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L NTEREERENCE ,REJECTI ON - - - FI ELD OF THE | NVENTI ON The present

i nventi Qoo @hﬁﬁ gs generally to the use of antenna. apCISESYENENS used
ine.g., e radio systens, and npre 5 particularly to the techni ques-
for reducing interference between such”arrays. - RELATED ART

The demand for capacity in base station sites used in nobile radi o
communi cati ons sSyst eRANSMETTER ONEERFERENCRMEdoTIoRf 10 consequence of
this is an increéase in the demands on the antenna systens used in such
radi o systens. An arrangenent of typical conponents in the ___
transmtter path for a nobile radio systemis shown in Flgures 1 and
2. Shown are ﬁ Eﬁ!l{kﬁg'ggu anplifier 40, i solator 30, filter- 20 and
ant enr avy he nost common net hod of inplenmenting antenna
systens.is to use one anplifier which is not placed up in the antenna
col um. ~ Another nethod is to use one anplifier placed in the
t ransrilié i pgesener inkeneikanprelates hgenesalAgwtd reHe giee df antenna
Illustrated here are three columms 1-3 q@f transmtters as m ght 20
typi caA¥F¥aYHe HHERERSoNUEES r dRs i’ 19 'nngB‘\?o@F a¥2@ipa S¥SERBF i 0T, more

a

q .
| rgnefﬁéati%fé’%% %ﬁﬁoeagﬁxigsgg fst%aﬁsﬁgg {&é%\é%ﬁke betyeeﬁgﬁ ezg.a
one i sghahOirB¥lysand one filter 20. The signal to be transnltted S

sent to the anplifier 40 fromthe base 25 station, not shown here,

before*being-sent to the one splitter”

Thedemand “for -eapaeit.:y- 1n base station sites used in 'mobile .
"radio communications systems is  increasing rapidly. A

10 consequence of this is an increase in the demands on the antenna
: ' s.ystems used in such radio systems. An arrangsment of typical
components in the transmitter path for a mobile radio system is
shown in Figures 1 and 2. Shown are a splitter 50, amp.lifier 40, |

isolator 30, filter 20 and antenna element 10.

15 The most common method of implementing antenne systems is to use
one amplifier which is not'placed up in the antenna column.
Another method is to wuse one amplifier placed in the |
transmitting tower. An example of this is shown in Figure 1.
Illustrated here are three columns 1-3 of tra:nsmitters as might

20 typically be found on a transmitting tower at z base ste.tion-_ in
a mobile radio communications system. Associated with several
antenna elements, 10a-104, will be one splitter 50, one
| amplifier 40, one isolator 30, and one filter 20. The signal to
be transmitted is sent to the amplifier 20 from the Dbase

25 station, not shown here, before being sent to the one splitter

50, which will divide the radio signal to be transmitted to a

" numbexr ef antenna elements 10a-10d.



50, which will divide the radio signal to be transmtted to a nunber

-of_ _.antenna el enents 10a-10d. S WO 98/ 29921 *

PCT/.SE97, ' 2 An @Fzé d being
used in é’gﬁé&éﬂtenﬁ is to provide a, separate anplifi 8’&&%3 e IiL;tjp in
the transmtting tower for each antenna el enent. A system such as this

is sho ' [ : o W hr C -3 of tranpsmtters, as_m ght
typi ca ?EESE %hgf%gudndbgﬁnﬁn :\%aetr?s msgt |én% %o%@’}s CeS, Josasgost%ﬁ‘?vo]ﬁiq n%a

mobi | e separatadiaaptofieni phiderh s v efhe | £r&88nDer SR AR fbheesicanal is
first sent to a single splitter 50 froma base station, not . shown here,

wher e gnéeBngn@lementp| i SHEFETe Pi¢hgasemhitso iheshown imsPiéguiee2,ant enna
elements, ,1Qa-10d t be . broadcast. Each 10 antenna. el.enent ‘| Oa-10d
will t HefPndF T s gﬂ"éﬁwp’r%@g,a‘msmt%@&% RPelithel FYPirablyr be,

30as 30¢o,earest | ¥elthandRdtEihd CEower agtoaéz%%]sreesé’t?aq" Yeldy o mobl?.%
antenna colums containing elenents | O0a-10d shown Tn B gures and 2
are uswadiyp mouwuadcabiens aggstemt r ansorht beg de@fethat 18he Tlhey¥naan ike
nounted .in |inear or ci rc,ulsﬁr arrays. An_exanpl e of a common circul ar -
array SAYEtt GWRAC | EOsRoviitd etr%’]ta%ﬁfﬁﬁ eWloffrom & ase shatdppwnnivsre are

f.our. ¢ sil-4 s : [ i | saround.a.transnission,tower 5. |
EOUT-CRS e RS 1 KB o SIS AU BB RO 2

i || ust relpectivei gantedna 2k leientst ha obopodnt egnapel eREsidcakld, Each
corresponding tQ the top antenna el ement 10a in Figures. 1 and 2, is
sh¥fwn. aptepng |gdenentyd0as20d Wil hsbhenh davientdrs cowh smpdilfdeghoddalere are

for . . aq4l ' Qnl ys ' i | | .pr.obably_h R~¥ 16
O 4] HEBR AR Yoot ch R ST RLREILY 8 12,

corr espoadng treepecrieslyf the same “tower as in Figure 3a. A front
colum 4 and two side col ums .1, 3; each having four antenna el ements

|l Oa- 10d_are _shown. TE!e back .columm 2 is not visible behind the -
t r ansni®S &RtepRa, cglumns containing elements 10a-104 shown in Figures

" "1. and 2 are usually mounted in arrays on transmitting towers.
15 They can be mounted in linear or circular arrays. An example of
a common circular array on a tower 1s shown in the tbp view of
Figure 3a. Shown here are four columns. 1-4 spaced every 90
degrees around a transmission tower 5. Each column contains an
array of antenna elements 10a-10d as illustrated in Figure 1.

20 Only the top antenna element 10a, corresponding to the top
antenna element: 10a in Figures 1 and 2, is shown. ‘It can be
appreciated that the number and spacing shown here are for

illustration only. A typical system will proﬁably have 8 or 16

antenna elements for each column.

25 Shown in Figure 3b is a corresponding front view of the same
tower as in Figure 3a. A front column 24 and two side columns
1,3; each having four antenna elements 10a-104 are shown. The
back column 2 is not visible behind the transmission tower 5.
This arrangement of antenna elements is sometimes used for

30 space (or “Spatially”) Divided Multiple Access(“SDMA”)}, a method



Thi s arrangenent of antenna el enents is soneti nmes used for 30 Space (or
~"Spatially"). D vided.Mi-tiple-Access{"SDVA")," a nethod

98/ 2992 PCT/ SEQ7/ 0%llfsro7/02117
j“’93%?9ﬁ¥ ng transmtters geomefrically in space to provide

eff|C|ent access to the radio transmtters and receivers. Due to T
probl G Wehibi$A3EE LIRS g8BRLALLNINY ULRALoace CRYI LRARRES, the
antenna elenments I0a-10d are arranged quite 0S€ toget ey are -
al so agffdhgshit|deess aoethe radhioofransmibeersaanpti teeaisvers.g. 40 Figure

1, isolators, e.g. 30 Figure 1, and filters, e.g. 20 Figure 1. This

tight arrangenent_jin arraé re tIy |nc;reases the risk-of |nterference
It al SoM¢ndeaBESPLEMS K@t g‘uﬁﬁﬁé‘?ﬁ PEAORSs oRSRPREFLLY e3P afdF PRS0l at or

due 1 0ondProRhli s CaLRL ChnkBLELS i Skolt B2 G20 S BBLA" Rh1RY T

I n those enna systens--having a separate anplITier ant enna
el gnengloséeeogktbere TRey elae Y | dfrdsgddagdfdeattose toseachy odper at ed
in a non-linear nmede, although they may be operated -in |linear node.

It is tt\beirkﬂmihlfheﬁhe . #RaFigugenl, isolptexs: anplidf Figuxeeilvi ng

signal s_qf di fferent uenci es rovi de outputs at_ e ch of

t hose ﬂ\g fr ioﬁﬁﬁm Esgaszé\eﬁgg‘ége £. TH%%%%h?aﬁFaﬁnfé “I‘?\I/&) & "out put s
at the §eat§9d ik EREBEC@he ridW cdpengkesrakchbase ﬁtv‘%lsécgnﬂ@realéest hese
tight arrangerrents of "~ antenna arrays, a given antenna el ement |Oa-I|0d

wi || rebei esuiznendui reqwimenegtiont en f éh@nc@-h&@nah&df nemladpacdnfe & ays.
Thi-s interference signa be f.orc bac o] he fi It 20a- 20d
aidi SOEBeG: CaBaTeBu R e r st A AR AR SR antaghr el | o 2
with the desired signal to formthe. lM -products.. These-4 M products '

of t én Rt AN Midhddespasinedhavbng! LeqgREiA% andiifsexP Rl &Ach of
reducing the ri sks of

antenna element, see Figure 2, the amplifiers 40a-404 are

usually operated in a ‘non-linear mode, é.l’thou_gh they may be

' . operated in linear ‘mode. It is well known in the art that a non-
15 linear amplifier receiving signals of two different frequencies
will provide outputs at each of those two frequencies as well as
intermodulation (*IM”) product outputs at the sum and difference
frequencies of those two signals. In these tight arrangements of
antenna arrays, a given antenna element 10a-10d will ‘receive

20 quite strong interference signals from adjacent arrays.

This interference signal will be forced back through the filterx
20a-20d and isolator 30a-304 to the power amplifier 40a-40d
where it will mix with the desired signal to form— the.. IM
products. These IM products often interfere with the desired
25 frequencies. This problem 'of reducing the risks of
intermodulation interference has been faced using several

different methods in the past.

One method has been to operate the amplifiers in a linear mode
so that IM products are not generated, or are at.least held to a

30 minimum. This is a poor solution, however, because 1linear



I nternmodul ation interference has been faced using several di fferent

net-hods i n the past. One nethod has been to operate the anptifiérs in

a linear so that | M products are not generat ed, east
gﬂggggmnhin. M pr . 8@;%&5%@&14

held.to imum This is a Qoor sol ution, howe ecause
|'i near WD 98/ 29921

PCT/ S h
| ow %Xé% effhamency Wﬁlch ‘H-RF eﬁfd‘ﬁil?f“&%nt P’&Rﬁt’nd ave. -a

oper atsiynifid¢diet By ainder the dperdeioRPPE OBkE dSrahown in US 4, 498 083

whi ch i nvol ved cancelling nultiple sources of ‘interference in_an )
antenna array. -5 It prOV|ded a techni que of checking the phase angl e of
an  PADOYRei RPRYRAGY efdéncEh %wanam P8 thet9Bs083y phask simvelvadto -

f ~_ Each
o SR e R LBl e e BT BB RS e

thg S|malprcf‘x1rde@<agplﬁc4mlqhgrf@fl ragie%kg_lg@ stﬁgijléglagg Jrﬁ_ﬁlé rg 16aﬁl enent s

in a linear array. Al t hough the basic prob eal t I'n US _
4,498, mmm interfer¢nge sxg‘realspecdf |td1epr olos iy vmaseduétfmrts tdt dealt
nor e eci flcall Wihi ent tracki ng, and. varyi ng, t he. phase

of a n’ﬁ?ﬂ’ pt eo?-’eF‘ﬁ%‘é eﬁ’r%alslé’ﬁ 1’1%* %b#f@n%rgerms:oﬁlqrsa were -

s e iyt gt ot o UG TG, ¢

pr| or approach-is in Agai n hat of .
i ndepedeht Wythrachle ragugawd forc awmiplengsi dneefferngy ss{mhed s f\ﬁ@di]lcﬁﬂﬂ tiple
so§rces The s to provide a means so that the.interfering

nal T&®* :&F?I%é ed?e%lﬁaﬁvﬁb?eﬁﬁt%ﬁﬁéyel enents woul d arrive 180

degrees out of phase. A servo notor was provided to adjust the po's'itioh
of theanFhensn SlIRTEBREiIEN prRENGRSCARA1FEASHERT EVEES 4, 4980535“tﬁ£éere”06
This technique is also quite different from _

s:.mllar, the specific problem was different. It dealt more

specifically with independently tracking and vary'ir'ig the phase

of a multiple of interfering signals. The problem and solution

15 were different than that in the present application.

Anpther éxample of a prior approach is in US 4,500,883. Again,
here the problem was that of - independently tracking and -
cancelling interfering signals from multiple sources. The basic
‘idea was to provide a means so that the interfering signal
20 arriving at any pair of antenna elements would arrive 180
degrees out of phase. A servo motor was provided to adjust the
position of the antenna elements in response‘to measured levels

of interference. This technique is also quite different from

that of the present invention.

25 Yet another example 'of‘prior approaches is found in US 4,314,250
which was wmore specifically focused on the intermodulation
products that result from active type of antennae where each
antenna element is provided with its own ampiifier, as in the
present invention. The invention in this patent adjusted the

30 phase tilt of the carriexs across the array of antenna elements.



that of the present invention. 25 Yet another exanple of prior approaches

is found.in US 4,314, 250 - whi ch -was -nore~specificall'y focused on the
I nt er NnodyWbgdrd921 products that result fromactive type BPET/SEO#Zbe where
each antenna elenent is provided ®ith its own anplifier, as in the

present invention. The invention in this patent adjusted the 30 phase tilt.
of the poaMdwls ameostechaique ayodHf WSt e4/BLL) ZI®Nidoes decrease iR
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5 Anteompdulied itec produet st 1nsagtive, Lypedsasennae eatle dors so by

I nt er moqul ati on prod cts ] ve. ly. ant en It .does so by . ..
changi Mt Jhe B i %a‘???e‘?aﬁﬁ’ﬂe eduencies’” gvmiy OF THE
| NVENTI ON 5 As has been seen, to achieve._high.power .output in-nany -
nodernsing@_i@mmggns each antenna col umm uses one anpl |f|er '
placed up In the transmtting tower per antenna elenent. Each conponent
will have its own isolator and filter also, resulting. in a |large nunber
of Gonpehehas. bess fsgehor t@ffa@belerfg thighs | pewan ouhput chstmamy mefexss
conmponents, . are_i.nt er modul at i oducts. An techgégue whi ch
n°

can i ndr¥RLEE  RAERI FF8 Elgfls’ ea?é’ 5'57['3)65’51% ‘F&‘F'&%u}‘?e? cFBR
requi reg%;@ﬁ% Ofipt hes ey h@ansmlt‘ﬁq-%OWe?rw ]ger---- aBeephsl 89Nentd - E&cBA——

obj ect present i nvention to reduce interference betwéen antenna

arrays compomeit |eilhdiavetitts oiwn isoletwr andyfilhudilsg, aregnbbingf

antenna, el engnts, creatin certajn and- dnﬁfferent transm sa#? .l engt hs
I

for eachaft dAxge DUmbgEeREnCOTBORRAES hOPS, Bast IMAFEE0ERS ShEe

appgar gﬂaere of|  ARelshe 2RhPBRRNER! Uke Thiﬁt&ﬁcadaqaaesﬁnpkhimﬁ by

di vidi'ng.20 e transm ssion | engt h.from the_power . out-put of

arrpl |f|preducts Any technique which can increase the IM product
rejection will result in decreased requirements on these other

.components.

Accordingly, it is an object of the present invention to reduce
15 interferehce between antenna arrays in a mobile radio station,
each array including a number of antenna elements, creating
certain and different transmission lengths‘ for each antenna
element so that the sum of IM products will not appear coherent
from the antenna column. This can be accomplished by dividing
20 the transmissioh length from the power output' of the amplifiers
to the antenna elements into N phases, where N is the number of
antenna elements 6n the antemnna column. The amplifiers may be

single carrier or multicarrier amplifiers.

This object creates an incoherent sum of IM products from the
25 antenna column.. However, by itself, it creates an incoherent sum
from the desired transmitted signals also. Accordingly, it is
another object of the present invention to compensate the length '
in the transmission lengf:h from the amplifiers to the antenna
elements with a corresponding offset in transmission length' at

30 the input transmission line of each power amplifier.



to the antenna elenents into N phases, where Nis the _nunber of ant enna

el ements on the antenna colum. The anplifiers may be ~ ~singlé éarri ér or

mul ticarrier lifiers. This object creates an incop by of I M

pr oduct sW PPW’gEe 25 antenna col umg However, by itself, E?Egr eates an

| ncoherent sum fromthe desired transmtted signals al so. Accor di ngl vy,
fo HResBHESaRL ti ShRensal eadire | engt h

| n theB @% oloib[% edgtt% ﬁaomst anplelhﬁ'{g?'s at(:&%oknﬁéfant enna ea. el ement s

Wt h aazs@rdsm@@ndbmctﬁfvf@eum i hier imﬂt.’nosﬁ.ngn madngh) ah 2Atedd® colwtin

transm ssion line of each Eower anplifier. WO 98/ 29921 _ :
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the ab d, ot b e follo
cofuﬁ%&l#gezaé‘e:f"of‘%qr" bR o ruder B PR 4 RETRRER
mgl i fy ﬁﬁgmof sphat Lt Eakhesucdbeding sé1&h&nenis NRkecs 19t bé’ﬂ@w Shetop of

'the co Each succeeding elenent is directly below the previ ous
el enenpresbomhaﬂetuents sh ridtﬁttl )N=b‘éllﬁv fftechhy belon N=1, LﬁdeSQveOmeach

t he bottom el enent i.s cal cul ated based on.the-
el ect r8RFEL 4G eF 23R H:t}_e b°tt?ﬂe i?‘gﬁgﬁd’gﬂon length between the first

anplifier and the 10 first .antenna-elenent is L.:The transmssion’length——

bet weeg i!aﬁ th a5esendadallddd® baid tdie @%%&E&ﬁ@awabemsﬁ ghspl+dL.
Each gceedl ng transm ssion length is increased by a length dL, so

t hat tmhet hirahswisssions slengtitengetwees [thd| firshe dmpdifhers and £hedL,

d The t l.eng,h bet th o dth..___._
¥ Sk B A0 T R ATl el B T

" st eer Lpgongf atrrfﬁa.‘f‘i'eﬁ:‘m&naf thi madsm Santenn&f Leehéme! ¥s cr.eali ngagn I'M
beam-t at |s t downwar ds or ' upwards.. The result is that the IM

pr oducsacwebtilngt ta‘ppemssmn crgtantis oipcheasedj byeat lam@hnébcosenns at

the ba%ga%t atg,}lxg "third transmission 1ength is L+2dL, the fourth is

'L+3dL, and so on. The transmission length between the Nth

15 amplifier and the Nth antenna element will then be L+ (N-1)dl.

This will result in a “steering” of the column of IM products,
e‘ffect'ively creating an IM beam that is tilted downwards or
upwards. The result is that the IM products will not appear .
coherent to other adjacent antenna columns at the base station.
20 However, the desired signals to be transmitted will also be
vsteered” unless some means is provided. to prevent this. This
can be done by first noticing that the total transmission length
for the desired signal can be divided into two parts, from the
splitter to the power amplifier, then from the power amplif'ier

25 to the antenna element.

In.the present invention the transmission .length from the power
amplifier to the antenna elemerit increases by an amount dL as we
proceed from the first amplifier-element pair through the last.
In order to 'keep the total transmission length constant as we
30 proceed from first amplifier-element pair through the last, we

then need to subtract this length dL from the transmission



20 However, the desired signals to be transmtted wll also be

"steered" unless sone neans is provided-to prevent this.This 7 canmbe
done by ¥Wdgéedpepsiti ci ng that the total transm ssion | ength perskenoziive
desired signal can be divided into twd parts, fromthe splitter to the

power anplifier, then fromthe power -anplifier 25 to the antenna el enent:-
In the 1[511@:é‘nt betweenon thee t FRALREETI onaxidangthef r opostdre pamplifier.
anplifie o,.t he ant nna,_e ement jncreases an armount dL as we

pr oceetf‘ ‘t”fé‘f'l rk aﬁ:ﬁ???‘f"eﬁs’e‘?%ngﬁf‘gbﬁ StfiestgFhehesRldditer andp

or der t r [ t- 12 30 " pr.oceed
from ffﬁ%%%?%‘%ﬂ%fﬁe%?ﬂ?é ?ﬂf%ﬁg‘%ﬁ%%%n Be'E. then need to
subtract this length dL fromthe transmssion. . .-\AD 98[29921

PCT/ SEXHe) Maansmission length between the splittdr and il@é‘g& li)ﬁié\@en

t he plitt and _ lifier. Accordingly, t!

trahs m@ oﬁ“? eﬁﬁ?‘ﬂn% W@ﬁ‘rg\%ﬁa ‘#Ji tP@rLa@dl. Thist Helbmtnam i¥nea for
the fir LERT I t |onIe hbeweenthe
splitter ang %eéarrp i etlrﬁ‘é £ Srmltsrég‘%glecio&@?hpﬁ??‘f‘eﬁn itt‘af Thi s
Wil ceitid nthel namplifierawidn sdebréhae 1B tfanspbast Ol e@BS:h dgtyeen

the splitter and_the anplifier w-ll decrease by .an anmunt_diL for-each-.. .

succesSHURCSHRIVY | applifiey -onfhe hengebn betweepl itheersplidtetrhand the

A e I S e P LRl

si gnal rewwlithsofi atrisd ai¥ hat otheadorsnl 'Ef&{sm:1.551onarmn fhereant gnga

el ement _path. The _path for_the |IMproducts is - . g -as-—deseri. bed

above dgsirpd repglo| sigpel 3RWAEAE ¥ rronstant 2L for each spl:t.tter-......
amplifier-antenna element path. The path for the IM products is
shifted as described above. so that it is .not coherent in
"relation to the desired signal or in relation to adjaceﬁt'

15 antenna columns.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail with
reference to preferred embodiments of the present invention,

given only by way of example, and illustrated in the

20 accompanying drawings, in which:

FIG. 1 is a diagram of three antenna colums with four antenna
elements each, wherein only one amplifier and £filtexr and

isolatoxr are provided for all the antenna elements.

FIG. 2 is a diagram of three antenna columns with four antenna
25 elements each, wherein each antenna element is provided with its

own amplifier and filter and isolator.

FIG. 3a is a top view of a radio transmission towei- having four

columns of antenna elements. in a circular array.. SR



rel ation t_'o the desired signal or in relation to adjacent 15 antenna

colums. - ‘BRI EF DESCRI PTI ON OF THE DRAW NGS - The present i nveh‘t‘i on T

wil |- nowyiagoglmeer i bed in nore detail with. ref erence t opetRkenety
enbodi nents of the present invention, 9 given only by way of exanple, and

illustrated in the 20 acconpanying drawi ngs, in which: FIG 1is a

di agr.ansphbbbigedasyenblock! wota W thef ogigaal edhvels €bCMBY Ssieaeh,
wherein onl one anplifier and filter and i sol ator are provided -
for al | ampdibhesnhea clemaad. to L, WhGCthSsaéSdl egualntef theer désaaherna

col ums th four .an na .2 I , Wherei.n each an enna el enent is
pr ovi dea}i‘yI Feend pta%@o?ﬁ grrrlgl | EE@IP aﬁ’& | Dbt sedopPyt Block 1108 g 34
is a toph¥i 8YgRA]L amisE ShderpeRt 3§ eRal-RVCE-BAVEAY V%{lr £ }?.E%“Zogf- SRR
antenna elenments in a circular array. /fglg% :
PCT/SSE9¢¢02:II”_B7 first antenna element 10a. It is %een tiytbohe sedthy bl ock
100a, éh g al Ejilﬁ% gheflrs anplifier 10a is equal to L,
whi ch i lﬁF@Bc qEIRVEL BhetOF f' fic§tgnal from skhenaphititennfsq heosthral -

pat h, [ PGkankl the signal nust subsequently travel.
fromtheg?lg{r:stéﬁg?r%{ab%er é{’(j)taqga tlg f2 e first antenna elenent l0a. -It is
seen. that the total di stance travelled for-the signal fromthe-
splitterh§s tonthaests witihr stheadtiehnacekefort ah@anhs &lament numbB¥S two
contrasts, Wi th the dist.anc fjf’lg[r antenna el enment nunber two [Ob. Here
the si ghlP-f BeTe (he figng Epdriavstls e Sigakl parb opathecesigagpondi ng

to p di shefCed:dUipoiaal k8 s d&lsé&égeloobéfee(%;&%ﬂr Wi lder ?%bg?xe“”e

travellTng a se part~ of nal
di st anceet®08, =owpialfitegr Létllh_ before travelling a second . part of- the

signal path corresponding to a distance 110D, equal to IL+dL,
between the second amplifier 40b and the second antenna element

10c. Here the signal travels again a total distance of 2L from

15~ the splitter 50 to the second antenna element 10b.

For each subsequent antenna element 10a-10h the first parts of -
the signal paths corresponding to the distances 100a-100h
between the signal splitter 50 and amplifier 40a-40h are
decreased, while the corresponding second parts of the signal '
20 paths corresponding to the distances 110a-110h bet:ween- the
amplifiers 40a-40h and antenna elements 10a-10h are increased.
For any giveh amplifier 10a-10h numbered N, N=1-8, tﬁe dietance
travelled by the signal from splitter 50 to amplifier 40a-40h is |
L- (N-1)dL. Therefore, for example, the distance travelled by the

[
W

signal from the splitter 50 to the seventh amplifier 40g (N=7),
is L-6dL.

For any given amplifier 40a-40h numbered N, N=1-8, the distance
110a-110h then travelled by the signal from the amplifier 40a-
40h to its corresponding antenna element iOa-loh is equal to
30 L+(N-1)dl. So, for example, the distance 110h travelled by "the'
signal from the eighth amplifier 40h (N=8) to the eighth antenna



between the second anplifier 40b and the second antenna el enent | Oc,
Here the signal travels again a total distance of -2L from 15 "t'He" splltter

50 to th d antenna el ement | ob. For each subsggpgRd@iienna
el errent"v‘sasjf%ﬂ the first parts of g the signal paths correspondl ng to
t he di stances | 00a-1 00h between the signal splitter 50 and anplifier

40a- 49 arg, ;g deCkeggeda;uhy I&ftbsec%a@ﬁogg%qggﬁs%;Lgﬁd s ¢h the

si gnalr 20 paths corresponding to the distance bet ween the

anpl Fligare 4@ahédingndoant eahanes eonastéfiaal Ohemartsi dar easdgdculaxr For any
given anplifier |1Ca-10h nunbered N, N=1-8, the distance - travelled by.
the &XgRAXl- fromsplitter 50 to anplifier 40a-40h is . L- (N-1) dL.
Therefore, for exanple, the distance travelled by .the 25 signal fromthe

Sp|| 30 &%\éﬁ @gp.l For any
gi ven arrpl 11 er&% Uith yjﬁw Iétg%ﬁé\h%}e%a rtegngg'bba@géﬁtiogfﬂ% t hen
t £ avejHecd pesehe Siﬂmhtifdronwhbeeaﬂpl the ert¥liemissiodOldmytss are
correspondi ng antenna el ement |0a-10h is equal to 30 L+(N-1)dl. _So, for

exarrpnaerle@et@. gravdder el QAFtant pphase genegra@ﬁan fosm bR dMght h

anpl i fi (N:8) to the ei ght h antenna WD 98/ 29921
- PCT/ co o8 FLG3bi-s—an Aot -
vi ew of the radl o] transm ssi on tovver in_ F gure 3a havi ng four colums

of antrnnas el eTest fatd da Chutaway view abfayn alterfdtGvet dndoddimeaices
cutaway view of the preferred enbodinent of - 5 the present_ invention
wher et thﬁepmﬁaﬁ§ml§érﬁaﬁlonewgeﬁelnartéle trangnissicp pgepgthe &fsal

stant p e | éf@% ] % riIUStrates a

t

ght avvay VI %ﬁ; ate 8 |£ve odlgf"ren%){a%ochf %oﬁeﬂﬁ? e]!s:% H}}lvé:nstion

Wnerelnthetransmssmn Iengths are '
FIG. 6 shows the phase vector diagrams for both the preferred

" embodiment and the alternative embodiment.
DETAILED DESCRIPTION

-In Figure 4 is seen the preferred- embodiment of the present
15 invention, an equal distant phase interfnodulatiot (“IM”)_ product
generation for the case of an 8 dipole e.ntenna column. It can be
appreciated that an 8 dipole column is chosen here for ease of
explanation, and the present invention will work for any number
of antenna elements in a column. The radio signal begins at a
20 source 60 located in the base station, not shown here. The
signal is split in a splitter, 50 Figures 1, 2‘, and then sent to
the wvarious antenna elements 1l0a-10h along a variety ot paths
70a-70h. Each antenna element 10a-10h has its own amplifier 40a-
40h and filter-isolator 25a-25h (shown located together £for

25 illustration purposes).

The distance L is the electrical wavelength. A.distance dL is
then calculated from dL=(L/2)/N, where N is the numbexr of
antenna elements 10a-10h in the column. 1In F:Lgure 4 N=8, SO

- dL=(L/2)/8. The distance of a first part of the signal path,



10 varied to provide opposite phase generation for the | M products.
FILG 6 shows.the phase vector di-agrans—for—bott the preferred -

enbodi ment and the alternative enbodi nent. "DETAI LED .
In Fi qurWOMBR¥P2Leen the preferred empgdi ment of the preseEF§§§bﬂﬁgg§ntion
an equal di.stant phase internodul ation ("IM) product generation for .

Lhe cagfeRln@nfndiRolaualteiAAE Uihudve A P%111 ARBKESI AL efeddal an 8
di pol e colum 1s chosen here for ease of explanati on, ‘and the present:
i nvent that Wehe wotalf alistencauniravelledofbyantR@naigh£neit severyy €adeim. The
radi o signal_ begins at a 20 source 60 |located in the base station, not.
shown fepm. thenhgplittey iyt ankgppe phemenp| 1Peetdh 56 RLguTesrefove ang

then sgpt 4o h i-Qus.antenna. ek egrn -10h .along-a.yari ety of
pat hs. £h- §8aranrt "B Ot BT AR BITLEgRaT r OO0 SR B Joa
40y andvgit @asksol ator 25a-25h (shown- | ocat ed together for 25

Il lustration purposes). The distance L is the electrical wavel ength.

A distance dL is_ ,then cal culated fromdL=(L/2)/N, where Nis the nunmber
of Thensdhnatdbendatfan cififerens « heweyeymwhen W qensidex=ghesiM = -

IL=(LT 20 50T 4oRb0ee: 9l 2ifhinl BEL' Qbailiefignal path, antenna VO
10.  coghRRBNtad Obhd Svesitils tenderttl . etomenes  1bh-Yoh | aTBHE KhY gBgesicen

that the total distance travelled by the signal in every case =~ fromthe .
spl i tt epl80nt oThesenhnterfening sdgnpdls pge2lthenhépetet dackwartigefrdmst ance

Vi bR Bhiohle GSRIERE, LU 168 LRROLON PR el fhe an/ TIGERE,

- 25a respectively, . to the. .'ainp_l:i'."_'f'fi.eii'--,---4]:0'.é.'—'-"-re'"'sl':»ect::'.ve]'.y.j They then "~
.combirie with the desired signals to c.r'eat'é IM products wh:.ch _a're'
transmitted back from the amplifier 40a through the filter and
'isolator 25a to _tl_'xe ‘antenna é—z_I_Le__ment 10a, where "they.' are

15 transmitted to the air interface. -

In a normal situation the IM producté created by a given
interfering signal would ‘be reflected back. along a plane
parallel to the antenna column. This is due to the fact that the
interfering signals we are primarily' concernad with here are
20 those <£from adjacent antenna columns. They will arrive to

adjacent columns on the tower in phase and then be transmitted

back in phase.

In the embodimént of the preéent invention shown in Fi—gure_; 4,
however, the interfering signal, and the;cefore the cor_résponding

25 IM products, willl be forced to.travel a longer distance for each
| subsequent antenna element. For example, the distance the IM
products must travel is L for the first antenna element 10a,
while it is L+7dL for the eighth antenna element 10h. It can be
seen that the distance travelled for the IM products increas'es

30 as we proceed from the first antenna element 10a to the eighth _ '



The situation is far different, however, when we consider the I M o
products, Interfering signals are received from nearby antenna - col.ums

at the Vﬁb@g}ﬁ”ﬁmtenna el enents | 0a-10h along a given rciseywoziihese
interfering signals are then forced Bmckwards from 10 the antenna

elenent, e.g. 10a, through the filter and isolator, 25a respectively, to "
t he annmf i Bhis4prodaspechi waleptethadeldenas we omavE nErow tthé hEidesired
signals to create |Mproduycts which are transmtted back fromthe :
anpl i fekemema %0# diwylrbengightRet 0Bng 'isolator 25a to the antenna

el ement 10a, where they are 15 transmtted to the air interface.

Ina nﬁ::{./%uiiaibgu%rahg the ¢ J‘le ﬁdﬂﬁoﬁgé;éﬂch&nbgf e Vfﬁl Pé-iod{le{._grferl hg

si gnal ecte to-th

ant ennga¢e| Fﬂ‘BduEEBﬁSflrSmdue digremheirdteet fdfiig t BEgnal. Imw&wf'@fl ngs strgnal s we
are primarily concerned with here are 20 those from.. adjacent antenna
colsunmsaw aheyew the slasiyed \ignal AFEkest abl easd GRtERB2t GAEMEPR phase
andthe trans j tted I p_t enho

o sonibarfoh AR iR ue1y, PBENchErR"88%0 ci1r! Bot G SERAGIRY el | DO

and th@ﬁéf acsitbe S%ﬁ@ﬁpoﬂ@iélgshﬁﬁt i phedyeineihl bebenkopaaget oft ravel
a | onger distance for each subsequent antenna el ement. “For" exanpl e,

the"di shandestired| Mignal Jpr oelbatiomstot reheel IMs profivcts heesilss amt enna

el enent.  10a s .L+7d t he hth antenna el enent 10h. It
can berediregked ’f‘h%ﬁrfteerﬁ?n&l sieﬁﬁ’glekpﬁaégl PE&SPgFSt he | M products increases

30 as we proceed fromthe first antenna elenent | 0a to thhe. eighth

W398/ ﬁﬁggﬁer embodiment of the present invention BET/sRE%A Qal Fhigure
11~ 10h. This produces a greater delay as we nove fromthe first
‘el emeénk . 18amidarhko ngsmme 40han oppoBite milage amggsowlaﬂxon n( YV )

Wavefront of the IM wave produce i ven terferrn
si gnal PTPOREY ePEn gﬂe 4" the HRLS SR W'Y %lpo D Sl LG 9

shown. Here again an 8 dipole column is chosen here for ease of
explanation, and the present invention will work for any number
15 of antenna elements in a column. The radio siénal begins at é
source 60 located in a base station, not shown here. The signal
.':LS split in a -splitter, 50 Figures 1, 2, and then sent to the
various antenna elements 10a-10h along a variety of pat;.hs 70a- .
70h. Each antenna element 10a-10h has its own amplifier 40a-40h,
26 respectively, and fiiter-isolai:or 25a-25h, respectively, (shown

located together for illustration purposes).

The distaﬁce L is here again the electrical wavelength. A
distance dL is then calculated from dL=(L/2)/N, where N is _the
number of antenna elements in the column. In Figure 5 N=8, sSo
25 dL=(L/2)/8. The distance of the first part of the signal path,
.symbolised by block 100a, . the signal travels to the £first
. amplifier 40a is equal to L, which is also eqgual to the distance
of the second part of the signal path, symbolised by block 110a,
the signal must subsequently travel to the first antenna element
30 10a. It is seen that the total distance travelled for the sigﬁal

- from the splitter 50 to the first antenna element 10a is 2L.



trav

5 saw above, the desired signal arrives at each antenna el enent

1.0a- 10h..si.mul t-aneousl-y;--so-there is no tilt in the wavefront for ' . the
desi re‘g %ﬁ ; This shift in the relation of the phasepgf/sgsiéreidesired
signal rnrefation to the I M produgzs results in redirected

interference fromthe IMproducts. 10 Another enbodi nent of the present
| NVedhi ONcdde SALWE witrither @istandes Edt | &hitédndilwiend, nafbepposst e phase

i nternmodul ation ("IM) product generation for the case of an 8 dipole
ant ehfl. cHEUﬁmtl’ns SlgnaéhéﬂoﬁStHéFéV&éél R afilesti parte @fol thm $§9’éﬁbsen here
for eas expl.anati d t he pr t inv ntlon .0r any

nuanF §°‘?ﬁes Rd et1 en%nt S:letrangegoféﬁﬁ ra'iﬁ ol'st }Qnglo | ns at a.

sour '%@1&% R 2 0MASBefdd | @RavRh iHBOVE BEESna TH8rE! @Flthe 1S
pllggfgﬁg spl |ttlgr 50 FlZures 1, ag ar% g?hen sentutg fhe vari ous .

ant esignel enpettls - b&réabomqug aovaazl ehystafnqaat hx0lyOaqual trOhL+&hch
antenna el enent | Qa-1Qh s o I fier 40a-40h, 20 ectively, -
‘and Pekween; §BPaF6F°§g a‘?@n"é ﬁ&}? %y, the gerppd “ntePBEaFgﬁgFBEjet her for
i1lu at i urpase 1 ape1di sf ?"d} | dheselggtri cal
wave?‘é gt hﬁéﬁg tﬁ)lgdlg%%r%\aée 5"[ IS the c!?] a?%ggjf’rg?nggiﬂ? L/ 2) /N, V\/nere N
is tlb%tweennuﬁbeép])itﬁéﬁ amand ehensecbndt hatenhamelerentFagbre 5 N=8,

25 7 dL=(L/2)78. The distance of the first part of t he S|gnal path

synbol ised by block 100a; - the signal travél's to th o
anpl iForereagih FUPIRANADL: FULCTRA (ﬁ??‘%e“aq st0 %q?:l%lF F)EF tﬁ’é‘%ﬁ s?%’ﬁ"ceof of

e TRRT G080 ohatile) Mdiidloppiting?y B0 khe] BYsbARcds 14Q@a-100n! he -

_ ently. travel ti-rst--antenna element 30 10a. It .
(IS seitveat tie spladteh ssoanandt ampeh.lfééréomaaheohl gmel alterndter t he

splitter 50 to:the first. gn_ll a ‘el enent 10a,is 2L .98/ 29921
PCT/ $EFHegp] 17 and L- dbr while"the “corresponding etond pREES 5nfPSsts with

the d%gc}naaﬂc a\{ﬁg rﬁﬁgerﬁo nggRergiiBnces | Oda-ebe taRwdkanal first’
e fi art o

he signal
the ampllfz.ers 40a 40h .and antenna elements 10a-10h 'are

15 alternated between L and I+dL. For any given amplifier 40a-40h
numbered N, N an odd number, the distance travelled by the
signal from the splitter 50 to amplifier 40a-40h is L. For any
g:iven' amplifier 40a-40h numbered N, N an even number, the
distance travelled by the signal from the splitter 50 to

20 amplifier 40a-40h is equal to L-dL.

For 'any given amplifier 40a-40h numbered N, N an odd number, the
distance then travelled by the signal from the amplifier 40a-40h
te its. corresponding antenna element 10a-10h is equal to L. Foxr
any given amplifier 40a2-40h numbered N, N an even number, the
25 distance then travelled by the signal from the amplifier 40a-40h
to its corresponding antenna element 10a-10h is equal to I+dL.
So, for example, the distance travelled by the signal from the
eighth amplifier (N=8) to the eighth antenna element is L+dL.
However, it will gquickly be seen that the total distance

30 travelled by the signal in every case from the splitter 50 to



-~

path corresponding to a distance 100b equal to L-dL to the second
amplifier .40b before travelling a second part of the 5 signal path
cor.requggij,g,g,;zg a distance 110b equal to L+dL  between srdyssweznt
anplifier and the second antennazl enment | ob. Here the signal
travels again a total distance of 2L between the splitter 50 and the~
seconGriirennaRmmNti0a3hoh is leruadacio sphseghepefard et &lsthamnde 10a- 10
the first part of 10 the _signal paths corresponding to the o
di st aromsreliegh yoGhe sigpal \eapine Ypiphass 5D evedYafipPefiers 40a-40h are
al ternated between L and L-dL, while the correspondi ng second.parts of

th i gnal _ pat ' di st . - 110
the it drs g eeo Ry ChRD sktnkbiy ok #1eT5itdgfid hdi "Ek"
al t'er natpd-ded veRar LrRads it idmrcaiybgi ¥881apPhelbesed Osetdlen thaunber ed

N, N an odd nunber, the distance travelled by the --signal fromthe
sphi t tatd Somkerat| paths 404 4bhei evenfuymmbgned paghsen Hnphif i @k540a- 40h

unb d N. N ) , th di st t I led by.th i I
rom mREatRYe {Ep° 4egiBto s syibem 5 “kBaioms sEih faur T 1apsens’ O"E
any gifff&nlr'ﬂﬁgédi %éfité@ﬁ'ﬁ@hté‘u%rfﬂr& Noah %%mw@ﬁ% ,h46£'-e4(%d wiistance

then trave 0y the signal fromthe, anplifier 40a-4C “toits
“COI'T e hen eque e riea 1e| Ehenleh@hs Gbetweayuche t fitst Eonr ampahfigrsen

anplifier 40a-40h -nunpered N, N an _even nunher, the ZS%Bgi étfgce t hen .

travel 493492 3 SR FSRRERY Sa ApISERRGy 1Shs 102 i ¥1LoR188pondi ng
ant.en e 55@_{1 te1Ga- 10h i s equal to L+dL. So, for exanple, the
dﬁéta%% _ave_li&cggby the signal fromthe eighth anplifier (N=8) to the
ei'ghth antenna elenment is L+dL. . . However,, it will quickly be seen -

that “Ime thwotsl tiiest hemgt}8) ofr avbe| ssedynd hEmimgnaengtrtheydrpncasbef rom
}32:% g%éi%igéiﬁ:gosé 0to the second fog\%‘) gt%éf:?g:%érs 40e-_|_4§h will ﬁﬁ}ehﬁal’él enent

| Oa- | Ofy,i STRAUGenkehel velhigsst Ohe EBEOHESERRSE amp1ifibtaveblegdoRyahihe
signal” remai ns in"phase in every case. .
. their respective antenna elements 10e-10h will all be L+dL. As
15 above, the symmetry here means that the lengths from the
splitter 50 to the first four amplifiers 40a-404 can all be L-dL |
while they would then be equal to L from the splitter 50 to the |
second four amplifiers 40e-40h. The lengths from the first four
amplifiers 40a-40d to their respective antenna elements 10a-10d
20 will also be equal to L+dL while from the second four amplifié.r’s
40e-40h to their respective antenna elements 10e-10h will be

equal to L.

The situation is again far different in this embodiment,
however, when we consider the IM products. Interfering signals
25 are received from nearby antenna columns at the various antenna
elements. These interfering signals ﬁhen are forced backwards
from the antenna element, e.g. 10a, through the filter and
isolator, 25a respectively, .to the amplifiexr, 40a respectively.
They then combine w_ith the desired signals to create IM products

‘30 which are transmitted back from the ampiifier 40a through the



It can be apprecTated by the symmetry of the situation shown in Fi gure
..Blthat..the situation can be easily reversed between the odd- nunmber ed

5
paths and the even-nunbered paths. It is also possi ign the
syst em sWOPRA2Lhe first four |engt ']% fromthe spli ?Ejgfsng'goz?gft he

I

first four anplifiers 40a-40d wil | be equal to L. The | engths between

the first four anplifiers . 40q-40d and their respecti v%ﬁ%nte na
el enefid tRFa-amy 1§91atrs o2 16 ARERNRY ¢lement 103, where they

| engt Oftrag‘}négﬁtﬁgaoegﬁéﬂg%ﬂ qr}ggg%ﬁd‘er‘om t he splitter 50 to the

secon our lers e-40h w || be L- - dL. The | engths..between
the second four anplifiers 40e-40h and their respective antenna el enents
| Oe- | Qin wial | nekinabe ditiatids 1&he alidW e produetssyereatad hbye anagineen t hat
“fhe lengths from the splitter 50 to the first four anplifiers -
40a- 40kEFEaRinge SigARl  vouldhi 1Re HBEARSHAS t RaTkne240RGI 2 0 B13M%m t he

itt 1.0 th | i fi erg. 4Qe-40h., ths, f
tsﬁ | f ipfa; aﬁ\‘q‘oeu;’(r) to %heaﬁ%]:?&ﬁ%?go%% 'Afglgﬁléo Jlt{lredﬁlre %g’séggtjls%%@a‘lh ennéa1§eel re(r)nTnt S

10a- | OthtAFeidd sigmalie egualkret ortimbrity | echeerhédewsegondrbotire
anplifiers 40e-40h to their respective antenna el enents |QOe-1Oh will -
_be . thagpafrow |adjacent RREENNAaCPINTNS dgaich f xeadh f Bor eadiaeenthi s -

“énbodi nent . . ovever, whgn ve,consider the LM products. interfering
S| gnal‘g&u% 1B epn}aéscee’i-v%réim?fﬁgm neao(r)dg%‘eéh efiha VTSR t HRVRTTOs
ant eNNghown i€l SFBRIfe Blesaowahvenrs eridhe SiigtRlFRRY asfghdl Cedapdckwar ds-
fromthe -antenna el ement, e.g. 10a, through the filter —and. L :
_i_g0| attherefore eshect ¢vwrsspanglinge IMpl pro@uctapawiddpde i ¥olrged to  They
‘then conbine w th the desi.k Lgnals to greate | M products 30 -which are
rens el v fhera et ho CARERIPFD OB, AT Bty | fEPEREES erdfentt
PCT/ SERJ4 020 7 For eX$hd¥ 2992] distance the IM products must trddel
filter and isolator 25a to the antenna el enent | 0a, where they N
is L for the first antenna element 10a, while it is L+dL for the

~ second '_anténna element 10b. It is then L again for the third
.15, antenna element 10c and again L+dL for the fourth antenna

. element 10d.

It can be seen that the distance travelled for the IM products
alternates between L and L+dL as we proceed from the first-
antenna elément 10a to the éighth antenna elemént 104. The
20 wavefront for the IM products from the even numbered antenna
elements, here 10b, 104, 10f, and 10h, will be shifted in
relation to the wavefront for the IM products from the odd
numbered antenna elements, here 10a, 10c, 10e, and 10g. This

will result in less coherence among the IM products.

25 However, as we saw above, the desired signal arrives at each
antenné element 10a-10h simultaneously‘, so there i.s no tilt in
the wavefront for the desired signal. This shift in the relation
of the phase of the desired signal in xelation to the IM

products results in decreased interference from the IM products.



are transmtted to the air interface. : In a normal situation the IM
-product-s--created-by-a-given - interfering signal wuld be reflected
back ﬁ)q)%gﬁ plane 5 parallel to the antenna col um.pdfi§gor0s1@ue to the
fact tha e interfering signggs we are primarily concerned with here
are ~those from adjacent antenna col ums which reach an adj acent _

col upm i e.¢ | nd hanewhRodiwBNt pREsE heypEeSENt g Ml OFor Sh@Wn in
Figure b5, owever, the interfering signal, an 10 therefore the
cor r eslipoditents Mipvwodust Figuxelsl 4bend &r.ceth tithe finstadébgman Bf ditent

di stance for—-each pair, of antenna e enents, | Ca-1 Oh. For exanple, the

di st @ cPenEeem Ehg‘élu'é]?% Phasge t’rsd\é}‘”- ed | in{o 1 gighthe GARESSPANCARTa el enent

| Oa,, whiJ.e it .is. L+ ' e co ng. el | Q. is then L
agai I 'oﬂr-r?-? he ltgﬁlltr d&%%&eérﬁ cAR5eR grren e‘ﬁ%%egandfe agg&r}}fm{’ 1|‘Tt(§lrlstshe
kouri M aeteares tha et phdse of | theanrtie pesauddiat firden dissicmce

travelled for the | Mproducts alternates between L and L+dL as we

pr oceudseguent hantenna elemegst WAAL brerbiftedafustheie by gmeredahtima

el ement _10d, . The,_ 20 wavefront for .the |Mpraducts fraomthe, even nunbered
ant epflareLoEipR Ear the "I ol I 688 e Ao ARGed” BT Toq
- rel a{,0pehowib- Yevateanh. E2embhes| MiBLOGHSA NS D -tf_*ilﬁfs@d@._i'algra_tﬁtu Eered
antennha el enents, here 10a, 10c, 10e, and 10g. This - w T result in’

| essinbber¥ncCompanrgdt heiti mhdductis. thes sépomdediagsame Bawldmve, the
desired signal. arrives at .each - -antenng el enent |Oa-10h sipul tapeously,
Yo tﬁ@?ﬁeﬁgm_ﬁﬁst Pt & embqaifé“%e%‘%ﬁ i Eidifest v JEET gﬁgg: ff"hi s shift
in tBe kekaki A ternafl- bBewRBASBedhgt NG O8RLEEdwItHNRhe| RakSliali G tO the
IM 7 products_results.in decreased interference fromthe | M products. -
WD 9B£28§2180 degrees out of phase. PCT/ SE97/ 02117 ‘

15 In Figure 6 is shown two phase vector diagranms for the

The result of the present invention is a reduction in the IM
products generated by the power amplifiers in antenna columns.
15 Typical 1levels of IM products are about 80dBm. This can be

calculated as:
IM30=P0-ITXTx-II-IM3-IL-IF
IM30 = IM3 output level

ITxXRx Isolation between Rx and Tx antennas

]

20 ITXTx

Isolation between Tx antennas
IL = Insertion loss Tx path

IM3 = IM generated by Power amplifier

P0 = Transmittexr power output
IF = Isolation filter
25 IL = Isolation isolator.

Typical values might be: IM30=+33dBm-30dB-45dB-15dB-3dB-204B=-
80dBm. As the present invention lowers the IM products generated
by the power amplifier the result is a lower output level of -IM

products. Expected :i.mprovements' might be in the range of 10-



enbodi nents shown in Figures 4 and 5. In the first diagramA it can be

seen.that the phase is divided into eight, corresponding - to"the eight
different antenna elements of Figure 4. This 5 ”l%@iﬁ@z t7hat t he
phase &YO%%39821 | M products from -Each subsequent ement
will be shifted further by one-eigh in.relation to the carrier

si gna b preC| t ed t hat stemw th N antenna el errents i
Wil épe#de%? @"(fa]i St anPirglC&?ﬁt 53'%te“‘cdrﬂ?&re@6n\'7\?‘f+f”f% sThes  the.
seconded 291 A4 %ﬁyo%méﬁtscqw emorzsi&;hfttg%oaﬂéeg' At éﬂ%maig offi gure 5.
Here the I'M products alternate between being In p ase wmth the carrier.
to lowerngstaﬁddegseesewraﬁ flarse.the adpbifeatd,t diltbesprasént
invent,iorlﬂ is are %ﬁtlon int e | M products generated by the power .
anpl | APRI_EPRS KPR ac"’l'beer‘Pﬁ§ Ylgav?y&PcSPSFével s of | M products -are about
80dBm This can be cal cul ated as: | MB0=PO- ITxTx I -I MB-1L-1F

| MO0 FkMEnBUEPHEnt € Vlscribed B6BYe=ske0Lahko1BELLCRN f3E.20d o 1XaRat ennas
2 X Jrnser

Ix = I'sol ation between Tx antenna 0SS Tx path,

| VB =nbhl gsné.limnedthgsnPomrw:B]rﬂplbé i ®pparent Ao =oré %Erﬂrfdtlﬁéri)okékilmm put
|F = Isolation filter IL = Isolation isolator. . Typi.cal val ues

m ght iBe:thavBBEk33dBh S‘%EiBrZFG‘&'BSI SRR 38B- Z0Ri-- from gheBembAdimeBLEr esent

by th |t £ i th
| v HeBl LB aulle LHLRLO0UALELBENEL kB, el PRUET SBIRLY LT (1€
mi ght the iimviehticangaheketbre, the 1nvent1¥9@ WiR382%ot be regarded

PCT/ SE97/ 02117
10 as being 1limited to the examples descrlbed but should be

-' regarded :Lnstead as being equal in scope to the follow:Lng

: cla:.ms



16 20dB, depending on.the particular systeminplenentations. The

reswl ting inprovenents i-n- M-output—-products-can al'so allow | ower

st andar jred for the anplifiers, filters and. - ors

whi ch cgﬁogj{r@g y save in costs. P7 The enhodi nent s des‘é?’.”’ﬁ’é%ﬁ@hnvp serve
nmerely-as illustration and not as limtation.: It will -be apparent toc
one of ordinary skill in the art that depart uresumumtﬁﬂmnn t he
enbom_tﬁs_mmﬁiﬁged above without departing fo ¥ scope
of the 1 nvention. Therefore, the invention shoul d*not Be r"egarded 10
as being limted to the exanples described, but should be . .reqgarded .

i nst dad asAberngesnaalcoliupngc@@e.d canhental kodumg haviogaiNsantenna VO
98/29921 et e e eew. . PCT/SE97/02117.. .. . . . -
17 SASTENSS LNl B 135098 IERRERT o iiaTc of unfachs 854 SAiCenat ¥Pm

havi nng, & n : iR : r . 4. each ai d
ant eﬁa&%ﬁgnsgntgag%ﬁg?ngési 'It\lg@ﬁom%%g%%Pgéggh i n;aq‘ggﬁ%jf?f’i er?ﬁ‘f%ﬁ er-

i sol aigslatand angonavicomdino radilocesodmte t FaRs Mt Linddd ttadyo sa@Dal s of
wavel ength L to each of said N antenna elenents by N fixed and different
pat hsSigmkaceErvawlengtihdt toegachools fiad NN ispdenandetienénts by gt hs has

a first Qé‘ré???#l“éff%%%‘inﬁa‘éﬁgl'* Fﬁ%lf?cu' $ é-%ga%% . 1iag._ ng..t-he_part..of. sai.d.path

bet ween a sp ared oy al rxed a Fent pat hs and- each said
anplifier, and said second part being the part of said path between each

sai d cagh i 6f esa AN £Exexhighd Qi@ RGCHY eRRA LFePBh i parbesgd Nt he sum
of- t he Ieﬁ_t hs of said first part and said second part of each path is
equal 5P PaFll. \Frkc figet| pAyEhRedngt bee dbaterefitsaidr pathfbeteepat hs are

chOSed, KB 2etRE BARkOAt b SaaU ol UESEKERLELS ol el BB 211
char agdtd | el i fidhatand said second part being the part of said path
between each said amplifier and its said corresponding antenna
é_l_ement, wherein the sum of the lengths bf said .firs.t part and
said second part of each path is equal to 2L, and where the
lengths of the different parts of the paths are chosen in a wéy
so that the sum of the phase vectors of the intermodulation

products is substantially zero.
2. The antenna column of Claim 1, characteriséd in that
the length of said first part of each of said X paths is equal

L
to L—(n-—l{\a—]-\-r—) and the length of said second part of said paths
is equal to L+(n-—1 _2N » N an integer varying between 1 and N.

3. The antenna column of Claim 1, characteris=d in that

the length of said first part of the odd numbered paths of said
N paths is equal to L and the length of said second part of the
odd numbered paths of said N paths is equal to L, and the

'1ength of said first part of the even numbered p.aths of said N



the length of said first part E n n)u N paths is equal .to .
L-(n-1)[err] 'and the length otﬁmmﬁﬂ m Imr I ‘of said paths s equdl to "
L+(n-1) an i nteger varyi hg betWeén T and N 3. : nna

col um &\%8@? characterised injthat the length of gﬁ'@éﬁi‘@gﬁpart of
t he odd nunbered pat hs of said N patlhs Is equal to L and the length of said
second part of e)odd nunbered paths of said N paths is equal to L, and®

the | fifiste RaHd 1RInddie S edh i} @é’é&tﬁp@%}rgségg; 6%%3%"%"‘

WO 98 921
18 pat hs L- [err] while the Iength of said second part of the even

nunber t i er . The antenna col um of

C ai m araggg’P g L\L‘{? %atﬁ} [‘ﬁe%(b“)d said first .part .of the .even ..
nurrbered pat hs of said . N paths is equal to L and the I ength of said second
part of the even nunber ed paths of said N paths is equal to L, and the -

| engt 4 -of Shied anitesnapaeiumt athCladm dunisheahqrattisedfisailhtN paths L -
[err] while the length of said second part of the odd nurrbered pat hs of

sai d a hs | [er he enna colunp of C aim.1, :

char a&h%r ?‘n ﬁ?ﬁt#er%eﬁgat (ﬁfa %;\ed Ve PURRRFed PRIRS Of §Flﬂ:1 to

___I\I:I\VZI\p%taJﬁsofls equal to L and the length of said second part of the ~ . ="
even numbered paths of said N paths is equal to L, and the

length of said first part of the odd numbered paths of said N
paths L—(E—ﬁ) while the length of said second part of the odd .

numbered paths of said N paths is L+(-£—\;) .

5. The antenna column of Claim 1, characterised in that

the lenéth of said first part of the first N=1 to N=N/2 paths of
said N paths is equal to L and the length of said second part |
of the first N=1 to N=N/2 paths of said N paths is equal to L,
_and the length of said first part of the N=N/2 to N=N paths of

. : L
said N paths equals L-(m) while the length of said second

part of the N=N/2 to N=N paths of said N paths is L+(2§V)

6. The antenna column of Claim 1, characterised in that

the length of said first part of the N=N/2 to N=N paths of said
N paths is équal to L and the length of said second part .of the
N=N/2 to N=N paths of said N paths is equal to L, and the
length of said first part of the first N=1 to N=N/2 paths of

. L . .
said N paths equals L—(-i—j-v—) while the length of said second



/,....

said N paths is equal to L ﬁlmmmﬂ"l I aid second part of the first
N=Il to N=N 2 paths of said mauu lo Land—the- ’rength of sald ~
first pawogahotdice NN 2 to N=N fat hs bf ssard N paths equ

while the length of said second pagy of the NEN 2 to N= pa s 0 'said N
paths is L+ [err]. 6. ~The antenna colum .of Caiml, charact erised in.
that pdwet | efgt bhef Siatat fNESt @80 iy h 2 ths sald N
paths is equal to L and the length o_?f/sjal ?aﬁ’%n J%_i o?let l'?eat to N=N
pat hs 2f sd@di ¥ N paths is equal to L, and the Iength of said first part of

the fi "to N=EN 2 pat hs of said N paths equals L-[err] while the )
| engt h of sal d second WO 98/ 29921
PCT/ SE9Q7/ 02117 =~ .. ... . . . . .....19. part _of the first

N=1 to N=N2 paths of said N paths is L+[err].



