1 TITLE A comuni cati on system node conprising a transformation matri x
TECHNI CAL FIELD 5 The present invention relates to a node in a wirel ess
comruni cavoan1igwsdiem the node conprising at | east one aoraPp@o/osd38szh is
arranged to cover a first sector in a first direction and conprises a
nunber of antenna ports, which nunber isfat |east four. 10The present
invention also relates to a nethod in a wirel ess communi cati on system node
using at |east one antenna covering a first sector in a first direction and
havi ng a nunféfLlf antenna ports being at |east four. BACKGROUND 15In a

node in a W rne {dei ' & [ it | need for

re-using an g‘n#@ﬁ@éﬁgrrlaﬁg n%érgﬁﬁggéitgﬁgg&lsﬁr%fgg@“ﬁ%ﬁ@@hﬂﬁ tg??( systemin a

second cel lul ar system However, the second cellular system nmay have

requi renents_on the antenna arrangenment which is different fromthe
oA FECS,

requi renents | lular system 20 One exanple of such a

ST tuat] one < 1rfo 385 SHOMoh RRPHA e TBLPIOhY L MU LB ARCABRIoyRISHEM 2

first cellTular system is to be mgrated to a 3 neration
Part nershi p Enejnede)caniiising ay kst onBvaritennanyhish s emanged doaodec al firat ar

system The S .syst.e have peen depl oyed with_array antennas.that
nave mor e anCERI B (SUIEHRIPE 4NsbBaAPTISES hBumber BL ST R dEL Iced
in LTE. A posgidbes iyvayiebst foewse the antennas in such a scenario is to split

the sectors in the SCDVA systeminto two sectors for the LTE system The
nunber of antenna ports per sector in the LTE systemis then half the

tragnt19rvdrd Berant BEfhof AR laBeata T8y YR uilient ol dhedomas
with new ant eps@en tiodle asingdstsicaredrobntdmmasesmithgcal firgt aectysihem first
However, replacing antennas in an entire systemis a very costly operation,

nmeki ng r euse SHECEX 30d hgVvinet 2 AHEWesRT aptenqatRars keing ahlaastours

BACKGROUND

15 In a node in a wireless communication system, there is sometimes a need for
re-using an antenna arrangement designed for a first cellular system in a
second cellular system. However, the second cellular system may have
requirements on the antenna arrangement which is different from the

requirements of the first cellular system.

20 One example of such a situation is if an SCDMA (Spatial Code Division
Multiple Access) system, a first cellular system, is to be migrated to a 3GPP
(3rd Generation Partnership Project) LTE (Long Term Evolution) system, a
second cellular system. The SCDMA system may have been deployed with
array antennas that have more antenna ports than is needed for the
25 transmission modes used in LTE. A possible way to reuse the antennas in
such a scenario is to split the sectors in the SCDMA system into two sectors
for the LTE system. The number of antenna ports per sector in the LTE
system is then half the number of antenna ports per sector in the SCDMA

system.



There is thus a desire to reuse an exi sting antenna arrangenent which is to
be used in a second cel lul ar system but has been designed for a first

cel I ul ar wovemosmBere t he second cel lul ar system has r equippen®sBSON t he
antenna arrangenent which is different fromthe requirenents of the first
cellular 10 system SUMVARY The obj ect of 2Zhe present invention is to reuse
an exi sting antenna arrangenent which is to be used in a second cellular
system but has been 15 desi gined for a first cellular system where the
second cel | ulGaNes§iy emRightiasrk selktionol® e Paeklerh#$ & raplgerestistiad ch i s
different fr r ir t fLLst t i Lect is
obt ai ned by (r%@énr{s?%gf ﬁgﬂﬁngggp{éh?%ﬁﬁvasr grfaetsgFeZgr?%ﬁ]r!ecl&a?éroiﬂgofé?yﬁ?e%em%r: node
conpri si ng akysteast HowevantreplzeingMahtednnas iar aareeide tsystepvds aa very sdsthect or
inafirst directjon and conprises. a nunber of antenna ports,  which nunber
is at |east PHEFAIOPHEAUMSHHECIIPISIRGANBANRT AR ALY eta gAYt i on
matrix whigch is arranged for transform ng the antenna ports to at |east a
first set of virtual antenna ports and a second set of virtual antenna 25
ports. Each dékereis thustadesmatie measepantexistimgparntessa arrangearendfwhich isutd

antenna ports, which nunber is, less tha r equal to.half_ the.nunber of
antenna bor ( B BRSPS SR SRarL RS e OdHidiRa (i 3h CBIMIa por s
correspond t @y¥ieht UaheraNthenstaontiediliR sy sfinh #2882 qlife MRVE oAlthd @A%dnria
second sector“"and a third sector in a correspondi ng second direction and

third 30di r e@riapgement Suhighoisj differens tomatheedegyireraants of the rfissthoellular a

W rel ess gomgugtl gﬁti on system node using at |east one antenna covering a
first seé or VR first direction and havi ng a nunber of antenna ports
being at | east four. The nethod conprises the steps: connecting the antenna
ports to a 5 transformation matrix and using the transformation matrix for
t ransf or m ng WM ¥énna ports to at least a first set of virtual antenna

d - finMi , h A
Bt onna por t 3 Raviies 2O BePTareny; T EAB PR I rlRer o Ehbétin

virtual ant emnangeniehtivehitiesds td benused mgaaecond realitiar lvystenmmibert hes Begrenna
ports, but not fall |1n(}; b?,I ovr%wo. 10 The sets of virtual antenna ports
0T h 1B 2841 Uik

correspohd t(ge\?!gﬂega _ %t%e%@éﬁ the S@&QB? C&"U_aéasé’lSt%{né&%nd
sector and aréﬁl‘:ilfé?néﬁt%t Bh thk 2 Qﬁﬁé’sﬁﬁﬁggén}?eﬁ?%ehdlsr %"Fiér@ﬂt FRgint fHd d

di rection. n an exanple of the pre Invention, the first direction
i s positionedequirements of the first cellular system

Said object is obtained by means of a node in a wireless communication
20 system, the node comprising at least one antenna, which is arranged to
cover a first sector in a first direction and comprises a number of antenna
ports, which number is at least four. The antenna ports are connected to a
transformation matrix which is arranged for transforming the antenna ports to
at least a first set of virtual antenna ports and a second set of virtual antenna
25 ports. Each set of virtual antenna ports comprises a number of virtual
antenna ports, which number is less than or equal to half the number of
antenna ports, but not falling below two. The sets of virtual antenna ports
correspond to virtual antennas which are arranged to cover at least a second
sector and a third sector in a corresponding second direction and third
30 direction.



15bet ween the second direction and the third direction. In another exanple,
the transformation matrix i s arranged such that the virtual antennas have
essent i alwg 2equmbsiant enna radi ati on patterns in each seetCwoEr2@0/051388N0t her
exanpl e, the node further conprises a radio renote unit, RRU, which in turn
conpri ses corresponding anplifiers which3are connected to correspondi ng
antenna ports. 25 The transformation matrix may be realized in either
hardwar e, software or a conbination of hardware and software. O her

exanpl es ar e Sl @bifct is eRtaited ¥ peadehOf @ aAiethed Boa Avirkiase coBMEtCAtATges

| s obtained l%&st’éﬁ?%d%f Pélhﬁ B @380 oneM4AEn8 o egrngeéaﬁ%t %ec?orsiﬂl %’tﬁrgf 'S
provi ded for "feusi ng antennas from one sectorize 4 cel'lul"ar  systemto
anot her when dirgetioregindr Baeingsa aturhber otimpésned pavtai heihy eataleiaghieuporties per
sector are different in the tw systens BRI EF DESCRI PTI ON OF THE DRAW NGS
5The present Mei0eAt iGHMRESES nH& b%eﬂ%scqqrb"@c%geth% Fexenna wPeHS r dperfence

accor di gt o THE h B e e I T B o YRt Rlr i e
ant enna ar r atiyeeatennanpbrisatti ot least a first set of virtual antenna ports and a second
set of virtual antenna ports, each set of virtual antenna ports having a
number of virtual antenna ports. The number of virtual antenna ports is less
than or equal to half the number of antenna ports, but not falling below two.
10 The sets of virtual antenna ports correspond to virtual antennas which are
used to cover at least a second sector and a third sector in a corresponding

second direction and third direction.

In an example of the present invention, the first direction is positioned
15 between the second direction and the third direction.

In another example, the transformation matrix is arranged such that the
virtual antennas have essentially equal antenna radiation patterns in each
sector.

20
In another example, the node further comprises a radio remote unit, RRU,
which in turn comprises corresponding amplifiers which are connected to
corresponding antenna ports.

25 The transformation matrix may be realized in either hardware, software or a
combination of hardware and software.

Other examples are evident from the dependent claims.

30 A number of advantages is obtained by means of the present invention. For

example, a solution is provided for reusing antennas from one sectorized



chains according to the present invention; Figure 3shows a schematic view
of an antenna radi ation pattern; Figure 4shows a schematic view of virtual
ant enna rwoizati/epeipatt erns; and Figure 5shows a fl owchartTfErPRo@/ossshod
according to the present 20invention. DETAI LED DESCRI PTION Wth reference
to Figure 1, there is a node 1 in a wreldess communi cati on system where
the node 1 conprising an antenna 2 which conprises four 25antenna ports 5,
6, 7, 8. Wth reference also to Figure 3, the antenna 2 is arranged to
cover a firstcebdar system i anatheswhantee re@yiremenistan therrureherokawlabte
Figure 2, th | I 21, 22, 23, where
each antenna%g@rpe%&f[%p%gér%@ts%% cﬁﬂé%ﬂgmﬁggg@n@i F\ggrgs?o antenna port 5, 6,
7, 8. Each antenna elenent is shown as a single antenna elenment, but this

is only a sch i cal represen | on: each antenna el enent may in fact
constitute a@%ngﬁ:eﬁ§§cﬁ|gﬁw é@ﬁ%b&ﬁ@wé&g a nunber of 5
5 The present invention will now be describe more in detail with reference to
the appended drawings, where:

Figure 1 shows a schematic view of a node according to the present

invention;
10
Figure 2  shows a schematic view of an antenna arrangement and radio
chains according to the present invention;
Figure 3  shows a schematic view of an antenna radiation pattern;
15
Figure4  shows a schematic view of virtual antenna radiation patterns;
and
Figure 5 shows a flowchart for a method according to the present
20 invention.

DETAILED DESCRIPTION

With reference to Figure 1, there is a node 1 in a wireless communication

system, where the node 1 comprising an antenna 2 which comprises four
25 antenna ports 5, 6, 7, 8. With reference also to Figure 3, the antenna 2 is

arranged to cover a first sector 3 in a first direction 4.

With reference also to Figure 2, the antenna 2 comprises antenna elements
20, 21, 22, 23, where each antenna element is connected to a corresponding
30 antenna port 5, 6, 7, 8. Each antenna element is shown as a single antenna
element, but this is only a schematical representation; each antenna element

may in fact constitute an antenna element column comprising a number of



physi cal antenna el enents. When the term "antenna el enent” is used bel ow,
it should be understood that it may refer to a single antenna el enent, as
shown i n WwogQur¢i02918or a a nunber of antenna el enents i npamEerd@neBSEl enent
colum. 5 The beans of the antenna elenments all point in the sane
direction, typically boresight, and have &a beamm dth so that the desired
sector coverage of said first sector 3 is obtained. 10According to the
present invention, the antenna ports 5, 6, 7, 8 are connected to a

t ransf or mat i GAYHEaF ateonasierRents. ¥Yhemiediersr anteiner Jemeny isnsedaioma

ports 5, 6, 7, i L. of _wvir I t a
Second set bt SOV SOSRaR 4. Bl 5l 30" SRR AEha Somer PR ¢
51, S2 of vi shoah inmigue®R,@erd 8 nhatber wb avteringad|emehenincarpantepna@lerhént 12,
13. These sets 1551, S2 are preferably connected to a main unit, MJ, 29.
Wth referenf@Uo to Figure 4, the sets Si, S2 of virtual antenna ports
10, 11; 1z, 13 correspond to virtual antennas which are arranged to cover
at |east a second sector 14 and a third sector 15 in a correspondi ng second
20di rect i on Theapebrm&iof dheliantarniaoeleiigntd alipdittenfthe sanse directich, Hggicdlgen
split into the second ctor 14 and the third aec.t of 15{ wher e tﬁ&% second
sector 14 i s POKREY¥P € 3 Pramwidih sg thaf S feRRY SRERBRAAVIPERGISE%nd
the third segifirsetoriPisohigined. by the second set S2 of virtual antenna

el ements. 25For such a transition to be possible, the reconfiguration
network 9 applied to the antenna ports 5, 6, 7, 8 is necessary. For

exanpl e, ,if r L guration networ. si gne t e resulting
AP e T L G el L A R e
provi des a sn®et fandfofrabiie mtik F Whthag drkdidadsios ttemsterntind thé tantéregard to
the antenna 30 arrangenent. 6 ,

ports 5, 6,7, 8 to a first set S1 of virtual antenna ports 10, 11 and a second

set S2 of virtual antenna ports 12, 13. In this example, each set S1, S2 of

virtual antenna ports has two virtual antenna ports 10, 11; 12, 13. These sets

15 $1, S2 are preferably connected to a main unit, MU, 29.

With reference also to Figure 4, the sets S1, S2 of virtual antenna ports 10,

11; 12, 13 correspond to virtual antennas which are arranged to cover at

least a second sector 14 and a third sector 15 in a corresponding second
20 direction 16 and third direction 17.

Thus the first sector 3 has been split into the second sector 14 and the third
sector 15, where the second sector 14 is covered by the first set S1 of virtual
antenna elements and the third sector 15 is covered by the second set S2 of

virtual antenna elements.

25 For such a transition to be possible, the reconfiguration network 9 applied to
the antenna ports 5, 6, 7, 8 is necessary. For example, if a reconfiguration
network can be designed so that the resulting antenna arrangement
properties are suitable for the LTE system, this provides a smooth migration
path from an SCDMA system to LTE with regard to the antenna

30 arrangement.



According to an exanple, the virtual antenna el enents have such properties
such that the first set Si of virtual antenna el enents have a beam

di recti orwendimiogdie such that the desired coverage of tireT@Pecands=sertor 14
is obtained, while at the sane tine interference fromto adjacent sectors
is 5 mnimzed. The sane should hold fo the second set S2 of virtual
antenna elenents and the third sector 15. According to another exanple, the
virtual antenna el enents shoul d have di spl aced phase centers so that, for

exanmpl e, beanfc6PFHIRG AR @EHapBolhepysEal prteppaiaiRMmenls veapyth B@Rsktiehe
second sector, j . Qr I irE&p! e
wth referengg&ﬁg |8&?@SEQ§:} 1%?3&’?%'%?‘?}%&%%%931%\% %@%ﬁeégg a
so-cal | ed rermpde widtti sucti thal RRE) d@diredMuovbrage @b nthec sedortktsemtor tideis
antenna ports 5, 6, 7, 8 and the transfornmation trix 9, and conprises
cor r espondi ngbgq_mw,f WIS Bothepgams, fimsg i ¢r§ne%ﬁﬁ>rﬁ§0 AdaCHHRCFIQrSR 1S
simplified draimige! TAE SR WRELR RBILYIOL e 'SEBBAATJck &2 BRI At
there may al so be not shown recerver chains, since the antenna may wor k
reci procal | y elémaénnts artoethierthing settor 8. pr esent i nventi on. When an RRU or a

simlar amplifier arrangenent is used, the transformation matrix 9 should
be designed so that all_amplifiers 25, 26,. 27, 28 in the 20 transmtter
chai ne. are- barearig e af8er @i e Yid sorfrid i B EoshaTHerald eq
exanpl e of tksprRREPhasd\cRAtdrosoMtdt, R eWRasIBL @damféﬂmihgf@foee@@etbéblﬁ gure
2. In this exanple, there are four antenna elenents 20, 21, 22, 23 covering
a 120 sect or basad precering caaticoarpliad: inkhe secerd sectaidl 4send thg thimhsegtor

vi rtual tenpa el enments with two elenments in each set. 25 The two sets Si,
52 of virtual "antenna el enent are arranged to cover a 60 sector each, and

t hus together cover the original 120 sector. The antenna el enments 20, 21,
22, 23 are hdéweoming td @mnotrext. examMé-witirgfereBe 20 Wig)ure WCaRdWhigue Bathe w i s
a 4x1 conpl e The vect

3, “and o0 1 orOHS TRlsq GOIIS Act GRSt TSBPEhiaYacHel dRAUN kBidhEs
transformati QanABERbetRbES te BRRNABTIIrRDb 6 quis SHEMHStransformation matrix
9, and comprises corresponding amplifiers 25, 26, 27, 28. This drawing
15 shown is a simplified drawing of an RRU where only the transmitter chains
are shown, there may also be not shown receiver chains, since the antenna 2

may work reciprocally within the frame of the present invention.

When an RRU or a similar amplifier arrangement is used, the transformation
matrix 9 should be designed so that all amplifiers 25, 26, 27, 28 in the
20 transmitter chains are better or almost fully utilized.

In the following, a detailed example of the present invention will be presented
with reference to Figure 2. In this example, there are four antenna elements
20, 21, 22, 23 covering a 120° sector. The transformation matrix 9 creates
two sets S1, S2 of virtual antenna elements with two elements in each set.

25 The two sets S1, S2 of virtual antenna element are arranged to cover a 60°
sector each, and thus together cover the original 120° sector. The antenna
elements 20, 21, 22, 23 are here co-polarized.

The transformation matrix, W, is constructed by stacking array weight vector

as columns according to



5 1 WE[0Cei 2l tdliksi"e2 e 27r,c12/ A, sing)ej 27r,cl3/A sing) T B, 1 w B2 =[i
\pi _e2 ej27ccil/ksiny , ¢ ej27cd2/A siny 1 2 [13ce-J27tdiaslnyVAlc2 e
-j27ccl2/wo 28im@aEs) 27cd3/ A, sincp T WC,2 = 1 [1111 - C2PCT/EP2010/052382

e-j 27t clksi n(pe-j27r,cl2/ A, sing) 10Here, dk denotes the position along the
antenna axis relative to a reference poimt of the k-th antenna el enent and
Ais the carrier wavel ength. Furthernore, c¢c and p are design paraneters
that control the resulting beampattern of the virtual antenna el enents.
The anpl i t udeWt-apar,, coef,f iw,enw,.,d, affects the beanmwi dth and sidel obe

| evel , while the phase p controls™the 15 pointing direction of the beans.
These design paraneters can be optim zed with respect to a desired

criterion fundidrerachuels a4gi icoerplexweiHtdectoe] Thkevettor exarmdates dedal obe
| evel s and cross-over |evels between adjacent sectors. The proposed

sol uti on has nuhtbdral inasecty B.eahd safartre Sthenfekowing dessgi o vgight eedess wiid

requirenents: , , : . .
make the transformation matrix satisfy the desired requirements:

WB,1 = —\/15 |:0 c ej2nd1/7» sing /1 _ C2 ej2nd2/h sing ej2nd3/h singo:| T

.
w,, = i[1 /1 _ o2 l2ndiising o qiendy/hsing 0}
N )

W, = \/1_ [0 ¢ @ 12/ A sing /1 _ 2 g i2m/hsing  o-jonds singo:| T
’ 2

W, = i[1 [1_c2 griznditsing . o-i2nd; /A sing 0} T
N}

10 Here, dk denotes the position along the antenna axis relative to a reference
point of the k-th antenna element and A is the carrier wavelength.
Furthermore, ¢ and ¢ are design parameters that control the resulting beam
pattern of the virtual antenna elements. The amplitude taper coefficient, c,
affects the beamwidth and sidelobe level, while the phase ¢ controls the

15  pointing direction of the beams. These design parameters can be optimized
with respect to a desired criterion function. Such a criterion could include, for

example, sidelobe levels and cross-over levels between adjacent sectors.

The proposed solution has the following key features, making it satisfy the

desired requirements:



8 1. Since 12121212 1wWB, 1,k I 1WB, 2,k 1 1IMC 1,k | 1IWC 2, k1 =1, k
=1,...,4 , where WB, 1,k denotes the k-th elenent in wil3,1, all power

anmpl i fi erwoaoe/fopdiBy utilized. 52. Since WB, 1,1 = WB, 2, #crEramd/osa3sd, 1=

WC, 2,4 =0 the virtual antenna elenents will have di spl aced phase centers,
enabl i ng beanform ng and codebook based i ecoding. 3. By a judicious choice
of the design paraneters ¢ and 9, the beam patterns of the virtual elenents
can be designed so that desired 10coverage of the respective second sector
14 and third sett &NA& is obtained. The paragraphs (1) - (3) above are a
part of the present exanple, ,and arg not necessary for the present
invention inits gb“ﬁﬂagﬁﬂgzk'+MEMWhhhﬂeiér%ﬁcb=ﬂouF1gures, the present
invention also relates to a nmethod in a wirel ess comruni cati on system node
usi ng at |east onevhemeewps denajesthay-th dément wewyqr alB powea ampldiersiareect i on
4 and having a nunber A of antenna ports 5, 6, 7, 8 being at |east four.
The met hod conpri $dly wthigedt eps: 2030: connecting the antenna ports 5, 6, 7,
8 to a transformation matrix 9; and

) 2. Since Wy, =Wg,,=0 and wg,,=w;,,=0the virtual antenna

elements will have displaced phase centers, enabling beamforming
and codebook based precoding.

3. By a judicious choice of the design parameters ¢ and ¢, the

beampatterns of the virtual elements can be designed so that desired

10 coverage of the respective second sector 14 and third sector 15 is
obtained.

The paragraphs (1) - (3) above are a part of the present example, and are

not necessary for the present invention in its general form.

15  With reference to Figure 5, the present invention also relates to a method in a
wireless communication system node using at least one antenna 2 covering
a first sector 3 in a first direction 4 and having a number A of antenna ports 5,

6, 7, 8 being at least four. The method comprises the steps:
20  30: connecting the antenna ports 5, 6, 7, 8 to a transformation matrix 9; and

31: using the transformation matrix 9 for transforming the antenna ports 5, 6,
7, 8 to at least a first set S1 of virtual antenna ports 10, 11 and a second set
S2 of virtual antenna ports 12, 13, each set S1, S2 of virtual antenna ports
25 having a number B of virtual antenna ports 10, 11; 12, 13, the number B of
virtual antenna ports 10, 11; 12, 13 being less than or equal to half the
number A of antenna ports 5, 6, 7, 8, but not falling below two, the sets S1,
S2 of virtual antenna ports 10, 11; 12, 13 corresponding to virtual antennas



31: using the transformation matrix 9 for transform ng the antenna ports 5,
6, 7, 8to at least a first set 51 of virtual antenna ports 10, 11 and a
second sew0oSBuofizmsrtual antenna ports 12, 13, each set PeT/EPSR0052382 r t ual
antenna ports 25 having a nunber B of virtual antenna ports 10, 11; 12,
13, the nunber B of virtual antenna port$® 10, 11; 12, 13 being |l ess than or
equal to half the nunber A of antenna ports 5, 6, 7, 8, but not falling
bel ow two, the sets 51, S2 of virtual antenna ports 10, 11; 12, 13

cor r espondi nyvhieh are useq toapovai i deast agncondgastersiiane adhid sestor| 1848t a
second sector i ng second direction
16 and thi rdcgfr;ég@{}r?dolﬁg%gbB&%gﬁg%@%nniiéghe tﬁlrg(a{ré?ﬁc%??gd to the above

exanpl es, but may vary freely within the scope of the appended clains. For
exanpl e, t he Téveanpérticof isfratdimatedeortbe abovelexamnples Guistayavanyl fraedy mathiron t o

lain th d [ ly, th b f t
o1 emont s can HESRIE CLMEAIHETRBARATR F b AXHMER JAR SXEIRYE 8 e cept
could be 9pp|cbﬁ9nrﬁé)|sﬂ[]staéﬂ SRt b &ﬁﬁh@ﬂ@%oﬁh@ﬂ@%\%sd|S&J%%e8§};ré\%u§lyver ed

by the physical antenna elenents is then s into two secto cove

N12 virtual é&m enmabel efearntenraciemeod tc|a¢3uga areyscsultbb@ fombsir nigir eeach

pol ari zed ante na el enen t he copcept, .can a

el - pol ar | 2SR GFR b mesconeRal foaH sEXp el oS, ABNBE WilbN aptewna hen

applied on eafdmetsaThéadcedt colieest b?Qhe@h?@kbﬁbﬁteﬁﬂé@émbh%t isithef@par ed by
virtual antenna elenents, the virtual antenna elenents of the sane

pol ari zat i on IFAGWPEEEERrE cCavereskanlN/Duigsal arienan clerpantsiqachis i s not
necessary that the virtual antenna elenents of different polarizations or

vi rt ual te%nm?ﬁéﬁr&%ﬁbgﬁ\f&f 'si'ﬁg éjhg FLERlamEm L ?erﬁ@ﬁ’tguﬂwé‘%ﬁ é’p}t‘;% i ent

phase ce ers na ports nmay va
four. Each selsdSi be Zép;ﬂa‘@doftow dm:alqbolammnarnagrtawtbanas a ﬁlumbepro;ﬁbsﬁd
virtual antenna Port i rt ant enna

nu
ports 10, 11ireps orq@ 'PE m%% ig Iﬁ%ﬁ'ﬂ 699'@24]% eagh IFPQF%”Z@H%” n Ofb\a&?rém enna
ports 5, 6, Geclr sk i80EoVcrbY B)? \Pﬁbé’lwahi’é?rnazéle?ﬁé’ntﬁoqr%‘eCﬁﬂuﬁp%"térﬁf*‘a any

sui tabl e antenna arrangenent, exanmpl e a 3- sector system conprising

t hr ee ant enn&emenhis d)‘etbmmamd"lpolyapzamn ghbdd g vexditberedd phese aeBtesgdodrit

system 15 is not necessary that the virtual antenna elements of different polarizations or
virtual antenna elements covering different sectors should have different

phase centers.

The number A of antenna ports may vary, but is at least four. Each set S1,
20 S2 of virtual antenna ports have a number B of virtual antenna ports 10, 11;
12, 13, which number B of virtual antenna ports 10, 11; 12, 13 is less than or
equal to half the number A of antenna ports 5, 6, 7, 8, but not falling below

two.

25 The node can comprise any suitable antenna arrangement, for example a 3-
sector system comprising three antennas, the beamwidth typically being 65°
or 90° for a 3-sector system.

The weight vectors described are only defined by way of examples. Many

30 other weight vectors are conceivable.



10 It is also possible to use the present invention to reduce the nunber of
antenna ports fromN to N12 w thout increasing the nunber of sectors, e.g.,
reconfi guwe 2811as®|BNa ports in a 3-sector systemto 4 apCemraoposizs2in a 3-
sector system 5 The transformation matrix may be placed in the RRU, and
may be realized in hardware as well as stdtware, or a conbination of both.
The sets Si, S2 are preferably connected to a main unit, MJ, 29, but may of

10course be connected to anY ot her suitable part. Wen the virtual antennas
are indicat edt tSoalsgyveosgblgl tanisentng Perseat ilBYEPIRN: & fedice & musekeroef i n
this context, 1S, | nTRE : : L ALl '

mat hemat i cal Iaykég{x@cpﬁ}é]g@ual ) %l’ﬁfé"é@gﬁ?fi&g%&ég3@%%ﬁﬁ%@t&§é&g’ 9.
15practi cal | yepmsigjubd € ateandiporis inna Bhsectbi sysiewf tot 4 amtetregports \Da 3-
2011/ 103918PCT/ EP2010/ 052382 11 CLAIM5S 1. A node (1) in a wreless
communi cat i ofCSWPES¥REM -he node (1) conprising at |east one antenna (2),
where thegantenna (2) is arranged to 5 cover a first sector (3) in a first
direction (4) and conprises a nunber (A) of antenna ports (5, 6, 7, 8),
whi ch nunber The)trarisfamvaomampabit mafyhe placéd ir8jha BRAt, dnelawby foewnealized in
characteri zeg1 in that the antenna ports r&g a? 7f g)l)%are connected to a
transf or mat i GATAKENS 38 V&Y agmolvare. g SAGRIEBP 4f PRHSf or mi ng t he ant enna
ports (5, 6, 7, 8) to at least a first set (51) of virtual antenna ports

(10, 11) 10 and a second set (S2) of virtual antenna ports (12, 13), each
set (51, S2) Toke sats iSialSZaatceprieierpbivt conneetad i agnain nunito dU,(2), ot vay otial

ant enna rt Q, X Lch n r ) of virtual antenna ports
(10, 11;5@2,%?%63% l%é[%%'g@gqtﬁéﬁa 8P%wglsw%§8%£4r ‘the nunber (A) of antenna
ports (5, 6, 7, 8), but not falling below two, where the sets (51, S2) of
virtual antenna ports (10, 11; , o o
When the virtual antennas are indicated to have equal antenna radiation
patterns in each sector in this context, this is not meant as those radiation
patterns being mathematically exactly equal, but equal to an extent of what is

15  practically possible to achieve in this field of technology.



15 13) correspond to virtual antennas which are arranged to cover at |east
a second sector (14) and a third sector (15) in a correspondi ng second
directi orwbO26)r/mpdst hird direction (17). 2. A node accectippgomosmgai m 1,
characterized in that the first 20directidn (4) is positioned between the
second direction (16) and the third direction (17). 3. A node according to
any one of the clains 1 or 2, characterized in that the transformation
matrix (9) is arranged such that the virtual 25antennas have equal antenna
radi ati on pafGlAMS (18, 19) in each sector (14, 15). 4. A node according
to claim3, characterized in that, for each polarization, the phase centres
of the virtual antennas that are arranged for 30 covering a certain sector

are separated.by nore A made0(14 |MIaa/®‘l/|ﬁE1©é‘.§lsorr\mlﬁi1rleatﬂdlesy®bea1 ethgt hode (1)
corresponds to the centre of the fregc(leénc band used. 12 A node
accordi ng toCQHlP%HIQ 8t 1qast qpecanisnta Ry Where e aptennez & Israrf«medt%

antenna (3) e80Bf LRst §éb‘t&°#3ﬁ[lhzaeﬁrs§'a refidh l%‘J, eé'ﬂ?&‘%éﬁ?@es %1nur%§er ﬁ&i of - 5 6 A

node according fo any one o € previous c acteri ze
node (1) fur tanmnrta)pqmts 2P, d, BydivbicheramizeruN) tof aRRNa Rarts (i 17,i8) ig at n

ggm);is;gﬁd?g é’%ﬂ'&ﬂg@&ghggd th%t ﬂswg)an%nna b02t8)(5wg i/‘h aertr% go%%ré%?etde dto
to a transformation matrix (9) which is arranged for transforming the antenna
ports (5, 6, 7, 8) to at least a first set (S1) of virtual antenna ports (10, 11)
10 and a second set (S2) of virtual antenna ports (12, 13), each set (S1, S2) of
virtual antenna ports comprising a number (B) of virtual antenna ports (10,
11; 12, 13), which number (B) of virtual antenna ports (10, 11; 12, 13) is less
than or equal to half the number (A) of antenna ports (5, 6, 7, 8), but not
falling below two, where the sets (S1, S2) of virtual antenna ports (10, 11; 12,
15 13) correspond to virtual antennas which are arranged to cover at least a
second sector (14) and a third sector (15) in a corresponding second

direction (16) and third direction (17).

2. A node according to claim 1, characterized in that the first
20 direction (4) is positioned between the second direction (16) and the third
direction (17).

3. A node according to any one of the claims 1 or 2, characterized
in that the transformation matrix (9) is arranged such that the virtual

25 antennas have equal antenna radiation patterns (18, 19) in each sector (14,
15).

4. A node according to claim 3, characterized in that, for each
polarization, the phase centres of the virtual antennas that are arranged for

30 covering a certain sector are separated by more than 0.4 wavelengths, where
the wavelength corresponds to the centre of the frequency band used.



107. A node according to any one of the previous clains, characterized in
that the transformation matrix (9) is realized in either hardware, software
or a conbwoaviioniak hardware and software. 8. A noderat@peaions238p any
one of the previous clains, characterized in that the transformati on matri x
(9) is constructed by stacking 15 array ®ei ght vector as columms according
to W- [wl, 1 VK, n WK, N] where each wis a conplex weight vector and
vector VK, n creates beam nunber n in sector k, and where K denotes the
nunmber of se®ors and AN Bed#®t @scominguletnyf opeardf fee Heetiers g@imy, A

method in a vt : Lcatd.an m ' } nna
(2) cover ng iefaéRfizedTH et thE aHeHhBT OB Bhypcha e BRI
nunber (A) ofeleméetsn@opettz2,(23). 6, 7, 8) being at |east four, characterized
in that the nmethod conprises the steps: 25(30) connecting the antenna ports

(5 6, 7, 8 to atransformation matrix (9); and (31) using the

transfornmatign matri x A9 r SRiPr|n h nten p , &, 8)
to at Ieggt g'fi rst séag %%?? g%&vi rt(‘ﬁaFB aﬁ?}ténﬁgépocﬁt gﬁ?lgré\ﬁ%éaﬁ%wgg’second
set (52) of wharactierizetdeiméhagiahesngde (1)1 8)rihesaedmprises 81radik® yembteyiunitual

?g?nt enna porl'\;ﬁu,hfz\ﬁi)r\]/gnigh ri‘r%t?r%rco(rﬁe)risoefs E:/(i)rrrésup‘%)lnd?lnrzgt grr}]?)ﬁfi r%r&%, (2%0271%8) 12,

which are connected to corresponding antenna ports (5, 6, 7, 8).

10 7. A node according to any one of the previous claims,
characterized in that the transformation matrix (9) is realized in either

hardware, software or a combination of hardware and software.

8. A node according to any one of the previous claims,
characterized in that the transformation matrix (9) is constructed by stacking

15 array weight vector as columns according to

W=lw, ... w, ... W]
where each w is a complex weight vector and vector w,  creates beam

number n in sector k, and where K denotes the number of sectors and N
denotes the number of beams per sector.

20
9. A method in a wireless communication system node using at
least one antenna (2) covering a first sector (3) in a first direction (4) and
having a number (A) of antenna ports (5, 6, 7, 8) being at least four,
characterized in that the method comprises the steps:

25 (30) connecting the antenna ports (5, 6, 7, 8) to a transformation matrix (9);
and
(31) using the transformation matrix (9) for transforming the antenna ports (5,
6, 7, 8) to at least a first set (S1) of virtual antenna ports (10, 11) and a
second set (S2) of virtual antenna ports (12, 13), each set (S1, S2) of virtual

30 antenna ports having a number (B) of virtual antenna ports (10, 11; 12, 13),



13 the nunber (B) of virtual antenna ports (10, 11; 12, 13) being | ess than

or equal to half the nunber (A) of antenna ports (5, 6, 7, 8), but not
falling bsbamisyist he sets (Si, S2) of virtual antennaprpwmr0100623841;
13) corresponding to virtual antennas which are used to cover at |east
second sector (14) and 5a third sector (1%) in a correspondi ng second
direction (16) and third direction (17).

the number (B) of virtual antenna ports (10, 11; 12, 13) being less than or
equal to half the number (A) of antenna ports (5, 6, 7, 8), but not falling below
two, the sets (S1, S2) of virtual antenna ports (10, 11; 12, 13) corresponding
to virtual antennas which are used to cover at least a second sector (14) and

5 athird sector (15) in a corresponding second direction (16) and third direction
(17).

12,
a



