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spread envi BKgRind. However, a 25 beanforning antenna system need to

achieve spatial directivity, so signals received at and/or transmtted
from al |l beX¥elsHong uRatensdaayryler T fyF paion{BRpimeRissnamshhrath oplat for a
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( .
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si mul t ah®ougrtgnna \NPsO@A,08888Y GETHSCRREOROYGtems and beamforming antenna
systems. In a diversity antenna system, multiple low-correlation or independent

fading channels are utilised in order to compensate multipath fading, thus achieving
diversity gain. Beamforming antenna systems, on the other hand, achieve
beamforming gain by applying spatial directivity, thus limitedly compensating for

20  path loss and suppressing co-channel interference.

In a diversity antenna system, antenna spacing is usually required to be sufficiently

large, for example 104 in order to achieve low-correlation or independent fading

channels. This is especially true for small angular spread environments. However, a
25  beamforming antenna system need to achieve spatial directivity, so signals received at
and/or transmitted from all beamforming antennas must be correlated. This means
that for a beamforming antenna system, antenna spacing is usually small, for example
half wavelength for a uniform linear array (ULA). Because of the conflict between
the required antenna spacing for diversity and beamforming antenna systems, there
30 exists a technical prejudice among those skilled in the art that diversity and

beamforming gains cannot be achieved simultaneously.
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in "Two signaling _schemes for inproving the error performance of
f r equency- di*hesthamthg igsFRs( FDD) transmi ssion systems using transnitting
antenna diversity", International Journal of 25 Wreless Information
Net works, Vol. 1, No. 1, 1994. The sequence of codes in this schene is
rout ed thr oQter appegachds dgjating to drMnsrpitingdinteans diveraiShorcHuEsIHOIAPSMISHAs ant ennas
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Space-tinme codes for hi ata raté

Conference on Communications (ICC’93), pp. 1630-1634, May 1993. This proposal

20  relates to a base station transmitting a sequence of symbols through one antenna and
the same but delayed sequence of symbols through another antenna. A special case of
this scheme was proposed by N. Seshadri and J. H. Winters in “Two signaling
schemes for improving the error performance of frequency-division-duplex (FDD)
transmission systems using transmitting antenna diversity”, International Journal of

25  Wireless Information Networks, Vol. 1, No. 1, 1994. The sequence of codes in this
scheme is routed through a cycling switch that directs each code to various antennas
in succession. Since copies of the same symbols are transmitted through multiple

antennas at different times, both space and time diversities are achieved.

30 A coding technique known as space-time trellis coding (STTC) has been proposed by
V.Tarokh, N. Seshadri and A.R. Calderbank in “Space-time codes for high data rate

wireless communication: Performance analysis and code construction”, IEEE trans.



wi rel ess communi cation: Performance anal ysis and code construction", |EEE
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bl ock i rovarwhdit thewhibdradthrahasiving sateanab Sixed, Midgecodihg b&blexilfTés thop. 70- 74,
1999. In the 1pro posal , an opti pmum beagf orner. i s derived gas_ed on the
coding cri teFiGtegiers, ?W?W@%Pwﬁéﬁw gy Hellipsiagr AL be degoderpingrepicay e
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diversity gain and beanform ng gain simltaneously for wreless

comuni cation systems enploying the STTC technique. For a given achievable
diversity oRiaempitie tFBrief ARNRWARNICERMEHAEITE RBereWrd SIS t&ﬂll&?ﬂ@ﬁh mze
beanform ng gain are found via singular-val ue deconposition SVD) based on
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W rel ess cmﬁmmapp(bng over | gk igvanantainultipath fading channels”, Proc. of IEEE

VTC, pp. 70-74, 1999. In the proposal, an optimum beamformer is derived based on

the coding criteria given in the proposal by V. Tarokh et al to achieve diversity gain

20  as well as beamforming gain. This scheme achieves diversity gain and beamforming
gain simultaneously for wireless communication systems employing the STTC
technique. For a given achievable diversity gain, optimal transmission beamforming
weights to maximize beamforming gain are found via singular-value decomposition
(SVD) based on coding techniques.

25
For addressing the issue of decoding complexity of the STTC technique, S. M.
Alamouti proposes a scheme for transmission using two antennas in “A simple
diversity transmission technique for wireless communications”, IEEE Journal of
Selected Areas in Communications, Vol.16, No.8, pp.1451-1458, October 1998. This

30 involves a maximum likelihood detection scheme based only on linear processing at
the receiver. A space-time block coding (STBC) technique introduced by V. Tarokh,
N. Seshadri, and A. R. Calderbank in “Space-time block codes from orthogonal
designs,” IEEE Trans. On Information Theory, Vol. 45, pp. 1456-1467, July 1999,



Sel ected Areas in Communi cations, Vol.16, No.8, pp.1451-1458, Cctober 1998.
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hi gher or deFPHiVersrty transm esi on :1 Other " error
correction cﬂmlememer tusxpg dnighbherds:edlaadlt)otrdmmlmonedlmctly ot lamislrrg stheon system
achi eves better Qv %gerfqrmapgﬁ% 'g(r)lne ({% 2 the two- antennseSTBC schene
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st at i on1( Bnd L@dy E@dingatei evi ng diversity transm ssion. A signal s(n) to be
15 transmtted is first coded in a space-tinme block coding nodule 106 in
the base station 104 which has one input port 108 and two output ports

110. The inggt 1pRrd bR diagssRifSa Wikldsd abmfuhic@tbnS SERAENER, illaétling S( 1) ,

s(n) and the two output ports 110 provide, in.response, respective output
si gnal s si (RpmeHEs expeyed éjﬂvefﬁltﬁéc}leﬁ"@t“éﬁgé“’? IrAnSHHEing f"mﬁ‘%nfs AL sqympgds: 20 t =
n t=n+l si a(tta)ba§e( E&tldn (‘BS?"l(W f‘olﬂ)acﬁlewﬁg?ﬁikférsﬁ}( Banshidsion. _ASsighal s(n)do Bbere n is

an even int eger enot es a COI’Tp eXx COI’]] ugat e oper ation
15 transmltted is first coded in a space-time block coding module 106 1n the base station

104 which has one input port 108 and two output ports 110. The input port 108
accepts the transmitted sequence, s(0), s(1), ... s(n) and the two output ports 110
provide, in response, respective output signals s1(f) and s,(¢) at time instants t=n and

t=n+1 as follows:

20
t=n t=n+l1
s1(2) s(n) 12 s’ (n+1)/ V2
s2(?) s(+1)/ \2 ')/ 2

where n is an even integer and ‘*’ denotes a complex conjugate operation.

At a single receiving antenna 112 at a mobile terminal 114, signals received at time

25  instants t=n and t=n+1 are given by:

x(n) = a,5,(n) + @,8,(n) +v(n) (1)

x(n+)=as,(n+)+a,s,(n+1)+v(n+1) 2)



At a single receiving antenna 112 at a nobile termnal 114, signals
received at time 25 instants t=n and t=n+l1 are given by: x(n) =a, s, (n)
+ a2s2 (ryo03083857 (1) x(n+l)=a,s, (n+l)+a2s2(n+l) +v(n+l) EEX/SHOB/0BH85857
PCT/ S&03/ 00073 5 where al and a2 are the respective channel coefficients
116 fromthe two transmitting antenngs 102 to the receiving antenna 112,

respecti Ve!‘é]ﬁeéf?nﬁg‘své‘ab?éqﬂ%nﬁfyadde(:tt“l' V} ‘é@yélt&e%%%ﬁ' an r}pl Sen (AV\GN) 5 The

recei ved si eCco a space-tine ecod3 ng nodul e 118

in the rmbﬂrdn@mmafgnaﬂf@haslﬂo& tombéﬂ}lﬁ@.hﬂztynnaelq)laﬂespbﬁ?ve;bﬂ,)a?@Iﬂ@) (s)2t)16 rra;(/ be )
witten in trlx s(n + 1) a, v(n) x(n + 1) s" (n + 1
-s(n)j[a2] U’(’ﬁwl-“t‘? %af%ﬁ‘nn&‘(‘%@%ﬂa&? az s(n) v(n) 10 x" (n + 1) - aZz a, s(n
+ 1) +v" (n + 1) (4) -12 Therefore, channel coefficients 116 may be
estimated vi a equatlon (3) USIB‘?% trai ni pg whil e equation (4) may

be used ¥ or IR Tgraied signs!inzybesar &.‘/éie'fqu%bwggagﬁewseé?e codinggmeduly dfdsed by

Al anout i, ciiaRRBile €ARhAI1Gk e BpectfchilyTBEIMABnANHarkd @by B WeiGkA Bnatd2 | Nvol ve
very Ssi rrpl e |inear operations. Also, conpared to a diversity reception

techni que i ‘ving one transmtting antenna and two receiving antennas,
the schene achieves the same order of diversity gain as diversity
reception techniques using a nmaximumratio conbi ning (MRC) approach,

al t hough the schewé)suff er|s f(rom &r31d rfvm) nce | oss. _20 To achi eve
di versity gain Q@,pg nf Br m@glgaL@ (ﬁ} + y for syét”)ems enpl oyi ng
t he STBC t echni i't i's apparent th m ssion structure adopted

by STTC systens eve tcpe go c\;m errpl oyed simlarly. But it
is not lery cl{%r f'o S?é s ste]is EJEJ v£ se two kirfds of gain can be
obt ai ned and 25 [Hd@H! ¢ né é(é’ﬁ‘f ghts. Therefore a nethod to

obtain the optimal beanform ng weights, in terms of obtaining full
diversity as well as maxi m zi ng
Therefore, channel coefficients 116 may be estimated via equation (3) using training

symbols, while equation (4) may be used for signal estimation/detection. In such a
scheme proposed by Alamouti, channel coefficient estimation and signal detection

15 involve very simple linear operations. Also, compared to a diversity reception
technique involving one transmitting antenna and two receiving antennas, the scheme
achieves the same order of diversity gain as diversity reception techniques using a
maximum ratio combining (MRC) approach, although the scheme suffers from a 3 dB
performance loss.

20
To achieve diversity gain and beamforming gain simultaneously for systems
employing the STBC technique, it is apparent that the transmission structure adopted
by STTC systems to achieve the both gains can be employed similarly. But it is not
very clear for STBC systems how much these two kinds of gain can be obtained and

25  how to determine beamforming weights. Therefore a method to obtain the optimal
beamforming weights, in terms of obtaining full diversity as well as maximizing
output signal-to-noise ratio, is derived in hereinafter from a signal processing point of

view.



out put signal-to-noise ratio, is derived in hereinafter froma signal
processing point of view. WD 03/085857 PCT/S@&3/00073 6 Fig. 2 shows a
syst em enwlbagiossgst he STBC t echni que, which conbi nes beanfpamrsGogotoes hni que
with diversity transmssion. A signal to be transmtted, s(n), is first
provided to an input 202 of a space-t%ne bl ock encoder 204 and coded by it

i el di t b h t ' d ). T t - Sl I
{hen passed 8 Plevt b THan Ao fl te SteC peill: | nfifof S Blbis; one © ore
bea][nc orm ng)epmﬁums@ terglplqamgzlth@asm txanstntiiﬁicm S gfgnd! te berbrinsmitted 1P whi gh t
erforns a si ng.ru 6 se I nputs
b is iy ﬁr% ov1 ed, %ﬁ‘g Imp)lle %(%i %azlsp]@ce thlgita blodR epc%ﬁgg ﬂ)r4taﬁ18 %oﬁ)eﬁiq)&u P

to produce ransm ssi on
ant ennas Zlﬁeldfﬁ@avcsbxgmﬂi owq(wfs)ZOBMsI(mymd)e(rexﬁhesmd sigaals ar]e(ﬂhen(pagsed: w Hs (n)

+ W2 s2 (n). Si ca chan LyTe| consi st of L _spati al | y
separ at e5<(1I p13 '&%%ﬁ ) WQE@O%I\‘% zgzﬁg s eaarrll1 AP SHES S?Ear rival
(DOAs) are ]di@d%d'foﬁ(ﬂo asigiaA coribiper 202 )Vhiodilperfd.t‘&lsih snﬂple summing fudctibhef thaxi mum ti me

del a relatlveto he first arr th th ol
oy vl oty e ning Rteran) Pas (BalPgtss. Bk rutthaahe R Ble channel

response Zh&nsmmmb@ﬂﬁmheﬁnﬂﬁpleaﬁtendas 2h4.t The siginal &{n) 218 pby)be(c@pressedi 20 wher e
a(0,) is the dowlink steering vector at DOA O0,. The signal y(n) arriving
at a recei®ing antenna 220 at a nobile ternminal 222 is given by: y(n) = w
H h(t)ijos, (n) +vvz h(t) s2 (n) + v(n) (7) 25 By denoting 8, (t) = w
h(t) and @ (t) = wz h(t) transm ssion beanform ng weights nmay be
estimated by nam(MiQanl(tl}TeWeé)f(v)functl on: J= E [lal (t)1ZA5%1182 (t)121 (8)

The physical channel is assumed to consist of L spatially separated paths, of which

fading coefficients and directions of arrival (DOAs) are denoted as (¢, (¢),6,) for
15  [=1,-,L. If the maximum time delay relative to the first arrived path is smaller than

the symbol interval, a flat fading channel is observed, and the instantaneous channel

response 218 may be expressed as:

h() =) o, (1)-a(8,) (6)

20  where a(d,) is the downlink steering vector at DOA 6,. The signal y(n) arriving at a
receiving antenna 220 at a mobile terminal 222 is given by:

y(n)=w" -h()-s,(n) + W7 -h(t)-5,(n) +v(n) (7)
25
By denoting B,(t)=w/ -h(t) and fB,(tf)=w} -h(f), transmission beamforming
weights may be estimated by maximizing the cost function:
J=E[A 0] +]80[ ] ®
30

st. E[B, (1) B;(D]=0 ©)



300 (9) s.t. E[,Q (t) /32 (t)] = WO 03/085857 PCT/ S&3/00073 7 and
w," w, +wZ w2 =1 (10) where E denotes the expectation operation.

Maxi num SMB 03983881 ai ned by maxim zing (8) subject to (10pcmsidoBeooadnditi on
(9) guarantees that Q (t) and /2 (t) 5 are statistically uncorrel ated

t hus achieving full diversity gain. Ogrrparlng (1) with (7), with the aid of
downl i nk beanf orm %1 two stati stllcal uncorrel ated fadi ng chzﬂﬁel s, Q (t)
and / 2 (t) have® a‘?"tvaYzmv%ﬂTy generated, with which space-tine bl ock
decodi ng may be used to recover the transmtted signal s(n). 10 The
optimal transm ssion beanform ng wei ght vectors are_ Ei genvectors

cor r espondi e of't Iﬁiénqt%othlea‘?"@é"é?tml’il gesrrignu e Masimymh SNfb iR | BRI hahnel
covariance mmrzn?g (s)lébjacno%(ﬁ)h(vme cdhditfoh)(9) dubmhteddBhE st heaRXpeef ation is
conducted over all” fading coefficients. Suppose the avefage power of each
path is 5El ag stétis)lba?ﬂyxmgqrrelatetdhbuscaohlavmgﬁﬁl&hvmmy|gxml s given by: L 20
Ry,.a(9,)a"(6,) (12) To achieve full diversity and maxi m zed beanform ng,
this schenme requires only up to second order statistics of fading channel.
Whereas t heCcmqhﬂ'rrg (il)nwﬁxhv(ﬂ)]gwiﬂinehe eidntfi dowagdinkf beam@orBinkC ttve clttisia Wi t h

beanf or i ght t t.q b | f
Rayl ei gh R BETIRP L ORARHEE SO an- o BRERE T BHEG SEREHES TEE oyst ens
enpl oyi ng e\mlmﬂ; abddEmet1d& &rcocﬁi@gay B@&Jamm@ovapdﬂe BXRnitaiihhis»)gai n and

opti mal beanf orm ng gain via conbining t space-tinme codi ng technl ques
with thd adaptive beanform ng technique. The optimal 30 beanform ng wei ghts
may Dbe obt apjed,dif,Pughhg éyll;?f&ﬁm@ 0 g}qe%gaagsléreorh enfR¥RYET

lids
t heoretical performance Eiene?ll ts achi eved ‘f)l t he adaptive syst ens may be
corresponding to the two largest Eigenvalues of the downlink channel covariance

matrix:
15 R=E[h(t)-h”(t)] (1)

where the expectation is conducted over all fading coefficients. Suppose the average

power of each path is E |a, (t)|2 =y, , the covariance matrix is given by:
L
20 R=Y7-a0) 2" @) (12)
1=t

To achieve full diversity and maximized beamforming, this scheme requires only up
to second order statistics of fading channel. Whereas the scheme involving the
combining of the STTC technique with beamforming, beamforming weights are

25  guaranteed to be optimal for Rayleigh/Rice fading channel only.

The aforementioned schemes for systems employing either the STTC or STBC
technique achieve diversity gain and optimal beamforming gain via combining the
space-time coding techniques with the adaptive beamforming technique. The optimal
30  beamforming weights may be obtained through either SVD or Eigen-decomposition.

However, theoretical performance benefits achieved by the adaptive systems may be



WO 03/ 085857 PCT/ S&3/ 00073 8 offset by the cost and conplexities
encountered in inplenentation. In wreless comuni cati ons environnments,
recei ved wormplogsssenvel opes of signals vary rapidly due t®@cCadiosigoo7Ihe
adaptive beanformer nust therefore "track” the change in the fading

envel ope so that beanform ng wei ghts glways neet the optimality 5

[ equi T BNt gyl fol N, LBE kY ARNIEARABRRBuHIES 9 NinddaRideg, al gorithm i s
not sufficlient, "beanform ng perfornmances may degrade. For the beanform ng
t echni que, windessicominenightions partitopments redeived dappley envalapenpbsigypds vy i s t he

swi tched beam.an S : | epna- :onsi sts of
10 mul t1 pl SR AR TR ad S ERE e BIAGE PROR, HEERTR 0% e
strongest rthechdiegl qpuslepe 5o thes clibamborsdngy eveghtieslivapsd mepbithee optanatitnal as it
is nmoved t hrough the yer age of ase station. i.tche am ant enna
System s netdehebion o aF TL%Re srBnbARe g ube haytle, ShERTF, bF

beant or m ngsuffetian okamfiefmiagpérédrmamas oentlegrdde. Commrer ci al depl oynent s of

swi t ched beam ant enna systens have denonstrated 15 significant perfornmance
i nprovenents over systens without nultiple antennas. Nevertheless, the

per f or manc eF @ thet Heemfwi ing hetiniges ohasimpleniteaytblc@orthe adaptins htdemedydiym t hose
skilled in the art tﬁ’ be inferior tchaéhat 12 thew?da?ti ve antenna system
Hence, becdAlfSsVdiFhedipsam Aniganasy ey e BNt ﬁ%l’eélﬁje qF SR CLHPFER %ty and
system lh(pgrfgﬁlltiﬁﬁggaﬁowtmm, bﬁw@ich&ﬁ@%ﬁﬁﬁkoﬁdi@r&tﬂjb&e oth? tigh §tﬁﬁ%és_y conbi ni ng
a switched beam antenna system wit .Sspace-ti me. codi t echpi que
sacrifices ESRYHROPET FIFTRRSENF 8 es‘feﬂémg’blﬁ'bq”é‘ﬂa[ 3 bt ‘P‘??ﬁgg%‘fé’at‘g? on.
Therefore, dRhemg: oS RsIRRBn! The SwisHsd Bdihi HdInnPEyRKIOE mokd & op@hitareance of an
adaptive antenna system while possessing the inplementation sinplicity of
a swit ched Bwinent geaEngepRly Gr stafi bestiforging pevetk Rigawiiehasd ©8YA¥ or ni ng

gai n simul t@&ﬁ.ﬂ&%iavdgﬁyﬁs@lwof kWitéHed WedANsRenth thstdmé ihadd danpRGhe®f the
invention, there is disclosed a nethod for selécting two beans in a

swi t chelP bengnifssne PAEOTEBEce IMPTOYCTRANEY PYRT ngySEBRNY ithaut JoulEPEMANENER i ons in a
downl i nk Chﬁmghelestsnﬁe SMIrRRRE 0P BRTWADHA MRS ﬁﬁﬁ%ﬁlﬁ%a&ﬁ‘ﬂ SnSilered By | NK

reception and downlink transm ssion. The nethod cofprises the steps of
those skilled in the art to be inferior to that of the adaptive antenna system. Hence,

because of the trade-off between implementation complexity and system
performance, there is a technical prejudice that directly combining a switched beam
20  antenna system with a space-time coding technique sacrifices system performance for

the complexity of implementation.

Therefore, there is a need for a system that provides the performance of an adaptive
antenna system while possessing the implementation simplicity of a switched beam

25  system for achieving diversity gain and beamforming gain simultaneously.

Summary

In accordance with a first aspect of the invention, there is disclosed a method for

selecting two beams in a switched beam antenna system for providing downlink
30 communications in a downlink channel, the switched beam antenna system providing

uplink reception and downlink transmission. The method comprises the steps of

selecting a pair of beams based on the uplink reception of the switched beam antenna

system, and determining from the pair of beams a corresponding pair of orthogonal



selecting a pair of beans based on the uplink reception of the sw tched
beam antenna system and determining fromthe pair of beans a
cor r espormipreg/ogmsT of orthogonal WO 03/ 085857 PCT/ SG03/ 000T3/SGO3/h@ans. The
met hod further conprises the step of providing the pair of orthogonal
beans as a pair of transmt beans for9t he downl i nk transm ssion of the

C

switched b a 0 HRACS, ML By e gct of the
i nvention, %'L%E?g?'emegrg%}lﬂgﬁﬁg&sl%gb Iggrsl%/?ngt che‘g{ ggggﬁ%d\éﬂr# eﬁﬂygﬁsﬁgﬁﬁggﬁ%r sel ecting
two beans fteampasapaii of graokovinbeamk for dhprdenmiickatrargmsssion ofithd swit¢hedhkeashannel , t he
swi tched begm antenna system further providing uplink reception and
downlink transmssion. The system conprises neans for selecting a pair of
beans based on the uplink reception of the switched beam 10 ant enna system
and neans for determning fromth ir.of be a_cor,respond pai r of
orthogoral Bastantha bRkl brR of Helingenidaire dn SR G DA PP Dai ¢
of ort hogorehmbeateanassyatepai for Obeléatiagsivd beanss Hor plokidingovdolintikk

transm ssion of the sw t¢ched beam ant.enna tem 15 WO 03/ Q085857
berT St03 0007 3unkgtonsy s SRplak SRR e BB HEE wtun rasi SRR { ne
i nventi on ghevidiag aplitkadcdpisreindalotvalinkirdidmissibRr FHE §/steth cbhiptis¢sgticans N Whi ch:

5 Fig. 1is.a hlock diagramof a conventional downlink transpssion system
using the & E%%CE‘E% ﬁrﬁa&fu%f?beﬁnﬁ basgd; an the yplink regerigp é’lihrt]llf’f Svgtcc%f)%%"mi onal

downl i nlo t rAARGAL Systedl) ahy Sle@i® f60d¥% riinifl fram tﬁcdﬁ.ﬁi bi/EaitB taedRdspsdEhem W t h t he
STBC techni que; 10 Fi % 3 ilJustrates a swtched be?m antennﬂ S%stem W th
twel ve bearRpdrthegopgbeams. gThe gystem furthergqmprisgrameans fof @rysIp&the R in Fi g.

3 bei ng accgnRtaicad Bedms BONpAr ofttBbiie bORRTOPARE UEWRlink transmission of the

switched beam antenna system.

15



15 Fig. 5 shows a beam pattern depicting neasured powers of two pairs of
beans corresponding to incom ng paths of a system according to an

enbodi mernwomB/083867 i nventi on conbi ning the swi tched beam 20TSGa0@Y3t em of
Fig. 3 with the STBC technique; 20 Fig. 6 is a flowhart of operations in
a system according to an enbodi nent ofsthe invention for selecting a pair
of switche BRvilki Ng the switched beam antenna system of
Fig. 3; 25%5@&?%&?@@@ are tabul ated sinmulation results illustrati ng
downl i nk BHERnpwelinentsefitbeinvention Delescobedhenqivafienyith rederpree todmaings iof t he
systemof Fig..5 with other systems; Figs. 8a to 8c are tabul ated
simulation results illustrating downlink BER performance vs. transmt
power (SNR) for conparing the performance of the systemof Fig. 5 with 30

th t ;4 Fi I bl-ock di f.. t.i pl
npat - mit (PG Rt SRR SS RS R SRR S WsshBo07s 11

Fig. 10 is SI'BC ecknigicagr am of anot her system accordi ng to an enbodi nent of
the invention conbining the switched beam antenna systemof Fig. 3 with
the MMO technique. 5 Detailed Description A systemaccording to an

enbodi ment K. 2 ke blstkelidgrannof Scaivations eldwhiletranaihission swtenacoibaissg t he need
for a systemthat provides the e(r)%lq?ré ce of an adaptive antenna system
whil e posseaé’sqdﬁ%flvfﬁgtein?‘?ﬁp'g%ﬁ’t‘tg&e i P ¥t y of a switched beam system
for 101achi eving diversity gain and beanform ng gain sinmultaneously Such a
system i nvol.ves. aq%r act i cal{ﬁ, i nexpensi ve, a% r‘%{) st _downlink transm ssion
schene for H&n WYL BSYHCNGH beans pittcnna systam Wik by AWSPH S54%ed on sone
sinple uplink nmeasurenments. In particular, the system approxi nates the

maxi num . , N :
Fig. 4 illustrates the twelve beams shown in Fig. 3 being accentuated to show a

twelve-beam pattern;

15
Fig. 5 shows a beam pattern depicting measured powers of two pairs of beams
corresponding to incoming paths of a system according to an embodiment of the
invention combining the switched beam antenna system of Fig. 3 with the STBC
technique;

20

Fig. 6 is a flowchart of operations in a system according to an embodiment of the
invention for selecting a pair of switched orthogonal beams using the switched beam

antenna system of Fig. 3;

25  Figs. 7a to 7c are tabulated simulation results illustrating downlink BER performance

vs. DOA for comparing the performance of the system of Fig. 5 with other systems;

Figs. 8a to 8c are tabulated simulation results illustrating downlink BER performance
vs. transmit power (SNR) for comparing the performance of the system of Fig. 5 with

30  other systems;

Fig. 9 is a block diagram of a conventional multiple input-multiple output (MIMO)

system; and



15 beanform ng gain and achieves full diversity transm ssion as wel| by
conbining the STBC technique with a switched beam antenna system The

swi t ched woeanisissenna system preferably has the sane si mpCa/Sghysical
structure as that enployed for uplink 1in a base station. 20 The system
invol ves a downlink diversity transm g$gi on scheme to conbat fading effect
for wirel ess comruni cati on systens where nultiple antennas are enployed in
base stations while only a single antenna is enployed in nobile termnals.
A nunber dfig.adviznt higels diaig@nagg onither ybtem rprosdie taas ymbedimenitifdhe ar e
described hel@haRbofbining td biRkhkd ped EneR! SOAH PP Wi QUMIBRS SWi t Ched
beam systeny and thus 1S sinple to 1 nplement and cost effective. And in
such a systtedmiqgdéversity transmssion is fully obtained. At the sane tine,
t he beaq;orning gain is maximzed to an approxi mating optinum val ue that
is conventionally achieved by conpl ex adaptive antenna systens.

Fur t her nor eDethihed Basldpionised in the systemis applicable to

frequency-sel ective 30 fadin hannel en _enpl o i n d. OFDM
Syotomn. TS sSab Eeardng i gh enbfRediaran g EReY Hl el BENERE o
systens. Addifesthalnksd foi Asysys tiamphyideathipexfomgncoobimatlptiesanteanari ng and
diversity transm.ssi on provides high.spectrum .efficienc et consunes

| ess transn¥ %tgl?ldﬁnlﬁ(gﬁ?f”gm@é%q ‘W}e“keﬁ'ﬁg‘ﬁpsém%%ﬁylogaf‘@ftﬁ}eﬁgf%i& &RRB %ﬁ/ 085857
PCT/ SG0/ 00Qi#idvingd divesit@akdiy ahd teamesmbng gpidysihiiahesisize and battery power, the

systemall ows conplicated processing to be perforned at a base station
rather at the nobile termnal, thus reducing the nobile term na

conpl exi ty.syeh Thgs@mchidiest ap@cthl, ilRpdyist, efdi rebst @bwinkt ankhisieonvent i onal

system shown in Fig. 2, with_only one |n§8&tant,distinction relating to
two transm Fheafr sehigyiae Rothxbeersifypnd heapiagming gafr, haseq, Op SAE SHPHeant or mi ng

wei ght's usegihR hHbRuReRAEOr rrﬁr&m%ulazoﬂleaggstenv\?apgﬂeshrﬁdt@ aRMMakRthnySi Ng
processes, nethods, and techni ques described hereinafter. 10_Flgure 3

i | | ust r Bt esbeaméumingrasin Hdzashigrrsdwhdiveryiy Brrsodgionss eilliby camdmingrihe he system
with twel Ves%ﬁaféﬁmﬁ&?e_ wipxo§§&i@ch}8ﬁea§?&ﬁ%? sgs%ééﬁl PRAMiBA4 haM digknfla 10 Wi dt h.

Beanf orm ng wei ghts w an i’ eam (1 =1,2, ...,12) using a ULA antenna
may be expiystsmaueferably has the same simple physical structure as that employed for uplink

in a base station.

20 The system involves a downlink diversity transmission scheme to combat fading
effect for wireless communication systems where multiple antennas are employed in
base stations while only a single antenna is employed in mobile terminals. A number

of advantages are associated with such a system, which are described hereinafter.

25  Firstly, the system includes a low cost switched beam system, and thus is simple to
implement and cost effective. And in such a system, diversity transmission is fully
obtained. At the same time, the beamforming gain is maximized to an approximating
optimum value that is conventionally achieved by complex adaptive antenna systems.
Furthermore, the scheme used in the system is applicable to frequency-selective

30 fading channel when employed in CDMA and OFDM systems. The scheme is also.
applicable to either TDD systems or FDD systems. Additionally, the system by
achieving combined beamforming and diversity transmission provides high spectrum

efficiency, yet consumes less transmission power. Lastly, since a mobile terminal is



15w =s[wi(l),wi(2),...,Ww.(M]T (13) where wi (n) = exp[j] (m-1) 22r
sin(gpi )] (m1,2, ...,M, rPi is the main beam direction of the i h
beam d iwOtoh®s8mAT enna el ement spaci ng usually set to 0.5RCT/SGO3/800THe
wavel ength of the carrier, and Mis the nunber of antenna el enents. O her
swi tched 20 beam ant enna systems withyiffer ent antenna structure and/ or
beanf or m n Ihtnited® g 0Bt h&gjs Qv be @dva eqisly used. For
convent i ongﬂ mfﬁﬁ i mtegrg}?o@% ank SW tcheﬂ(}ﬁﬁg sfs tens, %e oijectl ve is to
sel ect oneolnpkitatdsie arpcessing tleﬁbeptfrﬁlfm?Cb@b[@t basp sttion.r rathsrriat gheomobile
respectivel f od to achieve this is to

cal cul ate tt%ﬂmé(%\?}é@flﬂgl\?e ?[hf% b i&?ecetpver output in the systemfor
each beam and sel ect the beamvvlth the hi ghest out put power for uplink
recepti i.nk trans | s ed beam
Cystom i ot he o e el S B, dolC BB ST AR E 2T

t ransm ssi owith mnAy)oxhnemrtanehsneeﬂbedqlatmgdocmrrets;pmrmtamgjrmeﬂsm Zo&ends of

beant or ni i As. le WO
03/ 0Bses7 B ecTbo0: ey eriaRRe B R Rl E S e e[ nas 1o

sel ect two wi210agesinphtednEing procdses, nﬁethrfds,raadeachhiqges;dembed Hdeivnfter., thi s may
cause performance degradati on when conpared wth the adaptive beamc orm ng
system conbi ned with STBC using beans determ ned by cost function from (8)
to (10)10 ThegireBeisaktepe sbieho® besth Gitenhl systemB0EwHEILH BREgaSih thdxgas®, t echni que
is nainly due to the non-orthogonality, instead of |ower accuracy relating
to directi wWith tydve h@"ﬂe%qzrlécfa%blﬁ?q eSetten fafthPeany £04 havipgd 19F M9fifest  beans

as opposed =Tol @ L;and ; are
Gaual Ty ot Ca R o P e Sl R EBe T ™50
shown in Fix Fesslgdagr separated by only one beam thereby providing two

hi ghly correlated virtual 10 fading channels, Q (t) and /3Z (t) . As a
result, the diversity gain, which is nore essential for system performance
in a fading envigon i1y obtained. To obtain Il diversity
gain, the systerﬁcac@‘;pdl h(? a(rqj[jgnbodi ment of the inventig t herefore has
to generate plenty of pairs of ort hogonal beans for selection or 15
switching. To approximate the maxi num beanform ng gain as well, the

sel ected wherew,,(m)=exp[j-(m—1)-27[-%-sin((pi)] (m=1,2,..,.M), ¢ ; is the main beam

direction of the i beam, d is the antenna element spacing usually set to 0.54, A is the
wavelength of the carrier, and M is the number of antenna elements. Other switched
20 beam antenna systems with different antenna structure and/or beamforming weight

generating methods may also be advantageously used.

For conventional uplink or downlink switched beam systems, the objective is to select
one best beam at a time for reception or transmission, respectively. A simple and
25  efficient method to achieve this is to calculate the power level at the uplink receiver
output in the system for each beam and select the beam with the highest output power

for uplink reception or downlink transmission.

When the conventional switched beam system is combined with the STBC technique
30 for providing downlink transmission, two beams are needed, and correspondingly two

sets of beamforming weights, at a time. As a direct extension from the single



ort hogonal beans shoul d always direct to the signal path where nost of the
signal power lies. The Ei gen-deconposition nethod is preferably applied in
t he syst ewontos/osgsspduce ort hogonal beans and correspondi ng Poad@se0snen7sg

wei ghts, because the systemnot only produces orthogonal beans but al so
control the di rectivity of the 20 bea produced. Based on the uplink

measur enent en?c,u? a8dysth! O6k | 8NS1ecP ftwhDtonsdsd BRAmP yer

concentr at eg usi'ng processes, nethods, and techni ques
descri bed Hems qfa¢qee’ﬂng Basad H@WeYGﬂiet screayt dansecneriomnansh degradasion When gen-

deconpost ti Qhvh3g 3R hEEiabBIRAR @R iRIGABh-PEAISTIR! |sfhliRaRl ng the

directivity t he convehtion e system generat e€ eac pai r
or t hogonal dwmed)bseebt figstion fromd8bte (M) eltwvinfettrerprioamanse of-the “two  swi tched

bears | 2 nd trlonéﬁlitt”%eln%? teElt}l Lgei %a&?@ed{o tﬁecﬁ%&ﬁ%ogéﬁhé}o 1ﬂste§‘(§]gf foR'e{

respectivel RETet &renc 1on ( variance matrix of the
correspondlacguahyvm]atmg(tocdnmnatﬁtomhy demdred pbde terainel, ;ofal;mptmxstrmgad by: 30 R

. a(c P 85857
PCT/ S@03/ 08?%@8 aiﬁ’g’fgqse%m? tadar?éwﬁgga}n&f)na?ge P&é’l}lée%f %i &ﬁn “FobiTe Yerminal are
com ng fromstdly diﬂhélﬁ‘ﬂl_]acem forcefxarblelarfsstlandusetopd bddngs méearralgﬁ)Smhmnsn y; and vy,
may be nea dat u k while fo i icit ng. m ni [ romse in
perforrnaanSeI'L{gﬁﬁﬁr Bar t@? ¥8n1§7 ong.begm, &lef?%%%vﬂm tg' ?“‘%‘%y COWﬁluag] Hﬁ{rpbeams
cor r espandi faging Ohfimels,CPRE) BRBFS(r). 20da festlgythddivesitpGams whicki igemrect ors of R
corresponding to two Iargest Ei genval ues. In this way, a mapping from any
two swi t cheagsapbalier systam gejforfriangsj ip aé%mg@tnr%menpé%rsqt@l@ obtssAnat i on of two
swi tched beans to the correspondi ng pair of orthogonal beans may be

established. In the case where nultipath signals are usually travel through
N (N>2) swiTaohsain fudlodivessitysgain, e shisigp pergrdieeniolsa cabodiplentsHdep isyamfipmr | y from
al N swi t GRadioReqir mtEgen&a%r?e% 3flipafs BRididofthal HLARIRRAREAS, S nce

t hi s mappi ng enpl oys Ei"gen- Ition 1s fixed once the commruni cation
system is estighihg. sﬁ@dpprbhelatmthlmaglmlpnd)@adfsprrempr@frembdey thsisnlgcted f - | i ne

processing, orﬁmo onapgr Efsos ulfii %ﬁéa\}'n %Ere g(t)gwe Pz&tﬁ) Whtegemﬁﬁ rmltl?exéléﬁél of the

system Thi's an aavan v
power lies. The Eigen decomposmon method is preferably apphed in the system to

produce orthogonal beams and corresponding beamforming weights, because the
system not only produces orthogonal beams but also control the directivity of the
20  beams produced. Based on the uplink measurement, two switched beams at directions
of most signal power concentrated may be identified using processes, methods, and
techniques described hereinafter. Based on the identified switched beams, Eigen-
decomposition is applied to generate orthogonal beams while keeping the directivity
of the conventional beams. The system generates each pair of orthogonal beams based

25  on two or more switched beams.

For two switched beams 7/ and j (i #), the main beam directions are ¢ ; and ¢
respectively.  With reference to equation (12), the covariance matrix of the
corresponding downlink channels may be appropriately approximated by:

30

R=y,-a(p)-a" (p)+7, a(p;) 2" (p,)] (14)



15 which Ei gen-deconposition is applied on-line. Thus if two conventi onal
swi tched beans are selected, and the main beans of these two sel ected

swi t ched weas®sss? nci de with the directions of the nultipach/scogoal’s, the
system uses the correspondi ng pair of orthogonal beans as transmt beans.
Full 20 diversity is then secured by we orthogonality of transmt beans.
The maxi nu ] L, gg&ro' ff-1qi ne

Ei gen- deconq}plggﬁl? %E{gg%lg%c?igé&(ti% , i )ét @éﬁgﬁé g%“g?%%? ?la%% d‘erétﬁllmrlrsat e of Rin
(12) . Wt h of bémwsgaoé;.tThe Evegagedowem ywand h, triag be websueedheaptnkswiolefoi n Fig. 3
is accentuated to 25 show a twel ve-beam pattern 402, a preferred nmethod by
whi ch the symsplisiy erominimem cempromjss I pirfrmanseyaante ehiaty, cover®-% hé directi ons

of incomng nultipath signals based on uplink nmeasurenents.is,described.
I n many scé’ia}lir‘if(?gg‘_’&oﬁ%l l?gméﬁ??%ﬂonﬁfngttﬂéwft&ﬁd%"t“?%h@és’tm@(/\#i PHedaheans works
adequat gl y mpghv&hdrs 6F RNEdrispdd@itg Y&iwo 16136t BYRhdides. REthisQIFBNmBpRhg t he system
may be degraded sharply when the directions of nmultipath 30 signals are at

the vi ci ni tfyorofnyt twe swatghedahegmp éendedh=1vanaadstatimassitie eombingtion okl e,
using upl i Q&it@ﬁe%%%gﬁ%Qﬁesmr}e%)%nr h%?zm 6%0%&@%&%&5 %9 Bt ngatmgﬁeﬁs 404 and 406

W th commensurate average powe e aroun respectively, of the
twel ve beam WO 03/ 085857 PCT/ SG03/ 00073 15 pattern 402. Usually, the two

strongest he for _each incom.ng,path_akn j nt , N re inthis
case, eit hePe}F{}gasﬁa‘f}%er%{)nrlrlﬁl Fsi 1 !ssi %% ﬁls%g téa% @g®§%t%%ﬂ4@ogﬁ{e°§% or the
pai r colfpr iteamg thé mhdppihg2caans éstabtithed Isimitebymfoprdl Ndewitdhed bsdmomgest beans.

This leads to incorrect sgl (g@%i on S’f SW %iche(%lhibenzlarrs.nt hat do not cover 5 all
the two i n¢SHFRGPaE HE™ 1 gorak Pepmy; vt (Uh MRS RTRISE AEE i ncl udes
an opti maldesshpostien id Grgsorke teCionmunicadbmbygtet Basablished] thexmgpeag er det ai |

herei nafter. he t hod provides for the cess aof selecti. t he best two
beans whi ctPr‘i’“ﬁg‘éfF Ip?%erélbl?}é‘rmgl‘? e EE s a&ﬁ[ ﬁﬁreﬁﬁf’ O?%Wélco%ﬁg? &s

correl ati onhd\dnkpl&@sREEe siQeaqhis & fifsdvarkibe vt ddaptieigtenbd sy st o d
preferably uses_a power w ndow t hreshgl d 504 of a power w ndow 505 shown
in Fig. 15, whchigehdecopaesiiqnds trpigd gbbngiepi ct s neasured powers of the two
pairs of beans corresponding to the incom ng paths. The power w ndow

t hreshol d 504 takes reference fromthe maxi num power neasured at the out put
of Thus if two conventional switched beams are selected, and the main beams of these

two selected switched beams coincide with the directions of the multipath signals, the
system uses the corresponding pair of orthogonal beams as transmit beams. Full
20  diversity is then secured by the orthogonality of transmit beams. The maximum
beamforming gain is approximated through off-line Eigen-decomposition of R in

(14), which is an appropriate estimate of R in (12).

With reference to Fig. 4, in which the twelve beams shown in Fig. 3 is accentuated to
25 show a twelve-beam pattern 402, a preferred method by which the system captures
the two switched beams that cover the directions of incoming multipath signals based
on uplink measurements is described. In many scenarios, the selection of the two
strongest switched beams works adequately and efficiently. However, the overall
performance of the system may be degraded sharply when the directions of multipath
30  signals are at the vicinity of the boundary between two adjacent beams. For example,
using uplink measurements, the directions of two incoming paths 404 and 406 with

commensurate average power are around 0° and 30°, respectively, of the twelve beam



each of the beans, in this case the sixth beam 506. Al the beans with

out put power 15 within the enpl oyed power w ndow 505 are selected in this
process, wWoWhssstase the sixth 506, seventh 508, ninth PC@/SGasdoorent h 512
beans. For each beampair w, and wi fornmed froma conbinati on of
selecting two of the four beans in th%sel ected beans pairs, a two-by-two
matri x may 0, d : Fornlctrm ' . hon( L reawW, . _ [W W
] and Ris @Etgfndf)%l P%E“%’ﬁ%ﬁr?év Sggl\%{%ti a?leggs né%@ﬁ:ich\/\%?%;ﬁ%ﬁ ' earkesti mat ed

f rom upl i nkadpeserguandrtherefore iFdhis Taspeeibenthe pain conpising sxtbehand SERMth R is t he
sanme as upl jnk nnel cqovari I Yqp@ i -Using a 25
sinpl e aver‘ggi lr)leét}'gc eir}rlg:p%f {c{nﬂﬁ%&g: 4;12_ %%u%ﬁgﬁ QE‘( %?gn?glgﬁgﬁgsdﬂgl wher e
u(n) denot esrohgest beais.rkhisleadayo sicgmet sedeatipn ef sytitchddeeanh thandt eotcowsf ti ne and
Nt is 3Qth otal .sanples .in the s Ling time. F I ney. Divi sion
Dupl xSyt ahE® CRABPIIE R o b FidRE R tong T dthod WREMRAGE: &b\ 2

obt ai ned vi@tihtabgriehed/bedids 63¢dDi8H BOMiRE e SEbEd Dipeaier ddail berkinbfiteat | on
processing to uplink channel covariance matrix R' as described in Annex A
The di agonal elements in F;, i contribute to transmt power of two virtual
pat hs whi | eTheSmerasd priotidegfon dtle beseof slectny the baitawd beihewbhiddaly i on
between the two virtual, paths. Taki ngli nt o (fo.nsi dtsraticﬁn thﬁ thXi m zati on
of transmi tOFEMBFOmIREPATSY R DAEPERCIAN lost UTelalgR MUP LeSpeHh 10 RELOWEL (k- i) (17)
10 may fte :«IB@ﬂmif&dat}féQﬁéthcde{igefefaBlly uses @tpg@aewmh@w lﬂ&ad(gbﬁlatim df&V}'bc?@rt he

maxi mum val ue .0 A anong the selecte eam paLrs, O her cost functions may
al so be useWiney Sehshpsindy Fig peinprhich f)g?‘?‘.‘ p?ﬁ‘?g“ %@p@ﬁﬁf%@eaﬁ’ﬁm REVEdst
function usgdhe tWiEpAHE 3NbHRAs! cofB3pohding BNAE BRoMBHEAHEN TREPbWEHW@doWN NI MUM

val ues of the cost functigon. For the case 15 illustrated in Fig. 5, the
syst em t hr ofisehald 604 iakes wwlarence ifiom e gpaxyaune ppwes Weasyeedrat dhy output of

each of the beams, in this case the sixth beam 506. All the beams with output power

15  within the employed power window 505 are selected in this process, in this case the

sixth 506, seventh 508, ninth 510, and tenth 512 beams. For each beam pair w, and
w, formed from a combination of selecting two of the four beams in the selected

beams pairs, a two-by-two matrix may be formed as:
_wH
20 Fi,j_wi,j'R.Wi.j (15)

where W, , =[w, w ] and R is the downlink channel covariance matrix which may

be estimated from uplink measurements. For Time Division Duplex systems (TDD),
R is the same as uplink channel covariance matrix and may be obtained using a

25  simple averaging scheme:

1 & .
R=R, =FZu(n)-u(n) (16)

¢ n=l

where u(n) denotes the uplink array signal sample at the n" instant of time and N, is
30 the total samples in the sampling time. For Frequency Division Duplex systems

(FDD), the downlink channel covariance matrix may be obtained via frequency



the pair conprising the sixth 506 and seventh 508 beans and another from
the pair conprising the ninth 510 and tenth 504 beans. The beam sel ecti on
process dwesneisszubstantially add to the conputation | oa®cafsGoseon720

syst em because the power wi ndow threshold is preferably sel ected snall
enough that there are at rmst three ﬁ f our beams selected fromthe beam
pairs for sGehari os st lar t i Iustr i her
scenarios, On rﬁ{lctnverﬁeSéln% 9 yﬁFaanart’f’l OV ct edljl Lt qhedégcertilggdg

twel ve bearﬁnﬂe;(IAustrat ed in Fig. 5, the def aul t povver wi ndow threshol dis
3 dB fromthe upper extremty of the power w ndow. For nobst 25 of the tine,
the sel ection processing works the sane as selecting the two strongest

beans fromﬁttedwtagr BE1 LRARERTE ¥, 'Ebnttﬂ%tect%eﬁ P awér%txr@tneqaupath e four

beans at nost e selected and the cost nction Is ca at ed six
times, whi Crtbnto'ithbgtﬁarnérma&rts &ntridubtCroGRTRIr AR laeta/teersmtee% lvitghat mhsf rom four
beans. Al so is noted that det(F;. 1) = det(F1.;) 30 The operation of

the system ?%‘andP@\ﬁodflﬁija‘&mpth&étai"%llla“&ﬁ af gt pepsingd muninizatine of ssi on
scheme achi gydskRerdigtidd, di versity and beanform ng gain through a WO 03/085857
PCT/ SQ03/ 00073 17 sw tched orthogonal beam selection method is summari sed
using a flowhart shown in Fig. 6. In a step 602 for setting up the
antenna system a ~§lgg f mappi ngs fromany two 5 sw hed beans to the
correspondi ng orthogonal beam pair is prepared and st red in the system
menory.gfhe orthogonal beans are cal cul at ed as Eigenvectors corresponding
to two | argest Eigenvalues of matrix Rin (14). This step is perforned

of f-1ine. 1maybe ysedpsegeogbnction|to ghpese e heanypaibhayingsha mpenem vale @bl i nk

Wi thin powe r{%}gg\@eléc d {ﬂ'ﬂk)glrsar(ﬁ &&b&tiRbons léorbeehsédjfot bRbsing ep 606, a

check for t er o ted eams I's pert It the nunber of
sel ect ed betameans phino, Am;l dependisg ep tB080s funcidei pqyédtharmamhalrslys)t ben proceeds

to a step 610.., 'd?ort he i%tt;‘?rpop%?nimﬁrﬂevaﬁx%?%f frangtd Afetod. (FoPmd'slsng (15) and
teoF af

(16) is calcula
15  illustrated in Fig. 5, the system through the beam selection process selects one from

the pair comprising the sixth 506 and seventh 508 beams and another from the pair

comprising the ninth 510 and tenth 504 beams.

The beam selection process does not substantially add to the computation load of the
20  system because the power window threshold is preferably selected small enough that
there are at most three or four beams selected from the beam pairs for scenarios
similar to that illustrated in Fig. 5. In other scenarios, only two beams are typically
selected. In the case of the twelve beams illustrated in Fig. S5, the default power
window threshold is 3 dB from the upper extremity of the power window. For most
25  of the time, the selection processing works the same as selecting the two strongest
beams from the twelve beams. In the cases as illustrated in Fig. 5, four beams at most
are selected and the cost function (17) is calculated six times, which is the number of
the combination of selecting two from four beams. Also, it is noted that
det(F, ;) =det(F,,) .
30
The operation of the system for providing a practical and robust downlink

transmission scheme achieving both diversity and beamforming gain through a



conbi nati ons of beam pairs anong the sel ected beans. The two beans with a
maxi mum val ue of the cost function are identified. The orthogonal beam pair
is then neppsassssomthe two identified beans in the step PRA/EDBO@SS3
transmtting beans Wi and w2 using the mapping information stored in the
systemin the step 602. There is an akternative and equivalent nethod to
sel ect the rt I | tC - he ! ar. e beans are
sel ected vvistwkél\e}éél?t p%%g%r%%%h!lﬁg%th@ a’g%tﬂgdn%%@g%‘“f%m‘g‘r“ %%%S;SW%SOS. Such a
met hod r equhpwsinlfig. Gwappi ng of step 608 and step 610. For each beam pair
w, and wi forned froma conbination of selecting two of the selected
beans, the correspondi ng orthogonal beampair is found first by the
mappi ng opdnat stem 60 fiersetting upab¢ ahtamat systam( 4 Bpt ofsmepplings| feane dny ovo al |
ort hogonal _ bheam.pairs...The ort onal air with th xi.gum val ue of
0 1 o Sel oA ehd Wt T ol b R e N PRE i il bl B
PCT/ SQ3/ 008 Fystd@d Aletoou ghThd erthugdnalh ddamy tao gakealatel eaanBgnesctaron et hod
in the systemis élerived herein i rgtj ation to frequency non-selective
fadi ng charfREePonding fodwy largeshiigenvaligs of magrix & il dh ISP PYPE e hannel s
wher e Code dpr-Mhsi on Mul ti pl ex Access (CDVA) systens or Othogonal
Frequency Division Multiplex (OFDM systens are enployed. 5 The system
performance in terns of bit error rate (BER) is eval uated through
si nul atjgonspdesep idagdaiklebdafh QFitNERpE0pdWed Df upfinkt Vithin Fowbr8andd 8C. It s
generally assuned that a base station is equipped with 6-el enent and
hal f - wavel ¢higshpldarg selected | Then it e fthenfap 6962 shspk fos theduribanpef splsgednl y singl e
antenna. Twehye iSpidahesd IPmReRMMePsf sd&d et &5 AADR! fcki kR 68N upl i nk
reception and downlink transm ssion. The comuni cations channel is assuned
Rayl ei gh f adtipmed suidithe systemenroceeds toapiop 810. shift 0. 01 (maxi num Doppl er shift
X sanple tine interval), and the channel is second order wth angul ar
spread set to 10, 30, and 60 representing small, noderate, and | arge
angul arlspripatls step $p8,cthe wedtyfunclion vei7) ysipgr( Drandr(¢@) wsalcdiateddoi ath of
arrival 15 (00 ok of Seafh®BRklhdhg e WRHeA Balmd NGnEGRb IR £ term nal
noves fromone en

maximum value of the cost function are identified.

The orthogonal beam pair is then mapped from the two identified beams in the step
20 610 as transmitting beams w; and w; using the mapping information stored in the

system in the step 602.

There is an alternative and equivalent method to select the two orthogonal switched
beam pair when more than two beams are selected with output power within the
25  employed power window 505. Such a method requires the swapping of step 608 and

step 610. For each beam pair w, and w, formed from a combination of selecting

two of the selected beams, the corresponding orthogonal beam pair is found first by
the mapping operation. Then the cost function (17) is calculated for all orthogonal
beam pairs. The orthogonal beam pair with the maximum value of A is selected as

30 transmitting beams w; and w,.



of the sector to another to cover all the possible DOAs of the sector. The
downl i nk BER performance vs. DOA and transmt power (SNR) is illustrated in
Figs. 7a wo0dmssad Figs. 8a to 8c, respectively. For conp@drsees/ 00073
performances of three 20 alternative systens are al so included. These

i ncl ude a system conbi ning the STBC t?ghni gque with adaptive beanform ng

scheme (sy S};l?l{gu'% 1] eaSV‘%%%E(? Tkt zil nl;egxg J&%c &Wgh&?ﬁiﬁ%[ Sg%g‘ﬁ)% (‘ié?lv@d schene

usi ng two strongest conventioral swtche eanms (Sys and a system
conbi ni ng theeciSiBElatier hnfreguenayi rtoh-salestvhdadingigiangyls, ar is labbg @pelicabledon pai r s
cor respondlf? ugr% tr@:?ec%i\\/’em cﬁtnlilgl@g\?ﬁére Q?oangng%yoSt ﬁlmlt?le Tr}ﬁ:ces%SQC%f\ﬁA m

descri bed hereiBetore i S kKnown as system D. "For smal | angul ar spread case
shown i n Fisgstemd ar GuitcbgBzal Fteqeensy HiiesiorAMuBipiey ( QEPM) systains dyy eraplbyddhr ee ot her
systerms.5 The advantage in terns of power consunption for the sanme BER
performance is about 1-2.5 dB as shown in Fig. 8a. Because the angul ar 30
spread i s rHe wsader pédamahdeeinwietthd 061bitt éreorsmaiet (BER) beavatiawddhiohgh scenari o

shown in Fig., 5 does .nof occ t he system rks L] as the system
B Vo 03 oguBustmeRreels yib Herens B Stk ol i BRSO, db iRl sy oad

wi der than dshienedi iith ke sifidnCis@guibpanyith teRmpet dndrimtfneselehgts ypdcedn C
degrades severely espegially . when the worse.scenarios  _h en. as, shown in
Figs. 7b anI&L‘Af(f‘.“Ye?F?eW @"r fdr lﬁéﬁmﬂi‘f’l‘lﬁﬁ anl Singls gRiemay hjéwgg‘{’%‘f‘ dB or C and
t he sysfEnmheAmdheieBRY alkeadapted FsrdtiRtplk HEeepGorSAAMMbWHinkit@Bsmiskion. 5 and 8c.
It may therefore be concluded in the sinulatjons that the perfornmnce of

the system TS, cogpprnicatonsshamnel Bersgipaddiaylsighoieding gvithonormalized JAPRIERt of t he

i nventi on, s‘i‘ﬁﬂ"@ﬁ?&mﬁﬂﬂﬁrﬁ)ﬁoﬂ?ﬂeﬁﬁliff‘@ls&mﬁﬁ iR Ent&ORY, 8R4 kRNAAnrSYS k&Bh for al |l
angul ar spreads. 10 In the foregoing nmanner, a systemis described which

provi des t hedgerifhomgalacepread santo 1882300, and 68hteprasentiog smelln miderate, ppdsessi ng

the inplementation sinmplicity..of a..switched beam syst f or. .achi evi ng
diversity £ agﬁ‘garbsé’gén@ oF AP ér%lv%lﬁ'i nTO STmIPEFaneEs sl §¥%K?{Pﬁgu°§ ﬁ%%%? y a nunber

of enborl meMICKA)oft it femeially esstnedthar the &sirdd sobilsedninaltmaevies fromeonappdr ent t o
one skill Edotj tl?e stecr:]tgr t%ragothgr tg Icc?vvélr a i thté gbsséib?el B(S,!\sc,) cs)ﬁing setc o?'.t

The downlink BER performance vs. DOA and transmit power (SNR) is illustrated in
Figs. 7a to 7c and Figs. 8a to 8c, respectively. For comparison, performances of three
20  alternative systems are also included. These include a system combining the STBC
technique with adaptive beamforming scheme (system A), a system combining the
STBC technique with a scheme using two strongest conventional switched beams
(system B), and a system combining the STBC technique with a scheme using
orthogonal beam pairs corresponding to the two strongest beams (system C). The

25  system described hereinbefore is known as system D.

For small angular spread case shown in Figs. 7a and 8a, the system A is outperformed
by all three other systems. The advantage in terms of power consumption for the
same BER performance is about 1~2.5 dB as shown in Fig. 8a. Because the angular
30 spread is not wider than the width of the switched beams and the scenario shown in

Fig. 5 does not occur, the system C works as well as the system D.



numer ous changes and/or nodification can be made w thout departing fromthe
scope and spirit of the invention. For exanple, the system may approxi mate
t he maxi mnemoBessstormi ng gain and 20 achi eve diversity tr&osrsiGey@n3 as wel |
by conbining the STTC technique with a sw tched beam antenna system using
the switched orthogonal beam sel ecti (&E? nmet hod described herei nbefore.

Al ternati Vez’déX  mbdifaté %ﬁ{l ﬁ%ﬁ]ﬁm}ﬁ%ﬂﬁesﬁea 91] fan ﬁl@%ﬂ%fts‘“@kﬁed@éﬁﬂm (M MO

W rel ess conmuni ca system’ n co ination Wwth a swtched beam
ant enna systhemrcmnmg:etdﬁeyst@mﬁtctﬁaedesmewﬁdg@mmabzewhﬁséieemmeosqenmphod for

achi evi g BEBRLOLTURIGOR gl S7iEhd mam}“q' cffofhinte GiedloncE Qferfidh RS CS Of

briefly desc ing a Convefiti ona lragramin Fig. 9
i s referencysieteBair Gadrkdahe syistiemb Asdrdnaay maila@nsxrﬁtdBianghovanmémsa&b 902 in a

base st ioarrl1d 04 and two receiving antennas 906 in a nobile termnal 30
908. Such an M'MO systemis known as a two input-two output M MO systemin

whi ch a serial sequence of original signals s(n), s(n+l) ... 910 is

de-nul ti pl exed t si gnal
st reans 913?t< %?%eﬁeaff’@q{f’%ﬂd?‘kg g‘%‘goti/onf‘gh? F11he H%B“‘%aﬂ*&%%ﬁ%%‘f szlklg ant ennas
902 for pravj ﬁidrtgexéfoveaﬂﬁlstystemraammhgmamebnbbdlm&toaltﬁeﬁﬂzsﬂtldacmﬁﬁml 00073
20 wi thout applying space-tinme codi psedtoth ot her systens
enpl oyi ng ﬁpﬁ’g’xé‘“\a@%“&& t%%féoll‘é@&ﬂ?ﬂahﬂgte gdpﬁ/ﬁw%%iéi’é i's designed to
achi eveithi gher data throughput or transm ssion data rate and gr eat er

spectrum effi CI ency, for wireless i cation ens,. From '
archi t ect urlg th ‘?tiorqggmé [RARRETs 8ystems g?fgnﬁﬂgl\)@’%}y%r%‘ s tge peflprmpneg o I§S| on data

rate i s doulahgiveORManadsysRmA wiist giReedid ad RdipleMent&IBCsipliciT BE 4 echni que.
At the receiver of the nobile term nal 908, Ee t wQ recel ving antennas 906

provi di ng diNiiehes thpameswsiim offr aaclicuing| diyergity ogaﬂrécaé’fivge*’t"i' QHRIAS t 84y si gnal s

916 and t hesiayitRbelyOf AifASughesRy LehurAbe® dTagmRdinhdhiOof thYl Mtiish egé or 918,
such as V- BLAST det'ector, to recover the original sequence of the original

si gnal s1®D10disclosed; Hewilbbe apparcat tqunatsklflahlnn@e eram Niswvsof thigdisglogire thabyur  channel
coef ficientg fds Qﬁan:g’kd\ﬁam%emca@ﬂ%aﬁ Be o IRt ¥ aang%ﬁﬂﬂas?cogm at the

recei ver of the nobi termnal 908. In the conventl onal M MO system the
nunber of raadepwit pfthamveriiens for provi di ng

For example, the system may approximate the maximum beamforming gain and
20  achieve diversity transmission as well by combining the STTC technique with a
switched beam antenna system using the switched orthogonal beam selection method

described hereinbefore.

Alternatively, the system may use a Multiple Input Multiple Output (MIMO) wireless
25 communication system in combination with a switched beam antenna system using the
switched orthogonal beam selection method for achieving beamforming gain as well as
diversity gain. For purposes of briefly describing a conventional MIMO system, a
block diagram in Fig. 9 is referenced hereinafter which shows two transmitting
antennas 902 in a base station 904 and two receiving antennas 906 in a mobile terminal
30 908. Such an MIMO system is known as a two input-two output MIMO system in
which a serial sequence of original signals s(n), s(n+1) ... 910 is de-multiplexed by a
de-multiplexing module 912 into two parallel signal streams 914, which is then fed

directly to the two transmitting antennas 902 for providing diversity transmission but



diversity reception is required to be equal or nore than the nunber of data
streans or 15 transmtting antennas for providing diversity transm ssion.
Due to t hwoBme8sTOSt, and conpl exity constraint, the nuniPer/sGo3/n@cei vi ng
antennas in a nobile termnal is usually very small, which for exanple is
two shown in Fig. 9. Therefore the nugfper of transmtting antennas for

providing dyyersi, Eylyfnganﬁm L3RL QBdink A sseattattheﬁ&h&sgg%mts RewpidyRfpvent i onal

M MO system1s al 20 However, 'a swt am antenna system
havi ng a t rthaSEBECtor 8g TErtechnique. aTh%\MIMptsfystam i$ desigmed touashisve bigherdatdsni t ti ng

ant ennas nBtXroggh ?19 %Jpltxqﬁgm%tglhd&ty atMaMp. é/a%ér (Etle eﬁﬁ e@l f&ro'&}}fgggs' onal

transmtting a tennas provi di ng |ver5| y transmssion in the base station
i n order tcooinumicaticti syetesist Yrayathe aschitogsie, s desattiad imtha MBAD systefmi s i s akin

to 25t %e tgg Itrgr?s?nrr%wn tan}a Cfalgsdghﬁlglcglglﬁﬁgé %’l g t%gsr%&? %}ﬁk)ﬁ)gﬂ% tﬂé %?B&I éry

transm ssi on by eam ant e Sy stens for
comnbi ni ng VSTHTC td‘ttbmS\TeBCMrthSTéEGvert el hwi n}ubledtemnmalbw Hier ewcnm&mrg A bl ock

di agr am of t rnatj.ve..enb Lent system c nblnln t he ystem 30
(equi val ent? egn? \,%)8 PP mgtdwemﬁ' B Ve 8%)10%%@3 r?cﬁ'é'eswl stmlﬁe'\é'of Hé agsm ant enna
system usiaig aad lﬂe:amftmntsmfnme amleenraee pussreayntba Mh@rieientof-D IR, sddh. asA/-ser i al

sequence of ignal s s(n) n+l) . 1002 jis f e-mul tipl exed
by de- il Bra BARRor BUEF 8o, BB et Sk popsieneral el Do dhi 006" The
two parml | edasdlétt fat FidigpcHanEl) theas e lfdil&mhz\&@eﬂ&éﬁ‘&fcﬁﬁﬁn RETMBADHYORM73 21
passed mtotwotransmt beanf or ners w Jb(iOBfor gam‘ormng
processi ng, due 40, Vo FgeelidRg HHenpgs 3)6§ @ﬁ%ﬁce'(‘fﬁr tl}'?é?o ]6162’“\‘/9‘?} perforns a

sinpl e summing function of the two beanform ng processed inputs to produce
a signal x(n) 1014 for _transm SsiQn through mul ti pl e antennas, 1016. 5 The

physi cal charfheronventiosal MIO: fysiemn diestumber Pt eeing 2pipneas fgr B‘P@’&“‘ﬁat hs 1018

with di reccil{/e(?ﬂ@ r@éepﬁ&{ is\fé’dulrécDQA&)qual o fbrd e 0@ reRBEf dfdafiNtSan®s or(t) and
a, Z (t) 1=1 for receiving antennas 1 (1020A) and 2 (1020B) as

shown i1 Fi tgansrm@tmgméennasffgt RiRYidHesticreh drRenissias pBrs© e sigs ved ¥y t he
recei ving anheRas cdnshAf2BAhuRBY of receiving antennas in a mobile terminal is usually

very small, which for example is two shown in Fig. 9. Therefore the number of
transmitting antennas for providing diversity transmission in a base station using the
conventional MIMO system is also limited.
20
However, a switched beam antenna system having a transmitting antenna array with a
larger number of transmitting antennas may be combined with the MIMO system to
replace conventional transmitting antennas providing diversity transmission in the base
station in order to obtain diversity gain as well as beamforming gain. This is akin to
25  the replacement of transmitting antennas providing diversity transmission by a
switched beam antenna system in the systems for combining with the STBC or STTC

technique described hereinbefore.

A block diagram of the alternative embodiment system combining the MIMO system
30  (equivalent to two input-two output system) with the switched beam antenna system
using a beamforming antenna array is shown in Fig. 10. A serial sequence of original
signals s(n), s(n+1) ... 1002 is first de-multiplexed by a de-multiplexing module 1004
into two parallel data streams 1006. The two parallel data streams 1006 are then



10 (1020B) are respectively: L h, (t) =a" (t) a(0, ) r=i L
hz(t)=Eal2(t)a(01) 1=1 The signals com ng fromeach path | =1, , L 1018
arriving wb mhessswo recei ving antennas 1020A and 1020B expoarSGos/oe73
different fading effects a" (t) and a,2(01 15 which are assuned to be
uncorrelated for receiving antennas pypviding diversity reception, although
t hese have . arj i recei ving
ant ennas. 1 TIO90R “a sty Tl Rt oA OE ks b b e e power
of each patdnd pased ps ta heged wembioer 10h2 wihioh pedforisd HgPlrummizsiungoA and

10208. " The GOUar {aNGe, Bl HY SolcOleat Afud S6CHUMAY ANESANAR,LIFOA N, 10208

are 20 very sim arrance nmatri X used in yst em conbi ni ng
t he STBC ttembmisgjorethvaugh ntultiplesantenodsel®16r t hogonal beam sel ecti on net hod
describ her ei nbefore. Therefore, in the system conbining the swtched

beam ant'enna system and M MO system the using the switched orthogonal
beam sel ectTherphystdiebanns! ialassomed pptansidt 6far spathliyesepargtedl phths d0Mewsh t y gai n as

wel | as appr.oxj. nmat ed ' 5 heapform ain, WO 03/ Q85857

PCT/ SD3/ 0GUFSIonS T agsval (ROA) éﬁ?affﬁgf'aﬁ f?ﬁ’?ﬁcgeéﬁgse&l%@“‘é\ﬁoz(geéﬁk"'i% a
switched b v ' HOFPU pcathons in a
downl i nk cﬁ%ﬁﬁ%kﬁ{&ﬂgtgﬁ% ?E&gfagéé%g@ajn?gd%gggg%hg‘%plﬁovll 'diqu'g ng)l nk
recepti on angardangusi ahlanret saspomiss shserved bhéherredelinan aermanp (102D Apandiz st eps of :

sel ecti ' f based on the uplink reception of the swtched
beam a{rwe?\‘%gfdgy)éﬁéﬁ%f’g‘gg?%m ning fromthe pair of beans a correspondi ng

pai r of orthogo'],‘?'(t)gfgf(-t)-a(é’,)
=1

h, ()= Za,z(t)-a(é?,)

The signals coming from each path /=1-..L 1018 arriving at the two receiving
antennas 1020A and 1020B experience different fading effects «,(¢) and a,,(f),

15  which are assumed to be uncorrelated for receiving antennas providing diversity

reception, although these have the same 6,. Also, the covariance matrixes for the

receiving antennas 1 (1020A) and 2 (1020B) are the same as long as the average
power of each path 1018 is the same for the two receiving antennas 1020A and
1020B. The covariance matrixes for the receiving antennas 1020A and 1020B are
20  very similar to the covariance matrix used in the system combining the STBC
technique with the switched orthogonal beam selection method described
hereinbefore. Therefore, in the system combining the switched beam antenna system
and MIMO system, the using the switched orthogonal beam selection method is also
applied for achieving full diversity gain as well as approximated maximum

25  beamforming gain.



and 10 providing the pair of orthogonal beans as a pair of transmt beans
for the downlink transm ssion of the switched beam antenna system 2. The
met hod aswon3osmsm 1, wherein the step of determ ning thePpaISGO®H0073

ort hogonal beans includes perform ng Ei gen-deconposition on the covariance
matrix 15 of the downlink channel. 3,,The nmethod as in claim2, wherein
the step ofClgl%sern‘i ning the pair of ©rfthogonal beans further includes
determ ning as the pair of orthogonal beans eigenvectors of the covariance
matri x of tlhe ddwnletholt fahsehmthg tar beagpondi svgtched beem a@enrazaygfest for

Ei genval ues. 4.. Th t.had as .in. ' rei.n the st f erm ni ng
the pair ofprové‘?]f] %o(g)gﬁg'llk 5EAME " aﬁlroﬁ %@#Tl d;'%“r‘h‘d‘esﬁ‘é‘é‘%elér ﬁ‘%e nﬁ“ﬁ%hé;ds b‘?‘ﬁa pair of
ort hogonal daeans syseingerovidatgoupdinb freceptioncanadavaitiale trasdnissiono fhet methakbwnl i nk
channel _correspandi.ng to two 25 | argest Ei genval ues, wherein the covariance
matrix of tRE 58&%.#‘1@%&2% annel is approximated by: R =i .a(cor).a"(co)+Y;
.a(co;).a"(co;) lseledigwattof beanfserasddroncteé uplédt. reddB QB BE BHITChRCHa8G03/ 00073
23 5. The nethod as in claim4, further conprising the step of mapping the
pair of orff8EbHI™beans to the pair of beams sel ected based on the uplink
reception of th@etefiMthing fioth thepdit ehteandacaiespribing paib of ikt gomeill beshsas i n clai m
1, wherein the step of determning the pair of orthogonal beans is

per f or med rf"l“ijor to the performance of the step of providing the pair of
orthogomal beamprAfdiidthe RRir! of VrthbgoRBISKais e aNFairf 6 trdnb@it dRYMAS ifdtkhe

transm ssion. 7. The nethod as . in claim1l, wherein the step of selecting
the pair ofdoyalipstranymission ofibs swisthsd beampniensa systegt beans havi ng power | evel s
exceeding a power threshold. 8. The nmethod as in claim7, wherein the step
of selecting the pair of beans having power |evels exceeding.the power

t hreshol d iZacl udbs methekas ity clyim gl rwhsrein dbgrstep gt dptaamininga dic Pave obf  naxi num

and m ni murg gl 44aBudabns tchded pdridRfiing BibeRYEMPTEH 0P Bn the covariance matrix

15  of the downlink channel.

k=

3. The method as in claim 2, wherein the step of determining the pair of
orthogonal beams further includes determining as the pair of orthogonal beams
eigenvectors of the covariance matrix of the downlink channel corresponding to two

20  largest Eigenvalues.

4. The method as in claim 3, wherein the step of determining the pair of
orthogonal beams further includes determining as the pair of orthogonal beams
eigenvectors of the covariance matrix of the downlink channel corresponding to two
25  largest Eigenvalues, wherein the covariance matrix of the downlink channel is

approximated by:

R=y,a(p,)a" (p)+7, 3(p,) 2" (p,)]

30  which is herein defined.



15 the pair of beans being represented by: Fr.i = WHRW.i whichis
herein defined. 20 9. The nethod as in claim8, wherein the step of

sel ect i ngwolg/ogsssT of beans with the nmaxi nrum val ue of thecassifHangti on

i ncludes selecting a pair of beans with the nmaxi numvalues of a cost
function being represented by: 25 A:d%(F;j) whi ch is herein defined. 10.
The nmethod as i I . r r i S|ng: }ng signals
30 trans t1 abl QPO RtHas A A S REREE copleBbink 0% ShiPbr Sorp e DEE 0 ¢

si gnal pr ocdsshegynalibeathotshd prid afdeangs ssiseied basedren the dbhuk rgerptiom P thpl e

i nput - nmul tisQJit%he%LBteE’IHtant'é’Eﬁ hsggg WO 03/ 085857 PCT/ S&3/00073 24 11. A

swi t ched beam antenna sysat mrln'or sel ecting two beans for providing

downl i nk conmuni cations in a downlink channel wherein the switched beam
ant enna . syste rovides uplink recepti.on, and d Link .transn.sskon,
conpri sisng:f’s'rrea sef%?tgosd(if‘seé'% icrfié]maie’p"é'uerreuént1 h%é%ﬂsoq\gga}eéée lncl)llri‘fgt eegat}%?’#nk
recepti on afrthofmal beagisiid préatimbd priorao tlenreosyanteof thesepof poviditet tbe m ni ng

fromthe pair of beang,a corresponding pair of .orthoganal beans; and neans
for providifiy Q?ﬂ‘él?oﬁgiﬁ bS?msoe}Sttﬁed% nogltra ’8@%”3% Itoé thﬁacfoynggk 'ia’l?néwgﬁllo?' beans for
t he downlink transm ssion of the swi tched beam antenna system 10 12. The
systemas in claim1l, wherein the neang for termning th air of

or t hogonal ﬂea F MANpdets heltie b oheis § rﬁﬁqpng‘eséﬁaﬁggr‘& H@%&Hp%sq%?rfl%n on the
covari ance if@hdes ¥el€ting A Paid 0F®Yams kaGhapuwet levdlb edodediddepeysiigeshald. i n cl ai m
12, wherein the neans for determ ning the pair of orthogonal beans further
i ncl udes neans for determning as the pair of orthogonal beans

ei genvect org of ThEendivdadsi iaNES8mMtwhelei®thet sk 6owMkiink thehanna begas r espondi ng

having power levels exceeding the power threshold includes selecting a pair of beams

with at least one of maximum and minimum values of a cost function performed on

15  the pair of beams being represented by:
_xwH
F, =W -R-W,

which is herein defined.
20

9. The method as in claim 8, wherein the step of selecting the pair of beams with
the maximum value of the cost function includes selecting a pair of beams with the

maximum values of a cost function being represented by:

25 A = det(F, )

which is herein defined.

10.  The method as in claim 1, further comprising the step of processing signals
30 transmittable via the pair of transmit beams using at least one of signal processing

methods including space-time coding and multiple input-multiple output methods.



to two | argest Eigenvalues. 20 14. The systemas in claim 13, wherein the
nmeans for determning the pair of orthogonal beans further includes neans
for deterwDrBngssas t he pair of orthogonal beans ei genvectPersGos/oaohs
covariance matrix of the downlink channel corresponding to two |argest

Ei genval ues, wherein the covariance n’gﬁrl x of the downlink channel is

appr oxi mat efjl by: %géfﬁ_@ea%ﬁaﬁQﬁQnﬁa %s m )01" selec CR’V() bk Cﬁ)r)ﬂrowm chis

herei n defi ned. e system’as i n clai m 14, furt conpri Si ng nmeans
f or mappi ngdawndink apmmohications in@g@wlmlb@alnselt“chetehethpawch@ﬂ b@@afmsen@el ected

based on th i ' - na system WO
03/ 085857 p%#%&%%%%%%ﬁéﬂﬁ%%@ a'ﬁjﬁwé‘;ﬁ}%ﬂt %%Qﬁgs‘?ﬁ%%ggg‘géfl wherein t he
means for det er mheahndort selectingad painfof dreane desed | orbtharmplinis r@cptumt@dthpri or to
the actuati g f. the ans_f providing the pair of orthogonal beans as

t he pai ;JsaofS ltrcg?\dsl?ﬁaP ngeg?rassyft%rn the downlink transm ssion. 5 17. The system
as in claim1ll, mdaes domdétbamimparfeoni ohe pailr adt baagstheopaponddfg peamé i ncl udes
nmeans for se ecti? a pair of beans having power |evels exceeding a power

t hreshol d. X0°§g? %?81'5 temas in claim17, wherein the neans for

sel ecting the pan¢anoforpasiding thapaingf @dwesnal baslsas @xpak of iragsntiti@ampewer
threshol d i cI uﬁig ans for. %4 ctlgg(ﬁ? E‘aiF of beans with at |east one
of maxi mum HH“" a\?@ff“ﬁ%%n the,svalsled S Anten? SYSEPs or med on the pair of
beans bw) ng represented by: 15 F;,| = WH - . Wi,i which is herein
defined. 19, The _systemas in, cI im 18 \{}’gerel n tgjg means for selecting the
pair of beals 2BCWHAM AN G il mbeteifeths MepRt [t sleterpiping: the R RL| udes

means for s&tRgbdadbedmPahéluE means for performing Eigen-decomposition on the

covariance matrix of the downlink channel.

15 13.  The system as in claim 12, wherein the means for determining the pair of
orthogonal beams further includes means for determining as the pair of orthogonal
beams eigenvectors of the covariance matrix of the downlink channel corresponding

to two largest Eigenvalues.

20 14.  The system as in claim 13, wherein the means for determining the pair of
orthogonal beams further includes means for determining as the pair of orthogonal
beams eigenvectors of the covariance matrix of the downlink channel corresponding

to two largest Eigenvalues, wherein the covariance matrix of the downlink channel is

approximated by:
25
R=7,-a(p,)a"(p)+7, a(p;)a" (¢,)]
which is herein defined.
30 15.  The system as in claim 14, further comprising means for mapping the pair of

orthogonal beams to the pair of beams selected based on the uplink reception of the

switched beam antenna system.



beanms with the maxi mnum val ues of a cost function being represented by: A =
det (F, ) 25 which is herein defined. 20. The systemas in claim11,
further cwomsiosisay neans for processing signals transnit tradlS&0s/He@78 he pair
of transmt beans using at |east one of signal processing nethods

I ncl udi ng space-tine coding and nulti %e I nput -mul ti pl e out put nethods. 30

16. The system as in claim 11, wherein the means for determining the
pair of orthogonal beams is actuated prior to the actuation of the means for providing
the pair of orthogonal beams as the pair of transmit beams for the downlink

transmission.

17.  The system as in claim 11, wherein the means for selecting the pair of beams
includes means for selecting a pair of beams having power levels exceeding a power

threshold.

10 18.  The system as in claim 17, wherein the means for selecting the pair of beams
having power levels exceeding the power threshold includes means for selecting a
pair of beams with at least one of maximum and minimum values of a cost function

performed on the pair of beams being represented by:
_wH
15 F, =W - R-W,
which is herein defined.

19.  The system as in claim 18, wherein the means for selecting the pair of beams
20 with the maximum value of the cost function includes means for selecting a pair of

beams with the maximum values of a cost function being represented by:
A =det(F, ;)
25  which is herein defined.
20.  The system as in claim 11, further comprising means for processing signals
transmittable via the pair of transmit beams using at least one of signal processing

methods including space-time coding and multiple input-multiple output methods.

30



