cchannel fornmed
toRperaieclpser i HeHIRPAhpibniish stimpreveRangeaid/er date eitmas

may r Ly . 5 se
oy r P OEEOE 4 it R Pl BARIMINESF PR3 Re fqrmed by
the R Frapsnitt ddtemisrand el Ryrebgive afitefings thay be chiwadtekizeddy an R xT
... T, denotes ﬁhe coupl i ng or conplex channel gain
chipelaetpopseipaiit Hanttanmatix Bnmay be givee agint enna. / |
[ 0030] The channel response matrix H may be
di agona#f&zed to .c.)_bgltli multiple (S) eigennodes of H,
where S <Im ﬁ'Z{T, Ir | The ei gennodes may be
consbgerblq ak,,orthobgnal spatial channels of the M MO
chan®ef| :The di agonaj izati on may be achi eved by Eq (12)
perform ng either singular val ue deconposition of H or
ei genva_;&e conposhdi jon of a correlation matrix of H
. The ei genval ue deconposition my be expressed as: R
=H-H=EA-E, Eq (13) where Ris a T XT
WheSE rft gn Yeat 7 FA -efRHand B 5 k..aT TxiEnetns tlay woupling ®r complex
whose colums are eigenvectors of R; Lis aTx T
chanug] gaisy befgesn; ttansmitanirang apudieceive Ritenngyd

The channel response matrix H may be diagonalized to obtain multiple (S)

eigenmodes of H, where S<min{T, R}. The eigenmodes may be considered as
orthogonal spatial channels of the MIMO channel. The diagonalization may be

achieved by performing either singular value decomposition of H or eigenvalue
decomposition of a correlation matrix of H. The eigenvalue decomposition may be

expressed as:

R=H" H=E-A-E" , Eq (13)

where R isa TxXT correlation matrix of H;
E isa TxT unitary matrix whose columns are eigenvectors of R ;
A isa TXT diagonal matrix of eigenvalues of R ; and

Hs :
“7” denotes a conjugate transpose.
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H " denotes a conjugate transpose. The unitary matrix
E is characterized by the property EE =1 , where |

w0 goobloes2stlent ity matrix. The colums of a uni t B€TUS2006/007811
matri x are orthogonal to ong anot her, and each col um
has unit power. The diagonalP matrix L contains
possi bl e non-zero values al ong the diaggnal and zeros

The lusutyemetrixT 2 idichgontiized @Met%t:sprglperty %r e Brdeireds is the
of R and represent the power gains for, t

he S
ideaiiyemabidesThe CRluMnTIRs AWRERY ATAES 2ffagriiReosplio gf ghother, and
orted such .t hat 3 3 1 3 Mﬂ’seﬁ Al
eac?laﬁob-gglg E%ﬁ L&Eﬁ%"re&@l%‘ﬁ(?ﬁ%é’ nal matpx éﬁca oSt cgslsrg%?een{l/ozll %ég@ values
| . Ve . bhe\ REd disédalues of
alo?a;g g%en(@ gg‘% (Sa&f i@e%?{;h géneg\%teﬁ ng%g(g %‘?r(glg ga%ﬂgregés S ondi n ggt 0
R Ahdrdpré&@ht 88 JohRr BhinS ¢oiBE Sl gariBadeof WeThé bigenvalues may be
~elgenval ues are ordered, the colums of E are ordered
ordefdd §sRRdisugh Yhas 01, thas >t.hex 4] y where ol uisrtheflargest sigenvalue and
associated with the | argest eigenval ue and the | ast
AR memnofledt digenaslanciTiceldrasiit digtheliema| ieslso called the principal
ei genval ue. [0031] For a time division duplexed (TDD)
eigegVaM ki .} hendahel digdon{ode ¢amrespomdling i) Aarisl cabled upe i principal
(or reverse link), which are the comuni cation |inks
cidd@inGEEN AVheRC GRS sigpnvattesame ardesek, therqulurans ofhlr ewe megdered
same frequency band. In this case, the downlink and,
cottpdpondinglyasnibht the Sisssrrobammaf Eés asseciated with the largest eigenvalue
reci procal of one another, after calibration has been

ang gref lostreotimmof Ecis asroctegnd with thesarbled e1gsnyle-t r ansmi t

and recejve,chain t CEess in t -
For morarmeisgapgioefeg{t REF ENPE B o B @F R inky and
thd GFRANGE rdVREse i1k}, Wit 1Rdte @R EorlA atforl ni@rbetrsta aaracegss point

B, then a reciprocal channel inplies that the (I:lou i pg
anfl ronsea teraying, sharetheagente freqgangurbapd. Hp thisges.dhgydownlink and

enotes the trans e..of he, .’ ,
oL B EREE Y e 8 M RHERASSA b, s
caliB@aby @ds bea@mpédi@nedaei accamt Soatliffercreedimte tiasonpaskreceive

Hto obtain E and L . For a frequency division
chelimp |aé sesdladc )OI RfeAnddhR DsHETBG AR TRk inrif 1 JEPIgRen4t the channel

re%’??lﬁgé g{a%g?g gfk%{] g}rétgﬁéﬁ ;rirr;yq K&C ﬁ%t?r?r%g%aﬁf’ (t:lg)e:ﬁ?% ?gc}fggisrﬁ kchannel
lm\rl\li)dél%gng’ak? %heg Oléll Pmé% sy Qlﬂy Pet%m§’eA3? {thl)l( %Fﬁr Wh€re AP denotes

€l ving ‘station’may &stinate H based on
| Mg C ehyEfle T neReork! RSt MnkinitAag Stafibh May estimate H
thég%ggdéggtgfﬁf gFagbt gi n Enand rL , and sendgE and Lyor o

baggdlitny 286t rebA VAT B tREIrdRaiv gl Satideanti meysdechinpog H to obtain E
statl on.

and A . For a frequency division duplexed (FDD) network, the downlink and uplink are
allocated different frequency bands, and the downlink channel response matrix may not
be well correlated with the uplink channel response matrix. For the FDD network, the
receiving station may estimate H based on the pilot received from the transmitting
station, decompose H to obtain E and A, and send E and A or equivalent
information back to the transmitting station.

The transmitting station may transmit data using eigensteering to improve

performance. With eigensteering, the transmitting station uses the eigenvectors in E to

transmit data on one or more eigenmodes of H, which typically provides better



[0033]

[0034]

[0035]

[0036]

[0032] The transmtting station may transmt data

usi ng eigensteering to i nprove performance. Wth
wer@ensesering, the transmtting stati on uses PEEUS2006/007811

ei genvectors in Eto transmt data on one or nore

ei gennodes of H , which tprcaIIy provi des

betterperformapnce than sinpply transmtting data fro
perfaremaes FFASTAPP YaRERSTHALE, G Jgr Hisy T dppaproy anterifas ithout any
L g tthOB; f E to receive the dat
BI0EREEAN RPN SRR s e dae
traddhSis EbD ATRLE CikenBbodéls) of 2l e TaslBonsshblve teagpadibl processing
processi ng performed by the transmtting station, the
peff@BRIAVBths yrahahistigg statin, treaecarvetgsysitals drthe saedivirtgestation, and
spati al processing perforned by the receivi Station
therSpptia) PERSRSY BB PRI D3 B FEosIViBESLAORdEr TR SER8] | n
Table 1, s is a Txl vector with up to S data synbol s

to be transmtted onngl@18§'Fgﬁméﬁqgs, x es is a Txl
vector with T transmt synbols to be sent fromthe T

tTansmt dm,ennas% €5 15 an RXI Vect

or n .
HalBrpcesiitiots obt ai meeeitedVeétbe R rlec élaélﬁf Qiepraug at
FActie b ‘ Reesiying Styte

vector, and ses is al TxINOLERE St

-

I
up to S _detected data synbat: ich a‘ge»es;ima_ o
t he t#eaﬁi’ﬁ‘ﬁtted dat a sy!ryfboIti_issxr‘”ﬁms1 . [0 34§F3 I1A oﬁﬂeza

princi pal eigennode is used for data transm ssion,

then the array gain may be estinmated based on the |

ei gdmabled. /s i pehid oectonwithupie Ssata inhakiode, trapgmitted on the
fol | ows: =[O

: p =l Qg. 10 () . 14). whe Bis, the
S gigenpodsai Xof b 2t ha L prectos i it ,;gﬁréj@ﬂ%rb%n%‘ﬁ% g%dbﬁrﬁeﬁ‘hff?@ the T
of dB. The principgl .ei genval.ug mi.s [,C
e 2B kel B R aHe h Refreifed SRS pkatfd from the R
array gain e edet.ermmgd ith up to S
re g iRy O 47 R bR stiof SRS S iy Figh o
lqatal ' et thetrhisitiSlds bydbols in s.
def‘aeg{ﬁgtcﬁa%‘ns?ﬂ?’%lk‘; v %E“igg)%?fn%s e B a1 10 8
RPI ifibhly tEBptincifal ResenaBdésisauskd @i data frar(snlissfon] tien)the array gain
[ 0036] ?f mul ti pl e ei gennodes are used for data
may baestimsgsiddrased preheekgeny 2lue it fop Skarrincya) gigenmeds phfollows:
different spatial directions determ ned by the
ei genvectors for theseei gennodes. The array gai n nay
be €St npt Q- 1pgis 68,.0n: t he ei genval ues for the Eq (14)

ei gennodes used for data transm ssion, as foll ows:

where Mis the nunber of eigennpdes used for data
where s, s sisdhe agpy gain for the principal eigenmode given in units of dB. The

principal eigenvalue A, is typically less than the number of transmit antennas, or
Apem <T . The array gain may be limited to a predetermined value, e.g., G, s <4 dB

or some other value.
The total transmit power may then be limited using equations (11) and (14), as

follows:

Ptx, dBm < E]‘RP]imit, dBm Gpem, daB Gant, daBi Eq (15 )

If multiple eigenmodes are used for data transmission, then the transmit power is

radiated in different spatial directions determined by the eigenvectors for these
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[0038]
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[0040]

memdB is the array gain for the nmultiple ei gennodes

given in units of dB. [0037] The total transmt power
woreapedess be |imted as shown follows: Pt B £ BEIRBS2006/007811

t,dBm- GremdB - G3n . Eq (17) Equation (17) is

simlar to equation (15), vvlﬁ the array gain Gln dB

for the tiple ei.gennodes replacing the array gain
elé%%rfl?i}%sf g:ﬂ’F h%w]é'r B i’fi’ﬁV%ﬁ ﬁﬁﬂﬁ%‘g.bagﬁ?rraarﬁhﬁgelgenvalues for the
eigeptaddednised fok Hata(tRimaRfn( dsbilows:nce Goe dB < G dB <

10- log 10 (T) in nost instances, higher transmt

power may be used for data transm ssion on one or

mul tiple el nodeslt chi eve better system
perfporﬂﬁ‘aqﬁc%&?'[q%g ]ﬁlﬁ’@o k 100 may utilize a Eq (16)
nul ti-carrier nodul ation techni que such as orthogonal
frequency division nmultiplexing (OFDM). OFDM

whért ebt is vied yurpissr loif bigensiotidsaused ralata tearSin@ifidaaRsn dt h
into multiple (K) orthogonal frequency subbands, which
are Stsomdathesdrayaainsior Setpultipleesigennisidas givandh units of dB.
frequency channels. Wth OFDM each subband is

ass oThedold thirhit BoWeSRES tHeY Be | y be
Todul Bt g i BoErREp A e HARAE hbwh BAlowiRY De

utilizes OFDM (or a M MO- OFDM networ k), a channel

respBoaa BH X, i € Oty B, bt ai ned for each subbandEq(17)

k and deconposed to obtain a matrix E(£) of

(S{i?%envect_ors and a matrix L(k) of eigenvalues for that
Equsbpail’) i sendirgersaapiies (K50r wihdhe sbbgaid Ggy, Jbdor the multiple
ordered fromlargest to smallest, and the eigenvectors
cig@ynedeateriyibaie anay pun §F depefdr dor pesppaldiigginoede. Comparing

[0040] FIG 2 graphically illustrates the results of
equadons @ éhaPuandddddmpasi Giom € 61,1 he K- taghbahdes mosttii@ances,
MDVI O OFDM networ k. A set of K diagonal matrices,
higlgey dnangrgit prwer may be useddor ditte teahgmissiah ong@neor eultipl@ di@enmodes

t frequency di nension. The S
togplgéﬁ{/%q{?gg}%%ﬁnfé?g %N = | , «.., S, of each matrix

A( k)Neverk orax egayal@iiget henditaganiat rﬁéddlﬁﬁ—‘om_ééﬂnﬁue such as
AXi s 2 runs along the diagonal of each matrix A(k)
orthegonal Areguency iyiswongpualfiplering; (RERNbnOFRMieffepivelly partitions the
j ' Hee [l K .
o eae o e e PR larSon Nnoenes, which are
alspetalled todesisgbemviadadsins, land Kpqdency kharinels. ‘With OFDMWHCE Bubband
iSi séi.ndi ca%]ir ve of the fre ug}nc response across the K
8TBBAREBY FRRCNF adtsare S Birdadoodnedith drgal
Wi depand MIMIO THERRBIK EhaP BBNEROEHNM (bP Al NﬁM@—E&?\J I network), a

ei genval ue 1(Jc) for each of the K 'subbands. et
chadinel response matrix H(k) may be obtained for each subband & and decomposed to
obtain a matrix E(k) of eigenvectors and a matrix A(k) of eigenvalues for that

subband. The eigenvalues for each subband may be ordered from largest to smallest,
and the eigenvectors for that subband may be ordered correspondingly.

FIG. 2 graphically illustrates the results of the eigenvalue decomposition for the
K subbands in the MIMO-OFDM network. A set of K diagonal matrices, A(k) for
k=1, ..., K, is shown along an axis 210 that represents the frequency dimension. The
S eigenvalues, 4,(k) for m=1, .., S, of each matrix A(k) are located along the
diagonal of the matrix. Axis 212 runs along the diagonal of each matrix A(k) and

represents the spatial dimension. A wideband eigenmode m is formed by eigenmode m
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[0042]

[0043]

[0044]

ei genval ues for each w deband ei gennode is shown by

t he shaded boxes al ong a dashed |ine 214. For each
wor@ebands ei gennode t hat experi ences frequencyPCT/US2006/007811

sel ective fading, the eigen%ilues for that w deband

ei gennode may be different for different val ues of k.

rof S0 oot bR ERUBPR IS vt O VAR DB e
ﬂS(QS’VY@r ip=Tabl g lwhieh 1§61§Hhc§t%b@mﬂmeuﬁé‘(ﬁleﬁ@* rékpbase across the K
transmi ssion. [0042] If only the principal w deband

suBbGRIA NS eht S wikkebeind Csigetaalet r aliggTiBRicpal widebaridheigenmode is
array gain may be estl mat ed based on the | argest

asmcgaéqrd/amtbetm dmg@at leigengalBpahto & eaple opithan K pepbands. The set of

W deban as fol 10
eigepuzles fos ey Feba ool b el e e plogg o dashed
11&3‘21Q1 fPor &deg Vﬂﬁb%'dpéiéeﬁ%&ﬁbcﬁ&de)@eﬁ%ﬁ%@@féquen 3/ selectlve fading,
Al'ternatively, the arfay gain may be estinmated based

tho mgemhm doribat widebdnd qr%eemgﬁnmwr@sdlffeﬁent foe diffarenivahies of k.
\[/E\Aq ?lp f%ﬁ\?ﬁn@ﬁ@%{ caﬁsegflc())r v 4 nestr%a %)mg Qing én% ;'eg#ﬁ&)n B&tlgllls may

pelfioft ﬁl@ aatighpiedsthge ghidii o Tabld |1 airbeach wblbbnd heed for data
array gain Gpwepi dB for the principal w deband
tf@ls@éﬂﬁlf%‘de replacing the array gain Goem dB for the

PringiRR) e ggﬁ&gﬁqgld]g Qﬁﬁﬁ’%enh{odg% bdeR fer WAed %ﬂﬁglsswn then the

ei gennodes a transm ssion, then the
artat_yag'ﬁsim‘iﬂay[imvaatlmatedrt&dechbe thei Jargdstf ¢1g¢mnatuesﬁoatallei( subbands of the

di &@g h% eterm t he eigenvectors for these
Prfic BRYERATERE: SI' lo%Sr ay gain may be estimated
based on the ei genval ues for the w deband ei gennodes

usedgf or d,ai@.l(g Sk AS| as follows: G' E(I Eq (18
2)\/\%@‘7"% %‘gp|5tﬁe@z}3ray gain for nmultiple 108)

wi deband ei genm)des The transmt power may then be

ed as_gho in h
wg?r? a(%ngxaiP s m\E?ﬁl‘aCYBg&S (i}(%'ratthe %Ellng %)Zﬂ) Wld%i)%?%&ﬁgﬁrhgdete ngrg atlvely,
e cl.h [ B t
g R sl S Py e b?srea@n'ﬁ*s 4 t?%egﬁg& K n%%@agugs for the
prirfoisid Widebdad aigensinode, apadlioals: spreadi ng to i nprove
diversity. Spatial spreading refers.to the
transm ssion of a,s q{bol fr(jm

Gpwem,dB = 10. loglo ( _K—z/lpem (k) Eq (19)
k=1
The total transmit power may then be limited as shown in equation (15), albeit
with the array gain G, s for the principal wideband eigenmode replacing the array
gain G

wemap 10T the principal eigenmode.

If multiple wideband eigenmodes are used for data transmission, then the
transmit power is radiated in different spatial directions determined by the eigenvectors
for these wideband eigenmodes. The array gain may be estimated based on the

eigenvalues for the wideband eigenmodes used for data transmission, as follows:

m=1 k=1

1 M K
Gmwem,dB =10-logy, ( ﬁ Z z/lm(k)] > Eq (20)
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mul tiple transmt antennas sinultaneously, possibly

with different anplitudes and/ or phases determ ned by
wa@2@beersng vector used for that synbol. SpatiBET/US2006/007811

spreading is also called st ﬁgri ng diversity, transmt

steering, pseudo-randomtransmt steering, and so on.

Table 2 sho the spati rocessing perforned by the
WHETS et i 1yt %ﬁyoﬁamtfﬁé I‘E'élggliev@ﬂieg%@%n@f)dqsheirhe transmit

recei VI bat jon, and the spatial proc

ol Pl b S R BL U, 18L e KT G Rith the array gain
GSpreag;nge mﬁﬁﬁl@g%ebar@é?éﬁhod%@ E%ﬁgélﬂgt}[fz%%g] glabl &g e

@ isa T ata vec E an s

mmﬁ?k%genqno%sls an Rxl received vector, 8 is a Txl
detected vector, Vis a TxT steering matrix for

spat¥hel trgmr@amgn gtaudm insaya alfoRtrasatit alatd ubingr spatiblr spreading to

D8, o %R R AR o s

mEf PRI Raridio ﬁntéﬁﬂ‘é@ﬁ)mﬁl@&rﬁﬁhﬂﬁ ep&fslb@y Qshﬁlnﬂﬁferéiﬁ’ faﬁﬁﬂlﬁﬁdee Mnd/or
matri X i nversion tec For th

phages ilstegmined s &teenqweciqq usgéh fczr thaq symbol §p@|t1al snmémg is also

cagcgacglétg%gg (ﬂ?&‘?}h}S t%]aglg'fglé; SMF(} 5 é;sleuc@gvf\%dﬁnqﬁans stee]wgh{imd SO on.
Tapld 2 khdwslthe Ispmﬁp@cesmng ﬂerfon{n@&)’éy }he\Mddﬁnﬁu&ﬁg isakion, the received

spreadi n the transmt %tlon erforrrssatlal
SYRPOEAL G i5eGiving SiToRe s ihecpakAl Feresing PEdammedey Begeceiving
stahbff%@dﬂﬂﬁﬁfs fe@@ﬁgency di mensi ons so that the data

transm ssion observes an ensenble of effective

channel s. The steeri & matri ces nay be pseudo-random

matrices, matrices ? atSpatigh Spreadingase matrix (e.g.,
a Walsh matrix or _a Fourl er matrle and di fferent

Spatial PréceBin@ht sclal ars 1, 1 Slﬁﬁﬂxl PrdcesShg at
NG nsRASin fStﬁﬁﬁx base ”&eﬂel’(ed &ﬁgﬁme of hergeceivin tatlfn

spr eazdsg FFQ_{ st he arriay garsp~riiyx .Jpenestinat ed gas=Ds- MB

PPN Ihao Al frf\he

odBor—ray—be—set—to—sore—other—vatuet Illﬁlu‘rlqm t

povver may then be limted as shown in equation (15),

al baj travletoh Stlbﬁ Bkl ata9REMr, G 1Y T dMsdPRR! v isan Rx1
spreadi ng réplacing the array®gain el MB for ’he“

redefvedoiep@t, £ gennModedetected vector, V isa TXT steering matrix for spatial
spreading, M, is a TXR spatial filter matrix, and D, is a TXT diagonal matrix. The
matrices M, and D may be derived using, for example, a minimum mean square error
(MMSE) technique or a channel correlation matrix inversion (CCMI) technique. For

the MMSE technique, M,,,. =[Hg H,+0211" -H. and

D, =[diag M, -H,11", where H,, =H-V and o is the variance of the noise.

For the CCMI technique, M., =[H,; -H,, 1™ -H H) and D, =1.

Peemi =1

With spatial spreading, the transmitting station performs spatial processing with
different steering matrices V across time and/or frequency dimensions so that the data
transmission observes an ensemble of effective channels. The steering matrices may be
pseudo-random matrices, matrices generated with a base matrix (e.g., a Walsh matrix or
a Fourier matrix) and different combinations of scalars (e.g., 1, =1, 4+, and —) for the

rows of the base matrix, or some other matrices.




[0048]
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[0050]

[0051]

[0049] FIG 3 shows a process 300 for controlling the

radi ated power for a data transm ssion sent from
worzdoslopi265 t ransmit antennas. A synthesized antBECITES2006/007811

pattern i s determ ned basegéon at | east one steering

vector used for spatial essing for the data
transm ssion (bl ock

modés dofa qr@@ﬁmswevgltﬁ é@%lab rrif 5%9%?%'%%%1 T s
Gﬁpahfﬁégiggggéﬁtéﬁﬁ I?%?ﬁﬁfkgﬁé:s |recte 5ﬁé?a then be
hmg%ﬁ b A TE ﬁiﬁ%ﬁnfﬁﬁh FhER etk A GE ARl e for spatia
spr%ﬁég?%%%@ﬁ@%%ﬁgﬁm ngrfé%iﬁhg?éf%giﬁ ) Crne

o oBlGa3 hoitoe Thees AIP Bhed f{?@lnﬁr%ﬁgﬁﬁdg‘geﬁéh&gﬁdf“ 2 data
trar%ﬁﬁésh&ﬁ%rﬁ PG ABkiBTeS trifndt ant@h%nwms}mﬁﬁésufedr arttdfmﬂa pattern is

node. For eigensteering, the array jgaln n?
detesinerhbased l@a% &ba@trprlerﬁéeeémg &Acar ueedsior spatia WP??&%JPY the data

trarbsgrﬁ?]sgﬁr)rrg g(ﬁlo bﬂg fflens LB%Ya? r ﬁ%@es%ir%e kY €orf &Ehﬁlaﬁes have

elgen e el genval ues for
difFodd e | @ifrﬁhésiﬂébaﬁd&nﬁﬁ @ittetrsasforo ra:&ampkbe beipehstiejepneenerates a
and so on. For spati al spreadl n the arra

synigkesiyee aptsnpa Bi‘“@‘d’étﬂ@t 1 eGP @edecel\ﬁn%é)agorﬁ-ﬁlgere& spatial
spr@;gcf ﬁ% é&?&%&%?ﬁﬁhﬁ? sﬂ%@a@ﬁ&ltﬂeﬁ’lzé’d bhteh@ndatlefe Ciﬁtaﬁﬂl ﬁhs&ﬁ&h array

erent” spat’i al spreadi ng nodes.
gaieXaegimated hasedromathie gwithesingg apengepatiesn &blpel §14)\, a’][ b@eanay gain

e R

and %ﬂtcabl@ Bk (Spadicatvatiesefadiing mofla. Ebeeipaistegaing, the array
each transmt antenna used for data.transm s

gmayasab@ st anbaegsmalis e B Sisngp e fhplareest
ransmtit 0 t

or PV?FP% Brg for %%égl?mﬁﬁ v@‘idél?a%ﬁsé'f%ezﬁlé@ mf}%tlﬁ gaﬁlr%en\garlludes for

mLﬂu%ladmib@ﬂisp eﬂvalt leastri dne( m@banchm@hmadb,l pid )so( g.ocKor spatial

0050] FIG 4 _shows a block di f
splterl@ngm t&m@j B3R e BEDIOsH BT SEERR g B iz ? $BY The aay

|OO| ‘ﬁ?ra&solgeo set th AfFdeht blesetéﬁﬁhé@ Rathdd) fordifiefne @pa@@p esBading

or a user term nal Recei ving station 150
males 0 Foeexampae ¢les srrgyogait may be seistera st velvea(e.g. {@@rgﬂ to A dB) for

cigsBE e RePIg e Gea e Of sRPhEORR b g Wbfond value o2, 0
dB%lf%r %P&ha@ [PRAGHES AR clomen€nRRURS, cachitenb@#vasennanded for data

maps) the traffic data to ge t
tremymbeios maghilsthbe pscerigiaed ax @W%%&éqﬁ‘gﬁés %ﬁ? fransgpiy gower for

the data transmission is then limited based on the array gain, the element gain, and a
radiated power limit (e.g., an EIRP limit) (block 318).

FIG. 4 shows a block diagram of transmitting station 110 and receiving station
150 in network 100. Transmitting station 110 may be an access point or a user terminal.
Receiving station 150 may also be an access point or a user terminal.

At transmitting station 110, a transmit (TX) data processor 420 receives traffic
data from a data source 412 and processes (e.g., encodes, interleaves, and symbol maps)
the traffic data to generate data symbols, which are modulation symbols for data. ATX
spatial processor 422 receives the data symbols from TX data processor 420,

multiplexes in pilot symbols, performs spatial processing (e.g., as shown in Tables 1
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[0054]

spatial processor 422 receives the data synbols from
TX data processor 420, nultiplexes in pilot synbols,
W@eaobov42ss spati al processing (e.g., as shown iPCTakioes007811
land 2 for eigensteering anq spatial spreading,
respectively), and provi des % streams of transnit
‘?é?ms tQ a. TX gain.contr unit 424 Unit 424 scales
ang pdof pizrusteqt ot eoding: b oA Ak REeR T streams of
traREMR sy Rbes 48 'P}Q%‘dfne&n@x%ﬁ’ﬁhﬂt ange Wit ind handsl ﬁ%DtﬂalkgM symbols
EIRPUMt J 1, e.g., as shown in equation (
sudr thal Zhe toal trad@it proswer dBS,, ] ewsatesdcdmpiance twity teoOEIRP limit
streans to T transmitter units (TMIR) 426a through
EIRPGY .Fa@h asrshowmiih equationi(l 14 265)per €1070).m&Em@~DM provides T scaled
nodul ation (if applicable) to generate data chips, and
trahgmit lymbpl strease $o (& tgnsmittenweits SIMIRNARGy through 426t. Each

wafRe! b yebertipiRc o Be MeBEHRS Y PSR e kptesite SRl nips
and Niukthierd HBctebdek O{r;h%" 28BferRr RY iaflflog, TRPHIRS, € H1i8isd r!1‘7flhs’frequency

for transm ssio rom T antennas 114a through 11
UpEEYPED) ity dlaia clplgesg]gemratee@ ahgduiged tségniabn llxamsnnner units 426a
1o the T t
GNP o TAR 1 LU G 855 Sl SRS s 1100
threuginbl4tfespectiedpect i ve receiver unit (RCVR) 454. Each
recatver unit 454 gqrocesses its received signal and

pr ofYt g AN stAke] It R atemae @it 1ogr iopive dhevltransmitted
sighfi¥) arﬁpé‘a{chaa{nté?ﬁqgc;l%?;ﬁﬁwéésﬁa rE&%i Rk ﬂ%k t® ta%%%?gfe &8 ver unit

performs receiver spatial processing (or spat
(RENRO e f Backereqeipler omitt 4! pecesses dtssgend:md:ck sfenalmamd lprdRides a

recei.ver Tabl es nd_2) .
sulef v S ML SuPBE 6a darai ™ RBSI Bl PRieis 458" R spaia
REGOL LSO herdbnd REEVEY HAEAREcsS AROhatRPRSe
prde| nterl ggves andVdeS?gde;%? then%é?re?%edqggt?a syrrbrmlg) on the

recgivgd sy mbplgdzom @&ldi‘si aefetigt anitod¥ (rog-aas shewniBTallgob a]ld 2) and
prog%gs 48 ec%ﬁ%aélgssr AIA?nORXO&H é’ljocéslg? aﬁfé@)eth %Ilir%@%sg%s 66 g., symbol

processing uni “transm ng s
dennep}e ideintgleat e, iand dé&ﬁles)l’ s prRekctodedyta sMBBBIE Yand HrdE déb3decoded
and 472 store data and/or program codes used by
datadop AR ISEA0#30 and 470, respectively. [0054] For a

TDDOBﬁEr&fPé’rg 430P G54 VATOO Skt fﬁ@l%}ggatﬁﬁrig otfrlﬁgs}??ogesgmg units at

pilot to transmtting station nsm tt
tramtumt&m hiyandeederang swtiamis0, respapmvxﬂya Madmorx ubhing 432 and
trans deco

7550 SHERRRS 3! e Aol SRR P i SERRE

gtn gtFISig ﬁqg)iﬂgfﬂﬁgg&kf Rkceivhipt stRIRADETIOmay kARSI tal hiltd to transmitting
station 110. Transmitting station 110 may derive a channel response matrix for each
subband used for data transmission and decompose each channel response matrix to
obtain the eigenvalues and eigenvectors for that subband. Transmitting station 110 may
perform (1) spatial processing for eigensteering based on the eigenvectors, (2) spatial
processing for spatial spreading based on steering matrices, (3) spatial processing based
on some other technique, or (3) no spatial processing at all. Controller 430 may
perform process 300 in FIG. 3, determine the synthesized antenna pattern based on the
steering vectors used for spatial processing, estimate the array gain based on the
synthesized antenna pattern, estimate the element gain for each transmit antenna, and

limit the transmit power based on the array gain, the element gain, and the EIRP limit.
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[0058]

perform (1) spatial processing for eigensteering based
on the eigenvectors, (2) spatial processing for
WG pablogd255pr eadi ng based on steering matrices, PEBYS2006/007811
spatial processing based on_sone other technique, or
(3) no spatial processing at?al | . Controller 430 may

perform process 300 in FIG 3, determne the . )
Syniliest %ﬁtd&ﬁ%@esgweév fllBYsea HRSPHENS Stasien g estimate the
arth§ GhRAMhsdB & tﬁe%%nﬁ@ﬁ%%@éntél{n‘a&ggéfn%rm&ff) PR s?eetntﬁg vectors used

array gain based on the synt I zed antenna patt
fordatd transenisshen. ellenteatsngapawel dor tha dhtattraasisizsionanthen hiaited (e.g.,

and..limt the transmt power based on the arra in,
by aling dieeeciang NCSGRendY Hikghng the yBsspOHeapbiied to cach
ante@B4Nb GhiRSe RASEEIHIRY INKIKLIrD Rtk kpadIE8 of irRNHIhdd] icR&tacteristics.
station to estimate the array galn based on the

syntlhegpdiaigd apwenpenitrd teckniquesodssedbasyhareia maels immpjemented by

t sa4 f ansni.ssio The.transn t, poyer
VoGP b Bl b0 NBRL By UE IR Bl
sofiwate 0g at dvenisih&tén tigreofctivrsa andivare adplesichtagod,Ne processing

tr an%{n' t power apliglgi ed to each antenna) to ensure that
unity disgt {9 PRl Dicgiadiatrd PP elas Irgpleprated hiig| one or more

E@E‘ ﬁ i i . d . . . .

wpRASF SIS Sy 0030 RSICA g BRIl SO0 o) i
Sig_na} irsossssingndevicasr (BSBRp), eproghasmable c lngicudeyiaray (RIDs), field

i npl e ted in_hard A . Software, or a conbination
progtlplaFte’ Bee Lakiis kP BT ISRt GoRrPHES p teaS Somgpllers
mitfdpiessdY diierCalBdtionlic Lhies Uadi@ideth PeMGHim MBY f@Rtions described

i mpl enmented within one or nore application specific
heyeiipt, 05 2 spwRingtipe therepf( ASI Cs), digital signal processors

(DS alh i _ s . P

B9 St AR5 5 S50 SRR S8 Rty o o
imgkhentedr witls Iﬁ({ERﬂEkSQe,g.ppme(hﬁef, Sunctiont,r ﬁid 5 f)n) that perform the

m cro-confr ers,. . mcroprocessors, other electronic .
oo RS IEFERPEh herero Bk FOSPIAT FelkS Bt b HordkiScs By it (.g.

i Erihy [ 0
e e o P it Caraler 300 The
metngari wint uesy baimiplemiented evithin 8¢ mibtdssoromtuixésndleo ghe processor, in

rocedures, functiaon nd s n), that perf.orm.the .
R 18R e PR e B puDlpa 8 ks PRbs BSLURABH g as s
knSWRMetheialt. @ Menory unit (e.g., nmenory unit 432 in FIG

4) and executed by a processor (e.g., controller 430).

The The meryous icecrinsipn ok therdssclered patbodimentsnis pravided to enable any
pe{%%n? Qﬁﬁé@ fn B £OSHAR! ortRe Tt}pagq}g{eglg ﬁf%l?t{i%n.l Va%“scn%&lﬂ(s:a%g)ns to

can pe conmuni catively C € processor Vvi
thesacmbodineaanwilBbe rsaddpappareint toltRoserdkilled in the art, and the generic

principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



[ 0058] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed
WO poobloei285t t o make or use the present inventiPeCI/US2006/007811
Various nodifications to thE%e enbodi nents wi Il be
readily apparent to those skiflled in the art, and the
generic principles defined herein nmay be applied to
ot her enbodi nents w t hout ng fromthe spirit or
WESQPElaRhedife i nvention. Thus, the present invention is
not intended to be Iimted to the enbodi ments shown
herei n but is to be accorded the w dest scope

Const =Lt et e OB ERURT BG5S g amson

cotmpiibiag: of controlling radiated power for a data
transm ssi on, conprising: estimating an array gain
bas €SUBAINE 3N FFIAE SR D25 @h AosypHiesiged anigpna patteratiar the data
trahEARSIBhSlon; and limting the transmt power for the
ata transm ssion based on the array gain and a
r adiletitidg ﬁm/tmnsimtrpdwer Zor the dataetahadissibn Ghsidronlthe array gain and
%11? Her co tising: determ ning the synthesized
A 13 RYY % rn based on at |east one steering vector
used for spatial processing for the data transm ssion.
3. The nethod of claim1l1l, wherein the estimating the
arrdy gailhemashet efclainel s“yﬁhfn@@irmdmant enna patt er n

ComRELF AT AL DTN 51400 28GR e e

us¢chfor alba‘tﬁyplg)aﬂaSSleESEdleQiatattt’eﬁhsﬁﬂ@ﬁiﬁva| ue. 4. The method
of claiml1l, wherein the estimating the array gain
based on the synthesized antenna pattern conprises
det &r m nipig rRetRbd bRklalnt 10 k%kegﬁ @Neaééﬁ%nfngrth@a&bf Fhi Ba¥ed on
of spatial channels used for t data trdnsm ss g
thqamtlwslzcd/amgmanmttamcaynmbm based on the plurality of

elg%n

termmmg an eigenvalue for a spatial channel used for the data transmission,
and

deriving the array gain based on the eigenvalue.

4. The method of claim 1, wherein the estimating the array gain based on
the synthesized antenna pattern comprises

determining a plurality of eigenvalues for a plurality of spatial channels used for
the data transmission, and

deriving the array gain based on the plurality of eigenvalues.

5. The method of claim 1, wherein the estimating the array gain based on
the synthesized antenna pattern comprises

determining a plurality of eigenvalues for a plurality of frequency subbands of at
least one wideband spatial channel used for the data transmission, and

deriving the array gain based on the plurality of eigenvalues.

6. The method of claim 1, wherein the estimating the array gain based on

the synthesized antenna pattern comprises



5. The method of claim1, wherein the estimating the

array gain based on the synthesized antenna pattern
W@ ovpi9ees determning a plurality of ei genval BPEFUSING6/6D7811

plurality of frequency subbapds of at |east one

wi deband spatial channel us for the data

transm ssi.on, and..derivin he_arr ai n_based on the

ol ur STy G s BaH DT ARESTalieT S iUH O treiiansy aibbands of
wileB4fl spafidl h8fidl UBld 08 tHeltAkdddi GRinNakpsed on the

synt hesi zed antenna pattern conprisesdetermning a

pl urégiving Br &rajeasial hpsed pora krgdstieigenvaluoinfongghe piyrality of
eigyplgﬁ]?gs of a w deband spatial channel used for the

ata transm ssion, and deriving the array gain based

on a | argest eigenvalue anong the plurality of

ei genvalues. 7. The nethod of claim1l, wherein the

est i frat i njha Wethedrofyelyal b whereia tBe estmatingthesiayeghin based on
thaBl 8RR cRaht8h | etermning a plurality of

e?%lenvaeues ?o?pgwgﬁgééﬁlﬁ%eg of frequency subbands of a

Wi dedeterthisipg hipdiiralityaofredgenvsiees fopra glivalidedfarequency subbands of a

transm ssi o and deri yi the array gajn based on an
widoBha ! CBMCEP%F%aFIF’¥¥‘§%8?ﬂ OGO 8. The net hod

of cdeivifighthe WHEY 84iA bl Sl FREdeBOf IHRG 1AM Yf%?%'

based on gt he sgyn?hesi zed ar?tenng patt?rn é rr%rl eglgalues.

setting the array gain to a predeterm ned value if the

synthesi tern | spatially. spread .

synt hesi ze %ﬁ{hgﬁn%g cg%%jt gr%erg‘pa}%ggﬁﬁ?a}?%th&m@a%am fased on

thevkprtiedsizet ateasd pataim b@npi@sar ray gain based on the
synt hesi zed antenna pattern conprijses determ ning

a
spat qe‘g?ngrgl.pcb RERLEH o @gd@gegair\eg pvakugaf @gtsgnthesmed antenna pattern
is b sARIL 3508 syrﬁﬂéﬂsiz%atameﬂg?] E&}f‘en%f ray gain to a

predet érm ned val ue for t spati al processing node
used for the data transm ssion. 10. The nethod of

claigm 1, further .c r.i sjng:. estjmatjng. an_ el ement.
gai ri"f or Fé?p‘ﬂeépdé’?g&d’?‘ai’i‘?%r%f” hEEHRATE B8 drpy gaimased on
thél gndhdsiz8d e isd ﬁz{iten@é&nﬁﬁh%_ﬁe! n the transmt power for
the data transmssion is limted further
determining a spatial processing mode used for the data transmission, and
setting the array gain to a predetermined value for the spatial processing mode

used for the data transmission.

10.  The method of claim 1, further comprising:
estimating an element gain for each of a plurality of antennas used for the data
transmission, and wherein the transmit power for the data transmission is limited further

based on the element gain.

11. The method of claim 1, wherein the radiated power limit is an effective

isotropic radiated power (EIRP) limit.



based on the elenent gain. 11. The nethod of claim1,
wherein the radiated power limt is an effective

WO s@bepst radi ated power (EIRP) |imt.12. An BEPESANE607811
in a wreless communi cati on network, conprising: a
controller to estinmate an array gain based on a
synthesi zed antenna pattern for a data transm ssi an,
and 2-CorfeP BPPATFTE T & VATE I COEERROT RARSPTR GPmPpHEng:
dat &, EdrroBlet ﬁﬁésﬁﬁla?@@&?%ﬁn%gﬁﬂ BaRida SHiAksHRM aftenna pattern for
radi ated power limt. 13." The apparatus of claim 12,

a e fransmisfien;@ddt rol | er det ermi nes the synt hesi zed

t . .b d t ] t t i. t
e porRE BE RGBT olbyer P Mo HE AR LS b pe array
galdtandTheadapabp@ierdingit. ¢l ai m 12, wherein the controller

determ nes at | east one eigenvalue for at |east one
spatial channel used for the data transm ssion and

deriyes t aj eqd,0 I e .

ei getr?\?al u@% %?f)&¥wg gf;)f):ga?%t Sl% o%ﬁegﬁ %?%elg@ﬂﬁ%lg?eqeﬁeﬂrgs the

syothesized lastenoztpattainnbased gl at ddast ynefsteirigpgnvartaressetiofor aspatial
P

lurality. of freqguency subbands of at |east one
Pr%%gagﬁﬂ@%g?tmagmgﬂﬁg used for the data
transm ssion and derives the array gain based on the
plurality of eigenvalues. 16. The apparatus of claim
12, lher eThe apperagusmircdaimel2. sderein the contralfergdeterminesat least one

R T TN

arfyezatppRedibn theadt I@kbior@elgenvidaer ei n the control | er
estimates an el enent gain for each of a plurality of
antennas used for data transm ssion, and wherein the

pr oCcESSOrTyd @Fﬁ%tﬁ&& d4an gf'," \thﬁ?ﬂ\‘i’% EQerdifee dgt@hﬁlfgs a plurality

transm ssion her based on the el enent galn
ofappgranvalues foma glumility | of fsequemayusiibbandsoof atelearone wideband spatial

oHGPRR oG s T4 EabPERIaD P BetYPs A SEQgeid Desed on e pluralicy
oftei gnsMussi on; and

16.  The apparatus of claim 12, wherein the controller sets the array gain to a
predetermined value if the synthesized antenna pattern is a spatially spread synthesized

antenna pattern.

17.  The apparatus of claim 12, wherein the controller estimates an element
gain for each of a plurality of antennas used for data transmission, and wherein the
processor limits the transmit power for the data transmission further based on the

element gain.

18.  An apparatus in a wireless communication network, comprising:

means for estimating an array gain based on a synthesized antenna pattern for a
data transmission; and

means for limiting transmit power for the data transmission based on the array

gain and a radiated power limit.



means for limting transmt power for the data

transm ssion based on the array gain and a radi ated
w@owe/942551 t . 19. The apparatus of claim 18, furPCT®s2006/007811

conprising: means for deternpining the synthesized

antenna pattern based on at ‘feast one steering vector

used.for atial_ processi for the data transm ssion.
20. q'?he é‘PBacrEl@E(?? Cl@w‘n&ilﬁwgff§ge’i/9ﬁ’é‘?@sﬁlgf he means for

est ipfhé fek BoemRhBY healyRiRases aflnt PasHAtIES] 88%t least one
ant enna pat tern conpri ses neans for déeterm ni ng at

stepdng vecterarsed umpalial @rdcessing for deesdatoivensgpstioml channel
used for the data transm ssion, and neans for deriving
the array gain based on the at |east one eigenval ue.

21. 20he dppainphtatusadf dhigi 18, 18hersetheirednd §oMeaisating the array
estinating the array gain based on the synthesized

garRagethen hasyRPesiewstiIaa patERremPEFesdet er mi ni ng a
Pl un@dah! ¥orOdet ﬁ‘ﬂgaajt YER¢ HRE ¢ eHlé;Hﬁ@h%r.t:}‘c 1885t e LT hannel
subbands of at [eaSt one w delfand spati al channelf use
usédofor thealattatranstissitsysdi on, and nmeans for deriving the

arra aLn based on the plurality of _ei genval ues, 22.
The BEARSIORAREViGE 4T a7 oeth bRoee PRIhE 3tiehshang eyl
estimating the array gain based on the synthesized

antenna pattern conprises neans for setting the array
gai Alt o dhprapoeetsmirddm, 88,uehdreint the negans esestionhting the array

a8 AL R0 AGRADAALY boSREEad Synthes] zed

enna patt ern. 858t claim 18,
f ur ivans canpdtersningy ApRREitY UT @gdnvaRks Ter 2pLahBiest frequency

g[giga for each of a plurali tﬁ of _antennas used for data
subfants o & deashoneawidetndrseptinl channel vsedripe the dakarirangmissies, and
dat &dah SRS Wb FhEhd srdyl g Gl Y HRESILRRRLS Qb Hifes.
el enment gai n.
22.  The apparatus of claim 18, wherein the means for estimating the array
gain based on the synthesized antenna pattern comprises
means for setting the array gain to a predetermined value if the synthesized

antenna pattern is a spatially spread synthesized antenna pattern.

23.  The apparatus of claim 18, further comprising:
means for estimating an element gain for each of a plurality of antennas used for
data transmission, and wherein the transmit power for the data transmission is limited

further based on the element gain.



