21 April 2005 1 "Beam Synthesis Method for Downlink Beanform ng in FDD
Wrel ess Communi cation Systens” BACKGROUND OF THE | NVENTI ON Zhappiragesnt
invention relates in general to wireless communi cation systenms and, nore
particularly, to using antenna array and signal processing techniques to
I ncrease downlink capacity and performance of w rel ess conmuni cation
systens. The present invention relates o a new technique for generating
downl i nk beanform ng wei ghts for frequency division-dupl ex (FDD)

communi cat i on «Ysing SynthiisVeIRYd FADERRlihk Feath kiR il FDID WikeRSE €SS
(TDMA), frequency division nmultiple access (FDVRA), code division nultiple
access (CDWVA) @@ﬂmmmimspgt@mr’ons. The next generation of wreless
nobi | e conmuni cation systens will be required to provide a variety of
services including digital voice, video and data in different transm ssion
nodes. These services will require high rate data transm ssion and high
recei ved signal power level, thus creating increased interference anong
users. In order to obtain hi & | Li~abl e transm ssion
quality, the interference | taetcal ly. Spati al
division nmultiple access (SDMA), by which a plurality of antenna elenents
are equi pped at the base station in order to receive and transmt data

i nformation froie paehehp inventidasiclates U gendl ¥ iwgelesatommiivion systéms has
been proposed as an effective technique to reduce this kind of

i nterference. daride mate paciedary,dndising Sama arcayusied sighahprocessing teshiiqaes
station to base . station) beanform. ng and downlink (from base statjon to
mobi | e stati orf nmwﬁwﬂy.ﬂ( ORPACAY BR& ce M swiekess camynppieation

beanf or mi ng \Aes!y%petms? 1rné rﬂrlase%?ol?wcntion relates to a new technique for generating

D

downlink beamforming weights for frequency division-duplex (FDD)
communication systems, which may include time division multiple access
(TDMA), frequency division multiple access (FDMA), code division multiple

access (CDMA) and their combinations.

The next generation of wireless mobile communication systems will be
required to provide a variety of services including digital voice, video and data
in different transmission modes. These services will require high rate data
transmission and high received signal power level, thus creating increased
interference among users. In order to obtain high system capacity and reliable
transmission quality, the interference level has to be reduced dramatically.
Spatial division multiple access (SDMA), by which a plurality of antenna
elements are equipped at the base station in order to receive and transmit data
information from and to the desired user by using spatial diversities, has been

proposed as an effective technique to reduce this kind of interference.

The main operations in SDMA include uplink (from mobile station to base
station) beamforming and downlink (from base station to mobile station)
beamforming. Uplink beamforming consists of uplink beamforming weight



2 generation and uplink signal denultiplexing; Downlink beanform ng

i ncl udes downlink beanform ng wei ght generation and downli nk2$iagRe2005
mul ti pl exing. Theoretically, in both links, the associated channel
responses are of critical inportance in order to generate the
correspondi ng beanform ng wei ghts. Whilst nmuch attention has been paid to
uplink capacity enhancenent, it is also desirable to inprove downlink
perfornmance in order to increase the whol € system capacity. Moreover
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simplicity in estimating direction-of-arrival (DOA) information. There are
two dupl ex mulitiporancein oxkdeso feneratethd emsesponding twatiformimgsveights.

ti me-division-duplex (TDD) node, and frequency-division-duplex (FDD) node.
For TDD node, uplink and downlink enploy the sanme carrier frequency, but

[ d diff t, ti .Sl ots, This ,node nakes downlink beanfornin
ey B8 o S!Sk PSR be bR TR AR SEn b aman do AR
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hand, both |i nygtens eaghidifyeMoreot@! doRmlink eApais) BSeveénhmdrd RApbHANSH $hé ONS
In these two links are i ndependent, and no coordination is required. The

FDD schene i snexti@enhemtion ofosimmunicetion wystelnssia whivhuwirehdss antesnyet} eideo- and
nost probably w Il be used. in the next generation systens. For FDD

syst ens, ther@n-ﬂemmgangé&lhmééwmar@ﬁobemplquertmnna responses at
the base station, which nmakes downlink beanform ng nore difficult than its
uplink counterpart.

There are many different configurations of antenna array, of which the most

popular and widely used one is uniform linear array (ULA), due to its easy
implementation, and simplicity in estimating direction-of-arrival (DOA)

information,

There are two duplex multiplexing modes for wireless communication systems:
time-division-duplex (TDD) mode, and frequency-division-duplex (FDD)
mode. For TDD mode, uplink and downlink employ the same carrier
frequency, but are assigned different time slots. This mode makes downlink
beamforming easy, but requires accurate synchronization between uplink and
downlink transmisisons. To this end, a guard time period is usually inserted,
which may greatly degrade the transmission efficiency. In FDD mode, on the
other hand, both links use different carrier frequencies, thus the transmissions
in these two links are independent, and no coordination is required. The FDD
scheme is adopted in most current wireless communication systems, and most
probably will be used in the next generation systems. For FDD systems, there is
no direct measurement of downlink channel responses at the base station,

which makes downlink beamforming more difficult than its uplink counterpart.



21 April 2005 3 One nethod for sinplifying the downlink beanform ng problem
is based on the wuse of direction-of-arrival (DOA) informatiopidphieabdsd in
received uplink signals. In fact, since uplink and downlink signals travel
t hrough reflections and deflections due to the sane scatters surroundi ng
the nobile and the base station, the DOAs of the uplink signals m ght be
the only constant paranmeters which can be used for solving the downlink
beanf ormi ng probl em DOA-based approaches ®npl oy the received uplink
signals to conpute the desired user's DOAs first; then downlink channel
responses are constructed wusing the existing relationship between uplink

Chosen to be i meted B shBtitying R Aokl SealiforFRE Ao s Gefigndae
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and downlink beanformng in a cel u(PaP raél ocommuni cat1 ons system’;

Forssen et al gigmlodadattosineenpliek ahd dowhiihRBighhlsytriven tirbgh véfldttibRS REEL tO
different DOAs at which the desired signal may conme from and to choose

the angle of ideflestinne duesticithe sdmai sdattetse supaundiog| the mobile earst ahé dasas

t he DOA val ue which | . se he probabi]ity ., function. This technique,
however, suff e?t§uQI¥=JH€ ﬁ@é&@? tﬁ%h‘ﬁ ﬂ%\ﬁiﬂ might derthe; anly: ¢apstant parameters
probability f th0 d r chi,ng for ,the,. I muy oint. .I.n WD 96/ 22662,
"Spectral ly e?\gﬁlccl ecﬁpanﬁilb‘;ﬁﬁggégoéyﬁgtﬁﬁ FIQWBEEEI’S?H?WB% PEPley st ens” |
Barratt et al use subspace-based techniques (e.g., MJSIC and ESPRIT) to
obtain high-resolution DOA estinmates fromthe covariance matrix of the
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very conplicated conputations since they are involved in the conputation of
mat ri x i nver sidasirod usen'guD@Asvfirate thibacdowobik ichanwe] respgisex aratconstesctedind
one or even Mo Te txiSting rolanonship Detween uplink and dosnlink steerng veotors: ¢
finally downlink beamforming weights are chosen to be the same as the
corresponding downlink channel responses. In WO 97/45968, “Method of and
apparatus for interference rejection combining and downlink beamforming in a
cellular radiocommunications system”, Forssen ef al proposed to compute the
probability function with respect to different DOAs at which the desired signal
may come from, and to choose the angle of incidence associated with the
particular mobile station as the DOA value which maximises the probability
function. This technique, however, suffers from a heavy computational burden
in computing the probability function and searching for the maximum point. In
WO 96/22662, “Spectrally efficient high capacity wireless communication
systems”, Barratt ef al use subspace-based techniques (e.g, MUSIC and
ESPRIT) to obtain high-resolution DOA estimates from the covariance matrix
of the antenna outputs. It is well known that subspace-based algorithms require
very complicated computations since they are involved in the computation of
matrix inversion or singular value decomposition of complex matrices, and one
or even more multidimensional non-linear optimisations. Unfortunately,

accurate DOA estimates are not available in multipath cases since the number

of multipath DOAs are usually greater than the number of antenna elements.



accurate DOA estimates are not available in nmultipath cases since the
number of nultipath DOAs are usually greater than the nunber 20fapardgpana

el enents. 21 April 2005 4 This may |limt the applicability of the

DOA- based approaches for downlink beanformng in wreless conmuni cation
systens. Further, DOA-based approaches are based on the pronise of keeping
the main beam of the downlink beam pattern directed toward the intended
user, but do not take into account the irfterference pollution to other
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mul tipath case, see "Transmt bea ormn power control for ce

wi rel ess syst émmin patiesh direotedatbwafd &Imtehddd Aserabui do fiormake itataconmt the
vol .16, No. 8, 1998, pp.1437-1449. |In Singapore patent application, No.
9904733. 4, ermtctrfeéwcmmtmnonéhwwem WO rase notjlmmdedatparcccuye thehsignalprent

In wreless rrrrunl C tens", file 24 h Sept 1999, Y. L| ang
et al pr opos M“gg’a TORHes 1pre garsﬁg) P@Pﬁlﬁ?a‘iépfw 1adgman of

code divi si owkﬁ? ltgccess (DS- CDVA) with nulti-delay paths and
considering tHe or gonality of downlink codes as well as the nmulti-rate

services. The virtual UBPCT met hods are based on the criterion of
mnimsing the total transmtted power while maintaining the SIR

requi rements, Ifhdeinlink chysiet akkponseeand ngally avaidible e, RAWMOPaRbkiOk! ol
downlink power limtation, as well as of mnimsing the interference

pol lution to tprepesades vual ap lnklbgamfommng@adumgvetrrwnm@hltmlmuml (UBPET)ty.
Therefore, t hetodggxl{]ell‘elltgkdo%vr?lﬁkoi)?mn?o %égk?t%nﬁ)ra{"ﬁglﬁ and CDMA without

multipath case, see “Transmit beamforming and power control for cellular

wireless systems”, IEEE Journal of Selected Areas in Communications, vol. 16,
No.8, 1998, pp.1437-1449. In Singapore patent application, No. 9904733 4,
entitled “Downlink beamforming method for capacity enhancement in wireless
communication systems”, filed on 24™ September 1999, Y. Liang et al
proposed a modified UBPCT, which is suitable for direct sequence code
division multiple access (DS-CDMA) with multi-delay paths and considering
the orthogonality of downlink codes as well as the multi-rate services. The
virtual UBPCT methods are based on the criterion of minimising the total
transmitted power while maintaining the SIR requirements, which is physically
meaningful from the view point of downlink power limitation, as well as of
minimising the interference pollution to the outer cells, thus of increasing the
multi-cell capacity. Therefore, the downlink beamforming weights generated by
the virtual UBPCT are actually the optimal solutions of downlink beamforming

problem in terms of capacity enhancement.

Virtual UBPCT is more computationally efficient than the traditional downlink

beamforming approach in the sense that no multi-variable optimisation is



the virtual UBPCT are actually the optimal solutions of downlink
beanformng problemin terms of capacity enhancement. VirtuabyWBR(Gogss
nore conputationally efficient than the traditional downlink beanform ng
approach in the sense that no nmulti-variable optimsation is 21 April 2005
5 required. However, this nethod still requires matrix inversion and sone
Iterative conputations. Mire seriously, this nethod requires the downlink
channel responses, which can be difficult Yo obtain at the base station.
SUMVARY OF THE | NVE In view of .the ove,.it is a primary object of
this inventi oﬁeﬂwgigk'ﬂ\"‘@vﬁ%o@i‘lﬂemﬁth ré&ﬁi Feguires JRABE, JNVEISIgRG aBe { sament

nmet hod for reallsi |1 1ng. hn.parkigular, it,is,an | ect
of the inventi géﬁﬁﬁggscgmtgméﬁbwggg gér%%ohuﬁfmaélﬂgr lée[qiuﬁ{gs d%'\ﬁmfi?\wf

beanf or m ng 'lﬁgg ' i 3 ' [s ' nprise

I nformation \Qlledrea élﬂgsgé}ﬁgﬁﬁ{émgjtﬂ c?ﬁgéragfgfscgltg?gp?%ﬁ% ﬁxr? %Fi%tn%ly%géanf or m ng,
real UBPCT is used to generate the optinmal uplink beanform ng weights by
mnimsing the transmtted powers individually, and naximsing the
single-cell as well as nulti-SEMMARYOFTHEIANVENTEONens, if the uplink

beanf orm ng wei ghts are used for downlink directly, not only the nmain
beam but also the nulls of the generated downlink beam pattern nay have

certain DOA shift.s, jch, may.greatly degr.ade .t he.performance and capacity
for downl i nk. w@y‘“ﬁ\’f i %P"W&Yfﬁé asﬂrﬁﬁ?ré(rq Wﬁ&%éﬁ*@%@ﬂ tOSPeR G BIOVIgA & nk
and virtual U {Qr ' f F t heggenegr, upli eam
pattern usi ngqfrgg?é%BP%hgﬂﬁ% t%igasi m CZ‘%{&t ?ﬂgﬁlgﬁggﬁgr afegggglg\m%\’fﬁﬁ%‘gam
pattern using péarifuahindBRChartRBRECIHL bY dbfct DFehP RNehtioNTo QEckRY e and

nulls. Based on this observation, the present invention provides eam
method of generating downlink beamforming weights using uplink

beamforming weights, which comprise information already available at the

base station.

In uplink beamforming, real UBPCT is used to generate the optimal uplink
beamforming weights by minimising the transmitted powers individually, and
maximising the single-cell as well as multi-cell capacity. For FDD systems, if
the uplink beamforming weights are used for downlink directly, not only the
main beam, but also the nulls of the generated downlink beam pattern may have
certain DOA shifts, which may greatly degrade the performance and capacity
for downlink, By considering the similarity between real UBPCT for uplink
and virtual UBPCT for downlink, for FDD systems, the generated uplink beam
pattern using real UBPCT should be similar to the generated downlink beam
pattern using virtual UBPCT, especially for the positions of main beam and
nulls. Based on this observation, the present invention provides a beam
synthesis (BES) method for generating downlink beamforming weights by
modifying uplink beamforming weights directly. This method is simple in the
sense that it does not require the downlink channel responses; also, no
complicated computations, such as multi-variable optimazation or matrix

inversion, are involved.



synthesis (BES) nethod for generating downlink beanform ng wei ghts by

nodi fyi ng uplink beanform ng weights directly. This nethod i52$vYﬂWngsn t he
sense that it does not require the downlink channel responses; also, no
conplicated conputations, such as nulti-variable optinmazation or matrix

i nversion, are involved. 21 April 2005 6 In contrast to the null constraint
(NC) nethod proposed in Singapore patent application No. 9904733.4, the
BES net hod enbodying this invention tries @0 constrain not only the sane
nul | positions, but also the sanme main beam positions for both links. In
fact, the NC nethod may produce pseudo nulls for downlink due to FDD,

Far - away f rom nconfbls? 78 ARE oRICGERRR, NG, bfodXBRHORE i S ERANBRE ptenl
beam for CDVA, st afiéh NwmamApﬂﬁJBEM&heatemMgg&ghn'& %&éﬁﬁoﬁﬁg&?ﬁfhme

However, if the generated pseudo hu I's near the red user's

gener at ed downtomskraineant waly ¢he' saneanoll bpesitions, | burealsdeher gl maifii béaniay
greatly degrade the performance of the ol e system Such performance
degr adi ng nul | posstiens: for theth baks.Jolfast, ththN(BEsthet may pbduds pseudoanidlsdor uses

provent e pAGVREE SIS, tBHERDe HRTRFBAREoBE Iryianging: TheReERen nif (the
et of o Bauh ety SRR, AREARY om0 R Sl
benef i (s of 1 he ang Afle e RakCbAuRIF (IORIA B nllSyaRig FopRA, it S
concern conpl i kahifoDtd-te st Be@ni Howeeel, d€ kho bettaaeldi p¥eudo null is near the
desired user’s DOA, the generated downlink beam pattern’s main beam will be
destroyed, which may greatly degrade the performance of the whole system.

Such performance degrading nulls are termed bad nulls.

The BES method of this invention uses the following techniques, or any two or
more of their combinations to prevent the null-wrapping phenomenon from
occurring or alleviating the effect of any bad nulls..

» Proper selection of antenna spacing for the antenna array;

¢ The use of sectorisation;

e Null-moving method, i.e., artificially moving bad nulls to a safe position.

The basic properties and benefits of the present invention are summarised as

follows:

1. The main concern complicating FDD systems is the lack of downlink
channel vector estimates. The present invention does not require downlink
channel responses for generating downlink beamforming weights.

2. The present invention is simple for implementation as it does not require

complicated computations nor large space for data storage.



channel vector estinmates. The present invention does not require downlink
channel responses for generating downlink beanform ng wei ght sp1 AprilBogs
present invention is sinple for inplenmentation as it does not require
conplicated conputations nor |arge space for data storage. 21 April 2005 7
Accordingly, the present invention provides a nethod for downlink
beanform ng in a frequency-division-duplex wreless comuni cati ons system
conprising a base station with an antenna array and terninals that are
physically renote from said base station, the nethod conprising the steps
of: receiving at said base station antenna array conbi nations of arriving
uplink signal i I LWEY: - . 1 pal t igoat iyn

upl i nk beanforﬁf%%ﬁagﬁghﬁhgeg%%%hgopﬂégéﬁﬂgbﬁgégé tgrn1ﬁ%$§ #'% Oékgﬁp
conbi nati ons Ofe IHiNROinp i dyefd isiof Iy f Wk '

uplink main bea#?ggsition ?ro Sdhgﬂﬁg??%ﬁﬁﬁggaﬁ?ggﬁgﬁghgg?gﬁ?héggﬁgFﬁﬂ
transform ng egahipiddingaa cbaspl stakonuwith he Arenia ¥y @RAORGNIeA]S oAt | apk
nul |; generating a downlink beanform ng weight vector fromall downlink
nul I's; and tremsidallyiregote fem said bagectation, dhe sietiod coniprising ticostepssef:
station antenna array . accoyding to said downlink. beanforni ng weights.
Conveni ent | vy, ﬁeﬁ%“’%f}gaﬁ"sﬁ%‘ﬁréﬁﬁ sgaw ABIERA SHERY: RRMbuBsoRp PIATIVIRE yphnki ng

each of said uplinkenulls,as. ej.lhet ba .nk nulls or good uplink nulls;
reassi gni ng al lglbagﬁiﬁi?ﬁrf F%Qpillfﬁ"lb' ?%ref%ﬂﬁf%m ®ted uplink nulls; form ng
downl i nk nulls 'd'nﬂ%: SRS ' | :
corrected upl i?lslilﬁﬁ}]u S a clg{rkgtl) ng tg@%g@?@fﬁ%ﬁ?g%@?ﬁ%d&gt%ﬂg‘ﬁﬁbg?i o]
of the downligikd esmbiiatiags bf afene Mplisk §iBRalup! i nk operating frequency.

identifying uplink nulls and an uplink main beam position from said uplink

beamforming weight vector;

transforming each of said uplink nulls to form a corresponding downlink null;
generating a downlink beamforming weight vector from all downlink nulls; and
transmitting a set of information signals from said base station antenna array

according to said downlink. beamforming weights.

Conveniently, the transforming step comprises the substeps of’

categorising each of said uplink nulls as either bad uplink nulls or good uplink
nulls;

reassigning all bad uplink nulls to form corrected uplink nulls;

forming downlink nulls by scaling the phase of both said good uplink nulls and
corrected uplink nulls according to a factor that is related to the ratio of the

downlink operating frequency to the uplink operating frequency.

Advantageously, within the categorising step the said uplink null Ou is marked

0, ,

2|6,

bad if it satisfies the existence-of-pseudo-null condition , where

. A . .
8, =arcsm(—zi—- 1)is the null wrapping DOA threshold, A4 being the downlink



Advant ageously, within the categorising step the said uplink null B'-t is
marked bad if it satisfies the existence-of-pseudo-null condp{iagf dodskl

>| 801, where o0 = aresin(Lt -1) is the null wapping DOA threshold, Ad
being the downlink z 21 April 2005 8 wavelength and Z the antenna
spacing, and its correspondi ng pseudo null in the downlink beam pattern
lies wwthin a specified proximty of said nmain beam position of the uplink
beam nmet hod. Preferably, the reassigning #ep resets each of said bad nulls
to be within the interval 1 1Bo 1110011. Conveniently, the reassjgning
step resets eavtvelgngthiandpshe antenaa spacemg, Aadat cgespendingipseudenullimthag

step further ipcludes,the substeps of,. identifying substantially ,the DOAs
of i1 “term n Gl pealR RatRE T Wb epeciig Hinanuly Plowid efaip eam
correspondi ngéfc?%.it%‘{hg?%??‘ﬁ’gh{‘%m‘ﬁ% qrerm nal s and/or | arge nunbers of

cl osely | ocat erm na A further aspect of the present
I nvention provides a nethod for downlink beanformng in a
frequency-di vi si on-dupl ex wirel ess conmmuni cati ons system conprising a base

station w th direforallyntheareaasigning step résetsl cachheft said dadphilli wabd withénmhe
fromsaid base station, the nmethod conprising the steps of: selecting an
ant enna spaci rigteireal [;rfﬁob[ﬂd s in the array; receiving at said base station
antenna array conbinations of arriving signals fromsaid plurality of
renote termnals, each signal having a beam pattern incorporating a main
beam and one or nore nulls; identifying an uplink beanform ng weight for a

signal ; and geDevnidiglya tieonatsigiking erpfrosors sachvel @id bhdaells a0t he signal's
uplink beanform ng weight;
Advantageously, the reassigning step further includes the substeps of
identifying substantially the DOAs of all terminals and resetting all bad nulls to
the said set of DOAs corresponding to the highest data rate terminals and/or

large numbers of closely located interfering terminals.

A further aspect of the present invention provides a method for downlink
beamforming in a frequency-division-duplex wireless communications system
comprising a base station with an antenna array and terminals that are
physically remote from said base station, the method comprising the steps of:
selecting an antenna spacing for antennas in the array;

receiving at said base station antenna array combinations of arriving signals
from said plurality of remote terminals, each signal having a beam pattern
incorporating a main beam and one or more nulls;

identifying an uplink beamforming weight for a signal; and

generating a downlink beamforming weight based on the signal’s uplink
beamforming weight;

transmitting downlink signals using downlink beamforming weights.



transm tting downlink signals using downlink beanform ng weights. 21 April
2005 9 Conveniently, the antenna spacing for the antenna arr gy apfl &@kect ed
to be less than or equal to half of the downlink wavel ength, thereby

avoi ding the null wappi ng phenonmenon. Advant ageously, the antenna spacing
for the antenna array is selected to be greater than half of the downlink
wavel ength and | ess than or equal to half the uplink wavel ength, thereby
al l eviating the null-w appi ng phenonenon. %referably, the antenna spacing

for the antenng array js selected to,be _equyal to a quarter of the sum of
the downl i nk vﬁ%\r@ﬁé\tiy,&ﬁ%amgn@ﬁp@wg m&eeﬁgma Arayids Aelectsd gache Iss t he

P cquency. di vitthd St 38 AR TBE 20 dhRRiAR el BB B aind ol s

station with %@P Rimdéyndef i ning a communi cation cell and termnals
that are physical'ly Tenote tromsaid base station, the nmethod conprising
the steps of: dividing the conmunication cell into a plurality of sectors;

i dentifying uplink nulls which would yield pseudo nulls in a sector,

constrai ni ng uddvaitagdoaslyy she antenna rspaeing eforrithel antérmaaarsec i selectedhtoche no

pseudo nulls will bhe eq?r?t ed; regeiving at said base station antenna
0

array conbi nat8T8#sT & ﬂ@?@‘i"@hléllﬂéwaf/? Athaang loss than eneqral te halfdhe
termnals, each,siignal .havjng a,beampattern .Jincorporating a main beam and
one or nore ndfﬂlgfkg‘rﬂ%?qgtbi ‘ﬂ&r‘%’ﬁ P’faﬁﬂggé"aﬂ‘f‘@“r"fﬁaﬂgm% HngBﬁm-a si gnal ;
and generating a downlink beanform ng wei ght based on the signal's uplink
beanform ng weight; and transmtting downlink signals using downlink

beanf orm ng wepghérably, the antenna spacing for the antenna array is selected to be equal to a
quarter of the sum of the downlink wavelength and the uplink wavelength.

A further aspect of the present invention provides a method for downlink
beamforming in a frequency-division-duplex wireless communications system
comprising a base station with an antenna array defining a communication cell
and terminals that are physically remote from said base station, the method
comprising the steps of:

dividing the communication cell into a plurality of sectors;

identifying uplink nulls which would yield pseudo nulls in a sector;
constraining use of the system to those terminals in a sector in which no pseudo
nulis will be generated,;

receiving at said base station antenna array combinations of arriving signals
from said plurality of remote terminals, each signal having a beam pattern
incorporating a main beam and one or more nulls;

identifying an uplink beamforming weight for a signal; and

generating a downlink beamforming weight based on the signal’s uplink
beamforming weight; and

transmitting downlink signals using downlink beamforming weights.



21 April 2005 10 Another aspect of the present invention provides a nethod
for downlink beanforming in a frequency-division-duplex w repeapri 2005
comuni cati ons system conprising a base station with an antenna array and
termnals that are physically renote fromsaid base station, the nethod
conprising a conbination of the nmethod steps of two or nore of Clainms 1, 7
and 11. A further aspect of the present invention provides a base station
for a wireless communications system thé0Obase station conprising: an
uplink receiv for receiving arriving signals froma

tenna arr A .
plurality of ﬁ‘&%‘%@f taéP%tnata ih@)rprewbéewmowwme%mmhgé for adowmlink
wei ght gener at,or erable tqa generate.dowl i nk weights based on a sjgnal's
Upl i nk beant orRAOTRMg AL 2 SregbeneyRisionuniex WHeRSS SommuyCapns SREH
[ s to th : LN ' o ' t _ I nk
sLanal's to Moy 4 %k "ol WARCR SateiaYstfy! M SRARLAYE WU
posi Ui on. Aol gisicBpeeino frbiiesaRd BER/ratidly SR hiefhdll é’d&hﬁﬁﬁnﬂ% ADGRbiRREGA ON

for a wireless “communi cations system the base station conprising: an
upl i nk recei veof thetenhed stepsigf fvos or moet uf Cipimsrli, 7iand Bli.gnal s from a

plurality of renote term nals on respective uplink channels, the array
having a predeterm ned antenna spacing to alleviate null-wapping; a

i gnal s upl ik TG EPRFOF G RIRREAt SHBHA BHRVICER ASHOE SHRIOBOR AW HAFSE o
transmt si gnmozgﬁlﬁn#gﬁ?éigg{e% &lg%g%é*nﬁlﬂﬁoﬂ E'Ofﬁéﬁgﬁgance wi th the generated

downl i nk wei g aspec e pres hvention provides a base

station for a wirelgsapliflo FEoEN GO 23 T0F rédfviRESRritnRt Lighals BRI 1 NO:

plurality of remote terminals on respective uplink channels;

a downlink weight generator operable to generate downlink weights
based on a signal’s uplink beamforming weight;

a downlink transmit antenna array to transmit signals to the remote
terminals in accordance with the generated downlink weights; and

means to move at least one of the downlink nulls to a safe position.

Another aspect of the present invention provides a base station for a wireless
communications system, the base station comprising:

an uplink receiver antenna array for receiving arriving signals from a
plurality of remote terminals on respective uplink channels, the array having a
predetermined antenna spacing to alleviate null-wrapping;

a downlink weight generator operable to generate downlink weights
based on a signal’s uplink beamforming weight;

a downlink transmit antenna array to transmit signals to the remote

terminals in accordance with the generated downlink weights.

A further aspect of the present invention provides a base station for a wireless

communications system, the base station comprising:



21 April 2005 11 an uplink receiver antenna array for receiving arriving
signals froma plurality of renpte termnals on respective upbi pricitagnel s;
a downl i nk wei ght generator operable to generate downlink weights based on
a signal's uplink beanform ng weight; a downlink transmt antenna array to
transmt signals to the renote termnals in accordance with the generated
downlink weights, the transm ssion cell of the antenna array being divided
into a plurality of sectors; means to ideddfify uplink nulls which woul d

yield pseudo nulls in aligéeCt Qr; and neans to constrain use of the, system
to those terninals §hUBliak JeeIvernantGana pTAY IBL decfavinG  ArEvVing sigpals JEemdr &t ed.

Anot h t_40f ith £ ti ovid I cati t

i ncor por at 1 ng BUFHUY O P GrlemuidA e n g perth pplik ShAnils v 13 to 15 and a
I it f te,t R Sraidhtf . A4l

brovides” a et nod chiseyanR et elity SpAREle ¥ AErRE SRGHITSEINST

to and as ShOV\lbhsieﬂohflﬁsigﬁawmﬁﬂdlf&mfdfrﬁﬂ«ﬁ'gﬂﬁéighﬁnm her aspect of the
present invention provides a base station substantially as hereinbefore

descri bed with refea alosanlink transmi¢ anitenma amay e tramsomip ssignaby to dhaviengge A
further aspect of the present invention provides a wreless communication
syst em subst anterainals Hsageordancs ayith theggeneratpd downiink weightsnthe ransmission

shown in the SIF SFIE hter a%aa\f/mb%gnsg' di%il'deﬁqmcl a ]Z)RI(I)'gﬁt]YZOf sectors;

means to identify uplink nulls which would yield pseudo nulls in a

sector; and
means to constrain use of the system to those terminals in a sector in

which no pseudo nulls will be generated.

Another aspect of the present invention provides a communication system
incorporating a base station according to any one of Claims 13 to 15 and a

plurality of remote terminals.

A further aspect of the present invention provides a method substantially as
hereinbefore described with reference to and as shown in the accompanying

drawings.

Another aspect of the present invention provides a base station substantially as
hereinbefore described with reference to and as shown in the accompanying

drawings.

A further aspect of the present invention provides a wireless communication
system substantially as hereinbefore described with reference to and as shown

in the accompanying drawings.



BRI EF DESCRI PTI ON OF DRAWNGS I n order that the present invention may be
nore readily understood, enbodinments thereof will now be desg EIA%%F%—%
of exanple, with reference to the acconpanying drawi ngs in whic is
a graphic illustration of prior downlink beanform ng schenmes; FIG2 is a
graphic illustration of the downlink beanform ng schene using uplink
wei ghts in accordance with an enbodi nent of the present invention; FIG 3
shows the generated beam patterns for uplildk and downlink using real and
virtual UBPCTs; FIG 4 illustrat es t he _downl i nk beamc orm ng wei ght generat or
using a null constraint (NERIEEDESCRIPIIEHY (Hh DX GRe prior art; FIGS
shows the phase val ues of t he f| rst el enent of the upI i nk and downl i nk
steering vectors for z = A/ 2, fw=1.8 G, = 2.0 GHZ, FIG 6

or

Liusiraces U et DT RS nenlﬁgﬁfe b, Blopy kRS TpeRiqud ™' °

FI G 7 illustragmbodingntetheidofdvillassn beidessied by ea Qm:lx 1084
wei ght generator using beam synthesis (BES) mai{]hog in gm?orgﬁncg&gm}éﬂ%ean
enbodi ment of torthe presmpanying drawiags i2dhishr i | 2005 13 FIG 8 illustrates

t he phase val ues of the fi rst element of the uplink and downlink steering
vectors for z = A [/ 2, f, =1.8 Gz, f, = 2.0 GH4Z; and FIG 9 shows the
gener ated bea t.erns for, i nk a d .do sing NC nethod and BES
met hod (NC + %ﬁ&%@l&ﬁ@@% HFFP&HEI)"O BE‘PA&HEB{]'&B sehemesshows t he

bl ock di agram of a downli nk beanform ng schene according

FIG.2 is a graphic illustration of the downlink beamforming scheme using

uplink weights in accordance with an embodiment of the present invention;

FIG.3 shows the generated beam patterns for uplink and downlink using real
and virtual UBPCTs;

FIG.4 illustrates the downlink beamforming weight generator using a null

constraint (NC) method in accordance with the prior art;

FIG.5 shows the phase values of the first element of the uplink and downlink
steering vectors for z=4,/2, f, =1.8GHz, f, =2.0GHZ;

FIG.6 illustrates the downlink beamforming weight generator using beam
synthesis (BES) method in accordance with an embodiment of the present

invention;
FIG.7 illustrates the detailed description of the downlink beamforming weight

generator using beam synthesis (BES) method in accordance with an

embodiment of the present invention;



to prior art for inproving dowlink performance and capacity using base
station antenna array. A plurality of nobile users share the sapgricjpagnel s
which can be a tine slot for TDVA, a frequency band for FDVA or a set of
spreadi ng codes for CDMA. Using a plurality of transceivers, higher system
capacity and better transm ssion performance can be achieved if proper
uplink and downlink beanform ng schenes are enpl oyed. The prior art
systens first estimate each user's DOA vallBes fromthe received uplink

signals, then construct the_ downlink channel responsesnﬁDCRERtﬁausi.n
downl i nk st eerFlgy8vdlushatest e phisecyilupgiadythoolisst elemant yof @@& and set

as the downlipnk beanf.ormn ectors. di‘scu in the first section of
this appli cat‘?%"ﬂ,a“ﬁ%%tewg) R\ f(g)‘iléft:e’ﬁ?/izs er ;%ﬂ%lﬁ:ﬁﬁ@dﬁé;?ﬂ sense
that all users’ DOAs are to be estimated; also, this system cannot provide
enough downlink capacity to match its uplink counterpart. FIG 2

Il lustrates h ' t d o]

i nvention can%‘%?%ﬁe@%?e&%@ﬁlﬁ%@ﬁf@[% g@e?%{ghngﬁg%q ?BWﬁf%[ﬁg N’gsed
to generate Upkfhod AABES BRI Ghﬁxﬂl-xﬂtiﬁ@t@&hﬁﬁlgkﬁe desired signals are
separated by using denultiplexing. The uplink” beantf'orm ng wei ghts are then
21 April 2005 14 wused to generate downlink beanform ng weights. One
exanpl e of a technique for generating downlink beanform ng weights is a
nul | constraint nmethod described in Singapore Patent Application No.
9904733.4. The signals to be transmtted to the individual nobile users
are nultiplexed first with the i b BESERIPIHAINei ghts; t hen
transmtted to the physical channels. A DS-CDVA systemis used to describe
how and why the uplink beanform ng weights are nodified to generate

down! I nk beanfpch lowk B block HABARF ofa adyER\Hhh& BRI SHbAR RABRLREC! O

in which an Melenment uniformlin®ar
to prior art for improving downlink performance and capacity using base

eratlllie

station antenna array. A plurality of mobile users share the same channels
which can be a time slot for TDMA, a frequency band for FDMA or a set of
spreading codes for CDMA. Using a plurality of transceivers, higher system
capacity and better transmission performance can be achieved if proper uplink

and downlink beamforming schemes are employed.

The prior art systems first estimate each user’s DOA values from the received
uplink signals, then construct the downlink channel responses (DCRs) using
downlink steering vectors for the estimated DOAs. Finally, the DCRs are set as
the downlink beamforming vectors. As discussed in the first section of this
application, the prior art system is very complicated in the sense that all users’
DOAs are to be estimated; also, this system cannot provide enough downlink
capacity to match its uplink counterpart,

FIG.2 illustrates how embodiments of the system and method of the present
invention can overcome this problem. The received signals are first passed to
generate uplink beamforming weights, with which the desired signals are
separated by using demultiplexing. The uplink beamforming weights are then



(ULA) is provided. Narrowband signals are spread to w deband signals using
different spreadi ng codes. For uplink, signals received at the1BpsE2tbati on
antenna array are first despread, then passed into an adaptive beanforner
with wuplink beanform ng weights, followed by a Rake conbi ner. For
downlink, signals to be transmtted are first nmultiplexed at the base
station antenna array using downlink beanform ng weights, then transmtted
t hrough physical channels: At the nobilel4erm nals, Rake conbiners are
enployed in order to detect the information signal. A 2-1ayered code
structure condsed thgensragiiomnlink keamingningoweightsd Opagxamplanaba technigiees i s

enpl oyed. The scranbli.n odes .are assi gned speciticall to each user, for
Gpl i nk, and t §OBEERCTAENG JOVLi HERROTRE  VEBHE i dembllngonsEaRtnmeRod s o
for multirate | 5S¢ t 1K . M= ¢ cha | es
and tinme del a_;gtggﬁbse?s%rSll%,%a?(_égppe%ﬁtv‘éﬁéh%ﬁg,n Ig?/ E%?‘?gi%‘ht @kflﬁﬁ @%ﬁl %
transmtted signghittetqor e inddidahl Madbite( berdt afchenmblipR X8 afitsenwihn e
witten in a vector formas ~N L, x(1) L~zZhu' k(t)Su.k(t-Zuk hlil(t) (1)
k=1 1=1 21 Aprdownid@behinfodiring wightsj theh hansmitesdvierthb phigicallwidnnelsse

vector, each elenment of which is an independent additive white Gaussian
noi se (AWGN) with one-sided spectrum density No. For downlink, |let wd/

For user 1, arUASCHNIA, fatedl iy SSeid esibe Bon aHBe MBI Petuiomang

downl ¥k de 2, 833%re T5aiHE8 b 5ilerdh Wik HeaRroreHY WEighRSSubpbe % VN
mobile users share the same sector in which an M-element uniform linear array
(ULA) is provided. Narrowband signals are spread to wideband signals using
different spreading codes. For uplink, signals received at the base station
antenna array are first despread, then passed into an adaptive beamformer with
uplink beamforming weights, followed by a Rake combiner. For downlink,
signals to be transmitted are first multiplexed at the base station antenna array
using downlink beamforming weights, then transmitted through physical
channels: At the mobile terminals, Rake combiners are employed in order to

detect the information signal.

A 2-layered code structure consisting of short spreading codes and long
scrambling codes is employed. The scrambling codes are assigned specifically
to each user for uplink, and to each cell for downlink. Multicode spreading

scheme is used for multirate transmission. Let A()(r) and !} be channel
responses and time delays of user k, respectively and, s,,(#) is the kth uplink

transmitted signal. The received signal x(7) at the base station can be written in

a vector form as

X0 = 5 S HO W5,y (-7 + () )

k=1 =1



rk (t)_~~w hd k(t)Sdk(t-Tdk + uk(1) j=11=1 (2) where h; (t) and zd' k
denote the downlink channel vector and tine delay correspondeng@pticedose | th
path of user k, respectively; Sdk (t) is the kth downlink transmtted
signal; and Uk (t) is AWGN received at nobile k. It is assuned the

one-si ded spectrumdensity of uk(t) is Ndk. To establish uplink and

downl i nk channel nodels, user k's Ith delay path is considered. Let B, <
0 < ... < Obe the DOAs of the nultlpat]rﬁconponents a.(0,) be the
upllnk steering vector for signals arriving fromthe ith DOA,  which is
given by a.(9,) [Ile L2uan(9 ej Zs(MI)zsm(B /A f (3) where z is

ant enna spaci

usual |y chose%%eag&) F]saﬁhF &qcﬁgrvﬁéhgéﬁ%ésﬁg‘f qer éa*g‘{hdf[elgglf% oﬁHS&rlillesqngnal S
to preserve g u@%@bﬂtrﬁd%tfﬁi bvﬁﬂe"@éd%@i‘dh R QAHW %me’ ROIIdRE ec as

the 21 April 2005 pat h strength 0 |gna com ng romthe
ith DOA, the dphii fl&ﬁnﬂbwﬁﬁﬁlpohﬁewbSd@molcenthEYpéIVusek-p(emeglﬁ ePUPW)a (B4
) i=1(4) For F systems accor di ng o reci procal law, only th

remain unchardgemlmkrbeapifonmngwdelgbt/wﬁcmﬂd’ormacrsjmasdlasmsne Traugsers hev&ithml i nk

channel response can be witten as
P same number of uﬂhtnk and downlmk delay paths. The received signal 7,(1) at

mobile user k is given by

n(n= Zzwa,hﬁ'i(t)su(t Taa) +u, () @)

=1 I=1

where A{)(r)and ¢{) denote the downlink channel vector and time delay
corresponding to the Ith path of user k, respectively; s,,(¢) is the kth downlink
transmitted signal; and u,(r) is AWGN received at mobile k. It is assumed the

one-sided spectrum density of u, (¢) is Ny

To establish uplink and downlink channel models, user k's 1th delay path is
considered. Let 6 <6, <---<8, be the DOAs of the multipath components;

a,(6,) be the uplink steering vector for signals arriving from the ith DOA,
which is given by

a.(0)= [1, gImENA | jzx(M—l):sm(a,)m,,]T 3)
where z is antenna spacing, and A is uplink wavelength. The antenna spacing

is usually chosen to be half the uplink wavelength in order for uplink signals to
preserve the DOA information without ambiguity. By denoting a,,(f)as the



hd"'k (t) = ad., (tad (0i ) i=1 where ad (B;) is the downlink steering
vector at DOA 0,, which is given by el2-.n{ei)1A ... ad (Bi)-pP1Aprl 2808x e
(5) (6) with Ad being downlink wavel ength, and ad,, (t) the downlink
conplex path strength of the signal leaving for the ith DOA conponent. To
m nimse each nobile's transmtted power individually, uplink uses real
UBPCT nethod to generate uplink beanform ng wei ghts. Downlink enpl oys
virtual UBPCT nmethod to generate downli nkl®eanf or ni ng weights in order to
mnimse the total trapsmtt r.. Real and wirtyal .lJB inpval ye.the
Followi ng. o nepples Btk Pyenetf fothe, sigheinsoBie, o, e J°DRGR, ¥ Hntk
upl i nk power : id: 17 (2) Conpute the real (virtual)
upl i nk wei ght x@é&:‘ﬁ)%ﬁﬁ)g%ié}‘én real (virtual) uplink power vector; (3)
Adjust the real (virtual) uplink power vector for given real (virtual)
uplink weight vectors; and (4) Update (2) and (3) until the power and
wei ght vectors are verged. In real UBPCT, the real uplink channel
responses are invol}&g@)? edaddpt i ve process. In virtual UBPCT, r(g)/vever,
the downl i nk channel respdnses are set to be the virtual uplink channel
responses, and the generated virtual uplink beanform ng weights are used
as the real downlink beanform ng weights. In

For FDD systems, according to reciprocal law, only the DOAs remain

unchanged for uplink and downlink transmissions. Thus, the downlink channel

response can be written as
4
h (0 =2 a,,(0a,(6,) (5)
i=1
where a,(6,)is the downlink steering vector at DOA 6,, which is given by

a,(8)= [1’ N CHZM J'Zu'(M—l)zsin(B,)Mdr ©

with 4,being downlink wavelength, and «,,(r)the downlink complex path
strength of the signal leaving for the ith DOA component.

To minimise each mobile’s transmitted power individually, uplink uses real
UBPCT method to generate uplink beamforming weights. Downlink employs
virtual UBPCT method to generate downlink beamforming weights in order to
minimise the total transmitted power. Real and virtual UBPCTs involve the

following similar iterative steps.

(1) Choose an initial real (virtual) uplink power vector;



Steps (2) and (3), orthogonality of downlink codes has been considered for
virtual UBPCT. However, when the nunber of mnultipaths becones2aj AbYIE2008"

the orthogonality of downlink codes is ignored, the real UBPCT is actually
the counterpart of the virtual UBPCT. Conpare now the uplink and downlink
beam patterns generated by the real and virtual UBPCTs. Denote

w . k=s[wk(1l),,w,Jk(MT and wd.k = [wd k (1), , Wih (Mp as,
respectively, the converged uplink and dowdlink beanform ng weight vectors

f the kth At h t t ed link b , P. .k (B =
o k(65 126 Comspu? e, el GASRED i Bstaht aretora e diken seal, (a5 =

I w, kad(0) I 2, ﬁ‘\kelg QC%C hese two responses do have sone simlarities,
especially fo?ﬁql e n%&‘l’n eg}%f and null positions, which are of wvital

i mportance for both links. As we are nore concerned about how to increase
the system capacity or how to support nore high rate users using adaptive

ant enna arr ay, (3)edjusisheleealt (virtwAp aplinio polvee veétoe fory %itvemrieﬂ (vartwaly apHak 21

April 2005 18 or near full capacity, or the systemhas some very high rate
users. I n thosweighhvedorspandne hand, both uplink and downlink direct their
mai n beans toward the desired user; and on the other hand, uplink enploys
nulls to null out stronger interfering users, such as high rate users,

Users w1 1 eodh D) ) wiliBE S st Rod bt eBioif Fiehomiffrbetin. | °

criteria of using nulls in this way are that, for wuplink, all users’
transmtted powers are mnimsed individually; while for downlink, the

total transm tlnedapUBRCT stheirsalnipslik ¢HanaedRipotyes ad o el iPtheWiaptive t he
prescri bed SINR val ues. Therefore, for symetric traffic environnment, both

| i nks' patt er rgropess. bowironal MBRGT dhowdwer,hg domarlimkichansel rewporisss are set to
mai nt ai ni ng th%a stﬁme.main bfgﬁ'\;. . .

¢ the virtual uplink channel responses, and the generated virtual uplink

beamforming weights are used as the real downlink beamforming weights. In

Steps (2) and (3), orthogonality of downlink codes has been considered for

virtual UBPCT. However, when the number of multipaths becomes large, or

the orthogonality of downlink codes is ignored, the real UBPCT is actually the

counterpart of the virtual UBPCT.

Compare now the uplink and downlink beam patterns generated by the real and
vitual ~ UBPCTs. Denote W, = @), w,, QO and
Wy, = [w ax Dy W, (M )}T as, respectively, the converged 'uplink and downlink
beamforming weight vectors for the kth user. Although the generated uplink

beam response, P, ()= Wfkau(9)|2= is not always equal to the generated

downlink one, P, (8)= |wj’ AC) : , at every DOA, these two responses do have

some similarities, especially for the main beam and null positions, which are of
vital importance for both links. As we are more concerned about how to
increase the system capacity or how to support more high rate users using

adaptive antenna array, we consider the cases in which the system is working at



Fig.3 shows the generated uplink and downlink beam patterns using real and
virtual UBPCTs, respectively. Here, user 1 is the intended usef ApHFRJ0S 2- 6
are interfering users, the uplink frequency f,, =1.8 GHz, the downlink
frequency f, = 2.0 G4Z, and the processing gain is 16. It can be seen from
Figure 3 that both |inks have very near positions for both main beans and
nulls. Fig.4 illustrates the downlink beanform ng wei ght generator using
the null constrained (NC) nethod proposed8in Singapore patent application

No. The NC nethod consists.of the follow ng steps. termne the uplink
beam pat t er n' sornﬁ?qfsglﬂzf’?‘ﬂ?(’}ty’, prfhe gystem Snﬁ“’é‘%é"”%é‘l‘%h&%dl“%ﬁ#e 0f¢ om
h l'i nk i ; ' =T Za D)2 ary (k- B~ 1)z.1);
(7) 14 21 npr P850 Y Rl Mouh Bl ok dikech o mighn raisomald oo
pattern's nul lige d’é%i}edoﬁl??gil)ﬂnd% ﬂt@%ﬁx&qmpww%x{l}i%' h@?sl ;?gfy;qn b tor

pattern's nulls as (pd. = v ~uk(1l), where'zWk
1 =1,, M1 J ;strofigesinterféringresedqwith ak higermeasersrwhide fior dewalinkg dullgiare f or

1,...,M1; and  Construct the downlink beanform ng weight vector: Wk (1)Z

i +1 = Wik (1) (directehitoc high) @te psers such thatothiesq mbers Willzreceiviedesy fjterference

constructing th? downl i nk nulls, we may choose Ad,k (')= AU k(i) or sinply
pollution. In particular, the criteria of using nulls in ‘this way are that, for
uplink, all users’ transmitted powers are minimised individually; while for
downlink, the total transmitted power is minimised in order for all users to
work in the prescribed SINR values. Therefore, for symmetric traffic
environment, both links’ patterns put common nulls at the high rate users,

whilst maintaining the same main beams.

Fig.3 shows the generated uplink and downlink beam patterns using real and
virtual UBPCTs, respectively. Here, user 1 is the intended user, users 2-6 are
interfering wusers, the uplink frequency f,=18GHz, the downlink

frequency f, =2.0GHZ, and the processing gain is 16. It can be seen from

Figure 3 that both links have very near positions for both main beams and nulls.

Fig.4 illustrates the downlink beamforming weight generator using the null
constrained (NC) method proposed in Singapore patent application No. The NC

method consists of the following steps.

¢ Determine the uplink beam pattern’s nulls, z,,{?),i=1,---,M -1, using the

polynomial formed from the uplink weights:

2wz =w, (D1 -2, (D7) (-2, (M -1)z7); Q)

i=l



Adk(i)=1 for i=1,...,M1. Converting uplink weights into downlink weights
via the above NC nmethod will incur the null-wapping phenoneponpficzooslA.
Specifically, since the downlink carrier frequency is usually greater than
the uplink one, if the antenna spacing is z =2/ 2, even though uplink
beam pattern has M -1 nulls, the generated downlink beam pattern using NC
nmet hod may have nore than M-1 nulls. This becones clear fromFig.5, which
shows the phase val ues of the second el eABnt of the uplink and downlink
steering vectors _for .z is . seen from

B o nat ot e TSGR M Bhhge, compontnts of e uglink beam pattegn s nallsand
i | whil | ] 2= Skn(9), / A, b i d
the’inperval | (Bt RN Ardse PBRRGORGHE) of Honiitk® Jodant et ofuflE Bce

to the periodicity oy;theldomnlink steeringny%gtorn More specifically, if
t he antenna spﬁm(ﬁg:?s%j{b)séﬂmré Beiy=A,, (2 ™Yy, for i /i i1,M605 20
considering the defiattion of downlink beamresponse, Pd, k(9) =
d"kad(0)12, and wusing the downlink steering vector givenin (6), if 0, is
one null's DOA satisfying Isin(B, )I z zd -1, i.e., 10, > aresin(id -1)

there exists a do null lLocated,at B ose, val ue i s deternjngd

si n(02) e n(0,9 Ei‘?’?‘s‘i‘?&gﬁhﬁ(@ begp Eﬁff?(’gg)@g%vefs%u@? aftaé‘imr"m"((%; )18\6 7
(9) (10) Therefore, a pair of nulls, (01,02), will be generated if we
constrain the 4phbind —1;and

o Construct the downlink beamforming weight vector:
M ) :
2 WDz =wy (DU - 2, ()27 ) (1= 2, (M ~1)z™) (8)
i=]

In constructing the downlink nulls, we may choose 4,,(i)=4,,(/) or simply

A @)=1fori=1- M-1.

Converting uplink weights into downlink weights via the above NC method
will incur the null-wrapping phenomenon for ULA. Specifically, since the
downlink carrier frequency is usually greater than the uplink one, if the antenna
spacing is z=24,/2, even though uplink beam pattem has M —1 nulls, the

generated downlink beam pattern using NC method may have more than M -1
nulls. This becomes clear from Fig.5, which shows the phase values of the

second element of the uplink and downlink steering vectors for z=2 /2,
f,=18GHz, f,=20GHZ. 1t is seen from Fig. 5 that the uplink phase (¢p,),
2xzsin(6)/ 4,, is within the interval [z, 7], while the downlink phase (¢y),
2nzsin(6)/ 4,, may be outside the interval [~ z, 7], which may cause the null-

wrapping phenomenon due to the periodicity of the downlink steering vector.

More specifically, if the antenna spacing is chosen to be z>4,/2, by



null O, into downlink. This is ternmed the null-w appi ng phenonenon, and O
is the DOA threshold for yielding this phenonmenon, or null-wappkHOBOA
threshold for short, where 9 = aresin(=d - 1). If the uplink nulls are
outside the =z interval [-0,,0 ], they will yield pseudo nulls when
constrained for downlink. For z=A/2, f,, =1.8GHz, and fd =2.0GH, 90
=53.1. Wien the uplink main beamis far away fromthe generated pseudo null
8, , the null-wapping phenonenon will nd® cause a serious problem
However, if B, is near the uplink nmain beams DOA, the generated downlink
mai n beam usi rgnsidering it defisitior bl ddwniihk belbmngepasear) ,)(Bﬂbltvi a‘,@ﬂjle, and
introduction of the new null at 02 . In the extrene, if th éesired user's
DOA i s equal tyfj &N @,t,'@gl | i tegr hé |
at B2 , which l‘r%en%néh% ttga&?ntlhe ggi gnalﬂgﬁe 10€\?Plﬁa§g}\jgfr' %eﬁt pgélsl}}lﬂy%e%qwo t he
desired user, thereby the downlink 21 ril 2005 21 performance of the
whol e syst em ViatpfyiRg Jﬂlﬁﬁt)ﬁ%—‘&edr,d@,dWﬁDMC&NHd- Bl), therehexisfe e psauds null
pseudo null B, near the main%eamis termed a Had null. If the bad nulls
are kept for | t ' Btk be maintained. In order to
mai ntain t he ﬁg%b%gg%‘f‘gﬁoﬁmﬂ??nk, éﬂ%’uﬂ%&%si rable to modify the bad
nulls. In view of the simlarities between the generated beam patterns
using real and virtual UBPCTs, according to enbodi nents of the present

i nvention, downlink_ beanform ng{dwei ghts can be generated by nodifying

upl i nk beanf or ni ng SinG: hnsis(&) &4 .beamibyi(Ad<i& (BES) net hod, Hown in
Fig.6. This nethod tries to conktrain the sanme positions for nulls and

mai n beams of foth |inks' beam patterns. According to enbodinents of the
present invention, the null-wapping

sin(62)=sin(9,)—-;—;"-, if sin(8,) >0 (10)

Therefore, a pair of nulls, (6,,6,), will be generated if we constrain the uplink
null 4, into downlink. This is terined the null-wrapping phenomenon, and 4, is

the DOA threshold for yielding this phenomenon, or null-wrapping DOA
threshold for short, where 8, = arcsin(fLi —1). If the uplink nulls are outside the
z

interval [-6,,86,], they will yield pseudo nulls when constrained for downlink.
For z=4,/2, f,=18GHz, and f, =2.0GHz, 6, =53.1°.

When the uplink main beam is far away from the generated pseudo null 4, , the
null-wrapping phenomenon will not cause a serious problem. However, if 8, is

near the uplink main beam’s DOA, the generated downlink main beam using
the above NC method will change greatly due to the introduction of the new
null at 6,. In the extreme, if the desired user's DOA is equal to 6, the

generated downlink beam pattern will put a null at 8,, which means that the

signal power will never be transmitted to the desired user, thereby the downlink



phenonenon is either conpletely renoved of alleviated by the foll ow ng

met hods, or their conbinations: Proper selection of antenna gpagtingngsor

t he antenna array; and/or The use of sectorisation. The above nethods
referred to as pre-processing nethods, and they should be taken into

consi deration when the systemis designed. If bad nulls still exist in the
system after the system paraneters are determ ned, null-noving nethods,
which artificially nove the bad nulls to Hafe positions, should be used.

Nul I - movi ng net.hods ar eferred to as.,post-processi thods., Fig. 47

11 st rat es aPeChRaE Ot hE aale sy G KiIP BR st Reftetadet nERGRAT . hish

whi ch i ncorporates sone e- essi t echni que Sy the sel ection of
21 April ZOOSg%ratﬁﬁP&?ﬁ'E&%B@i%dfea&ﬂ% @%&%ﬁﬁygﬁf?%e(gagg‘gnﬂﬂst - processi ng
techni que, such as a null-noving nethod. These pre- and post-processing
techni ques can be used individually, or jointly. According to one

enbodi ment  of '  QBwhihIE nk B 3wl ot B MERRE0EY In

t echni que, théfﬁglbpaﬁgg%fén%%%gnenon (r:tg% ‘@gg?)rpdeigr by proper selection
of the antenngrdepas miinfaill thehfaiarieannforalorailinkSiteis idesiegtle Yo niddifynthe badt enna
spacing is chosen as z s A / 2, no pseudo nulls will appear for the

downl i nk. Fi gnulls.shows t he phase values of the first elenment of the uplink

and downlink steering vectors when z = Ad | 2, f, =1.8 GHz, fd 2.0 GHz. It
Is seen that the phase values (y) for both links are all within [- n, ir],

thus no null _repeat .probl emexists. Th rice.f vol din

nul | - wr appi ng ngt%r?\g q1sw%ﬁg&}eﬁ»&eqlhgleggﬁngﬁ%g@'bg%gcpriﬁtgngsl&s?ﬁg feal;and; o

smal | er syste ' o) : |.i | Tibenticn. RRSAH t he

amal 1 or the aVPEREARSEET, dooBRly 19 cibbaRRENERATG Bresentiléntin, WoRi
beamforming weights can be generated by modifying uplink beamforming

weights via a beam synthesis (BES) method, shown in Fig.6. This method tries
to constrain the same positions for nulls and main beams of both links* beam

patterns.

According to embodiments of the present invention, the null-wrapping
phenomenon is either completely removed of alleviated by the following

methods, or their combinations:

e Proper selection of antenna spacing for the antenna array; and/or

e The use of sectorisation.

The above methods referred to as pre-processing methods, and they should be
taken into consideration when the system is designed. If bad nulls still exist in
the system after the system parameters are determined, null-moving methods,
which artificially move the bad nulls to safe positions, should be used. Null-

moving methods are referred to as post-processing methods.

Fig. 7 illustrates a schematic flow chart of an embodiment of the BES method,

which incorporates some pre-processing techniques, such as the selection of



the antenna array is | ess capable of suppressing interference. According to
anot her enbodi nent of the present invention which involves a 21 April 2005
pre-processi ng technique, the null-wappi ng phenonenon can be alleviated to
a certain extent by a proper selection of the antenna spacing for the
antenna array. Specifically, for ULA, the phase value ((Pd), 2i sin(0)/Ad,
of the second elenent of the downlink steering vector can be outside the
interval [- X tr], if the antenna spaciﬁé is chosen as Ad/ 2 < z<-A /2.

It is noted th for sueh a_,case the null-w apping DOA threshold s 0o =
aresin(L' -1), %44 ;%a%yﬂ’malngrsccgn}m@o%ﬁpgﬁngoﬁggegqﬁl,ngztpc 8ue.afigdras de
nul | -wrappi ng Xt Jq,g,flﬁs 1 al | er 1 L D] ]

which the nulls are o g%@“‘%’ﬁ??ﬁ@?vg’ﬁd[@?bﬁ?%t &[?]?(#Lpéfoéfg‘yagn‘fsgd
Therefore, by i@lﬂbﬁ&ﬂuﬂ@,bh?oiﬁﬂﬁci ng as Ad /2<zs 2/ 2, the null-wapping
phenonenon can be alleviated to a greater extent than is possible with the
antenna spacing selected as z = A/ 2. According to another enbodi nent of
the present invention which involves a _pre-processing technique, the

nul | - wr appi ng PEeyling Wapnepabodunent| af\tha tpsesent anvensionovhichtinyelves a pre-
constrain all intended users |ocated wwthin a certain I nf erval which

rs
does not i ncurPTQCFRsHE techmigie, the pullmwragpuig phengmeponicgp be avgides by proper g

Gz, .fd = 2. - A0 I kdeqathe J r [ : clela owill
yield pseudo %ﬁ%"%ﬁg}é‘% Aigdit Spalite? Koh e Sntsh 345, Segditteely; JFdhe e
for the | Nt er@RbITOSSRA OIS chbdenUSL:S 21 & Wad HisBudo HalléSlill apskar or 4RET Ul
uplink nulls are all within this interval, thus no pseudo nutls wll be

Jener At el ror dAMICTIEXBARbGS thOphdse Yhidts@PthelflsTcRnllofUF thd (51RO

threshold for vyielding null-wapp henomenon 1's 00SI ng

the antenna smwilingc ateering Yedtors 2ahed A=, 1buss.onl 3GHE FULlz0 GHAITEgst he
I nt erval

seen that the phase values (i) for both links are all within [- 7, #], thus no nuil

repeat problem exists.

The price for avoiding the null-wrapping phenomenon by choosing the antenna

spacing as z<A4,/2 is smaller system capacity for both uplink and downlink,

This 1s because the smaller the antenna spacing, the wider the main beams, thus

the antenna array is less capable of suppressing interference.

According to another embodiment of the present invention which involves a
pre-processing technique, the null-wrapping phenomenon can be alleviated to a
certain extent by a proper selection of the antenna spacing for the antenna

array. Specifically, for ULA, the phase value (¢4), 27zsin(8)/ 4,, of the second
element of the downlink steering vector can be outside the interval [-z, 7], if

the antenna spacing is chosen as A,/2<z<4, /2. It is noted that for such a
case the null-wrapping DOA threshold is 6, =arcsin(i—"~l), and the smaller
z

the antenna spacing, z, the larger the null-wrapping DOA threshold, 8,, and the

smaller the possibility with which the nulls are outside the interval [-6,,8,].



[-63.5,63.5] will yield pseudo nulls. Therefore, if one cell is split into
three sectors, then for the interesting sector, all users argiwptilrd0oos
[-60,60], and the wuseful uplink nulls are all within this interval, thus
no pseudo nulls will be generated. The above nethods are classified as
pre-processing techniques, as they are independent of the actual null
positions which may be quite different for different user |ocation

di stributions and/or traffic. However, affdr these system paraneters are
det erm ned, t systemnmay, still have had nulls. In this case, . sone,

post - processi @"ﬁ'éfqliﬁd ycé?‘Poég‘guélé"d SPACIRE A3 Viat/ B <aii§ Ay Emdlg TeM1-wrapping

nul | - w appi ng lﬁ}henomenon. 2 A;l)riJ 2005 24 Accordi ng to another enbodi nent
of the presentPhCROBISPPBLafnbe mlleMiaind, ks aagrepiss (axtenscBan; is goasstbleivitle the he

nul | - wr appi ng phen nen _c e conpletely alleviated via a null-noving
met hod by novihy~a %&%ﬁgﬁlgﬁ%ﬁcgedtﬁ £3 e/gosi tions. Specifically, if the

uplink null's DOA, 0,k, satisfies the condition that 1B, kl2IBol, and the
generated pseudo null is near the uplink main beam then B.k is reset to

be W, which i i t.hin the jnt . [-10 | Boll. . Th . ; t

Feset 0.k, CorAPtimgga REPHFY FRPPHGIt diahe Bratent HEVGRIh RO IMORERE ¢ he
o il iy . _ Yo : ;

O eater i nt er (o dnossfe BERRAuL, Snb ByRIGERIE Brofiont chll ARy,

is, if the Ddgtofsafibh tdSEotAle ainGiendedouitss 1BKated WitBIPP c¥kdih PoiLh

high rate users are |ocated, or |large nunbers of interfering users are

| ocat ed. When intarval whightidogs mot ircuenimil] repbstsprobledy. Bpecificatly, ber pevid2t o
several positions in order to obtain larger interference suppression at
the DOAs the dyf,,skgrmsz,\/\g?t:z.e\mm,dmng the rlksusitkide metiafrvant-saf1° 5hae)
present invention, the null-wapping problemcan also be alleviated by the

combi nati on ofwithgictd pyesdohils. Mherefér@dif one cell is split into four sectors, then for

the interesting sector, all users are within [-45°,45°], and the useful uplink
nulls are all within this interval, thus no pseudo nulls will be generated. As
another example, for f, =18GHz, f, =2.0GHz, the DOA threshold for
yielding null-wrapping phenomenon is 8, =63.5° by choosing the antenna
spacing as z=(4, +4,)/4, thus only the nulls outside the interval
[-63.5°,63.5°] will yield pseudo nulls. Therefore, if one cell is split into three
sectors, then for the interesting sector, all users are within [-60°,60°], and the

useful uplink nulls are all within this interval, thus no pseudo nulls will be

generated.

The above methods are classified as pre-processing techniques, as they are
independent of the actual null positions which may be quite different for
different user location distributions and/or traffic. However, after these system
parameters are determined, the system may still have bad nulls. In this case,

some post-processing methods can be used to deal with any remnant of the

nuli-wrapping phenomenon.



post - processi ng techni ques. For exanple, for f = 1.8 Gz, fd = 2.0 Gz, and
z =2/ 2, the null-wapping DOA threshold is Bo = 53.1 . Then @pfir@moseven
t hough one cell is split into three sectors with which the useful nulls are
within the interval [-60,60], there are still bad nulls | ocated
in[-60,-53.1] and [53.10,600 ]. In this case, the null-noving nethod can
be used to nove the bad nulls to safe poiitions, which are within the
interval [-53.1,53.1]. Further exanples énprise t he proper sel ection of

Sect ori sat  on ACtEE o RaothE emBBRRRAS I 8 byRlork AAVERIER, A Fufblvpsct ve
noted that t hegdhsg-g,i-@des%g heehdigudlhe ﬁﬂi@?&gﬂp\éﬁ% gb@noxﬁ@ﬁén chit! .btehgqm;t)]ﬁteay

nul | - movi ng e novi hg the bad nulls t e position is

price of puttiallpviztedwissmhelmaovag mehod by mevigg aay baddullylth 'safePRssifibm-
However, 21 April 2005 25 since no effective users exist in the DOA

i nterval near Ypegifigadly; tifotheppplinkt nell'sf DQAct @y, ssatisfins theecenditiohi thak e

di sadvant age. For a system having given antenna spacing and sectorisation,
the nul | - novi npulkgeqmp,dams tiengartbraet gaeads nulleis Nvaf ke UPlinRIchAH Gelaid) Ghéhe
nul | -w appi ng probllem Fig.9 shows the generated beam patterns for "uplink

and downlink ugin S . nethed,. t he B od, being a

post - processi ng‘-*ngl Mﬁto@?%%%ﬂ“ksgu‘aﬂﬁﬂe&% lflhg\’%\lnf_ j@ﬂi?ﬁﬂuih%’?e ?Ig many
Suppose the desired user .is located t 0.=60. It is seen that the uplink
mai n beamis bYERYWOLIFEEE ot h oggﬁglg%ﬁ@@pmwg SEqnesly %‘gﬁ'ﬂfé’%%ll nhand er .
The NC nethod keeps the uplink beampattern's nulls for downlink, however,
due to the pretbemseuds nallnore simppemetipdiisitechoote 65! 06° pwhichameatlsl puting =
60, which nmeans no matter what the transm ssion power fromthe base
station is, asgegmwethtedetente sugmessidihet des)r, dthothar moid eff@ai@rmethed ¢6 e
power. However, using the beamsplitting (BES) nethod together with a

nul | - movi ng t etharDQds efsalbiesas abeknabnyvie, pityd Tayithg DIOW Witk whith high rat®8

users are located, or large numbers of interfering users are located. When
multiple bad nulls exist, these bad nulls can be moved to several positions in

order to obtain larger interference suppression at the DOAs the designers want.

According to a further embodiment of the present invention, the null-wrapping
problem can also be alleviated by the combination of the above three pre- and

post-processing techniques. For example, for f, =1.8GHz, f, =2.0GHz, and
z=4,/2, the null-wrapping DOA threshold is@, =53.1°. Therefore, even
though one cell is split into three sectors with which the useful nulls are within
the interval [-60°,60°], there are still bad nulls located in[-60°,-53.1°] and
[53.1°,60°]. In this case, the null-moving method can be used to move the bad
nulls to safe positions, which are within the interval [-53.1°,53.1°]. Further

examples comprise the proper selection of the antenna spacing as well as
sectorisation or the combination of sectorisation and the null-moving method as
another option. It should be noted that the latter method is more effective. In
fact, in the null-moving method, moving the bad nulls to a safe position is at the

price of putting large antenna gain at the original bad null’s position. However,



and -69.1 to other places, the main beamin the direction of the desired
user is near optinmum thus this user can still possess good dvwptiliatds
transm ssion. The BES nethod not only keeps nost nulls towards unintended
users, but also keeps the nmain beamdirected to the intended user,
therefore the majority of available power is transmtted to the intended
user, while less interference pollution is directed to the others. Wth
all users' downlink beans generated by B85 net hod, the requi red total

transm tted power can.-be. mnimnmsed i,n er for.all users.to be operating
at the prescrismf&_@l%ﬁ?&l{vﬁr“ég’f‘?cﬁx&s?"ﬁgl%ﬁm}ngglﬁﬁltﬁﬁp%“ﬂgﬁ'@% f or
downl i nk_beantsgyihiagtidd] defel RURRCHIUNRILRN FAHR Systert! HARLRS Biven antenna
comuni cations system conprising a base station w an anteffna array and
ternminal s thatspacigpanéi sedtbiisationDdt thel matbhmavigghasehsd ald ofh ddvantapebhpd
conprising the steps of: receiving at said base station antenna array

conmbi nati ons déchmique/forgllepiating thesnglhanrappingpratdect. pl ural ity of renote
termnals, estimating an uplink beanform ng weight vector for each of said
termnals fromsaid conmbinations of arriving uplink signal; identifying

2 Dt 3, PR g SRR R e
correopond o AU 1 L0 BESSHRST LT ERoRORELSRR el

golod kUp| : Ink nedhiqud. 4868 ithe afi@nah nuddr 402 NSuppdsk Thé deditdd s it 26da08
upl i nk nulls;

at 8 = 60°. It 1s seen that the uplink main beam is below but in the same general
direction as the desired user. The NC method keeps the uplink beam pattern’s
nuils for downlink, however, due to the presence of a null repeat problem, it
also puts a null at 8 = 60°, which means no matter what the transmission power
from the base station is, assigned to this user, the desired user will never
receive power. However, using the beam splitting (BES) method together with
a null-moving technique as described above, by moving the two nulls at -58°
and -69.1° to other places, the main beam in the direction of the desired user is

near optimum, thus this user can still possess good downlink transmission.

The BES method not only keeps most nulls towards unintended users, but
also keeps the main beam directed to the intended user, therefore the
majority of available power is transmitted to the intended user, while less
interference pollution is directed to the others. With all users’ downlink
beams generated by BES method, the required total transmitted power can be
minimised in order for all users to be operating at the prescribed SINR
threshold.



formng downlink nulls by scaling the phase of both said good uplink nulls
and corrected uplink nulls according to a factor that is rel apedgptiRooshe
ratio of the downlink operating frequency to the uplink operating
frequency; generating a downlink beanform ng wei ght vector from al

downlink nulls; and transmtting a set of information signals fromsaid
base station antenna array according to said downlink beanform ng wei ghts.
2. The nethogggbp§hﬁgn1l, wherein within 3he categorising step the said
uplink null B rked bad if it satisfies the existence-of-pseudo-nul
condition le ! ? IBAO , where is the null wapping DOA threshol d, 4d being
the downlink wavel ength and ' the antenna spacing, and its correspondi ng

pseudo 21 April 20A5m2thodnfdrl downlifie b@@mﬁcbﬂmﬁhguﬁaﬁnf&ﬁ%ﬂeﬁ@rﬁdi\iiﬁ%nvﬂdpﬂém a
specified proximty of a main wuplink beamposition. 3. The nethod of daim
1 or 2, wher eWirelesd coruBURigRiions stein reomeprisieg@hbase stationl withi anuantenn be

wthin the interval 4. The t hod of, Cl.aim 1 or 2, wherein the r.eassignin
step resets W épnd gegpgla%%ﬁh%uﬁesplgﬁlﬁlf%;e%tg ﬁ@%é@ﬁoga@ SiaHPR, 3?692 °

wherein the r RlelpTMsToR: f i ncl udes the substeps of identifying
AERRRREHITAE fre i

substantially t mhals and resetting all bad nulls to the

sai d set of Drefeiviny aesddnbisadstattor hateRaraly: cohbifalib@ef tarflding, fijtirtk

termnals, or large nunbers of closely locatéd interfering termnals, or
t he hi ghest dsignals fitoen said plurality efweniode terimathier s of closely | ocated

interfering terminals. 6. A nethod for dowlink beanformng in a
frequency- di vFSimgaiing,an aipling; b EIWVQEaYQWS Cﬁ'y‘%ﬁ“@nﬁ)géﬁﬁr fesngly base

station with gg,ante 00@binations of arriving uplink signal;
identifying uplink nulls and an uplink main beam position from said uplink
beamforming weight vector;
transforming each of said uplink nulls to form a corresponding downlink null,
the transforming step comprises the substeps of:
categorising each of said uplink nulls as either bad uplink nulls or good
uplink nulls; '
reassigning all bad uplink nulls to form corrected uplink nulls;
forming downlink nulls by scaling the phase of both sdid good uplink
nulls and corrected uplink nulls according to a factor that is related to
the ratio of the downlink operating frequency to the uplink operating
frequency;
generating a downlink beamforming weight vector from all downlink nulls;
and transmitting a set of information signals from said base station antenna

array according to said downlink beamforming weights.

2, The method of Claim 1, wherein within the categorising step the said

uplink null Ou is marked bad if it satisfies the existence-of-pseudo-null

8.4 216

condition , where is the null wrapping DOA threshold, 4; being the

downlink wavelength and * the antenna spacing, and its corresponding pseudo



array and termnals that are physically renote from said base station, the
met hod conprising the steps of: selecting an antenna spaci ng popparigeBnas
in the array; receiving at said base station antenna array conbi nati ons of
arriving signals fromsaid plurality of renote termnals, each signal

havi ng a beam pattern incorporating a main beam and one or nore nulls;

I dentifying an uplink beanform ng weight 4or a signal; and generating a
downl i nk beanf orm ng wei ght based on the signal's uplink beanfarm ng

wei ght ; trangmill in #he @m?‘lmlﬁhe@ngw&pm lies Mmgmua\mmlfni@dﬂ@aﬁmmﬁg MRiNght s.
21 April 2005%@8 7. A nmerhod according to Caim6, wherein the antenna
spacing for t InkahﬁaghB%Sl ?’?'ay Is selected to be |l ess than or equal to half
of the downlink wavel ength, thereby avoiding the null wappi ng phenonenon.
8. A nethod according to Claim6, wherein the antenna spacing for the
antenna array3.i s SHiemetdnd of GlimgrieatZr whbein tisl reassigitihg stbpwesdtankach of
wavel ength and | ess than or equal to half the uplink wavel ength, thereby
al | evi ati ng t4aéd badinullsucahppwithimthedeiger®dn. 9. A nethod according to daim
6, wherein the antenna spacing for the 9antenna array is selected to be
equal to a quarter of the sumof the downlink wavelength and the uplink
wavel ength. 10. A nethod for downlink beanforming in a

frequency- di vd.si orFispiethod of Chiimsk or3nwhenetntheanassigning steparsgets eaeigofa base
station with an antenna array defining a comunication cell and termnals
that are physS%ba@'nHHﬁﬁl%v fromsaid base station, the nethod conprising
the steps of: dividing the conmunication cell into a plurality of sectors;

5. The method of Claim 1 or 2, wherein the reassigning step further
includes the substeps of identifying substantially the DOAs of all terminals and
resetting all bad nulls to the said set of DOAs corresponding to the DOAs of:
the highest data rate terminals, or large numbers of closely located interfering
terminals, or the highest data rate terminals and large numbers of closely

located interfering terminals.

6. A method for downlink beamforming in a frequency—division-duplek
wireless communications system comprising a base station with an antenna
array and terminals that are physically remote from said base station, the
method comprising the steps of:

selecting an antenna spacing for antennas in the array;

receiving at said base station antenna array combinations of arriving signals
from said plurality of remote terminals, each signal having a beam pattern
incorporating a main beam and one or more nulls;

identifying an uplink beamforming weight for a signal; and

generating a downlink beamforming weight based on the signal’s uplink
beamforming weight;

transmitting downlink signals usirg downlink beamforming weights.



i dentifying uplink nulls which would yield pseudo nulls in a sector;
constraining use of the systemto those termnals in a sector,iyRWHdpg NO
pseudo nulls will be generated; receiving at said base station gntenna
array conbinations of arriving signals fromsaid plurality of renote

term nals, each signal having a beam pattern incorporating a nmain beam and
one or nore nulls; identifying an uplink beanform ng weight for a signal;
and generating a downlink beanform ng weight based on the signal's uplink

beanf or m ng ight;, a ransm.tti ng,,downl i nk si gnal s usi ng downlin

beanf or m ng %i ghtﬁg_meggoé@cpq)r%%go %alﬂw%’ th?é?lﬁ eagte aCHIe t‘gaﬁgf’or m ng
In a frequen LV SLAan= | el ) lL.cat 1o S L.Sing a
3 L cauenudil S Weletie W bE!IBS® PR MLEA! | RELSHP IRUBARREL
remote from sgivtldngle, thérby aRoidifetheRilhwehppiEphcrionnbie steps of 1 ei ther
a) selecting an antenna spacing for antennaS in the array; or b) dividing

the communication cell into a plurality of sectors; identifying uplink
nul I s whi ch woul d ielg Eseudo nulls in a sector; constrainipng use of the
P

system to thﬁgse t hrﬁ;ﬁ acsor;sﬁ%é?] &‘rl?mh wlmelnothss?mmanmcglgmn thge )
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eam an e nulls; Igéntlfy &

i ncorporating a main one or no ng an upl 1 nk

beanf or m ng weillsWragpiig pharignaian. gener ating a downl i nk beanf or mi ng wei ght
based on the signal's uplink beanform ng weight; and

9. A method according to Claim 6, wherein the antenna spacing for the

9antenna array is selected to be equal to a quarter of the sum of the downlink

wavelength and the uplink wavelength.

10. A method for downlink beamforming in a frequency-division-duplex
wireless communications system comprising a base station with an antenna
array defining a communication cell and terminals that are physically remote
from said base station, the method comprising the steps of:

dividirig the communication cell into a plurality of sectors;

identifying uplink nulls which would yield pseudo nulls in a sector;
constraining use of the system to those terminals in a sector in which no pseudo
nulls will be generated;

receiving at said base station antenna array combinations of arriving signals
from said plurality of remote terminals, each signal having a beam pattern
incorporating a main beam and one or more nulls;

identifying an uplink beamforming weight for a signal; and

generating a downlink beamforming weight based on the signal’s uplink
beamforming weight; and

transmitting downlink signals using downlink beamforming weights,



transm tting downlink signals using downlink beanform ng weights. 12. A
base station for a wirel ess comuni cations system the base SRARPAIROOS
conprising: an uplink receiver antenna array for receiving arriving signals
froma plurality of renote term nals on respective uplink channels; a
downl i nk wei ght generator operable to generate downlink weights based on a
signal's uplink beanform ng weight; a downlink transmt antenna array to
transmt signals to the renote terminal 29 n accordance with the generated
downl i nk wei ghts; and neans to nove at |east one of the downlink nulls to a

saf e position]113. AAnhaR&d %@fdb%lﬁmkrbegmgrgﬁg{r{@ag} gggea;ﬁgg%?ldi%ﬁnéa gy the

base station conprising: 21 April 200 efver antenna array
for receiving verelessi camsiugivations system cornprigingt o befe smtohewithran aateansn
respective uplink channels, the array having a predeterm ned antenna

spacing to al BERYaAnd fermingls thet 95e paysielly iremoteiftpme sgichdase statigrerthel e to

generate downl_i nk I ght.s, sed on.a signal's uplink beanform ng weight; a
downl i nk trang?ﬁqﬁoiﬁ?rgﬁﬂgngrqﬁ%@tep%o ‘ransmt signals to the renpte

termnals in accor ' : : | i b ORLS 4. _A base
station for a wi relggggﬁc?\o%rrfﬁgtr#gg{l%g{r@h%g%éﬁ?wr#g%\gghg@gﬁ% ’Ogorrpri si ng:
an uplink recei ver ppnifidiagattieycdmmuhRagb | ball ajntd Va NPuihERAl of et
plurality of remote term nals on respective uplink channel s’ a downlink
wei ght gener atidentifpimgabiplinko nglsewkich deowldi ykelde psgude nudisedn oa sectémgnal ' s
upl i nk beanf orm ng ,wei ght ; ) ) P
P const?alﬁ’\ﬁgguse of the system to those terminals in a sector in which no pseudo
nulls will be generated, the method comprising the further steps of:
receiving at said base station antenna array combinations of arriving signals
from said plurality of remote terminals, each signal having a beam pattern
incorporating a main beam and one or more nulls;
identifying an uplink beamforming weight for a signal;
generating a downlink beamforming weight based on the signal’s uplink
beamforming weight; and

transmitting downlink signals using downlink beamforming weights.

12. A base station for a wireless communications system, the base station
comprising:

an uplink receiver antenna array for receiving arriving signals from a
plurality of remote terminals on respective uplink channels;

a downlink weight generator operable to generate downlink weights
based on a signal’s uplink beamforming weight;

a downlink transmit antenna array to transmit signals to the remote
terminals in accordance with the generated downlink weights; and

means to move at least one of the downlink nulls to a safe position.

13. A base station for a wireless communications system, the base station

comprising:



a downlink transmt antenna array to transmt signals to the renote
termnals in accordance with the generated downlink wei ghts, 2hdpril 2005
transm ssion cell of the antenna array being divided into a plurality of
sectors; nmeans to identify uplink nulls which would yield pseudo nulls in a
sector; and neans to constrain use of the systemto those termnals in a
sector in which no pseudo nulls will be generated. . 15. A conmunication
systemincorporating a base station accordng to Cainms 12 to 14 and a
plurality of renote term nals.

an uplink receiver antenna array for receiving arriving signals from a
plurality of remote terminals on respective uplink channels, the atray having a
predetermined antenna spacing to alleviate null-wrapping;

a downlink weight generator operable to generate downlink weights
based on a signal’s uplink beamforming weight;

a downlink transmit antenna array to transmit signals to the remote

terminals in accordance with the generated downlink weights.

14, A base station for a wireless communications system, the base station
comprising:

an uplink receiver antenna array for receiving arriving signals from a
plurality of remote terminals on respective uplink channels;

a downlink weight generator operable to generate downlink weights
based on a signal’s uplink beamforming weight;

a downlink transmit antenna array to transmit signals to the remote
terminals in accordance with the generated downlink weights, the transmission
cell of the antenna array being divided into a plurality of sectors;

means to identify uplink nulls which would yield pseudo nulls in a
sector; and

. means to constrain use of the system to those terminals in a sector in

which no pseudo nulls will be generated.

15. A communication system incorporating a base station according to

Claims 12 to 14 and a plurality of remote terminals.



