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TCHED ORTHOGONAL BEAMS FOR DOWNLI NK DI VERSI TY TRANSM SSION 5 Fiel d of
I nvention The invention relates in general to wireless comrunication
systens. MoMOOYEIET cularly, it relates to a system for PERIOVUE t he
downl i nk transm ssion performance of w rel ess comuni cat3omapteneti®os. 10
Background Wrel ess communi cati ons mayl suffer from four major inpairnents,
nanely path loss, multipath fading, inter-synbol interference and

tcﬁ Ch?][melt i n]E efmﬁﬁmoﬂdﬁﬂ%ﬂf?lc SWITCHED eynmnmys@mu%@]gi to S:Jppr ess
e effects of such inpairnents to inprov e ormance of wirel ess
conmuni cati on systens. TRQMW&?W%W@MQWE@&W 15 antenna systens,
nanely diversity antenna systens and beanform ng antenna systens. In a

di versity ant @?ﬂﬁ multiple lowcorrelation or independent fading
channel s a?e uti _|f§%‘%h®r? order to conpensate nultipath fading, thus

achi evi ng di V¢ dpvegtion gglaten  in peegsrtlotonivielesh rrommyBicadion t ysigms. oMereie ot her
hand, achi eve padi@dll,0ftNteNis ORI B Hdterd TRl YhpehirgP | ddwntlhi @@hsissibl, t hus
limtedly conmpensating for 20 path |oss and suppressing co-channel

i nterference. p?'??"ﬁ“&‘? é??[‘*fv%w'&ﬁﬂ%{'%i}??%m antenna spacing is usually
required to be sufficiently large, for exanple 10A in order to achieve

| owcorrel gti %{gc@;ouingdependent fading channels. This is especially true
for small angul arr spread environnments. However, a 25 beanform ng antenna
system need t dViegleps communipasionsanay uffes om fqur pajoimpaimeats nemelupeth el at  and/ or
transmitted fmhRmpah lfadifp b0 inkAtERBAR b8 haniREinfeeferee atRGptivd Ni S Means

that for a beanform ant enna, syste ant enn aci.ng [ s usually snall,
for exanple  RAFT® NAGE BRY b6 usp 0 SppIrs) EiTery ol mppipttols ko fmkiote 2.2 o of
the conflict detperemance bfovirelrguriomadnicatioesystems (There arg tvotypadiofarmive y and

beanf or M nfs AgiERR%ySHH HaRely | dfthfy Fhefihl HhEm she SelthERing Wkell c among

those skilled Iin th _th Iversity and eanf orm ng gal ns cannot be
achi eved si mulsYsifgo8 aydiversity| anfepna) syptem.| pyltiple jqw-qogrelation orindependent

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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*166%66* LI ITELETEIT Tl *@&0002* WO 03/ 085857 PCT/ SG3/ 00073 30
Sept enber 2006 2 A classical approach to achieving antenna diversity is to
use multiple antennas at the receiver and perform conbining or selection
to i nprove YRO¥PEBFTty of the received signal. The naj oFCHYIHPUHR: faced

W th using the receiving antenna diversity or diversity go@é&ghb@rzo@qoproach
In the downlink of wireless conmunicat?d on systens 5 relate to constraints
in cost, size Autiatsipgbenproachun echipsing antenpd diversityrie toaisemyltipleantenggspbthent -~ r easons,

features such &givéihd berﬁ,h; eomﬂmmrvmbam toam.gmwwe qautity GftRe Reivadount

consi derati ons, |ag g‘iSI“%ﬁ’ ? i/}n q. ‘Z g | catj ons recejvers. The addition
of multiple 48P & MRIpY Probigms Tgepd itk Yaine ?ﬁﬂiceﬁ'}?ﬁlaﬂ@‘ﬁr N i on and

SWi t chi ng ci r divetsity receptiouaipraaeic i the dowrilisk pf @dreless |cymmonicatiera systeing.

Conseauent |y, fl Bsisifnd GS5R L0 Mhab b SoRRNAHES BBt ¥ it od onl v to

i nprove the up transm ssi'on use o e ant ennas at
t he base st at |'@FP“S:Sf°ﬁE’éS Such qasesmag %‘?oﬁ%ﬂ'éﬁ ag (1o costt mu)srawe'gﬂ of

reCﬁl verﬁ it ﬁbﬂsmeﬁ@ms %Q&%mngawhrete% mueﬁwoma&\lletso rheadane ot ati on
rather than the, recejvers relat,ing.to tr nsmttlng
ant enna di verﬂqtvﬁé’?t"maﬁﬁd§1]af‘ﬁlfgtq}’°é'ﬁé®$g‘§ﬂa‘8%°r sﬁﬁc\? “%ﬂd%’ﬁﬂ’é{@ﬁ" EWhgested, for
i nstance, a déi aychdieveivesi tsypresettlyneot i feasibleo p ComselquientlyA diveidity regerdiem in " A new
bandwi dth g f 't&hrﬁtﬁﬁaT 1:£ 3R Upbiicd 38y 8 b2 fu{zg.gmkq}ahmssfun GAIRY by'the SCheme for

i near digital ation Procéedi n 1993 | EE | Nt er nat i onal
Conf er ence on UEophBHfiElaERtsHEs pY e bew)s “?fb Sipgx p-bagssiationtefiem spaves  Thj s
proposal 20 r efoaéatids dfeeoa.vhasexsaio&ucmnﬁdam&aa tduipR@ntoto SiROBasgiont synbol s

t hrough one ant enpa .the sane but del ayed sequence of synbols through
anot her antenﬁ%{ ﬁf"’ Eﬁefcé‘ferscase of this schenme was proposed by N Seshadri
and J. H Wnters in "Two signaling schenes for inproving the error

per f or mancgy Ofgylt e,syrb%afeymﬂ.h %élﬂﬁsnﬁm ﬁ&snﬁfm}s.l% of am%hmsﬁxst ens using

transmitting antenna diversity”, Intefnatignal Journal of Wrel ess
| nformati on NOEYRGHSR Deensygeested, Taginstance, a deday divepsity %Hﬂ%ﬁ@@"ﬁ? &’lﬁes in this
schene i s routwitindbél U@ med baydwlidtn efficivit treddmitlivixt an@hriaanddslata@cdivessigle t o vari ous

ant ennas scheme for linear digital modulation”, Proceeding of the 1993 IEEE International
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.



in succession. Since copies of the same synbols are transmtted through
multiple antennas at different tinmes, both space and tine diversities are
achi eved. 30 A coding technique known as space-tine trellis coding (STTC
has been prdyoYdsssy, V. Tarokh, N. Seshadri and A R Cal H&/HHHRTH
"Space-tinme codes for high data rate wreless communi cat3peapteisrosarance
anal ysis and code construction”, |EEE3trans. WO 03/085857 PCT/ S&3/ 00073 30
Sept enber 2006n hformytigmThgpnyaval.o4, M dr gp- 1441765, MarciNg9983 | ThepSTER4- 765, Mar ch

1998. The STT¢echdigie hdbhibihes leﬁasssﬁ.F%ahe RERIES With Todhg ltlienigREC ver with
codi ng techni ques . pgaw riate to. nu ant ennas, and

ransmtti
provi des si gnPPArFEAE pls, gnsmifing 2nteanas, jag @Efvgﬁspf‘%g‘l%étsga“sﬁ‘@&l fic
space-ti ne tr efoten@ntidaeicsppbachieg nBieifio spateimd wellls dodesr detigmed Sori tvbiteg ant ennas

performweld i . i ndoor
transm ssi 3n fcn" gln%éu nﬁqht%ﬁlﬁ@wﬁ%& ﬁﬁ‘(ﬂ% ﬁﬂgé%{e?@é Hick sttggée capacity.
The bandwi dt h Oéf"ﬁfPoé itrapsmssign Hand gases Withinghd 4B of thedheoretical e%t?getcpm‘g/ of ot her
systems. The Tﬁ@@aﬁ@wﬁl‘h@ﬁickfl@labﬂl&e@ﬁdﬁﬁt @k@@q&ﬂ@m&rmtﬁé&y&m et possible

trade-of f between. const e l.ation size, rate, diversity advantage, and
trellis conpl &gFEm a}év"é’fles RrgPaie Arotid %ﬁaPPa P°56‘Pgt Wﬁ§h1 %lef"?'ei‘i'b antgnnas is
fixed, the deeo)dtenaynom&mldem:ﬁtg; dbersiyheivantipd, Gnd eellis campdexityas Howeevenir ed by t he
number of rethh:Fg%%&? OPETnTé@ﬂ]nQQﬁSrﬂ%r is ﬁkéh?{h‘é‘%c%ﬁm%@&m{}ﬁsy%f fitly as a

function o Iversit ansni ssi on n"attenpting to

further inproddlegkniquales 5\9?#‘61’ hethe eumberaf grellin gates pirthe desedeniingirasef s 15

enpl oyed, a SekRAiAlY a6 @ KL ofboainitsiy Bieéhdinanshitkianiited t h space-time
trellis coding is proposed by R Negi, AM Tehrani and J. Coffi in
"Adaptive antennas for space-tine codi ng over block invariant nultipath
fadi ng channellsitiemplingao fugther lirfiiréve doWillink pyforifa@ec/whereltBOIITQ techiqes ipr oposal , an
opt i mum beg nffefe kﬁ sileh Y@gonmeadbe%fogﬁlmvwa%auggvnﬁrsb&c@'i‘dn@ egiyen in the

proposal by V to achi eve =\r5|%_y gal n as well as
beanf or ni ng g&Pdine 'TWP@SSQ:WM@%%\T@?‘WW@‘P ngAfaRtiveMRtelBaff or i ng  gai n

si mul t aneous| ¥pa@fim¥Veddilgsier awmuahmmumaats Y rmmﬂapi @bbb ng 1ebe STTC
t echni que. For, ’I% %} ¥g94 "18&}' ngs%o%tla 1\ﬂ/ﬁ,enr B m um geam?drmer ée]pved bar gns m ssion

beanf or m ng oun

si ngul ar - val u@ede@wmatgivemm tbssww%b:s@d%&ebﬂ |tm§hle€c4wsems§n

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,



25 Far addressing the.issue of decoding conplexity of the STTC techni que,

S. M Alanouti proposes a schene for transm ssion using two antennas in"A
sinple diversity transm ssion technique for wrel ess conmunications”, |EEE
Journal of WOIPEEEYd Areas in Conmunications, Vol.16, NFCHSCHAYA5].- 1458,
Oct ober 1998. This 30 invol ves a maximum | i kel i hood det eyt Septemtecioeare based
only on linear processing at the recéiver. A space-time block coding
(STBC) t echni gpneralizag thisd trenswisgign sphemegfoogin arbitkry Suuanbsriraf, tapsgitiipe R

Cal der bank i NanteaRRAGRA isl dBR tB la&Midte ﬂﬁcfﬂﬁdlfld’rﬁ@piﬁiﬁlmgsﬁ il tranﬂﬂﬁi'ngﬂlﬁi | EEE

Trans. On Informti on Theor Vo 467 WO
03/ 085857 PCTIE&E S BIH4S 83%‘“%%#9‘?%%‘8‘? °'8%6%‘“‘ﬁ ‘@éﬂ@f‘ﬂlbﬁ’f}éé ?'9
transni ssi on weélessshananiycoding rate; whigh resvithipra reduction dmdati thrbaghgut oam ennas and is

able to achi eééaga,&iaﬁ, ﬂd{;dw,&lm%wmaﬂ.&messﬂle% Jaiaep& el it fsinbg and

recei vi ng antennas ortunately, her order conp ex or t hogonal bl ock
codes al |  hateer (whethert using higher qjdeg Jiyersi F@f@ssnmﬂwﬂwsﬂapwz WL reduct i on
in data thr Oua‘l‘w%n&ﬁorasbdés emn:araltaéﬁsdcshdbaaudvandtshy itransfliseien sys@mmAi Ntain the
sanme date rate,. Furt Q @ L iSe olthre ear. wh_eatthner §i§lcn& h| her order

di versity trafSSif SR ‘Hlerf PERIEF e appfy iy "6t HRF e BR ror cOT fect i on codes
on top of thepremsainy Alrwenti rehamsrope pf/the memstlna@se eahemgsSoraitn simpdibibyeves better
overal | pqpf ofRAGFcodik ?g{e_efore, t he two-antenna STBC schene proposed by

Al anpbuti remains one of the nost attractive schenes for its sinplicity 10
and unity coding-rate. Fig. | is a block diagramof a wreless

comuni cat i onFigy stiem Blevk didgrdas bf atwikdgess édrﬁmgithﬁonSsyﬁgrﬁﬂbﬁﬂlﬂstﬂhhger ?i tg/ schene
usingtvvotra m tting antennas 102 e e t a_bas ta BS) 104
for achieving I(Sﬂm(’"u s?r&)’? s{ardf?lvr?rssﬁ’f ISXIE] us{ﬂﬁ\waomns %n% r)tenfmsqgf eqf&’pé)c{:ansm tted is
first coded i # adasgstation (BSméO‘beD@IhlewomﬂlMgﬂmm"essm%Al signell+n) liabee st ati on

104 whi ch |pas Q0Rittkd R kst &faéémlgﬁcéﬁﬁ}ge BIR c%ﬁﬁduﬂqmtﬁﬂkmse s;EB@n i nput port
108 accepts the transmtted d the two

output ports i%ovh ‘ﬂ’r'@i‘él°a%'“P‘i"rP°?39§)6‘H’s‘§’° °P@§‘p998f |lipe Hl?t‘ﬂi’?\‘& né‘? fals s1(t) and
s2(t) at timeydedhsd @ rdnshitidd 3Bencd, 503, 5(13S.. f @h) B¥Ste t40 output ports 110

provide, in response, respective output signals s;(¢) and s;(¢) at time instants £=n and

t=n+1 as follows:

20
t=n =n+l
s1() s(n) /2 s’ (n+1)/ 2
s2(1) s(n+1)/ V2 O

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;s,(n) + a,s,(n) +v(n) )

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



t.=nt=n+l SI(t) s(n) 142- s (n+l) | S2(t) s(n+l) / J2 -s'(n) / where n
is an even integer and denotes a conplex conjugate operation. At a single
receiving antenna 112 at a nobile termnal 114, signals received at tine

25 instant s O4HV88Y t =n+1 are given by: x(n) =a,s, (n)+aZTECPIPIR) (1)
x(n+l)=a, s, (n+l) +a2s2(n+1) +v(n+l) (2) ~ ~! s h VO 03/ 08%&eptedst 88603/ 00073
30 Septenber 2006 5 where a, and a2 are the respective channel
coefficients whe faomnd lvg #srewthe trespertive ¢hanngl) ceefificiantsakl61G8mtthe the recei vi ng

t 112 t
(AN - 5 The CFARER ik LB ok cBbyaf sl 1 O bl oo BUE S T 201 o€

decodi ng rmduP‘@mﬂB’hIMﬁa“’ésnenmf’dﬁlw&l‘{)er m nal 114 Speci f| cal ly, equations
(1) and (2) rra be witten in matrix forns: x(n) 1 s(n) s(n +1) ai +

5 (nr 1) AESIRAT NP N eI D

coefficients fheobileyerininabblti Specifichlly] equationsl)ianh(2] By bn;wmtgnumaaum ng synbols,
whi | e equati og, é"' ) may be used for signal estimation/detection. In such a
schene propose %y Al amouti, channel coefficient estimation and signal
detection 15 invol ve very sinple linear operations. Al so, conpared to a

diversity recepti hii u_@,,)l N\s@ M) ev;‘,)r nsmtting antenna and two
recei vi ng antennag 59 achl- J }5 order @ diversity gain
on

as diversity rece +e)s usi’ mratio conbining ( MRC)
approach, althoug chp suj, stn) f v@,)S dB performance | oss. 20
10 x (n+1)] J— E(n+l)]+c[v (n+1)] @

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.



To aghi eve diversity gain and beanform ng gain sinultaneously for systens
enpl oying the STBC technique, it is apparent that the transm ssion
structure adopted by STTC systens to achi eve the both gains can be

enpl oyed si MAGOSPS? But it is not very clear for STBC REFSEAHPABwW nuch

t hese two kinds of gain can be obtained and 25 how to desrseptesir esnt or m ng
wei ghts. Therefore a nmethod to obtainéthe optimal beanform ng weights, in
terms of obt aFigi Aghéwd b ststene regiploying shen&ETRC adechaigteni mhish)  eombises

si gnal - t 0- NOi @mEdAthing techniquel Sith Yi9&ksity traHisBion OA sighal k0 2 Rafsnitited}@d), Pr ocessi ng
poi nt of view._ WD 03/085857 PCT/Z'S 3/ 0007 30 Se%gnber éq)OG 6 Fig. 2
shows a syst ethfiEstprosdedg ap prpuiPRel ¢ snaprtimg Rock gagoder 208 A 998d Yk ant or mi ng

t echni que Wi t lieldiny Svobirdnyh $utpmE20% &3i(a)and sA(x% | The abtpit siginds dre thenpassed ed, s(n),

is first provi [ | 204 and
coded by i? i}ll 2?'3}%'5%? W%“@?‘gnﬁgs%ggg%ﬂt@e%grg%@?@ln"?%goﬁﬁgg n). The out put
signal s are t prsyed pmtoasigng cpmbiner 2 13ovhichperdorns 2 BplAFhmiag finetion ofSr and w2 210
for beanform RE BlaRESHMEErocesod! inflASHEprofiRe ta0 véttos | Ggial x@GPMIA ey 212 whi ch

o produce a TREDEROrCPHEN mIiHS #SPeplt T A QT LA™t 1 BB ¢ pl e

antennas 216. asThe signal x(n) 214 nmay be expressed as: 10 x(n) = wHs, (n)
+wxs2 (n) ,o5) The physical channel is assuned to consist of L spatially
separated paths, of which fading coefficients and directions of arrival
(DOAs) are denot ek(ds %@ whs,fm)for 15 1=1, , L . If(he naxi mumtime
delay relative to the first arrived path is smaller than the synbol
interval, a flat fading channel is observed, and the instantaneous channel
response 218 wegphysicabiipnrek iscagsumed toromsjst of Lysnatiajly sepmraied peths, of whicloo wher e
a(B,) is the damplcbdMicichtsSml i dEL¥RCIrQmivall (DAY Be denolddCasSizqH)@)) 4 n) arriving
at a receiving antenna 220 at a nobile termnal 222 is given by:

15  I=l,.,,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() =Y, ()-2(6) ©

=l

20 where a(g,) 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(t)-5,(n)+ w3 -h(t)-5,(n) +v(n) Q)
25
By denoting B,(t)=w/ -h(t) and B,(f)=w; -h(t), transmission beamforming
weights may be estimated by maximizing the cost function:
J=E{B,0f +]8,0f] @®
30

st. E[B, (1) B, ()]=0 )



y{( n) 3= wH h(t) s, (n) +w - h(t) s2 (n) + v(n) (7) 25 By denoting /3,
(t) =w" h(t) and /32(1) = wx h(t) , transm ssion beanform ng weights
may be estinmated by nmaxim zing the cost function: =E[I/3 (t)12 + 1/32
(£1)12 ] (8) WRBO8BS7 E[ /3 (t)Q (t)]=0 (9) WO 03/ 085857 PEATSEBI0T073 30
Septenmber 2006 7 and w," w, + W, w2 =1 (10) where ' E0SeRienbe806 he
expectation operation. Maxi mum SNR i s7obt ai ned by maxim zing (8) subject
to (10), while condidt winw(9)wigmar=dntees that Q (t) and fl, (\®) 5 are
statistically uncorrelated thus achieving full diversity gain. Conparing
(1) with (7), with the aid of downlink beanform ng, two statistical

uncorrel at ed Whek (g ddnotan &esexpéotation toperatinn} pdaximym HNRe ispelszinedr by ficial |y
generated, W hbimibhk sE’dj’&Pﬁ (td)mdelcafaiﬁoﬂ@;gmdmem e uaeg, o recover the
fransnitted si gnal s(n). he optimal transm ssion 'beanf ot m ng wei ght
vectors aré E#rgémf@@llm@orrwm@m#mnna’gﬂltdwersmatnv\o | ar gest Ei genval ues of
the downlink channel covariance matrix: 15 R=E [h(t) h" (t)] (11) where

t he expectatign i s conduy over di oefficients ose the
average powel°HEn ‘é%gl g’tﬁgl Withefhe a“J( 3‘§ g"é"“ﬂg&gwmf?ﬂg ’cBY?a?t?tﬁWg matrix is
given by: L ﬁﬁorﬁ}atﬁl(fﬂhﬂga:h@ﬁﬂ) A uPpnd B cain eerearfifididlly geneeated) wish and

maxi m zed bea mn i.S,schene requires on d order
statistics of™ g}bﬁpﬁcﬁq‘gﬁéﬁﬁwec°%a§é§&%'€ '%C(Q,Yfé%“?rﬁwgﬁegf' F‘?’ﬁ conbi ni ng
of the STTC techni que wi th beanform ng, beanform ng wei ght s are 25

guar ant eed tOgQ:SC Binbt aanﬁésnoﬁa%L&lf&hﬁr@ %lgfh@d&e@arscwnﬁx effitlols The

af orenenti one enes systens enpl oyl ng either the STTC or STBC
corresponding to the two largest Eigenvalues” of the downlink channel covariance

matrix:
15 R=E[h(t)-h"(t)] an

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

power of each path is Ela, (t)|z =y, , the covariance matrix is given by:
L
20 R=Zr,-a(0,)-a"(0,) (12)
1=1

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



t.echni que »achi eve diversity gain and opti mal beanform ng gain via conbining
the space-tine coding techniques wth the adaptive beanform ng techni que.
The optinmal 30 beanform ng wei ghts may be obtained through either SVD or

Ej gen- deconPaP388H. However, theoretical perfornmance DRETEGHVYOBchi eved by
the adaptive systens nmay be WO 03/ 085857 PCT/ SG03/ 00073 303ept&eyet mower 2006
8 offset by the cost and conplexitie8 encountered in inplenentation. In

Wi rel ess conmeffiet dyi dws ceshvind opampleridies enseynferedd it oiffpledntatippe| offes of signal s

vary rapidly wgbigss tomhidftafiths etviBnrial@Pletewd Bipik QavaRpes B Slgndifv@kef ore "track”
the change in thgl f adi nlg envel oge goﬂ%hat beantf qr m“ng ,;rz\ﬁl (g]hts.al ways neet
the optimal it PPl PR f ¢ lapyvp beamformer muyst therelors ‘agl the,chang§ &y 1o ¢ he
adapti ve al gometfading snvalope ss uliak ibeangfordmingb weiplito mivapg meer tho ropimaligs nmay
degrade. Far 017 GF WleNGhckiRf RirdiGrce. QL e HobiRivetlalghidiAl s i L O the
adaptive ant e%ﬁ?é@&?’.'em IE}_esﬁ]atc'%le ?\%:ft c'%%l ﬂegameant‘glr‘{naaggystelm The swi tched
beam ant enna &4ftiakbeagiaming gerfymanees myyidegrade-e nar r ow beans, of which the
beam consi dered best or has the strongest received power is used to serve a
desired nobile term nal .as it. is nove hr ough .t he .coverage of a base
station. The SHiTeCHEMOBUEIPRNAS,S S?‘f%tagerﬁ"a?i‘s'gtﬁﬁhreéga@g‘c')enac')‘%m@a?'mtmo i npl ement ,
requiring onl s the sitetted bealneawhmrsystany The switchdd, beda-argenng systemgohsisonf r ol .

Conmer ci al 10de%ﬁéﬁ%&§w QlanVVof GhiEK ORI R6iRBRA bSY 3 RABmDAWdGgdeTONSt I at ed
15 significant performance_ | nprovenents qver ‘?Pist_e_ms wi t hout nultiple

antennas.  NeUeEeived PP s uspdhio spres ¢ desisedTpabile fermipid asihisimayedithoushthey nt enna

system i s congévemgest abise stations Thesdviittte@ Beam anlefifa systeim it ofe@cdnbihicdlitor to that of
t he adaptive antenna _system. Hence, cause, of, t t.rades; of { bet ween

i mpl enent at i of"RBHEE é@?lx‘f‘i}g QMY 25 tag'f ébﬁ%mt}g'é“r' R eﬂ,i:e ?vﬂtré?émdl gontol e chni cal

prej udi ce t haCowinereigh deploymertts of srgjtchedsivam cinistnabeystrms Bavgndegamgated stem with a
space- ti Mg sCOgbflfcah pdHdhikACe sae&k&@%véyﬁ&ﬁe REthduP iR adtnas. t heE

conpl exity of I'nplenentation. Therefore, ere is a need for a systemthat
provi des the PEYertbilsth federfrmance althntithed beam sofermn syskem i5¢PRRiderd Yhossessi ng
t he i npl ement gokeOsRilled iithd 4 to be Gifferior ®Whdt 6 kéladagtveantetina Systeine Heh@@ achi evi ng

diversity gai g.a0d BeaRf LAl He GaldnS Pl AREAULbipiexity TRRY Yystem

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



In accordance with a first aspect of the invention, there is disclosed a
nmet hod for selecting two beans in a switched beam antenna system for

provi di ng downl i nk 30 comuni cations in a downlink channel, the swtched
heam ant enn¥ &YE8EM provi ding uplink reception and dowfGTHEY¥%Hsni ssi on.
The method conprises the steps of selecting a pair of bsesetehsemdson t he
uplink reception of the switched beanfantenna  system and determ ning from
the pair of beamg Ereamsthod Sxshergemryisesdher stepr of grrovidingotia Paitref oewsls57

PCT/ SQ03/ 00078eaids Q poie b teaidnat bear¥6r thdxd&ilink trhithissidh BRRE switcheB 8gamcONPri ses t he
step of providi ng the pair of orthogonal beans as a pair of transmt beans
for the downl PHR™MYEA%i ssion of the switched beam antenna system 5 In
accordance with a second aspect of the invention, there is disclosed a

switched  beam Ao &RQAwWEY S bdobhal fec 'tﬁe%iﬁéﬂﬂont, Were RE Bi80osE PR siiiched di g

downlink comrunications in a downlink channel, the swtched_heam ant enna
syst em f ur t hebeampagigingi Syptegp| for kselegtng p o rbeamy BWPIPYIHIRE ¢ do¥m4M ssion. The
system COﬁp]Ic’i&ﬂﬁnh Uil aivfis inLd)do“&‘lﬁﬂﬂeaﬁﬁrﬂgﬂﬂ sfrt¢hed aéanbamd &yas:edur?.ar tge upl i nk
reception of the.sw tche eam. 10 ant enna. Sys nd _means eterm ni ng
from the pai rPOTTEUiEr Sl Atk SRURS® IR0 BB ANl T

syst em f urt hefor edestirg & pair picbeams based gy the uplink geception 9hithe swig¢hed beamogonal beans
as a pair 1§f jhaRsGhlmPad WeadsWor Jetaﬁnimggﬂﬁé,d,me hik @ﬂ&%§§h&ﬂs&ﬂdix}$e swi t ched
beam ant enna system 15 WO 03/ 085857 PCT/ SGO§/ 0007&{/ 30 . Sept enber 2006 10
Brief Descri pPdf otioeeseLbiemity sthemisise firihet compmses means foy RRYIih “&PH descri bed
her ei naft er wbftdithégohf beans as & pairthf Smvistaly beamis for thettdlo@hilink Tradsindssiodofitse a bl ock

di agram of a g\ggge%%;“(‘)gl nmpom"ll ink transm ssion systemusing the STBC
techni que; FigQ. iSa  DIOCK d?'agr am of a conventional downlink

transm ssi on system conbining an adaptive antenna systemw th the STBC
t echni que;;s




10 Fi.g. 3-illustrates a switched beam antenna systemw th twel ve beans per
sector; Fig. 4 illustrates the twelve beans shown in Fig. 3 being
accentuated to show a twelve-beam pattern; 15 Fig. 5 shows a beam pattern
depi cti ng mMB3HEhowers of two pairs of beans corresgEIFEHRYE i ncomi ng
pat hs of a system according to an enbodi nent of the i nv@geptembeczn0bi ni ng

t he switched beam antenna system of Fil§. 3 with the STBC technique; 20
Fig. 6 is a fBueideseription OpBeawinesons in a system according to an enbodi ment
of the i nvenginpslithés of Bk fFintitifarédedaibéd Hefeinadr Wi fferéntd B ageings, ilbeans usi ng
the switched beam antenna systemof Fig. 3; 25 Figs. 7a to 7c are

tabul ated si mi"&¥ion results illustrating downlink BER performance vs. DOA
for conparing the performance of the systemof Fig. 5 with other systens;
Figs. 8a tq 8f,af & 'R laAkEH of b THvaibAD ddwiitl frahsrhibdidASdiéHt L oWnl i nk BER
per formance VS, transmt power (SNR) for conparing the performance of the
syst em of Fi gSTBC tefhnfaue;30 ot her systems; Fig. 9 is a block diagramof a
conventional rmultiple input-nmultiple output (MM)) system and WO

03/ 085857 PCTLSE3/ 7 30 Septenmber, 2006, .11 Fi.g. [ .p] ock di agram
-of anot her syéigl(e?ﬁs gc‘%‘? %Ia%%]m ?‘? %ﬁvegf,%%lc??w@w{‘ t%’fsmfsﬁgn sylgt%\'}(gn'?%ﬁ conbi ni ng
the switched bealaptanentennasystyn withthoSTBE tgchnBugii th the M MO techni que. 5
Detail ed Ogscription A system according to an enbodi ment of the invention
is disclosed hereinafter to address the need for a systemthat provides
the perf or manEig Hiflusgatesassiiched Beamyantepna ystegy ithdslygepres BSEEE8S si ng t he

i npl ementation sinplicity of a switched beam system for

UK.

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 8¢ 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



10 achi evirng diversity gain and beanform ng gain sinultaneously Such a
systeminvol ves a practical, inexpensive, and robust downlink transm ssion
scheme for achieving both di ver si ty and beanform ng gain based on sone
sinple upl MAOMEEFur ements. I n particular, the system HPFSEIWEBes t he
maxi nrum 15 beanf orm ng gai n and achi eves fuI | diversity josepefesZi0ON as
wel | by conbining the STBC techniquellWith a switched beam antenna system
The switched beam antenna system preferably has the sane sinple physi cal
st ru?:t ure az m@?to frsghaxaﬁkgfae.roﬂmbm@lsystamaoaorhnagsa) &1 ehtioliment2dd tmge syst fe][n

i nvol ves a downl i.n iver [ r ansm ssion s a ing effect
for wirel ess RYHHS El'gﬂ'"ﬁnthes§w' & e'?em?m’fs '%%t‘é'ﬁhng 1iwal&ig) enpl oyed in
base stati onstedhnighe only a singl e antenna is errpl oyed in nobile termnals.
A nunber ¢f advantages are associated with such a system which are
described hereinafter. 25 Firstly, the systemincludes a | ow cost swtched
beam syst em BRefailedigseriptionsi npl e t o i mpl ement and cost effective. And in
such a systenn sghteﬁembﬂmgttds axnsmoamemrbmﬁe iiwt-Jnhqn is @i3t1oded @ekeindRer tohe Isama L i me,
t he bearrformn um val ue t hat

i s conventiond Te%q‘él%ﬁ“é e r(? SBS B ﬁ'ﬂt‘;ﬂm“das %‘e S‘f‘ °\’/"éa“°° % en%gapgpes?"{nm

Furt her nore, Um%ﬂewpesemdwl mplpmtasmmmfapwitqhedabm systgm for
frequency-gel gakiiy, gdl&(?s@?ﬂhmbemmg gih Shuf#Rdueyed i n CDVA and OFDM
systens. The schene is a applicable to elther TDD systens or FDD
systens. Additionally, the system by achieving conbined beanform ng and
diversity t rasmMassdt@n in610asi Ay actibul, ghexpansicd, anmnobnsf ﬂdvﬁihﬁmﬂ‘gln,smi}mn consunes

peT sa03) 00073t BERMEvBE 35 s, B belubRily fud e e and
battery power uplinkenessusementsal [lmparticulasiie] %ya@@daqu%@@@m maginym per f or ned at
a base st 3l Oﬁbamf’o?rhlhgEau?-ﬁnduaﬁeﬂpﬂll|dﬁ/ersﬁﬁ'ﬂhﬁl§%hon ab WeiP by &ibiingdnd he nobile

term nal conpl exi architecture of th stemis simlar to the
conventional SR ls%/hnsqnwmfﬁm? % beam antegna gystgpy dichef BeAm A% sti nct i on
relating to tsyste prfesdbly habte sdnersimilephydicalitictare ds thM2mplbPed foruplitke system t he
beanf or m ng V\glagpstémﬁ&ed in the beanformers wi 208 and w2 210 are conputed
usi ng processes, ods, and techni ques described hereinafter.

‘ {‘

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



10 Fi.gure-3 illustrates a swtched beam antenna system 300 which is used in
the system wth twelve beans 302 in each 120 sector, each beam 304 having

a 10 width. Beanform ng weights w, for an 1Zh beam (i=1,2,...,12) using a
ULA ant ennaMPi0#857 expressed as: 15 w, =[w, (1), wl(2), . PCTREOIANB (13)
where w, (m=exp[j(m1)2,r-sin(.p,)] (m1,2...., M, q; i S0tSeptemper@0dBcam

direction of the [4h beam d is the al2enna el ement spacing usually set to
0.5A., a. is ushadly limied| dpgptysiesl sizgeandarbaitesy payes Nha ssyste@ dlefer of antenna

el enents. O hgmpRdtell GHgdssR b8 PeAdtingd Bla Tse! 4ibn, Wathét 4li thd @iobiet  ant enna

structure and/ or, beanfqrm n Lght . generating nethods may al so be
advant ageous| fmjrak gus Pﬂ?c"@dgf\}gﬁ’ﬂ?'ﬁﬁ'}ﬂagmp[eﬁ‘@"or downl i nk swi tched beam

systens, the objective is to select one best beamat a tine for reception
or transm gsian, cld S She @Bilentional SisteCh6W inFR Bod t o achi eve
this is to§ca puafcrg?%&&%ﬁ%%&%? sf(gvéP}_)tat “f E'gmtljpﬁ? S\is recei vlélrw%)ut put in the
system for eawith nbuene apepriawdistinctionyalating Ao, Wej tepsmithsambogpeasy 988t power for
upl i nk recept y2100Mm tkkaEIh, Me bednTOisiFgSeigh uselieihe bdamfoafuiy @08 aal swi t ched

beam systemis conbined wit.h the STBC techni que 30 for. prow ding downlink
trans myssi on, "t aﬁé%{ﬂ%‘teg:"ﬂ“%%"(ﬁ?ﬁ: my ‘%:?*é&%%%&?ﬁgfsﬁ‘a‘r%‘/ h{)'%a\ﬁe" S

Sets of
beanform ng weights, at a tine. As a direct extension fromthe single 15/03

2004 18: 4?}85%%‘85é@%%%ﬁﬁ%%%@%%%%&%ﬁm3°° whith is Bl imfDs4@R073 Recei ved

15 Mach 2 : : strongest beam techni gue, such a system
has to sel ect witlwbvelverbsamed®? ineaghsl20hsecton epph bsam 364 bavingrty 1o,  However ,

this My causg.RlhaGURREE via8! AYol-10e0 12 SOHPAUER aibrhbimbye adapt | ve

beanf orm ng system conbined wth STBC using beans , determ ned by cost
function fronexpyseds: (10). The inferior performance of the "two 5
strongest"” beans technique is mainly due to the non-orthogonality, instead
of lower accuracy relating to directivity to the desired nobile term nal,
of the twdSstrongest=[wibam®).aswéMpbsed to adaptive beans(!3The fast and
second strongest beans are wusually either adjacent, for exanple first and
second beans 306 and 308 shown in

where w,(m)=exp[j-(m—1)-2n-%-sin(¢,)] (m=12,..,M), ¢ ; is the main beam

direction of the i beam, d is the antenna element spacing usually set to 0.5, 4 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 eacﬁ 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



o ur—aegm-a't—ed—b:?—um-y—mre—m rdimg two hight—— =~
corEOhEeR 39 2t 14183192% 48ing chalh@ ’s""gﬁ and .81(t). As % r%&ul— -/ 1 he
di v‘eﬂ'MQai n, whi‘ch is nore essential -for system perfgornn 51;&3 zggdipg
environment, js not fully obtained. To obtain full diverSf® akir -
system according to an enbodi ment of the invention therefdP&epiargbarg006
generate plenty of pairs of orthogongy beanms for selection or 15 -

swi t chi ng. T%ﬁaﬁggtqmsﬁiqhé}eucﬁaﬁw Hae asrielectitwig stgmeest heamdah | | t he

sel ected ort hogonal beans shaqul I ' h@len pat h where

b o G f Bldontalod i

nost of the sTYHEE™H _ conmposi tion, ngt hod is
preferably apphpeet with héwlastiye beerrforeing syptese) erabingd VRLTHGPOBEHME - and

cor r espondi NGy REARTAH Toil Buné¥in Heh8) th QO UIke irifdtier pesfpstammofite “wnl y produces |
ort hogonal beans but "al so control . the. dj 1Ly findtdd§ eans produced.
Based on tHe iﬁ?ﬁeﬁkbﬁ?ﬁém’fﬁﬁﬁwyﬁe?ﬁ‘ {@ﬁ%gydﬁse%]%@ at dioflgvé?i ons of nost
signal power swomagnélstag eddiretvithte thejdesicsdfmobile tyaningh opibg SEL TS 1pt hods, and
techni ques deggri Begsdeh td Babhve beantaSHE fitsh midhecdnd @dngést beims wiet ched bearns,

Ei gen- deconposition i1 applled to ner.at e PfeeBsini | e keepi ng
the directivi t‘%‘i‘““ycﬁ“h?ﬁg"‘?gtn éﬁ’fafng‘ﬁgg? gas%sosd ihe 'g&%?g?r? enariglt es’each pair

of orthogonal Figelaomsepaenddy odfons heamnierehy proyiding tH Hedlye A%3lEor two
swi tched b ar'ﬂf,l\?é,l M%Eptmf Ind BiS. MRidveRRAR dvordtp ighionehichrievgrel and q' |,
respectively. Eh referdnce to equation, (12),, ”%2‘1 covariance matrix of the
cor r espondi ngeaﬂmﬂﬂlfwmwwmeﬁﬁme%éﬁﬁé‘r*gﬂ I ot oxi mat ed by: 30
RYr*a(91)'a' 10pt) +YJ .a(pj)all ('Pf) (14) AVENDED SHEET - -- WD 03/ 085857
PCT/ SG03/ 00073, 30_.Sent r 20 lobrdilRo vh BRScBinShOP@E Brvent@ei ved at the

p SRR RS i pph sl b o -

nmobile termn I rections. .of bea .-and j. The
aver age power hetefore it tp, geparyte plentyof PSR oxtbogept!iskme %l“'lir’!lské"k"l no?rd sinplicity

and m ni MUY CQRRERE] B ajpoxBatel 8¢ Alaty bamforbing get at wely teselppted= 0.5 . A
Pound as”5. £ gofpee] GRes sfeal SaRaIngk Rpal e ARS: BB DM dB8C 1 T
this way, a nepoweriigs. mw&wmﬁmqﬂeﬁé&f%%w‘wgﬁggf “EFT) amongst al |
possi bl e Conbip%ueo&thggonilmms 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, fwo 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 direotivity

of the conventional beams, The system generates each pair of orthogonal beams based

25  ontwo ormore switched beams,

" For two switched beams i and j (I #), the main beam directions are ¢ ; and @
respectively. With reforence to equation (12), the covarience matrix of the
corresponding downlink charmels may be appropriately approximated by:

30 '
R=y,-a(9,)-2" (p)+7,-3(p,) 2" (2)) (14)

AMENDED SHEET . ... | - -
wemay T e



swi tched beans to the corresponding pair of orthogonal beans may be
established. In the case where nmultipath signals are usually travel through
N (N>2) switched 10 beans, the mapping can be established simlarly from
all N switcMOPBEENs to corresponding pairs of orthogofdT/SEEHIE™ Since

t hi s mappi ng enpl oys Ei gen- deconposition is fixed once th8eptesmren2APécati on
systemis established, the mapping ptécedure preferably using off-Iline
processi ng, afnultipag ¥gnals ceceivrdat ﬁbt'm‘égntt?finb‘alt"ée ¢qming fsam & BHecEISt y of t he
system Thi s drpeatis i MdYATHe aELagOpiersdl AR § Vifftaydd hRikGRd BBl Whilefor 15 whi ch

Ei gen-deconposition is applied on-line. "Thus if two conventional sw tched
beans are selsiuplisitl and mrdnitniwe corepremitecn pesfomfanee) meybe sttt ¥ set ;e edAswi t ched
beanms coincide, with the directions.of the | tipath . signals,.the system
uses the cor riSEAMOBY 2| oM 8‘1’“8’??%9‘8%’@%%?%? { r"}iggfnh“ﬂdoaesarrs. Full 20
di versity §s Eifsmaecoheinie torypohdisy to vidlaganEigénvaluesS Intthiiawsyrh tnajpigns. The

maxi mrum beanf or m n al h d.s_approxi.mated throu off-line

Ei gen- deconpgfgf"f ?"grtl‘g %gﬂﬁnﬁ'dnbea'?gtl)'ﬂ ?’W@ H'o?gg'p%“rf °%%;‘fr°8’5‘r" -t ogts“"toi mate of Rin
(12). Wt h redwitched beams ¢o the gprresponding peineforthagbmal beams may heeestabdishehown in Fig. 3
is accentuated to 25 show a twel ve-beam pattern 402, a preferred nmethod by
whi ch the systemcaptures the two switched beans that cover the directions
of incomi ng nkIths §pst Whee gvkiipath sigaslyjare yspally, fravel thrqugh, By @fz2h#vdtcped jescri bed.

| n many Seenageans thd Meppiil @a the Gastatidibhel sémitartp fromt 4IDNge@wkched Wedmsshed beans wor ks

adequately and efficiently. wever . | r of the system
may be degradcé’Hesg?'n"él?"ﬁl ?/a“\%hépno%ﬁ%m ibreér%:'fsélﬁgetél J#ﬂ??ﬁgﬂ?gg%%ghnm s are at

t he vicinity dsfomposititnois fieled: gneé) the wememunioakionzsyiitent isrestallishadsthe mappingx anpl e,

usi ng uplink GRAKME GRALE usthi Sfrfihd FiodessiigSan theratble WS QB daauiBRs ks 404 and 406
Wi th comensurate_ average power are around 0 and, 30, respectively, of the
twel ve beam Vi epmplsaituof thepsystonss i 19 prryapseaniage Qepidapiiys pntompgystems myat t er n 402.
Usual |y, tihe Wmkh Bgenae@apbsitvnadappfedbn-sech i ncom ng path are adjacent, and
therefore in this case, either the pair conprising sixth 408 and seventh
410 beans or the pair conprising ninth 412 and tenth 414 beans provide the
strongest beafws if T soriverdidsal switchedchosmsears seleeted and theymain beamstof thest beans t hat

do not cover &odbitctddIRitdhebdaies Eificiag witithB Girectléhs apthd ElulGpb@isighbls, Uit i ons t he

h | i ncl n . . .
method al so sy(s:tcrilJ qlgess t]?c 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



optinal sw tched beans sel ection technique described in greater detail
hereinafter. The nethod provides for the process of selecting the best two
beans which ideally cover incomng paths with nore power and | ess

correl ati onQ BM8BFspect to each other. 10 To this end, RIFEGRYMBd
preferably uses a power w ndow threshold 504 of a power 30@ep@mperb6 Shown
in Fig. 5 1in which a beampattern 5025depi cts neasured powers of the two
pairs of beanpatemrddas diseallynte tw strpagast s dorm £edhs incanisg pPAerarsy ndow

threshol d 504@&&@,%&ﬁie@fomswaammemmm mvsaﬁhma.smeedmat t he out put
of each of th@ eans, in this case t@ ?WS gggge the beans with
out put power il P ioF, thenRar SARPESIIE mipt & ﬁ‘a‘g\/v 0 ag'Fé’msvléjF Sed in this

process, in t opgesiteans Tigs lesls xit ilco5 e selestionaofi vnitch@ideanns thet do Bk Ogvemnd t ent h 512
beans. For s easahmg%amnemlﬁ% ;émsanﬂ avild éﬁc%rsmortsrt%ah&om iAddeOh Of sel ecting

two of the four beans In l ecte beans pairs, a two-by-two matrix may
be formed as: opag\a]:swntched beams ¢ selectlon tFthqudescnleef\u})grmﬁga1Wmlnaﬂer{ w, wj] and R
i s the downlink channel covari ance rratrl X whi ch nay be estinmated from

25 Lpl i k. ohaTroedd pariean i Berortel oL i R s Bt BB R 960" 55 of mpic.
aver agi ng scheaver mdamﬂg pathslwithurorg pqy(ent)n'd legsia®irelatidn Wﬁth oispepttecash other) denotes the
uplink ar nagy fl"b nd StﬂJTHLLF daﬂrefglgtﬁy ﬂseg-a pbmmb%estngO@m %vef s 30 the

total sanples |nt e sa tinme, For Frequency Division pl ex systens
(FDD), the dow*i‘p?“h§°501’T&Wh'élF‘&:6x}aP‘ih§hé€°"1‘PaR“F‘f’R 5%‘%}"5@ mSBUER REYi a frequency

WO 03/ 085857 biGiié MopairdsiBéams 2omsspntiiag foathe id€dfing p‘hﬁns C Thd forvai Maab“pr ocessing to
Femont o 1 FirSRIEHANES FIREL Fo e B FeoE et o RF g o8 DRI
non- or t hogonakack bitheeans, dothis mstad'leelxmeinhéo% @vilrths MEmbwﬂbmtmemet he two

virtual pgshs yigmid ﬂis'eﬂ.gnoyeatpew&qaﬁo@esro%ﬂe@ae&ehen WRDrdTk S 3h ki ealf thd r NS t
power and m nim zation cross correl ation,
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:

20 Fl.j =W,Z -R-W,.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 H
R=R, = qu(n) u(n) (16)

1 na=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



A = det (F,,,) (17) 10 may be used as a cost function to choose the beam
pair having the maxi numvalue of A anong the selected beampairs. Qher
cost functions may al so be used for choosing the beam pair. And dependi ng
Qn the cost WAAIEBHN used, the beam pair may be chosen BISY¥A3maxi mum or
m ni mum val ues of the cost function. For the case 15 il [30Septemkad 2006 Fi g. 5,
the systemthrough the beam sel ecti onl@rocess selects one from the pair
conpri sing thealibriatimfpr&féﬁinartd ugkinkegharimel5 0@ variersaematmird Ranas drseribkd ém t he pair
conpri sing th? Sth 510 and tenth 504 beanms. The beam sel ecti on process
does not subst®tfally add to the conputation |oad of the 20 system
because the power w ndow threshold is preferably selected small enough that
there are at jFpelsotla I)rmg lﬁ‘iwcot?:ﬁ&[{? %ﬁﬁsﬁﬁtp@\gero?%\ﬁrhﬁlﬁﬁé%ﬂ@' rs for
scenarios similart ’tﬁ I I'fPustrat eé) 5. In other scenarios, only
two beans ar endn)qmmgahdl ylemsmé eontribate td the tdnelamshgt“@én thé eva vieal patlise ans
|11ustrated | alﬁl Qoo Bons d';&%n&%ea}a%&mﬂa of bl b AR R arof o OB T om Lhe
upper extrem ower wn nost 25 of t Ime, the selection
processi ng V\omﬁc?fﬁéﬂt@arre as selecting the two strongest beans fromthe
twel ve beans. In the cases as illustrated in Fig. 5, four beans at nopst

are selected and the cost function (17) is calculated . six tinmes, which is

t he nunber of thé"cfﬁ‘r@r/r)iatl on of selecting two fro our beams. Also, it
is noted tjgat det (F,.f) = det (Fj,,) 30 The operation of the systemfor
providing a practi cal and robust downl i nk transm ssion schene_achieving
bot h di ver si t PauPrsesas Arest metion (pahpose he bragpain haxedhe masramvaiie-of Son3/ 00073

30 Septenber ZQR6ng tﬂeﬁe%cﬁ&mgmﬁr bhﬂ%ﬂﬂﬂncmaﬂihﬁﬂ&o&ﬁmeﬂmormaﬁgj is
summari sed usi n a flowch n,a ste%GOZ or setting up

t he antenna s§}’§t E4F P g Sfpeﬁ‘g'ﬁp‘?"n'ﬂ%“fs? h’ﬂ‘f"&?ﬂ?‘s ¢ bgam R BAL & beans to the

correspondi ngcm@m;;:dmalmdamm granininiug \pmep@frtbdctmhﬁnsmmr Eor thercas¢ he syst em
menory. Thg O4f QA8 Nk e By Ainf mfidbiCtll HafideiBiolrbOGRY &RERLR: 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. 5, 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



corresponding to two | argest Eigenvalues of matrix Rin (14). This step is
performed off-line. 10 In a step 604, all the beans wi th output power of
uplink within power window threshold are selected. Then in a further step
606, a checWOr®BP8B¥e nunber of selected beans is perfoBEECIVEOBhe nunber
of selected beans is two, a next step 608 is skipped ana seii@nteyestéem
proceeds to a step 610. 15 In the step? 608, the cost function in (17) using
(15) and ( 16)switghed gjoxthoganabd beagy seleptionc dpeod ist summarised usingrfoysherts anong t he
sel ected beangewdin®id 90 beans with a maxi numval ue of the cost function
are identified. The orthogonal beampair is then mapped fromthe two
identified beans in the step 20 610 as transmtting beans w, and w2 using
t he mappi ng iInfaostepadO2 dor stting epl therantetre systens tacser of mippingssfrep aj0Bo There i s an
alternativ Lyval . t swi t ched
beam pai r Sh?r%ﬁ%?gbat é‘ﬁg’%\ﬁﬁﬁ%gﬂ%"l‘gﬁ&g‘g%ﬁE“%‘W&&%ﬁ%%@@g‘w w thin
the 25 enpl ohedysReeremgnndolteserdoeagalc heags ngse (ralqulated; 3p rEigenves@Bsswappi ng of
step 608 and f 5@@1% lakrixR i Wi Heobhdam a

conbi nati on oﬁ?ﬁrgsg?rgl?:rt@imnlgﬁa lzirwo 6e9\?ﬁig§ gg?agng&cli @a\’r?glfgﬁgﬁcor respondi ng

ort hogonal beXfl5air is found first by the mapping operation. Then the
cost function (17) is calculated for all orthogonal beampairs. The

or t hogonal,, beam pai g, t | mam, e A LS t s 30
transm’ttil%ge%eaagle 5\24’ 3‘?\5‘1°\A?3f§m%ﬁ%g}lu 5"3&’% ﬁ%’“@(ﬁ@)‘%gé‘g‘% vgg‘k’%epterrber 2006
18 Al t hough thiseholshaire selaetefl. Gtherhip g durther step 409, 8 cheek for the nyrehienefselegtedt he systemi s
derived her &ieBmi @ geftbrited. Ol thé nfhiRe VLRI ed 86ms @ Al b \iextfsgicogicchannel s, it
is also applicable to frequency sel ective channel s where Code Divi sion

Ml tipl ex Accipeedangihgsyste Wﬁ‘%mérmél[ohogonal Frequency Division Miltiplex
(OFDM systens are enployed. 5 The system performance in terns of bit
error ratec( I a j j . I ith reference
to Figs. %551 Flgaéecét%nﬁj%Bg‘g? %S?glé‘&%ﬁ Hiqfsb Sgwgﬁdgquégg%&%aﬁ%tma base
station is ecemyjretipngiof heagr pdire gmang the delprigdf begms, o (Tha frohbesms vt a

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;.



ULA antenna while a nobile termnal has only single antenna. Twel ve
switched 10 beans per sector are adopted for both uplink reception and
downl i nk transm ssion. The comruni cations channel is assuned Rayl ei gh

fadi ng wi t h WBHB8Fzed Doppl er shift 0.01 (maxi mum DoppREISGEHINT x sanpl e
time interval), and the channel is second order wth angudepemizpoaad set to
10, 30, and 60 representing small, nod&rate, and |arge angul ar spreads
respecti vel y. Alfwughethe fsyitghed ohhagenat beams . seldétiowmetheshin 8 systen igdarivads (DOA) , it
is generally RsSMHEHatoAdld frbdiency @6n-feRetivEBiAing hdnfeid)iitn@hisdEppRsEbIE (OM one end

of the sector to another to caver aldé t he pos |'§‘I}é DOAs of l)tsrstff sector. The
downl i nk BER feauensy relfctive \shannglinvhere ‘tdFal?]%‘ﬁ‘P‘Ei’f)  Aees) GRMM | ustrated in
Figs. 7a to 7syswafgoriregond Frehjmen8CDivisies Mektiplex/(©FPM) Fystems erpaploydn,
performancegs of three 20 alternative systens are al so included. These
include a system conbi ning the STBC techni que wi th adaptive beanform ng
schene (syst efheAyystem peffarmapsecigntrmsi of it ¢reor rater RER)CIs tavelealed throreh a schene
using two strgpemsdns e&m&hﬁmm&mw&&mﬁ:ﬁ HoaERd 8a(t6 86 &M Phera®nd a system

conbi ning the STBC techniqgue with,a sche usin rt hogonal begam pairs
correspo%di ng2SH" H@tf\gﬁeg?’?%‘rf@&ﬂp 'f%’%‘f%’%@'wfﬁeig’g'ggmg temIo

descri bed her BLAetesmnevlile akmabiln tarsingiytes enly Binglé-onteram Tweleigwitched spread case
shown | N Fio9S peat pMEkidHre dddfied 1P béifufhink Seclitoh Gid QATk eipiidn, { Nr e€ ot her
ns of p r np or the

syst ens. 'Ilhe advantage 1 n terns 0 consunption fo sane BER
per f or mance | Shexgommuniqationsschamelis aspmedRaylsigirifaging gith noapaligeddDepRlsr angul ar 30

spread is not shin 661 (nakidRimiduppIéf Hinfk @fplt BRe Sitval,h8e the emiaEe] ARstohd1e scenari o
shown in Fi 5 does not occur, e system C works as well as the system

g- . toh o o H
D. WD 03/ 08585 ferpyith/angyips spred 73t to 3¢5, ¥R nd §farpresentipe small, medgrateigifhy at e and
| ar ge angul ar |afgeraf@hr \bprefE réspertively eToWehifN pepforntante @b @igechi@asn anfivae per f or mance

of system C d des severely e iall n.the worse scenarjos happen
as shown ilg Fﬁ%@ﬁﬁ’gﬁ gﬁ?fg?l%?sxﬁé&g@?%ﬁ%%ﬁ@@ew APINEIPLIEEY t he
systens B or & thamctort@ansther te payeralldhe pBssibleyDOAs ofithe bestoge as 5 dB as shown in

Figs. 8b 5 and 8c. It may therefore be concluded in the sinulations that
the performance of the system D, and therefore the s)ystem according to an

enbodi nent of T?"rf]éwf'w ]&HOHT&PW?&)OA and transmit power (SNRY is illustrated in

Figs. 7a to 7c and Figs. 8a to 8c, respectively. For comparison, performances of three
20  altemnative 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. § does not occur, the system C works as well as the system D.



approxi mates well to the conventional systemA for all angular spreads. 10
I'n the foregoing manner, a systemis described which provides the
performance of an adaptl ve antenna system whil e possessing the

ipl enent at POP34¥BYFI i city of a switched beam system forpcigﬁPWWﬁg
diversity gain and beanform ng gain sinultaneously. Al t3aSegém@n20péa nunber
of enbodi ments of the invention are 18 disclosed, it will be apparent to
one skilled iFerimederatetandjarge epgulst spredds viles diap shervedth o switchesrhsPBUs changes

and/ 0{ rr]lgd It L I tﬁ@bdrf%ﬂrtmﬁ@d"oft&?stéﬁﬁdQegﬁﬁdkmv&elﬂasp&ia:]y Wlerf thOWbkd\Remifi@PE ﬁnd
sp|r| 0] e | nven em pr0X| te the

maxi mum beant BPIRPHY B b "’aﬁ'ﬁs eécfnggﬁl ?'5’? di}P%/eP%F R '55n as wel | by
conbi ni ng t hesySdmyB beC i thrsystenst A oD nmw\betasﬂmt ab & dBasshibeninigsy8t em usi ng t he
swi tched ogthgggnal beam sel ection method described hereinbefore.
Alternatively, the systemmy use a Miultiple Input Miultiple Qutput (M MO
W reless 25 conmunication systemin conbination with a switched beam

an:1 enna sy; t efimd$ the@ford e coﬁdeEd;h\&HE saﬁmhiggmaltheqﬁaamﬁﬂhemb evdteriet hod f ?r

achi evi ng be i ve ur poses o
briefly desc(ra\gf’b‘i‘“ﬂg?1 eq%rgﬁ"\? 'f"bﬁ P“‘N}F lf°gll¥emy°fq€ﬁ '(5““7? 5‘8’r§m in Fig. 9
is referencedaphemmatvcamlbuothmprormt@hﬁbmtem\ﬁdomlanmrsmcadg antennas 902 in a
base statijgn 904 and two receiving antennas 906 in a nobile termnal 30
908. Such an I\/II\/Dsystemls known as a two. input-two output M MO systemin
whi ch a seri al® RedfBraRAREanBner A SY3FM if dessribgf Hhich E’PH’?"S ‘E‘(H?'ﬂ"}“a“ce ofgo s

de- mul ti pl exesllaftive cantethta- asuietnl prhifex pedeessifgd the Ciniplehentstion mmmxcmaroalal el signal

streans 914, wh t 19 antennas
902 for provi d”'{ﬁ%"‘gdi’”“‘ ey { 3 OGR! ek, BOP DAPERBAM, 10 S SO0
30 Sept enber shbd@neopgy. \Mlthhuﬂ]tonhfpplnyrnb?g of smbedimgnipeofcthel iinvgntian argpposed to the

ot her  systgmBgeIgRLO ¥ vl b kﬁaﬂ%&rsk&r 1Tify theSef iR VWSS thid@sddsdmay st em i s
desi gned to achi eve higher data_ throughput or transm ssion data rate and

greater spect RURFuF shapgeppdier modificationepp Regmade withqut departing fromWe scaPis  From t he
ar chi t ect ur e, andispitiSof €e@dentionat in the M MO system 5 the transm ssion data
rate is double conpared to a system enpl oying the STBC or

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



STTC.technique. At the receiver of the nobile termnal 908, the two
receiving antennas 906 providing diversity reception are enployed to
receive transnmtted signals 916 and the outputs of the receiver are passed
into a M MOVQIPEEBYr 918, such as V- BLAST detector, to RESGIM0Bhe

ori gi nal sequence of the original signals 910. In t he 180 sastembdr 200t

fadi ng channels, there are four chann® coefficients in the MM system
due to two reviioy pRplvins: eess-taneoprging: as; (epqseskig; theeothes systams MBI MG t er i nal
908. :jn the chayeEBt broswic twhh@esmémmots?&nﬂidlﬂ&ﬁghedlﬁ aememgmgamntennas for
providing di recen tion equire e than the
nunber of dat® r°§$’ip ?Fs""’BF 15518 C{ala rﬁ{e aﬂ#ﬁ"’ﬁtﬁr %fué"r'{'ngtgmf"c?%rrg}\??ldql ng diversity
transm ssi on. coBerenicgion kystess.z Eromabsarchiteatute, tgsrpleaz wiat ip theoMW@ayw, t he nunber

of receivigg t‘ﬂ@hﬁ'@ﬂﬁﬁoﬂ @at@rafgqp%lﬁletc%ﬁl réBat'o 's§'stH§ éaplbying WE'SYBEMGRI |, which
for exanple is two shown in Fig ereforé the nunber of transmttlng

ant ennas for mfeﬁi‘lnwedl‘\}éw‘ﬁef?"ef P5H§rﬁ‘%b§?6"1’imnﬂ W8y the SV TGEVIBR Ui ng t he
conventi onal M&@ssy&ﬁr&mm@dl&kmdmﬂbrtaedemp?d}ed-bwmwuanemmrd dghled beam

ant enna system_hayj.n transmttin L epna, Wt I er nunber of
transmitting %?r?t e#hgtg tﬁﬁ”fadr‘]e CShDi he f"ﬁ(’ @W&K}erﬁ Z‘lrlﬁht grvgrepl ace
convent i onal BEAFSdeitector, nrgreemrethmmlrpmwemewgﬂmomé |Slgpﬂ15t N8ndmthesi on in the

base st atyp ONcakdlofGaflRliin &amisaih&e glle\f&fr%barni(el g&ffﬁleﬁﬁ Vet MIR® Haant or m ng
gain. This is_akin to 25 the r\%ﬁq acenment of gﬁlsm tli ngqnantennas provi di ng

diversity traft€il QerSHvipynpnas "’éﬂ’éd"cf:}é"éﬁf%"rﬂ‘ AEmERAO, i the systens
for conbining with the STBC or STTC technique descri bed herei nbefore. A

ol ook di agr afe LAGAAPIAD! Yot IROSLEEN: SUSHETEARPLEbAGGHES M MO

system 30 (eqw val en ut s swi t ched
beam ant enna yassitmeccption fgequiresta eﬂumongomhaeﬁwamabqra?dqmsstrsmm in Fig. 10.

A serial 3¢q umgﬁmﬁg aftbringd faaﬁrowashgmaéxﬁtys&ﬂs)mssxsﬁ nHJe)to the-siz8, 94, dn@ first

de-nul ti pl exed a de-nul tiplexing nopdule 1004 i |1 el data
streams 1006. ST xm"saawarhfgvmlzfa? ecgiving aignnas dpgmak tef’H'\(ﬁﬁ 5@’%&/ 085857
PCT/ SG03/ 0007verg bmdlic pihizhiiterexafifl6 is tdd shavasmdFig. 1% OTHeveforé Kienmmbér deant or mer s
v and w2 100BakRhind SREIAL PY-BAOSS a&gmqmsﬂ iPP5RE da oLifg fhe ST ONA!

conbi ner 1012 unction

conventlonaipMIMO 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



of the twe beanform ng processed inputs to produce a signal x(n) 1014 for
transm ssion through nmultiple antennas 1016. 5 The physical channel is
assurmed to consist of L spatially separated paths 1018 with directions of
arrival (DORO0@S8HNG fading coefficients a" (t) and alPGHSGO300PB; ___ |
for receiving antennas 1 (1020A) and 2 (1020B) as shown 3asepiegpber2@6 The

i nst ant aneous channel response observad by the receiving antennas 1 (1020A)
and 2 10 (102e®y inty twotansmitchesmbamers Wi and wy 1008 for beamfqrining preesgsing 1.1 |
h2(t)=Fa, 2(t) #dhshed ontd a $igkal Snhiat &)lﬁmcl}l-gezr%g\ﬁyﬂ ﬁtﬁﬁlgsxgﬁﬁihg furicdion L 1018
arriving at the two recejvi.n ant ennas an e ripence
different fadfnfeeM? ell?f’gkgnm‘% {Pocesid wpus (g producgea \Rﬁ"%h’l‘%ﬁ}' z&gsbﬁmed to be
uncorrel at ed trapsmiss@mahrough ghubipteentermes ¥Wi®vi di ng di versity reception, although
these havesthe sanme 0,. Also, the covariance matrixes for the receiving

antennas 1 (1020A) .and 2 (1020B) are the sane_ as Ion(gw?s t he average power
of each path Thgmiysicel ghanneksis agsumegto consist.afd spatially sepasgjedpaths ARSsvitho20A and

1020B. The cosattoadsfarfival (DS 6f id thdify dobBigibntd ag(:)amdea,ﬁ@g 1102QA and 10208B
are 20 very simlar to the covariance matri x used in the system conbining

the STBC t ecfenireseidingiaptennand €Q20A) Hed 20 (0P A athowe dmFige| 18ct Then et hod

described hepQinbacud Ednnel REFoRIeUbRrved By thb RecEivifd MitenfR M GWoAParddRe Swi t ched
beam ant eg{;la axﬁéﬁm and, Nﬁl MO system the using the switched orthogonal
beam sel ecti 0 HBEHE™EYs0 applied for achieving full diversity gain as

wel | as appr oxi magle%_ H}gge 25 beanform ng gain. 15/03 2004 18: 42 FAX 65
6323 6383 AXI S | CPH E,_f‘ 5603/ 00073 Received 15 March 2004 30

Sept enber 2006 ,
h,(0)= Zalz(’)'a(el)

{=l

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

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.



2 ' ; f or -seleet+rg—+we—beanrs in a swtched beam antenna
systseon fon 18 pR MK @F $§23dBMA1 | nk cHHFRIRIEERLTONs in a downlink 8861 orse
swi tched beam - antenna system providing uplink receptio and. ;qQ Wi 04

t:r ansm ssion, the method 5 conprising The steps of. sel Ing a.palr of

beans based on the uplink reception of the switched beam &#hfenterbesydibem
determ ning fromthe pair of beans azﬁorrespondi ng pair of orthogonal
beans; and 1@.providing the pair of "0rthogonal beans as a pair of transmt
beans for the ownl i nk transm ssion of the .swtch e enna system
2. The met hodlas fringted;fon splectifg Ko pepms P & %x\%?a%d"gﬁ er.ms%ﬁm%g&t he pair of
ort hogonal begnsding ddvatings cqnemivisativhnip £ideyetinlel cheoneh ghe sYishedobsa P he covari ance
matrix 15 of e SauRliiing AR Slorptidn anihBwilBk Aesbndsiod, TheChdaion 2, wher ein
the step of determning the pair of° orthogonal beans further includes
det er mi ni né a%‘mtl’ﬁﬂé"gﬁhaﬁ it ort hogonal beans eigenvectors of the cowvariance
matri x of the dowsdldctig aqhaiofiEhmcinrsdes fo nplick geeeption: efdhe syiichedipega st
Ei genval ues. gfm’%n wERthod as in claim3, wherein the step of determning
the pair of ort oionél beans further includgs de%&rﬁ;@ nliml??e as the pair of

d PER™0

orthogonal beans d&FgRingdomhepaspfbeams & RrsRop *Tfie downl i nk
channel corresgdonding to two 25 | argest Ei genval ues, wherein the covariance
matri x of the do | Pyt ot Ydams fR@epr) - a" (4)
"F YD a(lfon) '@éph%@wﬁg%%ﬁ%%gﬁ%{m%%gﬂxrgﬁggctiveI y average powers
of a pair of '§W‘ﬂ?@1¥?ﬂ%@§ﬁﬁf¢°‘é{’m"jﬁbw§ $EERd based on the uplink
reception of the switched beam antenna system and a(rp,) and a((pj) are
dounl ink st eeq! g KECARP oy BEAM, Miehlal t00Sp 6F dedbilding tho pdl ot NE 1 and |

y

beans respectively. SHEET | PEA/ AU " .
orthogonal beams includes performing Eigen-decomposition on the covariance matrix

15 of the downlink channel.

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
. cigenvectors of the covariance matrix of the downlink channel corresponding to two

20 largest Bigenvalues.

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 cotresponding to two

25  largest Eigenvalues, whetein the covariance matrix of ths do@ink channel
approximated by:

R =7, a(p) 2" (@) +7,3(p,) 2" ()
wherein y, and 7, are respectively average powers of a pair of switched beams i and /

30  selected based on the uplink reception of the switched beam antenna system; and
a(g,) and a(p,) are downlink steering vectors at beam directions @, and @, of the {

and j beams respectively. . i
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as in ¢lai m4 further conprising the step of mapping the_pair QSWSGO:’/OOOB
art hogonal * beans to the pair of beans sel ected based on t Receinsp 17 March 2004 |
reception of the switched beam ant enna system 6. The met hodsoasepiembéd280en:
1, wherein the step of determining thg pair of orthogonal beans is

perforned prior to the performance of the step of providing the pair of

i
orthogonal be pair  of t smt b Kk !
transni ssi on. ? 3]?' “i*ﬁg“rféf“n%%mﬁ‘s sm%%a"% %%Jgﬁgﬁle%s}% etg of selectin
the pair of bemnahmwwwebféﬁmd&eﬁeﬁ’W)Wb@‘&\‘r&wwa% H&Pepover | evel s |
exceedi ng a pgmﬁedtbmmqysms The nethod as in claim?7, wherein the ste+
of selecting the pair of beans having power |evels exceedl ng the power

t hreshol d i>ncl udes sel ecti ng a pair of beans 15 with at Ieast one of

maxi mum and miéni mThe wethokss &f olsime bswhefeinntbe stem of deterining dho PRI ¢hhe pair of

bﬁar nsl bei ng- LARE&IERERS éffonEedjzaﬂWtothe perifnanbeart e BtofRof fovidig ﬂﬁ‘kOWg| :Ngk
channel covariance nmatrj.x an are
beanf or M ng werpHedo “4}5 °Bﬂﬁ°\9{rfd"k'|’5§%5%°f ‘lﬁ ﬁg%#ﬁgo?ret hod as in
claim 8, Wnerelnthe step of selecting the pair of beam; with the maxi num

val ue of tp? C705t Tk Bfefbd 5 h%ﬁi&@eﬁheﬁﬁ.ltﬁ&iwprwsaeuaﬂg ihe@iurbﬂimﬁs with the 25
maxi num val u

es of a caqst funtlo hei n rese qdet (F, ., )
wher ei n det ( F,Belulessd if'F‘%g?éﬁFg e e F’ ﬁ‘& v%"lgmhd 30 10° The
method as in claim1, further conprising the step of processing signals

transmittable VI ac}thpgmﬂfd m%ﬁgm%emm& ofast one .of signal
Inefu

processi ng rret ho [ ace-ti multinle-input multiple
out put net hodé\avmvemwlsmﬁ%nig' G’g&"‘%@“i‘f?gﬁe il aé“a‘83 AXI'S | C PTE

LTD " - 15  with at least one of maximum and minimum values of a cost function performed on
the pair of beams being represented by:

g
p

F,, =w,f5-n-w,',

wherein R is the downlink channel covariance matrix; and
20 W, =[w, w,] wherein w, and w, are beamforming weights of beams i and/

respectively.

2 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
25 maximum values of a cost function being represented by:

A =det(F, )
wherein der(F, ;) represents the matrix determinant of Ky, .

30 10, The method as in claim 1, further comprising the step of processing signals o
transmittable via the pair of transmit beams using at least one of signal processing i
methods including space-time coding and multiple input-multiple output methods.
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bears, entm@ana: 8 )ymRE @mopLy 6338| ect i ngXIBVIS MRAMS for providing downl't k=
comuni cations-in a downlink channel wherein the swtched beancmsm:meon ,
syst em proVi des uplink reception and downlink transm ssi Qmeoeisraan&hmgooﬁi
means for sel’ecting a pair of beans based on the uplink recegu on of the
swi tched beam ant enna system neans % r determning fromthe %%?pFe"@F’ZBQ%nF
a corresponding pair of orthogonal Dbeams; and neans fur prOV|d|ng the pair

of orthogonal beanms as pair of trans bea 1 ownl i nk
transni ssi on df thevided @F@H"ﬁ@ﬁmﬁ?e{ﬂgﬁ% 5{%’?711’“%5 1%Erﬁe systemas in
claim 11, mharoehm:kthnmmfmrdOMﬂechaMWhgw@m spisthed bspm egipPhogonal  beans

i ncl udes mean,_% In?%r F uﬂﬂ@&mmﬁh&ﬂ_ﬁﬁhﬂﬁng he covariance matrix
of the downlifk channe 15

as.in.c 12 erein the .
means for életermﬁ?%f‘{’ﬁ@“ﬁaﬁﬂ’ﬂf °fe‘lff‘¥%g°5§n the, 4REE “?cgt?mt erMSl@ncl udes means
for det er m ni fwaciRs bdathanteria systefn; or t hogonal beans ei genvectors of the
covariance matrix e gmﬂd% CHABREL bf Bkt ASRABPbMAGe fal dfWo | ar gest
Ei genval ues. 20 1%9&(%% ?@ste aq%ml n (E:}I aim 13, wherein the neans for
ddet er ni ni ng erfesopppamgrand or t hogonal beans further includes neans for
deterni ni ng as t hiefpaik pafidag thi pdofatthogdvelemmsab gpaitef tresmis bepmst he covari ance

mat rix of fhes dawaly ik GHANAGH of Y shASERE Blbond st | ar gest Ei genval ues,
wherein thHe cOVAriance matrix of the downlink channel 25 appr oxi mat ed by

Yr a(-P;)a"(cr)+Yj’ a(fi)a"(cj) whereiny, and y, are respectively average
powers of a pe.r The $teth el erloliimanpwherchnitic jneans &ir deterinitgBe R0 t he upl i nk
reception of the s ched VAN Bditoraiasitdn fn Yheand a(ct) ar
downl i nk stee?'g'ﬁﬁg etk ?’?&bméﬂg%?gmgectlonggmrgg, and gp, of the I and j (?
beanms respect cqmiaycematﬂKOffhedDWﬂhnkc '

15

13.  The system as in claim 12, wherein the means for determining the pair of
orthogonal beams further includes means for detormining 25 the pair of orthogonal
beams eigenvectors of the covariance matrix of the downlink channel corresponding
to two laigest 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 charmel corresponding
to two largest Eigenvalues, wherein the covariance matrix of the downlink channel

25 aﬁproximated by:

R =y, a(p) 2" (@) +7, 2(p,):a" (p))
wherein 7, and ¥, are respectively average powers of a pair of switched beams / andj
selected based on the uplink reception of the switched beam antenna system; and
30 a(p) and a(p)) are downlink steering vectors at beam directions ¢, and @, of the

and j beams respectively.

AMENDED SHEBT _ _ . - - — .
AF’EI—’VAU[" B - "



A\ j -- - -+ - - - |IFFRJVM 15/ 03 2004 18: 43 FAX 65 6323-6383

AX| $/pC 2R 8EPIFARCEE BEDIPB0073 RATH; FeFEIE® Mar ch 2004 30 Sept enber---2006 25
15. The system-as i*n claim 14, further caonprising neans for r i 73

pair of ofthogonal beans to the pair of beans sel ected bRseived s hL?BP‘f‘pk
reception of the sw tched beam antenna system 5 16. The sy30 Ssptensber R006 |
claim1l, wherein the neans for detergining the pair of orthogonal beans
is actuated prior to the actuation of the means for ‘providing the pair - of

ort hogonal be the pair, of t4an mﬁf'gﬁfm‘“f alowd denk
transm ssi on.?{ng ?%”%{'éess’f}gf’gr#és |?\ cllarm 11 @h%%@?%\,t e nmeans for
sel ecti ng t heorphagonaldkaniscte the pait efbpayy aeectrd hiped ofhe RliplererePting A M5 1 of beamsl

havi ng power La¥glidetmeasisi@md power threshold, 18. The systemas in
claim 17, erein the nmeans for selecting the pair of beans 15 having
power | evel’s exceeding the power threshold includes nmeans for selecting a
pai r of beansl&i t Rheasystemas in daies 165 Wheesks theireanh & dptramining aPded of a cost
funCLi 03 plerEnﬁk@&ﬁﬁb@d%rsﬁi'@m&@dﬁﬁoﬂﬁﬁbmmﬁﬂ@emw&ﬁﬁﬁﬁﬂﬂe%. 20 wher ei ndR
is the downlin ann covari ange [ Xe_an Wit tramsni w wherein w, an
w, are beanf oﬂfrﬁ“ﬁ °%§$‘§ﬁf?ﬂbﬁp%%ﬁgﬁaﬁafﬁr%’%specﬁn@% y. 19. The system
as in claim18, wherein the neans for selecting the pair of beans 25 with

t_hehmaxihrmm vay, ue i Tj,gtpﬁ &#ﬂ%kini up@ﬁggmm_ mfgf @rectﬁlglﬂe(bﬁiiﬁ@emspgi r %f beans
w t t he maxi num val ues .a cost function bel r y: =

det (F, . .) wheiEibGPs otmp o segorre tm ofbepts oyiie poses Pibie gigtociog o o 2T 30
AVENDED SHEET threshold, - -- --- - - = - |

18.  The system as in claim 17, wherein the means for gelecting the pair of beams ;
15 hav.ing 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:

F, =W,’3-R-WM

20  wherein R is the downlink channel covariance matrix; and
W,, =[w, w,] wherein w, and w, are beamforming weights of beams i and j

respectively,

19.  The system as in claim 18, whereia the means for selecting the pair of beams
25 yith the maximum value of the cost function means for selecting a pair of beams with

the maximum values of a cost function being tepresentéd by: .

A= _det(F,, 2
wherein det(F, ;) represents the matrix determinant of K, .

30
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further conprising-means for processing signals transm&gia&iﬁmmmﬂé pair
af transnit beans using at |east one of signal processing  net

i ncl udi ng space ti me COdI ng and multiple input-nultiple ou?%%ﬁpteWB?’ﬁB%s

HE T - - - -- - c" | ENDEDt 8
25a

20. The system as in claim 11, further coﬁ:pﬂsing means for processing signals il
transmittable via the pair of transmit beams using at least one of signal processing
methods inclnding space-time coding and multiple input-multiple output methods.

AMENDED SMEET T T Ty
IPEAIRM : T




