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as data, voice, video, and so on.
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hi gher dat AciadsCorRNel Mbre dcbirk Pomity @k bade duations) Mat §uppod @bmmunication for

transm ssion. -The radi ated_power in a given direction is determ ned
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Wi T el R8s A wireless communication network typically operates in a designated frequency
band. In the United States, the Federal Communications Comumission (FCC) is a
regulatory agency that restricts radiated power levels for various frequency bands 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-NI 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 fo within a level mandated by the FCC in
order to qualify for operation in the U-NII band.

[0004] 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 operati-on. 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



station and an antenna pattern forned by the antenna(s). If the
W reless station is equipped with nultiple antennas, then these

ant ennas d to synthesize an WO 2006/ 094255
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described in.which an array gain is estinmted based on a synthesized
ant enna pamug}-ﬁnt?w%{aﬂgmag%a transnission, and the transnit power for
the data transmssion is limted based on the array gain and a

radi ated power limt. [0008] Accordmm her aspect of the
i nvention, an apparatus in a wirele ni cation network is
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data transmission is limited based on the array gain and a radiated power limit.

[0008} According to another aspect of the invention, an apparatus in a wircless
communication network is described which includes a controller to estimate an array
gain based on a synthesized antenna pattern for a data transmission and a control unit to
limit transmit power for the data transmission based on the array gain and a radiated
power limit.

[0009] According to another aspect of the invention, an apparatus is described which
inctudes means for estimating an array gain based on a synthesized antenna patiern for a
data transmission and means for limiting transmit power for the data transmission based
on the array gain and a radiated power limit.

[0010] Various aspects and embodiments of the invention are described in further detail

below.



on the array gain and a radiated power limt. [0010] Various aspects
and enbodi nents of the invention are described in further detail
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DRAW NGS 1 shows a transmitting station and a ‘fecelving
station. [0012] FIG 2 illustrates the ¥esults of eigenval ue
deconposi tion for nultiple subbands. 0013] FIG 3 shows a process

for controlling the radi BREGF PEMRIPFIION QETE DRAWINGSon. [ 0014]
FI G Ws a recel Vi ng

stati g t11]ODETAI %@g@g% ng%g%ﬁ%ﬁem\%%l es%ggrpl ary" is used
her ei M0012] mean FE@rdillngrazes tlamremlmqﬁ bgsnvah&tdam)ﬁposﬂmh fol thuisipleatibtands.
Any e ment I bed herei " S not_ necessarily.to
b6 colBiAled s o BPFEa Do Aot g R e ret PARR fohh Ot Rarpusion
[0016]00kkG 1 Sipowst showh ﬁ@l&ﬁ&a@%ﬁ%@ﬁhﬁsﬁﬁtﬁﬂ?bﬁ@fekeﬁﬂ@ stakibdk. @
transmtting station 110 equipped with nultiple (T) antennas 11l4a

t hrough 114t and a receiving station 150 eqw pped wth multiple (R

ant ennas 152a t hrough 152r. AnDﬁ?t @lq called an antenna
el ement, a radiation elenent, and so on or sinplicity, FIG 1 shows
t ransh90lsl ng st dhe werd” melpelmb risriiseg hepran foaequr sewingi as gn loyample tingitngeng
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gt by a nu I'n~"genera e spa §sing ma
nore conpl éxpoxmﬁ*uetbmpmfmeﬂ dnad@amta@besmwtpnhblsemﬁodlmﬁi pI i ers 112a

t hrou 2t ar t.her pr.ocessed and tran t nsmt
ant endO0 143" PRl e IS Soimalpicob e 100 wilh Sahaitee e
of a transnib eqipgansttamntiiple (TP aatahtay 1M§m@bﬁgﬁqnmndla%@ﬁﬁng b@ton 130
different spati | i.rec_t'o . The ti ma-aver%g Aﬁhmr denS|ty of the
power radi S1EBPEGY AERRas dage sl gnignaa gay s

real part af aatRay @Ieh{éﬁt \éeﬁhﬁf&ﬁon afemdn® 4V od. OlFor %1mﬂlfcﬂy,) FreReq Epdds~

E( ~)~ Eq(1l) 77 where p(8, 0) is the ti me- aver aged power density for
t he transnifengpiftagratiop i) performing spatial processing by multiplying the symbols for

each transmit antenna i with a single complex gain g, by a multiplier 112. In general,

the spatial processing may be more complex, as described below. The outputs of
multipliers 112a through 112t are further processed and transmitted from T transmit
antennas 114a through 114t, respectively. '

[0017] The radiated power of a transmit antenna array typically has different intensities
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:

—_ — 2
p(0.9)=3Re (Bxi) = RGO Bq (1)

where p(8,¢) is the time-averaged power density for the transmit antenna array;
H is the magnetic field strength for the transmit antenna array;

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

E, (6, 9) is the total electric field strength for the transmit antenna array.

The total electric field strength E,,(#,4) and the time-averaged power density 0(8,¢)

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



His the magnetic field strength for the transmt antenna array; 17
is the inpedance of free space, which is equal to 120n; and Etoto (O,

0) is the ctric field strength for the transm
array. The‘w@gﬁdaﬁftﬁel?:éctri c field strength Etont (0, 0) é’tﬁgﬁ[grt%@%@’s”

ti me-averaged power density p(9, 0) ndy be expressed as functions of
spatial directions, with O being the angle for azimth WO 2006/ 094255
PCTI uS2006Aefdiegizentalyotagion)and; ¢ daing the angle foo plevativn (or Yreticayratationinfomwa
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for a di pol e antenna, whi p antenna, a planar antenna, SO on.
For an ant énBiPagitenpans tilenan keteplae and sdi e i For eh emtsnts ausye dvithomultiple

compi ex_ ol ool gl b FE bkl hetoll PP Pt B v
The total wadicated Q&W?élé_:ﬂ;%q,%ﬂ%tegﬁm &Hfaﬂ&?%eﬁ%ﬁtay may be obtai ned

by integrating'the tota eraged power density across the

surf ageoisf a refTRs egeleradpdchEver IIRPY HotWBie SierdA aH3Y miay b oBlathed By
r2 dO do,. E _(22hre e=0 0=0 The total radiated powel is indicative
of the tot éﬂte%%W& daichtizee-averged wewer dengity ncross dhe ewfass afre agfprence
spatial di kgietd, @9®10k019] The effective isotropic radiated power
(EIRP) fromthe antenna array may be conputed as follows: n( 2n
EIRP= J f p, .r2.d9'd Eq(3) e=0 0=0 where p, is the maxi num val ue

for the total ti -_aﬁ’e?"a d. pq nsity p(9,0) over entire range
of 8 and O. ThelIE?RP is[p?érg)ﬁ'oag‘%'%gqui red for an isotropic ant 8An%
(which radiates the $&i% power in all spatial directions) to generate
the sane field in all directions as the maximumfield fromthe

ant enna ar Thy total radiated power is indicative of the total power radiated from the T transmit
antennas in all spatial directions.
[0019] The effective isotropic radiated power (EIRP) from the antenna array may be

computed as follows:

T

27
ERP= [ {p,, r*-d8-d¢ Eq (3)
8=0 ¢=0

where o, is the maximum value for the total time-averaged power density p(8,8)

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:
p = ERP Eq (4
TRP q(4)
[0021] The maximum gain of the antenna array, which is also called the total array gain

Giotal, may be expressed as:

_EIRP _

G

D-g, Eq (5)

total
=



[ 0020] The maximum directivity of the antenna array, D, may be
expressed as: D=E' RP TRP Eq (4) [0021] The maxi mum gain of the

ant enna ar‘g@)&uoﬁygg!g is also called the total array gal%&f%@g@bml

be expresse = ERP =D.6 Eq (5 PP, W 2006

PCT/ 1152006/ 007811 5 where e is the efficiency of the antenna array
and P, is the total transmit power feeding all elenents of the
transnit amtterma & tha\elffifioB32¢f hhenfe@in daty nad Bpdcilfe ot itrahisit gowehe
EIRP for a wireless station operating in the U NI band. If the
total arrayegierllolarars ofdhgsyRmitanteaBMaBy- conput ed, then the total

transifpdopover Rye gt &E@m@‘ggﬁé df:flg:quﬁ rbccgl &Q@RP Iy %ﬁl@fegsss?atﬁatrxaép'eﬁﬂnﬂ in

neets the  EIRP imts 1 npose CC. However, as shown'in
equat i ons (e UL bangh If g, tota}mramgaml Gtazﬂ fsgnowgaic naravmcgmpdesl, thon thedeipl

égpﬁﬁg‘éﬁi © SARE DR P, B bt 8 s R it s A G P & e et
Cal e oy Pt mpiikd by e Boc: PGS, o ghothlinl QuAFREREFAtadR (it fhe BRI LT

pm,, may mn@mmmsmyasconmeer@tetmﬂaelz Eq (6) 77 where E. is the

el 0] 1 e B af ettt BEPRUEEReR bothng RISy y AL By e (B
ant ennas [ mmielweargécapoazeﬂ denBity b@e @)( peiegsed vasich il ndmbBs , depiraeRx bickhe

(0,0 J=nmaxrZgi'el"-"1"""KL(B,O Eq (7) where ko is a free space wave
vect or; R miaimumealeof feitotal elgctfic GeldaEphéd @) .- Efean equation ()N, f, anay be
transmt antenna i; and U is a unit vector pointing fromthe phase

ref erence GESPrﬁﬁseﬁlégia far-field point. [0024] For sinplicity, all
radi ation elements in the antenna array nay be assuned to have the
sanme radi ation pattelinE stthat K, (B, 0) = K(9, 0) for i =1, ..., T.

In this case, = Eq (6
Prx =2 - q (6)

where Emay is the maximum of E,,(6,0). Emnax is dependent on a complex gain g, and
an electric field pattem K, (#,¢) for each of the T transmit antennas in the array and

may be expressed as:
T T
B, =max (Z E, (4, ¢)] = max [Z g ™YK (8, ¢)] , Eq (7)
i=1 i=]

where k, is a free space wave vector;
R, is a vector pointing from a phase reference point to transmit antenna Z; and
U, is a unit vector pointing from the phase reference point to a far-field point.

[0024] For simplicity, all radiation elements in the antenna array may be assumed to

have the same radiation pattern, so that K,(8,9)=X(8,¢) for i=1,..,T. In this case,

Enux may be estimated as follows:

B, Smax (ETJ g e“] -max (K(6,6)) . Eq (8)

i=1



Em may be estimated as follows: a E nx _ max [g, max (K(9,~)) Eq

(8) =r WD 2006/094255 PCT/ US2006/ 007811 6 T The term max g,.
e''UR"u, ds to the gain of the antenna arra r

gai n) whi %B%Jﬁ%{e}g%enot ed as G'i,y. The array gain m;bcgﬁfsé&g@%u
called an array factor, a steering gabn, and so on. The term nax
(K(O, 0)) corresponds to the ain of an individual radiation elenent
(or el errent gai n) g, e} denoted, as G 025] The el enent
gain G,, teﬁa.le%zt.ﬁge M GRTISPLPito &hp t%l%%gthet niFRpR Aay (or aray

i ncreases the ef f ect M¥e radl at ed power in a particular spatial

direction %ﬁnﬁ@lﬁ&ﬁﬁhﬁ B& dérdteda G591 Tﬂ@m%ayaghirﬁﬂmﬁalsa' becdllet ah afdy Aytor,
gain Ao al may be estinated u5|n equati_on as follows: Glagt,1

< Gartay. @a@pnneqmpeynd $00p6] Theote érﬁsta%(lﬁ@eé')a rigpricsrongs i the gaiR of gh

gi ven operatin I | , ' servatively
st mat ed e SRR el BbBen3ald e Ml P E10) ™ wher &
Ga" dmio2s]s t he T BledbntapaianGenna 1@ctlmetofglmvemveﬂtna WivenS trafsmite artlielas
(dBi); and Go,al dBis the tot al array gain given in units of dB.

dBi is equikrehses i@ ¢ffartive tddmtddogavar tith mpéiticulanspatial0diregfiont inecomipagsani to

field intensity of the n nLel h

field intefsiSPYCRt 2B h?rt%g C g t&“‘gltaytb%%gl é)éal't"ﬁ%usg g% né‘éﬁ &%‘oars T
= 4, the afdllawsgai n nay be given as Ga" ay dB =10l o0gl0 (T) = 6.02 dB.
The el enment gain Ga,,, dB; may not be known. In this case, an

assunption may he gde or the el enent gain. For exanple, an e#ﬁ@nt
gain of 2 dBi tal sumed for an omi-directional antenna.

Gota,da is 8 dB in the above exanple with T = 4. [0027] The

L DSghoP e kg s, 8 004 % T ey

EWPLM dBngiis nalgde EbiRBrviativialy eginvaded dsifollowst s of dBm  and

G ou,a8 = 10-log;, (T)+ Gy aii Eq (10)

where G, 4 is the gain of an antenna element given in units of decibels (dBi); and
G g, e 18 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 ay.an = 1010g,, (T) =6.02
dB. The element gain G, 5 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, Giowas is 8 dB in the above example with T =4.

[0027] The transmit power may be limited as follows:

Ptx. dBm < EIRP].imit. dBm Glota],dB = E]:R'Plimit, dBm -10- logm (T) - Gnm, dBi 2 Eq (1 1)

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

P

wopm 1S 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).



Pt, dBmis the total transmt power applied to the transmt antenna
array also given in units of dBm dBmis a logarithmc unit of
power, wt eing equal to 1 mlliwvatt (mAN. WO

Dot Us2006 83y s [0028] Equation (11) indicates 9 o
transmt power applied to the antenna array may be reduced by the

t ot al ray gain G Olmas in order to ensure that the EIRP Iimt is
met . I[ﬁdzﬁﬁny in ‘é??@&g],lﬁtlﬁ cqies that the fola) Lgusmt RSt RRRlisd th jhecaitaans emay
(10) is notngdyvaR! lediREd by Ty tBtal HRAy at i ghdel Bikp
as shown in gcq]%ati on ()il) iEs ?%yo%w%*d%%}&g%%?%%tﬁ?ﬁcan resul t
i n reduced nicdnGemang{ngfan€kd! @e t@hlCarray BAMOMEFRE by QG IR TFY noPRalized,
achieved by estimating the total array gain in a nore accurate nmanner
(e.g., basddisdaphes Ggtdinitng hedransmis RARCTRashewmin egrationdd G agonsaeyative
transmt pPQWREsPM PR ' is i

Thi s adaptive 33{)?1& egljly. canhéf%\?v@gg‘%b%@grsgﬁgHaet%'i onlgﬁ)t%od ]g%%)r a?lg:% rﬂay
cl oser to bhectiswrp byiesimatingtthe total array ggin dve mosnapeumtechameni@tm, asddon

[0029] In npe . tiple-input .multiple-output (M M)
channel forEl n%él Zé?%gta?nﬂgaa%& tanéing%ﬁ?fg% %ﬁdﬁe{nﬁ%“%RB?‘%re%ea%ﬁF@Hﬂ%s
may be ﬁ h apanwgﬂioh;lad thiy teasl aRtay lgaxlnclz hléljilsn:&iapﬂi\/&?f@t_?ga cﬁmmld%»( ai Iv#ir;?@sz Sation
mat ri x e .gi,ven. as: A A : = : y 2 ...
712, T Eq ET? S’Pemf‘%ﬂ?ﬁ‘?’f‘i‘%‘? ?ﬁg’ limgs, F‘é%““xﬁﬁé‘? ’éﬂIEﬂ‘ferfﬁanfnﬁZOffi@P gteq’ . R
and i (66291 . . T, Idgswbasi0the mokple MGutOhuEIRRIut (VIR edhatidl FoRREREN
transmt a tef)na i .and receive antenna j. [0030] The channel respornse
matrix H mgv dagmih dienmRs arl the o Bicsiva apignags gray egyharastcgigerthbylas Rk TH,
where S_m gk i i d as orthogonal
spati al chana-rl?g?ls%?foggtéﬁlé%g%%ngﬂgﬁ%@ @%&%??&gﬁ% ‘ization may be

achi eved by performng either singular value deconposition of H or

ei genval ue deconppaitign of ac¢rrelation matrix of H The

ei genval ue deconpokj ti may t}e expressed as: R=H'H=EAE" Eq(13)
where Ris a T MI=gdrrelation R rix of H Eq (12)

Ty Brp - P

where entry #;,, for j=1..R and i=1.. T, denotes the coupling or complex

channel gain between transmit antenna 7 and receive antenna j.

[0030] 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 TXT comrelation matrix of H;
E isa TXT unitary matrix whose columns are eigenvectors of R ;
A isa TXT diagonal matrix of eigenvalues of R ; and

“H» denotes 2 conjugate transpose.



Eis a T xT unitary matrix whose colums are eigenvectors of R; A
is a TxT diagonal matrix of eigenvalues of R; and "H' denotes a
conj ugat e \LhH3a WO 2006/ 094255 PCTI US2006/ 007811 ) f.ar
matrix Eis c_ﬁ%&g%sseri zed by the property EH E =l , M%Féﬁﬁoo;d@b'{sﬁey_
identity matrix. The colums of a unit&ry matrix are orthogonal to
one another, and each colum has unit power. The diagonal matrix A
cont ai ns %@%@Jgﬁ BRRZ T Qs ¥RiiSiized! BNahet fiopdtiya@n®l= Bndheer bsis the
el sewhere.” The di'agonal “el enents of A]?gre ﬂgi Eerﬁal ues of R and

repr gsent iddneitypmaeix. gBhaeolmns vhe uSitaly geatriv desodifogphal Thene 2gethtiakiés
may be ordered or sorted such, that > . 2 e > r

:s t he IaP@%QOIEPﬁQ?R/‘&Ph@%dJBh%\@ag%“% W&“"é‘?@ ?Oééaﬂ“séi%séﬁl\%‘P%‘\é%f’ﬁle'ég
argest ei genval ue A .| I d | NGl e} ,
and t he ol SRRt SR AR RE by EAThY BBl RBle o AORBUALHANAS of
ei genmde-g\%a@gm&nﬂhg%weﬂ fOF 81 §l8srishded SEHG OTh@gerohlubs magbe
ordered correspondingly so that the first colum of E Is associated
with the ladgessr airganuel thet iand,the. dgt whekuimisdie Brgest dggoeivaaad
with the small est eigenvalue. [00311 For a tinme division duplexed
(TDD) net wy ks thersenatlestrel genkaler Tho tangastieigemiajucahdis alspecalif ithpirgipal
reverse link), which are the communication |inks between an access
poi nt ﬁnceégenu@m A g newrhithe giggrmoden, comeppaNdiRg (R ehcys KRS thenPypfiRal
case, the downlink and uplink channel responses nay be suned .t o, be
reci procaleigshmode aNGieRethe @genyplucy 2§ B’F%T‘Fd@rfh?léglué‘é@n%ﬁf%?n%r&e%

account for differences in the transm.t.and recei '

aﬁ cess I poi el ﬁ?stg‘?‘trhf‘ee*‘ﬁt fiofpmn-pf K 3p Efsoflgtg#i%r%}el [§1€rE %i;ake%? tsé%%ntevgﬁe

channe r ' r; na array B,

then a rec@%?@f@gﬁ Cgﬁ%ﬁr#néglﬁ 1?%«3})?&?%@&‘??%?{ e{%llésct)g%eﬁ%&?rom ar r)alty Bto

? E)E) ay[otﬁsm S ) o] ;/?'br aYintdldivislos BapleReddEDDY) @stwork ehd dowmiiph $er fofwal liflrand he
network, the fransmtting station may estinat hased .

pi 101 1 oodht BT SR HEC R TIc g DB EP OB e ey <A EE BB A R point

obtain E 20ad fver inifatf SRAUGBGYmE I HEqaeRY thde! ax elds ChdDihenédwitdink, antihe

downlink and uplink are allocated different frequency bands, and,the

downl i nk ciréinkethanes pisposseramay oenaumed 1o i TsIpFocab of gt WG AT he
upl i nk chanpgl.re$e0 Béf%b@foghéd td cohitroF BFrASEYOmKhe thGsmit Q6E rdteVg
station may estinate sed on the pilot received fromthe
transmittigdhgins at the access point and the user terminal. That is, if H represents the channel

response matrix from antenna array A to antenna array B, then a reciprocal channel
implies that the coupling from array B to array A is given by H", where H' denotes
the transpose of H. For the TDD network, the trapsmitting station may estimate H
based on a pilot received from the receiving station and may decompose H to obtain E
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.
[0032] The transmitting station may fransmit 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



station, deconpose Hto obtain E and A, and send E and A or

equi valent information back to the transmtting station. [00321 The

transm ttiﬁﬁz@@a@hﬁ% may transmt data using eigenst eerlj(ﬁ%s%bd'owhove

per f or mance. el gensteering, the transmtting station uses e

ei genvectors in Eto transnmt data orP one or nore ei gennodes of H,

which typically provides better WO 2006/ 094255 PCT/ US2006/ 007811 9

per f or mangerfoineances it simplyainswiniiting) datd ftom fhegttahemil apjcarasnwithout any

ant ennas Wi%?agut an) atial .processin The recei .\/iggtostati , fses
n

y
the ei gensRERBOPLCESIIng. (Thererelyilesiaton Yiat e SlePmYRCiors 'Sy SnCdFthé
ei gennode(s)_ of .H Tabl e t pat r i r b
t he transgﬁ%fmﬁsdorétoélt ggn?%ﬁiﬁégﬁ%e%e% sghngglgsgl;&@? rs%g%g%tg‘iﬁ rﬁ%e@é’iﬂ'g Y
station, 3RformdatyRe trhdmiRin@GesishBe Resilal syitbolyat tierecatviag wiatign, and
station for eigensteering. Table 1- Eigensteering. Spatial Processing
at Recei vdbe spagelproospying parfommed by de AepeRing Sfﬁl’é’ﬁg?ﬁ%% N85St i on
Receiving Station xes=Es Les=Hx,+n =A-' E'" -HH -r., [0033] In Table
1, sis a T xl vector with up tQpe dakaesydrbaks to be transmtted on
the S eigennodes, x. is a Txl vector with T transmt synbols to be
sent fronytt . Lransmt_angennas, r. 1s an RxI| v .
recei ved sy%@” TSRS gatfrﬂmtfﬁecﬂvedé’eabve anteﬁ%gi!ﬂjﬁg%‘ahl
noi se vecl or TARSMIHRE SAUON, +| yector with up tlo S SSTARS
synbol s, |which afe_gsti mates [of the dgapsppt t ed [datga —syThp¥ sgi e s.
[00341 |flonly tHe principal leigenfinde 1's used flor Hata-transwi-ssieh,
then the array gain may be estinated based on the eigenval ue 2pem
for t rinci ga ige 1. : = i
, Eq @ﬁ%ﬁ wher @" &@%ngq?ge?ﬁg%grm?e@%g itﬁ S%?J‘sgﬂ@ °§rt?’§8i pa g?(ﬁgcgﬁﬁg)de
given in UfiglsnRhdedBx Thea 11 RedibekitR i TORMMsaUSHAMd Be katRifem the T
| ess than the nunber "0f transmt antennas, or /lpem< T. The array
gai n may beankinfriah@dndsp ra ipnasedeke vettoeditl & wesivel gymbol§pgbitainks ffond ek
or some other value. [0035] The total transmt power may then be
limted uskeejveeauiemaany i ) Raddnqisedyectagsands By i asT x1 vector with up to S

detected data symbols, which are estimates of the transmitted data symbolsin §.

o

at o
o-et—et

[0034] If only the principal eigenmode is used for data transmission, then the array gain

may be estimated based on the eigenvalue A for the principal eigenmode, as follows:
Eq (14)

G =10-log,, (4

pem, dB pem ) ?

where G is the array gain for the principal eigenmode given in units of dB. The

pem, dB

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, €.g., G, g <4 dB

or some other value.
[0035] The total transmit power may then be limited using equations (11} and (14), as

follows:

P

ix, dBm

< ElRP]Inﬁt, dBm Gpcm.dB - Gant, aBi " Eq (1 5)

[0036] If multiple eigenmodes are used for data transmission, then the transmit power is

radiated in different spatial directions determined by the eigenvectors for these



Pa,dsm!~EIRPv,,,;t.dsm-CGemdB -Gaasj Eq (15) [0036] If multiple
ei gennodes are used for data transm ssion, then the transmt power is

radi ated | ifferent spatial directions determ ned by
el genvect o S IBERL V0 2006/ 004255 PCT] US2006/ 00753 FC T ma0rst

ei gennodes. The array gain nmay be estiidted based on the eigenval ues
for the eigennodes used for data transmission, as follows: M| G dB
=10l ogi o 1 cF@Rmpdes. EFhe 18y gdinvinhay/ bevestineatdd ibgsedhen rheristgenwdiues for the

ei gennodes SeF:1 i.ssion;.and G" 4 dBis the array gain
for the rrule%éi'%g 8aéegiu§enrrgg£eté%§?%§§ nna‘éﬁ%) ¥of  dB. [ 0037] The total

transmt power may then be limted as shown foll ows:

1' nx. dem 5EI RPi "Gacdsm %zm dsf @Jfai Eq (17) Equation (17) is simlar
to equation (15) =emistTlE 1RS: &y dailn G . dB for the nultiple Eq(l6)
ei gennodes repl acing the array &din’Ge,,,,dB for the principal

ei gennode. Conparing equations (11), (15) and (17), since G, dB
<G m dB <1&ihegl ¥ e aunbepsf cikfBi@BE 8%d foria@hBmshls&Babd Power nmay be
used for data transm _ssion on one or nultiple eigennodes to achieve
better system p&infuosiaHESTay SUB49T the mliple cizmmedss giver inzwitsof dB.

mul ti-carrier nodul ati on techni que such as orthogonal frequency

di vi silen37hul t i pThxiord trefmiAivpowsDmidy tedf e Qirhival 2y sieit fdlowes t he

overall system bandwidth into nultiple (K) orthogonal frequency
subbands, which are%/@llprsli,o cal I&d t ongs, subcaners, bins, and
frequency chann&kgn n@EBN “each Swbband is associated withEa(7)
respective subcarrier that nay be nodul ated with data. [0039] For a

110 e OB R AR, MAHCERL Beb vl o
d dg; | [ f el t d i x A(k
decoo=cCs Sl Bk oty B ! LT FFLH sPBRaR b

may be or dgdafods I te140 o est and e, ei vectors for
that subbard ﬁ%f @?’5?@%@3&@6?‘3@%#@%? ﬁéﬁw[%l@w?m%?%m Bost instances,

gr ?pthlhg al | Yighér st pewer Mgy bR bt dafa dNERLGLBY Bh'S: HAERORIRARhRLA
to achieve better system performance.

[0038] Network 100 may utilize a multi-carrier modulation technique such as
orthogonal frequency division multiplexing (OFDM). OFDM effectively partitions the
overall system bandwidth into multiple (K) orthogonal frequency subbands, which are
also called tones, subcarriers, bins, and frequency channels. With OFDM, each subband
is associated with a respective subcarrier that may be modulated with data,

[0039] For a MIMO network that utilizes OFDM (or a MIMO-OFDM network), a

channel response matrix M(k) may be obtained for each subband k and decomposed to
obtain a matrix E(X) of eigenvectors and a matrix A(%) 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. '
[0040] 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, A,(k) for m=1, .., S, of each matrix A(%) are located along the
diagonal of the matrix. Axis 212 s along the diagonal of each matrix A(%k) and

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



K subbands in the M I\/DO:DM network. A set of K diagonal matrices,
A(k) for Kk = K, is shown al ong an axis 210 that represents

t he freque&sgggyﬁgﬁgfl on. The S eigenvalues, 2,,,(k) fgy h{kﬁoo%monll

S, of each rX k) are | ocated al ong the di agonal o e matriXx.

Axis 212 runs along the diagonal of eakdh matrix A(k) and represents

t he spatial dinension. A w deband ei %enrrpde inis forned by ei genrmde
in WO 2006f00 94 X5 sutbarsUSF Bebdrignmody lﬁ@ﬁsoﬁlaFedW@UE)ﬁ%trRﬁz cigprialig

Elzge nmode Iém (k‘Rh)f 3Sp9 Oil ?;g‘?c‘x\%&}p iy ctaHQJ PFth%i 8& )}JFB% nsg a@ro§§< hmcf ?he

Ive O requen y resp nse acr oss

K SUbband&bBEncfshéit mtd@mﬂﬂlde'egg%ﬂm@@ The peintipel %Heﬁ%@eéi ode s

eigennode Is associated with the | argest eigenval ue Al(k) each
of the K sassbaxed withibe Mgesbélgemagsm&lékhé@ efach of thehKsubledndsd The set of

ei gennode i s shown_by the shaded box a. d line 214  Faqr
each wi deb@igenvelugefarserd wﬂsﬁangwépm@ Ighm@ﬁaﬁadggﬂﬁe’e SREEALHFRY,
the ei genvgldigs, fPBr éajaﬁtm&éﬂaﬁ@%{g@nﬁb&eﬁ@p%eﬂﬁée@&eéﬁéﬁﬁ? rs&@éhvfa@ﬁdmg,
di fferent val ues of k. L 1] For the M MO OFDM net wor k

transni tti g ciganvaless éonthatgvideband ewsenmede mayeherdiffercntfer @ﬁ"s@h}'ﬂues of k.

proce g sho g‘?ﬁ%] e

trans@hgl on. v%?figfwgn@ﬁ;}e pri n?ﬁ%a W gﬁl gar?fgoléefggﬁgosé%m??s nlljaged
for data tpafism teispaiialt precessing shawnaiyp ‘Gabiln Infy dseh eagbbamdt engd blas éldtaon
the | ar ges{r ei genval ue for all K subbands of the principal w deband
ei gennode, "¥F B Pows: Gowen; dB=1010g10{nax2 ,,(k)} , Eq (18) k

wher e[oGpziem AB Ifsmlyhhe ﬁﬁﬂicﬁgﬁl gadebahdeigttmeoderis neilfad dasa tiadsaricion, then the

ei gennode. Al ternatl ar.,r ay. be esti ed.aqn
The avor aqRot Sith ok b6 Simater Geer e Ruths Bbem g tot T s & B
ei gennode, pafcifdkidebend SeradeBakelie: 0 1 Apen(k) Eq (19) K k=1

[ 0043] The total transmt power may then be limted as shown in

equation (15), albeit wth the array gain Gowem aB for the principal
wi deband ei gennbiges sep) Oa},qgmg{mwﬁaf(k y> gain Gpel |. dB for the (%
princi pal ei gennode.

where G, qs 15 the array gain for the principal wideband eigenmode. Alternatively,

the array gain may be estimated based on the average of the X eigenvalues for the

principal wideband eigenmode, as follows:

1 X
Gpwem.dB = 10'10g10 ( E;‘A‘pem(k)) - Eq (19)

[0043] The total transmit power may then be limited as shown in equation (15), albeit

with the array gain G,  for the principal wideband eigenmode replacing the array

gain G, i for the principal eigenmode.

[0044] 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 amray gain may be estimated based on the

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

1 M K
G e, ap = 10-10854 [ MK 2 Z m(k)] , Eq (20)

m=1 k=1



[00441 If multiple w deband ei gennbdes are used for data

transm ssion, then the transmt power is radiated in different

spati al di&g%hdﬁ%gﬁsgeterm ned by the eigenvectors for Pt(’i}ﬁﬁgoo%%ﬁand
ei gennodes. e arfay gain may be estimated based on the €l genvalues
for the wi deband ei gennodes used for dé&ta transm ssion, as follows: M
K1 GmwemO =1010g10 1 -L E2mk)J , Eq (20) MK n=1 k=1 WO :

2006/ 094258hRETGS2Q06 08 78hY gair? favhenkipBrwiiebaisl éigerrhalear rihy @asinit
for nmultiple wi deband ei gennbdes. The transnmit power nay then be
linmited asP@¥BwWRaY rihasgbetingied (as7showal ipetquatipn 1§17h elbaitreih glsd arayGgwiam

dg f th | ti i deband. el d l.aci t h i ' ,
as for theCmuia s R B R T ey B S ikt )
al so transﬁhftig%@en jgdg spatial spreading to inprove diversity.

Spatial spreading refers to the transm ssion of a synbol from
mul t i {90451t r ansrThe &atsenitiing gatioml tap edss krynsopo siatabhigingMispitialli shfeadiapt to

anpl i tudes; o] ase erm ped steering. vectaqr used for

t hat synbolln.?p@%beaflﬁvgﬁl g-pripgg%@prﬁﬂs&g §e§¥rs gtgl %ﬁgmé’flgjéflpﬂgo(%d? \%‘Pg‘?lt @?m

transmt smekiplnganspseatdemaasaiafahéByMbbssile Shithn@ifeRn a9pli0Res anlifR! €

2 shows t\r)&@sga | al .rgrgfesm ng performed by the transmitting station,

the recei S SSW Ay 4 fiee 8B Pr“@dg?ra%f‘to%?@bﬁhdsi’%’é? i) is also

processi ng:aped E@éﬁ%iﬂbéi‘sihb @raﬁs%ﬁ?&;t&érﬂ%, ps%h@é-ta‘ﬂﬂoﬁl%anﬁﬁﬁkie@ﬁnlg BhEQALNT-
readi n | Processing at Spatial Processing

Table 2 - Spatial Sp _Figﬁ_Spat_l a Sp .

at  Transm @dl§ Aghasisihe spatipdpracessing pestarmed R thel tianagitagstitinm, the reogivedr .
=SS+ SsERME tScdifAg Glatb lSorb&s@nd et ol
xs, is a T'x_| 1 rans mt 1vg_ctaolrl?’ a-rﬁg%a?sép%g%lsp&b%sﬁnc Pé@%ﬂggéw%ec{%%@,gs
is a Tx1 déateatfevspaddispreadingis a TxT steering matrix for spati al
spreading, M is a T x Rspatial filter matrix, and Ds is a T xT

di agonal matrix. The nmatri ce%aMeza_ngpa?R}l\ﬁ?ad&%Cderi ved using, for

exanpl e, a m ni mum nean square error hni que or a channel

correl atipn T x rnversion( CCv)—technique—FHot
g é?)a tlall f’rocessmg at R;eive d Vee t:r Spatial Processing at
Transmitting Station Receiving Station
Ko =X§. L =E‘§ss +n sssz-D-x'Mx'Ess
[0046] In Table 2, s is a Tx1 data vector, X, is a Tx1 transmit vector, r,, is an Rx1

received vector, §; is a Tx1 detected vector, V is a 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,+0217 -HY and
D, =[diag [M,,.,.-H,117, where H . =H-V and o is the variance of the noise.
For the CCMI technique, M,; = [Hy, -H,. 17 -HZ and D, =1.

[0047] 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., 2 Walsh matrix or
2 Fourier matrix) and different combinations of scalars (e.g., 1, —1, +f, and —) for the

rows of the base matrix, or some other matrices.



the MMSE technique, Mwe =s[Hr Hey + ¢, I] -* HIff and Dmse =
[diag FM . lleff 1] -* , where Heff = H V and o is the variance of
t he noi se. techni que, Mccm _ [][lg I3 f

and DcCm WOZ%GIO%%SMl Wth spatial spreading, the tra&";(:%‘]}qsgooﬁfoﬁ_‘}sh
station perforns spatial processing wwdh different steering matrices
V across tinme and/or frequency dinensions so that the data

tranggi4spi on obsedaesasmisivaerith paidl spleading, the awtiagaie gy bﬁrnﬁlr%%t@bﬂﬁ ng
matri ces may be pseudo-random natri ces ﬁg}g ,]&ﬂewgenerat ed Wlt

base matriGmge. 90, dBaOWEI‘?eﬁﬁttplsﬁmﬁro ey Wﬁﬁﬁlaﬁll?ef]e‘? ent
conbi nati ons of scal ars (ea%l +j .. and - 7%, fors(éme A 91
the base Humtieilxas ghovwsoire eqtahion @r%)ﬁ raﬁf’ésw“\?\ﬁh? e 10T Spatia
PCT/ US2006/ 007511 13 [0048] For data transm ssion with spati al

spr eadi ng spretdingyepleging Aha i\ 22O ps tsi ﬁ?ﬁﬂ’é@%ﬁlpﬂé‘gwoﬂﬁ = 0 dB or nay

b t t h I Th I m
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spatial  SRLERMINY sERBLAE I ALHHDaraashi@ in@ahas. @ shghtSiZ&drantehe pattentiipal
ei gennode. [ 004 %)bFI G 3 shows a process 300

ff or controllln{%&i}Ha t
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ant ennas. é{l&éﬁ@&&? bef #38, eD(i}’?efrBﬁt $RtA bRocediplehibinedr hasaruen hate
S

| east one eéring ector use or spatial processing for the data
transmi ssidiffer¢isl epith@zeyl. ametrie pattarnss pEeY FXAPPISe cLSTHEETHIB SEnBpies 2
t echni ques ffe {titfon WiREea8 ¥pdial €,
ei genst eers?/ﬂges&é*ﬁeaﬁla :«[Eﬁe@%ﬁ{%?ﬁr{eéggmﬂggﬁ%ﬁgﬁg& n that |s

di rected tspwadiflg pbeeratexcespatially sptead synthosized gutenynetteml In ag3reapdl |ah@1'fay

| | h
Cone, o ey it pERLSR B GRS AT LRIAR (AN R00. ThEaf o

pattern ( %@Pﬂfe é’sﬁﬂﬁated-rﬁh@ecﬁﬁﬁ fhy¢ sgatiah provessingemedd usedtfedhbdstedraommn
spatial processing node used for th dg a tra%? Si on Stéanq1 _the array
appl i cabl engapelirebleparametags egeie@é’ﬂ ﬁ‘)‘ﬂ?%i‘“ frat OrdRIES “For

ei genst eergaﬂgma% BE c@lmhadd b@é’d bn B Y%ideavasd foraliestianeeganddagthe largest
ei genval ue” for princi gennpde, the | argest or ayve

ei genval ue)rfadﬁragmélgpm\iahlﬂ %&Fhevmf@él@ahﬂldé @@rﬁ’rﬁi’éﬂo‘iﬁﬂl’t‘ gl eeel@inﬁgﬁ?ﬁafloﬁes
for mult ',ﬁulﬁgﬁuéh% f’“leagte@ﬁit VA ad Bd8] GRNEDUR. Fofl spaion.

For -spati a pr eadi ng, fe array gain may be set to a Eredeterm ned
val ue (e. gpreadingBhe aftap gamrlaw beyssit o Awyedsiermingd velue (2.8 HidBp e Mdp@rTay

predeterm g%?rg m\é%la&lsosbf;c £ S d1f§eren p}edgﬁ%fngt!l viRES RS dMercnt spatial spreading

modes. For example, the array gain may be set to a first value (e.g., from 0 to 4 dB) for

eigensteering depending on number of eigenmodes used, and to a second value (e.g., 0
dB) for spatial spreading. An element gain for each transmit antenna used for data
transmission may also be ascertained or estimated (block 316). The transmit power 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).

100501 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.

[0051] 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. A TX
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



nodes. For exanple, the array gain nay be set to a first value (e.g.,
fromO to 4 dB) for eigensteering depending on nunber of eigennodes

used, and @82?06%9&99‘1 value (e.g., 0 dB) for spatial %rrﬁ%%o%msﬁn
el enent galn Tor each transmt antenna used for data transm ssion

may al so be ascertained or estinmated (I ock 316). The transmt power
for the data transmssion is then |imted based on the array gain,
t he el emeranddafon cigansieeaing rand ispatiatl spreading, réspedtivély), gng paovides RPsthdais tof
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traffic data froma data source 412 and processes (e.g., encodes,
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shown in Tabl es E]')V\D 2006/ 094255 PCT/ US2006/ 007511 14 and 2 for
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scales the transmt synbols such that the total transmt power
P, ,, dBm ertbigpgs I Abrpsreativedy-wi th the EIRP limt EWI1.t dBm e.g., as

sho h#»; equat i ] 15)4, . ' QVi T-scal e
tr a\;lw;tr?? gtﬁ] synboI‘ﬁﬁEt{?({eié':};(f2 St%to 5t0 ’?%r%é%qg%atselrkﬂuﬁr?f@éﬁ(l %ﬁf%eg\%%grﬁ ﬁ%ndlg d
426t . Eaclsignglsamshéachemtenna 152128 vjsles AaecrveORiahtda raspéavive (édeiver unit

appl i cabl gener data chi. and further .processes. (e.q.
converts ?iécéﬁglzg%j g%rc& f$TeE U?IP??%rPé? AT lﬁsrrgﬁﬁﬂgeﬁlc g“%rf‘@grm%\gfl‘iss)a
its data cheps dforegenal aymbas noduteebiod RIYNphtial THroRssbrt 43 WA tspath6a
t hrough 426t E)r ov'rge nodul at ed signals for transm ssion_from

ant ennas FPI¥ESO ﬁ# Bﬁ‘?{o@fﬁ?m"tﬁééﬁ?géf Progasying (eropotial matched diligring) on the

station 15&3ei\8d%2ﬁ1361@ ol AR R feBeiPraRitd 284 (£ LCH MRWhNE Tlilbfe§ ANz Les
0O a

signals, and _ each antenna 152 provides a received signa

respect i v@TPELesidpieried drte symh@ivRin RUdaiEpronessercdS0 ean nipgesses §ug., symbol
D S et SRR i ) O 5 BARITIAL S
data to a data sink 462.
[0053] Controllers 430 and 470 control the operation of the processing units at
transmitting station 110 and receiving station 150, respectively. Memory units 432 and
472 store data and/or program codes used by controllers 430 and 470, respectively.
[0054] For a TDD network, receiving station 150 may transmit a pilot 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.



processor 456 perforns receiver spatial processing (or spatial

mat ched filtering) on the received synbols fromall R receiver units
454 (e.g., Wwa.in Tables 1 and 2) and provides d

synbol s. Aﬁagﬁggﬁb processor 460 then processes (e.g.%&%@ﬁﬂ%ﬁ
demaps, deinterl eaves, and decodes) the detected data synmbols and
provi des decoded data to a data sink 462. [0053] Controllers 430 and
470 cifflol t helTtepectaiquen defcribbd hpreincalosi thg trambmitiag statiora tws astibiatenthe

station 110 and.r.ecej vi station 150, respectiv . nmpry units 432
ond 472 SRS RS SH PP aneuini R R T e ey welba Sesl
470, respefok due tynsnlifddnd] THearansmit PBvaEbDE ata tREGhi¢ti00isThel lidifed1@.,
may transmt a _gl lot to . transmtting _station 110. Transmtting
station 110 AEn@dRe VEeing: Merters |anf/at AdHEEee riFapsmif, pasies 1pplisdhBaprgh

used O Cftdhnky BRSTHS Hadihe WP ARAOERGRE A less BAHRChat EPAARSRrTRL! | X
to obtain the eigenval ues and eigenvectors for that subband.

Tr ansH084li ng stHeiradiated powesconpek tedhniqued fessyibad kereip nuy ds dinplgmented by
ei genst eer o] L.ge ; ti i for
Spatial opyoaay aelh,o gt ARapREEE it bl ) W PARS IF etk
based on wfimereotohar corguhatiogubsrectt FQ@) a hardspedt iraplempemistéss ithrgpratesaink .

Control |l er erf.orm process 300 in FLG, 3, determ ne the

synt hesi zelgz%tgﬁisg%ﬁ% CFBJ%ttrcflet?‘ﬁ r[é%%tgg PEW R HJ@ynl%‘?t EBPIFW&II@@(WB?% o0 &4 ¥y
spati al prappheaion gpectit integtated dieuny (ASICHadItHasaM] ﬁfmaésb&s (S9P) i sikd ed
antenna pattern, estim e_thea%lP nt gain fcir each transnit_antenna,
and 17 m tOFRD BPSERYRE Posker SFPEHRMARIE a{Peifaideviceh dPEPOefitld
gai n, and grbgrafmhiARel igatd - arks 2@ 94 255cdR6R, USSRRER0 7 Shdro-chRndIRRSS]
The techni ques described herein allowthe transmtting station to
estimat e tHETOPEIEEPSy MAST (Phacrgnig rnith slesigndh i perirma theefvnetiqratdeaqribed

formed by fi8n T @ebmbBRati&Eihefess.Used for data transm ssion. The
transmt power for the data transmission is then limted (e.g., by

scal i W§5The st &or arrgftwere bamlementition, thejradiated powie conteoh sethnigpoweay be
applied t S . E l i m.ts..are net
rggar dl esgng)?e %pa Eaeac lg]gne du?:ega(fggétﬁé‘fcieé‘g?% sfh]q([%é’&g’?‘]@‘ dﬁeoé)a%%a?eéé%ﬂo%r

control t eohstiogs dsscdesthartiad The seftwarmeyddsenaypé eordtind rhgmory ahit Gelg.,
means. For__exanpl e, . t,he hni ques be inplepented in hard e,
sof twar e, %?m%{yc%‘ﬁb‘}s?alflis@ﬁ}' t%"liéi}‘%g*e.cuﬁgg%aa H@F%&‘r &%”n‘fﬂ“@ ?’it‘%p?'\cl)\%,lr"e
the processemery uiftinhsy besigghléertaTitigh th R obacirair @6l tePAVEY hEBYoce&or, in -

i npl emantedh.Vﬁthin one or nore . ) )
which case it can be communicatively coupled to the processor via various means as is -

known in the art.

[0058] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled 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.



application specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal proggssing devices (DSPDs),
programmabl e | ogi ¢ devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic ugiisivesi gned to performthe
functions described herein, or a conbination thereof. [0057] For a
software i npl enentation, the radi ated power control techni ques may be
i npl eneht ed Wi tietheddof esnif@ling radinied ephwessfor faudetsi omsmissioh stlizing spatial
t hat pe the functions described herein. The software codes may
be storéﬁggﬁhg’ﬁgﬁggvg'nit (e.g., menory unit 432 in FIG 4) and
execut ed by astimn@sswrarfs. gain baRlr ol |£5yABeized ThGendie PRAYMU Rt (H¥BYata
be i nplenented Wthin the processor or external to the processor, in
whi ch cHEmigsIQyFPdASRAEAYRIACSENE Wadg: @¥upl ed to the processor via

vari ous meanfip@gnd fhe (MR pdvdrBr Al datd gg§ﬂis£8§gg{fﬁv$rpﬂi%aﬁag gﬁrl]ri/ and a

description of the disclosed enbodinents i's provi to en
per son wiidi¢dpbwar linkie art to nake or use the present invention.
Various nodifications to these enbodinents wll be readily apparent

to thosg ski [t rt, ~.apnd the generic principles defined
herein ghy blghg%lﬁpll%gc??t%loa?n&tlhe rﬁlgﬁﬁ%ﬁ’l M's wi t hout departing from

the spirit odete@tipimgahe bfighdstyée Bhicfl pallRksbaseiOn Rt RESUnel sERRE veRol $sed
not |nt§{rﬂ1dedaﬁ10 be limted to the enbodi nents shown herein but is to
BragF e fos the

be accofWépett sata EEEEIsSioBnt with the principles and
novel features disclosed herein. 16 CLAIMS 1. A nethod of

control §ing TRAFRIRH PRWRG If WheRifdkAstih 'éﬁhgggés{%ghéoeﬁid;&héQﬁ{ﬂ'ﬁe%lzed

processing, conprising: estimating an array gain
synt hesintehapattemrampaiseser n for the data transm ssion and a spati al
r ,the data .

processi ng cand limti he transmt power. f ]

transni ssi Oggeggr%négmgﬁnte}%ngé]g%bur épﬁtlagﬁg]mﬁlep V%ﬁif%tgﬁ I8 Nepsissiop, and
The met hod ofierbhigd tiie hrraf daihbagcdCRRE bigbRGiludet er mi ning the

synt hesi zed antenna pattern based on at | east one steering vector

used for spatial processing for the data transm ssion.
£ p”?he methgd 0% clsalm 19where1n 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

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

deriving the array gain based on a largest eigenvalue among the plurality of

eigenvalues.



3. The method of claim1l, wherein the estimating the array gain based
on the synthesized antenna pattern co?@ri ses determ ning an

ei genval ue for a spatial channel used for the data transm ssion, and
deriving the array gain based on the eigenvalue. 4. The net hod of

clai m 1,7. wheTake mdthel Sdlaifat | wigeréihehadstigatigaiie 2agedinbhstdién the synthesized
synt hesi zed antenna pattern conprises determning a plurality of

ei genvalfiEang PRICE PATORIAISSt y of spatial channels used for the data

cl gonval tes. "o HRE arpgiy S ASIANAR, e ERRRRY S FrRlebh shiholl of o
ar?ay ga‘iidﬁliaaééphtiahCHdmaels;sﬂd feeshe dada tré\nmEmﬁm,[aadit ern conprises
determnin l.urality of.ej genval ues for lurality .of frequency
subbands 019 glequlggglfe a%ar)(ega\]ﬂ f&’%ﬁ@ﬂ’& L Pt Of@hfgﬂlﬁ%ﬂ%%g%ﬂg?l’&?fu?ﬁe dat a
transm ssion, and deriving the array gain based on the plurality of

ei genvalgues. The midiigod @t digich Dfwigdréih MhelsstivAgh@tiR 4 orFl a8l bithelshRhesized
array gain based on the synthesized antenna pattern conprises

det er m AMSENRPPIHE AMRESESf ei genval ues for a plurality of frequency

bbands of awi i al . »
pubbanis o g dehans, 8 8y AMELUSEE B APBZkEsron e s

ei genvabkpaiapopgad hetlisized lahteynopatteai.genval ues. 17 7. The net hod of
claim1l1, wherein the estinmating the array gain based on the

synt hesiyzed nt enna t.er onprises..deterpining a plurali of .

ei genvaPUes f@? n?%q%ﬁ%ﬁ?lwﬂ&%%ﬁ&E?eﬁewaéﬁ%ﬂ}ﬁﬁﬂ‘ﬁ@Fmgbas %ﬁéﬁﬁmhwzed
spati al aﬁtlaﬂ;m@neﬂs@ﬂnﬁlﬁest he data transm ssion, and deriving the

array gain based on an average of the plurality of eigenval ues. 8.

The nethod ofieleTmainiagia spafiak mpeessing mosle uged fon ghetdatn taansayssipn, andased on
t he synt hesi r I efti rray.gain.to
e ]! S A0 SRR RS0 S RO Kol
spat i al for thpdeadasymtéiesi zed ant enna pattern.

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.

12. An apparatus for data transmission utilizing spatial processing in a wireless
communication network, comprising:

a controller to estimate an array gain based on a synthesized antenna pattern for a data
transmission and a spatial processing mode; and

a control unit to limit transmit power for the data transmission based on the array gain

and a radiated power limit.

13. The apparatus of claim 12, wherein the controller determines the synthesized antenna
pattern based on at least one steering vector used for spatial processing for the data

transmission.

14. The apparatus of claim 12, wherein the controller determines at least one cigenvalue



9. The nethod of claim1l1l, wherein the estimating the array gain based
on the synthesized antenna pattern copprises determning a spati al
processi ng node used for the data transm ssion, and setting the array
gain to a predeterm ned value for the spatial processing node used

for t he fgtadt deabtl HESIPh A ABnnel Osed HBLH1RRIROhNN i S10RI A0 Heri{ & thE §Fray gain based
conprising: estimating an el enent gain for each of a plurality of

ant ennast lgast onerrageiyelie. t ransmi ssi on, and wherein the transmt
power for the data transmssion is limted further based on the

el enent jgai nqpdl hod:. of ¢! aj el el h iate )
i 4 an P CRERRTI PENR 15, Hlch, MOCCELB R Rl Rl o8 RGNy or
appar at egehgiuadaba atplamnbity eSireqenty kibtiands spat leadt queoerisbindgspatialachannel
wireless ¢ ni_cation.network, -.conpri si ng. controller to estimate
an arr ayse&ﬁ%ﬁé raélﬁméfs?y?ﬁflﬂ&i]%?gﬁ%ﬁf?@’n%é“ E@pﬁgpﬁh% RJpralityyof sigenvalues.
transm ssion and a spatial processing node; and a control unit to
limt tdansniThe papparatiOroft Blairlalz WhaR&Mths| @htBA&E Ge@NtHe @@y ' @&in to a
gain and a radiated power limt, 13. The apparatus of claim12] '
wher ei nPtedeteBed ofalusr fgdheesmihrsized W@t@%mﬁtggrmz@da anedalyasprpat serthesized
based og.@fnd . one steering vector used for spatial processing for
the data transmssion. 14. The apparatus of claim 12, wherein the
controller determ nes at | east one eigenvalue 18 for at |east one
spat i al [éhanibt appreatus of clahe 1dawhereimaths wosisoltm catdatde ah ekmenhgaiarfonyach

gai n basged on.the. at | east e eigenval.ue. 15. The apparatus of. .
orai m 13t S SRS fhenBR il 1 AL BT G, 25 RPL e processo? limits the
ei genvatragsnif pswé bt the dlatal tyandiniskioa FUHERG bascdRaN Slcflenfaih €St one

wi deband spatial channel used for the data transm ssion and derives

t he arrgg gain based on_the plurality of eigenvalues. 16. The .
appar at t& of 8| aPpArans {ikefan ntransissenn wbiliive spatigl t precessingy iy rviradess

a predggrﬁﬁlqhgg%nv@twﬁﬂg t:oﬁngﬁsiﬁ%:nt hesi zed antenna pattern is a
spatial |y spread synthesize ant enna pattern. '

means for estimating an array gain based on a synthesized antenna pattern for a data
transmission and a spatial processing mode; and
means for limiting transmit power for the data transmission based on the array gain

and a radiated power limit.

19.  The apparatus of claim 18, further comprising:
means for determining the synthesized antenna pattern based on at least one steering

vector used for spatial processing for the data transmission.

20.  The apparatus of claim 18, wherein the means for estimating the array gain based on
the synthesized antenna pattern comprises
means for determining at least one eigenvalue for at least one spatial channel used for

the data transmission, and

means for deriving the array gain based on the at least one eigenvalue.

21. The apparatus of claim 18, wherein the means for estimating the array gain based on
the synthesized antenna pattern comprises

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

means for deriving the array gain based on the plurality of eigenvalues.



17. The apparatus of claim 12, wherein the controller estimtes an

el ement gain for each of a plurality ¢4 antennas used for data
transm ssion, and wherein the processor limts the transmt power

for the data transm ssion further based on the elenent gain. 18. An
appar at @g. f orrhdapparbfudRF s 1B) whicidih THeNBemP T SinfHiiAe BShids) fdin Based on
wirel ess communication network, conprising: nmeans for estimating an
array gdiesyphssgedmtenanstiaEsGortisant enna pattern for a data

transm ssion ' ' - F oo i 0L:E ]
tranam ¢ povdr s oo REll e RRAT SRl 0k BRHRenARCL TRARTC IR o bl e
a radi apeatterpawespatiply spred®syniitesizep pacmtaymttedn. cl ai m 18, furt her
conprising: neans for determ ning the synthesized antenna pattern
based og,at ast one s% eri ggf vector used for spatial processing

for the<data tyARCHIEE PhHam oS, Fler cOMDISINES of clai m 18, wherein the

nmeans for eshieand for@stietds sayleBdhloMas@Eadiof 4 PRra}PLReSkARE 1R R ABta
pattern conprises means for determ ning at |east one eigenval ue for

at | eastrapwaisHpmt jusl WhagHhEIe (rarsit gpwer s Wdatdgta ramsonFsen o limded further

means f Qr..denii Dot ray gain based on the at |east one
ei genvaPusg. %1. Tglg glepgp?glﬁ'at us of claim 18, wherein the neans for

estimating the array gain based on the synthesized antenna pattern
conpri sé4é neansomfipytedptogram protgcafolanablliing radiated gemwenlfoes dh@rtransmission
plurali tﬁl'Of fretciulencoy subbatﬁds of at |east R&Qﬁ&w deband sgati al
channel "U4808 1B EH B GESEE r Bh TSR I rProgiat U COMPHENE VT nPrpFRRsitory
array gabfiplaseddale hir@idph Uadhg h)scOdf BLERMYA #8%d theor3he IABF instructions
apparatus of claim 18, wherein the nmeans for estinmating the array

gai n baB¥ag e¥ecutabls by enarsgnoiedrenssnnRndrhe saiof instinplidns eomprising: f or
setting the ﬁfsfrﬁé’ticgﬁg&sépsg%lﬁg éguq gﬁ'g gadﬁ' %gse\é%lnuaesgéglegai%?e% %ﬁgﬁ%ﬁf' ér?-ﬂff)r the

antenna patternis spread synt hesi
23. Thedappanatissonbndh apatial Brocéssirghesdeg ampr i si ng: means for

estimating an el ement in.for each of a plyrality of antennas used
for data trOREHFLERGAT TaHEDGAST BRITEREOVPRIEHE dErmsmissiambased e the

transm ggyoghih 8nd 4 PdiREH HokdNBAit.

25.  The computer-program product of claim 24, wherein the set of instructions further
comprises:
instructions for determining the synthesized antenna pattern based on at least one

steering vector used for spatial processing for the data transmission.

26.  The computer-program product of claim 24, wherein the instructions for estimating
the array gain based on the synthesized antenna pattern comprise

instructions for determining an eigenvalue for a spatial channel used for the data

transmission, and

instructions for deriving the array gain based on the eigenvalue.

27. The computer-program product of claim 24, wherein the instructions for estimating
the array gain based on the synthesized antenna pattern comprise

instructions for determining a plurality of eigenvalues for a plurality of spatial

channels used for the data transmission, and

instructions for deriving the array gain based on the plurality of eigenvalues.



based on the el enent gain. 24. A conputer-program product for

controlling radiated power for a data §gansm ssion utilizing spatial
processi ng, the conputer-program product conprising a non-transitory
conput er readabl e nedi um having a set of instructions stored thereon,

the set 28f i M3k rddeipuRADrodBinNEHo8XE O tcBIMhE2 D Yy IRRGN Ahe TREACIIRBS 8QBating
and the set of instructions conprising: instructions for estinmating

an ar r ajhepiay sshslegeden tesynthresidacranpaiera cpapties n for the data
transm ssion I?ﬁqct?on%pﬁﬁ'c% erﬁﬁrﬁﬁf saﬁ%lﬂ%hgpgf eg%ﬂ*galﬁ&sforrbhogs e‘{c]ﬁ% r??,[fﬁeguency

I|mt|ngthetransmt sm SSion
array gaubbaadsiofat i @teadldpbnAﬂrSphmahchannEEusemfel 1he ralmattmnsmrs@@namd

product of claim 24, rel n the set o IeHStr #ﬁléag rther
conpri ses: H%SErPﬁtéqqsgﬂrs FOINGHEE SFAY AFHAJAICHEDLYHP Y@é@ Cigp@Hiss:
pattern based on at |east one steering vector used for spatial

processpng f Qhetcdfh Xﬂﬁvﬁrég’r@ﬂ%&ﬁ% clad@- 24T RehcEANMKY BstrREQEH: A0} estlmatlng
product of claim?2 erein the instructions for estimati ng th

array géh@rﬁri%fﬁul ped %fWﬁ{lﬂhé%Z%le@t%ﬂﬂ onftn samp@ism conpri se

for the data transni'ssion, er|V| arr y
gai n basdsbaads d&ﬂmﬁilegmni\/@bud chaﬂnel iﬁm fcoﬂipldb‘@rtransmg;fmm mdoduct of

claim?24, wherein.the_ instructions for estinmpting, K the array gain
based on t he S{HERES PEesivtgn i &bt &R %%Piﬂsae largest rhaqnvalng qneng the

det er m Biglitd oPLigb@laliley. Of eigenvalues for a plurality of spatial
channel s used for the data transm ssion, and instructions for

der|V|ng the array gain based on the Iurallty of eigenval ues. 20
28. The @onp(ﬁlércoﬁlp@@wma@jmm;@du%fof slaainm42 avhephietled mstrhetions for estimating

Instr UCTtH gfn b%%écl &P{he% Eshg Pt gtjte n ased.on the synthesized
a glgn S ? (5

antenna p nprise i FUCTT Ore SR ng a plurality of
ei genval ues i1mt1uet1cpisu&>aldieteymm‘mg mesluatioy of sigehands ok aaf)luhﬂ?fsbf FRQuency

deband nel -used, for the data transm ssjon
:Mnst r ucft gé%‘%Jra ‘H‘E‘FF dngé’gttlfﬂé‘f amehysedfpithe dala dragpmisnienpindr al i ty of
ei genval ues. ;28.dde ﬁ?r@ﬂitvﬁ{g H{ OGAMBIONEE B ofi! Aot %of mefjﬁllreﬁlty of

the instructions for estinmat
eigenvalues.

31. The computer-program product of claim 24, wherein the instructions for estimating
the array gain based on the synthesized antenna pattern comprise
instructions for setting the array gain to a predetermined value if the synthesized

antenna pattern is a spatially spread synthesized antenna pattern.

32.  The computer-program product of claim 24, wherein the instructions for estimating
the array gain based on the synthesized antenna pattern comprise

instructions for determining a spatial processing mode used for the data transmission,
and

instructions for setting the array gain to a predetermined value for the spatial

processing mode used for the data transmission.

33. The computer-program product of claim 24, wherein the set of instructions further
comprise:
instructions for 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



the array gain based on the synthesized antenna pattern conprise
instructions for determning a plurality of eigenvalues for a
plurality of frequency subbands of a w deband spatial channel used
for the data transm ssion, and instructions for deriving the array
gai n bagwthephasdloartpesitmenigenval ue anong the plurality of

ei genval ues. 30. The conputer-program product of claim 24, wherein

the instructigns for estimatin h r.r i n.based 0 he o
synt hosPded ANFGARRUSERTEPAn Bt O THBCTLSTIEHE TRorecbeL PRIVR it an
pl uralibﬁe@fveeécg@@itﬁbﬂﬁﬁedfp@;&veagmﬁhii{.y of frequency subbands of a
wi deband spatial channel used for the data transm ssion, and
instructions for deriving the array gain based on an average of the
plurality of eigenvalues. 31. The conputer-program product of claim
24, wherein the instructions for estimating the array gain based on
the synthesized antenna pattern conprise instructions for setting the
array gain to a predetermned value if the synthesized antenna
pattern is a spatially spread synthesized antenna pattern. 32. The
conput er - program product of claim?24, wherein the instructions for
estimating the array gain based on the synthesized antenna pattern
conprise instructions for determning a spatial processing node used
for the data transmi ssion, and instructions for setting the array
gain to a predeterm ned value for the spatial processing node used
for the data transm ssion. 33. The conputer-program product of claim
24, wherein the set of instructions further conprise: instructions
for estimating an el enent gain for each of a plurality of antennas
used for the data transm ssion, and wherein the transmt power for
the data transmssion is limted 21 further based on the el enent
gain. 34. The conputer-program product of claim24, wherein the

radi ated power limt is an effective isotropic radiated power (ElIRP)
limt. ,



