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WD 2004/ 102739 PCT/ GB2004/ 002016 1 Phased Array

Ant enna Systemw th Adjustable Electrical Tilt The
wlh@aAgisbnvention relates to ' a phased arraypapi8Bha/002016

systemw th adjustable electrical tilt. It is

suitable for use in many areas of tel econmunications

but finds particular application in cellular nobile

radio 5 networks, commonly reflerred to as nobile

t el ephone networks. More specifically, but w thout

limtation, the antenna system of the invention may

HiEe oty AR a Sy ERER AR R B ETRE 21 o

(3G nobile tel ephone networks such as the Universal
Mobi | e Tel ephone, System (UMIS). 10 Operators of )
The 1presenhomiveationdirelates wier ks Rftasedalarsaye rgsitepna heystem with

SRARE  PlPcarical | filtar Tiroth | Sitailer dOotuser i (eny arcas of
T A TR
e GeB  mmrS o bl R 2R iSRS ebliolt  h¥orks. More
sPebiti Ty e poR Hfifiion i 372508 st of B fiffgntion may
Hé@%éc?wisE%ﬁ@@g@%ﬁ%&ﬁ%@@%ﬁéﬁﬁfoﬂE #&@%brks such as the

sector I's connec atro or radio
kfedhl AdWhidd ' Bdisiie asiepho #o
(gglg“g?b Bas gﬁgt at i o%‘léﬁ%rgfemhrﬁ;t(g}r)contﬁec?ggﬁgghgt%égr ris such as
theangiversalavipbilec Telephons Bigtémy @PIMITSY.0- poi nt 20
radio links or -fixed |and-1ines, allow ng nobile
radi os throughout the cell coverage area to :

RPN o et SBEBUR DtinZ etFotiS Rebtalil Yy 'feir own
Hﬁ&yﬂ%ﬁongeleﬁéﬂ At FRRi fabafl @ﬁg@bﬂgr%&eﬂﬂh??%%s%eﬂular mobil

ased arrlay antennasare Known: ~such an antenna :

I@%@%&ﬁ‘??@%@ %ﬂﬁggﬁg %é)&glgl%gﬁ f9Et0Fahedefifitlovh ddbrage area

in which communication to the base station can take place. The coverage

area is generally divided into a number of overlapping cells, each associated
with a respective antenna and base station. The cells are also generally

divided into sectors to increase the communications coverage.

The antenna of each sector is conmected to a base .station for radio
communication with all of the mobile radios in that sector. Base stations are
interconnected by other means of communication, usually point-to-point
radio links or fixed land-lines, allowing mobile radios throughout thé cell
coverage area to communicate with each other as well as with the public

telephone network outside the cellular mobile radio network.

Cellular mobile radio networks which use phased array antennas are known:

such an antenna comprises an array (usually eight or more) individual
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2 antenna el enments such as di poles or patches. The
antenna has a radiation pattern consisting of a main

wbabf@pdesi del obes. The centre of the main |°?€Tde°2004/002016
i.e.

the antenna's direction of maxinmum sensitivity,

the direction of its main radiation beam It is a

wel | known property of a phased array antenna 5 that

if signals received by antenna&el enments are del ayed by

a delay which varies linearly wth distance from an

edge of the array, then the antenna main radiation
helermbselehenne duohwas diipbled of peethay Dhe izitesasiig a radiation
del ay. The angl e between nain radi ati on beam centres
pattemseomsisting tof z enainalobermd sizdeicbesarTiee centrerof the main lobe

-delay, i.e. the angle of steer, depends on the rate of

Bhthggentermak diegosioniof imakimane seasitaty,t he. dhe alirection of its
Del.ay nmy. be_ i npl enent ed equi val ently by changi ng _
Biagh apdisiionebeatain db 18 neweaglm@wai wepsHsef aapﬁ&‘sp.d arrey antenna

enna pattern can ther r

fﬁ?ﬁ’@&f ggigal@n@lg;f(ﬂ}cgiﬁa Vi ﬁ%tépﬂatséeﬂ@r% i8R sﬁiﬁﬁfﬁ%‘gtmg gndelay which

R R R R —
-ar ]:(‘)f he nten& . é% or of .. phased .arrg\. g delay. The

érsgtlglﬁ SGF IS .5? B‘f. ra8i ﬁ%‘? r .]"1’1%?'\‘73

SRR eriRtn, bt atifdednl Bk OLRPS RorieEbbblig so gorp pmd non-

188 YAHAHGRY Qic%’?“f - 1.6NR APoIRESESBES y%ééfé gt tﬁg?ate of change

vertical angle o ’t]he anter%a S mal n am al'so khown

85dthg with distaridd A488¢ RDakfyad] ust the coverage area
of thé antenna. Such adj ust ms%t may be required, for

exanpl e, to conpensate for change in cellular network -
R RS LR e sHEReIaLY by Chr iR G ablinse, hence the
SRR oR Ry b 558l a8 BEohuedti ebisSh phn sherefore

be altered by adjusting the phase relationship between signals fed to different

-,

antenna elements. This allows the beam to be steered to modify the coverage

area of the antenna.

Operators of phased array anterinas in cellular mobile radio networks have a
requirement to adjust their antennas’ vertical radiation pattern, ie. the -
pattern’s cross-section in the vertical plane. This is necessary to alter the
vertical angle of the antenna's main beém, also known as the “tilt”, in order
to adjust the coverage area of the antenna. Such adjustment may be required,
for example, to compensate for change in cellular network structure or
number of base stations or antennas. Adjustment of antenna angle of tilt is
known both mechanically and electrically, and both individually or in

combination.
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Antenna angle of tilt may be adjusted nmechanically by
"noving antenna elenents or their housing (radone):

wobolspoigéerred to as adjusting the angle of  per/eB2004/002016

"mechanical tilt". As described earlier, antenna angle

of tilt may be adjusted electrically by changing tine

del ay or phase of signals fed to or received 5 from

each antenna array el ement (or3 group of el enents)

wi t hout physical novenent: this is referred to as

adj usting the angle of "electrical tilt". Wen used in
Antesna laagleradf] u% may damedjnsted mechasiilby gy moving antenna
antenna's vertical radiation pattern (VRP) has a

¢lements or thelghauséag (rtadoyoe) aenrefered t ah adiusimgthe angle of
IBeRauigal AAyeAS gescoibaceaniorgintonaa aelact lignay be adjusted
BRI B B e e bl e oy recved
81 sakh "t Hine “SHRL RIEEeRP s folyd pheicalse without physical

. fligting . f | es i e .55
o RS AR R R e R
| obes. A first upper side |obe level, relative to the
boresi ght |evel, of -18dB has_been found to provide a . .
Whane misedt ine anpeldwlas emobiley sadio neymods pephesadhacey anfenna's
The, effeqfi}a of adjusting.ejther -th anFI e qof. nechani.,cal -
Yeuticagra anrﬂﬁt%: »bas aagimber of sigrifcaphiuirgpents:
the boresight so that it points either: above or 20 -
bel ol t Heighamaolvtad (gl eresight) ghirghanges the cover age
area of the antenna. It is desirable to be able to

of 4 arft S e Bty Lpve) iRy IR0 st phighference
2l | ows. T Bl i B X b @B b HEREEATCAN of Hlebwi;

sector coverage €se Torns o

different effects gn antenna_grqund coverage and al so
on of-hera instdeney side doboa lened ratiicientiogrigivicoaiows, 4
in the station'.s i,mediate, vicipity., Nb'reo\f%’

oper at i FFEIIBHHLR@RE (N fhe mmediate vicinity ol the antenna.

These requirements are mutually conflicting: for example, increasing the
boresight gain may increase the level of the side lobes. A first upper side
lobe level, relative to the boresight level, of -18dB has been found to provide

a convenient compromise in overall system performance.

The effect of adjusting either the angle of mechanic-:al tilt or the angle of
electrical tilt is to reposition the boresight so that it points either.above or

below the horizontal plane, which changes the coverage area of the antenna.

It is desirable to be able to vary both the mechanical tilt and the electrical tiit
of an antenna of a cellular radio base station: this allows maximum
flexibility in optimisation of cell or sector coverage, since these forms of tilt

have different effects on antenna ground coverage and also on other antennas
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improved if the angle of electrical tilt can be
adjusted renotely fromthe antenna assenbly. V\hereas

woRoANhenya s angl e of mechanical tilt may be

by repositioning its radone, changing its angre %#ﬁ&ﬁﬂmmns
electrical tilt 5 requires additional electronic

circuitry which increases antenna cost and

conplexity. Mreover, if a single antenna i s shared

bet ween a nunber of operators, it is preferable to

provide an individual angle of electrical tilt for

mndheopstatinms . irihrediaed vicnityn Muteoveralopengfienalf efficiency is
electrical tilt froma shared antenna has 10 hitherto

H@pr(b%i] ifréhe sanglhaef elactricaldtilih conrtpe edjsstedi remsgtelprirom the
er f or mance. Fur%ﬁhr reductions in system performance

nppsasseEehly. i Wheteasqan M@m%&ﬁglwfanmhmm may be

t he, t.echni que. adopt.ed t 9 change the angl
Slinisted 5 @pgsltmm 1) SRAQEK: 8 gmé@r@f clootrial
Handbook d 3, .MG aw H| [ | 15 | SBN 0
26iL C%cg}}? CCisglist which dBcrsaset fuenia cost and

éf?lé@?%?@& MP?%O‘%?”E*‘ Aol 4Rl ShARY PeRveep & number of
Opiaifes, & ggg,&gfe&@a%gggbﬁg@ng@ Vbl el o pgical il for

ﬁg@tﬁg @rﬁof.adl ating elenments. - Each antenna el enent

as a varil abl e phase shifter associated with it so
that signal . phase 20 . can be. adjusted as a functi on

d| S%f éqe%}gﬁ;l ﬁ{laeﬁlilgnle% to. V‘ﬁ?-[bél tl,g%an enn antennahas

tioned s as to set

l,.t ed .h
ﬁ*ﬁéﬁﬁgt@@é}tl Hoer et DeRbhas gHEd &, RmHronyass oin  system

'ﬁéff%%%@ﬁ%?t Bufths} e dpdcdpfi iy R pRE A, alsdtgeur if the

@ise S 05 ddisEGA %‘feﬂl ReHidle T3%%ed 43 change the
aﬁ ?’? can be adj bt &

ectrlc enotely

TeESIE Wij¥sing a servo-mechanismto control
hlg% os?rtel%g[%C%f t'he phase shifters. WD 2004/102739

PCT/ GBZOO4/ 002016
R. C. Johnson, Antenna Engineers Handbook, 3rd Ed 1993, McGraw Hill,

ISBN 0 - 07 - 032381 - X, Ch 20, Figure 20-2 discloses a method for locally
or remotely adjusting the aﬂgle of electrical tilt of a phased array antenna. In
this method, a radio frequency (RF) transmitter carrier signal is fed to the
antenna and distributed to the antenna’s radiating elements.” Each antenna
element has a variable phase shifter associated with it so that signal phase
ca;n be. adjusted as a function of distance across the antenna to vary the
antenna’s angle of electrical tilt. The distribution of power when not tilted is
proportioned so as to set the. side lobe level and boresight gain. Optimmm
control of the ﬁngle of tilt is obtained when the phase front is controlled for
all angles of tilt so that the side lobe level is not increased over the tilt range.
The angle of electrical tilt can be adjusted remotely, if required, by using a

servo-mechanism to control the position of the phase shifters.
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5 This prior art nmethod antenna has a nunber of
di sadvantages. A variable phase shifter is required

Wb%mﬁ\éﬁsy antenna el ement. The cost of the anbepR&0dH02016

hi gh due to- the nunmber of such phase shifters
required. Cost may be reduced by using a single
common del ay devi ce or phase shifter for a group 5 of

antenna el enents instead of pe¥ elenent, but this

i ncreases the side |obe |level. See for exanple
%ublished International Patent Application No. WO

Bi90 peirEcart2methbd apdierse haat & mumbet iof adisadv Motages. A variable
JP20011211025 A.  Mechani cal coupling of delay devices
phgsepshiftasd strequitiedsfordesieay santouma iefernsnt.dlhe icost oftthe antenna
do_this_ correctly; noreoyer,_ mechanical |inks and
isehigh [dusufte the nombhes- ebisuehnphase shitensore@ired| Gpst may be .
EQF ug er side | qbe I|evel incrfas s . when hhe tenn
regduced; Ry ugHig dosiagle commanen ¢s 8VI6t @hPRAPe SBUHEelOr a group

5 o] RS SRR 55 A B3 G 188 s T
BN KOG YRR P, Affhenion o
S0 0 A5 0 S A Shp LR L 001 E8¥L025 A

frequenci es (frequency division duplex system, the
angle of electrical filt in transmt [

Mechanaenl goupling of dolay dewicgs m_aaé)eoa&ggg@laaiust delays, but it is

BHERSIERY go SR BAERER: pRet b apgRL ks and gears et i

BB BnE ISR oY Ao al RS GBS Aiegbe lovel increases

oS S 5 DR R Safls, SR 4 miplilial somcce of

%#@ﬁﬁéeﬁr&ggiﬁﬁ%‘éﬁﬂgﬁ&@] %raggits e ans'!';\ tﬂé{r§ na |I@EA ¢ Shared by
p P

LGMME: oPRRSEHARS (1B GHABRES (RS YAVE A\CoRRASH RIS clectrical

tilt instead of different angles which is preferable. Finally, if the antenna is

used in a communications system having up-link and down-link at different
frequencies (frequency division duplex system), the angle of electrical tilt in
transmit mode is- different from that in receive mode because of frequency

dependence of properties of signal processing components.

International Patent Application Nos. PCT/GB2002/004166  and
PCT/GB2002/004930 describe locally or remotely adjusting an antenna’s
angle of electrical tilt by means of a difference in phase between a pair of

signal feeds connected to the antenna.

It is an object of the present invention to provide an alternative form of

phased array antenna system.
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The present invention provides a phased array antenna
systemw th adjustable electrical tilt and conprising
6RoAfoREe Of antenna el enents characterised i petfedbo04/002016
the systemincorporates: a) a variabl e phase sﬁlfter

for introducing a variable relative phase shift 5

between first and second RF signals, b) splitting

apparatus for dividing the rel@étively phase shifted

first and second signals into conponent signals, and

c) a signal conbining network for form ng vectori al
Thebipragémnsnvéntion peovidesent pliged! srtay pamenda aysiem with
respective drive signal for each individual 10

adinetatde ebleotricalitilh apgr opripaisdnghasi agrayelodt iantema  elements
other drive signals such that the angle of electrica
chanactarisedenaihat yhe sysi¢pudneoiporatest esponse to

alteratjon of the variable relative phase shift | .
ahta yaueble mhasaeshidiar alireintpodaing na f vatiablengelative phase shift

i nyention provides th vantgge that it is possible
toVQSJW%P Séépais@ﬁpnallgﬁtsignﬁgsor t he whol e array
singl e. varia i f

b oblisihay pibanlde ok, riarinebanTIARYCDY dhate spitted first and
o Y4B AR BRr bbay By R P T O™

O E RRER AR861fihe hEPkO Hon foltmg v ot ToRiPmatidfis of the
fi optpanert Kgndh MPRRNE aHeRpRm LT dRYADfnoach individual
S eGRfEhYAR el kAt %ﬂ% miﬁf)ﬁgge phadin eebihfve rtefggégiy&ﬁve signals

a conponent sig _ een phase shif
t hgulchrihiat Y86 iaalalle ofhsisetrial iflebf the dridieis adfndable in response

vari abl e phase shifter providing a further conponent

si goadltepatioutoff the vdréatsiegeddtivophas sitfaidredese] by the variable
shifting network either 25 directly or via one or
nmorphasplshifter./ vari abl e phase shifter conbinations. WO

2004/ 102739 PCTI GB2004/ 002016 7

The invention provides the advantage that it is possible to adjust electrical
tilt for the whole array using only a single variable phase shifter, instead of
,one variable phase shifter per antenna element or group of antenna elements
as in the prior art. If one or more additional phase shifters are used, an

extended range of electrical tilt can be obtained.

The antenna system may have an odd number of antenna elements. The
variable phase -shifter may be é. first variable phase shifter, the system
including a second variable phase shifter arranged to phase shift a
component signal which has been phase shifted by the first variable phasé
shifter, and the second variable phase shifter providing a further component
signal output for the signal combining and phase shifting network either

directly or via one or more splitter/variable phase shifter combinations.
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The vari abl e phase shifter may be one of a plurality
of variable phase shifters, the signal phase shifting

wenReh4&@s3b Ni Nng network being arranged to prOdise%‘GBIZOM/OOZOIG
_ gnal's

antenna el enent drive signals from conponent Ssi

some of which have passed through all the variable

phase shifters and sone of which 5 have not. The

splitting apparatus may be arrénged to divide a

conponent signal into further conmponent signals for

i nput tp the signal phase shifting and conbining
‘hbewsatiableTiphase gshdftephamy bei bnengf angplomlitiyniofigvariable phase
network may enploy phase shifters and hybrid couplers
ghijisrs.athe signabphese shifting gnd eombiniag tietwarkybeing arranged to
conpi ni ng the conponent  signals. The hybrids may, be

1 uqye@né@mwf@m@m e SASRRS B OB #QIROBENt Sighels some of

hybri ds. The hybrids be constructed rin .
W8 Sve o hicieit Bitbe SHew O plpss shilery difbgeme of which
ﬁnd ou%put ports separated by )/ 4, where n is an

%Y%EQ *and ? is the wavelength of the RF signals in

mat eri al of which each ring hybrid is 15 constructed.

The input and output ports of each hybrid are matched

Thet splittimgsapparaipsemaic be Mmangsdto diivide avemmponght gignal into
conbi ni ng the conponent signals may be .desjgned to_ . .
tCqmponer§ gagnals: foanmput ot the ctigeal sphasearghifting and
di fferences other than (|1+ 12) and (11-12). .20 The
SMOIRINg, nﬁw@ftka?ﬂa? sighalaphesep grand epmbipimg metwork may

SRR LSSy 5 B QTR B SA B BB pifing anc
FeaBERs, cofy g oftadfedh SRLY, e IR by be 180
I . § t . .
3P PR I AR R R g Ry may
86 omr et 8 i SRR Baly A kAL ARG @TIVZR and. input
%984&&83%%3801@9 ée%%%g%y %92%2, Rwhere n is an integer and A is the
wavelength of the RF signals in material of which each ring hybrid is
constructed. “The input and output ports of each hybrid are matched to the

system impedance.

The hybrids for vectorially combining the component signals may be
designed to convert input signals I1 and 12 into vector sums and differences
other than (I1+ I2) and (I1-12).

The splitting apparatus, variable phase shifter, and the signal phase shifting
and combining network may be co-located with the antenna array to form an
antenna assembly, the assembly having a single RF input power feeder from
a remote source. Alternatively, the splitting apparatus may incorporate first,
second and third splitters, the first splitter being located with the variable
phase shifter remotely from the second and third splitters, the second and
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third splitters, the signal phase shifting and
conbi ning network and the antenna array being

wbB904062i;8d as an antenna assenbly, and the as%%'fmﬁﬁoomozolﬁ
Pt

avi ng dual RF input power feeders froma renote
source at which the first sputter and vari abl e phase
shifter are located. 5 The vari abl e phase shifter nmay
be a first variable phase shif8er connected in a
transmt channel, the systemincluding a second
vari abl e phase shifter connected in a receive .
thiedh replitters e ribe nsignbk phiase | Shlfll]]lﬁ namd t combiniegeineework and the
channel s providing fixed phase shifts instead of
yatcnabl arrphidseinghcdtlocatnd asiapnahiepimas essemilbly, rapdate assembly
conpi ni nglsnetvvork Is then arranged to operate in -10

haymg duak kit inpvd pawer {eedess dtomya gemgie isoyrematavhich the first
el.ement drive sigpals _in response to signals in the
%P]é‘ﬁ%mgéﬂ%@bi‘? E’Hﬁﬂf‘ds @engcateflecei ve channel

signal from signal s devel oped by antenna el enents

operating in receive node. The angle of electrical
Thetvartablbphase dhifendeny be adirvsvalihble phagaghift@donnected in a
15 The vari abl e phase shifter may be one of a 1

rhnsmiii tchanhelathabiystemaseclsling ea sseamrbovaiasiewphhse shifter
respective operators, and the. systemincludes
eonipeatedginaadrecebiebichanelaghercatuay fer similar fprsinjhatmsl receive
on to_common _signal feed apsg]gt[tat_us after phase

ehamnels prayiding, dead, phase ihilte ipstens obi Yagakle phase shift: the
AP T T 1 N yR——
Bt Rt 8 eSO oo inas
D A E el I -
SRRARA. LeRabArbnd Lighl| FNAoBRAEy ~INiEhRR o RAAR: Btating in
&%&R@%&e.?ghg ggggc?’ﬁf RS dRritar i %a?{é?lh{ﬁsé gfugrenﬁpg "Hiustable in

processi ng It es suc

SR Alddee in transmt and receive nodes wth

I ndependent |y adjustable electrical tilt in each node.
WD 20041102739

The variable phase shifter may be one of a plurality of variable phase shifters

associated with respective operators, and the system includes filtering and
combining apparatus for routing signals on to common signal feed apparatus
after phase shifting in respective variable phase shifters, the common signal
feed apparatus being connected to splitting apparatus and a signal combining
and phase shifting network for providing signals to the antenna containing
contributions from both operators with independently adjustable electrical
tilt. The plurality of variable phase shifters may comprise a respective pair of
variable phase shifters associated with each operator, and the system may
have components which have both forward and reverse signal processing
capabilities such that the system is operative in transmit and receive modes

with independently adjustable electrical tilt in each mode.
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9 PCT/ GB2004/ 002016 I n anot her aspect, the present
i nvention provides a nethod of adjusting the

wolhesifobsal tilt of a phased array antenna Sysb@’ﬂeﬂzﬁ&/{mom

systemincluding an array of antenna el enents,
characterised in that the nmethod i ncorporates: a)
introducing a variable relative phase shift between
first and second RF 5 signal$ b) dividing the

rel atively phase shifted first and second signals into
conponent signals, and c) vectorially conbining and =
Inesnothes| aspeby shespiesennhyivensian ppovidas Esng@thba of adjusting the
provide to provide a respective drive signal for each
¢lnairicad Gt ofatphesed arcay hatesma systemaphst system tnclnding an array
phasing relative to other drive sjgnals such that the
eiantenda elements, characterised m hatdhe spethod, memmogptes; n

responge to alteration of the varighle relativ ase
BhIRROdTH oA VIl TNV PhgaS ShifroR e e AB0 Sctond RF
el enents. The nethod may include generating at | east.

nent signal ' which 15 has undergone phase

on

B od RIdlifely Yoiles” ShUREL° SRR IR e siguats into
[ n%b '%ﬂrs?gﬂﬁlisngn antenna el enment drive signals

from conponent Si gnaﬁis some of which have passed ‘
ShFRRRRY chABIfRSS ShchinEsy phebt SRR SOmpnent signals

conp seidesicg?ﬂiviﬂetaorésge&@eé drRR sighRPhaéact tiividual antenna

for input to the signal "phase shiftirng and conbi ni ng

netel@rhknt Withiray ﬁgpm@ue shldtiver ®© etitbrhdfive dsprials such that
phase shifting gn vectorially conbining the %

conthensmgles iofnealectridiie tiy wfi dse nmyapeisl adjukigbkee in response to
hybrids. They may be ring hybrids with circunference

( ndite2ation afdhe ivapiablanelative plxaspshifs. separ at ed by

X14, where n is an integer and ) is the . 25

wavel ength of the RF signals in material of which each

ThB %Pty h&ve an odd number of antenna elements.

The method may include generating at least one component signél'which
has undergone phase shifting in a plurality of variable phase shifters. The
variable phase shifters may be ganged, the method including producing

antenna element drive signals from component signals some of which have

. passed through all the variable phase shifters and some of which have not.

The method may include dividing a component signal imto further
component signals for input to the signal phase shifting and combining
network. It may employ phase shifters and hybrids for phase shifting and
vectorially combining the component signals. The hybrids may be 180
degree hybrids. They may be ring hybrids with circumference (n+1/2)A and
input and output ports separated by A/4, where n is an integer and A is the .

wavelength of the RF signals in material of which each ring hybrid is
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WO 2004/ 102739 PCT/ GB2004/ 002016 10 constructed. The
splitting apparatus nmay al so i ncorporate such ring

WB&@M/H%& one port of each hybrid being term ge&ﬁﬂzb@oozom

a resistor equal in value to the systeminpedance

forma matched | oad. The hybrids for vectorially

conbi ni ng the conponent signals may be 5 designed to

convert input signals 11 and H® into vector suns and
differences other than (11+12) and (11-12). The

met hod may include feeding a single RF input signal
tonstractednibe splittingeapparasud nidy Ako isn@bh-?@tate ReReing hybrids,
shifting and vectorial conbining in a network :
one|prhtofceacht hybrid beingreaninated inoa fresist@neqodleimaalue to the
assenbly. It 10 may alternatively include feeding two
systerpimpedames to {omn ametchisiddopdase . rel ative to one

another froma renote source to an antenna assenbly

and splitting, phase shifting and conbi ning signals

Thea Wydiidr Hof ove@oaiadly Wddibinihe Y G&Hiﬁ?éﬁéﬂﬁ’-sighals may be
may enploy transmt and receive cthannels Tor operation
desigatl toremsrert ignd sigaelsVH aRAIS. inkd AddeonGumBt /M differences
el ement drive signals I5 in response to a signal in
ottertthanfl +1Xjreanmh@{sIZnd produci ng a receive channel

signal from signals devel oped by antenna el enents

operating in receive node. The vari abl e phase shifter

g?gofgﬁg%%,ﬁ&}rﬁﬁ%ﬁﬂ@%wm avﬁhgtPegrﬁg ‘Hgﬁ\g? tsﬁ%ﬁztr}te ?1{92% a remote

_ respect| Ve oper |
mdenféﬂigglittﬁgg,airaﬁhﬂee, ﬁg? Wectdrgabdnifling in a
gnal feed - apparatus after

i
passing themto comon siy _ _
RBBSES Bbilocagd Wittt $ie htetta affagoloefeasm ahtddi® Assembly. It
the common signal feed apparatus” being connected to
trizgy alierdativedy danphidet feeding dw RIS ignatl sigeaty Hifly vadidble phase
phase shifting network; b) providing signals to the
ralativasdocone aintther dooy & henatessdures fooah a@Bnna assembly and
operators; and o ) .
splitting, phase shifting and combining signals in a network co-located with

the antenna array. It may employ transmit and receive channels for operation
in both transmit and receive modes, producing antenna element drive signals
in response to a signal in the transmit channels and producing a receive
channel signal from signals developed by antenna elements operating in

receive mode.

The variable phase shifter may be one of a plurality of variable phase shifters

associated with respective operators, and the method may include:

a) filtering and combining signals and passing them to commion signal feed
apparatus after phase shifting in respective variable phase shifters, the
common signal feed apparatus being connected to the splitting apparatus
and the sighal combining and phase shifting network;

b) providing signals to the antenna containing contributions from both

operators; and
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adjusting electrical tilt associated with each

wORRAbPRe The plurality of variable phase shifg

. \ . ﬁ@zﬁﬂ%ozom
conprise a respective pair of variable phase shifters
associated with each operator; the nmethod may enpl oy
conponents which have both forward and reverse signal
processing 5 capabilities, andithe nethod nay i ncl ude
operating in transmt- and receive nodes with
I ndependent |y adjustable electrical tilt in each node.
¢) inddpendditly adpstingedectricabitgbasdoeimedevithldach operator.,
under st ood, enbodi nents thereof will now be
descri bed, by way of exanple only, with reference to

U ASEOEP R R, o S i o

n ' : g of
{hfiale gfaetei ﬁn‘;ﬁtéré‘ é@b@ﬁa%léﬁl R4t Z84ch HPrAors the method may

el ectri Fi gure ustrates a prior”ar

RIhpynéits sihRhayT Bodh fagiviad ahldever® Sigahl processing
el éctrical"tilt; Figure 3 is a block diagramof a

ehpatstitias) aydaheensthal stemintludecopdiatingy D tiaRmit and receive
Filgure 4 shows in nore detail a signhal conbining
netdesrwithsedependdmsly Bdmstabld edyctread tifi gueacibmciea

phase di agram of antenna el enent signals associ ated

with a ninety degree phase shift introduced by a

. ! 9 . { o )

| éi@ggf% angql}%gfrléé’@ﬁlgggl t(.]i:l% g%frogﬁs o? pare? %t%%) ’? il}}rlbt%%]%nems
s 6l vall myw Hal &efibedly %?Giﬁﬁ Qff dxanpIRVEHIY, QAth reference to the
I ncor porating el even and vvelze ant enna WO’ 2004/ 102739

Re3010BaAVRPARR ML 2irphiieiRi-s respectively (el ement

spacing 1s not mholfy to scale in

Pigure 1 shows a vertical radiation pattern (VRP) of a phased array

antenna with zero and non-zero angles of electrical tilt;

Figure 2 illustrates a prior art phased array antenna having an adjustable
angle of electrical tilt; '

Figure 3 is a block diagram of a phased array antenna system of the
invention;

Figure 4 shows in more detail a signal combining network used in the

Figure 3 system;

Figure 5 1is a phase diagram of antenna element signals associated with a
ninety degree phase shift introduced by a variable phase shifter in
the Figure 3 system;

Figures 6 and 7 are block diagrams of parts of further phased array antenna

systems of the invention incorporating eleven and twelve antenna
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Figure 6); Figure 8 is a phase di agram of antenna
el ement signals associated with a ninety degree phase

w6 Bbds10b36r oduced by a variabl e phase shifter beT/GB§?04/002016

the Figure 7 system Figure .9 is a block diagram
part of another phased array antenna system of the
i nvention enploying two vari abl e phase shifters;
Figure 10 is a block diagramdf part of an antenna
systemof the invention simlar to that shown in.
Figure 9 but enploying ganged vari able 10 phase

shi f t er s; elengsite yedpeativel {eldhent spicingsie @6t Wivlly to scale in
invention with single and dual feeders Trespecti veI Y,

Fi gure 13Fghmed)a nodification to the invention

allowi ng angles of electrical, tilt in transmt node

and receive npde to be 15 |ndependently adj ust abl e,

Figgied 14isi 3 phase sageaa gf; amt@nnarﬂiﬁmntpmg@@h assoaiated with a
antenna system of the mvmrt]él on jl nt enna

| ustrating
sharing piinety degree phasesshift mivaduceds lé)éée‘f@@ﬁ@ phase shifter in

i ndi vi dua Jt a transmt/recei ve capability;
Fi gure 15&@%‘@%% SHHC the antenna system of Figure
9 with variable phase 20 shlfters | ocat ed rem)tely

fgf;g%% i h@‘{%ﬁ%&?@ﬁ% 0 arlatheebhats gfggpﬁtqnﬁ%nna system
e T S A PR

whi ch source i npedances of signals are equal to

VR 4 PASe r : ;
FRERERO,™ 4 DAL BROHART BF fhft LR o ﬁ? ﬁe%‘)’f‘ the invention
power tr agisiilArt RFtHat QRodis M TEBuiO 9 Bud thgjéd variable
signal reflections. Were si gnal l'ines ar at ed
in a phase shifters;
Figures 11 and 12 illustrate use of the invention with single and dual feeders

respectively;

Figure 13 shows a modification to the invention allowing angles of
electrical. tilt in transmit mode and receive mode to be

independently adjustable;

Figure 14 is a block diagram of another phased array antenna syétem of the
invention illustrating antenna sharing by mmltiple users with dnal

feeders and individual tilt and transmit/receive capability;

Figure 15 1is a variant of the antenna system of Figure 9 with variable phase

shifters located remotely from one another; and

Figure 16 illustrates a phased array anfenna system of the invention

incorporating ring hybrid couplers.
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5 resistor (see e.g. Figure 6) the value of the
resistor is equal to the system inpedance in order to

‘ngbﬁ&ﬂzﬁgtched term nation. Referring to Flgu%ﬁﬁ§ﬁ?8%mwmnﬁ

there are shown vertical radiation patterns (

and 10b of an antenna 12 which is a phased array of

i ndi vi dual antenna elenents (not shown). The antenna

12 is planar, has a centre 1418nd extends 10

vertically in the plane of the drawing. The VRPs 10a

and 10b correspond respectively to zero and non-zero

Adl exaroples ilhsalased emplbgswmiectiohs fora wiechngnirce impedances of

signal s MAth di stance across the antenna 12. They have

$1ggpl&: atevequatdionrdspieetive daad ifitpedantes éntordet itodormyr a ‘matched’
"boresi ghts" 18a, 18b, first upper sidel obes 20a, 20b

syriem. /s matohed syptean snesinzizes Uxepowesdransmniftadsfronhe source to -

1 esj ght, directjon_for zerg_variatiaon_.in delay for
3%‘3@“@10 voidsnsigral seflections %mr@ Agpal lingp argyigrminated in a
ref d to wijhout suf si del obe
?ﬁg? b Frigitecblingvatud o G Ssisiofiis s@iadonte system
re red to di stinction., .The. VRP 10b is
PG ailerdS ot s PiAChed o ve (o | Ve

10a i.e. there is an angle - the angle of tilt -
between mai n beamcentre 20 lines 1 8b and 18c which
ReferingatinFigure leflendene showhweertical radiative fpattdaisayVRP) 10a
var| es with distance across the antenna 12. The VRP

wnd 1Qb oft an raptennankk whichcis aephaﬁeda)arrﬁyg @f individual antenna

SR faolehawm, Thes weens g angs, kasadeni@ 14 and extends

VPRI, e ilalip o e S8 th e B W%EP?P%@A@H Sorrespond
bl

Wﬁlsaﬁg? | 18 b, Bbveto derBiom Tncde @l g6 sk antenna

oA SERULY SRR seAhe EAR e AP Lo Pt bgygespective
HpAEI0R I, 0 SR it PR s uper
siHRbAA20REYVb and first lower sidelobes 22a, 22b; 18¢ indicates the

boresight direction for zero variation in délay for comparison with the non-
zero equivalent 18b. When referred to without the suffix a or b, é.g. sidelobe
20, either of the relevant pair of elements is being referred to without
distinction. The VRP 10b is tilted (downwards as illustrated) relative to
VRP 10a, i.e. there is an angle - the angle of tilt - between main beam centre
lines 18b and 18c which has a magnitude dependent on the rate at which

delay varies with distance across the anténna 12.

The VRP has to satisfy a number of criteria: a) high boresight gain; b) the
first upper side lobe 20 should be at a level low enough to avoid causing

interference to mobiles using another cell and c) the first lower side lobe 22

- should be sufficient for communications to be possible in the antenna’s

immediately vicinity.
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found to provide a convenient conpronise in overall
system performance. 5 Boresight gain decreases in

wonRe@oneizen to the cosine of the angle of til tpdiliﬁ;ﬂ2@04/002016

reduction in the antenna's effective aperture. Further
reductions in boresight gain may result depending on
how the angle of tilt is changed. The effect of

“adjusting either the angle of Mdechanical tilt or the
~angle of electrical tilt is to reposition the

Eﬁr esight so that it points either above or 10 bel ow
8 rxgqmz@mealts phethemRallyie vonflicdngaséy wxatnpleasnsximising
‘t:)he C vera. area of the antenna. For_naxinmm

J&lﬁm@@fﬁ%ﬁ%‘éfiﬁ dphes PRH23- hRebative 4@ iaohoresight level
f L abl h mechan
Beteth P?a%ma%@%ahéi S, YT SIgP oD devebratoc A has been

M TR AT N —
B BBV B8 ey Aok RB GNP Pt b of ot
ISP o LASEAPE S, BRI 18R} GR0M 1 poresih

SinPHia I It for
%ach 0 g@gﬁ:ﬂ@%ﬁl@g’gﬁgﬁg?&%ﬁg%ﬁg&ti ‘Gl %fe('c)lr art

phased array ant enna system 30 is 20. shovvn i n which

EE %%% tSBf];‘{i(di‘gS ctr| c ti It i adt ust(%l %}ugi‘rcpr?tﬁzggnangle of
SR AR s e‘}P&rﬂfﬂ%ﬁ Qﬁst‘a&fﬁgfgéﬁnéo%ﬁﬁa iR Sief above or
lﬁﬂ%ﬁ?ﬁ? %oﬂ%ﬂ%ﬁ?fﬁ% %&ch bﬁng [1};}?%23[3 0&3%%%‘}3%%3 the coverage

: éil%ﬁ' ? aﬁ‘i!éxﬁ{hn aFSﬂl )?/ﬁ%}ilhﬁﬁﬁoﬂ gxibili ﬁ&&énﬁ%ﬁaﬁ}ymo base

respective array ant enna

ﬁhﬁbﬁ'@l%@erdbﬁ RasSafdilabts HtANPebhatidhr V\%ﬁ@ 8%@ pﬁ?%%@‘%%ﬂ tilt since

| ower Tespectively, nis an arbitrary

SUCH P ML TTdd \Paid shvdpd M@ dssa 6F g@éﬁﬁdtdaﬁ'@ré?oe and also

whi ch defines phased array size, and dot l'ines

o cithers afieninad ibeahi ingthehianneldementicehieymid FRvebehbouring cells.
replicated as required

It is also convenient if an antenna’s electrical tilt can be adjusted remotely
from the antenna. Furthermore, if a single antenna is shared between a
number of operators it is preferable to provide an individual angle of

electrical tilt for each operator.

Referring now to Figure 2, a prior art phased array antenna system 30 is
shown in which the anglg of electrical tilt is adjustable. The system 30 °
incorporates an input 32 for a radio fréquency (RF) transmitter carrier signal,
the input being connected to a power distribution network 34. The network
34 is connected via phase shifters Phi.E0, Phi.E1L to Phi.E[n]L and Phi.B1U
to Phi.E[n]U to respective radiating antenna eleﬁents EQ, E1L to E[n]L and
E1U to E[n]JU respectively of the phased array antenna system 30: here

suffixes U and L indicate upper and lower respectively, n is an arbitrary
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for any desired array size. The phased array antenna
system 30 operates as follows. An RF transmtter 5

w4 AB738i gnal is fed via the input 32 to thepgq 2004/002016

di stribution network 34: the network 34 divides this

signal (not necessarily equally) between the phase

shifters Phi.EQ Phi.ELL to Phi.E[n]L and Phi.EIU to

Phi . E[ n] U, which phase shift 18he signals they receive

and pass on the resulting phase shifted signals to

respective associated antenna el ements EQ El.L to

Bpsifve Etegémgtantes thidn 2Thdich akdimdsi phasahdirayosiab, and dotied

anpl i tudes to each_ el ement are chosen to select an

Lipey oweh as 3 Gaimglientisig heeralevani elentant rig bei replicated anrequired

:gg power by the network 34 when the angle of tilt is :
(Y desipyd araysizet the side | obe |evel and

boresi ght gain appropriately. Optinmmcontrol of the

angle of tilt is obtained when the phase front is

‘Thetphrsedrtay aatdnmengyesnoBOtopdratd 49 86H6We. AN RFGansmitter
| obe level is not increased significantly over the

cdrcier rsaguyal. is Tod vaaghe imput 32 o thée patwdr distritartidenetwork 34: the
adjusted renmotely, if required, by using a servo-

$éh dividemthis|sighal (hetsnestushtidy eqpiallyf®etween the phase
Phi . EIL_to_Phi . E[En L and Phi.ElUto Phi.E[ n]U_ which i
shiftepe PhickniRBubELL sor Phiddn]hengdr Phr.FAU tonfed[n]U, which

rray antenna, system 30 has a nuynber of di sadvantages .
DS SISy ﬂa%mais shey speetvevang mass @hithe aesyléing phase shifted
r.equj red for each antenna el enment, or. p roup
il frespeofife asS8eiaBt afteTin choweins 10 g b BinlL, BIU to
er,of p e shifterss required:; 2004/ 10273
R Eo TR e BHATS afd 1S IS 63°h flsmppataze chosen to
€ ] S £l nt i acreases the

13T Bupt Bl TR R BE The SR B hEBewer by the
ﬁé}bvfd&f 34 WPhSE thdGha¥es of HIf §°LEH {5chosen to set the side lobe level
and boresight gain appropriately. Optimum control of the angle of tilt is
obtained when the phase front is controlled for all angles of tilt so that the
side Iobe level is not increased significantly over the tilt range. The angle of
electrical tilt can be adjusted remotely, if required, by using a servo-
mechanism to control the phase shifters Phi.EO, Phi.E1L to Phi.E[n]L. and

Phi.E1U to Phi.E[n]U, which may be mechanically actuated.

The prior art phased array antenna system 30 has a number of disadvantages

as follows:

a) a respective phase shifter is required for each antenna element, or per

group of elements; .

b) the cost of the antenna is high due to the number of phase shifters

required;
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difficult and nechanical |inks and gears are used
which result in a non 5 optinmum del ay schene; e) the

wopper10373de | obe | evel increases when the ant epea/GE2e04/002016

tilted downwards causing a potential source of
interference to nobiles using other cells ; f) if an
antenna is shared by different operators, all nust use
the same 10 angle of electrid® tilt; g) in a, system
with up-link and down-link at different frequencies
(frequency divisjion duplex system, the angle of
el ec€}iqast xaduction byrapphiingi phase sbiliexrs e ograupst of nelements
recejve; Referring now to Figure 3, a phased array
ant emﬁ@%@t@ﬁ%geé@b@@ﬁlhventi on 15 is shown which
has an adj ustable angle of electrical tilt. The system
40 i dy enechatiesl f:oup]jﬁ?t‘&eﬂﬁd Pﬁaﬁeu Rhift@rado €0Udenss4€drrectly is
to 405 referred to 1n the art as "levels" and
i ndi difffdilbandeecchraiical bikdoht ebalrs aes used whhdfesulttin a non-
has an input 42 for an RF carrier transm ssion
si gnaptinmum delpytschemes connected as input to a power
splitter 44 providing two output signals having 20
anpl | S , S ' kLN igpa Aze 43
np E%L@I% uppe éﬁhhﬁ 166¢ %vgﬁgﬂghﬁ%elg %ﬁerf' Jﬂ@ batdiha? is tilted

vari abl e ph Ifter 4 rst fixed phase

- shi f igiBarRspaningy @ Yotehfial Eﬁﬁ&% ofiihtcq¥erent6 1%2@!10%38 using

may equi val ently be cohsidered as tine del ays.
provbtifer defBpecti ve output signals V2B and V2A to two
power splitters 52 and 54 respectively. The power

spl atf eF s.52.and 54 hay Hhuts such.as %if and 25 :

Sha- Dol & ARBG: T PR P HbBGH, SUERAR, I ndiife the same
to 2 ted WO 2004/ 102739

PCT/ Eﬂ%@f%’&fgﬁgﬂd@’ out puts 52b and 54b indi cate the

output in each case may be replicated as required for ]
any Besinr adspsigseavithr ip-link endrilo ok s diffeent frequencies
out s such as, 5b2a and 54a provi de output_sigpals . . .. .
ha\,!o equency VlSziOI‘l duplex s%zstem?, thle gngle 09 electrical tilt in

transmit is different from that in receive;

Referring now to Figure 3, a phased array antenna system 40 of the invention
is shown which has an adjustable angle of electrical tilt. The system 40
incorporates five successive functional regions 40, to 405 referred to in the
art as "levels" and indicated between pairs of dotted lines such as 41. It has
an input 42 for an RF carrier transmission signal: the input 42 is connected
as iilput to a power splitter 44 providing two output signals having
amplitudes V1A, VIB, these becoming input signals to a variable phase
shifter 46 and a first fixed phase shifter 48 respectively. The ﬁhase shifters
46 and 48 may equivalently be considered as time delays. They provide
respective output signals V2B and V2A to two power splitters 52 and 54
respectively. The power splitters 52 and 54 have n outputs such as 52a and

54a respectively: here n is a positive integer equal to 2 or more, and dotted
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anplitudes Val to Va[n] and Vbl to Vb[n] respectively
(illustrated without 5 the letter V). As will be

wdasewiobmd | ater in nore detail, some of thesepowigBibos/oo20ts

signals may have anplitudes equal to others and sone
unequal . In one enbodinent (to be described) having
ten antenna el enents (n =5), _Val = Va2 = Va3, Vb3 =
Vb4 = Vb5; Va4 = Vb2 and Va5 F7Abl. These out put
signals are fed to the phase shifting and conbi ni ng

| evel 404, [ 10 .contajns second and third fixed
Bﬁmssﬁb @3’35 1adtrate the UpEt 40 eachbn@ase mpy be replicated as
netmqéi% indiﬁgted %ﬁlleétively by 60. The |evel 404 S
i quired forany. depigd inhased @rgdt $i76- | ater: it provi des

drive signals to equispaced antenna elenents 62, to

62. of a phased array 62 via respective fixed phase

dhicf pewer splditer outpuisisneh as Iaf and Sdaiproaideobiputaiynals having -
positive integer equal to or greater 15 than 2 but

aguitudes t Malval Vel and A1 to &/ pialaespettivelyr§llsgtrated without
54, and _phased_array size is 2n antenna el ements. .
HhshlatiarY dnas wilbherdescsbeddatezamare sladysots: 0B these output
to indicate they nmay,be replicated as required for an

Slenale doay o Jayea pmplides equad f&w@@é@Saamyscamewmuﬁ. In one

RF transmtter 20

ST R B0t 5, WA S e? n = 5,
SR & VIS, RS | Ve it 3 St o
PR SPAE R0 08 R0 R LS AAGLAPRE B 40, wich

BVETS j f | ;
gggag?éoss-%g’?ﬁgt aia; ethgﬂagg{egﬁ ﬁ#lia%%r %ﬁftﬁeersd éj I6aya,n‘dan5cx8 t%ned vector

. . . t . *
dogARiny oRRBILS hilcafod SRRIAR P! By 601 B 1LV 40, will e
dbsatbahirnfirendihi 182 Rigovids diivediahas fo thiuidRiced antenna
48 is not essential but 2004/ 102739 )

EleThé&mr (BRY/ £062] 6f Bphasatbaitant 62 ivia aegpédbvefikedeghase shifters
phase shift which for conveni ence is chosen to be

64| fo Oie IHers awibefireseisan brbitidragmidited intelyr thaal to or greater
vari abl e phase shifter

than 2 but equal to the value of n for the power splitters 52 and 54, and
phased array size is 2n antenna elements. Inner antenna elements 62, and 62,
are shown dotted to indicate they may be replicated as required for any

desired phased array size.

The phased array antenna system 40 operates as follows. An RF transmitter
carrier signal is fed (single feeder) via the input 42 to the power splitter 44
where it is divided into signals V1A and V1B (of equal power in this
example). The signals V1A and V1B are fed to the variable and fixed phase .
shifters 46 and 48 respectively. The variable phase shifter 46 applies an
operator-selectable phase shift or time delay, and the degree of phase shift
applied here controls the angle of electrical tilt of the entire phased array 62
of antenna elements 621‘ etc. The fixed phase shifter 48 is not essential but
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46. This allows VIA to be variable in phase in the
range -12 to +4M 2 relative to V113, and these

woizomalogr3af t er phase shift becone V2B and V2A aeT/GB2068002016

been said after output fromthe phase shifters 46 and

48. Each of the power splitters 52 and 54 divides

signals V2B or V2ZA into a respective set of n output

signals Vbl to Vb[n] or Val td8va[n], where the power

of each signal in each set Vbl etc. or Val etc. is not

necessariL¥ equal -to the powers of the other signals

¢opyenienktit apphies a-fized phase shiffnehiobofmrcomenienes is chosen to

th ts Val etc. and Vbl etc. is different for

e E‘F‘iﬂe the maxiswm phase shilthe applivehlesbpthesiariable phase shifter
ray . 62. One_of the set of output signals Vbl to

‘%{ faﬁgw alkays (OLA foebpevatiakler i phasanmethearpgs edn/2 to +Pp/2

%Eif_ter 643 via_the second phase_shifter 56, and one
afiye ta Y 1 Boand thesa signghanber/phase shidft bpcome VRBwand V2A as

fed to anot her antenna phase_ 15 shifter 648 vja the

44 PR RACLAEHH SRt SeErts Thss A 46.7nd Bhasc

shifters 56 and 58 introduce paddi ng phase shifts to
conpensate for that introduced by the conbining

Bathvotkthes power heplitiirg i anidn54 hdividds signialt VYB[6f V2A into a
and Val to Va[n] are conbined in pairs in the

Tespaotike s60 of 1 patpiticsignealst ¥hilatd Wblad dedVadsiol Vafin], where the
signals for driving respective antenna el enents 62,

Rowey o4 eachsigral inracheses Wb ase.cor Viad éfeximinphaseessarily equal
shifters 64, etc.. inpose fixed phase shifts which, .
iPfhe pewgas oidherethen signals dRqte sehehhe vezlation: of signal powers

according to | enent trical pgsition across the
35085 the Seth ok €7, and VBT rale ol ARGOTER ikt digHPrEnE Aumbers of
Q b kn Figu 1) for. the argay 62 boresi ght when
%I@P%EBWZ%‘E@H% ﬁ%ﬁén%%%&éﬁM signals VIA and V1B
i nposed by the variabl e phase 25 shifter 46.. The :
antenna phase shifters 641 etc. are not essential, but
©Oneyohithe spt of enrtput Isigrals Vbhep d¥hinhds feddtat @ mspeciive fixed
proportion correctly the phase shift W 2004/102739 19
£obiitas64; via the second phase shifter 56, and one of the set
of output signals Val to Va[n] is likewise fed to another antenna phase
shifter 645 via the third phase shifter 58. The second and third phase shifters
56 and 58 introduce padding phase shifts to compensate for that introduced
by the combining networks 60. Other signals in the sets Vbl to Vb[n] and
Val to Va[n] are combined in pairs in the networks 60 to produce vectorially
added resultant signals for driving respective antenna elements 62 efc via
phase shifters 64; efc. The fixed phase shifters 64; etc. impose fixed phase
shifts which vary between different antenna elements 62; efc. accordiﬁg to
element geometrical position across the array 62: this sets a zero reference
direction (18a or 18b in Figure 1) for the array 62 boresight when zero phase
difference between the signals V1A and V1B imposed by the variable phase
shifter 46. The antenna phase shifters 64, efc. are not essential, but they are

preferred because they can be used to a) proportion correcﬂy the phase shift
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introduced by the tilt process, b) optimse
suppression of the side |obes over the tilt range,

wandoad2isat roduce an optional fixed angle of elpegtaB6in02016

tilt. The angle of electrical tilt of the may 60 is

vari able sinply by using one variable phase shifter,

the vari abl e phase shifter 46. This conpares with the

5 prior art requirenment to hav8 nmul ti ple variable

phase shifters, one for every antenna el enent or

sub-group of antenna el enents. Wen the phase )

witra by ithe tdtiprecessyb) pptimise soppresrace of thetside Jgbes over

iis positive relative to the fixed phase shift 48, the,
theridltsange, and o) igsedese %PP@@PaigE lfﬂmitelegméi tilt.
difference is negative the antenna tilts in the

opposite direction. 10 If there are a nunber of users,
Thehanderofieledidvsl it of des bitay phasevadablry simplyebyaising one
system 40. Alternatively, if it is required-that users
shriableaphasershiftean theewariablehphase shifteri 46, Ehis compares with the
i ndividual electrical tilt_ capability, then each user

PEQr faat sequiremient to \haveanuliipleevariableophasedshifters.none for every
Figure 3. In addition, a conbining network consjistin
afenaac|clement Or 49ab-gHeuR0S!| sntesg relementy.s WHeB; ﬁge phase

Sifices g e SAeBly BRupS Yobhol Thdsstipe rlaive o
1Y et obtas e e eBbA N P Bt g when dua
q . har. . . L Soe e

BRRSh s E i epfte ois 2B b in, he sHRBSUF Sirssrion

each antenna el enent in a sub-group having the sane

el ement 20 drive signal phase. In the antenna system '
Ibthere aram pumbes of tsors; ezl userapay have azespective phased array

different elenent drive sigpal phases é‘s requi re&af;gracommon

Anfonmacty stpmaAdoAliernativady f Brifdn sequired dhat BieIs

S0isWBs o TORLe TRGUNIE Al IAGENABAr SYerices tUf depabiliyy, then cach
o e DB G kSR A0l P o addision,
%cf:gﬁlibﬂ%nag %H%ﬁé conSisfi %4611 VAT cf(%T /, %,Ogﬂé Oéﬁ)’)goi]sesrequired to
combine signals from the resulting plurality of sets of splitters 44 and phase
shifters or delays 46 and 48 for feeding to the antenna array 62. Published

International Patent Application No. WO 03/043127 A3 describes sharing in

~this way, but it uses an antenna with multiple sub-groups of antenna

elements, each antenna element in a sub-group having the same element
drive signal phase. In the antenna system 40, the antenna elements 62; to 62,
all have different element drive signal phases as required for improved

phased array performance.

It can be shown that the antenna system 40 has good side lobe suppression
that is maintained over its electrical tilt range. The antenna system 40 can be

implemented at lower cost than contemporary designs offering a similar
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I evel of performance. Its electrical tilt nmay be
adjusted renotely using a single variable del ay

woeeoam27and this permits different operators tperad¥o61/002016

it while providing each operator with an individual

angle of electrical tilt. The angle of electrical

tilt intransmt node may either be the sane, or

different 5 fromthat in recei@® node by nodifying the

antenna system 40 to include different paths and

phase shifters for transmt and receive as wll be

dexedr phaqerfemeamcerelter eleotricabwilt anfiyghe eadjnstdik remosely using a

shoqp part of an inplenmentation 70 of the invention

183%8 g yariahle daleyydeices and thisl pewnits differemt 6patators to share it
s 10 equi val ent to those preV|oust descri bed are

|W pEe & sachmpgratonwithoan sagiyadual @giarm%eka@mad tilt. The

éﬁ%}éﬁgéﬁ%ﬁ%ﬁyﬂaﬂ% arsa%%h%t e e csher e@;hg@wg@ oe different
mﬁk\éﬁ% ‘F als %ﬁ@% V2A of e gfa\ﬁﬁto include

s ét%sz%é%ﬁé%% ﬁbﬁ%ﬁ 5 S%#n%ﬁ%n naSeRifer as will e
ﬁp@@@%@@ and 0.73 of that anplitude (0.32 or 0.73

Ei ght of the ten signals fromthe
splitters 52 and 54 pass to four vector conbining
i ces 601 to _604: each of .these devices is a 180
%@‘é’ Jé@lgnmw do MigRrg th;ermwhgwaﬂr@mantmp&emmauon 70 of
gi nat and 12 gd t WO éﬂ Sgt 20 n1nali
Nﬁ? BnS Und BIASPA sHHRANDS oP¥ fiERe ents 62; to 62;. Parts
LGB b LR sl ol s i8R0 e 4
eth b t
EEHEERgnGs 1 pat] %*é%?ﬂbsfb & %@f%?ﬂ@lﬂﬂi 5207 b0 arc shown
u
BRI B A543, LIRS US4 Sl SySlevely s
RIS NI 22 VDR bT SRR p e ey A HRYE They each
split their respective inputs into five signals, three of which are of the same
amplitude (A or B), and the other two are 0.32 and 0.73 of that amplitude

(0.32 0r 0.73 of A or B).

Eight of the ten signals from the splitters 52 and 54 pass to four vector
combining devices 60; to 60,: each of these devices is a 180 degree hybnd
(marked H) havmg two input terminals des1gnated I1 and I2 and two output
terminals designated S and D for sum and difference respectively. The
references I1 and I2 will also be used for convenience to indicate signals at
those terminals. As indicated by the terminal designations, on receipt of
input signals I1 and 12, each of the hybrids 60; to 60, produces two output
signals at S and D which are the vector sum and difference of its respective

i'nput signals. Table 1 below shows the input signal amplitudes received by



PCT/ GB2004/ 002016 the hybrids 601 to 604 and the

output signals in vector formgenerated in response,
woxpraesssd in terns of arbitrary values A and Bersamaolois

case. Table 1 Hybridl1l Inputl2 InputS QutputD CQutput

601A0. 73B0. 707(A + 0.73B)0. 707(A - 0.7311) 602

A0. 32110. 707(A + 0.32B)0. 707(A - 0.32B) 603B

.0.32A0. 707(B + 0.32A) 0. 707(B21 0. 32A).

604B0. 73A0. 707(B + 0.73A)0: 707(B - 0.73A) Table 2

bel ow shows the antenna el enents which receive the

thet pybridsgh@y $0 Gihnandithe oytpuitesigphlst ineveciR ﬁMnSglenerated in

and hybrids 601 to 604 via antenna phase shifters

198gPnsa.1exessebin trapseoDarkitrany aabiesnhl anchBemneach case.

Si gnal El enent Anpl i t udeEl enent Anpl i t ude 6210. 707(B -

gvég% 6260. 707(A + 0.73B) 6220.707(B -

a 6270. 707(A + 0.32B) 623B628 , A 6240.707(B + 0. 32
A) 6290. 707(A - 0.32B) 6250.707(B + 0. 73A) 62100. 707(A -
0 73B) W9 20047102739 PCTHEB200471062016—22Cne—signat

A Hybﬂdf rioli éaptt 9pI2 Thput 52 or SSBuipsutnot fout D Ootput

ant enna phase _shilfter 643 lor 648 via a hylrid but

insggad Vi a ayphage ghidg el 8091458 0.73B) 0.707(A - 0.73B)

60, A 0.32B | 0.707(A + 0.32B) | 0.707(A - 0.32B)
60, B .| 032A | 0.707(B + 0.32A) j 0.707(B - 0.32A).

60, B 0.73A | 0.707(B + 0.73A) | 0.707(B - 0.73A)

Table 2 below shows the antenna elements which receive the 6utput signals
generated by the splitters 52 and 54 and hybrids 60, to 604 via antenna phase
shifters (PS) 641 to 64,.

Table 2

Antenna Signal Antenna | Signal _

Element Amplitude | Element Ahlplitude
62, 0.707(B - 0.73A) 62 0.707(A + 0.73B)
62, 0.707(B - 0.32A) 627 0.707(A + O.3éB)
625 B 625 A
62, . | 0.707(B + 0.32 A) 62 0.707(A - 0.32B)
625 0.707(B + 0.73A) 6210 0.707(A - 0.73B)
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appl yi ng a phase shift of 0, which is equal to and
conpensates for that inposed by one of the hybrids

wOQbo##102804. This is known as "paddi ng". The 5ptirxasood/oo2e1s

phase shifter pairs 561643 and 581648 coul d each be

i npl emented as a single phase shift. The-input

splitter 44 in Figure 3 may (optionally) provide

unequal power splitting so th&2 the signal anplitudes

V2A and V2B are different in Figures 3 and 4.

Furthernore, the hybrids 601 to 604 that (as

e signabA o &Y o aehasplittinf 52 oefideisveot routed telmtenna phase
11-12 may 10 (optjaonally) subsune all or part  of

ERUELeT, R i I 648 wgl piheprdsbubdastsad viaea phassy shiffer 56 or 58

i nsf ead be designed to convert inputs 11 and 12 into

%Ei%}lgs@ thaS@nth%t e e melichoineguahia and iorapensates for that

xI 1+y12 where x and y are

ﬁ%}bé%?@&% QSé( %péilgﬁha}@ﬂwfgr gBhBI 00guhbis mhksowa aubpadding”. The
Fed s r i Ao ith S8l opGuactl hgdmilgmented as a
e Bt S Th 185 sefEniE indaiEe s, ditionate provide
S G B S ST A R V2D
affeufend HEeHRired! ?%@gﬁf Hortlem@al etﬂ%%f%ﬁn%f\rﬁ%o%v‘%ﬂ that (as

the phase difterence between signafs

(Bgotiha ) Mo ide ARASwdS AfREnd: ! feASsE | !&1@ aétl&d 112 may

degr ees, ich is the angle, 1n this exanp

(bptednally) shiesiané rdDiorasdrPf e AR dfedIrRGESs2 iailéi 54: ie.

optimsed. Al vector suns and differences’in Figure

fheyemay instead Qresdesighed tohesnverandptls Bheulddld infoatkctor sums
be multiplied by 2-y2 or 0.707 as in Tables 1 and 2,

ang differencersatisrahbiad Her-10, 26d (JA+I2). ft3Byxaropie thétsm of xI1+yI2

mul tiplicative 25 constant is nmerely a scaling factor

BheTe s apd g avgrinumasti¢alovalube wihisohi axp not eqadlicEhis is subject to
onpl exi ty. WO 2004/ 102739 PCT/ GB2004/ 002016 23 The .

&m eonsiraips thahtotal iauitppt pawes pley hybrid lossenyusteemain equal to

I f A d [ '
%/o%af Sgw%r inpgp to &é Eybrids 60; to 604. Moreover, instead of 180 degree
hybrids 60; to 604, hybrids giving other phase shifts (e.g. 60 degrees, 90

degrees or 120 degrees) may be used.

Referring now also to Figure 5, there is shown a vector diagram for the
antenna system 70 When the phase difference between signals V2A and V2B
(having the same phase as A and B respectively) is 90 degrees, which is the
angle, in this example, at which the phase front across the antenna elements
is optimised. All vector sums and differences in Figure 5 (i.e. all vectors
other than A and B) should in fact be multipliéd by 2™ or 0.707 as in Tables
1 and 2, e.g. A + 0.73B should be 0.707(A+ 0.73B); but this multiplicative
constant is merely a scaling factor and has been omitted from the drawing to

réduce complexity.
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Tables | and 2 at 90 degree phase difference: at this
val ue of phase difference, the antenna system 70 has

wo eubmtaati al |y |inear phase front across theceiLMoz0is

el ements at two angles of electrical tilt and an equal
phase 5 front at a nmean angle of tilt. Radial arrows
such as 80 termnating at 821 to 8210 indicate the

- magni tudes and phase angl es of2&-he phased array drive

signals as they appear at the antenna el enents 62, to
6210 respectivel ol i que arrows such as 84 indicate
Tbél aagen@@tswstem%&msoptmgsedoby Setermiming ahe vialwes of A and B in
us vector A or B. Two arrows 84a and 84b | abell ed
]ar?dldlc?# . ?9ndegtea phaseddifferenesuratwithis yalue of phase
ag}{n dj acent arrows 87 |.abel l ed +0..32B and
%‘-’chea et ARICER SVSIERY ilg hasce swbstamtially,Lpear phase front

i recti,onal

Pt e R éf#@t?i%i@%@g%@% at srsieal B wnd o caual phase
éﬁ%ﬁ%‘fs‘i%ﬁ?‘%&%ﬁe%e S8 O sBRh ek ety at 821 to

210, BEigR s6€ Hphghints a%%wgﬁg eﬂi%%? B Bifps8y Shay drive
ﬁ@g}?ﬁz afsg Ff ea?tﬁeér Saﬂfatﬂe 'a?ltéxﬁf‘at ?5&53?1‘1{3 %‘Zﬂh hB‘g‘fmdrespectwely

cal purposes ore

621/@{@&%@%@&@5@84%3&%% h&%&%o@ﬁffgef& S0 3bs%r 0.322)

9) are substanti co

&@mmdlwa@@toram ot BT asowd SUAcaRd b 2bdlfed® +0.73B and -

substantially linear function of position in the array

#6.73Aqrertechtefdn therdraivinp aseshbrihain copdiaath e Rrrodss 84 labelled
has been said Figure 5 represents the situation for

#0528 sanaf +PLB2A, addftherabyc extesidiee backetcsigiiak Sre%t@;@.dA and B
B or V2A and V2B. A phase difference of zero

fﬂspﬁéﬁﬁi@hds to a mean angle of tilt, and positive and
negative phase 25 differences correspond to positive

and negative angles of antenna tilt. WO 2004/ 102739

?W W@ gﬁé%r%?fe%] gﬂdsisesut%génh%s%ocﬁig%ﬁeﬁc@s bERFES adjacent
radius vectors, the phase difference being 22 degrees between signals on
outermost pairs of antenna elements 624/62, and 624/62;9 and 18 degrees
between all other pairs 62,/62; to 625/62,. The difference between 18 and 22
degrees is small in the context of a phased array: for practical purposes
therefore, phase differences between adjacent pairs of antenna elements
62,/62;,; (1=11t09) are subgtantially constant and the phase variation across
the array 62 is a substantially linear function of position in the array as

required for normal phased array operation.

As has been said Figure 5 represents the situation for 90 degrees of phase
difference between the signals A and B or V2A and V2B. A phase difference
of zero corresponds to a mean angle of tilt, and positive and negative phase

differences correspond to positive and negative angles of antenna tilt.
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the invention involving an odd nunber of antenna
el ements, eleven in this exanple. The system 100 is

wequivmbmat to the exanple 70 with the additi opcTRiB2804/002016

smal I nunber of conponents, and the description which

follows will 5 concentrate on aspects of difference.

Parts equivalent to those previously described are

like referenced. The system 104 differs to that

described earlier in that the difference outputs D of

hybrids 601 and 604 are not connected to phase

Refetring 164 tadtighsd @, here isssteann tpart ob amsmephatdyetem 100 of

102 ;and 104  respectively. These splitters divide

¢heg dnventioninvakvingban dsldsoumbed @Oanfenna dlements, eleven in this

respective anplitude fractions cl/c2 and dl/d2: of

@Ké‘@@,lecﬁlﬁ iy st mal @0 fis ¢quévalont te theickamplesZQ veitl the addition

6410 for, use jn driving antenna el ements, 621 and, 6210, .
e sl ﬂ@@fmj Of csppopeRise andydiey deseriptdon which follows will

i nputs, of an additional,...fifth brid 605.of the_ sane .
COREeTTal, AR AP O diferencen Papts CATAIET te dhoshaareviously

BT b L Pk THE By RRHE L0 afrdtS 6 Jhf a8iibed cartier
i 58, BRCHR IR SRR Y of BYBIRS, orRRARD.ShETTH ppppocied to
?p%@ shififdce Eﬁ%&d '@aﬁ?g{ﬁgg@ét%@da{d &Y %%?rsg;gﬁéﬁgg@z and 104

e equi spaced by a say, so |
t t s 4 i :
SpcOveR TR HEAER SHAE HerhAP FBANAC ka0, Spa 604 int

tédpettive Aplinidetadfiond dING dra\d17a20st th&¥e, c1 and d1 are fed to
conveni ence the spacing is illustrated as being |arger

phase shifeatéd| and 64,5 ésedse HOdEVEIg agtoihd CRISOASIBY and 6244,
I's not essential. The net effect of the nodifications
Hractions €2 Ginak d2 ereawspectivaly ried 16211 andHat inprite wfrirs additional
621 and 6210 have drive signals reduced to di(B -
Gifttshybrdb0xaf the someigpe aartyhrids 681 and ddht Hile fifth hybrid 605
el ement 620 has a drive signal, 25 d2(B - 0.73A) -

bas A -sugn 7asiput B c whichis1 rrdnatedTicsz onatdezb 16a@5106, and a
It.can be sho t hat, t he antenna_system 100 has an )
Qg@fﬁmcpi %ﬁpw‘f'gp[ W?rgph 1s connected to an additional centrally located

antenna element 62y via a ¢-90 degree phase shifter 108 and an antenna

phase shifter 64¢. In Figure 5, all antenna elements are equispaced by a
distance L say, so introduction of the central antenna element 62, means that
it is spaced by L/2 from neighbouring elements 625 and 624 (this is as marked
in the drawing but for convenience the spacing is illustrated as being larger

than is actually the case). However, such 1/2 spacing is not essential.

The net effect of the modifications in Figure 6 at the antenna array 62 is that
elements 62; and 62,5 have dﬁ{re signals reduced to d1(B - 0.73A) and
cl(A -0.73B), and the extra central element 62y has a drive signal
d2(B - 0.73A) - c2(A - 0.73B).
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Radi ati on Pattern when tilted downwards conpared to
that when tilted upwards. There is an increase in

wohgnabzrower fed to end antenna el enments 621pa&B2004/002016

621(c) when the antenna array 62 is electrically
tilted either upwards or 5 downwards. ldeally the side
| obe I evel would be optinmally controlled when drive
signal variation across the ar2tay (anplitude taper)
remai ns substantially constant over the antenna tilt
range. In order to offset consequential effects on

Hi dan Ibebslownethiab thecnreses systeen W0 @ad @ﬁhﬁjﬂﬁﬁnemcal Vertical
el enents 621 and 6210 when tilted, a nunber of

Radiation eRattemp vehers dilted dotvingvards 1€othpantd efoudhatr svhen tilted

may be inserted in series with the end antenna

Bpemeds.s Tlsxre igmm axroase in signalmbser &dio eamﬁntesma elements
be split_into two, adding a

1 and 621 each
gér AR 02108V ne%ﬁ%tefl@ataﬁ@aya@éﬁ ﬁb%ct@calémdted ﬁﬁhebapwards or

B nsards, cldeplye %méeipﬁpﬂevéﬁe%”g%id “ePAmepemirolled when
i N O

g&h%}iﬁg{ %grcf ;ﬁé .@te@ﬂ Eﬁth% 620 tg)? (Sféfﬁgts pﬁgs?equen%al effects

?@'%1@%”&@%%9% s p@@vae?:ﬁat é@aﬁg&ﬁa BB 4743 n o
A PR SR

PCT/ t E@@ﬁ?@%ﬁ?ﬁ%&%&dﬂﬁ%ﬂ gnfsl@ﬂeﬁé%’}ég &tﬁl fRtenna elements

| evel Qf th Bgo1nper side | obe when tilted downwards.
1 and 621g;

2. the end antenna elements 62, and 62,5 may each be split into two,

adding a further two elements to the antenna;

3. power may be partly diverted from the end antenna elements 62;
and 62;9 to elements near the centre of the antenna using further
hybrids; and

4. part of the power from the end antenna elements 62, and 62;9 may

be used to drive the central element 62, as in fact is shown in Figure
6.

The antenna system 100 offers the following advantages:

1. the antenna side lobe level is reduced when the antenna array 62 is

electrically tilted.

2. the phase of the carrier or drive signal of the centre element 62,

changes by 180 degrees as the electrical tilt passes through a mean
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3. The effect of reducing the |level of the upper side
| obe when the antenna is tilted downwards is to

woedue®2isbe interference caused to 5 nobiles uscREGR2004/002016

channel s other than that assigned to the antenna

system 100. Referring nowto Figure 7, there is shown

part of an inplenentation 120 of the invention for a

phased array 122 of twelve el &@ents 122, to .122, 2.

First and second splitters 1241 and 1242 respectively

recei ve input signals denoted 10 in this case by

vect ovalue and fBrthehesducmscthe evel efothecqppér pulselobeutvhen tilted
variable relative phase. The splitters 1241 and 1242
inpled@ﬁﬂnﬁwmbsion into three fractions al/a2/a3 and

bl / b2/ b3 respectively: i.e. signals alA a2A and a3A

o< 08 e (TR tdheing e JRCL el ubpoc o when the

bi B pafiferin@ {d tidfedadowinedd & BRIEHRGe AhaSHtdFerence caused to
shifters 1281 and 1282 respectively. Signals a2A and

b3B passbites ddingrehabidield othersthah that aksiené8Godee@r @tenna system
hybrid 134, of the kind described earlier. Signals

b2B ahB0a3A pass to 11 and 12 inputs of a second

hybrid 1342. The hybrids 1341 and 1342 have

di fference outputs D connected as inputs to third and

R%éfﬂh% RS 86 ﬁéﬁ%@g ,gg}gkrg ég‘é]s[’ﬂf)‘g@ ?ﬁﬁpé"i 9}33&151%%&011 120 of

splittimg into
. t ,
f185 Regdrticl Yor E}}ﬂ%ﬁﬁéﬁ%@r \Iggm@ ﬁ*i&%@fgg% d;%filzzu. First

tol1l inputs o ird arnd

484 secendaplitteet 12404haUD 4| 188PLSITEI9MECREd irlpfit
second phag?el shi fterpgh12814§andP1282 g?ss to flﬂ tsﬁglg%lg denoted

i thib cape diyt eectofiLASamhB: 1Rése pecwdus arg of braal g@Wer but variable
splitting into fractions el/e2/e3 and flI/f2/f

. relefivet phadey . Tou tsplitters gh2d s ahd oh24-h énipiemen? divisibheinto three

1243 pass (fraction c |) to an 11 input of a fifth

Aystipas wdd82/addand bd 4e2/b3rresppctively: tite. radgnalsaalAng2A and a3A
phase shifter 1283. Qutput _signals fromthe W

a0 QP iRty SonpEplitiey obk}0and sagnal figgtionsdplB: ba@B apd4b3B from

' g@zs (frzcté_on dl) to an_ 11 input of a sixth hybrid
e

fdetahd
shifters 128, and 128, respectively. Signals a2A and b3B pass to 11 and I2
inputs of a first 180 degree hybrid 134; of the kind described earlier. Signals
b2B and a3A pass to I1 and I2 inputs of a second hybrid 134,. The hybrids
134, and 134, have difference outputs D connected as inputs to third and

ignals alA and b1B pass to first and second ¢ padding phase

fourth splitters 124; and 1244, which produce two-way splitting into fractions
cl/c2 and d1/d2 respectively. 'They also have sum outputs S.connected to I1
inputs of third and fourth hybrids 134, and 134, respectively.

Output signals from the first and second phase shifters 128, and 128, pass to
fifth and sixth splifters 1245 and 124 producing three~-way splitting into
fractions el/e2/e3 and f1/£2/£3 respectively. Output signals from the third
splitter 1245 pass (fraction cl) to an Il input of a fifth hybrid 1345 and
(fraction ¢2) to a third ¢ padding phase shifter 128;. Output signals from the
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(fraction d2) to a fourth O paddi ng phase shifter
1284. Qutput signals from the fifth sputter 1245 pass

woéORoAeheBs el ) to an 12 input of the fifth hybPCﬂ/Gh’iﬂ(ﬁmozols

(fraction e2) to a fifth O padd| ng phase shifter 12
and (fraction e3) to an 12 5 input of the fourth
hybrid 1344. Qutput signals fromthe sixth splitter
1246 pass (fraction f1) to an2d2 i nput of the sixth
hybrid 1346, (fraction f2) to a sixth O padding phase
shlfter 1286 and (fraction f3) to a 12 input of the
urth splitten 12430 (BrastioastBctol arel ingaet phasexth hybrid 1344 and

shlftersdéPS 1361 to 13612, the antenna el enents

>0 a éewithep gadding phast shiftem] a8t pOrepot sggnals from
g ;[éy(lrd 10 tq sixth hybrids 1343 and 1346 and thir
ftge BPEHES d 24k ppse (Eacties ed) to 32dR ingaitofttheufifth hybrid 1345,

bI e 3 beI ow. Table 3 ElenmentHybrid or Phase

& a Aifph it parkding plagb shiftes 1885 andpfraction €3) to an I2
DO 5d1%d£B - a3A) - O 707b1le 1222Phase Shifter
10pUb oF dha dosrth hyksid ma@ymutdmgaw frounthe sixth splitter 124

3 Sgﬁsaﬁé@z% de21707b| tB 1125127%1F;h aslgzéhﬁ%@/(ﬁacuon f2) to a
@P@%@p@éﬁlﬁ&ﬁ@% Shiftars38; and hrctionsthaa & 1B 3aput of the third
Bbeh 139, 1550 phaasc s, el BbR I APS Iy b6 to 1361, the
S SRS 175 3 3 r%ee?; @%ﬁ%‘?ﬁﬁqﬁéﬁpﬁ’ﬂ? Fthe third
RSP bR 199 g ksl B Rt JRASesHifieRy 138, ama 128,

a6 Qef bAEH T9Bic 8'delghonal powers are in terns of

Table 3
Element | - Hybrid or Phase Shifter Signal Amplitude

122, Hybrid 134, output D 0.5d1(b2B - a3A) - 0.707b1£1B
122, Phase Shifter 128, |0.707d2(62B - 238)
122 Hybrid 134, output S © 0.5d1(b2B - a3A) +0.707b1f1B
122, Phase Shifter 1285 | b1f2B

1225 Hybrid 134,, output D 0.5(b2B + 23A) - 0.707ale3A.
122. Hybrid 134, output § 0.5(b2B + a3A) + 0.707ale3A
122, Hybrid 1343, output S 0.5(a2A + b3B) +0.707b1{3B
1224 Hybrid 1345, output D 0.5(a2A +b3B) - 0.707b1£3B
1224 Phase Shifter 128; - ale2A

12210 Hybrid 1345, output § 0.5c1(a2A - b3RB) +0.707alelA
1221, Phase Shifter 128, 0.707c2(a2A - b3B)
12242 Hybrid 1345, output D 0.5¢1(a2A - b3B) +0.707alelA
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fractions of signal vectors A and B input to the first
and second splitters 1241' and 1242 respectively. The

wohamaestipfters 1281 to 1286 provi de conpensat p@iyde2bo4/002016

t he phase shift that 5 takes place in a hybrid (e.g.

1341). Consequently, signals or signal conponents that

do not pass via one or nore hybrids traverse two phase

shifters (e.g. 1281) and recei2& a phase shift of 360

degrees before reaching antenna elenents 1223 and

1229. In_addition, signals or signal conponents that

mecause allbthe teymsi all to 43 are drastionsh aflesighit pewdre age in terms of

1284) and recejve a 10 rel ative phase shift of 0 _

Srehagignalyveehoss da and didmpat toethg. finst 2y, seromidesplitters 124,

Spl,i rSplitter, QutputSplitter Rati os Vol t ageDeci bel s
ﬁlf,ifgé!'-eﬁHWi}VCﬂYBo. 4690- 6. 58 a2A, b2B0. 8290- 1. 63 a3B,

b3B0. 3040-10.34 . 0.707c 1(a2A b3B), 0.800-1.94 1243,

A0 IOHRE. 130 0 O c2 ol 098 OO0 AT e i

. 2&1@%&?&%%@&% f EeBg 9f‘324§1')p ' é%ngg?luze% 1,1Os%g71§a€is or signal
components that do not pass via one or more hybrids traverse two phase
shifters (e.g. 128;) and receive a phase shift of 360 degrees before reaching
an,tenné elements 122; and 122,. In addition, signals or signal components
that pass via one hybrid traverse one phase shifter (e.g. 128,) and receive 2

relative phase shift of ¢ before reaching antenna elements (e. g. 122;).

Table 4
Splitter | Splitter Output Splitter Ratios
Voltage Decibels
alA, b1B 0.4690 -6.58
1244, 124, '
" a2A, b2B 0.8290 -1.63
23B, b3B 0.3040 -10.34
0.707c1(a2A-b3B), 0.800 -1.94
1244, 124,
0.707d1(b2B-a3A)
0.707c2(a2A-b3B), 0.600 -4.43
0.707d2(b2B-a3A) |
1245, 124 alelA, ale3A, 0.2357 -12.55
b1f1B, bif3B
ale2A, b1f2B 0.9428 -0.51
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29 Table 4 gives splitter ratios; anplitudes
(voltages) are calculated from powers nornalised to

woum4t027owat t . Referring now al so to Figure 8pct/ash604/002016

is shown a vector diagramfor the antenna system 120
when the phase difference between input signal vectors
5 A and Bis 60 degrees, which is the angle at which
the phase front of the anten® array 122 is optim sed
in this exanple. Antenna elenent drive signals are

i ndi cated i n magni tude and phase by solid radius
Jeblor4 agivess splitteh mtiosnremeliewdss (veltagesic erouoslcalsted from
1221 to 12212 and signal powers (e.g. ale2A).

ponsh aermalised toauan dp lowattuch signal s are indicated
by 10 chain or dotted |line vectors. Signals blf2B and
al e2A on respective antenna elenents 1224 and 1229

Ref trinsaleh @GR BN hbkyri '
vec?{)rglng and B, and1??1eyeértge%8?%\glglpgve%%ggg??jl?ﬁﬂgmm for the

anmaa.?rstéﬂﬂlz@tveﬂelb)thé as®idiffler@tdd BoBVed! I9YEt §@9R1 vectors

mar ked 30 degrees. This drawi ng contains full

AnaindnBt iso60 rdegaees, nwhidly ie theagpilé udewhith dieshaseflont of the
will not be described 15 further. Referring nowto

Fitpna ayrayn 122t e reptayidedmid SthiofexamplenvAmnitéoma dlement drive
shown for a phased array 152 of n elenments 1521 to

spnals ang lindicated sushagnimdalsing phateaby solibiradivsnvector arrows
ar_g_istrary positive ipteger. A first splitter 1541

Vb iapteing elspnt refegpace wuanerakel 1981 itos1221, and sigoal powers

{1520, HoomREnIs doad < e hAS tofeRubh peiemals, 286 gndicated by
Rt e Bt T hodPpnatiandls 51 R A T hK o sepetiive antenna
18 g U bt ot s
PR 1 5 000 PSS K e by o
Biigidertlonal agrdivs R ﬁ%rﬁedg%}? déﬁéﬁ.vm%ﬁgwg}%ntMS full

shifter 1561 provides an out sitgna

ﬁbﬁ}akﬁhﬁbnh%-g%rdﬂ?ﬂ?c%igﬁﬁl hia‘r-‘gsﬂifudd“él&l Phasdnd WillChdtOBE described

to bn. Signa [

actio
further.

Referring now to Figure 9, an antenna system 150 of the invention is shown

“for a phased array 152 of n elements 152; to 152, employing double variable

delay, n being an arbitrary positive integer. A first splitter 154; receives an
input signal Vin, and splits it into two signals one of which has twice the
power of the other. Of these two signals, the higher powered signal is routed
to a first variable phase shifter 156; and the lower powered signal to a first
fixed phase shifter 158;. The first fixed phase shifter 158; provides an output
signal via a second fixed phase shifter 158, to a second splitter 154,, which
splits it into n signal fractions al to an for output via a bus indicated by Path .
P. The first variable phase shifter 156, provides an output signal to a third
splitter 1545 which splits it into n signal fractions bl to bn. Signal fractions
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WO 2004/ 102739 PCT/ GB2004/ 002016 30 b2 to bn are
output via a third first fixed phase shifter 1583 and

wa 200s102130di cated by Path Q Signal fraction beTRﬂ?zoomozom

equal power to that of the signal fed to the first

fixed phase shifter 1581, and it is routed to a second

vari abl e phase shifter 1562 and thence to a fourth

sputter 1544, which splits it BWto n 5 signal

fractions cl to cn for output via a bus indicated by

Path R The buses indicated by Paths P, Q and R have

N thbbandreNoutpui wialualthodnfivst fixed phapecdtiftet y15Fheand a bus

signal fractions on Paths P, Q and R pass to a signal

dedittated pyaRdth phSignahfitictiog biehwe requiah glosadred that of the signal

enerally by 159. The network 159 is 10 simlar to

tigdttodhectirgdixed phase shifterc 58 apidyitrissrobtedhtio 4 senond variable

wi.l | nat be scribed further. |t has the function of

MPrﬁ?HBteﬁﬂ@dérﬁé%ﬂmcﬁtﬁon@ fenghasplittero] phodubich splits it into n
i gnal s-, that var

%E%ﬁ%@a%f% %Eoii%r & hor:’ OB CYiaa Bys 1agicated bysRatsy R. The buses
Q. i i 5 15 i S, .
T T e Nt -,

j ntenna can be 15 tilted electrically as
ARl

b the use of only one such. Figure 9 nay be

extended with additi onal conbi nations of vari abl e
phase, shifters and splatters if a |larger range of '
tihe sighalelfartiens an Pathuft Qsamsd R pasartioanl sigpaksembining and
sift_eglhﬁip 1562 and.split at 1544 clrrigbe vari ably .

& Shiffingqnatmomkpindicate gsageally gby t 65%n Ther neyrork 159 is
be vari.ab ase, shifted and split_to prqduc I, to .
33 4B Gth MR hor i rehy ot (ooFisthr & b4 Arind will not be
[ n.antenna em.170 of the . invepntion for..a .
ShaCRe EeRY SRR RE TSR atbining b phate sBifiig signals

i d i apl.e.de 1t is a .

SATPRIS, HRINRC HOHEE Ve SIS R vl hpfhpriately for the
= I [ ECELVEeS.: ' t o
THEER afray™t 30 The Wy dfie@o PalablHRaeCniftre 134 ape 156, is not
\Was&dtidla st W %&Q&soﬂi@efalﬂje 5P &n@ldiebveCwhich an antenna can be
tilted electrically as compared to the use of only one such. Figure 9 may be

extended with additional combinations of variable phase shifters and splitters
if a larger range of tilt is required: i.e. just as bl is variably phase shifted at
156, and split at 1544, c1 may be variably phase shifted and split to produce
d1 to dn, d1 may be variably phase shifted and split to produce el to en, and

50 Oon.

Referring now to Figure 10, there is shown an antenna system 170 of the
invention for a phased array 172 of ten elements 172, to 172y, employing
ganged double variable delay. It is a variant of the system 150 described with
reference to Figure 9. A first splitter 174 receives an input signal Vin, and
splits it into two signals one of which has twice the power of the other. Of
these two signals, the higher powered signal is routed to a first variable
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these two signals, the higher powered signal is routed
to a first variable WO 2004/ 102739 PCT/ GB2004/ 002016

w8lophassoshi fter 1761 and the | ower powered spgf@B2b@/oo2016

a first -180 degree phase shifter 1781. The signal
passing to the first phase shifter 1781 is designated
as a vector A It provides an output signal to a
second splitter 1742, which s@lits the output signal
into four signals alAto a4A. 5 The first variable
phase shifter 1761 provides an output signal to a
tphiagel shifper 176 andahedower mowetes sikanl toitapfitstsil§0adegree phase
into two signals of magnitude equal to that of vector
178:. {lHessignabpesginglte the fitssphase shifter B/ 8rcistdesignated as
B, and it passes to a fourth splitter 1744 which . )
apsater A IE Providesas euipngistemsd o & seaead spliéeiod Réy, which splits

ese two.signals passes yia a secpnd variabl e phase
iﬁegﬁﬂ?‘% lg@gg@wégﬂrﬂgmis @b&fpt%fﬁ‘g-lms at whi If:)h it
Is designated as a vector C, and which splits it into
three signals cl1Cto c3C. Signals blB and cl1C pass to
iitee first eemmbie piita3skifier 1VAS provides eanautphiestenal to a third
shifters 1823 and 1828 respectively. Signals b2B, b3B,
splittand B Gvhicls sphits hity optpmti signall intop twossignals of anagnitude

first, second, third and fourth 180 15 degree hybrids

egual to goat: ofl soctarndl: oeeolthesadwo atgndds ¢s idesignated as a vector

rlier. These hybrids provide a_signal conbining
Etf\%f K Passenio @ splatigy by whech splitsfunte tlywes) signals b1B

I T et ‘ofpjéSecinio Sudisly vhsses s mgocond gariable phase
B Dm0, Bl s LB which 15 et s 2 véotor €, and
S By iRt Bl SRR AICHR 3G ch the equi vail ents

for elenments 1723 and 1728 have been added. Here N A

g?glglasis nl?ItBaglfcli iccl%)lp%ssvg élg)t%%aalioezlégz?en?{sz 1725 and 1723 via anteﬁna
phase shifters 1825 and 1823 respectively. Signals b2B, b3B, c2C and c3C
respectively provide I1 input signals to first, second, third and fourth 180 -
degree hybrids 180;, 180,, 180; and 180, of the kind described earlier. These
hybrids provide a signal combining network. Signals alA to adA provide 12
input signals to these hybrids respectively. Via respective fixed phase
shifters (PS) 182;, 182,, 182, to 182,, 182 and 182y, the antenna clements
1724, 1722, 1724 to 1724, 172 and 1724 receive drive signals from outputs of
the hybrids 180, to 180, with amplitudes as set out in Table 4 below, to
which the equivalents for elements 172; and 1725 have been added. Here

N/A means not applicable.



Tabl e 5 PCT/ GB2004/ 002016 Antenna El ement Hybrid
Qut put Si gnal Anplitude 1721Hybrid 1802, out put
woQomdde8B + a2A) 1722Hybrid 1801, out put SO. }@i(dﬁa)mﬂmm
al A) 1723N Ab1B 1724Hybrid 1801, output DO.707(b2
al A) 1725Hybrid 1802, output DO.707(b3B - a2A)
1726Hybrid 1804, output SO.707(c3C+ ad4A) .1727Hybrid
1803, output SO.707(c2C+ a3A) F/25N ACI C 1729Hybri d
1803, output DO.707(c2C a3A) 17210Hybrid 1804, out put
DO0. 707(c3 G adA) Val ues of sputter ratios are given
bﬂ? le 6 bel ow, where as before voltages have been

calcufated from powers normal ised to sumto 1 watt.
0 2004/102739 33 Table 6 _PCT/GB2004/ 002016

D AU el P SHVRER OIS 6354 5% sSiils
b ko S frikele,orc e Sl 4 T e
U2 | Hybrid 180, omtput S | 0.707(b3B + a2A)
172, Hybrid 180, output S |  0.707(b2B + alA)
1725 N/A b1B
1724 Hybrid 180;, output D |  0.707(b2B - alA)
1725 Hybrid 180, output D |  0.707(b3B - a2A)
1726 Hybrid 1804, output S |  0.707(c3C+ a4A)
172, Hybrid 180, output S | 0.707(c2C+ a34)
1725 N/A clC
1726 Hybrid 1805, output D |  0.707(c2C~ a3A)
17210 Hybrid 1804, output D |  0.707(c3C- a4A)

Values of splitter ratios are given in Table 6 below, where as before voltages

have been calculated from powers normalised to sum to 1 watt.




and dotted |ines so that they vary together and give

equal phase shifts. They are controlled by a tilt
woanbamb7aechani sm 186. 5 It can be seen from pegureodfooois

that only the upper half of the array 172 (antenna

el ements 1726 to 17210) receives signal contributions

associated wth fractions cl etc. fromthe fifth

splitter 1745, these contribut$dns having undergone

two variabl e phase shifts at 1761 and 1762. Mbreover,

only the Ilower half of the array 172, i.e. antenna

s 1721 to 1725, receive signal 10 contributions

associated with fractions b 1 etc. fromthe fourth

HAter—1 /45— these e oRt-FbttohRe—h

he vari abl e phase shift at 1761. Bot f t he
Spljugt Ra

r ays\}gﬂtgeﬂ ot h rséj]ﬂﬁ.ﬁ %ﬂwn el enents 1728)
pcel SI gn ontributions] alA etc. Tfromthe second
blitter 1742] these .'contrl but Vedtageot havi Rgcibels
hadnr nAann wvehrd . ahl A nJ:\nc-a c t ot 17R1 OF 17R’) 15
LAV A3 | UUII\- ‘u V AT T CANT O HITM ?T%‘ﬁ <

pf erring now to RINrsALl, the agigpgn system qfogne

ventjpy nayj be |rrpl errent ed as a single fleeder

ystem or a dpal yst eim i ngl e feegaqr
ystem a si ngl e nput 200 I es Si g 3
m—via—a—-feepger—Wo ZGGq,LUL,°ﬂ PEH-EB20044% 602816—3%

D2 t o Ap ant anmﬁmmzm whi @l577ay be .nmoungerR on
mast with ah _antenna array 206. Siognal sSiplitting.

Ari a and S ftln vectorlal

bTbi glg?%@ je§§?1d6@3?’e§3f¢ g@ﬁgc}enenj:d i it e
aobBIlUIy ZU‘|- OT1 I._FIU TSt IIII S Ilclb tme—agvarrt aytc
that only one signal feed is required to 5 pass to the
dieewadiablesplasd sluiftess 186 badubE6, ateugawgal astindivatedby arrows
remote operator cannot adjust the angle of electrical

teind: dotited dines soctss they vaey tagethen andsgivebéquadl hase shifts. They
the nmast. Also, operators sharing a single antenna

wee contiolledave attile contrel mmaphanismel ¥utrical tilt.

Figure 12 shows -an antenna system of the invention

i mpl enented as a dual 10 feeder system 210. This

5 IVTanTboaecd Horh Fiptieol0 sBat icly Zhé WPpEP half of the array 172

(antenna elements 1724 to 17240) receives signal contributions associated

QSPNCNGD DS Vo Ov

with fractions cl efc. from the fifth splitter 174, these contributions having
undergone two Vériable phase shifts at 176, and 176,. Moreover, only the
lower half of the array 172, i.e. antenna elements 172, to 1725, receive signal
10 contributions associated with fractions bl efc. from the fourth splitter 1745,
these contributions having undergone one variable phase shift at 176,. Both
halves of the array 172 (other than antenna elements 1723 and 172g) receive
signal confributions glA efc. from the second splitter 174,, these

~contributions not having undergone a variable phase shift at 176, or 176,.

15  Referring now to Figure 11, the antenna system of the invention may be
implemented as a single feeder system or a dual feeder system. In a single

feeder system, a single signal input 200 supplies a signal Vin via a feeder
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generates two signals V2A and V2B as described |
earlier, and these signals are fed via respective

woOeeslens73814A and 214B to an antenna array 216pcThf32004/002016

tilt control section 212 may now be | ocated with a

user renotely fromthe antenna array 60 and mast on

which it is mounted, and an antenna feed 15 network

218 (see e.g. Figure 4) may beB4o-located with the

antenna array 216. Signal splitting, fixed phase

shlftlng (if desired further variable phase shifting

3 02dp anmdntemmaassemblynlid whiceseay bedmeamitédion a mast with an
lenented in the assenbly 216. A user may now have

an gt aveys 2000 Sigaal splittingyt vatiabke andofixed2phase shifting and

adj ust the angle of _electrical tilt renotely fromthe

yretntal cznnglmag M@Wﬁ@ds@aﬂl@ﬁ ds mlemﬁgtetdms the assembly 204

adj ust ment n of ot ser's shari.ng
o Déraag stﬁéé %@ d%a%taaa 2t oulte onersigan] £¢¢€bﬁs rr@qmred to
convenient to r

phsd 4 R RRDE e, ﬁ%%ﬁ%%#bﬁé%%ét Bl st that a remote
OPEERDT ottt ?dﬁk% CodEle (e i 0 RrtinRt agoess to the
g‘ﬁ%@ %@lﬂﬂ HEs Oli]*wﬂler ]ar a CAE/O 6(}5 ég%lto%% %:hﬁ'?@lg g%ﬁfgﬂé antenna
SuAEayEe %?@%@ﬁﬁ%@?%@ﬁ: or o base

station, it is possible to inplenent a shared antenna

g@ﬁg&; t an 'af%ééﬁ%ﬁéts%% gghgflayﬁlat Og%hﬁ%emed as a dual

f%@f@??a}; ogﬂm MO0 GO VAN AL 0812 which
PSR BRY, %%@WWP@?@%S@?%& sty and'Bee signals

% Tl resng R R Re G 1A MRl POUS gfévhsﬁ?@ggeﬂﬂ f 15y 216. The

H1aRSHb] 6d oxg?j@bn%ﬁov@%% lotatQ Reith &f PE& ge 8telg from the

transm-t pat en and I n serres w

;ﬁiéigg??:aftrg(ffﬁg g%ti‘l anEst267 - whileh &t 1§ RbaftdH,Shid | & antenna feed
network 218 (see e. & Figure 4) may be co-located with the antenna array
216. Signal sphttmg, fixed phase shifting (if desired further variable phase
shifting also) and vector combining as described earlier is implemented in
the assembly 216. A user may now have direct access to the tilt control
section 212 to adjust the angle of electrical tilt remotely from the antenna
array 60 and mast, and may make this adjustment independently of other

users sharing the antenna assembly 216.

In a dual feeder installation it is also convenient to redulce tilt sensitivity to
lessen the effects of phase differences between feeders, e.g. a difference
between the angle of electrical tilt required by the operator and that at the
antenna. With a respective tilt control section 212 located with each

operator, and at an input side of a frequency selective combiner located at an
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10 249 with a vari abl e phase shifter 251 between and
in series wth bandpass filters 253 and 255 and a | ow

woeoseroarspl i fier or LNA 257. Transmit and reCcoYRiB2004/002016

frequencies are.normally sufficiently different to

allow themto be isolated from one another by

bandpass filters 245 etc. There are further and

| argel y equival ent second tramfrt and receive paths

15 243f and 249f associated with fixed phase shifts is

t hese have like referenced elenments with a suffix f.
TOiperatecsrkhser stationt ipi posiBle tmsmplefiened phaed antenna system
shifter, 246f between band pass filters 245f and 247f.

wigh escodividnet engle pfitilt fogehchapenaforxed phase

shifter 251f and LNA 257f between band pass filters

253f and 255f. 20 In addition to operating in transm't

Fagere SIS 24 ohatd. , afBhne? ¥stéfid 2408 Jfo b Snvention
haVe the capability of operating in réverse in recelve
odevalent hoetlat stRbwht i FibasoB ngithomudi€icatiohn€oPRisé in both
di'f ference between the two™ nodes is that in transmt

meckve hend eedBmi? GhodesvPaes prepisusdnddscaited tre bkih®ferenced
243 and 243f are traversed by a transmt signal from

veth a grefigh2002sndhenlyashamgese odily benddecrileaki e variable phase
pat hs 249 and 249f are traversed by receive WO ]

3bifter1 246 swithovhige tida i oootrelled isi neml wsdd dmtrangmit t({@x) mode
left and feeder 265 provides their conbined output, . )
R, paddsveoniested snaa drapsmeilpatd RA3chetwwean wndein series with

Ao I RS 2 7 B v )
S LR T .
G 2 0°285.804 & B39 Sab i) 451 NALBRA o and
R T B SR P LB B e o ve

possi

GRIREEeEbE (R AnOLRR B Blnd SR ARRL RATVRLL | Cquenci os.

There are further and largely equivalent second transmit and receive paths

243f and 249f associated with fixed phase shifts y: these have like-

referenced elements with a suffix f. The second transmit path 243f has a
fixed phase shifter 246f between band pass filters 245f and 247f. The second
receive path 249f has a fixed phase shifter 251f and LNA 2571 between band
pass filters 253f and 255f.

In addition to operating in transmit mode, elements 242, 244, 252, 254, 256
and 258 to 265 have the capability of operating in reverse in receive mode
with e.g. splitters becoming combiners. The only difference between the two
modes is that in transmit mode the feeder 265 provides input and transmit
paths 243 and 243f are fraversed by a transmit signal from left to right,

whereas in receive mode receive paths 249 and 249f are traversed by receive
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10 Referring now to Figure 14, a phased array antenna
system 300 of the invention is shown for use in

wbnangistizeand recei ve nodes by nultiple (two) pcr/GB2004/002016

operators 301 and 302 of a single phased array antenna

305. Parts equivalent to those previously described

are like-referenced with a prefix 300. The draw ng has

a nunber of different channels3 parts in different

channel s equivalent are nunerically i ke-referenced

with one or nore 15 which are' suffixes: a suffix T

@ig]ﬁls febraai gl to lefbasdifecder 268 pryeidesahst! cordbidd output. The
2 indicates first or second operator 301 or 302,

ambmesmgﬁa}s AreogeBeratdd ciat efrcufry 264 plat R640aeb 260 to 254 by

of these suffixes froma reference nuneral prefix

(phage shiftizig anchoembiningahtannanslehentsignalatgemesdted by the array

are referred to. 20 Initjally a transmt channel 307T1l

@02 ke respanseofseretaipt 3¢1a w:tgmalbﬁromim space. Thiessystem 240 is

@MW ““%hﬁg.%ﬁ Eot b oC e, s it
P L RS SR A e e
ax @aﬂp ” EHASOUSE) 251% 18 oPLoRRREPls beospig antenna
?Sfﬁ%?c@sé%zﬁnbbh?ﬁ%n B ReRland ebRriRUe AP RBrORl upigh ciffer at
%@ﬁﬁéﬁg%%&g% F g%étlicl)zgggl ndi cated in

the drawing. The first operator 301 al so has a.

" recei e frequen desi gnat ed, Fr x and ui val ents faqr
H»refee‘s:@egnraogf Higure 309, & @hﬁf‘@é Htonna ey Stes P00 of the

ERECRAPR db RO famBRady Fravhl qa%%ﬁxf% 78 TedHEY Rritible (two)
sratoss 20T A02.glgh S hescl SFe e SR T Phrrs pepuivaent
gﬁ : q}}sgcggsvggﬁﬂgﬁgégcﬁbé& eir@ﬂ%é%feﬂ;%g& G fix 300. The
drawing has a number of different channels: parts in different channels
which are equivalent are numerically like-referenced with one or more
suffixes: a suffix T or R indicates a transmit or receive channel, a suffix 1 or
2 indicates first or second operator 301 or 302, and a suffix A or B indicates
A or B path. Omission of these suffixes from a reference numeral prefix (e.g.

342) means that all items having that prefix are referred to.

Initiaily a transmit channel 30711 of the first operator 301 will be described.
This transmit channel has an RF input 342 feeding a splitter 344T1, which
divides the input between variable and fixed phase shifters 346T1A and
348T1B. Signals pass from the phase shifters 346T1A and 348T1B to
bandpass filters (BPF) 309T1A and 309T1B in different duplexers 311A and
311B respectively. The bandpass filters 309T1A and 309T1B have pass band
centres at a transmit frequency of the first operator 301, this frequency being
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feeder 313A to an antenna tilt network 315 of the kind
described in earlier exanples, and thence to the

wbhasg@dz2mpr ay antenna 305. Simlarly, the othepcdiig004/002016

first operator transmt signal at frequency Ftxl

out put from bandpass filter 309T1B is. conbi ned by

the second dupl exer 311B wth a |ike-derived second

operator transmt signal at fr3guency Ftx2 output from

an adj acent bandpass filter 309T2B. These conbi ned

signal s pass along a second feeder 313B to the phased

designated Emob a8@ddicated hetlendeawimg!. iTHe fiestvapdratS301 2lso has a

Despite using the same phased array antenna 305, the

reecivprequencyc dcasignamcio el r and apnvaleatgfes thd second operator

electrical tilt both independently and renotely from
aretERdagbBr#br el y by adjusting a single variable

phase shifter in each case, i.e. variable phase

shifter 346T1A or 346T2A respectively. Anal ogously,

Meefive @ﬁﬁiﬁréﬁrﬂﬁ@igﬂaj{f é@ﬁéﬂﬁéﬁ?‘f@ﬂ‘% ¥icAn the leftmost
network 315 20 and feeders 313A and-313B are divi ded

byntipassl filkax809TIN As aodmblddl Bhabe firyt depleianaldA with a
are then filtered to isolate individual frequencies

Bikeiderved RBezlnd mpeamdpassndiitt eignaBad RiuBRIRP&K?2 output from
309R1B and 309R2B, which rovide signals to variable

| andadjacent phudpasshiitteer3) Ahegeceambinagh siiEalapass along a

48R2B respectively. . Recei ve angles of electrical tilt

teedem3h3A0m amjandenns slbypetwerkopddaobthe kind dlescabed in earlier
RLERTRL A ) 5 b SRRRSEOLE st e e
T K
SPOTITE LR d L 55 LR TRAREALS . i Fe-cerived
sttt YRoRR Spalbht? nd BF Trehal B TEEE ohabdl b acjacent
Sk g EYSk WA, op LG AYARRY Q0K S e PR fooder
818H itkerthe phased array antenna 305 via the antenna tilt network 315.
Despite using the same phased array antenna 303, the two operators can alter
their transmit angles of electrical tilt both independently and remotely from
the antenna 305 merely by adjusting a siilgle variable phase shifter in each

case, i.e. variable phase shifter 346T1A or 346T2A respectively.

Analogously, receive signals returning from the antenna 305 via network 315
and feeders 313A and 313B are divided by the duplexers 311A and 311B.
These divided signals are then filtered to isolate individual frequencies Frx1
and Frx2 in bandpass filters 309R1A, 309R2A, 309R 1B and 309R2B, which
provide signals to variable and fixed phase shifters 346R1A, 346R2A,
348R1B and 348R2B respectively. Receive angles of electrical tilt are then
adjustable by the operators 301 and 302 independently by adjusting their
respectively variable phase shifters 346R1A and 346R2A. Signals for more
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referenced with a prefix 400 replacing 100 and only

nodi fications will be described. The system 470 has a
first splitter 4741 which splits an input RF carrier
signal at 473 into two parts, one of which passes via
aQ 004102%4r | abl e 10 phase shifter 4761 to a PCT/€B2004/002016
feeder 4771 and the other directly to a second feeder
4772. The itens 473 to 4772 are located in or near a
cellular nobile radio base s%@tion (not shown). The
feeders 4771 and 4772 connect The base station to a
renote antenna radone 479, in which a 'second variable

p 6 0 4
i g‘igaéb%égﬁf?. uly® Bk PolrBthed in BAnSURbE (U7 scparated in
10pecepti®: %f bébonsstss ei@”%étédd aby Q:o&'iﬁtﬁﬁnts with
shlfters 4 6 and 4762 are no |onger ganged but

i naffads drandadjthsreedonlddepkhe eotrippnehts withwufiised héo m where
advant age t hat %n i ndi vi dual angle of electrical tilt

camt 15&be)pambeE 81 PPEIRRIEh  operator sharing the antenna

472 (using frequency selective conbining such 20 as

that shown in Figure 14) but the tilt range, common to

aI Figopedatshosys 4 phased: arajeantehna gy sier 420 tof éha mmmtmm largely

ctrical t et by the second variahl e hase
t%\mwéztlhﬁwﬁeww@n BHee ylOo P arfre PERMIPEYE scrihed are like-

o[a%?%?ﬂ@& S et ) REMAGTR, 100 whdr o] mofifeatipps wil be
s hqugripei UT&Q‘%S}E el 470 %28 eacfif% s}?giﬂgf;‘ghﬁ RIASE sgp éxg'input RF

25 4762, wthin t e antenna ft may

setarrieneigglay at 4a6 ihte MO paBRA6OAEO DT IThIRETRAEAD 0t L FaoEL Gariable
39 radonme 479 using a servo mechani smcontroller (not

s highasy . shifier Hab: t&arﬁa;bigge@a%’éﬂsmd thae Qﬂtraryim@;bﬁttea second
| cefien A7y oles b 14 ndrT: w6 5%@; OF FPRT aieMghar mobile
oriBd haRPSGRLg’ @ﬁﬁ’a@*ﬁ#‘ B ??ﬁsf%ﬁ%%’@y i 472 Gongget the base

t NQafidly 96 td Pétn@ﬂépﬁlﬁehﬁhg ribrh® 0, 3R /AR a SEdond variable phase

.parallel |line cou rs

15

20

25

shifter 4762.15 located

The system 470 operates as described earlier with reference to Figure 10,
except thaf the first and second variable phase shifters 476, and 476, are no
longer ganged but instead are adjusted independently. It provides the
advantage that an individual angle of electrical tilt can be provided fér each
operator sharing the antenna 472 (using frequency selective combining such
as that shown in Figure 14) but the tilt range, common to all operators, is
extended. In practice the angle of electrical tilt set by the second variable
phase shifter 476, may conveniently be the average of the individual angles

of electrical tilt of all the operators sharing the antenna 472.

Whereas Figure 15 shows adjustment of the second variable phase shifter
476, within the antenna radome 479, it may also be set remotely from the
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(PLCs) SP2 and SP3 and 180 degree ring hybrids SP4 to

SP11 and H1 to H6. Here SP in SPl etc. indicates a
splitter and Hin H etc. indicates a hybrid used as

a sum and difference (SD) generator. Each of the
MDOIDHY2IBP4 to SPI1 10 and H1L to H6 has four PEBGEBE04/002016
i.e. first and second input ports and first and

second out put ports indicated respectively by inwardly

and outwardly directed arro The out put ports of

each of the SD generator hybrids HL to H6 are sum and

di fference outputs indicated by S and D respectively.

E olrQo i NQLM] [ h i P

PRy TR s, St Mt N l1er a0t ). Further
diwirkitte a%eaﬁﬁiﬁdrgﬁh:%?robbe&d@édttob)tha gnehanceysiemd 470 in
around the ring circunterence in each case. Here Ais

t rescaedasicengith the inventivngloagxtend duithert the rangg of tilt common to
mahl:éfri al. A signal applied to an input port of any of

t e PPHFNHFbri ds SP4 to SP11 and Hl to H6 is split

into two conponents passing respectively cl ockwi se and

20 _counter-clockwi se around the ring, which itself has

a Kignea k6 shews @ forther gmboplimentwpba phasadsarsay aAntesgersystem 500

th canponents have.rel ative anplitudes de . ned
ok i BT BTG 68 SO HEBRTS P, BRFALIGL] g couplers
t ' [ -SpLidg t, to '

o P A S 2 50 B aRh VbRt SF G B, o He
| Nbfe QPTinSSP gicaRhdikatesid PRt At PLn RS Etc‘.""iﬁ&ic@@s'd‘hybrid
phase 25 and w Il be added together to give a sum
outsedtas alsum sindrlifferemed SO checator. beoft thedryibnilstSP, to SPy;
ports distant X/4 and 37/4 from an output port will be

i rangOth 04H3 Gy FoupEprise2e0 distoznd seamd mpystizeses and first and

will' be subtracted from?{i)ne anot her to . ivegf

di ¥oPERL nBUPUL POJEY  Indfcaterl JEERRAIVEEY D Linarelynapck otvardly

any;i , ' r ' i | '

IR aBe, AR LESFBF 5 BLABHI RS i o

POM} areMsirh AR HiFf@BhED BagAtS vl 18} Beari] PPE&pectively. Each

resultant if path inpedances are equal: this ,

t heorebéra inddlidtdsring hybridSP apab P, f aminHone Myt depiarated from
one port by a distance A/4 and from another port by a distance 3A/4 around
the ring circumference in each case. Here A is the wavelength of the signal

Vin 111 the ring material.

A signal applied to an inptit port of any of the ring hybrids SP; to SPy; and
H; to Hg is split into two compbnents ‘passing reépectively clockwise and
counter-clockwise around the ring, which itself has a circomference of
(0+1/2)A where n is an integer: these components have relative amplitudes
determined by the relative impedances of the paths in the ring they pass
along, which allows splitter ratios to be prearranged. Two signals received
from respective input ports distant A/4 from an output port will be in phase
and will be addéd together to give a sum output. Two signals recei-ved from

respective input ports distant A/4 and 3A/4 from an output port will be in
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Each ring hybrid SP4 to SP11 used as a splitter has a

first input termnal (inwardly directed arrow)

connected to receive an input signal and a second

input term nal connected to a respective termnation T

WO MWBRBE | oad). The termnation T provi deBCEHGBE0H002016

i nput signal: consequently the ring hybrids or 10

splitters SP4 to SP11 divide signals on their first

i nput term nals between their4'respective out put

termnals with respective splitTting ratios determ ned

by the ratio of inpedances between input and out put

{ e . h y C _

o UrANg 48, A b6 ibtreklbd Hon oS Pty & il difference
¢ . y b hiseh ar '
emtbyfé%tcgg%%a? g?%%@%g%%ggg?% e tp ower o#lga%% Beived
| npiatcloclowisk afddncowmer-el@hatiss Qafler rege v g Tromhiw éaput port
a variabl e phase shifter 502 and appears on-a first

f Wik besimsanigphase vang vl AgiveHee zetcheaspltent ifapaoithpedates are
appears_on_a second. f eeder iOG as a vector B; it.is
po=aiab) this Beraiera igelates puduiphansat em one asetherown)

between the first splitter SP, and the second feeder

506 as described earlier. 20 The signal vectors A and ,
B Bacls ting hylmid SR,ota 58 Pucsd 892 apHtt&PRas a first input terminal
r%?pect've_y, each 05 whi ch has twg output term pals :
01{Tawardy difcgted asapYy onpeeiad dareqeive apnnRat signrhand a second

b e e AP o). The

=

sigRalitdh 'P?E@\Hﬂes Eezfgﬂi i & a@ngoﬂl%%gg@ﬂygﬂ HeSing hybrids or

reduced i n power. to - B an 1 '

r espiditizis 8B yo SB adivide digndlben thelitfiist Hibddt téni@aldbetween their
case. The two resulting WO 2004/ 102739
PQERBBIDCANGpEINEeNdIals QvillPuBpectigreasplittingmatibe dets®mitiR by the
and SP3 ,are fed to the first input termnpals of the

f iefiR of {mperapras bebvaen &t gpd GiputdpEERals L eaciiefase-
whereas the -16.11 dB signals are fed to the first

input termnals of the sixth and seventh splitters
SHa Bedysem S08pas i vatlier @ntipdintants hu dpput signalSHin is divided

85 et Sttt Sp, i v equal Sendls whicl Are cach Teducad fo -3dB
compared to the power of the input signal Vin: one signal so formed passes
through a variable phase shifter 502 and appéars on a first feeder 504 as a
vector A, The other signal so formed appears on a second feeder 506 as a
vector B; it is possible to include a fixed phase shift (not shown) between the

first splitter SP; and the second feeder 506 as described earlier.

The signal vectors A and B pass as inputs to the PLCs SP, and SP;
respectively, each of which has two output terminals O1 and O2 and a fburth
terminal T, terminated in a matched load T providing a zero input signal.
From its input each of the PLCs SP, and SP; generates signals at output
terminals O1 and O2 which are reduced in power to -0.12dB and -16.11dB
respectively relative to the input signal in each case. The two resulting
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reduced in power below that of the input signal to
-5.3dB and -1.5dB, and these output signals are fed

to the first input termnals of the fourth splitter

SP4 and the first SD generator H respectively.
BM0peRIF? the eighth splitter SPs divi des PEBGB2004/002016
-0.12dB i nput signal into output signals -5.3dB and
-1.5dB 10 bel ow the input signal, , and these output
signals are fed respectively 49 the first input ,
termnals of the ninth splatter SP9 and the second SD
generator H2. The fourth splitter SP4 divides its

- SO4PAB | ipnidls Sfronalthé MPIOCO WIPUEandi 9Pl de - foll @cﬁotgggtéfbt input

-4.94dB below its input signal: of these the -1.
ouepumnalgo§ithe fifth fedi cighth aplitters SR tod SHirespeqiively whereas

2 eriel B A8 A 0 Tas they Rt TBBF dcinglfoo b Sixth and
li f fi h .shi fter/ant I t

coBeih eifneBEiPennd 8 2aB3cln) ° connect on of the

line Ln to the fixed phase shifter PEn is not shown ’
e Sl Yo for S 2108; R5 it Stenah et oRtph ignaliathich are

The - - ' | fr t

carpeed el A bR he TEDBns SERI0, o Fh Adr 5B, emd
t hRese60ffht AgnAEBRY ROk iR firkh finlgﬁtnfeflmﬁfﬂlf, Hf%t:a[ Fburth splitter

divides its input signal Into output signals -

68, mhthe fidst B0l Bchetator T sespuetivei. @itilaryl thdesshth splitter
the -1.68dB output signal is fed via a line L9 to an
amBsndiyidescitent. 12dByinpus signad dnph eutpus tsignals -5568B anfe1.5dB

! SRR S S, Db el S s Bt Ry o
P [ | i SP6 |

s R ods bR AhapHiy SR i e Eelnd SO Benempror He
3dB below its input signal: of these output signals

2L b s Seh it ABR2IE ol bin 16, bl sgnal
. . i’ C Th

L BEAnin) 12048 b s 0408 10, L er 848 oot
Prsogtid| i felVWiaoy it LA o 8" Ttetl DRGSR 3HBeP BB dnkiSthence to an

i nput
antenna element F4 of a twelve element antenna array E. There is one such

line I'n for each fixed phase shifter/antenna element combination PEn/En
(=1 to 12): connection of the line Ln to the fixed phase shifter PEn is not
shown explicitly to avoid too many overlapping lines, but is indicated by
"PEn" at the end of the line Ln in each case. The -4.94dB output signal from
the fourth splitter SP, is fed to the second input terminal of the second SD

generator Hp.

The ninth splitter SPy divides its input signal into output signals -1.68dB and
-4.94dB below its input signal: of these the -1.68dB output signal is fed via
a line 1.9 to an antenna element E9 via a fixed phase shifter PE9. The 4.94dB
output signal is fed to the second input terminal of the first SD generator Hj.
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signal, and the output signals are fed to the first

input termnals of the fourth and sixth SD generators
H4 and H6 respectively. The first SD generator H has

a sumoutput S connected to the second input term na

W0 10p10eBArth SD generator H4. It has a di f PEr/GRUE4/062016
output D connected to an input termnal of 10 the

tenth splitter SP10. Simlarly, the second SD.

generator H2 has a sum outpuf,S connected to the

second input termnal of the fifth SD generator HS5.

It has a difference output D connected to an input

t eTHe 88dh 9bli V. ' t -
oY Forh SPEeSP, BTt dral SRHKEE Stidh brodites! BUb butpu signals
owtaeht3dB bekive its Ifputedginl SdBiHest mutpiissighaldions i§Fad to the first
fromthe.first SD generator HlL. One of these output

silgpat termgnaleefl :heaﬁﬁmsm gengrater Hy, and dhmatheiremefad €pthe first

Y N e ——

t ' i i | ak t t N

s A sty " BRS Rl Mo, Sk Alts | O AKCRMO its input
] .. Lt .

SO ko e 1908 i B S B0l o o o

ownalusixth §ipendrators &, mdHg reipeetively, t Thenfime S8 @anerator H,

el ement EIl via a fixed phase shifter PE 11 and the
othfsra swmfaHpEbStIeansetedria thesecondinnuidermina lof the Lotrth SD

S B s AR o
O 1 ! . s

P Bt fEbf P S @S, W B, S Bhferglar B " sum

anghipudt?S 2bfinédtsedo ﬂ{@%oﬁﬁii@%ﬁ/ ritfal of RS fifIES D %e%efrator H.

PE8, PE10 and PE12 respecti DI rect conpari so
t He ha®© a2difitrafcy 86tpRCT) CBRNEA3 A2 Qhbinddit pemeinabivftthe eleventh
i nput signal Vin to powers of signals received by
afPEHEBS el ement s can be made by addi ng the dB val ues
mar ked by each signal path (ignoring |osses in
non-ideal conponents): e.g. antenna el ement E4
r ddwi teath splitéergRy, isvan euilasplities produting dwoocspail edtp signals
i npu %%vver to, -3dB, -0,-12dB,
each 3dB below its mput signal from the first SD generator H;. One of these

output signals is fed via a line L2 to an antenna element E2 via a fixed phase
shifter PE2. The other of these output signals is fed to the second input
terminal of the third SD generator H;. Similarly, the eleventh splitter SPy; is
also an equal splitter producing two equal output signals each 3dB below its
input signal from the second SD generator Hy, One of these output signals is
fed via a line L.11 to an antenna element E11 via a fﬁed phase shifter PE11

and the other is fed to the second input terminal of the sixth SD generator H.

The third to sixth SD generators H; to Hg have sum and difference outputs S
and D providing drive signals to anterma elements E1, E3, E5 to E8, E10 and
E12 via lines L1, L3, L5 to 1.8, L10 and Ll?, and fixed phase shifters PE1,
PE3, PE5 to PE8, PE10 and PEI12 respectively. Direct comparison of the
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5 -5.3dB and -1.68dB at sputters SP3, SP3, SP5 and

SP4, respectively, a total of -9.1dB. Relative

phasi ng of antenna el enent drive signals will not be

descri bed as the analysis is equivalent nutatis

M 204108730 0 t hose given for earlier enbodi nRAT/SB20TH2016

enbodi nents of the invention described above use 180

degree hybrids. 10 They may be replaced by e.g. 90

degree 'quadrature’ hybrids wygh the addition of 90

degree phase shifters to obtain the sane overal

functionality, but this is less practical. Exanples

ofpavher oheetihpt bRl begn e ?@Wdr@@ﬁ Siass %&eﬁred by antenna

sequenti al connectlon of splitters and hybrid

atﬂl@@@n‘@t@m bo niz@eH)y aldimy theati® valuerst mnarkelﬁbﬁbaabls@al path
t he, i nyention can_be conceived with nore st ages,

e. o ignozing @Ssesgﬂm@-ﬁﬂeaé&@mmegmzw goantEgna element B4 receives

Py‘csr B B gL B empeaq 1 B THEE i wed drtporGr iy 128,
ANSTIERAn@L 1 GEHB%aSPﬁIu%@g Jé ggs éﬁagﬁér re%sgectwely, a total of

incorporating: a) a“varia
| nPrieiBici Relativeaphadihe d’;ie'aﬁieJnﬁﬁ SBarat Shitd RHNPERiN not be
first and second RF signals, splitting appara us for
dideisettiberl nséhe analysxﬂeisye@has]ens muftasis rhitastlis @nthose given for
se nd S|§n s into component signals, and a signal

% for formng vectori al conbi nati ons
of the conmponent signals to provide a respective drive
signal for each individual antenna elenent wth
aﬂglftﬁmb odimgatia of e mveation desaitedhahrowgrisec] &) degrbs hybrids.

such that ., the of electric tilt f_the array
ey erem%ﬁgqll Do pomadl dagres camadeatisee’ Db with the

| V"?i | @ d@g%%l@g?%ﬁlfg‘e% {o Of:)trf]i%_t{ deus? a(lerqe g%rtaﬁ functionality,

15

varra ase
but this is less practical.

Examples of the invention have been described based on a sequential
connection of splitters and hybrids, abbreviated to (S-H). From these, further

examples of the invention can be conceived with more stages, e.g. S-H-S,
S-H-S-H, etc.



2. A systemaccording to Caim1 having an odd nunber
of antenna elenents. 3. A systemaccording to Claiml
wherein the vari abl e phase shifter is a first
vari abl e phase shifter and the systemincludes a
SEWAHIYBPR| abl e phase shifter arranged to pREEEBIGIHI2016
a conponent signal which has. been phase shifted by
the first variabl e phase shifter, the second variable
phase shifter providing g further conponent signa
output for the signal c ﬁbining and phase shifting
network either directly or via one or nore

Clais utter/variabl e phase shifter conbinations. 4. A

au?gsten1according to Caim1l wherein the variabl e phase

shifter is a one of a plurality of variable phase

1. SHTiieked A4y WHiferiia0 pbieRDash AdJindibhbR0 RRHEA N ANY
network i s arranged to” produce antenna WO 20041102739
PCOOEBRM 40 6RAF O 4ntairayalsinetdts, Ve sistsral mcbiporating:
conponent signals sone of which have passed through
al) t he vasiebkphasp shifiersforfingoducing asvanable rolation phase

ol R R 1L
b0 R Ahghs FOTNEATA kBl Pebd R

syst'e.wgéﬁcﬁhr&gﬁaﬁsﬁt@idan&%ﬁ&%@i ald)@ndi gnal phase

shifting and comnbining network erpl oys phase shifters
ao)l hybsighat copibénimg fdiytork dey fommninghestoshl dombinatiods
vectorially conbining the conponent signals.. 7. A

syst envhtheraanpepans sgnalsicputade pnespesting sirivigssignal for

180 degree ..hybrids. 8. A systemaccprding to C ajm,6
wher ef A dndlBiels anfa iSRG} Nigh abpropriate’ phating
relative to other drive signals such that the angle of electrical tilt

of the array is adjustable in respoﬁse to alteration of the variable

relative phase shift introduced by the variable phase shifter,

2. A system according to Claim 1 having an odd numbef of antenna

- glements.

3. A system according to Claim 1 wherein the variable phase shifter is a
first variable phase shifter and the system includes a second variable
phase shifter arranged to phase shift a component signal which has
been phase shifted by the first variable phase shifter, the second
variable phase shifter providing a further compoxf}ent signai output for
the signal combining and phase shifting network either directly or via

one or more splitter/variable phase shifter combinations.

4. A system according to Claim 1 wherein the variable phase shifter is a
one of a plurality of variable phase shifters, and the signal phase

shifting and combining network is arranged to produce antenna |



wi th circunference (n+1/2)X and nei ghbouring ports
separated by x.14, where X is a wavelength of RF
signals in material of which each ring hybrid is
constructed. 9. A systemaccording to Caim8 wherein
YHR2004102§3 ng apparatus incorporates ring hyEFGH2004/002016
with circunference (n+1/2)X and nei ghbouring input

and output ports separated by X/ 4, one input port of
each hybrid being term nated %%th a resistor equal to
the system inpedance and formng a matched |oad. . WO
20041102739 PCT/ GB2004/ 002016 46 10. A system

accor delegndr v Sighalshfiogh Roiforeyb Isi@fla sente 8F oidh have
to convert input signals 11 and 12 into vector suns

and di passedribeanght dibthe variabl¢ phadoyhifieds 4rid 4aine dfiwhich have
system according to Claim1l wherein the splitting

appar ablek, variable phase shifter, and the signal

phase shifti ng and conbi ni ng network are co-l ocated

W th the antenna array as_an antenna assenbl and

t Re asdespstgmhascerding e Climi dpwheprinethef g of ppparatus is
renot e sour 12. A system acco o,.Caiml
oy ol ATAREEC i (00,3 CRlRTHRS SLote LB s Somanent signals

ocar ol PPl Re S0l bR RS wid bodPrbleilett s, o

t he second and third splltters and the second and

thi d t t | h h
Bt iR Repidifig T R REe %P:r{?? %@l@l&glwss@mfg&g and

| t R
[ nput pomﬁﬂﬁéeﬁéﬁiﬂ’fﬁf mﬁﬁﬁ’s B°SETY 308 S Faupters
first gpmirid) fenphacerdhifim phdsectoslllyt @mbBieng @l‘i@b@ﬂ}ponent

13. A systemaccording to Caim1 wherein the variablé
phase signflser is a

7. A system according to Claim 6 wherein the hybrids are 180 degree
hybrids.

8. A system according to Claim 6 wherein the hybrids are ring hybrids
with circumference (n+1/2)A and neighbouring ports separated by A/4,
where A is a wavelength of RF signals in material of which each ring

hybrid is constructed,

9. A system according to Claim 8 wherein the splitting apparatus
incorporates mng hybrids with circumference (m+1/2)A and
neighbouting input and output ports separated by A/4, one input port of
each hybrid being terminated with a resistor equal to the system

impedance and forming a matched load. -



10.

11.

12.

13.

. reverse signal processing capabilities such tha

first variable phase shifter connected in a transmt
channel, and. the systemincludes a second vari able
phase shifter connected in a receive channel and
further transmt and receive channels providing fixed
PHAZWHERTPt s, and the signal phase shifting BEHGB2004/002016
conbi ning network is arranged to operate in both
transmt and receive nodes by produci ng antenna

el ement drive signals in éesponse to signals in the
transmt channels and p? duci ng receive channe
signals fromsignals WD 2004/ 102739 PCT/ GB2004/ 002016
48 sevemopesbriingars Edian @ wherdis thediydiiditareddstaidv &
mode with independently adjustable electrical tilt in
eeRiverb tputisignals ;I,;@uér&antquttﬁg stmsCngl differomensedther
the varighle shifter is one of a plurality of

v {%ﬁgﬁﬁggﬂiﬁﬁfters associated with respective
operators, and the systemincludes filtering and
conbi ni ng apparatus for routing signals_on to common
sigsistere carcapdiaeate sChimerd prherein dhe fplitgng napparatus,
res tive vari.abl e e shifters he. co n si.gna

r Sty ey R it 2% siatial o de il RRT dopBine
Afétwfink! S0 U 1L AR D1t I BfeRAR S el ALDEL WRLKITGY
providing srgnals to ~the antenna”contal ni ng

caid khd ukiAblyl A Q‘i’ﬁ%leQPF rﬁl;}% powkt feddis aPEMIL Rembte

adj ustable el éctrical tilt. A system according to

Giairoe.l4 wherein the plurality of variable phase
shifters conprises a respective pair of variable phase
shifters associated with each operator, and the

Sys isgBichasacsorfimige 16 SCiliht it whaeibothl &plittargd a?pﬁrtaﬁus
e
sipspeporatesofiestateicond iand third rsphittersatble fiesteipligtents becated

Wi t i ndependent |y adj ustable electrical tilt in both
rﬂé‘gs?helé’?ﬂﬂ«g]dﬁei) #t ohiftenjremately fem dhe seppréyand; fhird

oéplﬁte%@,agﬁg R "BoR" b8 Wird splitters, the signal phase shifting
and combining network and the antenna array are co-located as an
antenna assembly, and the assembly has dual RF input power feeders
from a remote source at which the first splitter and variable phase

shifter are 10cated.

A system according to Claim 1 ‘}vherein the variable phase shifter is a
first variable phase shifter connected in a transmit channel, and. the
system includes a second variable phase shifter connected in a receive
channel and further transmit and receive channels providing fixed
phase shifts, and the signal phase shifting and combining network is
arranged to operate in both transmit and receive modes by producing
antenna element drive signals in response to signals in the transmit

channels and producing receive channel signals from signals



system the systemincluding an array of antenna

el emrents, and the nethod incorporating: a)

introducing a variable relative phase shift between

first and second RF signals, b) dividing the

M H04402T39 phase shifted first and second si §EHIGB200HDWB016
conponent signals, and WO 2004/ 102739

PCT/ GB2004/ 002016 48 c) vectorially conbining and
relatively phase shifting the _conponent signals to

provide to provide a respecti\f‘g drive signal for each

i ndi vi dual antenna el enent with appropriate phasing

rel atiievelopetihby doter@as efpmadiis Susdratifat it hRcafe) enéde with
electrical tilt of the array is adjustable in response

to al t dndepandendy adjiestable iekisitrical ¢ilhin ¢achpimade. shift .

17. A nmethod according to Caim16 wherein the array

has an odd nunber of antenna elements. 18. A nethod -
actdr dihgysenChecondify o luih fgwiersnatienearédble gske shifter is
one conponent_signal which has undergone phase

shi fti rigeiof aphirality of yagableyphaseshiftars associafietlt with respective
19. A nethad acc r&‘ipg%%o Clalig]1 wherein the |

var i ablPeAIIE: 30f; stery apclydes, bitermg and, comhippg apparatus
i ncl ud [ tenpa e t.. driVv si.gnal.s from
compondat "o e sEebE ch B iR i Bed CiptiRieDs R phase
al |t hehiffinbal Rspiabe o4 BRI fRD f ool i

have not. Zg.th net hod g%ti:%l%lﬁ' nSSEan d a%r"rim&ci ncogdsilﬁréal feed
di vi di ngparatosypoeiagt comhertal tat eplittiniohetppeesmonent a signal
signals for jnput to the signal phase shifting and _
conbi nicREbiBingoARd phase sshidingoaetieedy Homgrovddigisignads to the

enpl Oy'aﬂgelﬂl%as gozsi’t%h{iglgr chﬁt%btq Pnrlé dsfrom both operators with

-

independently adjustable electrical tilt.

15. A system according to Claim 14 wherein the plurality of variable
phase shifters comprisés a respective pair of variable phase shifters
associated with each operator, and the system has components which
have both forward and reverse signal processing capabilities such that
the system is operative in transmit and receive modes With

independently adjustable electrical tilt in both modes.

16. A method of adjusting the electrical tilt of a phased array antenna
system, the system including an array of antenna elements, and the
method incorporating:

a)  introducing a variable relative phase shift between first and
second RF signals,
b)  dividing the relativgly phase shifted first and second signals into

component signals, and



17.

18.

19.

20.

21.

22,

~ efippyRent sigal

for phase shifting and vectorially conbining the
conponent signals. 22. A nethod according to Caim?2l
wherein the hybrids are 180 degree hybrids. WO

2004/ 102739 PCTI GB2004/ 002016 49 23. A nethod
NEWPHIRF%t 0 C ai m 21 wherein the hybrids ar BCFGEZH04/002016
hybrids wth circunference (n+l1/2)x, and nei ghbouri ng
i nput and output ports separated by ?J4, where n is
an integer and X is the yavelength of RF signals in
material of which each ring hybrid is constructed. 24.
A met hod according to Caim23 wherein the splitting
apbar aVemoriglly o cpptiniag rand) relptively wphase shifting the
circunference (n+tl112)?. and,, nei ghbouring i nput and.
out putccﬂﬂ??ge@eﬁﬁ?lé%e@ BFoRdg, ©Qiuoviisu@ popecaye dieh
hybri d.;Qgin ] [t S| [.€ | to the
oyst erticiandol Sch JALRAGIY Wb tiEhEln: FOHR appropRite
met hodplaasy FElREvE GoCbREM & \eRnglsN shdlf thyPfHedandeCor
designed to convert input signals 11 and 12 into

vect orelscinieahtiit off fiiceareac s adjubble ihasspohle 18)al@pstion
(11-12), 26. A nethod according to C aim 16 including
f eedi ref thesianighte wiativgmnhaseshifhal from a renote source
for splitting, variable phase shifting and vectori al
conbining in a network co-located with the antenna

aAr mptharl adaordingrtodineni® wheriibthe 2127y has matddinumber
acgordin o Claim16 including feeding two RF input
ngﬁ%‘iegn @OSHE abl e phase relative to one anot her
froma renote source to an antenna assenbly and
splitting, conbining and phase shifting signals in a
ndt mﬁﬂw(g giccorting dovilaim hé iacheling gemesating @t 1éast one

met hod according to . Caim 16 characterised in that it.
Which s ridergrmechhass shiftng ingp sluaalignof

| PadhiB pth'élgl@ St g nd

A method according to Claim 18 wherein the variable phase shifters
are ganged, and the method includes producing antenna element drive
signals from component signals some of which have passed through

all the variable phase shifters, and some of which have not.

A method according to Claim 16 including dividing a componeht
signal into further component signals for input to the signal phase

shifting and combining network.,

A method according to Claim 16 employing phase shifters and hybrids
for phase shifting and vectorially combining the component signals.

A method according to Claim 21 wherein the hybrids are 180 degree
hybrids.



recei ve nodes, and it includes producing antenna

el ement drive signals in response to signals in the
transmt channel s and produci ng WO 2004/ 102739

PCT/ GB2004/ 002016 50 recei ve channel signals from

KO HR42d¥y el oped by antenna el enents oper aPCHGBRI4/002016
recei ve node with independently adjustable electrica
tilt in each node. 29. A nethod according to Caim 16
wherein the vari abl e phase shifiter is one of a
plurality of variable phase shifters associated wth
respective operators, and the nethod includes: a)

- id3-er ihgnethed senerding ¢o llginald wherepmtts hybtideard ring hybrids

common j\?fégnal feed apparatus after phase shifting in

r espectWi Cligpnsreace (aadR2)4 mnd; reigh h@ﬂiéll% emprorarsi guigint ports
' {t
appar ACBERHAL DRA/A WAGTE B v ARiegor andipktbe whvelengd of RE
t ; L di si;gnal s ta the.anfenna
Cont a siss B AR HRR cBeh BBl Sihstrogted. o)

adj usting electrical tilt associated with each

Q2 6 oUREr SRR oS BB by Gh ke appaans
S 11 crSeStBORES 3 | FORRBACViR Selpmlknte (bR  and
Fever s DRI SpiCLLou bR Rofe bepuaictig ff one input port of
net hod ehﬂ@'hﬁﬁﬁ*ﬁ% gjeé%ﬁaf‘ttkl&ﬂjﬂagﬂ]‘& rv?i@lgrﬁ treﬁ%tr: ?@%1]\’ ) the system

nodes with ently adjustable elec
i n eaclhmpedance and forming a matched load.

25. A method according to Claim 23 wherein the hybrids are designed to
convert input signals I1 and I2 into vector sums and differences other
than (J1+I2) and (I1-12).

26. A method according to Claim 16 including feeding a single RE input
signal from a remote source for splitting, variable phase shifting and
vectorial combining in a network co-located with the antenna array to

form an antenna assembly.

27. A method according to Claim 16 including feeding two RF in];.)ut
signals with variable phase relative to one another from a remote
source f0 an antenna assembly and splitting, combining and phase

shifting signals in a network co-located with the antenna array.

28. A method according to Claim 16 characterised in that it employs
transmit and receive channels for operation in both transmit and
receive modes, and it includes producing antenna element drive

. signals in response to signals in the transmit channels and producing



29.

30.

WO 2004/102739 PCT/GB2004/002016

50

receive channel signals from signals developed by antenna elements
operating in receive mode with independently adjustable electrical tilt

in each mode.

A method according to Claim 16 wherein the variable phase shifter is
one of a plurality of variable phase shifters associated with respective

operators, and the method includes:

a}  filtering and combining signals and passing them to common
signal feed apparatus after phase shifting in respective variable
phase shifters, the common signal feed apparatus being
connected to the splitting apparatus and the signal combining
and phase shifting network; '

b)  providing signals to the antenna containing contributions from

both operators; and

c) adjusting electrical tilt associated with each operator
independently. |

A method according to Claim 29 wherein the plurality of variable
phase shifters comprises a respective pair of variable phase shifters
associated with each operator, the method employs components which
have both forward and reverse signal processing capabilities, and the
method includes operating in transmit and receive modes with

independently adjustable electrical tilt in each mode.



