3 July 2006 WD 03/ 036756 PCT/ GB02/ 04166 -1 ANTENNA SYSTEM The pr3daly2006

I nvention relates to an antenna system and particularly, but not
exclusively; to a phased array antenna system having a plurality of antenna
el enents arranged in at |east two sub-arrays. The antenna systemis
suitabl e WP 887560 nany tel econmuni cations systens but PET/GB82/@aG6t i cul ar
application in cellular nobile radio networks, comonly referred to as
nobi | e tel ephone networks. More specifically, the antenna system of the
present invention may be used with third generation (3G nobile tel ephone
networks and the Universal ‘Mobil e Tel ephone System (UMIS). Operators of
cellular nobile radio networks generally enploy their owm base-stations,
each of which includes one or nore antennas. In a cellular nobile radio
network, the antennas are a fact ANTENNAISYSTEM he desired coverage area
which is generally divided into a nunber of overlapping cells, each
associated with a respective antenna and base station. Each cell contains
a fixed-location base station which comuni cates with nobile radios in that
cell. The basiesprasant inventiemselhtesto av antemtacyysrmast patibylady heut noeans  of

communi cation, either radio links or fixed |and:lines, and_are arranged in
5 grid or mEKAUEIVED, (R RPESeS TN ARUPTRB BV Hem NG PRI 06 BReRRE col |,

coverage ar mgy t \ h e tth. public

t el ephone nge?ev\%‘?l(tgouts g(e}lﬂtaﬁééﬂg{e Ioﬁﬁlglr‘hr%i F‘lel@%étgﬁk)d ﬂgt&v\%\?sk@“%'ﬂg ant ennas

used in.such foptswinkmary elebirmmnicatipns sseemeitdasls ipastivulaspplhitapad arr ay

ant ennas whi ch %ﬁ@gri se..a g,uralitg*(usually ei ght or nore) or array of

i ndi vi dual arlfé& EmoBURE 1§ ey gkt commendy gefeded ioas Brobjiasslerhene

fﬁgs'n;: ‘r’]' Y Qlerhbiks 2Mc28 Gkcificafly, IHRSnYRE sFaEm Yr Pt i enfibh GRY 0N Of
be used with third generation (3G) mobile telephc_)ne networks and the

Universal Mobile Telephone System (UMTS).

Operators of cellular mobile radio networks generally employ their own
base-stations, each of which includes one or more antennas. In a cellular
mobile radio network, the antennas are a factor in defining the desired
coverage area which is generally divided into a number of overlapping cells,
each associated with a respective antenna and base station. Each cell contains
a fixed-location base station which communicates with mobile radios in that
cell. The base stations themselves are interconnected by other means of
communication, either rédio links or fixed land-lines, and are arranged in a
grid or meshed structure allowing mobile radios throughout the cell coverage
area to communicate with each other as well as with the public telephone

network outside the cellular mobile radio network.

The antennas used in such networks are often composite devices known as
phased array antennas which comprise a plurality (usually eight or more) or
array of individual antenna elements or dipoles. The direction of maximum

sensitivity of the antenna, i.e. the vertical or horizontal direction of the main




3 July 2006 WO 03/036756 PCT/ GB02/ 04166 radiation beam or "bores3 guly' 2606
the antenna pattern, can be altered by adjusting the phase relationship
between the el enments. This has the effect of allowing the beamto be
steered to nodify the coverage area of the antenna. In particular,
operators oY OFE¥&% array antennas in cellular nobile rad8CHGBA¥NST ks have
a requirement to adjust the vertical radLation pattern (VRP), also known
as the "tilt", of the antenna since this has a signifi.cant effect on the
coverage area of the antenna. Adjustnent of the coverage area may be

required, forradmtiopbeamani“bgrdsighchahesintenns betera] va ke sitare¢ byir e or the
addition or renoval of other base stations or antennas in the cell. The

adj ust ment of2djusEing fhp Bhase relapenship batwaen e elements nbvim has e jefect of

convent i onal I ag-lgg Glﬂ Py CER?EQ' I lLectrical n or both,
wi thin the ana%ngnn |ﬂ}\ése .toﬁen t%‘?fb Ilnsgﬁggjﬁtlfs ogggarggcaﬁ%n?@?laéﬁm?%r exanpl e
by nmechanically noving the antenna el enents thensel ves or by nechanically

movi ng the housing for the el ements, such an adjustnment is often referred
to as "adj udRmERICUNT, operatng PEplsedratnz anieanastinicellular mobie radio of

adjusting the ngl e of nmechanic ti.lt is to repgsi.tion th esi ght such
t hJa'tJ i ![ goi nt‘?t‘g?f?‘ﬁz‘ﬁ"e 35%qpéreg'}engtq %‘%!Psttﬁfée HﬁFQ‘Jﬁ&alﬂﬂ%Ha‘ﬁmﬁvﬁg’sad} gst edu
el ectrical |y alfykiir/sd e Sl Def Meastenah shico pak ﬁa§h'|9%ﬂf§cg1rutét¥ﬁéc@§?am enna

el ements w thout physically noving either the hous enent s,
t he ant enna dheneversge dreasttheamnteron. Adjustndng of her ¢covefage laeeambebaa radomne,

Such, a0 291 UskAERle S SIRE dyick S0 htn U DeniohSLARS o2l 12 2091 of
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signals fed to each elenent (or group of elenents) 1in the array.

The adjustment of the angle of tilt of an antenna is known and is

conventionally achieved by mechanical mealis, electrical means, or both,

within the antenna itself. When tilt is adjusted mechanically, for example by

mechanically moving the antenna elements themselves or by mechanically

moving the housing for the elements, such an adjustment is often referred to

as “adjustment of the angle of mechanical tilt”. The effect of adjusting the

angle of mechanical tilt is to reposition the boresight such that it points either

above or below the horizon. When tilt is adjusted electrically, by adjusting

the phase of signals supplied to the antenna elements without physically

moving either the housing for the elements, the antenna elefneﬁts themsélves

or any other part of the antenna radome, such an adjustment is commonly

referred to as "adjustment of the angle of electrical tilt”. The effect of

adjusting the angle of electrical tilt is also to reposition the boresight so that it

points either above or below the horizon but, in this case, is achieved by

changing the time delay of signals fed to each element (or group of elements)

in the array.



3 July 2006 -3- 0 A disadvantage of nechanical adjustment of theg3angl g0y

electrical tilt is that it nust be carried out in situ by manual

mechani cal adjustnment of the antenna. It is an object of the present

invention to provide an inproved antenna which overcones the

af orenenti oned problem In the follow ng description, the term"antenna

systenl is used in place of the previous_term "antenna" to describe a

system having an "antenna assenbly", that is an array of antenna el enents,

and control neans for controlling signals supplied to the antenna el enents
o the present invention, there is.

[ h nbl A di
or ovi ded ArOARCATa LSt 0REiaal Adlusgneny OfiheAuglmal desentlyilninthig an
| f gl t t | t t t
port < anddRARRE Paied iy %5&@%@%&&%@%%&&%&% ports and

t he anten%@t ﬁrrents; and control neans arranged to provide electrical
contr ol a phase difference between two signals passing via respective

antenna ports in order to control the angle of electrical tilt of the
antenna assenbly, the control means being at a |location renote fromthe

ant enna aﬁgggﬁldb &gp{ @QQ 6,75 [ GB02/ 04166 Advant ageously,
t he antenna asse 'y mal%/é rrglrlly\{s%pef}{lt%g}zo ﬁﬁo‘gé&?ﬁ'dl % Hgﬁh‘gﬁﬁﬁmeans,
each of S@V@tcbhiéstﬂ@f‘éf@&ﬁ@ﬂ oﬂeg BIjéIHSt ment neans be| ng in connection
Wi th a respective one of sal arrays’ through the respective first or

second input feed, thereby to adjust the phase of signals supplied to said
respective one of said sub-arrays.

In the following description, the term “antenna system” is used in place of
the previous term “antenna” to describe a system having an “antenna
assembly”, that is an array of antenna elements, and control means for

controlling signals supplied to the antenna elements in the antenna assembly.

According to the present invention, there is provided an antenna system

comprising:

a)  an antenna assembly having an angle of electrical tilt, a plurality of
antenna elements, two antenna ports and signal routeing means fof

routeing signals between the ports and the antenna elements; and

b)  control means arranged to provide electrical control of a phase
| difference between two signals passing via respective antenna ports in
order to control the angle of electrical tilt of the antenna assembly, the

control means being at a location remote from the antenna assembly.




Typically, the antenna carrier may be a mast. In a first enbodi nepgly 20u%
control neans may be |ocated at a base of the antenna carrier, rendte from
the antenna assenbly. In an alternative enbodinent, the control neans are
arranged at a distant |ocation fromthe base of the antenna carrier or
mast, for eXAMHP¥™everal kil onetres away. The control nBEREBM##GNC] ude a
single port for receiving a single input_ signal and means for splitting
said input signal into first and second split signals to be supplied to a
respective one of said first and second phase adjustnent neans.

Advant ageous| Xdvdngedisy e fafchh® AsseMBBf G® SoNPABS fit®and Ytmatphed! | Y _
controlling the phase of signals supplled to a first one of said arrays in

dependence orpdjissmpniageanss eaghgifzsaisl Bisppnd segond phascadprstmeignesns sai d arrays.
In one preferred enmbodi nent,.said elenments in.sai.d antenna enbly are
arranged 1 11e0ds i QBB Brfero TS oL i S EeAREReB RS "oy 2t om
conprises: fifSbechfdiretlor BRI thPlt BN th&rkby BPadiR® BOBRRe OF singRal s
supplied to sa?%ecfi rst Osrub- arralgl,E and 3 Juj{y 2.12606 V\C?%%?OSESS 6

PCT/ G1102/ 041se§pli¢d todsagbrespentiverman of said subqatmaps.| i ng t he phase of signals

supplied to said third sub-array, and second control neans arranged to
control automatically the phase of signals supplied to said second

sub-array in &Jﬂgferﬁ%eaérﬁ%rﬁ Og[.ﬁé}ﬁ{.‘ L gedhb. function of the phase of the
signal s suppl?@g t o’ sal Irst an ?’lerzg suS )-arrays. Advant ageously, said
predeterm ned function.is the vector sumof the phase of the signals

supplied to said_first and third sub-arrays. Said second control neans nmay
pref erabl y i i8&,@st gmbediment the gprtrgl gpeans may be located at a base of the

antenna carrier, remote from the antenna assembly. In an alternative
embodiment, the control means are arranged at a distant location from the

base of the antenna carrier or mast, for example several kilometres away.

The control means may include a single port for receiving a single input
signal and means for splitting said input signal into first and second split
signals to be supplied to a respective one of said first and second phase

adjustment means.

Advantageously, the system further comprises means for automatically
controlling the phase of signals supplied to a first one of said arrays in

dependence on the phase of signals supplied to a second one of said arrays.

In one preferred embodiment, said elements in said antenna assembly are
arranged in first, second and third sub-arrays and said antenna system

comprises:

first control means for controlling the phase of signals supplied to said first

sub-array, and



receiving a first input signal having the phase of the signals syggw'%béo
said first sub-array and a second input signal having the phase of “signals
supplied to said third sub-array, and for providing an output signal to

t he second sub- array in dependence on the predeterm ned function of the
phase of th®WOMBWESs supplied to said first and third sBBT&BPAYLES | n one
enbodi ment, the predeterm ned function_s the vector sumof the phases of
the signals supplied to said first and third sub-arrays. In a further
preferred enbodi nent, the second control neans includes at |east one

quadr at ur e coihirdreentrohiniearsofor centeoliing thesptas¢ of signglssuligdab sdidvhing t he
phase of si g@s S%m iied to the first sub-array and a second i nput signal
having the p ATH: ’épénal s supplied to the third sub-array and for
providing a first output signal to one elenent of the second sub-array and
a second output signal to a different elenment of the second sub-array,

wher ei n sai d detosd caitebl mt‘z@ﬁa@%?’dﬁdboﬁirﬁl@t&nﬂi@llﬁ&ﬁ@ﬁ%@fof'dfg‘ﬂﬁlst he
predeterm ned function of the ase of the first and second input signals.

.3 July 2006 \gapphgdhwesagbseoord eﬂgan@mirs@eppnéer@gw@raapn@d@emw fgnctioni t may be
configured s t h of sai aytput signal s provided by the
quadlrg'ltJ ure C(L;O(r?‘n}P %gﬁﬁsgnql?ﬁh?g%ﬁﬁ%s Z@QS%S%H f&ﬁteanﬁlﬂﬁﬁgéuli’)gr@ﬁd fi rgt and

second input signals. The first control nmeans may be arranged to control
and/ or adjust the phase of said signals supplied to said first sub-array
by a first prideantageowsdyl saidbpredeteemiuned finttiondotie veotor som ofithe phasey be
arranged to c rol and/or. adjust the phase of said signals supplied to
sai d second sUB"aFE Sﬁg’pp&w?&béﬁ@ftﬂﬁ'éﬂgt HSHRA B unt , wherein the

magni tude and/or polarity of said second predeterm ned anount is different
to that of said first predeterm ned anount. The antenna assenbly is

conveni ent | y Saippdcond contrdl rmearsxnayupnefdrablwincudmatombiner unit for

receiving a first input signal having the phase of the signals supplied to said
first sub-array and a second input signal having the phase of signals supplied
to said third sub-array, and for providing an output signal to the second sub-
array in dependence on the predetermined function of the phase of the signals

supplied to said first and third sub-drrays.

In one embodiment, the predetermined function is the vector sum of the

phases of the signals supplied to said first and third sub-arrays.

In a further preferred embodiment, the second control means includes at least
one quadrature combiner unit for receiving a first input signal having the
phase of signals supplied to the first sub-array and a second input signal _
having the phase of signals supplied to the third sub-array and for providing a
first output signal to one element of the second sub-array and a second output
signal to a different element of the second sub-array, wherein said first and
second output signals are dependent upon the predetermined function of the

phase of the first and second input signals.



feeds fromsaid first and second phase adjustnent neans. The ant3emg,2006
assenbly conveniently includes respective signal distribution nean
associated with each sub-array for splitting and distributing signals
across the elenents of the associated sub-array. Preferably, each of said
si gnal di st¥PHB#IER neans includes a splitter arrangenenPCT/EBOMMEIGr i buti ng
signals to one or nore of said sub-arra_yGS_. Conveniently, the splitter
arrangenent is arranged to distribute signal strength of said signals to
said sub-arrays in a substantially uniformdistribution, thereby to

i ncrease ant eThé quitRifsd edthbigial Bnit hity BRoRABAAH A Hlagh}e! pHase offifd Ou' Pul
signal fromsaid distribution neans "associated wth a first sub-array is
spatial |y con¢¥tpecsignalpprovidediwdhoiquindrature tembinenngit dithp avemige oéithef r om sai d
di stribution ans.as lated with a thir sub-array, thereby to provide
first and sec eggﬁﬂﬁﬁ-&ﬁf%ﬁtsﬁﬁ?n TPHLTES first and second el ements of a
second sub-array. The conbining of signals may be. achieved sinply in air,
and provides the further advantage that higher 3 July 2006 WO 03/ 036756
PCT/ GB02/ 0416Bhdfirst soptnd] myedns maydbe arsengeditd ebnidel dralve Rijuse yhedshase bf eved,
particularly when the systemis electrically tilted, The additional

mechani cal ph@é‘gsﬁﬁﬁﬂﬁ&‘ Wfitars?lérfg"éwli’taﬁﬁéﬁlby A ditgtquedgternipedgmeyntnpyeabl e

dielectric el gupen | E%E # e t . rovi ded
wi th an assocl at e&ﬁéﬁcgﬁggﬁt?@aﬂé?%gnen ,&unl q eatté%%{%tg(%l a@ﬁg%{qsi/ﬁ@r may

share a di el ephasé of sdiésipnnlswupplidde saidaeabndaithartrsy By atsb@ndof the array
el enents. Each el enent has an associ ated i nput transm ssion line and, in

one enbodi nebfedeigEBIReS AMOKRL ATherein the magisidsrang/arpolarity e eaidisosondi near
movement 1 el gbliuerhfed UfoBRCRHALES: b ARYE SR 8 bledStebinsd Al Turt her

phase shift

The antenna assembly is conveniently supplied with a maximum of two signal

feeds from said first and second phase adjustment means,

The antenna assembly conveniently includes respective signal distribution
means associated with each sub-array for splitting and distributing signals
across the elements of the associated sub-array. Preferably, each of said
signal distribution means includes a splitter arrangement for distributing
signals to one or more of said sub-arrays. Conveniently, the splitter
arrangement is arranged to distribute signal strength of said signals to said
sub-arrays in a substantially uniform distribution, thereby to increase antenna

boresight gain.

In one embodiment, at least one output signal from said distribution means
associated with a first sub-array is spatially combined or overlapped with at
least one output signal from said distribution means associated with a third
sub-array, thereby to provide first and second combined output signals to first
and second elements of a second sub-array. The combining of signals may be

achieved simply in air, and provides the further advantage that higher



signals supplied to said el ement through said transm ssion |ineg juiv 2006
Alternatively, each of the dielectric elenents is arranged for rotayy
novenent relative to the associated transmssion line to vary the further
phase shift of signals supplied to said elenment through said transm ssion
| ine. The aMB%¥P%6FAI mechani cal phase adjustnent arrangeREHGBM#Gher ef or e
include either rotary or |inear actuatign nmeans for noving the dielectric
el enents. Each additional mechani cal phase adjustnent arrangenent may be
identical, so as to provide a substantially equal anount of further phase

adj ust ment t charbggtalggirbatploned sidelddadévedy imay belaehendd, yaaftuldriewhe®r rotary
actuation of the dielectric elenents. Alternatively, each additional

nechani cal phasestenjisielenticallniiltehgerent may be different such that |inear
or rotary actuation generates a different amount of further phase
adjustnment to signals to each elenent. 3 July 2006 WO 03/ 036756

PCT/ GB02/ 041 6fhe/siichial thekRardéd® phsYe a@ﬁﬁﬁﬁént%@rahﬂ@m@ﬁterﬁﬁgglgir%}é%ﬁt lon, there

is provided an antenna system conprising: an antenna y having a
plurality of araynfieveableatiglecricrelemerite d&te sigwnl psthidoaackysay elaiensub- ar r ay

conpri sing one or no of, said e]e ts; first control ans for

control ling t'H& B‘f?é(é‘[—.‘?%d?m%%ﬁ%ﬂ(’g‘ag"gﬁﬁ?lfe‘gﬂwtei)er%ﬂﬁ ?‘E‘ﬂ“%@a‘oqle@ﬁmd arrays;
and second cqt ; : Leal Gont i f signals
Suppi | od o ol L HERC ARG EKlHIRL WA b R A 1) Al R8P o o
si gnal s supplalederto said first one of said sub-arrays. Preferably, said

el ements in said antenna assenbly are arranged in first, second and third
sub-arrays and said assenbly includes: first control means for controlling

the phase of @l gnflmfert 1ROk G8otRtedBhfut’ddnihission line and, in one

embodiment, each of the dielectric elements is arranged for linear movement
relative to the associated transmission line to vary the further phase shift of

signals supplied to said element through said transmission line.

Alternatively, each of the dielectric elements is arranged for rotary movement
relative to the associated transmission line to vary the further phase shift of

signals supplied to said element through said transmission line.

The additional mechanical phase adjustment arrangement may therefore
include either rotary or linear actuation means for moving the dielectric
elements. Each additional mechanical phase adjustment arrangement may be
identical, so as to provide a substantially equal amount of further phase
adjustment to signals supplied to each array element upon linear or rotary
actuation of the dielectric elements. Alternatively, each additional mechanical
phase adjustment arrangement may be different such that linear or rotary
actuation generates a different amount of further phase adjustment to signals

to each element.




sub-array; and third control means for controlling the phase of 3silg2‘ag0%6
supplied to said third sub-array; and wherein said second contro‘f ans is
arranged to control automatically the phase of said signhals supplied to
said second sub-array in dependence on a predeterm ned function of the
phase of saV@0¥P¥ral s supplied to said first and third SGHGCBIYWES.

Advant ageously, the predeterm ned function is the vector sumof the phase
of the signals supplied to said first and third sub-arrays. 3 July 2006 WO
03/ 036756 PCT/ GB02/04166 It will be appreciated that the features described

as optional aAchoeding ab bRsihed Aspes d¥fthd Prséritlintentidnetierdfs prh@idedygnt i on may
al so be applicable to the further aspects of the invention. According to

yet a furtheralipasystem OmPrifi&ent invention, there is provided an
ant enna system conprising: an antenna assenbly having a plurality of
el ements arranged into at least first, second and third sub-arrays, each

array Conpri Sindhtéing aQSeniBly Rafibg 23)16ralie) SNEBhEAts ARANEAN Y fAled¥BaRs foOr
controlling the phase of signals suppli‘ed to each of "said sub-arrays;

wher ei n sai d sibtaerays, eashenblayray somppisingamewirtthors afsaidaiemertst wo si gnal
feeds. The systens of the invention as described in the preceding
paragraphs provi de several advantages over existing systens. In

: | , ; Sy lied
particul ar, Gt Eddtrol ﬁ%ﬁ?foﬁéﬂh&%ﬂ@%ﬁ’lﬁ:{ BﬁasErb?s@;%ﬁfsgeglge(fgflonp stond/PPl 1€d to

each sub-array 1n the antenna ass can be y and qui ckly
and from a | afsaidorays; and ’

second control means for automatically controlling the phase of signals
supplied to another of said sub-arrays in dependence on the phase of said

signals supplied to said first one of said sub-arrays.

Preferably, said elements in said antenna assembly are arranged in first,

second and third sub-arrays and said assembly includes:

first control means for controlling the phase of signals supplied to said first

sub-array; and

third control means for controlling the phase of signals supplied to said third

sub-array;

and wherein said second control means is arranged to control automatically
the phase of said signals supplied to said second sub-array in dependence on a
predetermined function of the phase of said signals supplied to said first and

third sub-arrays.

Advantageously, the predetermined function is the vector sum of the phase of

the signals supplied to said first and third sub-arrays.




remote fromthe antenna assenbly. It is known to adjust the ang@{mﬂ iddé
of an antenna by manual nechani cal adjustnent of the antenna elenents

and/ or the antenna housing nmounted on the antenna carrier or mast itself.
Such an adjustnent process is inconvenient and |abour intensive. The
present i MY@A#PEHoprovi des t he advant age that the angl ePE6T/GBPI1Gan be
adjusted froma |ocation renote fromtye antenna nmast by electrical neans,
for exanple from a base station or control centre at the base of the
antenna mast, or a base 3 July 2006 WD 03/ 036756 PCT/ GB02/ 04166 -10 station
situated several. kilonetres fromthe mast. Moreover, the systemis
appropriate for multi-user (i.e. nulti operator) applications, by providing
each user wi fhwilhbe pepraeinted thaifhe tatsesdescribed aveptonabeld/® conbi ni ng t he

user signals_in a.fre n sel ect.ve .conhi ner vige. The. | ion al so
o ovi dest he bPRvégel {ER B e b 1B BTRSH 5o B B apdRante iR P S0 o
the signals mqh&%ﬁmomgmﬁgh_enent is controlled so as to provide

i nproved control of the antenna gain and side |obe |evel, particularly

when the systemis electrically tilted. The provision of the nechanical
phase adjustnent .neans, for. exanple,. for further .adjusting the phase of

B anal s sup dopBnG RLikt Brofempey o hepiessisyva0 et Bhsotded " th'a
means of fingn JhiRhagvdidie cHRbtisk@l radiation pattern, to permt further
opti m sati on of 'téﬂg g!()or es(,:i g%’t1 g’gi n and si del obe | evels. This aspect of the

invention also provides an advantage over other known techniques in that a
reduction in the nunber conponents required to adjyst the electrical
tilt of the #R?BKARA asscubly 93*/%&@8“% o Akt ArTanged diogd St ng
reduction ingHyst&mn6onR kX b-228y< R8¢h array comprising one or more of said

elements; and

control means for controlling the phase of signals supplied to each of said

sub-arrays,

wherein said antenna assembly is supplied with a maximum of two signal
feeds.

The systems of the invention as described in the preceding paragraphs
provide several advantages over existing systems. In particular, control
and/or adjustment of the phases of signals supplied to each sub-array in the
antenna assembly can be achieved simply and quickly and from a location
remote from the antenna assembly. It is known to adjust the angle of tilt of an
antenna by manual mechanical adjustment of the antenna elements and/or the
antenna housing mounted on the anienna carrier or mast itself. Such an
adjustment process is inconvenient and labour intensive. The present
invention provides the advantage that the angle of tilt can be adjusted from a
location remote from the antenna mast by electrical means, for example from

a base station or control centre at the base of the antenna mast, or a base



For the purpose of this specification, it will be appreciated tlaa‘P I&Z@UG
phrase "user" is intended to nean the user of the system of the b tion
(i.e. a systemoperator), and not the user of the tel ephone handset for
recei pt/transm ssion of signals to/fromthe system The present invention
wi |l now beVa&d#6Ted, by way of exanple only, with ref BEBGBI/A4E6t he
acconpanyi ng draw ngs in which: Figure },illustrates the vertical radiation
pattern (VRP) of a known phased array antenna assenbly; 3 July 2006 WO
03/ 036756 PCT/ GB02/04166 Figure 2 is a schematic block diagram of a known

ant enna assenithtion siamesdoRyedal RloMEEEARbEAthe BRANMbRLvE] %}sf&, {he angle of
electrical tilt; Figure 3 is a schematic bl ock diagramo 1T st

enbodi ment  of 2RPTaRAte Spimubi-usey (aev mnkiopeystvempabications by providigg i nvent i on,
Figure 4 is a o k,.di.agram of a practical ,inplenmentation of the
ant enna syst e?na%ﬁﬁﬁg‘?%’atﬁﬁ%%gi&qe ?%pggilb %O‘E'gﬁi%{l%ca“gltb’c‘?@%hfﬁlggéhﬁ of a
triple sub-arusysignbhknna faqakRsy @lectied céiln'bﬁfgpﬁ yixg enmbodi ment, using

S

spatial over-lapping of sub-arrays, Figure ows a schematic bl ock
diagram of an alternative triple sub-array antenna systemto that shown in

Figure 5, Fi e. 7.sho a_sch I ¢, bl ock di agram of a practical

i mpl ement at i gﬁﬁ%pve?q@m@m BFﬂ‘{é‘feg%‘% %ﬁlﬁaPF?gFi‘-@irtgﬂ gistritugion f thesphass a
schemati c bl og Hh s - ar : temof a
further alternati vlgg{el@n%%g’?lerrgﬁi@kmeg% g@‘%“ﬁ&é%é@%‘?%ﬁ%‘@%@&?ﬁém of the
nechani cal phareeidadingseved wontrak ofthgemenha geinmndgidedobe Rvel, W@tk fm i n

Figures 3 to 8 Figure 1Q i { I ust{at,es an alternative mechani cal pHase
adj ust ment ar\prg%@grémtem 15 elecirically tilted. The provision of the mechanical phase

adjustment means, for example, for further adjusting the phase of signals
supplied to each element of the array, provides the user with a means of fine
tuning the vertical radiation pattern, to permit further optimisation of the

bor_esight gain and sidelobe levels.

This aspect of the invention also provides an advantage over other known
techniques in that a reduction in the number of components required to adjust
the electrical tilt of the antenna assembly may be achieved with a

corresponding reduction in system complexity and cost.

For the purpose of this specification, it will be appreciated that the phrase
“user” is intended to mean the user of the systém of the invention (i.e. a
system operator), and not the user of the telephone handset for

receipt/transmission of signals to/from the system.

The present invention will now be described, by way of example only, with

reference to the accompanying drawings in which:

Figure 1 illustrates the vertical radiation pattern (VRP) of a known phased

array antenna assembly;



to that shown in Figure 9, 3 July 2006 WD 03/ 036756 PCT/GBOZ/O4%@§ réﬁﬁ’
Figure 11 is a further alternative enbodinent of a triple sub-arr Vy é%na
system to show details of the mechanical phase adjustnent arrangenent in
Figure 10, Figure'12 is a further alternative enbodinent of a triple
sub-array awoemsarsesystem to show details of the nechanPCrGBpnase
adj ustment arrangenent in Figure 9, and Figure 13 is a schematic bl ock
di agram of an alternative form of sysféﬁf according to the invention,
incorporating a dual polarity antenna assenbly. In the drawi ngs, |ike
reference nunerals are used to denote simlar parts. In the follow ng
description, the invention is described in the context of an antenna
syst em sui t alfigurk @ isassehématic bletk dlagramobalkeowadinenne hygenibiyand .
particularly the Universal Mbbile Tel ephone stem (UTMS). However, it
will be appr degospergting sechaucal meaps fandiustingtheangle abeeemical il use and may
be equally applicable to other conmunications systens. Figure 1 shows the
vertical radiation pattern (VRP) of a conventional phased array antenna
assenbly. TheiglireW 89 dcheBMRYBlotk diigifn \6F 8 irs dhbdiemant &indual sstsenbly is
represented by the point 1. The VRP of the antenna assenbly 1 consists of a
mai n | obe or atayrapgngasystem agpordingdovhe yeniion,a vertical plane as it
extends fromthe antenna assenbly and represents the regi on of maxi mum
radiation intensity of the beam radiated by the antenna assenbly. The VRP
of the ant enﬁ%@é%ﬁm' EhéhdGe blobk Uihgesn 3f B prRicalimpibHenthiRRESE the
representing regions of nuch [ ower

antenna system in Figure 3,

Figure 5 is a schematic block diagram of a triple sub-array antenna system of

an alternative embodiment, using spatial over-lapping of sub-arrays,

Figure 6 shows a schematic block diagram of an alternative triple sub-array

antenna system to that shown in Figure 5,

Figure 7 shows a schematic block diagram of a practical implementation of

the antenna system in Figure 6,

Figure 8 shows a schematic block diagram of a quintuple sub-array antenna

system of a further alternative embodiment,

Figure 9 illustrates one embodiment of the mechanical phase adjustment

arrangement forming part of the system in Figures 3 to 8,

Figure 10 illustrates an alternative mechanical phase adjustment arrangement

to that shown in Figure 9,



radi ation intensity, which extend fromthe antenna assenbly in cg r&%#m
whi ch are approxi mately equi angul arly spaced about the antenna asSeé y 1n
3 July 2006 WD 03/ 036756 PCT/ GB02/04166 -13 a vertical plane. The | obes 3
i mredi ately adj acent the boresight 2 are termed the first upper and first
| oner side WON&EFBspectively. The angle of tilt of the &ATEBMMIa®senbl y,
when adj usted nechanically by physi C@HY novi ng the antenna el enents
and/or their housing or casing, is known as the angle of "mechanical tilt"
and is conventionally achieved by repositioning the boresight so that it
points eit heFir%%lP@Y? 194 ﬁ?(ﬁ%é?"ﬂltkﬂﬁ iROEnBOMimenVBER ik ldﬁﬁ-ﬁﬂa? hfehRd cal |y, the
tilt of the aritenna assenbly Is known as "electrical tilt" and noves the
bor esi ght | i systarp, worshdewdetdils afithegienbanidad phaserssljubtrhent aprangeément inf si gnal s
supplied to groups _of elenents in the antenna, rather than by nechani cal
movenent of gk%‘r%ll@nents t hensel ves. The tine delay nmay be achi eved by
changi ng the phase of the radio frequency carrier. Providing that the
phase delay is proportional to frequency across the band of interest, and
has zero i nt piguet?2 if h@urthidraltphates dmbaginenodiia edpla sub-aragah@yna Phase
shift and tine delay are thus synonynmous. |t w || benefit the reader's
under st andi n8yséfmy 19esho® desailsref %@Wﬁhﬁl"ﬁéﬁhﬁ% PsEMERLAEFANBEANLIB| ect ri cal
tilt" and " ggchan'bc%ll tilt" may be controlled and/or adjusted either by
el ectrical HL 7y %y mechani cal neans, or both nmeans, such that, for
exanpl e, mechani cal novenent of parts may be used to inplenent electrical
phase adjustnent in which the antenna el enents thenselves are not

physi cal | y niigsde 13 ingjschematisdlosksdiagrem of an derpsivedpgnof systemi gure 2, the

ot e, 2SSeLblYaBl SR SRR AETLSBI B ol o

In the drawings, like refereﬁce numerals are used to denote similar parts. In
the following description, the invention is described in the context of an
antenna system suitable for use in a cellular mobile radio network and
particularly the Universal Mobile Telephone System (UTMS). However, it
will be appreciated that the invention is not confined to such use and may be

' equally applicable to other communications systems.

Figure 1 shows the vertical radiation pattern (VRP) of a conventional phased
array antenna assembly. The drawing is shown in side view and the antenna

assembly is represented by the point 1.

The VRP of the antenna assembly 1 consists of a main lobe or “boresight” 2
which diverges in a vertical plane as it extends from the antenna assembly'
and represents the region of maximum radiation intensity of the beam
radiated by the antenna assembly. The VRP of the antenna assembly also
includes a number of side lobes 4, representing regions of much lower
radiation intensity, which extend from the antenna assembly in directions

which are approximately equiangularly spaced about the antenna assembly in




schematic bl ock formgenerally at 10. The antenna assenbly is aé’ﬁ&@ﬁ‘ébo
array antenna consisting of an array of twelve elenents or dipoles El - 6E12
whi ch are arranged into three sub-arrays labelled A, B and C 3 July 2006
WO 03/ 036756 PCTI GB02/ 04166 .14 Each sub-array A, B, C includes four

el ements, MiPOHEIIIFoconnected in parallel, and is coupl edCT/6BI¥EIGUt put of
respective first, second and third delgy devices 12, 14, 16. The del ay
devices 12, 14, 16 conprise conventi ond ~ mechani cal phase adj ust nent
mechani snms of the type shown in Figures 9 and 10 and described in further

detail bel ow- 2 chi 94 ; ASm { he
antenna i s su%g?{ugg I? gﬁ%?gﬁq%%t 3héﬁt%?lgifgnﬁgﬁe%gﬁlﬁgr@@@fl%%s ?@%’%da conmon
RF port or fethddirsthfpperhnd fimddwenrsidd lobberedpéaivelyevi ces 12, 14, 16 is to

adj ust the phase of the RF signal supplied to the respective sub-array A,
B, C by a predeterm ned anount. The second del ay device 14, connected to

the centre SUbreaiay oBiot meullaahlatay UBY Shys@i LRRRSIEAR B ¢ Lhe

phase of the sign suppl arr anou On the

ot her hand, tplgsicallgimavivh theiantbnéle Rynentbeatidé@sthdi? hodding 6P baxed, a8l t o _
sub-arrays A and C respectively, are variable delay devices, each of which

i s operabl e tknogwi 3% the paglends aeghaniead til” andgm sonventiopadlyi ashieved dub- arr ays A
d C t] BV i.abl . . The first d.thi del devi
100 T6' con apisPoritomt o N ERURL D B Bl il able A e aSTRRSRY o rr

si gnal suppl i Wheh adjpsRd@dcaicalld, eRdilCopihg aatchna asketbhaRl 1810hn feans of a

mechani cal arrangenent 20 such as that shown in Figures 6 and 7. The
mechani cal ar relesiaent iilt” 2mdi mevesdbe bonssight lichegar dewp by changing del vy at 22,

B e b S Sl BORRP o b By 5 e ™™
rather than by mechanical movement of the elements themselves. The time
delay may be achieved by changing the phase of the radio frequency carrier.
Providing that the phase delay is proportional to frequency across the band of
interest, and has zero intercept, then the phase delay produces a time delay.

Phase shift and time delay are thus synonymous.

It will benefit the reader's understanding of the following description to note
that both "electrical tilt" and "mechanical tilt" may be controlled and/or
adjusted either by electrical means, or by mechanical means, or both means,
such that, for example, mechanical movement of parts may be used to
implement electrical phase adjustment in which the antenna elements

themselves are not physically moved to adjust the position of the boresight.

In Figure 2, the antenna assembly of a known antenna system incorporating a
mechanical means of adjusting the angle of electrical tilt is shown in
schematic block form generally at 10. The antenna assembly is a phased
array antenna consisting of an array of twelve elements-or dipoles E1 - E12

which are arranged into three sub-arrays labelled A, B and C.



del ay device 12. Thus, the phase shift applied to the RF signal .Wlt 6
first and third delay devices 12, 16 is equal in nagnitude but opp(¥5|te I n
polarity. In other words, if the first delay device 12 shifts the phase of
the signal supplied to sub-array A by +45, then the third delay device 16
shifts the WRR¥&e7S6f t he signal supplied to sub-array C BYTGEB/NO4KE t he
second delay device 14 is a fixed del ay _device, in practice a phase shift
is applied to the 3 July 2006 WO 03/ 036756 PCT/ GB02/ 04166 - 15 si gnal
supplied to sub-array B which is the nedian of the shifts applied by the

first and thigghdabayrag§eyn] BE€ idduddsSfour Blenigl enudhal B @eiheétedin tilt of such
an antenna assenbly typi cally varies by 5 for 45 of phase shift per

sub-array. Thiasallglvarel i coupled $e fhei qutput of refpectiyspiinski seeersl 3ndidirdf phase

shift per degree of .elegtricC (lt,. Inthis e | e, therefore, since the

RF signal's s%&yi &Ylﬁeéqéugéa%'ay egelgxglegce%};, g‘f’l P€he el ectri cal

tilt of the [ ' | Waiof
%h@%l’?ﬁg{nﬁ?ﬁl%ﬁ%&%al Phdil %E@iéﬂ;ﬁ%{t ShethAfisms EF: gledtgF@ SdviDirP

electrical tilt e antenna asse epends on t potarity of the
phase shift dfiptiee® and tlhmdsdeyorabesi infpphéredbtiibbelow. futndior fragiencyher e t he

~signal to the per sub-array (ipn this case sub-array A) h positive
phase and t @W@F‘F%%WS@&?CPW {h; aptgnmads W?iﬁﬁj F‘éﬁa“é} Ofﬁfﬁé %ﬁlaﬁegat ive
phase shift, g | | | ositive, i.e. above the
normal bor esidg:‘;:?{?%S ?lﬁhgf’ @:)t;rsgﬁﬁééelh@ﬁ##&ﬂ)%?wgg%ggﬂg’ polarity the angle of

electrical tilt will be negative. The antenna assenbly of. Figure 2 suffers
froma nunber_of di sadvant ages. articul ar, nmanual adjustnment of the

In 1
mechani cal arFignfyasion obide dglay deyices &4 14 10dis (2 adivpicthp phase ofithe RFappl i ed by
the first and;thi evi ) AN 10T, t : angl e of
el ectrical ti Ié[ﬁ%% &hﬂilghg%t&% ner{ﬁ%tﬁ %ggee%%q ?/&Qy AVE, @BS’ a ﬁe&&@fmh@c?

amount. The second delay device 14, connected to the centre sub-array B, is

a fixed delay device, arranged to shift the phase of the signal supplied to

sub-array B by a fixed amount. On the other hand, the first and third delay

devices 12, 16, connected to sub-arrays A and C respectively, are variable

delay devices, each of which is operable to shift the phase of the RF signals

supplied to sub-arrays A and C respectively, by a variable amount.

The first and third delay devices 12, 16 can apply phase shifis of, typically,
between 0 and +45° to the RF signal supplied to sub-arrays A and C and are
adjustable by means of a mechanical arrangement 20 such as that shown in
Figures 6 and 7. The mechanical arrangement 20 includes means, shown
representatively at 22, for reversing the direction of the phase shift applied to
the signal by the third delay device 16 compared with that applied by the first
delay device 12. Thus, the phase shift applied to the RF signals by the first
and third delay devices 12, 16 is equal in magnitude but opposite in polarity.
In other words, if the first delay device 12 shifts the phase of the signal
supplied to sub-array A by +45°, then the third delay device 16 shifts the
phase of the signal supplied to sub-array C by -45°. As the second delay

device 14 is a fixed delay device, in practice a phase shift is applied to the



Moreover, owing to the provision of a conmmon nechani cal adj ust ”@.?ul 006
arrangenent 20, the nmagnitude of the phase shifts applied by the |ys% and
third delay devices 12, 16 is always equal in magnitude and opposite in
direction (polarity), thereby limting the tilt of the antenna assenbly. In
addi tion, tWe0)EeEs| obe | evel is increased relative to tRRET/GEN2/AIE
boresight. As a consequence, the gai n_&f_the antenna assenbly is

di sadvant ageously reduced. 3 July 2006 WD 03/ 036756 PCT/ GB02/ 04166 -16 In
Figure 3, a preferred formof antenna system according to the invention is

shown in bl ocderfapsmBrIRAeH 8hb-¥rrds BLARich id tHelth&digiTBP te Rilkts apphid Bylaana

system 100 conprises an antenna assenbly shown at 102 and a control unit
104. The ant dinstarabthindidelayldeyices gy 16es a phased array antenna having an
array of eight elenents El to E8 nounted upon an antenna carrier or nast
(not shown). The elenents El to E8 are arranged into two sub-arrays: an

upper sub-arr &{%ﬁ)e% b S 3 sub-array
100B conpri sirf’r?)gé e enefn"?gé@gﬂft gf‘g%ﬁiﬁ@'}glfegﬁég%s‘sénﬁy g@?:k%llgfdaﬂﬁgﬁgub- arrays
100A, 100B, at8° comads? of phasehifapbresubtaraye sPhistgives astilg palsitivitytofi but i on

nmeans in the formof distribution networks 15INl1, 151N2. The distribution
net wor ks 151 NPPERIMatinDS aplephase shiff res gleeteg of ielectmqah 8. dpchis 122

respectively, Wi I .0 | reinafier. The
ant enna asser%%&g¥0§ﬁ%rﬁfgf% es&tﬁgﬁfdﬁn%g?aﬁ%%@?@@g%%@séﬁ%dg tg‘y[;gsdé]uar es 112,
114, each of diffechy be°,cheeRreirkdl ik of e a’rﬁ@rﬁﬂ%éet@olﬁii§%ﬁﬂrbﬁhia@é! get wor k
151N1, 151IN2 via_the respective input carrier line 120, 122. T¥1e control

unit 104 al sofherdiragtien of plecjsal tik off ithe antermgrassemetly dapends 28, the pelatihmon port
to which is Co?r?ﬂeeﬁﬁaesg shitt ép%?ieS Y5 e sié)lgalsasuspipﬂgé fo ; s%g-ra}ra%wg.GWh-gpeethi&:npUt

signal to the upper sub-array (in this case sub-array A) has a positive phase

and the lower sub-array (in this case sub-array C) has a negative phase shift,

the angle of electrical tilt will be positive, i.e. above the normal boresight

line. For phase shifts of opposite polarity the angle of electrical tilt will be

negative.

The antenna assembly of Figure 2 suffers from a number of disadvantages.
In particular, manual adjustment of the mechanical arrangement 20 is
required to adjust the phase shift applied by the first and third delay devices
12, 16 in order to vary the angle of electrical tilt of the antenna assembly.
Moreover, owing to the provision of a common mechanical adjustment
arrangement 20, the magnitude of the phase shifts applied by the first and
third delay devices 12, 16 is always equal in magnitude and opposite in
direction (polarity), thereby limiting the tilt of the antenna assembly. In
addition, the side lobe level is increased relative to that of the boresight. As
a consequence, the gain of the antenna assembly is disadvantageously

reduced.




splitter/conbiner unit 125 has two ports which are connected, vi3a fliyrlg@eand
second splitter lines 128, 130, to first and second phase adj uste‘#% )
134 respectively. The first phase adjuster 132 is connected at its out put
to input port 112 via a first input feeder line 136 whilst the second
phase adj us¥@p3/®B8%6 | s connected to input port 114 vi a aPE®6ESMP4LGpUL
feeder line 138. The antenna assenbly 102 is therefore provided with
signals fromthe control unit 104 through dual feeder lines. In addition
to the phase adjustnent inplenmented by the first and second phase

adj usters 1325 Higflre ROpleb@RA foPRATanBHnY §§rﬁ@tﬁtac@@rﬁg% tbEvend@PRS are

provided in the signal path to each el enent of the senbly, each
addi tional 3 shelp inGideckOformigenpitaiyas 48P ubt thisnembediment] FEdntentb50E8 t aki ng

the formof a nmechanical ,phase adjustne rrangepent of the type
descri bed | n PUFENLI0 GURRHifes BRI ROy SHeMEE 107 idhesntral ghite o or 10.

o further aoi it Era eRECRSapBl 103 dRiist L PRARTRIy b v b A ) et

to further e phase supp he 1 ndi vi el enent s
i n each sub- aart@yofl€igi, eléifiéiits Edto E8&smoumttd apbesn bytenipodrief oAntey Vo not or
101 under the control of a servo controller 103, The servo controller 103

control s the @&t showmt drherdaments, Ed 1giE8are grtansed HYO (W0 SWBAITAYS: @8 may be of

sufficient | e . I 3 rt _of the
control uni t%&pfoég{r%m%%b Delﬁﬁlrlé{ﬁg gl%ﬁieﬁg %ﬁ{oe%%,aarg@%g%&;}pﬁ- _ .ayTh_e

di stribution 100B\&HSrishid dlémeAG B 10ES, The wiendhtd i dabR fof @8 @iblartdys Fi gure
4. The first distribution network 151Nl associated with the upper sub-

array 100A i ndl04dd$0B; pex conneefedhin parallelip raspeplive signal shsebwiion meanss 116A,
1168, 116C r e3RRetelY aisiubh RS 15641, 151K e tBBbLSS @ STonal to
networks 151N1 and 151N2 are fed through carrier lines 120, 122
respectively, and will be described in further detail hereinafter,

The antenna assembly 102 includes two input ports represented by squares
112, 114, each of which is connected to the respective distribution network
151IN1, 151N2 via the respective input carrier line 120, 122. The control
unit 104 also includes an input splitter/combiner unit 125, the common port
to which is connected to the output of a single RF port 126. The input
splitter/combiner unit 125 has two ports which are connected, via first and
second splitter lines 128, 130, to first and second phase adjusters 132, 134
respectively. The first phase adjuster 132 is connected at its output to input
port 112 via a first input feeder line 136 whilst the second phase adjuster 134
is comnected to input port 114 via a second input feeder line 138. The antenna
assembly 102 is therefore provided with signais from the control unit 104

through dual feeder lines.

In addition to the phase adjustment implemented by the first and second phase
adjusters 132, 134, additional phase adjustment means 150E1 - 150E8 are

provided in the signal path to each element of the assembly, each additional




second splitter/conbiner unit 116B, which supplies first and segﬁgghp t
signal s of substantially equal strength to a respective one of t 173

and third splitter/conbiner units 116A, 116C. The first and third splitter
units 116A, 1 16C, further divide the s[gfgb so that each provides first
and second output signals of substantially equal strength to a respective
one of the phase adjustnent neans 150E1 to 150E4. The second distribution

net wor k 151 Nphagecrdjusteneind wesans U508 r-al5 0 B kime theofesneof & ‘i&&fﬂlhﬁit%hl f
rrangenent .o

- its 118 18B 18C., The
bl Tt e contadPadifidilen; HHahBemhel o disAVhs dSinal B bee et bt
di stributi onwith redefenet esreitherFiguee 9&F 14, Eih of MRYme@hiddl phadl SO ensures

maxi mum bor esi.ght gai n and t hat bheam pattern is the same in both
transmt andaﬁlugét@il%g HeSMeRLY géﬁhg 1pQER; sgtiyasstoFusthgr adjushthepphaseiodn a

: e e . . y : h rt 126
sLonal o besknar=Apblad 51 R ASRICRCRCHS Syl SBANTORE 0T 1
_18_ unit 128 con&@ueﬁldnf megns of arsetivd mOIczsllleunder ﬂiee’i(mttlgxh_a)tf a ser?% t wo

[ t | split_si
out put si gnapsny@tierfivdl Tisd 598 csﬁpgjr&geﬁggﬁ’ c?gﬁ'oﬂg@s esg{\{q/g}oﬁr ?li)]le

the first and second 'phase adju _ : first and
second phasethigjigh nerontrol 82ble V06, avltichpraabe ef tsoffiegntsleng thesopihas theof t he

[ ' ik Nl 601 h se adj uster, 132,
1991 contr e oRhENRy b My rpl BqiThe sRALeTRET JARCAGS ERORlY angec
to apply a piem theeaptbmseasseinfblly 102t he RF  signal, the second phase

adj uster 134 is arranged to apply a negative phase shift to the signal,
and vice versa. However, each phase adjuster is arranged to adjust the

phase of theTheé divatibation heagorikRersatn i iIFieEerfesidwn SRR depfil nfagni t ude

of the phase_shift | Led by .each phase adjuster may be different. The
phase sﬁi fteﬁlgéﬁrﬁﬁam%rﬁw@h%“gml% ngerk bk aesociated withsthegipped sulb- t he

array 100A includes first, second and third splitter/combiner units 116A,
116B, 116C respectively. The input carrier line 120 supplies 2 signal to the
second splitter/combiner unit 116B, which supplies first and second output
signals of substantially equal strength to a respective one of the first and third
splitter/combiner units 116A, 116C. The first and third splitter units 116A,
116C, further divide the signal so that each provides first and second output
signals of substantially equal strength to a respective one of the phase
adjustment means 150E1 to 150E4. The second distribution network 151N2
for the lower sub-array 100B includes an identical arrangement of splitter
units 118A, 118B, 118C. The arrangement of splitter/combiner units 116A-
116C, 118A-118C ensures an equal power distribution to each element E1 to
E8 of the array, and thus also ensures maximum boresight gain and that the
beam pattern is the same in both transmit and receive modes.

Referring to Figures 3 and 4, in operation a signal to be transmitted by the
antenna system is fed from the RF port 126 to the input of the input splitter



I nput port 112 on the antenna assenbly 102 via the first feeder % r;
Simlarly, the phase adjusted signal fromthe second phase adjuster’1
supplied to the input port 114 via the second feeder line 138. In practlce,
the first and second feeder lines 136 and 138 can be nade as |ong as
desired so WPHEPI6{He control neans 104 for adjusting thePEREGBE2/E6E
electrical tilt of the antenna assenblyx_102 can be situated in a |ocation
renote fromthe antenna assenbly itself. The phase shifted signals
supplied to input ports 112, 114 are supplied as signals Sa and Sh, on the

i nput carri efunlt 1285 EEin &Qs%»htttapumhezs isplits tlenslgiaemodwolpitprrsignalgl i tter
units 1 16B, 11 8B respectlvely The first primary splitter unit 116B

serves to splofequalstrengihandsapplins opasplit €gnal fie cagl of: the ffigst-andseennd t s t wo

ni £s 116a,  Poate sioptpnd o0, LR bedelithe i O BB o G 280e o
150E4. 3 Jul 1330064 YR QRASTORIBFHCHORL o bbsiprd sBhidaanbztto piminsecond

prlrrary sub-array splitter unit "11 8B serves to spli signal Sb and
suppl i es t he agphge of ni;ﬁﬂél Enclophase adjusier 382 plddsistcontrbliedesushréhats ifi the

sub-array 10 Cwath | o sub-arr lLitter, units 18 andthe
associ at gd pRUSEPIASE & ﬁg%}sraéf?d’@ﬁ@i/ﬂ ﬁﬂ%i‘@@ sitiye ﬁ%i‘fé&‘ﬁgl%]

whi ch the si Lehh nts |n t he
ant enna asse%@hﬁvﬁﬁe&mg stteb21@('31]01]%]r eC|%%Q%$I}f%g§%twg?§fgﬁ ed in the
art fromthe shffytd the \signaly ahhevmp&ersat. eHowsvérs eactephase adjusuansczrmlged That is,

the signal strength of each of the two signal oufputs for splitter unit
will be subst@Afiuat the phaser ofithe siggal %llﬁel%%efet% i“%fr‘?ﬁ?n@!’fl%ﬁﬁﬁ?t teus, the

ghggf;n : Isglr Fy’ﬁ%ﬁg&gﬁﬁe bPhe PR RUPPHLEEY ERANSH0e SiGHE halve BiéfRnd. S
The phase shifted signal from the first phase adjuster 132 is supplied to the
input port 112 on the antenna assembly 102 via the first feeder line 136.
Similarly, the phase adjusted signal from the second phase adjuster 134 is
supplied to the input port 114 via the second feeder line 138. In practice, the
first and second feeder lines 136 and 138 can be made as long as desired so
that the control means 104 for adjusting the angle of electrical tilt of the
antenna assembly 102 can be situated in a location remote from the antenna

‘assembly itself.

The phase shifted signals supplied to input ports 112, 114 are supplied as
signals Sa and Sb, on the input carrier lines 120, 122, to the first and second
primary splitter units 116B, 118B respectively. The first primary splitter unit
116B serves to split the signal Sa and supplies the split signal from its two
outputs to the elements in sub-array 100A via the upper sub-array splitter
units 116A, 116C and the associated phase adjustment arrangements 151E1

to 150E4.




sane. Figure 5 is an alternative enbodinent to that shown in Fi gyﬁgﬁ@ d
4, in which the antenna assenbly 102 includes ei ght antenna el € S to
E8 arranged in three sub-arrays; an upper sub-array 100A includi ng antenna
el enents El to E3, a centre sub-array 100B including E4 and E5 and a | ower
sub-array 190@/P3¢36udi ng antenna el ements E6 to E8. EachPET/GBhE0adsenent s

El to E4 (i.e. three elenents of the upper sub-array 100A and one el ement
of the centre sub-array 100B) is fed by the distribution network 151N1,
and is provided with an additional phase adjustnment nmeans 150El- 150E4
respectivel y.siEaRRyOthel €0l primahssubbartay &t ubit 1158 sévee® glgments of the
| ower sub-array 10(‘;0 and one of the elenents of the centre sub-array 100B)
is fed by thesignah8b agidsupplinstthe splitsignel konbit\pyo awiguis$o greoglemewtswit h an

associ ated addition ase, adj ust ment neans 150E5-150 es tively. The
Phase. ad) ust QPTG R By et B Al SRR M 1By 118G 3BR g 1 50Es,
are derived %séo@ﬁ&a?hés% AARERhEgranb&manis 181 B9 &D150me of the out put
signals fromthe fifst distribution network 151Nl and one of the output

signals from the second distribution network 151N2. Air conbining of the
two signals to 3 July 2006 03/ 036756, PCTI GBO2104166 -20 derive the

inputs to t heﬁ@emw.y@w&a?f%_ Si@@% rdC &P 'eqn]dtq’\%mgﬁrleﬂd? the gnal s from
the distributygedielytieticmMaenty Vol BAKRIRAIS BF abBLUEA By fhosdsSOci at e

phase adj ust nent arrangenent he di st utiron“networks 151N1,

151IN2 in Fi gukélled inethe brtdtoidehe wap & evhichathé yplitbeninits ate Bydredinected.
arrangenents to those shown in Figure 4. Thus, the outputs fromthe first
splitter unitThetén the sighel strepgth oficach phihe tyie signahgriputsior pEPRETINL enent s

El and E2, ar\gilf)ﬁbesﬂstaﬁﬁgll)p HA1P a2 o% ﬁﬁrﬂlﬁ&esiérm Eﬁiength. Thus, the signal

strength of the signal supplied to each element E1 to E8 is substantially the

same.

Figure 5 is an alternative embodiment to that shown in Figures 3 and 4, in
which the antenna assembly 102 includes eight antenna elements E1 to E8
arranged in three sub-arrays; an upper sub-array 100A including antenna
elements El to E3, a centre sub-array 100B including E4 and E5 and a lower
sub-array 100C including antenna elements E6 to E8. Each of the elements
El to E4 (i.e. three elements of the upper sub-array 100A and one element of
the centre sub-array 100B) is fed by the distribution network 151N1, and is
provided with an additional phase adjustment means 150E1-150E4
respectively. Each of the elements E5 to E8 (i.e. the three elements of the
lower sub-array 100C and one of the elements of the centre sub-array 100B)
is fed by the other distribution network 151N2, and is provided with an
associated additional phase adjustment means 150ES5-150E8 respectively. The
phase adjusted‘signals to the centre sub-array elements, 150E4 and 150ES,
are derived by spatially combining, in air at 160, one of the output signals
from the first distribution network 151N1 and one of the output signals from
the second distribution network 151N2. Air combining of the two signals to




splitter unit 116C feeds elenment E3. As the feeds to elenents E4 wgﬁeare
I nterchanged in the Figure 5 enbodi nent, the second output fromthe’third
splitter unit 116C of the first distribution network 151Nl feeds el ement

ES. Simlarly, the two outputs fromthe third splitter unit 118C of the
second di S¥POHHT6N network 151N2 feed el enents E7 and EET/GEMH4bite of the
outputs fromthe first splitter unit 1J)8C feeds el enent E6. As the feeds
to elenents E4 and E5 are interchanged, one of the outputs fromthe first
splitter unit 118A of the second distribution network 151N2 feeds el ement

E4. An advant@&gfveithe fipudd oade ByntPaibiatdy 1 C0B6¢APPARS tht‘!\’@ut?f.lt §iBgalel enent s
from the upper and | ower sub-arrays 100A, 100C to derive the Inputs to the

centre sub- afremytha dpgibutioninesvorkhd 5 pNAs &5 G¥ 2 havenpasseshthaaugbsbe t he array
elements is a__cl.oser. approximation to a | r,disiribution. Higher
bor esi ght gai%s%‘ﬂ%teﬁ?%g% adé‘fsgggrft(%@ng‘@‘%qtslsggg’ llﬁ@f%ef ore be achi eved,

particularly when the antenna is electrically tilted. Figure 6 shows a

further alternative enbodi nent of the antenna assenbly, in the formof a
tripl e-sub grbeepdiswintiabnetvairke {5 INBI 1X1IN2 indsigereld may Theudnt enna  assenbl y

102 includes tyelve elenments, El to E12, divided into three sub- arrays
100A, 1008,  subptential ., depripal Splifer SIMINGHIRCHYS F%&lpﬁf‘d%@“flb@rl‘lév@rfbrﬁlﬁlﬁ, B to
E4, E5 to E8 1 vel | At hAar 4 S: hown 3
July 2006 WD %gﬁ’ 8%’2"745@"%@%7 @%@’%ﬁ%@‘@‘l@ pﬁh’t%rf‘ergg%%‘é‘ﬁlﬁr%’tﬁpg‘%@?ﬁ Fi gures 3
to 5 are indi kdNEdfesd elenenkeET eh¢ E2namd omsioRthalohtpudffoid the tiied be descri bed

in further detail. The input carrier_lines 120, 122 feed respective
signal s Sa an®htpr wgit 16Gdeeds elgment E3. Aysithe fepdp 1o elemepts E"’e@fpbgﬁ Ateel y, each

of which pr Ovihfé‘?&lahﬁ&i i Lﬁiéulgfs mimgltltt ?Iﬂegéelamd output from the third
splitter unit 116C of the first distribution network 151N1 feeds element E5.
Similarly, the two outputs from the third splitter unit 118C of the second
distribution network 151N2 feed elements E7 and E8, and one of the outputs
from the first splitter unit 118C feeds element EG. As the feeds to elements
- E4 and ES are interchanged, one of the outputs from the first splitter unit

118A of the second distribution network 151N2 feeds element E4,

An advantage is obtained by spatially overlapping two of the elements from
the upper and lower sub-arrays 100A, 100C to derive the inputs to the centre
sub-array 100C, in that the phase distribution across the array elements is a
closer approximation to a linear distribution. Higher boresight gain and lower
side-lobe levels can therefore be achieved, particularly when the antenna is

electrically tilted.

Figure 6 shows a further alternative embodiment of the antenna assembly, in
the form of a triple-sub group, variable electrical tilt assembly. The antenna
assembly 102 includes twelve elements, E1 to E12, divided into three sub-
arrays 100A, 100B, 100C such that each sub-array includes four elements,
E1 to E4, E5 to E8 and E9 to E12 respectively. Similar parts to those shown




The first output of the first primary splitter unit 140A is conrgfj%&d%@% a
first output carrier line 106 and the second output of the firs i y
splitter unit 140A is connected to a first input of a combiner unit 124.
The first output of the second primary splitter unit 140B is connected to
a second owvgUxe&Esrier |ine 110, while the second out pBET/GBIYHEE6Second
primary splitter unit 140B is connect Qg to a second input of the conbiner
unit 124. The conbiner unit 124 is operabTe to output the vector sum of the
two signals on an output carrier line 108. As the signal strength of each

of ‘the si gnal in theembodinterdof BRARSTPIo §1BHd indRdclSyifiPlike [dhakagf the signals

Sa, Sb, having been halved bg the first and second primary Splitter units
140, 140B r esp@Beralseand willmot berdeseiribgd ihfurthiegdetadl. oTHepiapud daeriert fagesf i r st and

second pri mar W tter units 140A . 140B, the, signal output by the

conbi nelro uni t¥?1(§2122§§ech:%pg% sighals Ny and Shulorimany splifterpniss 1 si gnal s
Sa, Sb. In adi4gn i [ . AWWI' [ he, vect or sum
of the two signal gﬂ %c?ivgférf? eg%}gopggﬁg@? éts‘ﬁégsp aséé&tgl?tg';a gg&gﬂﬁéﬁéﬂl@S& Sb has

bﬁen adj uist ed%@ﬁ ﬁf&és&tpﬁaf the finist primaty s;pdmlzgahit?4@A|i?bbﬁﬂe%%l81,gg taf}?-rs]ﬂohasg_ of
the signals out e conbi ner uni al ong 1ine i's the median
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e medi an of 140eisas wi thaut, .any | 0ss o e
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vect or - sumredthe iseroall primaresplinem irdt 14088 cokfifédio P &coR¢ Bﬁlﬁiutjéa?f-i@f buti on
net wor k 151Nﬁ, ich in turn provides signals to each of the elenents E5
to E8 throughenkto ithe seropd upus af thetseeond primarysspliBOEGnit d4ABAES. Thi s

Con gt 4 SRR B AR 17,2000 00,91 95075

unit 124 is the average
The combiner unit 124 is operable to output the vector sum of the two signals
on an output carrier line 108. As the signal strength of each of the signals
input to the combiner unit 124 is half that of the signals Sa, Sb, having been
halved by the first and second primary splitter units 140, 140B respectively,
in combining the signals output from the first and second primary splitter
units 140A, 140B, the signal output by the combiner unit 124 has the same
signal strength as either of the signals Sa, Sb. In addition, since the
combiner 124 unit generates the vector sum of the two signals Sa, Sb, and
since the phase of the signals Sa, Sb has been adjusted differentially (i.e. at
opposite polarities), the phase of the signals output by the combiner unit 124
along line 108 is the median of the phases of Sa and Sb. Furthermore, the
combiner unit 124 provides the median of the phases of signals Sa and Sb

without any loss of the signal power to sub-group 100B.

The combiner unit 124 provides the vector-summed signal on the carrier line
108 to the second distribution network 15IN2, which in turn provides signals
to each of the elements E5 to E§ through the associated phase adjustment
means 150E5 to 150E8. This configuration provides a further improvement



phase of the signal on the input carrier lines 120, 122. Thus, 3%@0#@
power fed to the elenents of the centre sub-array 100B (el enent's 6E8)
remai ns substantially constant with phase difference between the carrier
lines 120, 122. Figure 7 shows a practical enbodinment of the triple

sub- group aWOdHAK7S6assenbly in Figure 6, to show the di sPETGBIY/BmGGNEt wor ks
151N1, 151N2, 151 N3 in nore detail. Thg first and second splitter units
140A, 140B are fed by a respective oné of the input carrier |ines 120,
122, and each of the splitter units 140A, 140B produces two out put

Sl gna! s. The iﬁghﬁe 1H¢hA a§'tl§1=ﬁ@|l ﬁﬁ&ﬁ‘tﬁé‘@oﬁ]bﬁﬁi uli® 124 §€the WREfagd 40A i's
supplied to a phase shi unit 170A of the first distribution network
151N1 to 'applp)nami%\tﬂdlstgnetm ttphaglﬁ catridrtlines Jg0c 821.yThusethedgetal paBerand - 60

Shi'Tt od out pdtS &l BRAEmETDPbUR Gebice Subriesy 1 YR {Clefievs ESioRrsfiRg part of
a splitter auaQaRmmyoblit i R ifG eﬂée bifek 1l ABUYinds 267 gure 4. The

splitter arrangenent provi des out put signal'S to the phase
adj ust rent ng@@s 150El- 150E4 respectively, so that each el enent receives a
signal of substantially equal strength. A second output fromthe splitter

unit 140A is provided to a further splitter wunit 172A formng part of the

second d st iyl Lon OGRS ol Por 8Bl bR: ARE AR Uhekhy " 2021 ves into
naﬂ25 |é 'S provi e%? in {fl%i

a first output®si 0 one b first

quadrature h)&bgendoljzmm ¢ 6L ﬁhowméc@dtﬁbmmwdrksommt. 1511gnal whi.ch is
provided to an input ( of a second quadrature conbiner unit 174B. The

second split tlérlNQrﬂltquFGBtaplr diie drst andfseeend @!ﬂﬁtsmlmé& b4, 149Baare ded her

35: IyttZS(r)Gu\r;\b 172B fgi BIQ&%D rt. gvfﬁtlc%lgrei\er clar(l:e%rl(iodllﬁ ueta'c ﬁletwork 151N2. 3

splltter units 140A, 140B produces two output signals. The first output signal

from the first splitter unit 140A is supplied to a phase shift unit 170A of the
first distribution network 151N1 to apply an additional phase shift, typically
between -45 and -60 degrees, to the signal from the primary splitter unit
140A. The phase shifted output signal is provided to a splitier unit 116B
forming part of a splitter arrangement 116A, 116B, 116C of the kind shown
in Figure 4. The splitter arrangement 116A, 116B, 116C provides output
signals to the phase adjustment means 150E1-150E4 respectively, so that

each element receives a signal of substantially equal strength.

A second output from the splitter unit 140A is provided to a further splitter
unit 172A forming part of the second distribution network 151N2, which
splits the input it receives into a first output signal which is provided to one
input (A) of a first quadrature hybrid combiner unit 174A and a second
output signal which is provided to an input (A) of a second quadrature

combiner unit 1748.

The second splitter unit 140B provides a first output signal to a further
splitter unit 172B forming part of the second distribution network 151N2.



-23 The further splitter unit 172B provi des an out put signal t0331 ﬁﬁ{%
i nput (B) of the first quadrature conbiner unit 174A and to a set! ut

(B) of the second quadrature conbiner unit 174B. Each of the first and
second quadrature conbiner units 174A, 174B provides first and second

out put si gri¥P9383676wo el enents of the centre sub-array 180BGBOYH&s6f i r st
quadrature conbiner unit 174A provides gjgnals to elenments ES and E6 and
t he second quadrature conbiner unit 174B provides signals to elenents E7
and E8. The first and second quadrature conbiner units 174A, 174B ensure
the phase of Fh@fatierRpRrdst mBeﬂu@m_@&ﬁnE_ﬁtpwsi%ﬁamé ats*é@ondai\ﬁﬁﬁé‘@ of the
phase of the signals on the input carrier lines I20, 122. For~ exanple, as
t he power fedok tge dirgrpndranye doorhines awijt 1744 pulvora feednd inpet E3jesftthe E6
increases so that.the total power fe the el ements E5, E6 remains

subst anti al | yéeggl?‘%ﬂ‘éa}ﬂr?wﬁ %%E%‘Hﬁr Wit gﬂ‘{é)m gnal fromthe second splitter
unit 140B is passed through a second phase shift unit 170B form ng part of
the third distribution network 151N3. The second phase shift unit 170B
appl i es a phakachsifithe fipst andSecatelgnmdmanire combinep asits €7H4) a74B provideghase
shift unit 17§0As% tci) a splitter, unit 11 8B. The splitter unit 118B forns
part of a spl%tahd $HOPRM guPNASignals f0 twa glgments i the egntrenmibrarray KXBan i n

Figure 4, andy,prpyl ' ' means

150E9- 15CE12 respée&c(ﬁ%\%re y %Phltb#eeqe g@eﬁﬁsprégﬁ[egg%@i%g#%ﬁﬁg%{%m sub-array
100C. Fi gur e B6asd tre seboml qudeatarecodmislherantit DI4B povidey ipnklRe i N which the
antenna assenbly includes five sub-arrays 100A-100E (i.e. a quintuple

sub- alr3 ray Ss"é t§/)E7 ‘Wq;ﬁ?ei%et st e mo%auadmﬁutmccsubiﬁar mi;sslb'fB@OB, 100D
Scently. " such SRR e phareH oM e T Blehrells 5 14EE R Henoce. chown i n

Figure 6 bei ngyerdp@iofahephase of the signals on the input carrier lines 120, 122. For

example, as the power fed to element E5 decreases, the power fed to element

E6 increases so that the total power fed to the elements E5, E6 remains

substantially constant,

A second output signal from the second splitter unit 140B is passed through a
second phase shift unit 170B forming part of the third distribution network
151N3. The second phase shift unit 170B applies a phase shift of +45
degrees (i.e. opposite polarity to phase shift urﬁt 170A) to a splitter unit
118B. The splitter unit 118B forms part of a splitter arrangement 1184,
118B, 118C, of the kind shown in Figure 4, and provides output signals to
the phase adjustment means 150E9-150E12 respectively of the elements E9 to
E12 of the lower sub-array 100C.

Figure 8 is an alternative embodiment of the'invention, in which the antenna
assembly includes five sub-arrays 100A-100E (i.e. a quintuple sub-array

assembly), wherein the third and fourth sub-arrays 100B, 100D are obtained
by spatially overlapping elements of a three sub-array assembly, such as that

shown in Figure 6, similar parts to those shown in Figure 6 being indicated
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The input carrier lines 120, 122 supply signals Sa, Sb respect &Eé
first and second primary splitter units 140A, 140B respectively. The first
splitter unit 140A provides a first output signal to a first distribution
net wor k 151W@ 03P367§ out put carrier line 106 and a secondPCHGBMMA4IGI gnal to
a conbiner unit 124. The second spli ttey unit 140B provides a first output
signal to a third distribution network 151N3 al ong output carrier line
110, and a second output signal to a conbiner unit 124. The conbiner unit

124 provides vﬁr_hﬁk@fuféreﬁéamhexalsome%@@arrfeenfnbﬂzé' 2 sll%?lyt idie second
distribution network 151N2. Each distribution network 1N2 151N3

provi des fourSaoprcﬁpeclsvedjylm ﬁl;stead:heconépo:inammplhttersmmsddf)ﬂedMOB hrough an
associ at ed phase to.an el enment of the

t 150
array. One o1”“”Sptef"it\%“’‘fi{’nufjliﬂftrrF Eat{egrﬁ%gdﬁ A RIRVE %aﬁﬁ%quwtsgfg"iabtﬂ?on net wor k
151Nl is spa ﬂbr§t| didribAY6] h&%?gémb goﬁhallft*&ﬁrr%‘ftlﬂn%tloﬁ'aﬂpaal ScdffB fromthe

second distribution network ning the signals inair, to
provi de the swg}mbgnwtotMmIﬁhmt 1;24 EPheasedoridbspliter thie 140B paovidas 100B.
Simlarly, one of the oqut naI s 180C fromthe second distribution

net wor k 151N2 fist Qypes %grrai to a\;'@F disgatation metwrk 151 Nradong ewnut eigernl s 180D
fromthe thi rlﬁ‘leq'lﬁt cpk'géc%ﬂd OQ@'W{%E’ ]@%w]ﬂ%qgﬁtf%r ?[glf%f%ert 0 provide

the signals to the ement s,

configurati omnitmzﬁlpguvﬁeﬁarpbmpuﬁa naa aldngrduiiit carfiird4RMEBL o ithe w&aﬁ@
linearity across the elenents El- and further inproves boresight gain

and si de- | obdlistibgiwsratyarkheiNg. he assenbl y is tilted electrically. In
practice, the distribution network 151Nl in Figure 8 may include the

Each distribution network 151N1, 151N2, 15IN3 provides four output
signals, each one of which is provided, through an associated phase
adjustment arrangement 150E1-150E12, to an element of the array. One of
the output signals 180A from the first distribution network 151N1 is spatially
overlapped with one of the output signals 180B from the second distribution
network 151N2 by combining the signals in air, to provide the signals to the
elements, E4 and ES, of the sub-array 100B. Similarly, one of the output
signals 180C from the second distribution network 151N2 is spatially
overlapped with one of the output signals 180D from the third distribution
network 151N3 by combining in air, to provide the signals to the elements,
E8 and E9, of the sub-array 100D. The configuration in Figure 8 provides a
further improvement in phase linearity across the elements E1-E12, and
further improves boresight gain and side-lobe suppression when the assembly

is tilted electrically.

In practice, the distribution network 151N1 in Figure 8 may include the
splitter arrangement 116A, 116B, 116C and the phase shit unit 170A of the
Figure 7 embodiment, and the third distribution network 151N3 may include
the splitter arrangement 118A, 118B, 118C and the phase shit unit 170B of



splitter arrangenent 116A, 116B, 116C and the phase shit unit 1704, f Otd§e
Figure 7 enbodinent, and the third distribution network 151N3 may | c%u e
the splitter arrangenent 118A, 118B, 118C and the phase shit unit 170B of 3
July 2006 WD 03/ 036756 PCT/ GB02/ 04166 -25 the Figure 7 enbodi ment. The
conbi ner urV@0FW6FEAd t he second distribution network 15PERGB#04iaéc| ude t he
first and second splitter units 172A, 1/2B and the first and second
guadrature conbiner units 174A, 174B, a$ described previously with
reference to Figure 7. Figures 9 and 10 illustrate known apparatus for the

mechani cal adhéJFIr%?@b eafbodihiént PITRS BoMbinkh Bnit RAnak theskcbAd BREbRIANENt N
Y.

t he antenna asse Either or. both of these nmethods may be used in the

ant enna assemetwark 161 N2 may éxlwgle the figstand isheondrsplicenaitssk2ént172Br angenent s
150E1 - 15CEn ere n = nunber of elenents in a na ass ly). In
Faure o, mechpoR 367 seaadRoys eopaues vats A€ g gR BSebeds ssi on
line is achi liheRferbRLas®tuef7 an el enent of dielectric material
beneat h the ?’F%ﬁgﬁ‘%g}i@n F?rne. Theélﬁrechani cal adjustnent arrangenent 601

i ncludes a base plate 602, across which the transmssion line T to the

antenna elenent runs, and a generally planar plate of dielectric material
604 di sposed FIg¥E é'ﬁdtlﬂelﬂs e knoyp 2 a‘a‘ﬁcﬁoﬁfﬁém@&ﬁ@ﬁﬂ@ﬂ%ﬁnﬁtrﬁ T. The
pl ate of di ' I al 4 roed g .. " midS,. general ly
oot angul ar i idse Sr 88 Sbndd ted cocl MEHE Ny LY RéhCH asEHIE, mitoe 37001

| ongi t udi nal- cedgth dthhesomethbie mas dgaisedh il amatiablassehlias bF Bigueest he base
plate 602 and the transmission line T in a direction, shown by arrow A

general |y tr4péasitBephaseadiusiment epangsraents LHQEL - 150EmGvheseint s shape, |inear
novement of tnﬁ%b‘éfgggle%%ﬁts%ﬁ%ﬁeeint@n&raesgélﬁfyly?.r | esser anount of dielectric

In Figure 9, mechanical adjustment of the phase of a signal on a transmission
line is achieved by linear movement of an element of dielectric material
beneath the transmission line, The mechanical adjustment arrangement 601
includes a base plate 602, across which the transmission line T to the antenma
element runs, and a generally planar plate of dielectric material 604 disposed
between the base plate 602 and the transmission line T. The plate of
dielectric material 604, commonly termed a "wedge", is generally
rectangular with a triangular or V-shaped segment 606 cut away from one
longitudinal edge thereof. The wedge 604 is movable relative to the base
plate 602 and the transmission line T in a direction, shown by arrow A,
generally transverse to the transmission line T. Owing to its shape, linear
movement of the wedge 604 causes a greater or lesser amount of dielectric
material to be interposed between the transmiésion line and the base plate -
602, thereby causing the propagation velocity and, hence, the phase of any
signal on the transmission line T to be shifted by an amount dependent on the
linear position of the wedge. Such linear movement is usually effected by a

linear actuator in the form of a servo or other motion transducer.




material to be interposed between the transm ssion |line and the é)gﬁ@oﬂﬁ]e
602, thereby causing the propagation velocity and, hence, the pha y
signal on the transmssion line T to be shifted by an anmount dependent on

the linear position of the wedge. Such linear novenent is usually effected
by a |ineaWO04¥¥3¢#6or in the formof a servo or other noPCe&BIYENSducer. 3
July 2006 WD 03/036756 PCT/ GB02/ 04166 -26 The amount of phase shift applied
to the signal on the transm ssion |ine is set by the position of the

wedge 604 beneath the transmission line T and the "wedge angle", the

i nternal ang! hohmblift of pHaseshift Wpplidd & B igharSe theFrMdfssidh 1@?@1‘@5 a
y

mechani cal phase adjustment arrangenent, reterred to genera as 701,
whi ch i s oper &by thepesition of the wedge 6Oditeneash the transdbssion lien® andebee t he

phase, of a signal on.g, transm ssion |ine nmeans, of the rotary novenent
of a novabl e |§ﬁ‘gﬂeha‘i¥ﬂev%§’§ﬁ i%’ﬁpei (?tlntgeé}é PPt g theoliple to a fixed
line I ength. The arrangenent 701 includes a base plate 702 on top of which
is a layer of dielectric material 704. A fixed length of transm ssion |ine
T forms a traRiguist0 siows amecharfical phaseasipusahedtear#dgemont, réferrdid e ectri c

| ayer 704. The trmsm sion. line is discontinuous to formtwo portions of
transmi ssi on $§OGEALL; as 1, which isjoperabisoto; shiff the transmssinmims delsy's anthe

dielectric | T . ' f a circle having
radi us R and E%fﬁé t@ée)é%érﬁg’ %ﬁ'{ %]Flganﬁ#lzac g%%ﬁ%%ﬁg%ﬁgggaﬁﬁéf &EJPQ&’ ric |layer
704 to form amovementrdfermotdbid legphdsfarinsmiissibondineCdapadiavél %oﬁ?l@&%a r. A

pl anar disc of djelectric material 706 is disposed over the transm ssion

line T and i4xebkng leped. rEieaarrangemeat Wloinghiges 2 dasepte Hiaon teb ofi th t he
e o e R O bR 700, s SEREE AR S o
length of tralsaT $6ireNa kiafiniskion line with the base plate 702 and the dielectric

layer 704. The transmission line is discontinuous to form two portions of

transmission line T1, T2, the first portion T1 extending across the dielectric

layer 704 to form a circumferential quadrant of a circle having radius R and

the second portion T2 extending across the dielectric tayer 704 to form a

circumferential quadrant of a circle having radius, r.

A planar disc of dielectric material 706 is disposed over the transmission line
T and is rotatable relative thereto about an axis coaxial with the centre of the
circle defined by the first and second portions of the transmission line T1,
T2. The dielectric disc 706 carries a U-shaped length of transmission line U
having a first arm, U1, defining a circumferential quadrant of a circle having
radius R and a second arm, U2, defining a circumferential quadrant of a

circle having radius r.

The transmission lines T, U are coupled together via the dielectric disc 706
and phase adjustment of a signal on the transmission line T can be effected by

rotating the dielectric disc 706 to adjust the position of the transmission line




having a first arm U, defining a circunferential quadrant of a%sm'
having radius R and a second arm U2, defining a circunferentia a rant
of a circle having radius r. The transmission lines T, U are coupl ed
together via the dielectric disc 706 and phase adjustnent of a signal on
the transnmi¥Qi0&MeIne T can be effected by rotating thePET/&BexMidc di sc
706 to adjust the position of the transpgission line 3 July 2006 WO

03/ 036756 PCT/ GB02/04166 -27 U relative to the transmssion line T. As the
disc is rotated through 901, the coupling between the two transm ssion

lines, and thetabivd wane bbaghisyion 1RBTL NAShd Bi8c iy ANABD §FOWM 90°Neet O L he
antenna el ement, varies to shift the phase of a signal carried by the

transnmi ssi on coupling hétwhetie tmttrgmwslanilrmgm@ﬂmm yithei s possible to use

t he appar at us .of . Fi 0.to contr nore than ant enna
el enent. For © ES% @ E@ftﬁgﬁéﬂs%sﬂ%ﬁ%ttq ﬁ‘%’éﬁ%“,ﬂaﬁ GOpA LA t%i(s)hl i gnal s on
two separ atetﬁé@ni}%@ Si 1 bir?Ra byahs BaRRissibh fingement of transm ssion
lines T, U could eozr rsgér?ged on fy he opp05|ste guadrant of the dielectric

di sc 706. The phase shift applied to each antenna el enent, or each sub

group of elenents,. can be set_either the radius of the transm ssion
line T, Uon#d ngBIHQESthﬁémr@(gH’é?n]r(bdf %&Wéﬂment@ useg}ﬁ%éﬁt'%srﬁg‘é%m ssi on

't 'hgelsngrenflyoﬁﬁtta SR OPe pﬁgw& thdrel thhiShé g@ ealeﬁtermtéxxﬁlgfemd' ment  of

arrangenent tter units a so-called

"fam ly tree'sucioaidegice & control whé plﬁase@rlsmlsmgml sepafatecmamisiorengt h to be
supplied to each of the elenents in the as .. Such a configuration is
appropri at e Wi %Eﬁ’@ﬂ%ﬁaéégeéﬂ?ﬂﬁé’f freRgmigsion ﬂ‘ﬁﬂﬁ Wr Bueauld ke aHABgesd Uhent s i s

present, i NG ApRRL ARaRAHAIHle YRILAAE ol 706! il Al SiRAppREFRPS Y 10

maxi m se bor esi
each antenna element, or each sub group of elements, can be set either by the

radius of the transmission line T, U on each disc, the mechanical coupling .

between the transmission lines or by both means.

Figure 11 illustrates an alternative embodiment of the invention, in which the
arrangement of splitter units is a so-called “family tree” configuration, which
allows signals of equal strength to be supplied to each of the elements in the
assembly. Such a configuration is appropriate where the phase adjustment of
individual antenna elements is present, since a cosine squared voltage

distribution is not necessary to maximise boresight gain.

In this particular embodiment, the antenna assembly consists of eight
elements E1 to E8; upper sub-array 100A comprising elements E1 - E3,
centre sub-array 100B comprising elements E4 and E5 and lower sub-array
100C comprising elements E6 to E8 (i.e. a triple sub-array system).
Remote adjustment of the angle of electrical tilt of the antenna assembly is
achieved by means of servo control of the mechanical phase adjustment .
apparatus, in combination with differential phase shift applied by electrical

means to the signals supplied to the antenna elements.




In this particular enbodi nent, the antenna assenbly consists of:fggptzoos
el ements El to E8; upper sub-array 100A conprising elenents El - y
centre sub-array 100B conprising elenents E4 and E5 and | ower sub-array
1000 conprising elements E6 to E8 (i.e. a triple sub-array systen). Renote
adj ust nent WP HETAngl e of electrical tilt of the ant ennBCHEBEHBIGS i s

achi eved by neans of servo control of tphe nmechani cal phase adjustnent
apparatus, in conbination with differential phase shift applied by.

el ectrical neans to the signals supplied to the antenna elenents. 3 July
2006 WO 03/ 036756 PCT/ GB02/ 04166 28 The base-station control unit 104,
conprising the input splitter/conbiner unit 125, the RF port 126 and the
first and secBradbashataiondionteleunit 1GR coapdisingdhe input splitiecteombénes i) |,

[ t he first d d hifted si | b the i t
ports 11z, 1125yt RRor P ang e Heuding spemdCates adustiisd a2y 338 ciome ' "
respectively.ofiagch QRUShoRAN [ s%ggaﬁgs tlhéjfﬂ%_taz&ﬁl s\éc&{elﬁglﬁa:s? SRiFed kRnhR&al NPUt

carrier lines 120, 122 reSpective he phas ted sidgnal's Sa and Sb,
on the input Stewrthe duput ipoes 112,01 141942 theafiest ang ptdoad feedet lires 13651138nd second

primary splitter units 116, 118 respectively. The splitter units are
arr anged sucﬁeﬁﬂ?ﬁflvgﬁcihe SWEpnerty i 13.id 4rapphit %ﬁﬁ'tg“&l@é@rﬂ@ PPPhEHYEEp| it t er

units 116, 1 ' o] i j : ' [t unit in
second tow e 33Pr PEERsfEl, THE oo GeBSRESHANE. BEMALRY (D 1 ' Oy
the splitter candiér lidks@A0a122,coesemiiRd b thd fist and swoad paharesplitdel and E2
respectively via a first phase ad ustnent arrangenment D1 simlar to that

shown in Fi guindts1d6, Thiraspeativelyyt bag spiftter yaits pre; &rfa@se@mqg thatgmch s
g e . . .
o r angenent syt EERR B0 Rgha Dlllep P RS 1RGP AR nect ea co

the input of a respective splitter unit in a second row of splitter units 116A,
116B, 118A, 118B.

The two outputs of the splitter unit 116A are connected to the antenna
elements E1 and E2 respectively via a first phase adjustment arrangement D1
similar to that shown in Figure 10. The first output of the splitter unit 116B
is connected to the antenna element E3 via a second phase adjustment
arrangement D2. The second. output of the splitter unit 1168 is connected to
a first input of the combiner unit 124, as is the first output of the splitter unit
118A. The combiner unit 124 has two outputs, each of which is connected to
the elements E4 and ES via the second and third phase adjustment
arrangements D2, D3, respectively. The second output of the splitter unit
118A is connected to the element E6 via the third phase adjustment
arrangement D3 while both outputs of the splitter unit 118B are connected to
the elements E7, E8 respectively via a fourth phase adjustment arrangement
D4.




a first input of the conbiner unit 124, as is the first out put %fJ IE} 006
splitter unit 118A. The conbiner unit 124 has two outputs, each 0 I'ch
is connected to the elenents E4 and E5 via the second and third phase
adj ustment arrangenents D2, D3, respectively. The second out put of the
splitter urWe03/®e8A i s connected to the el enent E6 via t REIGRIZYHEIghase
adj ustnment arrangenent D3 while both ojtputs of the splitter unit ‘11 8B
are connected to the elenents E7, E8 respectively via a fourth phase

adj ust rent arrangenment D4. 3 July 2006 WO 03/036756 PCT/ GB02/ 04166 -29 In

Figure 11, rqhnat af, rbafioflof & diftstii ehePPREE adfls i Bhngdmiauiopient s D1
to D4 is achieved by |inear novenent of an actuating arm 200 pivotally and

eccent ri cal | ylouistastiiaved by dincarf mpwemenstofianagtudtisg arr @60 pivatdlly anechani cal
phase adj ust ment arr.angenen 701. Ljinear, . noyene of .the actugting arm
D00° ey b aCRPEVEEAID BoTEed i e ot et J5E e e Mechimind
controlled b HARAAS r ek md3 : e 206 can
be of any d)ei)si red F%&?ﬂ@%ﬁ%@?ﬁﬁlh?@?vo nﬁe;g?@fl%g%%%xg%trol | ed
from a -| ocata08may betehiévadnfohexampie royathe semohhgtol 001 whith ishase adj ust nent

arrangenments Dl t? D4 may be ggnfigured fuch t hat novenent of the
respective di9Bgoed By giraphef Besghne csheHst 195 the onggl eable F0gcan be
substantial |y : | i i fferent
anount s of phoafsaglglﬂg%lf%fﬂﬁg@’ %Iela é%g%%%%%%gp@gﬁaﬁcqnga ‘gg% 0é'lr}l?enna

el ement deperidéatignasmoteefromohp khRgndadsembly 1002 Thephdase adjuetindntnes. T, U in
each of the phase adjustnent nechanisns. Figure 12 illustrates a triple
sub-array enfsEngementSLk weD4Apaynbracanfigiead sugh thasinagyemeat ab@Rani cal phase

adj ust ment Al L HIIRVE Hfscs%’&o&éf)nﬁlg%{n%?e ct,o%n%?f)gint results in a substantially

equal degree of rotation for each disc. However, different amounts of phase
shift may be applied to the signals to each antenna element depending on the
coupling between the transmission lines T, U in each of the phase adjustment

mechanisms.

Figure 12 illustrates a triple sub-array embodiment of the antenna system in
which the mechanical phase adjustment arrangement 601 connected to each
antenna element E1 to E8 is a mechanism similar to that shown in Figure 9,
and in which an increased number of mechanical adjustment arrangements
are required to implement individual mechanical tilt to each element E1 to
E8. In other words, the Figure 12 embodiment differs from that in Figure 11
in that there is an independent and separate moveable dielectric element
associated with each element E1 to E8. A servo motor 101 and a servo
controller 103 are provided, as described previously, and, again, remote
adjustment of the angle of electrical tilt of the antenna assembly 100 is
achieved by means of servo control of the mechanical phase adjustment
arrangements 601 through the control cable 206, in combination with
differential phase shift applied to the signals Sa, Sb, supplied to the antenna
clements E1 to E8.



antenna elenent El to E8 is a nmechanismsimlar to that shown i ‘Eiﬂlﬁlﬂéﬁ'eg’
and in which an increased nunber of nechani cal adjustnent arranS’e t are
required to inplenment individual nechanical tilt to each element El to ES8.
In other words, the Figure 12 enbodinent differs fromthat in Figure 11 in
t hat t here W@ ogsisidependent and separate noveabl e di el eR€CTEBIXMEITENT
associated wth each elenent El to ES. servo notor 101 and a servo
controller 103 are provided, as described previously, and, again, renote
adj ustment of the angle of electrical tilt of the antenna assenbly 100 is
achi eved by meRaphAb oFRlohelsGAPHI tohactt BRFRERRAS ER!is RhRPSIAUMRE TENt
arrangenent s @01§throug t he g%ntrol cabl e 206, rl]dl)n,(:lf') matioﬁxﬁkth
differential leasmoienfent aftheidxdedtic wedgs igermham&@hanisin, eseippld whidhtio t he
antenna elenents El to E8. 3 Jul 6 WD, 03/036756 PCT/ GB02/ 04166 - 30

. The phase of “UPgHER L0 ar AHPANg "lrﬂy%(ﬁ&t @’I‘Vl\fﬁ‘ﬁﬁ?teélth%téhEBh?SQ PRt ed by
the I|inear nﬁyﬁ.{gg feohh | ) | N h | each of
which is connec egfe%lfé an %é?dug)tt?%%&g%n%gglgn .'Lq\?\%cl B e(f\%o 5 hat the

phase adj ust nEmipared tethgeneotnected i tetwppei four RtenicieE] k@84, el enents E5 - E8
are reversed _conpared to those connected to the upper four elenents El to
E4. ConsequehRsgquetily, AR incyease ip defay 43 negative phasechifgapplicd ko the) applied to

the signals ' . t.o. 1 L1, cause ecrease in
del ay (a posﬁwgegﬁi’gég t&sﬁ‘u%ﬁef%rﬁ@% tgrl%'l Piythld %‘ﬁ%gfg?sgeﬂﬁlad&ij@drﬂpl ied to
the el enents gdsitivephage sHift) & Besipplied 6t gl hupplic® & 88l ddthel@ES and
control of the side |obe levels when the angle of electrical tilt of the

ant enna asser®EB.i s changed, each antenna elenent may require a different
amount of delay for a given

L

In order to retain maximum boresight gain and control of the side lobe levels
when the angle of electrical tilt of the antenna assembly is changed, each
antenna element may require a different amount of delay for a given
movement of the actuating arm 200. In the linear mechanical phase
adjustment arrangement, this may be achieved by changing the angle of the

V-shaped segment 606 of the wedge 604 (as shown in Figure 9).

It will be appreciated that the rotary mechanical phase adjustment
arrangement of Figure 10 may be used in place of the linear mechanical
phase adjustment arrangements 600 in Figure 12. Using the rotary
mechanical phase adjustment arrangements of Figure 10, a different amount
of delay for a given movement of the actuating arm 200 may be achieved by.
using a different radius for the transmission line mounted on each rotatable

disc.

Although the arrangement of the splitter units 116A-116C, 118A-118C and
combiner unit 124 in Figure 12 is different from that described previously, it
will be apparent from the foregoing description how this arrangement

distributes the signal strength across the elements E1 to E8.




novenent of the actuating arm 200. In the |inear nechani cal phasﬁe‘,ul 2006
adj ust nent arrangenent, this may be achi eved by changing the angle gf che
V-shaped segnent 606 of the wedge 604 (as shown in Figure 9). It will be
appreciated that the rotary nmechani cal phase adjustnment arrangenent of

Fi gure 10 9 op@ctised in place of the |inear nmechani cal PEH&B&/EU6GUST ment
arrangenents 600 in Figure 12. Using théa1 rotary mechani cal phase

adj ustment arrangenents of Figure 10, a different anount of delay for a
gi ven novenent of the actuating arm 200 nmay be achieved by using a
different radius for the transm ssion |line nounted on each rotatable disc.
Al t hough the arrangenent of the splitter units 116A-116C,- 118A-118C and
conbi ner uni tFiga® 1hsHeivguyet a farther embddimentt andritinsttiest hade thersybedh @ff evi ousl vy,

it wll be apparent fromthe foregging descriptjon how this_ arrangenent
di stributes ttﬁgpgqswv%&qoéﬁgﬂwed@g ¥ tfh‘gmiwe ity antenng gssemblys The'y 2006

VD 031 036756 ETHGRAZLARSrichba oAy I BH R Sh B " orbod men:

and illustrates how't stemo prese nvention can be used with a
dual - pol ar i t yeleosramuaicatis® sitems. Thethisisrbafimdng theahraiinat Jssa@nblgnna assenbl y
Is well known and conmmon in tel ecomunication systens. In this enbodi nent,

the antenna dBelEfen 4 stackef foye srossed diprlegements Cdrtedsbarminged in afisstent s C1

vertieal and SRt R MeRprspbt - LRt SRR Bt B 1

vertical . Thefolit ElgineARAnERAGNA48? tite vaFtical 1The FirkivaldseSbiRCdridye it Y
separate with individual RF feeders 1110, 1112 being supplied to each

array. The fieffectively elestrinally sepaigls witinindivigeal ddnhfasdersdddOr B112 being t he
mechani cal phs%f)p i@dd Jouesétc: aprtaér.s ﬁ)‘hti: it§t'an rsécac%%earlrrea% %hz‘r% & Ecgrﬁrcrim%l(%eature
that the mechanical phase adjustment/splitter arrangements (referred to
generally as 1114 and 1116) to each individual element (where present) are
adjusted by means of a common servo mechanism so that both the first and
second array have the same angle of electrical tilt. Once again, the servo
motor 101 is controlled by a servo controller 103 which communicates with

the servo motor 101 via a control cable 206.

It will be appreciated that the means by which the actuating arm 200 for the

mechanical phase adjustment arrangements, 601, 701, 1114, 1116, is moved
need not take the form of a servo control arrangement 101, 103, but may the
form of an alternative arrangement which is operable from a location remote

from the actuating arm 200.

It will also be appreciated that the present invention provides an effective way
of remotely adjusting the electrical tilt of a phased array antenna. For
example, it is possible to control and/or adjust the electrical tilt from a base
station focated at the base of the antenna mast upon which the antenna
elements are mounted or from a location several miles from the antenna .

mast, as there is no requirement for manual adjustment of the antenna



generally as 1114 and 1116) to each individual elenent (where pr3e§,§a|?t;_)00§re
adj usted by neans of a common servo nechanismso that both the first an
second array have the sanme angle of electrical tilt. Once again, the servo
notor 101 is controlled by a servo controller 103 which comruni cates with
the servo r¥P8¥03%TE via a control cable 206. It will be agpGeeyetied that
the nmeans by which the actuating arm 2_%9_for the nechani cal phase

adj ust rent arrangenents, 601, 701, 1114, 1116, is noved need not take the
formof a servo control arrangenent 101, 103, but may the formof an

al ternative leheeiiiisel M. MotedvaD BicialentionoMoiws! thE Kidepnde@iphse from the
actuating arm200. It wll also be appreciated that the present invention
provi des an ehiféeg of/signaly to midividuabseb-prrayly withinnge ahtene assembbpand i 1t of a

hased tenna, _For . le, it | iple t trol and/or adj ust
Phe. ol et 1 CARPRIACE dioPaliprew Gisent ol St B PHE BULEY & no' ant enna

mast upon m?@#}}q&'ﬁ% B & t5b REEHpSts ATFRrBBHAGRY sidhal O MeBupRE @hd ON

several mle omthe antenna, nmast, as there 1s™no requirenent for
manual adj usioweert subfartdyecanrecpinse shifted by 2006ng\ded8¢0RBIrh Gréady GB02104166
-32 elements thensel ves. Mreover, {[he I nvention al]ows, the i ndependent
phase shi f t MREFSEATIIY egHa) 1B magnitudg .\ LB XPCIQT, sHrmm, signalssHeplisd enna

assenbly and t L& ' | | ;sqto the
contro sub- ot B QB &bkt aRE LBhoReP e 35 UARER e ot RRNES T
signal s to t e theeatreanb-ariag wbwasub bershifiedaanhdmepiansanrithédeof] iby varyi ng
degrees which are not necessarily equal in magnitude. The vector sunmm ng
of the signafequtfdplied to the outer sub-arrays by the conbiner unit 124
allows the signals supplied to the centre sub-array always to be shifted
to the nedi an value thereof, if

The combined mechanical and electrical control of the electrical tilt of the

antenna system allows an optimum beam pattern for the antenna system to be
generated with maximum boresight gain and lower side lobe levels and,
moreover, such control is achievable from a location remote from the antenna
assembly, for example several kilometres from the base of the antenna mast.
The performance of such an antenna system is substantially improved

compared with existing systems.

It will be appreciated that although different embodiments of the invention
are shown and described as having a different number of antenna elements
(for example El to ES8 in Figure 5, E1 to E12 in Figure 6), any of the
embodiments may be adapted to include more or less antenna elements, sub-
grouped into an appropriate arrangement of more or less sub-arrays than
those shown, in a manner which would be readily apparent to a skilled person
from the description hereinbefore, whilst still maintaining the aforementioned

advantages.

Although the servo control mechanism 103 for the additional mechanical

phase adjustment arrangements 150E1-150En is shown as forming part of the



requi red. The conbi ned nechanical and electrical control of the Lﬁljﬁgt dosd!
tilt of the antenna systemallows an opti mum beam pattern for the antenna
systemto be generated w th nmaxi mum boresight gain and | ower side | obe

| evel s and, noreover, such control is achievable froma |ocation renote
fromthe arwensese7sassenbly, for exanpl e several kil onetresT/iGBwdtdie base of
the antenna mast. The perfornmance of sych an antenna systemis
substantially inproved conpared with €Xisting systens. It will be

appreci ated that although different enbodinents of the invention are shown
and descri be i i | r

xanpl o Bt G ERo} R84 A eeftnBrbe HYTIR, e SHSRIRGETET uiy Ao

enbodi ment s rbeylotmedicaypdtely framithe bnteenanassembly 1085 as isnthe coetral wntent s, sub-
grouped into an appropriate arrangenent of pore or |ess sub-arrays than
those shown, 10f Buthihpaed nefhechc uu”ngéms@éﬁqey apparent to a skilled
person fromthe description hereinbefore, whilst still mintaining the

af orenenti oned advantages. Although the servo control mechani sm 103 for

t he addi ti onafhro®ghoan tfeadpecibidatich, ajefgénoend "eletaiRgEiRN bl diaked &OEN i s
shown as formng part of the 3 July 2006 WO 03/ 036756 PCT/ G302/ 04166 - 33
control unit mem adjusmenicdthe mdigion pasteanansmitied aed/opreseived dramethe1 03 may

al so be located renot f t.he. ant enn lv_10 as_is the control
ani ¢ 04, bortph AR MEER GDSER FAVRERR AR KSRy sfhout “Lhe
speci fi cati omyniefns efepicnts Dut thsieall Smplententedty ﬁdguﬁfnghhe BRasedfQipnhR NEAan
adj ustnment of the radiation pattern transmtted and/or received fromthe
ant enna asserspppliadi tolamgtor phyrei afdhe gntemns elemenis. Miwilrheappatimied, or t he
however, that electrical tilt may be adjusted by an arrangement having both
mechanical and electrical adjustment elements, as shown for example in’

Figure 11.




antenna el enments, but instead inplenented by adjusting the phas% gﬂlfé'(gjpl S
supplied to one or nore of the antenna elenents. It will be apprecradted,
however, that electrical tilt may be adjusted by an arrangenent havi ng both
mechani cal and el ectrical adjustnment elenents, as shown for exanple in
Figure 11. 3 July 2006 34 0 CLAIMS 1. An antenna system conprising: a) an
antenna assenbly having an angle of electrical tilt, a plurality of
antenna el ements, two antenna ports ang, sjgnal routeing means for routeing
signal s between the antenna ports and the antenna el enents; and b) control
means arranged to provide electrical control of a phase difference between
two signak¥ _AENEENg via respective antenna ports in order to control the
angle of electrical tilt of the antenna assenbly, the control neans being
at a location renote fromthe antenna assenbly. An antenna system as
clained i n claiym1 includi r% mechani cal  phase adj ustment means for further
adj usting anter‘?’f{éagteéw@nws FUNPEREE%E and wherein the control neans are
| ocated at a base of an antenna carrier supporting the antenna assenbly.

3. An antenna &yst eANANENAT R8sLRhlY haymeg ananglont elsairicabtiintienna

assenbly i s arranged,, -arr.ays h_havin ne or nore
ant ennaye: enent s, gag%ﬁ %Agﬁeqfﬁﬁﬁ%%ﬁ%%@ﬂ%&wégyﬁsa&%@?ﬂlﬁ gg(?fsgglga[l and
second phase adj ust penfcingansaifor FANBRRY sRRhalPbERFRECTHY SntBHAaar rays via

respective input feeds and
ports and the antenna elements; and

b)  control means arranged to provide electrical control of a
phase difference between two signals passing via respective
antenna ports in order to control the angle of electrical tilt of
the antenna assembly, the control means being at a location

remote from the antenna assembly.

2. An antenna system as claimed in claim 1 including mechanical
phase adjustment means for further adjusting antenna element
signal phase, and wherein the control means are located at a base

of an antenna carrier supporting the antenna assembly.

3. An antenna system as claimed in claim 1 or 2 wherein the antenna
assembly is arranged in at least two sub-arrays each having one or
more antenna elements, and wherein the control means
incorporates first and second phase adjustment means for
connection to respective sub-arrays via respective input feeds and

antenna ports, and for adjusting the phases of signals supplied to
the sub-arrays.

4. An antenna system as claimed in claim 2 or 3 wherein the control
means includes a single port for receiving a single input signal to

the system and means for splitting the input signal into first and




antenna ports, and for adjusting the phases of signals suppllexigjh!t4?96
sub-arrays. 4. An antenna systemas clained in claim2 or 3 whereint
control means includes a single port for receiving a single input signal
to the systemand neans for splitting the input signal into first and 3
July 2006 35 0 second signals to be supplied to the first and second phase
adj ust nent neans respectively. 5. An antenna systemas clained in any
preceding claimarranged in at |east sub-arrays each having one or
nore antenna el enments, and further conprising nmeans for automatically
controlling the phase of signals supplied to a first of the sub-arrays in

dependence on sbBSn@Resea I@fto%egﬂfﬁéﬂéeﬁyyﬂpm@ﬁrétoaﬁd §6€&ﬁﬂgﬁﬁsé he sub-arrays.

6. An antenna system as cl ai med one of clal s 5 wherein the
ant enna el ermentaglj@stmcntrmegesi respectively. second and third sub- arrays and
the antenna systemhas: a) first control neans for controlling the phase of
signals supplied to the first sub-array; b) third control neans for

controll i t NARBASEPI spighphs claﬁﬁfé@ hfgnﬁ,r[e{eﬁdxhgh 19“@%@{5%@1@} and c)

second control neans tor ;automatica cont ase gnal s
suppl i ed to theatdezsiritvcs sbb-arrags eaclbhaamgponeletranomaﬂte‘rmao&lbmmg t he

phase of signals s lied to .the first_and third sub-arra 7. An antenna
system as cl ai 7&§ TS ORIPIISHRS Reans: for @E@Hrﬁiwailafn@%mﬁ%@q ncl udes a

combi ner unit i,k @FSI¥HAR Sipiled! td ARt of the sub-arrays in dependence

on the phase of signals supplied to a second of the sub-arrays.

6.  An antenna system as claimed in any one of claims 1 to 5 wherein
the antenna elements are arranged in first, second and third sub-
arrays and the antenna system has:

a)  first control means for controlling the phase of signals
supplied to the first sub-array; '

b)  third control means for controlling the phase of signals
supplied to the third sub-array; and

c) second control means for automatically controlling the phase
of signals supplied to the second sub-array to be a
predetermined function of the phase of signals supplied to
the first and third sub-arrays. |

7.  An antenna system as claimed in claim 6, wherein the second
control means includes a combiner unit for receiving a first input
signal having the phase of signals supplied to the first sub-array
and a second input signal having the phase of signals supplied to
the third sub-array, and for providing to the second sub-array an
output signal with phase determined according to the
predetermined function.



si gnal having the phase of signals supplied to the first SUb'arﬁﬁylf%Fbéi
second i nput signal having the phase of signals supplied to the tﬂlr
sub-array, and for providing to the second sub-array an output signal with
phase determ ned according to the predeterm ned function. 3 July 2006 36
8. An antenna systemas clainmed in claim6 or 7, wherein the predeterm ned
function is the vector sum of the phases of the signals supplied to the
first and third sub-arrays. 9. An ant g systemas clainmed in claim®6, 7
or 8, wherein the second control neans includes at |east one quadrature
conbiner unit for receiving a first input signal having the phase of

signals  8uppl AeflapRniAssystétasSeRimeday @3 6@cnrwhéfh§ﬁtthéi gnal “having
the phase of signals supplied to the third sub-array and for providing a
first output sprgdeatermingkfetetmmis die veetosstomafdhb-phasey ofitlea second

output signal to a,differe enent of the second sub-array, wherein the
first and secon@rdli ﬁ@&?@:ﬁ%ﬁt‘e ’rré{ aggéhggﬁlﬁﬁﬁwytshe pr edet er ni ned
function of the phase of the first and second input signals. 10. An

antenna systemas clainmed in claim9, wherein the quadrature conbiner unit
conbi nes PYhe fArsantenchassyster anplaimsdgnatlairaus,h7 torad, whiseciphthgse of t he

Che phaseof MEHI] EOURY maEBHBCIiGRSLAL 5Aghane dupdranie Srammet oyot om as
claimed in anyuReo?iretbRIiflE alfiv&t hput sEHH A8 the phase of signals
supplied to the first sub-array and a second input signal having the
phase of signals supplied to the third sub-array and for providing a
first output signal to one element of the second sub-array and a
second output signal to a different element of the second sub-array,
wherein the first and second output signals are dependent upon the
predetermined function of the phase of the first and second input
signals.

10.  An antenna system as claimed in claim 9, wherein the quadrature
combiner unit combines the first and second input signals such that
the phase of the output signals provided by the quadrature
combiner unit is the average of the phase of the first and second
input signals.

11. An antenna system as claimed in any one of claims 1 to 10,

comprising:

a)  first control means for controlling and/or adjusting the phase
of signals supplied to a first sub-array by a first amount; and

b)  second control means for controlling and/or adjusting the
phase of signals supplied to a second sub-array by a second
amount;

and wherein the magnitude and/or polarity of the second amount is

different to that of the first amount.




a) first control neans for controlling and/or adjusting the phaﬁ?Ju@fzo 6
signals supplied to a first sub-array by a first anount; and b) secon
control neans for controlling and/or adjusting the phase of signals
supplied to a second sub-array by a second anount; and wherein the

magni tude and/or polarity of the second anount is different to that of the
first anmount. 3 July 2006 37 0 12. An antenna systemas clainmed in any one
of clainms 1 to 11, wherein the antenn§7§§senbly is arranged to receive a
maxi mum of two input signal feeds. 137 An antenna systemas clained in any
one of clainms 1 to 12, wherein the antenna assenbly is arranged in at

| east two sub-arrays each having one or nore antenna el enents, and wherein
the signal routeing neans conprises a respective signal distribution neans
associ at ed 2w t AR ackemnosystenyas otain@d int amg omedofckaimsbute g, si gnals  to
that sub-array's antenna elenents.ﬁéﬁ..An antenpa systemas clained_ in

clai m 13, wher SYRPIEH G ANIGIA a5SgmbLlydSATFARER] I IeRadNe & Wexyaam gf

splitter arrang&eEniyuk i buting signal strength to the sub-arrays
substantially uniform ygn%SQteg\'% antenna systemas clainmed in claim13 or

14, wherein at |east one output signal fromone of the distribution neans
associ ate wth a first sub-ar r-aél is spatially conbined with at | east one

out put  silghal 7 SRiGHH® _Wé?te@_ ag Rlaimesh i aRy o058 %@ﬁmsls&ilat ed wWith a
second sub-arr ¥ &R0y Wilferldd SdseilySESRPLLEQ AP RV R sub-arrays

each having one or more antenna elements, and wherein the signal
routeing means comprises a respective signal distribution means
associated with each sub-array for splitting and distributing signals
to that sub-array’s antenna elements.

14. An antenna system as claimed in claim 13, wherein each of the
signal distribution means includes a splitter arrangement for
distributing signal strength to the sub-arrays substantially
uniformly.

15. An antenna system as claimed in claim 13 or 14, wherein at least
one output signal from one of the distribution means associated
with a first sub-array is spatially combined with at least one output
signal from another of the distribution means associated with a
second sub-array to provide first and second combined output
signals to first and second elements of a third sub-array.

16.  An antenna system as claimed in claim 2, wherein the mechanical
phase adjustment means incorporates an array of moveable

dielectric elements.

17. An antenna system as claimed in claim 16, wherein each dielectric

element is associated with a respective antenna element.



signals to first and second el enents of a third sub-array. 16.
systemas clained in claim2, wherein the nmechanical phase adj @fan&]@w
means i ncorporates an array of noveable dielectric elenents. 17. An
antenna systemas clainmed in claim 16, wherein each dielectric elenent is
associated with a respective antenna elenent. 3 July 2006 380 18. An
antenna systemas clainmed in claim1l7, wherein each antenna elenent has an
associated i nput transm ssion |line and,gach dielectric elenent is arranged
for Iinear novement relative to its as8dciated transnission line to shift
t he phase of signals supplied it through that transm ssion line. 19. An
antenna systemas clainmed in claim1l7, wherein each antenna elenent has an
associated i nput transm ssion |line and each dielectric elenent is arranged
for rotaryldmvehnmnterhasysent asidsimed docigdred7; venaeis shch ahteigat o shift
t he phase of sieginal s supplied to it through that transm ssion |ine.

ement has an associated input transmission line and each
dielectric element is arranged for linear movement relative to its
associated transmission line to shift the phase of signals supplied it

through that transmission line.

19. An antenna system as claimed in claim 17, wherein each antenna
element has an associated input transmission line and each
dielectric element is arranged for rotary movement relative to its
assoclated transmission line to shift the phase of signals supplied to

it through that transmission line.



