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I nvention relates to an antenna system and particularly, but not
excllusively, to a phased array antenna systemhaving a plurality of antenna
el enents argaRegdid,n at | east two sub-arrays. The antennal%csﬁfé Budss
suitable for use In many tel ecommunications systens but finds particular
application "in cellular nobile radio-hetworks, comonly referred to as
nmobi | e tel ephone networks. Mre specifically, the antenna system of the
present invention may be used with third generation (3G nobile tel ephone
networks and the' Universal MANEENNASYSHEEMsystem (UMIS). The invention
also relates to a phase conpensation apparatus for use in an antenna
system Operators of cellular nobile radio networks generally enploy their
own base-stations, each of which includes one or nore antennas. In a
cellular nobile radio network, the antennas define the desired coverage
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of the nobile radids in" that céll. The base stations thenselves are
i Nt er connec tebandrys atriwegedrinan east twasrbramiysa Therantansa s stomf is saidatiand- | i nes
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ant ennas us 'n su s are o conposite devices known as phased

array ant enngsvaris Chloge specifically, Meuménnaysyéwariaf fhy pregpnt invention ajay or
array, of individual antenna el enents or dipoles. The direction of maxi num

sensi ti vity bsfusedsvithnthindrgeneration (36 mabile telpphonsinatwerksand thedi ati on beam
or Universal Mobile Telephone System (UMTS). The invention also relates to a

phase compensation apparatus for use in an antenna system.

Operators of celtular mobile radio networks generally employ their own
base-stations, each of which includes one or more anteﬁngs. In a cellular
mobile radio network, the antennas define 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 maintains radio communication with all of the mobile radios in
that cell. The base stations themselves are interconnected by other means of
communication, usually fixed land-lines 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 direction of the main radiation beam or
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pattern, can be altered by adjusting the phase relationship between the
signals fed to the antenna elenents. This has the effect of allow ng the
beam to be wbegigaehst o nodify the coverage area of the aqt@,q@%u{o]‘ggu _
particul ar, operators of phased array Qantennas in cellular nobile radio

net wor ks have a requirenent to adjust*4he vertical radiation pattern (VRP),
so as to alter the vertical angle of the main beam also known as the
"tilt", singe thisg a significant effect t gverage area of the
an_tenn?. Aﬂfb&tf’ﬂg]i_’ﬁ OI%Eie ?WS‘“%OBE; e’ e'%eaaelf?ﬁ?/&)ﬁﬁ a:aglgg{lgg%eﬁ?%s exarrp: e,]c
owi ng to C?e?ﬂ 1 Stk tHnatdiemaddl ThlMagknd enoval o

ot her base sta |(S)ngggr ee&%&n as Si na;ﬂﬁgﬁec’:%fmmme adj ust mer?t of the angle
of tilt of effecanf ellowingsthibesm tard sicered tnmedity dratdverageires efi they

mechani cal neans, electrical nmeans, or both. Wen the angle of tilt of the
antenna i s &puRst ed nechanically, for exanple by nechanically noving the
antenna el enments thensel ves or by nechanically noving the housing (or
“radone”) for the elenments, this is known as adjusting the angle of

) lrrec hani cal 1f pdrticuladViRrith@ GFiHaSedarrhy hitefastii@epulaf Rivdileiradiad] ust ed
electrically,” for exarnple by changing the tine delay or phase of signals
fed to eachnetwerieritave arreqrivenuen togidiunst thesyerticaltradiation pottevnt(V&RR), sphysi cal |y
noving either the housing for. the el enents, the . antenna, el, nt.s

t hemsel ves %?toaﬁqug‘i%‘éqmgﬁrqnglﬁo %Wgﬁﬁ@’ PQBJWB?V%% eiﬁ cottthl y
referred to | a s,tfﬁc I ’ ' ddibdna: '&}Es ct of

adj usting el lé%d% ﬁgﬁl?r%g?tte 0 ii%gc aﬁ‘lg‘é:ea eﬁ\r%bgrﬁs% he ﬁe{lr?nge ofﬁ&f&eectri cal
tilt is to ofpeIovéepe bt may &6 refiirsl) fdhedaniple powingsoehhhgs inltie/e or

bel ow t he boresi ght established by conventjional nechanical or electrical
tilt network structure or the addition or removal of other base stations or

antehnas in the cell.

The adjustment of the angle of tilt of an antenna is known and is
conventionally achieved by mechanical means, electrical means, or both.
When the angle of tilt of the antenna is adjusted mechanically, for example
by mechanically moving the antenna elements themselves or by mechanically
moving the housing (or “radome”) for the elements, this is known as
adjusting the angle of “mechanical tilt”. When the angle of tilt of the antenna
is adjusted electrically, for example by changing the time delay or phase of
signals fed to each element (or group of elements) in the array without |
physically moving either the housing for the elements, the antenna elements
themnselves or any other part of the antenna radome, this is commonly

referred to as adjusting the angle of “electrical tilt”.

The effect of adjusting either the angle of mechanical tilt or the angle of
elecirical tilt is to reposition the boresight so that it points either above or
below the boresight established by conventional mechanical or elecirical tilt
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I ncreases or decreases the coverage area of the antenna. Hereto é’

adj ustnent of the nechanical or electrical tilt of a cellular radio

ant enna haswbesmappssi bl e only by manual |y adjusting the gRghgRhehi It at
the antenna itself, for exanple by physically noving the antenna housing
or radone in the case of nechanical tPI't adjustnment or by adjusting
mechani cal devices for applying vari.able anmounts of delay to the elenents
in the antenna, i.n the case of electrical tilt adjustnent,. e di sadvant age
of enpl oyi nFPEHTHS RS HRHROGE MATeFH OF fip(trggseﬁiﬂpetccg) Tagetem Pt Hifet hods i s t hat
the met hods gigngdi fficult and time consumng to perform Additionally,
such adjustnment nethods result in the direction of the boresight being
fixed at the adjusted angle of tilt for all transmtted or received
signals, until such time as the angle of tilt is adjusted again.

Consequent | Jleretpforeapdivsimgntahibstmeshanical ecelpsiripe) it ohagelbar 53680 at or

| the tilt ired b h t I,s. l.dent i . ti t hi
0 Fare: ananhiehnd BbR posElieraiy pORRAAY o diskid e At Dl B8 T 1 0 T
or der {0 oPiEHAPILAL F bham IR 5 AGAICY L ANHEUETEobigyorpar L oul

depl oynent of base st'ations.” In"any event, z’ajli’%jhough t he sharing of base
stations, amdomean dedaseet mechasical Hlt adpwsimentil o byt ddjustingreeghanichens

i nvol ved in _daing.so. | n the,United Kingdo respective transmt/receive
frequoncy bARDICRSIER el aintie SPpyEs 3% gl ta i Gemept o A SHPYH on

bet ween ”Dbfﬂ&erc%gé?)fc icgﬁﬁﬁaﬁlﬁﬁlaﬁs' The five transmt bands, or
operator frequency bands, aré& cohtlguous, as are the five receive bands,
i.e. there are no gaps between adjacent frequency bands. Consequently,

unl ess conpl ex and accurate filtering of signals is enployed by the

transm tti n§nerflisadventage afcmploying sichasedbenigaker dpatrical it adjustmemt t he
methods is that the methods are difficult and time consuming to perform,

Additionally, such adjustment methods result in the direction of the boresight

being fixed at the adjusted angle of tilt for all transmitted or received signals,
until such time as the angle of tilt is adjusted again. Consequently, the
antenna cannot be shared by more than one operator uanless the tilt required
by each operator is identical. In practice this is rare and, in general,
operators require an individual angle of tiit in order to optimise the cell

coverage of the antenna for their particular deployment of base stations.

In any event, although the sharing of base stations, antennas and facilities is
desirable, there are problems involved in doing so. In the United Kingdom,
respective transmit/receive frequency bands are allocated to five 3G operators
for transmission between mobile radios and base stations. The five transmit
bands, or operator frequency bands, are contiguous, as are the five receive
bands, i.e. there are no gaps between adjacent frequency bands,
Consequently, unless complex and accurate filtering of signals is employed

by the transmitting and receiving apparatus associated with the antenna, the -
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i nterference of signals has a deleterious effect on system per ce.
One known base station architecture provides separate transnit and receive
ant ennas Whigcsdsnafets her common system enpl oys a dupl exer %{ﬁwﬁlﬁhﬂ(%ﬁ single
antenna to be used for both transm ssion and reception . ese arrangenents
are adequate when only one operator isd4drequired to use the base station and
antenna but when nore than one operator w shes to use the systemthere are
difficulties. One known solution for base station sharing is for each

oper at or t oresuling owsrlapping and dptefarence ph signalsthag a deleatgripuseiteshodved by t he
use of a shared antenna nmast supporting a nunber of antennas, one for each
oper at or . F&%%rﬂeﬂgﬁm‘lﬁeder to avoid nmutual interference, the antennas
requi re adequate separati-on and the height of the nast may need to be

I ncreased, or a stronger structure may need to be used, to enable the nmast
to w t hst anthplilglowa ds stafibh architecieaprriddisepriightamsfnit dvel reasivewhi ch, in
tam increases nast_cost. Furthernore, sites which can accommpdate a

| ar ger * mast aafesnas Whilss anether coramoa sysiepoeipplan 2 Myplsgeniosaliam 28M&%ni ng

probl ens may_be encountered ar.ger. mas r | § nyi [ 1y
obt rusi ve aﬁﬁtempogﬁ% PVﬁfﬁgbgﬂ%L%‘ng&WE%Eél?d %ﬁ%ﬁo ?ﬂ%ﬁ%?@gﬂﬁn@%' | e
cel lular ragdidadddBhaeiten HIP by _?Réﬁa&h‘_ris @atpj&a&@ usé el RS switiohl ahbiei r
associ ated masts ‘and ant ennas. ereis ittle sharing of sites and any
shari ng t hatnignes buicwben insrd thantond aperaivrewishes torgse thé sydfemrtaere asel y and not
the antennas, _ _The introduction of the so-called third generation (3G
mobi | e radi §f8GUliEH wi |1 demand an increased nunber of base station sites.
Thus, there are likely to be difficulties in acquiring the necessary real
estate, and site sharing will becone an increasingly attractive

One known solution for base station sharing is for each operator fo use a

different antenna. In practice, this is achieved by the use of a shared_antenna
mast supporting a number of antennas, one for each operator. However, in
order to avoid mutual interference, the antenmas require adequate separation
and the height of the mast may need to be increased, or a stronger structure
may need to be used, to enable the mast to withstand high winds. This
increases the weight of the mast which, in turn, increases mast cost.
Furthermore, sites which can accommodate a larger mast are ditficult to
obtain and planning permission or zoning problems may be encountered.

Larger masts are also environmentally obtrusive and unsightly.

As a consequence, many operators of mobile cellular radio networks émploy
their own base stations with their associated masts and antennas. There is
little sharing of sites and any sharing that does occur is limited to the sharing
of the mast only and not the antennas. The introduction of the so-called third
generation (3G) mobile radio system will demand an increased number of
base station sites. Thus, there are likely to be difficulties in acquiring the
necessary real estate, and site sharing will becoine an increasingly attractive

option.



option. 28 July 2006 WD 03/043127 PCUGB02/04930 -5- It is an a %\E
present invention, therefore, to provide a nethod and/or appara us

allows multiple operators of a base station site to share a common antenna
whi | st enabliong@oidigy angl e of electrical tilt of the ant enp@,{lﬁgw‘ﬁgﬂadj ust ed
el ectrically and individually by each operator. is a fur alm of the
i nvention to enable the angle of el ect¥t+cal tiIt of the antenna to be
adjusted renotely and to be different in transmt and receive. In the

foll owi ng description, the term"antenna systenm is used in place of the
previous term "antenna to describe a system having an "antenna assenbly",

Sanal o oupfib B afh of B e S ERLR Rt RO B TER A el @ anify o' 11 1O
Accor di ng tﬁpgﬁrithi FhidASIRWs xﬁﬁlu*pt@owraaﬁmfwafserstat% sifeNB'sBaresa pr ovi ded an

antenna systeémfor use in transmtting and/or receiving at |east two
signals, whmmmby aatehina sthilshenabling ah&jatsglgnﬁelsctrmabb}nef Hheeahtemnaatof i r st

operator frequency and a_ first ator. and a secpnd_one of said
signals is Beeﬁ@%t%e Caﬁ%;@@é%@%é\?fégﬁﬁa@%ﬁ%ﬁ%yiwrﬁj leg 3B cond

oper at or, C?f{@rl F € angle of
el ectrical Ti ]ﬁ‘}&‘gml nc |ng aI% ur a é’tp@ an nna e etﬁteﬂnts for
transmtti nﬂiﬁﬁéd@ém@temndmgae cﬁﬁfefbnshgﬁ&hﬁmtmf@ﬂeivet he antenna el ements
are nmounted upon an antenna carrier and are arranged in at |east two

sub-arrays, each sub- array I ncl udi ng one or nore of said el enents, control

eI S e R
el ectrical frolhrofibus R ‘ARbGRR® 1S AERHBEY: sy8th B/ idY by “38Rfna

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 a first aspect of the present invention, there is provided an
antenna system for use in transmitting and/or receiving at least two signals,
whereby a first one of said signals is generated in a first operator frequency
band by a first operator and a second one of said signals is generated in a

second operator frequency band by a second operator, comprising:

an antenna assembly having an adjustable angle of electrical tilt, and
including a plurality of antenna elements for transmitting and/or receiving
said signals, wherein the antenna elements are mounted upon an antenna
carrier and are arranged in at least two sub-arrays, each sub-array including

one or more of said elements,

control means for controlling electrically the phase of signals transmitted
and/or received by said antenna assembly, thereby to control the angle of

electrical tilt of said antenna assembly; and
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assenbly to transmt and/or receive substantially sinultaneously a

one of said signals at a first angle of electrical tilt and a second one
of said si S/ second angle of electrical tilt. Th | d second
signal s trgﬁ?mi?g%lﬁand/or recei ved by the antenna asseng?@bg%mﬁisaed by
different network operators and will thus have a different frequency.
Advant ageously, therefore, the antenna systemallows the antenna assenbly
to be used by a plurality of operators. Mreover, where the angle of

el ectrical edmbinezmedns fanpnhlsg sibantannarssembly O EARSEUL 36 t he ant enna

assenbly, each operator.is.able ' b Los ovi ded by
t he ant enna*q&¥& ﬁﬁ?%apﬂﬁﬁpﬂﬁ%ﬁﬁgﬁ? liﬁ%éo%é;(gfegag g{g:nglﬁ Cd?\sé'ﬁlgg%ﬁg ust nent of
the angle of¢ ﬂb@tﬁ&ﬂkﬁ%&&%&ﬁ&}@%ﬂ%ig@k aff HEecondmpLR of to optinise
coverage as the network 1s deployed, to optimse the network in response

t o measur edelpericartiitance paraneters, daily in response to the novenent of
urban commuters or periodically to neet the needs of a particular event
such as an exhibition or sports event. In one enbodi nent, the antenna

systemis rfﬁéﬁ}]' B8 SHA Lnepahy gt least two
signal s ar ?@?ggsg%n{igg y eé gn g?%&asse%%%dt% conbl ner neans bei ng
arranged t og4se@Biyvare pBEd By differshiegetsiogoaperatoroand sdll dnsdmveal means and to
transmt substantially sinultaneously a first one of said signals at a

first angl edifferens/fepgencyalAdvantageersly, beweing, BivcaniennaAyelest s at  a |
second angle of electrical tilt. The appar.at i so, however, preferably
operabl e i nﬁlg Wé‘f"\?@seﬁﬁ’& g hem?(%ﬁy ?ﬁ’iﬁﬁhﬁeﬁ%e&@éﬁbl y receives signals.
In a preferred enbodi nent, the apparatus includes first and second feeder

lines for supplying first and second signals of a first polarisation to and
from 28 Jul ¥M@66Gr, where the angle of elecirical tilt can be adjusted from a location

remote from the antenna assembly, each operator is able to adjust their cell
coverage provided by the antenna assembly without visiting the base station
site. Adjustment of the angle of electrical tilt may be required, for example,
to optimise coverage as the network is deployed, to optimise the network in
response to measured performance parameters, daily in response to the
movement of urban commuters or periodically to meet the needs of a

particular event such as an exhibition or sports event.

In one embodiment, the antenna system is arranged to operate in a transmit
mode, in which at least two signals are transmitted by the antenna assembly,
the combiner means being arranged to receive phase adjusted signals from
said control means and to transmit substantially simultaneously a first one of
said signals at a first angle of electrical tilt and a second one of said signals at
a second angle of electrical tilt. The apparatus is also, however, preferably

operable in a receive mode in which the antenna assembly receives signals.

In a preferred embodiment, the apparatus includes first and second feeder

lines for supplying first and second signals of a first polarisation to and from
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preferably further includes third and fourth feeder lines for supphﬁ/l ng
third and fourth signals of a second pol arisation, opposite in sign to the
first pol aryweaklsydzy to and fromthe antenna assenbly. In F@“ﬂ;ﬁf erred
enbodi nment, the apparatus includes a maxi num of four feede I nes for
supplying signals to and fromthe ant eflma assenbly. The apparat us is

advant ageous, in that nmultiple operators can use the system and transmt
and/ or receive signals in different operator frequency bands, each wth
different aftf ¥¥ea asseellyi cal tilt, if required, and this is achieved

with the use of only four feeder I|nes, or only two if only one
polarisation is required. The apparatus is therefore relatively sinple,

and cost ef m@tapp@fatusci%ﬂétﬁlﬂy ifinShétintiutlys ﬁaﬁd&@lﬂvf@ufmrfaedét fibgs it operators.
Furt hernore, as a nunbe operators can share one antenna assenbly, the

requi r ement suppiying dhird @nétfomﬂwgsalatq‘famcmd mﬂamsah!@naegmﬂtblmmgnstoavm ded.
For the purpos f 1his,. sp le t he phra operator” or "user" is
i nt ended to&?’?eéﬁ?Bﬂlt ﬁh%é? gliq qterna, aggany St"alﬁetwork as opposed to the

site operator who woul d be respon5| ble for the antenna si te. For exanple,
said control nmeans may include a first control arrangenent associated with

a first onelwh mereprefegrd|embrdiinents deoapacam includes b angemant of fFewoci at ed
with a second one of said signals, and the conbi ner means nmay be arranged
to receive facder Jipeg %ﬁ@ﬁlﬁ’%aﬁ@@ﬁ‘ thendsfromdhe apienpa pssembBint r ol ar r angement
and the second one of said signals fromthe second control arrangenent,
and to supply a conbi ned signal to said antenna assenbly. 28 July 2006 WO

03/ 043127 PCht @BpZhAAI8advlitageous, in that multiple operators can use the system
and transmit and/or receive signals in different operator frequency bands,
each with different angles of electrical tilt, if required, and this is achieved
with the use of only four feeder lines, or only two if only one polarisation is
required. The apparatus is therefore relatively simple, and cost effective,

despite its ability to serve many different operators.

Furthermore, as a number of operators can share one antenna assembly, the

requirement for additional base stations or antenna assemblies is avoided.

For the purpose of this specification, the phrase “operator” or “user” is
mtended to mean an operator of a cellular radio network, as opposed to the

site operator who would be responsible for the antenma site.

For example, said control means may include a first conirol arrangement
associated with a first one of said signals and a second control arrangement
associated with a second one of said signals, and the combiner means may be
arranged to receive the first one of said signals from the first control
arrangement and the second one of said signals from the second control

arrangement, and to supply a combined signal to said antenna assembly.




Preferably, the control neans is arranged to electrically contrg% QT ﬂ&gse
of signals supplied to at |east one of said sub-arrays froma E? X%
renote from said antenna assenbly, thereby to control the angle of

el ectrical Woldgoshasaid antenna assenbly. The control nMegRsq ﬂ@»sggclude a
plurality of differential phase control units, each dlfferentlal phase
control unit being associated with a'T%spectlve one of said operators of
said antenna system Each of the differential phase control units may
include first and second differential phase control sub-units, said first
differential phase control sub- units being arranged to electrically

oo socRRRER IR S e R A Fhesl 1T RE L cHRAGPHILGOPY o0 ¢
arranged t Ogighglg %ﬁﬂ)ﬁlﬁh't&l af Rk Gile 6%@1@&1}1}3&@3 fedrfl RAloBaticiLiphdte tronber et o,

sai d signal s having been received by said antenna assenbl Preferably,
“the conbi nesaidaatesni assembly, fihersby éndorsend dhedlangderpf electrieal ti of salder e each
conbi ner unit includes a respective transmt conbiner network and a
respective F&E Ws%ﬁlytter network, said transmit conbiner network having
a plurality of inputs for connection to transmtter neans of a
corresponding plurality of operators of said antenna system said transmt
conbi ner neThetknibsli Means migngethdea plutalinpbfdiffergnial phagendongdl tmitsai d i nput s
by said transmtter neans, thereby to output a single multiplexed signal. I
The transm @ac&:od:ﬁaw@tlaln&am rcqzntmlemtﬂzmgj asSﬁ@a@é&Iﬂa AfPYPSELive AR el t

mul ti pl exer arra%%f 9 § Jfﬁ\ﬁﬁ? tI east two signals, each from an

associ ated gé)B 95 & P4 & nd a second transmit nulti pl exer
arranged to receive at least two signals, each froman associ ated

respective transmtter, wherein 28 July 2006 WO 03/ 043127 PCT/ GB02/ 04930
-9- Each of the differential phase control units may include first and second

differential phase control sub-units, said first differential phase control sub-
units being arranged to electrically control the phase of signals supplied
thereto for transmission by said antenna assembly and said second differential
phase control unit being arranged to electrically control the phase of signals

supplied thereto, said signals having been received by said antenna assembly.

Preferably, the combiner means include first and second combiner units,
where each combiner unit includes a respective transmit combiner network
and a respective receive splitter network, said transmit combiner network
having a plurality of inputs for connection to transmitter means of a
corresponding plurality of operators of said antenna system, said transmit
combiner network being arranged to multiplex signals applied to said inputs

by said transmitter means, thereby to output a single multiplexed signal.

The transmit combiner network preferably includes a first transmit
multiplexer arranged to receive at least two signals, each from an associated
respective transmitter, and a second transmit multiplexer arranged to receive

at least two signals, each from an associated respective transmitter, wherein




each of the first and second transmt nultiplexers is provided %tphg Qegd
pass filter arrangenent for filtering signals received froma fi éj % f
the associated respective transnmtters with a pass band separated by a
stop-band {waRemipass-band of the or each other of the agspehldsss
respective transmtters, Preferably, each band pass filter arrangenent is
arranged to generated a perfectly conbirned (as herein defined) output
signal. The conbi ned output signals fromthe band pass filter arrangenent

are preferably input to a conbiner unit_for generating.a conbjned signal
havi ng a s@aszbtcﬁrtmﬁrstymééﬁwmr@nsaahﬁmﬁmemﬁmew&d%w %gﬁ@ spect rum

Preferably, said receive spldtter .networ raklLd f puts for
connecti on P%SSﬂ@éﬁv@g?@%{ﬁﬁ’b?‘ﬁsﬂ-}%Pi@é%&?%ﬁ%%‘ %%’%lr% bttiéngfo fglf)gerat ors of
sai d  ant enggosiuek§Eipealé trafRitess withlalgas¢ bRt %&iﬁt&?bﬁﬂ sigp-Baged to split
a receive signal received by said antenna assenbly thereby to apply said
‘received sfrgnei pass-teadiofdhe sneathr ethe ofcthe aesaointed respedtivet her preferred
enbodi ment, the conbiner neans is arranged to generate phase adjusted
out put si gnBPBSRYIETH t aneously for each of a plurality of operators, the
antenna system further conprising a splitter arrangenent for receiving
sai d phase adjusted output signals and for splitting and distributing said
phase adj uspadeblyp ¢hcls bamnbpsss thiltel Reragban@ntis aghngdderogenensl assenbly.  The
splitter arrangement is preferably arranged to distribute signal strength
of said phpeuecilyj wmbined (agherendefined ydpsignal.l y uni formdistribution. 28
July 2006 WO 03/043127 PCUGEB02/04930 -10- In a still further preferred
enbodi ment, the apparatus may include phase conpensation neans for
ensuring th e lths ShafPR } : ; feeder lines
remai ns subg‘th g%taﬁlgrrlﬁg 0?5@?\@? ant beltﬂ\ﬁl/eetgh;:ltbggt(ii gﬁgﬂﬁ?%lkﬁ%gl%gﬁt%e

: preferably input to a combiner unit for generating a combined signal having a

e

substanﬁally perfectly combined continuous frequency spectrum,

Preferably, said receive splitier network has a plurality of outputs for
connection to receiver means of a corresponding plurality of operators of said
antenna system, said receive splitter network being arranged to split a receive
signal received by said antenna assembly thereby to apply said received

signal to each of said receiver means.

In a further preferred embodiment, the combiner means is arranged to
generate phase adjusted output signals simultaneously for each of a plurality
of operators, the antenna systém further comprising a splitter érrangement for
receiving said phase adjusted output signals and for splitting and distributing

said phase adjusted output signals to the elements of the antenna assembly.

The splitter arrangement is preferably arranged to distribute signal strength of

said phase adjusted signals in a substantially uniform distribution.




and said antenna assenbly. The nmeasuring and phase adjusting prg ?Eﬁ gBMGbe
performed when the systemis initially switched on, when the a gl %
electrical tilt is required to be changed and/or periodically to
conpensat e woroshodsegal fluctuations in the feeder Iines,P@g&B@%ﬁﬁﬁle every
10 minutes. In one enbodi nent, the phase conpensation neans include first
and second nixer assenblies arranged H#t—opposite ends of the first and
second feeder lines. Alternatively, the phase conpensati on neans include a

phase neasurting . receiver nodule, |n an alternative enbodi nent, the

t A e Ber PRSaTech b Bl 1he HREHAIS Jha3, MABGE RURH |
R e treph it Mol hocersl L
phase di f f er ence weasuranen dr;egrlvg Qom@}i‘l@ gl% rence in gﬁ%se

di fference batiieérdst Uned wenttidubedntidlyt fshsaimt BBRven ShRIGALS] Bleang a _
transmt path, and including feedback neans for feeding back said transmt

pat h phase @nhd seidenésanaasssmptdiients to the control neans. The control neans
preferably include neans for adjusting the phase of signals supplied to
the first and second feeder |lines for each of said operator frequency
bands i ndepapdenidsyrihs aHE PRAGEIMTG HHP PPo qgéelgérf =Ny path phase
di fference measuresmeng, tﬁgreby to ggr n(%e{&@gfa?fer ncdggle?n salnﬂlc:ilE phase

di ff erence isysteinfif éniially switcladdoon, fwhegube epglearfddedtdedieiliciompqurissaited for. 28
July 2006 3/ 043127 PCT/ GB02/ 04930 For ap antenna designed to transmt
one pol ari sggicg?\n%ﬁd andiprpesioghigally te gempensaistarithermal flughiations in thac| udes t he
first and s . Jne inNg transmt signals fromthe
conbi ner negér@gﬁ)ﬁlgﬁgsgﬁ.d r'l"r'llgeggé'e y,lﬁéoléqﬁd first and second respective
carrier lines, formng part of the antenna assenbly, providing a neans of

connection between the first and second feeder |ines
In one embodiment, the phase compensation means include first and second

Q=

mixer assemblies arranged at opposite ends of the first and second feeder

lines.

Alternatively, the phase compensation means include a phase measuring

receiver module.

In an alternative embodiment, the apparatus may include phase compensation
means for independently measuring, for a plurality of operator frequency
bands, a transmit path phase difference measurement derived from the
difference in phase difference between signals supplied to the antenna
elements along a transmit path, and including feedback means for feeding
back said transmit path phase difference measurements to the control means.
The control means preferably include means for adjusting the phase of signals
supplied to the first and second feeder lines for each of said operator
frequency bands independently in dependence upon the respective transmit
path phase difference measurement, thereby to permit differences in said

phase difference in different operator frequency bands to be compensated for.



and the antenna el enents. The apparatus may further conprise a ggg,h&a 6
Measuri ng Receiver Mddule in the antenna assenbly and may i ncl 3912;
for extracting a portion of said signals supplied to the antenna el enents
and neans f@pogaideni Nng said extracted portion with an Oﬁéf/bh@zt/@%’,os' gnal
having a frequency dependent upon a selected operator frequency

thereby to determine the transnmit pat'hu'phase di ff erence nmeasurenent for
each operator frequency band Preferably, t he Vector Measuring Receiver

Modul e incl ydes first econd ase c arator, units to nabl e i n-phase
and quadr at Péalaﬁa?eﬂa a‘rﬁg%gﬁ‘ree nﬁgat%ogqfé@'@:lsa?ﬂgd ®t her eby Itoo

determ ne a fordd r a further
preferred eﬁ)odﬁ@aﬁ%ﬁcﬁﬁgﬁgﬁ@gﬁaﬁ | n(rzﬁ% @E@ﬁﬁggfeﬁﬂ%oﬁﬁge #lﬁgn nmeans
for measuri m@nshidrsignafd frofl ihecoafbiep enaneto thecatuenmyassdmablg s andfirstcei ve path
phase difference neasurenent derived fromthe difference in phase

di fference Bodvreomdsigprstive ﬁwar\l@gs,ipnnm pait effhg angenaawatesntind
transmtted_al o a receiv e cQnt ans eedback neans
For T eedi g PROGRTEH menst o crEtpdion bimge® it idh el oo n Aee iBRT o F o (he
control nea dmtmabﬁeﬁﬁl d control rreans includes nmeans for adjusting

t he phase of signals supplied to the first and second feeder |ines for
each of said operator frequency bands in dependence upon the respective

[ h di ff ' July 2006
&%‘385{848‘1‘25“118@%5%@#@@% ior SOTRATISE dr Lirsel VA UpLRBHALE NipfHigrbne i n
(different opl ot 1SN %@&Qgﬁcﬁ&ge@aﬂé%?%ﬂﬁﬁétﬁ%igérﬁgybﬁaﬁ”bom ment

arly a e as I f

IS part i cul vant age us 1 n he d rences 1 n erence
bet ween si gripnalspapplieUid thieGmedhnh REententsnd memad foreaﬂmﬁgg shid

extracted portion with an oscillator signal having a frequency dependent upon

a selected operator frequency band, thereby to determine the transmit path

phase difference measurement for each operator frequency band.

Preferably, the Vector Measuring Receiver Module includes first and second
phase comparator units to enable in-phase and quadrature phase difference
measurements to be obtained, thereby to determine an unambiguous

measurement of the phase difference.

In a further preferred embodiment, the apparatus may include phase
compensation means for measuring, for a plurality of operator frequency
bands, a receive path phase difference measurement derived from the
difference in phase difference between signals received at the antenna
elements and transmitted along a receive path to the control means, and
feedback means for feeding back said receive path pbase difference
measurements to the control means, and wherein said control means includes
means for adjusting the phase of signals supplied to the first and second
feeder lines for each of said operator frequency bands in dependence upon

the respective receive path phase difference measurement, thereby to permit



passi ng through the receive path can be conpensated for i”deF’e”QE[}hh)’zo&é'd
furthernore can be conpensated for each operator frequency band
i ndependently. The antenna assenbly preferably includes oscillator neans

for generatWwomsfqsipecei ve path calibration signal which is-5HpRd&g through
the receive path for the purpose of determ ning the receive pa{h phase

di fference measurenent in addition tol%+he transnit path phase difference
nmeasurenent. Preferably, the receive path includes the first and second

feeder lines,of the, trangmt th and the first and seconq carrier |lines
of the tran ?re‘&%ﬁsﬂnéﬁg@i‘asﬁﬁqf%iméh @r&gﬁtpger@tgg%regg@cgiqap& fass t hrough

different agpl.l '%ﬁ d‘ilter conponents to the transmt signals. In a
cg $ }tlr. . .
preferred enpbodi nent, e oscillator nmeans is a tone generator for

generating a tone signal to be supplied through the receive path. For a

sel ected operator_ frequency band, the tone signal_ preferably has a
frequency i Aihis erabiedimenbist pastienlandy advantagepes it Ge dilfergneasdy pbaseds, wherein
one of the .acent erator frequen bands .is the sel ect.ed .operator
Frequency. bAHIETS tiars sepgts DRI Bondl B8 tesin Tl PRGHERIR o sel ect ed
operator fr SUBTC ; D4Bhe / 30 -13-

Pref erably, ﬁt he o?g?@gﬁgrﬁgn%gﬂtﬁ}ls%ggrgﬁgﬁgggﬁéo traérsulr%ﬁghgﬁggégﬁge pat h

cal i br at i onfwithpradoré nambb acnmenkatedddr azciuopbr 200 fidauendtydandi ng to a second
aspect of the, invention, there is provided a phase conpensation apparatus
for use in SRR A-assenbly for nulti-operator use having a plurality

of antenna el enents, each operator transmtting and/or receiving signals
within a different operator frequency band, the apparatus

The antenna assembly preferably includes oscillator means for generating a
receive path calibration signal which is supplied through the receive path for
the purpose of determining the receive path phase difference measurement in

addition to the transmit path phase difference measurement.

Preferably, the receive path includes the first and second_ feeder lines of the
transmit path and the first and second carrier lines of the transmit path also,
but receive signals pass typically pass throngh different amplifier and filter

components to the transmit signals.

In a preferred embodiment, the oscillator means is a tone generator for

generating a tone signal to be supplied through the receive path.

For a selected operator frequency band, the tone signal preferably has a
frequency intermediate between adjacent operator frequency bands, wherein
one of the adjacent operator frequency bands is the selected operator

frequency band.

Alternatively, the tone signal may fall within the selected operator frequency
band.



conprising control nmeans for controlling electrically the phase gfé@%gn@ls
transmtted and/or received by said antenna assenbly, thereby g8 pee
an angle of electrical tilt of said antenna assenbly; nmeans for neasuring,
for a pl ur a perator frequency bands, a transmt
differenceaﬁggggggﬁgnt derived fromthe difference in ph&@gﬁeﬁ?p?égence

bet ween signals supplied along a trangmt path having first and second
feeder lines to the antenna el enents, nmeans for neasuring, for a plurality
of said operator frequency bands, a receive path phase difference
measurenent derived fromthe difference in phase difference between

signal s sugﬁlied along a receive path frgmthe antenna elenents to the

control ne&ueferably the eseillator meansisrasranged i HEOpRER B P¥nsnit and

recei ve path.phase .difference. I the control neans, said
control m&%%&@ﬁ@ﬁlﬁ“ﬁ%m?rgg}@nﬁﬁﬁéﬁﬁﬁﬁ%i@he phase of signals supplied
to the antenna elenents for each operator frequency band in dependence
upon the transmt. and receive path phase difference nmeasurenents for the
associ at ed Aagerdihgto b secpneruspe of thel nveahs, thwwedspoovidesza PIEFEGB02/ 04930 14
- band. According to a third asgﬁ.ct of the invegltitgnhwghere LS provided a
conpensat | GAMDPENSAHORIABRATAGH ToR U AT anteR a5 e DYHGE MHIVOPeRiE B or  use,
havi ng a pl it : el eaent %éh i ptting and/ or
recei ving é]iﬂgﬁxglasfflﬁ%lhty%@tagﬁgﬁz} erent” gi:‘;‘)ceﬁr3 orﬁ??reacﬁ]%gfnt%@g%gﬁg? t he net hod
conpri si ngireé‘éi’ﬂh%%igﬂalhgwﬂhm diffeednlt ypetaeorpheqpenof bandyriad spraramsni t t ed

and/ or received by said antenna assenbly, thereby to control an ‘angl e of
el ectri cal coiprisgfg:sai d

control means for controlling electrically the phase of signals transmitted
and/or received by said antenna assembly, thereby to control an angle of

electrical tilt of said antenna assembly;

means for measuring, for a phurality of operator frequency bands, a transmit
path phase difference measurement derived from the difference in phase
difference between signals supplied along a transmit path having first and

second feeder lines to the antenna elements,

means for measuring, for a plurality of said operator frequency bands, a
receive path phase difference measurement derived from the difference in
phase difference between signals suppiied along a receive path from the

antenna elements to the conirol means, and

feedback means for feeding back said transmit and receive path phase
difference measurements to the conirol means, said control means inciuding
means for adjusting the phase of signals supplied to the antenna elements for
each operator frequency band in dependence upon the transmit and receive

path phase difference measurements for the associated operator frequency



antenna assenbly; measuring, for a plurality of said operator fpequenc
bands, a transmt path phase difference neasurenent derived fré Pﬁéz 06
difference in phase difference between signals supplied along a transmt
pat h havi ngwhiessis#nd second feeder lines to antenna el eg@pbs,ofBgsuring,
for a plurality of said operator frequency bands, a receive patﬁ phase

di fference nmeasurenent derived fromtBé-difference in phase difference

bet ween signals supplied along a receive path, including the first and
second feeder lines, fromthe antenna el ements, feeding back said transmt
and recei vebd¥k h phase difference measurenents to the control neans, and
adj usting the phase of signals supplied to the antenna el enents for each of
sai d operator frequency bands in dependence upon the respective transmt
and recei VRea@HithgPbashid dshestorae ARamits Theteds ptdvadeaby compaesativn
differences in said phase differences for different operater frequency
bands to bemetiodfonaarattniaasseadly] by nuddeperamOeohaing apbmabiogf 04930 |t

w ||l be appreciated that the -preferred and/or tional featwures, .of the
phase i 'éﬁmﬁbﬁareéglﬂxggﬂ’ﬁm?ﬁ’@“m g,gng&gtrgqﬁngagﬂ@aﬁsi aspect of

the inventj LG 54 PORpAsinePensat i on appar at us
of the sec%%@fﬁéﬁeﬁw%“ ?ﬁggﬁiﬁggﬁté’gﬁ%%ﬂg ?i ﬁ%@n segto the nmethod of the
third aspect of the. invention. According to a still further aspect of the
present invention, an electrical tilt, conbiner apparatus for supplying

signal s to eontepitiegalecticsBiiths phase pfigigaals tragsmitiad aud/ o regeived #Y el enent s,
th | ectri tilt nhi ncl ud NQs f
b ust g cratahienhp AR, (hEBE7 T LURu R MBI clp AT A oERARD 107

ant enna assgiibhia adsB@bRRY to control an angle of electrical tilt of said

measuring, for a plurality of said operator frequency bands, a transmit path
phase difference measurement derived from the difference in phase difference
between signals supplied along 2 transmit path having first and second feeder

lines to antenna elements,

measuring, for a plurality of said operator frequency bands, a receive path
phase difference measurement derived from the difference in phase difference
between signals supplied along a receive path, including the first and second

feeder lines, from the antenna elements,

feeding back said transmit and receive path phase difference measurements to

the control means, and

adjusting the phase of signals supplied to the antenna elements for each 6f
said operator frequency bands in dependence upon the respective transmit and
receive path phase difference measurements, thereby to permit differences in
said phase differences for different operator frequency bands to be

compensated for.




antenna assenbly; and conbi ner nmeans for receiving said phase agéus ed
signals and permtting substantially simultaneous transm ssion £008;
one. of said signals at a first angle of electrical t||t and a second one

of said sigWelpsneahz2a second angle of electrical tilt. lﬁ, 2%593
appreci ated that features described as optional and/or alger B of  the

first aspect of the invention are al sdSapplicable, singly or in

conbination, to the further aspect of the invention also. For the purpose
of this specification, the term'phase delay or shift' has been used as a
conveni ence of representation. Tinme delay may be achieved by changing the

P oporti ohﬁ?ﬁ'ﬁ%%@%?%“e@%@& Bated b ol BSREN b heuidiess
di stor i on. o 2ol AABraMOOPHEIARRAL FERECHORL S pect B gghase shi f1

produces a s tanti a |stort|onl ess"tine 3 ase shift and tine

del ay are tinventiytnaeieuosily applicablel tolike physeeoimpteashtionatppafatrs ¢fl the aspect s of
the invention, in practice It may be desirable to transmt nore than two

of said sigiapad asegt of @Ieulmgenemg; and likewise o theometbod\od the Brdaspectnow be

descri bed, %\A@%Ye%h xanmple only, with reference to the acconpanying
drawi ngs i n° §Ure 1l illustrates the vertical radiation pattern

(VRP) of a known phased array antenna assembly; Figure 2 is a schematic
bl ock diagram of a known antenna assenbly incorporating mechani cal neans
for adj ust i Agcaringangl stiilbfurdies aspectof theipresent Fivgotien, etlmtscalatﬂés a known

third generation (3 fre uenc di vi,si qn. dupl ex base fre uenc
b toats o CHBPLaRaHRS 00 pbly e KEpA 16 a8 abtnny ApuRhiinRiles pra "

ar rangenent piyrality of antenna elements, the electrical tilt combiner apparatus mcludmg,

control means for adjusting electrically the phase of signals to be transmitted
by said antenna assembly, thereby to conirol an angle of electrical tilt of said

antenna assembly; and

combiner means for receiving said phase adjusted signals and permitting
substantially simultaneous transmission of a first one. of said signals at a first
angle of electrical tilt and a second one of said signals at a second angle of
electrical tilt.

It will be appreciated that features described as optional and/or alternatives of
the first aspect of the invention are also apblicable, singly or in combination,

to the further aspect of the invention also.

For the purpose of this specification, the term 'phase delay or shift' has been
used as a convenience of representation. Time delay may be achieved by
changing the phase of the radio frequency carrier, Providing phase shift is

proportional to the frequency across a band, and has zero intercept distortion,




Figure 5 illustrates a proposed antenna systemin accordance vvi%h a first
aspect of the invention, involving the sharing of a single dual ?)el Bf?@?ﬁ
antenna assenbly by up to five operators; Figure 6 illustrates a dual
polarity, t{paBesRetor antenna systemincorporating threg.pfpigesgnt enna
systens of Figure 5; Figure 7a is a block diagramof a proposecf transmt
conbi ner network for use in the antel@da systens of Figures 5 and 6; 28
July 2006 WD 03/043127 PCT/ GB02/ 04930 -17- Figure 7b shows the frequency
responses of filters used in the transmt conbiner network of Fjgure 7a;
Fi gure 8 i sphaseihifkpidngesansubstantighedisiordenless tine delay: Bhass Sgﬁ‘% accor di ng
to the inventio P&for ne operator), Figure 9 is a block diagramof an
aut omati c pHEELE rﬁrPéﬁusaﬁy PEPEYS-for use with the antenna system of
Figure 8, Figure 10 is a voltage-tine diagram of signals output by mxers
used in the apparatus of Figure 9; Figure 11 is a block diagram
i1l ustrati niy willebe appeecisedthap forfalltaspecip phthetingension, il packceitigaRt he syst em
of Figure 8 and the use of the systemby up to five,, eratqrs; Figure 12
th s BHPHES ARRIFS i

is a bl ock bF desieabloto EasmHhmorh Hhan JWp Ohsaid signals &t ng a Phase
Measuring Receiver Mdule; Figure 13 illustrates part of the Phase
Measuring Receiver Mddule in nore detail; Figure 14 is a block diagram

i ITustrati mgpd Eﬁesbﬂﬁﬁmﬂi@i Wwihn®¥ bt iesdritede by MessefréxagpReordy yeithModul e of
Figure 12 in the systemof Figure 8 and the ~use of the systemby up to
five oper atmafsrence to the accompanying drawings in which:

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

array antenna assembly;

Figure 2 is 2 schematic block diagram of a2 known antenna assembly

incorporating mechanical means for adjusting the angle of electrical tilt;

Figure 3 illustrates a known third generation (3G) frequency division duplex

base station frequency allocation;

Figure 4 iflustrates a known base station mast sharing arrangement;

Figure 5 illustrates a proposed antenna system in accordance with a first
aspect of the invention, involving the sharing of a single dual polarity antenna

assembly by up to five operators;

Figure 6 illustrates a dual polarity, three secior antenna system incorporating

three of the antenna systems of Figure 5;

Figure 7a is a block diagram of a proposed transmit combiner network for

use in the antenna systems of Figures 5 and 6;




Figure 15 is a block diagramto show the conponents of an anten%€ EO
i npl ementing an alternative phase conpensati on net hod; and 28 J ubhaeoé o
03/ 043127 PCT/ GB02/ 04930 Figure 16 is a block diagran1to show t he
conmponents @ig @R4ARM €nna conbiner unit to inplenent the 9% Eﬁ&ﬁh %e phase
conpensation nethod of Figure 15. In the foll ow ng description,

invention is described in the contextipf an antenna systenlsU|tabIe for
use in a cellular nobile radio network and particularly .the Universal
Mobi | e Tel ephone System (UTMS). However, it w |l be appreciated that the
invention is not confined to such use and may be equally applicable to
ot her comuni cati ons systens Fi gure | t he ertlcal radiation pattern
(VRP) of a Kightgefh shrved the WWCYaWﬁ%SﬂS%f’ggfﬁ“d@% A e RSB ani ng i s
shown in side V|em1 epna assenbly is represented by the point 1
The VRP of ?ﬁ% glégFE%@ ?¥ consists of a main | obe or "boresight" 2
whi ch di verges |n a verti cal plane as it extends fromthe antenna assenbly
and represents the region of maxi mumradiation intensity of the beam
radi at ed byFighee &ist 2 bloak aiagraml of 2 Miefertedrioon oftratemmastigfameacseidng al so
includes a nunber of, side |obes 4, representing regions of nuch | ower
radiation iRtBa&VERLonLog png OPEROHy om t he ant enna assenbly in directions
whi ch are approxi mately equi angul arly spaced about the antenna assenbly in
a vertical plane. The | obes 3 imedi ately adjacent the boresight 2 are
termed theFipufes? i blockatishriin et an amemnatic phast abatrol appaeaits foxluge The angl e
of tilt of the antenna assenbl when adj usted mechanically by physically
movi ng t he ﬁﬁbéﬁh@ﬂ@mﬁwﬁﬁﬁgﬂQﬁﬁﬁﬁFeghelr housi ng or casing, is known as
the angle of "mechanical tilt" and is conventionally achieved by
repositioning the boresight so that it points either above or bel ow the

Eor zon.  VpRrafh iS4 9Eitaleriht ideairhid of i@ald dutpwaibyt exeratisudria thssenbly is

nown as

apparatus of Figure 9;

Figure 11 is a block diagram illustrating the incorporation of the apparatus of
Figure 9 in the system of Figure 8 and the use of the system by up to five

operators,

Figure 12 is a block diagram of the antenna system of Figure 8 incorporating

a Phase Measuring Receiver Module;

Figure 13 illustrates part of the Phase Measuring Receiver Module in more

detail;

Figure 14 is a block diagram illustrating the incorporation of the Phase
Measuring Receiver Module of Figure 12 in the system of Figure 8 and the

use of the system by up to five operators;

Figure 15 is a block diagram to show the components of an antenna for

implementing an alternative phase compensation method; and




28 July 2006 WO 031043127 PCTI GB02/04930 _19- "electrical tilt EV noves
the boresight |line up or down by changing the tine delay of m%ﬂgp 2006
supplied to groups of elenents in the antenna, rather than by nechani cal
movenent of wighs nts thenselves. It will benefit the '

under st andi ng O?Oﬂtlﬁ]gef ol l owi ng description to note that %ﬁf}gﬁﬁmﬁ%& rical
tilt" and "nechanical tilt" may be copgroll ed and/or adjusted either by

el ectrical neans, or by nechanical neans, .or by both neans, such that, for
exanpl e, mechani cal novenent of -parts may be used to inplenent electrical
phase adjustnment (in which the antenna el enents thenselves are not

physi cal |y m)vedz;@so as to_adjust the position of he boresight. In Figure
2, the ant erigaren @rmbgﬂcbfd@rﬂmdmh@ﬂ ﬁ%znﬁeiﬁnéw e quﬁgjne

el ectrical ti. ockform
general |l y a‘fmﬁ "'rmm t@%ﬁge’agggenﬁﬁa% coﬁlgﬁz \aﬁiérel %@‘?@9@ enng consi sti ng
-of an array of twelve elenents or di poI es EI to E12 which are arranged into
three sub-arrays labelled A, B and C. Each sub-array A B, C includes four
el enents, nintthelfo§owingrdes¢ription theainaentisin, 1sal¢acrﬂ1@ddndb¢ eentexs afté@ out put of

respective first, second dthird deI de The del
dev!oce.sI \1/2 I 1365@%1133& %r‘r‘i?‘“eﬁ’c’i‘ﬁﬂ v %qli? nﬁﬁ%@& aafli Ust ment Y
T e %Je?&m@vz%ﬁ;a@n@?%www eSS o

radi o frequency si gna ntenna i's supplled to
each of thewilebey ﬁ%&iaf&ﬁh%eldvenﬂxﬁnismn@nﬁnmmsmlnerandmma)fhteder 18.

The function of t%e del ay devices 12, 14, 16 is to adjust the phase of the
RF signal emeByiapplicable eother paremunications SYSIems- A B, C by a predet er ni ned
amount. The second del ay device 14, connected to the centre sub-array B, is
a fixed delay device, arranged to shift t he phase of the signal suppli ed to

Figure 1 shows the vertical radiation patiern (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 4 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
. g vertical plane. The lobes 3 immediately adjacent the boresight 2 are termed

the first upper and first lower side lobes respectively.

The angle of tilt of the antenna assembly, when adjusted mechanically by
physically moving the antenna elements 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 either above or below the horizon.

When adjusted elecirically, the tilt of the antenna assembly is known as




sub-array B by a fixed anount. On the other hand, the first and _third del ay
28 July 2006 WD 03/043127 PCUGB02/ 04930 -20-. devices 12, 16, 28d4he20ee
to sub-arrays A and C respectively, are variable delay devices, each of
whi ch i s opaiahlogsito shift the phase of the RF signals spggbh%ﬁﬁ
sub-arrays A and C respectively, by a variable amunt. The first and third
del ay devices 12, 16 can apply phase-thifts of, typically, between 0 and
450 to the RP signal supplied to sub-arrays A and C and each is adjustable
by neans of a nechani cal adjustnent arrangenent. The rrechané]gal adj ust nment
or

ar r angenent“eheptiioad tilifeandmayes, the hotesighe JRE 3BALAoAReby, chngs rever si ng
t he di ti f. th h i | | third del
dovi ce. 16 A5 aria sPeRER supRlggh i BB Bt fiBmehRIp ThEfeond chifer {1, A EE &Y
the phase Stﬂiuﬁ.By%ﬁéhhﬁ@aﬁlﬁo{rélﬁen?ﬁfﬂﬁ@%l@h%nﬁ%héxh&l%sﬁ st and third del ay

devices 12, 16 1s equal in magnitude but opposite in polarity. |In other
words, if the first delay device 12 shifts the phase of the signal

supplied tq sub-array A by + 45 0, then t t.hird. de] ay. device 16 shifts
the phase I@)fwﬂ{l|b§n§ﬁfgthg|re%dﬁ,§|W§S%H§W€;EP§&&%VW c{e%;p%o}gstom second
del ay devi In ' " 7 s ' shift is
applied to tﬁﬁ%&l@l glr?gﬁds%ggl qu({lja%ﬁg su (:Cag;mrlﬂa;/}n@; %Fgﬁlgdﬁﬁgﬁedi an of the
shi fts applidgesetyeitiig byl dle@ticanteand] oxibyeteehiasieali mems 1@ by bottiThe angl e of

electrical trlt of such an antenna assenbly typically varies by, 5 for 450
of phase shmeanspeicksihst,for syamplp meghapienl snqgyerient efpiits Pay pedised to

i | 180 of, nph hi ft. i e, | hi
oo e e tRE R i Sfient i BB re b efdbets Ll W &
di ffer by 99@msiies &leeﬁft?g?ﬁbaﬂy:ﬂnfwé’d) o BHIRRP theARRITA! Of the appr oxi mately

50. The direction of e rica i1t of the antenna assenbly depends on
t he pol ari thyoresight.t he phase shift applied to the signals supplied to the
sub-arrays. Were the ,

In Pigure 2, the antenna assembly of a known antenna system incorporating
an electrical tilt adjustment arrangement 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 to E12 which are arranged into
three sub-arrays labelled A, B and C. Each sub-array A, B, C includes four
* elements, mutnally connected in parallel, and is coupled to the output of
respective first, second and third delay devices 12, 14, 16. The delay
devices 12, 14, 16 comprise conventional mechanical phase adjustment
mechanisms for adjusting the phase of signalé supplied to the sub-arrays. A
radio frequency (RF) signal to be transmitted by the antenna is supplied-to
each of the delay devices 12, 14, 16 from a common RF port or feeder 18.

The function of the delay devices 12, 14, 16 is to adjust the phase of the RF
signal supplied to the respective sub-array A, B, C by a predetermined
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




signal to the upper sub-array (in this case sub-array A) has a Egshilve
phase and the | ower sub-array (hi this case sub-array Q has a d y ¢@06
phase shift, the angle of electrical tilt will be positive, '.e. above the
nor mal bor egio@Blyxdsy July 2006 WO 03/043127 PCT/ GB02/ 04930 @% 03 0|45f1_‘§. For
phase shifts of opposite polarity the angle of electrical (f ? be
negati ve. The antenna assenbly of Fig@Pe.2 suffers fromthe di sadvant age
that manual adjustnent of the mechani cal adj ust nent arrangenent 20 is
required to adjust the phase shift applied by the flrst and, third del ay
devi ces 12, %’@Cﬁsri%rléeﬁonnﬁﬂedé@)%ubﬁémﬁﬁ@l adbe féﬂ@ém’f? ¥afretvariabls ¢ he

atenna aoseib) Hevil, Gattodr whibhul dneepis to g RS RO e Kk sfbpRRl g o™ o
Goner at | on GEAAKERS Nubhith KBk EolARIF IR vinERGInbands Al Locat ed by

the United Ki gdom i ocommunr cat i ons "Agency for use by the UK 3G
networ k operators. Each of the five UK operators is licensed to use a

first specific portion, ub-band, of the al|ocate ect.r for

Lt ansm oei GBS st cad dhist ey GhVios s b6 SubTRIA PEeReAIoL SWEHe w thi n t he
t Kk | & d bi |
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and E. The éhak agfeablelty f¥imsta ni‘e&mmé’a;ha uStrMiz atran@dibént 7 Thelz for base
station transm ssion and from 1920.3 Mz to 1979.7 MHz for base station

reception. mechanicsh adinsinecnt arrangenaeni@ameldes megitfe 889WB known as guard
Y L SRR
= comon. an B R L B s 1
sharing of tbﬂsﬁdsﬁae i1@nThis 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 shifis 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

signal supplied to sub-array B which is the median of the shifts applied by the

first and third delay devices 12, 16,

The angle of electrical tilt of such an antenna assembly typically varies by
+5° for +45° of phase shift per sub-array. This gives a tilt sensitivity of
approximately 18° of phase shift per degree of electrical tilt. In this

example, therefore, since the RF signals supplied to sub-arrays A and C
differ by 90°, the electrical tilt of the antenna assembly is approximately 5°,
The direction of electrical tilt of the antenna assembly depends on the polarity .
of the phase shift applied to the signals supplied to the sub-arrays. Where the
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 negaiive phase shift,

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



often achi eved by nmeans of the architecture illustrated in Fi guégﬁdy-ﬂ?&
architecture 60 permts five network operators to share a base-station site
with a respective transmt/receive antenna bei ng provided for each operator
per sector.whigpifgsult is a total of five antennas (Ante Gﬁtmo 3C D and
E) 28 July 2006 WO 03/043127 PCUGB02/ 04930 -22- for each Sector Whi ch are
nount ed upon a common base-station me2kt-62, with each antenna being
nounted on the nast 62 at a different height, or at the sane height and
adequat el y spaced. Each antenna has a respective transcejver _apparatus 64A
to 64E. ThdireeFohphade shives ofepposite pelstitybthe gngle: efreledivienl tilawill Pequired for a
single antenna ,in order to accommbdate the five antennas. As a
consequencdiegeli¥e.strengt h of the mast 62 must be increased, for exanple to
enable the mast to withstand high wi nds, which in tamincreases the weight
and cost of the mast. Furthernore, not all sites are able to accomodate a
| 'arger mastTRhteaf &Qémblzﬁlﬁ Rpeed hffere ket ientiedvantagbthat mangalpl anni ng
perm ssion fromlocal authoritres. Large masts are al so unsighfly and

obt r usi ve aijustmenive’ the wiachamiesl tadiusiment aevagempnic2Gis regHEdioAUSt i gure 5
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uni't, ShoWnQERes iy of blelitical GHIBK Hiomdhria ARSTbIY. MUV the'ytlaverk 72, a
receive splitter network or denultiplexer 74 and a duplexer ‘unit 76. The
five networdf siypeisngptied av eachempermniclanent aasmottteardgustodandiyidoaily. connect ed
to the transmt conbiner network 72, and receivers RXA to RXE, connected
to the receive splitter network 74. The networks 72, 74 are connected via

he dupl . unit 7 e e TxA
o TxE gonclBE fustlh e UE R dtbe B R o PR o p Db G B ey
network 72 gaghdpes pafdd el tyhie UndedKingdorh (URH to the

Radiocommunications Agency for use by the UK 3G network operators.

Each of the five UK operators is licensed to use a first specific portion, or
sub-band, of the allocated spectrum for transmission, for example from a
base station to 2 mobile radio within the network, and another such portion
for reception, for example from a mobile radio to a base station. These sub-
bands are labelled Licences A, B, C, D and E. The total spectrum extends
from 2110.3 MHz to 2169.7 MHz for base station transmission and from
1920.3 MHz to 1979.7 MHz for base station reception. Although there are
wnallocated frequencies known as guard bands (not shown) at the boundaries
of these frequency ranges, there are no gaps between the individual sub-
bands A, B, C, D and E which are therefore contiguous.

Owing to the problems associated with the sharing of a common antenna by
network operators using adjacent sub-bands, the sharing of base-stations is
often achieved by means of the architecture illustrated in Figure 4. The
architecture 60 permits five network operators to share a base-station site
with a respective transmit/receive antenma being provided for each operator

per sector. The result is a total of five antennas (Antennas A, B, C, D and E)




antenna assenbly 78 for transm ssion. Signals received by the agﬁgr@ﬁ 006
assenbly 78 fromrenote nobile radios (not shown) are fed fromthe genna
assenbly 78, through the duplexer unit 76, to the receive splitter or
denul ti pl ex k 74. 28 July 2006 WD 0"43127 PCT/ 23- In
Fi gure 6, tﬁ?dgrﬁ?g?{ecture of Figure 5 is extended to iﬁ%gﬁ%?%gg
separate antenna assenblies 78a, 78b22%48c to forma so-called "Three
Sector Antenna Assenbly", where each antenna assenbly is arranged to
provide horizontal cell coverage over 120 degrees of arc (or one third of
a circle) siekeathhsdactor whightahemounied upnh @rioanmes bass-station7gast 628Withy 8c

provi de cell coverage over a ull 360 degrees...ln this enbodi nent, each
ant enna ass@ﬁ}élaﬁﬂt&m&,bemgﬂpowgi PR ﬁleamaﬁﬂaqe2 Y& 'ef‘imgi’ﬁ’cgghﬁg Egglgf‘enm y. The
use of dual | ALY, t a | i ' 8P4 i n

cel lul ar rasc?lﬁge @éﬁglﬁtea@%dgggidg%? %@é%@?&#hﬁé?&%ﬁ%gconsi sts of a
stack of crgpasfudepslis 6aEe TR hsightof theshaiayuafbe geserhhn tangl ed at +45°

to the vertical and a second array of elenents angled at -451 to the
vertical . Tiequixed fysa sipglecanttnng én arderyo aeeorampdate ithefiye anipweasy ASA | y

separate with individyal cogln)i r units, 70 70bh Dbei rovi de for each
array. EachCRRPBITHE & SHER iog(a%m stc@rmgﬁtéedmg@agecﬂgglg%@mﬁggqi rst_ and
second conmifale B inhast RwithSland Kbt Wihds MRhichif i fbRagRThE Refghynit 70 in
Figure 5. The conbiner units 70a, 70b are identical for both polarities, as
are the conmgc¢asood thehmastt Bufthemortenaipdl stesard atlasontdommsodaielar ecei ver s.
Considering, for clarity, only the positive pol arity conponents of the
system e eéfmﬁsﬁén@rd%mqeﬁéﬁsoﬁ?%@%“%domqmgt fperators is
connected to, k ' ' . Qf ' i ner networks
72 in the t 'Fggss"%ggﬁﬁ i\?\églpéc}&g&rﬁhfe% Ic‘g !}ﬁg%ts h%‘le%léé g@%ﬁﬂ d?o , 70c. Signals

suppl i ed freuidie afd 28§ Betdn@irenaetaRpasadeprabla dthomersitesni t conbi ner
network 72 through the '

Figure 5 shows a proposed combiner unit, for reducing the number of
antennas required to support five network operators from five to one. The
combiner unit, shown generally at 70, compriées a transmit combiner
network 72, a receive splitter network or demultiplexer 74 and a duplexer
unit 76. The five network operators have respective transmitters TXA to TxE,
connected to the transmit combiner network 72, and receivers RxA to RxE,
connected to the receive splitter network 74. The networks 72, 74 are

conmected via the duplexer unit 76 to a shared antenna assembly 78.

The transmitters TXA to TXE generate RF signals which are combined in the
transmit combiner network 72 and passed through the duplexer unit 76 to the
antenna assembly 78 for transmission. Signals received by the antenna
assembly 78 from remote mobile radios (not shown) are fed from the antenna
assembly 78, through the duplexer unit 76, to the receive splitter or
demultiplexer network 74.



dupl exer unit 76 to the respective antenna assenbly 78a, 78b, 7
transm ssion. Simlarly, each of the receivers RXA to RxE of thggﬁgﬁ6%9$§
operators is connected to a respective output of each of the receive
splitter n in the three positive polarity conbj i 70a,
70b, 70c. g?gﬁgpétégceived by an antenna assenbly 78a,n9§%%&y§@“§§e passed
t hrough the associ ated 28 July 2006 -2®-03/043127 PCT/ GB02/ 04930 - 24-

dupl exer unit 76 to the receive splitter network 74 which splits the
received signal into five equal parts and applies it to the receivers RxA
to RXE. ThelnnEigatd @eﬂlpcﬁrdritepyn@ofrgimmﬁss ektended toyinckude shree sepaielet ed in a

o oL e S e ShE! Al B BRI R SHA ARG, 2ot
an_ on-i di §eiiyapal AL AOR AR BYnby. HRLANES ObrdviicRorithgnna

assenbl i es ere’ d e Sector system’is us Previ ous systens required

five separ ajefl ciiiaRvend 26 dekices opearc (deohetthiod of i kirelz) salt thaa assenbl i es
for a three sector system The conbiner unit 70 of Figure 5 can suffer
from a nunbiegeder.dheabiesns assemblies 782, 18he T8¢ araie celbadiomEe Reior k 72 may

Syst om Treld St festors:da 48 prRtEeal; @b ARath s ZROSPE RISy Lo
Anplifiers Qﬁﬁalﬁgilgﬂ?%téﬁa%@ﬂy}me ugd Gnédal lpeksitpahtehhessempliber from an

inability to ha he power required for transmission on all five
frequency birwisll kiowh tadeomston #iceHuladeadia spsteimis n &ach aptenns sssemblneous
bandwi dth and efficiency together. with th d{pﬁ%i red  rel iﬁbi | it The

i nt roduct i ofB%f/89andc FaRHEStE P p &fagk O cEpsp _ _%lﬁ’in{amis,o?r@ir @FrWe‘%/ﬂ/\or k 72 to
reduce the BoNRHOMGRI at" 456 [PileRYrddAf aRTR!bEdRS arffPoPERedO0eST €, i N

angled at —45° to the vertical. The arrays for each polarity are effectively

electrically separate with individual combiner units 70a, 70b being provided
for each array. Each antenna assembly is thus connected to a respective first
and second combiner unit 70a,‘ 70b, having the form of the combiner unit 70 ‘
in Figure 5. The combiner units 70a, 70b are identical for both polarities, as

are the connections thereto from the operator transmitters and receivers.

Considering, for clarity, only the positive polarity components of the system,
each of the transmitters TxA to TxE of the network operators is connected to
a respective input of each of the transmit combiner networks 72 in the three
positive polarity combiner units 70a, 70b, 70c. Signals supplied from the
transmitters are passed from the transmit combiner network 72 through the
duplexer unit 76 to the respective antenna assembly 78a, 78b, 78c for

transmission.

Similarly, each of the receivers RxA to RxE of the network operators is
connected to a respective outpui of each of the receive splitter networks 74 in
the three positive polarity combiner units 70a, 70b, 70c. Signals received by

an antenna assembly 78a, 78b, 78c are passed through the associated




which the transmit conbi ner network 72 has an assenbly of five Qgga%gbos
band-pass filters acting in conbination as a transmt mnultipl exer.

band- pass filters filter the signals fromthe respective transmtters TxA
to TxE, afgr, ' the signals are multiplexed to a co l'ine
and routed fvgoa)tﬂ%éﬁgupl exer unit 76 and antenna assenbl yn%ﬂgg"r%ﬁ%’éss band
of each filter is selected to be as-gjyose as possible to the frequency
band licensed to the respective operator, Such an arrangenent does,
however, further ‘increase 28 July 2006 WO 03/043127 PCUGB02/ 04930 - 25-

si gnal | ossdiplexeh@nityZst torthe oadeing splittehaetsioak [7dwiich kplitk theofeceaysd band pass
filters and the resulting overlapping of the sup-bands, %reduces

i sol ation $ignakden fivecequahpats andapplivs X to dherggeervess ﬁ?‘éﬁpg? an i nproved
transmt conbiner network, for use in the conbiner units shown in Figures
5 and 6, is shown generally at 200. The transmt conbiner network 200

| ncor por at ey htfﬁ?ﬁv,@zb@la%ﬁf%ﬂl bhéft§ b the sybtei feopnecté@ A BEndRd 222CD. The
first transmt I'ti Pl exer 222ABE is arranged to receive transni ssion
signal s fromengert it danribereforarterscen thas five operats 48; able4e ugsthersyBtesY themin
respecti ve hand-pass filters 226A, 226B, 226E.. The second transmt

nul ti pl exers@ll%@?qu@?/alf?%b‘% PRGN ASPEIRRY; WRIE s gnals from up to

two further _tr ): r ' idy respective
band- pass f ?#@%%%ﬁ?%%égﬁ%%ﬁﬁﬁgr 2?8%1 ?{1%&?% %ér%l&ﬁlé&band- pass
filters 226@herd26thdee S260T sys@m Bambd.R@vivus ayibms trequitcdefiveosepprate ( cormbi ned
out put signal 228X) and those from band-pass filters_226C 226D are

conbi ned at antermacaspernbliesipar seefopor fifteen apsnpassemblipy for Gee seoiwgy) |
Signal s 228X,  .228Y fromthe filter outputs are conbined in a two input MB
passi ve conﬂfsﬁ??' 232 having two input ports 232X, 232Y and an out put port
232Z. The conbi ned out put signal from

The combiner unit 70 of Pigure 5 can suffer from a number of drawbacks.
Firstly, the transmit combiner network 72 may include components which
introduce significant signal losses into the system. These signal losses reduce
the transmission range of the system. Amplifiers may be added to remedy the
signal loss but these suffer from an inability to handie the power required for
transmission on all ﬁ?e frequency bands simultaneously with adequate
linearity, instantaneous bandwidth and efficiency together with the required
reliability.

The introduction of band pass filters into the transmit combiner network 72 to
reduce the i)ower output required by the amplifier bas been suggested, in
which the transmit combiner network 72 has an assembly of five parallel
band-pass filters acting in combination as a transmit multiplexer. The band-
pass filters filter the signals from the respective transmitters TxA to TxE,
after which the signals are multiplexed to a common output line and routed to
the duplexer unit 76 and antenna assembly 78. The pass band of each filter is
selected to be as close as possible to the frequency band licensed to the

respective operator. Such an arrangement does, however, further increase



the output port 232Z is then fed, as shown in Figure 5, via the gﬁﬁ!fﬁﬁéﬁ
unit 76 to the associated antenna assenbly 78. Referring now a

Figure 7b, respective pass-bands 240A to 240E of the five filters 226A to
226E are asw@hBMssiz7he pass-bands 240A to 240E have the (?lc}rg &@g}rﬂal
maxi mum (al t hough pass-bands 240C and 240D are shown B I've to the
others for clarity) and it can be see@5that the bandwi dt hs are not equal.
As shown on a frequency scale 242, five licensed frequency bands 242A to
242E conpri se frequency band 242C inmedj atel y ad acent 28 July 2006 WO

03/ 043127 Peignatj] qssog/tbagmemzewmgrt@cfheﬁbaﬂ%ﬁd‘so @fm%ﬁb P#S and

Thi o r osul ¢ Qs 2 FOTHLEF et pnRte B B s RS DARES iRl ™ ="

242N 242B/ Zﬂ&@e@pqlgﬁg,g&@&ggrrﬂm&@m as shown in Figure 7a, are associ ated
with different transmt nultiplexers 222ABE and 222CD respectively.

Because the filter pass-bands in each transmt nultipl exer 222ABE or 222CD
are separat by st op- bands i ch preclude significant s- band overl ap,

si gnal s 228f@d%t3{lﬁ:f{awe#pm dFansipl COMLIRT CelfTks FOT e |'Bca$ﬁqy reach
transmtter . .&ﬁﬁ . I |t | y attenuated
form and w’?q&%ganeg |%€0§Yﬁ’emfvlb6%mtr%sstﬁgz6r S‘ggﬁ.e?@ﬂ%ﬁe sa t%%d&%s to coupling
bet ween ot hesndpéit tombinet harestkt00iBcorpdiate’ fast ambiedbald ebndniansm t

mul tipl exer, 222ABE or 222CD, and therefore to filters 226A to 226E. The
attenuati onmubmed%az%BErﬁéldfzmw STyt tronsgpis multplesete2 28R it tter s

f h h f whi ch s 22 8Y
genor ot oa, SEEEfdp sheky ot UbE wehAT o 5 8 R BRI G B2 AR. < g

228X or 228%2@@24ﬂaﬁidﬁﬁ&ﬂmeﬁpmb %veﬁm?s@rfﬁe?smAmsfaectly conbi ned"
Is intended to nean that, because 't he pass nds of the respectlve filters

do not over2E. Tieesecond transmit multiplexer 222CD is arranged to receive

transmission signals from up to two further transmitters, 224C and 224D,
and to filter them in respective band-pass filters 226C, 226D.

Filtered output signals from the band-pass filters 226A, 226B, 226E are
combined at a first filter output (combined output signal 228X} and those
from band-pass filters 226C, 226D ere combined at a second filter oniput_
(combined out put signal 228Y). Signals 228X, 228Y from the filter outputs
are combined in a two-input 3dB passive combiner 232 having two input
ports 232X, 232Y and an output port 232Z. The combined output signal from
the output port 2327 is then fed, as shown in Figure 5, via the duplexer vnit

76 to the associated antenna assembly 78.

Referring now also to Figure 7b, respective pass-bands 240A to 240E of the
five filters 226A to 226R are as shown. The pass-bands 240A to 240E have
the same nominal maximum (although pass-bands 240C and 240D are shown -
lower relative to the others for clarity) and it can be seen that the bandwidths
are not equal. As shown on a frequency scale 242, five licensed frequency

bands 242A to 242E comprise frequency band 242C immediately adjacent




el ectrical inpedance of nultiplexers 222ABE and 222CD over the é 55' 2HGES-
bands remai ns substantially constant. This allows input signals #F’ ﬁ{
transmtters 224A to 224E to pass through a multipl exer 222ABE or 222CD to

provi de an Qi Rihs g}gnal 228X or 228Y with mnimal di Stor%lgg%@%%ﬁrfea ),
e

so performng the sired conbining function. Wen filter

overl ap, pass-band inmpedance is not e@fistant, hence signals appearing at a
mul ti pl exer output are distorted ("inperfect”).To conbine the two signals
228X and 228Y while inhibiting. undesirable interactions between

transmi tterﬁ‘e@tMAyﬁJandeAahé%lﬂ;‘mndefremcybmaﬂﬂDm@ledwﬂner is a

S0l at ) on e 'géﬁeé“aﬂl@gﬁﬁgﬁ?&égﬁf%@ét FfskniB B Fol3hana 32y, 29
Jul'y 2006 M&Q&j’a@e‘}ﬂ%lf?e uﬁigye@@% i SR ABIEIPATEIAA MDCIPOTS [FRKENCY

separation of sIgna si gnal s whi'ch are adjacent
i n frequencys gowieincBighta e aﬁehﬁsouihtedl withvdiferentpiparseiicinnkiplensant ed
transmtter C(?Mgl [ ng bet ween them Hence, signal groups at 228X and 228Y
are combi ne?3 RQAE DY taspedivelywi t hout an  unaccept abl e degree of mut ual
I nteraction, and appear at the output of conbiner 232 as a substantially
perfectly conbi ned continuous frequency L spectrum Although there is an

i nherent sigpaleh ﬂféﬁﬁﬁm%aﬁ&k%Ieﬁﬂy&aﬁgﬁt%ﬁlﬁprex@pmmmﬁmwnz322 of

t he conblner 232, this i's significantly less than the loss inposed by a
transmt cosadei separate@i o stkprblanddwhishipreciods SIgBif;canhpqsaband/ evenlaggveband

conponent The t t h b f
i gare 7a pHEUNBISR WORE TGP 10 Ba b SamtEln Sl BREFSBonsi ni ng. net wor k
than convenibpifefs SR &fd 45,89, vid BitcA 1P ald'22618 % tiily AnehiARe"

mul ti-carri ér power anpli
form and will be negligible for most purposes. The same applies to coupling

between other pairs of transmitters within an individual transmit multiplexer,
222ABE or 222CD, and therefore to filters 226A to 226E. The attenuation
provided by the filters 226A to 226E isolates transmitters from other signals
at the outputs from which signals 228X or 228Y are generated, as
appropriate, and consequently at these outputs the signals 228X or 228Y are
"perfectly combined”. The expression "perfectly combined” is intended to
mean that, because the pass-bands of the respective filters do not overlap, the
electrical impedance of multiplexers 222ABE and 222CD over the filier pass-
bands remains substantially constant. This allows input signals from
fransmiiters 224A to 224E to pass through a multiplexer 222ABE or 222CD
to provide an output signal 228X or 228Y with minimal distortion
("perfect”), so performing the desired combining function. When filter
pass-bands overlap, pass-band impedance is not constant, hence signals
appearing at a multiplexer output are distorted ("imperfect").To combine the
two signals 228X and 228Y while inhibiting. undesirable interactions between
transmitters 224 A to 224E, the combiner 232 is used. The combiner is a
two-input 3dB passive wideband component and it provides good signal
isolation of at least 20 dB between its two input ports 232X and 232Y,




The arrangenent therefore allows operators in both adjacent and 2006
non-adj acent transmt bands to share a base station antenna as%%%'hg/.
Expensive multi- frequency power anplifiers are not necessary because the
transmt c ' etwork 200 has reduced | osses conpare shown in
Fi gure 5. ?ﬁddg J;llﬂnon, t he arrangenent avoids the overl ag%#lﬁg&;’h?hoer
pass-bands inherent in the transmt e&fbiner network 72 of Figure 5. The
m ni rum nunber of transmt signals which could be used in an arrangenent
simlar to the transm_t conbiner network 200 in Figure 7a is two, the two

si gnal s bei ﬁ&eﬁmﬂ%@@@%ﬁﬁq‘%@%éﬁﬁf@@%@%ﬁ%ﬁl%aff iesecparts. dt ellewsB  passi ve

bands ther o gl W GRalbtot WnHIGNE Re S fned wibhdciing [, °0 "
mul ti pl exer apprsviatse aaaaae@qfaﬁgxﬁmee@d%g%%&dve&l ﬂféﬂ@iﬂ\ﬁfc@ﬁéﬂa}'f there are

28 July 2006 WO 03/043127 PCTI GB02/0 ~28- two signals Ich are
non- adj acent8IP¥PY #edPdehand 22836 greceombived b lineat fashioy, witheutraw ti pl exer 222

and fed diregtl a .dupl exer w. thout ,passipng through a conbi ner such as
232, thus r 3’3’5‘&%@3’%& 6?‘%& ngjélm%tﬁrﬁcﬁg%ea’%‘i]%ﬁﬁ t the gHEE Of where at

| east two ar@nibingdBCR é{&)fé,l b8 | i mul tiplexer 222
and the third would be ][}%s %ﬁg%l%}lléa?o o‘%{n ne‘?&)g@dfaﬁ&fs, ﬂeﬂ%%&er, t he

t hree non- adpeatann. f requency bands A, B and E were to be conbined, only
one mnultiplexer 222ABE woul d be required and its output 228X would be fed

directly to the dupl exer without passing through conmbi ner 232. Four or
nore signal L1, . f r. nore, non-adj acent signals, each
group to be%@%l@%&g%g{eﬁ%ﬁ%ﬁ S%@P‘E)_ﬁ%s BSW"H&%%‘D\RP?# REPUCRPEE gr oup.
When conbi ni23QXftevi37 bffe thibidet 283 Mtid %@gn,ﬁﬂéhﬂiﬁ?&?ﬁaﬁ %E%t e?,% at_o o

oad. Lvely,

mul tiplexers 222 would normally be termnated in
unused freqi@Resedihy e dlagsmit Gombired netvarki whieH réliesrentinely wnl paisgivexer , t her eby

waveband components, The two-stage combining approach described with

reference to Figure 7a provides a more efficient passive transmitter
combining network than conventional architectures, and avoids the need for a

linear multi-carrier power amplifier.

The arrangement therefore allows operators in both adjacent and non-adjacent
transmit bands to share a base station antenna assembly. Expensive multi-
frequency power amplifiers are not necessary because the transmit combiner
network 200 has reduced losses compared to that shown in Figure 5. In
addition, the arrangement avoids the overlapping filter pass-bands inherent in
the transmit combiner network 72 of Figure 5. '

The minimum number of transmit signals which could be used in an
arrangement similar to the transmit combiner network 200 in Figure 7a is
two, the two signals being connected via respective separate filters to the 3dB
passive combiner 232. If there are only two transmitters in adjacent
frequency bands there is ne need to multiplex transmit signals together in a
multiplexer such as 222CD before feeding to the combiner 232. If there are




reduci ng cost, size and weight. The transmt conbi ner network Zgg g@ 0
described in nore detail in co-pending Patent Application No. d %%%
the contents of which are incorporated herein by reference. The antenna

system of Ryaysgsfral | ows up to five network operators tOPlet)éﬁdﬁm fpCOmon
antenna assenbly. However, as descri bed above, there is a nee ?or an

ant enna system which not only all ows-2®veral network operators to use a
comon ant enna assenbly substantially, simultaneously, but al so provides
the ability for independent electrical adjustnent of the angl e of

el ectrical twiol signad$ whinh ara nenrdiasentenifrgquepcidbey eanbatRbINgd ¥siBgef er abl y

f | ti t t mhl.y i . | 8,
bref erred aemurinies 122 280 LGP d SIS bl Bitshaold L0 0§
bl ock f 0] i ' 3 i ly 2006
V0 03/ 04315 IR, 3 A6 234 b Gedfinks SRS Wit Mg B s e verbl y
702 havi ng whdretadleasf tvo\eie\ia adpotervaads) veewosldie déhibined Enged into three

sub-arrays 700A (,E1-E4), 700B, (E5-E8) and, 700C ( ES-El 22 The angl e of
el ectri cal multiplexer 273 aad shenthirg wonld bedpd ireally tes¢mbingt 23%htiol neans in

the formof, a Tilt ner Uni T epr t dashed |ine
704 and desléqwetygﬁ ﬁhﬁc%ﬁ%ﬂnﬂg?a %%‘iﬁe(%F%%(Egsgsaglﬁﬁg’gg%ﬁ%ﬂ?nput signal s,
Sa and Sb, éd?ﬁbihé@,ﬂiﬂ%%ﬁé RNk 2ABE RdulBBS fbind 402 isrcupslal i vered to

the antenna el enents El -E12 through first and second input carrier lines

720, 722 r X8 wioull be fethdirently dotle duplexdslwittkor passing Uergly ¢ombinahd second
primary spl'tti:r units 716A, . 716R fed bé a re§E‘ﬁctive one of.thetfirst and
second i nput3Ze &10UF OF TROTR SEnRlsFeqyIses e, groups of FRQ of BYare pap-adiacelt 716n 7188

produces t g0t AL Srdi b hufithiSteatbs@htdbefore combining with the
other group. When combining fewer than five transmitters, any unused inputs
to multiplexers 222 would normally be terminated in a load. Alternatively,
unused frequency filters 226 could be omitted from the multiplexer, thereby

reducing cost, size and weight.

The transmit combiner network 200 is described in more detail in co-pending
Patent Application No. 0108456.5, the contents of which are incorporated

herein by reference.

The antenna system of Figure 6 allows up to five network operators to share
a common anfenna assembly. However, as described above, there is a need
for an anten-na systém which not only allows several network operators to use
a common antenna assembly substantially simultaneously, but also provides
the ability for independent electrical adjustment of the angle of electrical tilt
of the antenna assembly by each operator, and preferably from a location

remote from the antenna assembly itself.

In Figure 8, a preferred form of antenna system according to the invention is

shown in block form generally at 700, In this embodiment, the antenna



equal strength/power. A first output signal fromthe first spl I%%?F"!wgéﬁsﬁ
716A is supplied to a phase shift unit 717A to apply an additi p e
shift, typically between -45 and -60 degrees, to the signal fromthe
primary sply it 716A. The phase shifted output si | vided to
a further sglbitofglgygrlwunit 716C, which serves to split thegﬁ?lllﬁﬁ%&/sog%ﬁal It
receives into two signals of substanggally equal strength. The two out put
signals fromthe farther splitter wunit 716C are supplied to a respective
additional splitter unit 716D, 716E, each of which splits the signal it
recei ves i nystetnPO®oémpptisesiagnatennafassesnlily (762 thaningya tetpd af teelvengt h. The

?Ftsﬁgtct fivlg”a@ma' s f%‘i&%ﬁﬁi?ﬁﬂi sranged hiodhine wheartass 7OPASRIED: A0Booa  Each
E | | | . 151EL,
§5§E§,m 1516?‘3% %??@?p@%@la?%%t%%sg%@? gl ARG oA )l

means of adhish aajou%fea Rh@sob Riehhs Bf theSbeN @ % TltrUYmsidet Unfiach el ement, as

descri bed further below™ In receive node, signals are conbined_ onto the
first and SEEARY asaepiesentéd bethehdashed Hne 04 ang dessribpd bufirtherdetsdlne devi ces.
28 July 2006, WO 03/043127 PCT/ GB02/04930 -30- It wll be appreciated from
t he foregoi,b?éo‘ﬂescri ption that the splitter arrangenent 716A, 716C, 716D,
716E is configured such that each of the output signals to the el enents El
to E4 of the first sub-array 700A receives a signal of substantially equal
strengt h. Apisgca@a@emﬁmguﬁ gigmals,sa apl §b.tfer tranémissibh Ayithe pnienhaled to a
farther splitter unit 719A, which splits_the i ' ej,ves into a

first outpurssenblyalO2mredielivered 5o Sie maermaslepents %%12( ;&'}"g& trst apd ¢
dr at hybrid nbi . unit . 7. ( ' whi ch i
rovi ded & croksnd et SRET e A, Y resfR S Ry? 1RR AR Bt bhPP9E R " 'S

includes first and second primary splitter units 716A, 716B fed by a

respeciive one of the first and second input carrier lines 720, 722. Each of
the splitter units 716A, 718B produces two output signals of substantially
equal strength/power. A first output signal from the first splitter unit 716A is
supplied to a phase shift unit 717A fo apply an additional phase shift,
typically between -45 and -60 degrees, to the signal from the primary splitter
unit 716A. The phase shifted output signal is provided to a further splitter
unit 716C, which serves to split the input signal it receives into two signals of
substantially equal strength. The two output signals from the further splitter
unit 716C are supplied to a respective additional splitter unit 716D, 716E,
each of which splits the signal it receives into two output signals of
substantially equal strength. The output signals from the additional splitter
units 716D, 716E are fed to a respective one of the elements E1 to E4 of the
first sub-array 700A. Bach element E1 to E4 has an assocjated phase
adjustment arrangement, 151E1, 151E2, 151E3, 151 E4 respectively, to
provide an additional and individual means of adjusting the phase shift of
signals supplied to each element, as described further below. In receive
mode, signals are combined onto the first and second carrier lines by a

reverse path through the same devices.



The second splitter unit 716B provides a first output signal to,a ,fHr
splitter unit 71913, which splits the input it receives into tm%ggpéhgﬁigof
substantially equal strength, one of which is provided to a second input
(B) of the igfshasgsradrature combiner unit 174A and the othep-phpch is
provided to a second input (B) of the second quadrature conbiner unit
174B. Each of the first and second qu3@+ature: conbiner units 726A, 726B
provides first and second output signals to two elenents of the centre
sub-array 10013: the first quadrature conbiner unit 726A provides signals
to elenents E5 and E6 and the second quadrature conbiner unit 726B

i des si t | ts E7 and E8. The first and d quadrat
Combi ner  urlf Fall psgRprecisptaRb doroge g et 8P SoRRECT ded o of oront s
ES to E8 'Sa;@l"ge BNET IR ﬂ{sg‘,hﬂsﬂ‘@ﬁSE% ch @8@/Sthafledchofi thput carrier

|l i nes 720, or ‘‘exanpl €, ‘as t'he power to el enent E5 decreases, the

pover fed tdht%it@i@ﬂ!ls tobific EleeieRBSES t¢ B4tdfabe fikst stbaahy JOBArreteites & t he
el enents E5, E6 renmains substantially constant. 28 July 2006 WO 03/043127

PCTI GB02/ 048@eil o substansielp equal stgngthsi gnal from the second splitter unit
716B i s passed through a second phase shift unit 717B, which applies a
phase shift of + 45 degrees (i.e. opposite polarity to phase shift unit

717A) to a gRbidddsytpit frorh Y splitit® unfPl 16l Rrprivided 018 Burdidrisplittee i nput
signal it receives Ihto two output signals of substantially equal
strength, whiit®194, which splits thplinput itreceiveninte s fingrougugsignabyvhichist her

litt its, 716G 71611. The f t put si | s .f ' it
706G, 7164 BIPHIdSAG0 PRSI () o pEEHBRdEEe N R BHUARL Ao £12 of ¢ he
third b-arr . is I Nelat-" i nt
ar:angzrrenﬁén@%sfégg%ﬁ%@%%é&% g%ﬁ%‘rﬁg&dtsﬂgb- arP@ﬁg)g%d%dsé&? us fed by an

ar r angenent qildratifogdhbing unit 726B.

The second splitter unit 716B provides a first output signal to a further
splitter unit 719B, which splits the input it receives into two signals of
substantially equal strength, one of which is provided to a second input (B) of
the first quadrature combiner unit 174A and the other of which is provided to

a second input (B) of the second quadrature combiner unit 174B.

Each of the first and second quadrature combiner units 726A, 726B provides
first and second output signals to two elements of the cenire sub-array 100B:

' the first quadrature combiner unit 726A provides signals to elements E5 and
E6 and the second quadrature combiner unit 726B provides signals to
elements E7 and E8. The first and second quadrature combiner units 726A,
726B ensure the phase of signals provided to elements E5 to E8 is the
average of the phase of ihe signals on the input carrier lines 720, 722. 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,



hybrid units, with the result that the power at the central su r |
substantially 50% of the total array power in respect of both ?%%h]ér@/%%q%on
and reception of signals. For the array as a whole, the phase of the
signal ge transm ssion will be the average of supplied
by the t\/\on&ibﬁ%@%lglgrri er lines 720, 722, with a -45 degrlgeééﬁ% Ja}@gge‘;ghi ft.
Simlarly, a signal received by the-&mral sub-array 100B will be

i nternmedi ate the phases received by the other two sub-arrays 100A, 100C,

shifted by -45 degrees. A The input ports 712, 714 on the ﬁn enng assenbly
are each cofiféeordioripubsignal drosu theysacond splitierauitoH 688 P#ES9 ugng

ive feeder. || 75 8, .. The TCU 704 ] ' d d
Combi mer ' unEang phaseratt (B 778y wrich Gnlieh A B4 tesfbef o< S%ana 6
the out put @fe. BifOPb A8 to Phhde 3R unit?A9 Aab A%pEAANGSE PU6K OTREIE out put

ports 754, 752 spectively. "The TCU 704 al so i ncludes phase control neans
in the for nspifttea vditf FleBespliisahe imhe siznabittrecdivesninto ORAEPYL sighads pBd t o
generally at ;750.. The DPCU 750 conprises a trapsmt differential phase
control subSubstantialiy ﬁﬁ?@é%@h@m@&&ﬁﬂﬁl ?rler?@[“? g@%pw%glgﬂg:r,s&@;l \??X
differentia . -0l b ' : ; 043127
pCT/ Gao2! 04 SBier SPUARNHR 71K, raBl, THIFE ot iy RS 0T
phase contrpl6GuPtéMiate FRRddedaomipditfersmt afie b et claméits BOrtolBiX of7hea, an

i nput to which is connected to the  output of a single RF port 726a

associ at ed thinchsubasray.ahenvigh naespastive gd%mﬁ;laldxha%acbusmenh@ﬁmqm%er at or
760. The inggliﬁléfl 'ﬁéﬁ{%‘unit 725a has two outputs, each of which is
connected t % a respective first and second adjustable delay
unit (hereafter referred to as a "transmt phase adjuster”) 760a, 762a.
Thus, the signal to be transmtted by each network operator is split into

two equal p@hecesirgnabsray 1008 isrthus fed My ait arangeiten?@bayadaaidre hese two

stanal’s: are, ek Sh) Sk 82 £0uP ot hemt! &ln SR S bl Toane o the

substantially 50% of the total array power in respect of both transmission and
reception of signals. For the array as a whole, the phase of the signal
generated on transmission will be the average of the phase supplied by the
two input carrier lines 720, 722, with a -45 degree phase shift. Similasly, a
signal received by the central sub-array 100B will be intermediate the phases
received by the other two sub-arrays 100A, 100C, shifted by -45 degrees.

The input ports 712, 714 on the antenna assembly are each connected to an
output port 752, 754 on the TCU 704 via respective feeder lines 756, 758.
The TCU 704 includes first and second combiner units 730, 740, similar to
the unit 70 shown in Figures 5 and 6, the output of each combiner unit 730,
740 being connected to the output ports 754, 752 respectively.

The TCU 704 also includes phase control means in the form of a differential
phase contro} unit (DPCU), referred to generally at 750. The DPCU 750
comprises a transmit differential phase control sub-unit, denoted by the

dashed line 750a, and a receive differential phase control sub-unit, denoted



phase shifter networks 760a, 760b. The first transmt phase ad] ggt_ﬁ' éﬁ&é
IS connected at its output to one input of the transmt conbin gf
734 in the first combiner unit 730. The second transnit phase adj uster

762a is CONyRFlzRgsaf its output to one input of the tran;gﬁ; jner
- Gl

network 744 in the second conbi ner unit 740, The receive d al phase
control sub-unit 750b conprises an out3ut nultiplexer unit 725b having two
inputs and an output. The output of the output nultiplexer unit 725b is
connected to the input of a single RF port 726b aSSOCIated wi th the

recei ver (n&¥ thméaﬁh)edémetﬁebﬂh%tramm%r@p@alalh@w consol S@a'élﬁlt(?fs Bhe two

I nputs of the out ut nult lexer, t 725b ts Bect ed t t ('ih out put of a
eopect tve. Frotoa in Epubifiabic 2t gl b RAREER aiherRa 0 The ocel Ve
phase adj uspgfput of §3hele/ ganmafdsgéémté&%ﬁﬂme%mmJ (HS! GowtfHQp 1S
connected at Its |nput to an output of the denultiplexer 746 in"the second
conbi ner unatﬁrmmﬁfbopmmmdéﬁedﬁlemﬂpmaead;mwmh:?ﬁﬂ\tn owpusnnect ed at

its input to_an Ouoﬁ@% of the demuyltiplexer 736 in the first conbi ner
uni t. 28 Jufchefohiohds gepmssteeiy apaputisy 2 tsapesdive Sust 4od s§pht i on a si gnal

o be trans b et bGP eOR: URLEREA0 ) Sr il ol g port 726a

of the fi rs perat or ase statron i nput

splitter un7g0a22a. Thﬁsltﬁ@ﬂignﬁlﬁblﬂett?insﬂﬂttéd Eféactsmtwt)ﬂc bp&atrgpal into
two out put S|gnals of equal strength and supplies one split signal to each

of the fir spliidn wexequnl ppwessignalp ke inpud splities wpg0R2 527 axbihiese t he
tranam ¢ phie Sigdlsole tERRiceRAs 3 el bise *BiR bYERet 81 #Bhe networ k
Lo adj ust 1 E*’%L%’é%fé‘?’“*’ﬁ%?ﬁgné T i na r ange ié’pphéei’. The o nerey
The first transmit phase adjuster 760a is connected at its output to one input
of the transmit combiner network 734 in the first combiner unit 730. The
second transmit phase adjuster 762a is connected at its output to one input of

the transmit combiner network 744 in the second combiner unit 740,

The receive differential phase control sub-unit 750b comprises an output
multiplexer unit 725b having two inputs and an output. The output of the

~ output multiplexer unit 725b is connected to the input of a single RE port
726b associated with the receiver (not shown) of the first network operator
760.

Each of the two inputs of the output multiplexer unit 725b is connected to the
output of a respective first and second adjustable delay unit (hereafter
“receive phase adjuster”) 760b, 762b. The first receive phase adjuster 760b
is connected at its input to an output of the demultiplexer 746 in the second
combiner unit 740. The second receive phase adjuster 762b is connected at its

input to an output of the demultiplexer 736 in the first combiner unit.




transmt phase adjusters 760a, 762a are controlled differenti al ﬁ% SF%OG
that, if the first transmt phase adjuster 760a is arranged to dH
positive phase shift to the RP signal applied thereto, the second transmt
phase adju I is arranged to apply a negative pha ' the RF
si gnal appls‘iwggslt&ﬁgzr?’eto, and vice versa. This arrangerrenfl?%lzgﬁ‘{?‘hé}sgdvant age
that the anobunt of delay wvariation r83uired by each transmt phase
adjuster is one half that required by an alternative arrangenent where one
del ay device has a fixed value of delay and the other_increases or
decr eases dalapgrationl asigual to bettreasiitealiby tewrntennpisyeteny 70008 fed fiofmsni t phase

adj uster 760a 62a_i.s arranged to adjust th hase of .the sjgnal supplied
thereto i nd@%gﬁzﬁ‘?ﬁtﬁ?G%Sf s ﬂ@tﬁ@ﬁﬂ%ﬁ@a@&asgﬁﬁimgﬁ%@ @fﬂl{f appl i ed by
each. transq fqdl'hﬂs ' ' ' g phase

adj ust ed sﬁg%\glqu&?gﬁntt he f?ﬁa’[ reétiri:l %g%ﬂlgﬁgglgita7<% 358 g@lﬂ%%% n?ls supplied to
an input ofiwiohsutpitasigmals of edd lm@rzgﬁhn@skpﬂﬁé oo spliesignial $6 eactoobi ner uni t
730. Simlarly, the phase adjusted signal fromthe second transmt phase

adj ust er 76be first andmecordyirensmib phasgadiusters 602, KRadn thecERIMEr  net work 744
in the secopd. conbj ner unit 740. E transmt conbiner network 734, 744
suppl i es tﬁggfﬁmgfﬁsﬁc@ﬁ&g‘ﬁﬁé%ﬁ%barhe input of its 28 July 2006 WO
03/ 043127 PCUGBO2104930 . 34- associ ated dupl exer 732, 742 which, in

transmt node, applies the signals to output ports 754, 752 respectively.
From t he oullfirgp@nt secondAransfivi phidse agjuatees oay §632 ars epesdhde &ye suppl i ed,;

via the feeder |jnes 756, 758 respectively,. .to fhe input ports.712, 714 of
the ant enrBcaS<ihe petgnrk QHﬁiraﬁ‘?rafé’thé’g{ aﬁ’ﬁé@%é’&%‘ﬂ t0; %‘%@f}lpﬁ can be
made as | | : | t edsé npjge | Ocati on
renote f ro?ntﬂ%e}inl(z’ %ﬁ%@&ﬁg aaﬁlg’{eﬁgltp}/lta%agﬁ?#fs %&iﬁ{rﬂgggééi eﬁgl “klsl onetres away,
for exanpl egransmit phase adjusters 760a, 762a are controlled differentially such that, if

the first transmit phase adjuster 760a is arranged to apply a positive phase
shift to the RF signal applied thereto, the second transmit phase adjuster 762a
is arranged to apply a negative phase shift to the RF signal applied thereto,
and vice versa. This arrangement has the advantage that the amount of delay
variation requ:ired by each transmit phase adjuster is one half that required by
an alternative arrangement where one delay device has a fixed value of delay
and the other increases or decreases delay, relative to the fixed value.
However, each transmit phase adjuster 760a, 762a is arranged to adjust the
phase of the signal supplied thereto ii-ldependently so that the magnitude of
the phase shift applied by each. transmit phase adjuster may be different if |

required.

The phase adjusted signal from the first fransmit phase adjuster 760a is
supplied to an input of the transmit combiner network 734 in the first
combiner unit 730, Similarly, the phase adjusted signal from the second
transmit phase adjuster 762a is supplied to an input of the transmit combiner
network 744 in the second combiner unit 740. Each transmit combiner

network 734, 744 supplies the phase shifted signals to the input of its



Fromthe input ports 712, 714, the phase adjusted signals are 5599“ 9?6’61
the input carrier lines 720, 722, as signhals Sa and Sb respective f 0
the first upper and | ower sub-array splitter units 716a, 718a. Fromthe
first upperwdmpsdioner sub-array splitter units 716a, 718?@1&%@/0%3‘3”6" s Sa,
Sb are split and distributed to the antenna elenments Bl 10 , vVia one or
nore of the second to seventh upper-3a#d | ower sub-array splitter units
716b to 716g, .and from where they are transnmtted as an el ectronagnetic

signal to the nobile radios in the cell. The manner in which the signals
Sa, Sb are mpbditteddtplixet T3 URdvlioh incransidtnmotls, #pplies temignalhia he ant enna
assenbly 702 will inmmediately be _appreciated by those skilled in the art

fromthe weSHPRE RAFESCH% Ho2dpfnee¥alY.units are i nterconnected and from the
foregoi ng description. The arrangenent of splitters units provides a good
approximation to a |linear phase front across the antenna when the antenna

is el ectri ceidny e dulipet pirtd, 7182 base thd ghds@mdjﬂsfaﬁ sigridld areisnppliéd,ei#ed t hr ough
use of only two feeder lines, 756, 758 to give a relatively sinple and
cost ef f ectthedetder tinbs 856, 2 8resperiigelye tathel Iput pastsehi2; Ad4 HHPBG at us when

configured to transm r receiv signal s [ nl | gl e

pol ari sat | HIEENAASS é]iytaﬂ&/e(i%BfagﬁF%afSP g‘??)d%r %F%@%h@é%ﬂ‘ﬁéﬁﬁ%o Rle
031043127  eshs GRORLOAP IO rtzaf Bio TOUPOALENR diRRUIiH R 180T BRldIOfrofd gnal s
will also be Pransmtted/received. For each polarisation, two feeder |ines
756, 758 t othth@teunk essmnily JORDIfreqiifedasederal ilomespeaway,dor axample. | i nes 720,

722 are provided. Thus the maxi num nunber of feeder lines required for a
dual -polarity antenna is four, making the apparatus relatively sinple in

0es1 90 GBS LAY EGF b LA e TR e Sl g [ ool o
appr eci at edipp@@karrier lines 720, 722, as signals Sa and Sb respectively, to the first

upper and lower sub-array splitter units 716a, 718a. From the first upper and

lower sub-array splitter units 716a, 718a, the signals Sa, Sb are split and

distributed to the antenna elements E1 to E18, via one or more of the second

to seventh upper and lower sub-array splitter units 716b to 716g, and from

where they are transmitted as an electromagnetic signal to the mobile radios

in the cell.

The manner in which the signals Sa, Sb are split and distributed to the
elements E1 to E18 in the antenna assembly 702 will immediately be
appreciated by those skilled in the art from the way in which the splitter units
are interconnected and from the foregoing description. The arrangement of
splitters units 'provides a good approximation to a linear phase front across
the antenna when the antenna is electrically tilted at the base station 1762.
This is achieved through use of only two feeder lines, 756, 7538 to give a

relatively simple and cost effective tiltable system.

Figure 8 illustrates the apparatus when configured to transmit and/or receive

signals having only a single polarisation (e.g. positive polarisation), although



by setting the anount of delay applied to the signals by the fié§tJ ﬂp?
second transmt phase adjusters 760a, 762a, the angle of electTli &y ???
of the antenna assenbly 702 can be adjusted. Mreover, the TCU 104 may be

at a locatig@oshepie fromthe antenna assenbly itself. Tgﬁleﬁ&%i‘i%iaon of
the additional phase adjustnent arrangenents 150El-150E12 1T n each of the

signal paths to the elenents El to E33- provides a neans for further

adj usting the phase of signals supplied to each elenent in the sub-arrays
700A- 700C. The additional phase_adjustnent arrangenents 150E1-150E12 nay
take the fisrpragticesnagative:pplasisatismasignalaipvill else he teansmifipshisaeivedickoras a

dielectric dge-type arra nt . C ase adj ust ments are
wen  known FHBIREIRON S AL 1oBadek B deetatp sSEnp 2hZard

transmi ssi ofd jdiBectivel @riiSRRRON R LLRRGYide Thue i Aadfiigl al | y pl anar
plate of dielectric material disposed between the base plate and the

t ransm ssi omzhbereofeeddrdinep redquiredfforla enelepoladtynattentiaglk fowromaking t er ned a
"wedge", is generally rectangular with a triangular or V-shaped segnent
cut away frémapparatysgelatively HapleBdlesigRer eof . The wedge is novable rel ative
to the base plate and the transmssion line T in a direction generally
transverse to the transmssion line T. OmMng to its shape, |inear novenent

of the wedgehe affsiescelingihass 6f the'sidneRksSd, Shdvterminés dieehgletofi c material to
be interposed between the transmssion |ine and the base plate, thereby

causi ng t heclggrizal §lt 260e antenma3yseemly 2npdUelb Hepafosnbe gepregiaiggdbait i on
be. ahi 1 ed B sSHOEfn ARoBbpaaLmaraed odhs pes podoe SEREE K088 eage, |
of & servo. BP B T e O e ol 0 (o
the signal assetbty Y0hoanbs sdjosied Merdovies, the TCU 104 may be at a location

remote from the antenna assembly itself. The provision of the additional

phase adjustment arrangements 150E1-150E12 in each of the signal paths to

the elements E1 to B12, provides-a means for further adjusting the phase of

signals supplied to each clemenf in the sub-arrays 700A-700C.

The additional phase adjustment arrangements 150E1-150E12 may take the
form of a mechanical phase adjustment arrangement such as a dielectric
wedge-type arrangement. Such phase adjustment arrangements are well
Imown in the art, and include a base plate, across which the transmission line
T to the antenna element runs, and a generally planar plate of dielectric
material disposed between the base plate and the transmission line T. The
plate of dielectric material, commonly termed a "wedge", is generally
rectangular with a triangular or V-shaped segment cut away from one
longitudinal edge thereof. The wedge is movable relative fo the base plate
and the transmission line T in a direction generally transverse to the
transmission line T. Owing to its shape, linear movement of the wedge
causes a greater or lesser amount of dielectric material to be interposed

between the transmission line and the base plate, thereby causing the




set by the position of the wedge beneath the transm ssion |ine IB@UW#!E@G
"wedge angle", the internal angle of the V-shape cut into the wedge. e
gain of the boresight reduces as the magnitude of the tilt angle is

I ncreased s@golgB@dzizat maximumtilt, the gain of the boresj e
reduced by up to 1.5 dB. It is preferable to limt the f#\%?%%dé@)[%;;ﬁ si de

| obe level to -15 dB (or |less) when-Bfie tilt angle is increased to a
maxi nrum val ue. Consequently, the vertical radiation pattern (VRP) is
wi dened and a reduction_ in the absolute gain of the horesight, occurs.

Wiere the gpiopagation-eelegityeands bhence, dbgrphpse Of pax signabon the ERHSHESSIN ve to the

gai n of the,.bokresi,gh then tilt angl f . ' nd hi gher
bor esi ght gﬁ?%lrgtgr]l’%bsiﬂf{)% ﬁ%af.n"}lﬁt ‘%@géqe\}lgOﬂo%g%}lﬁéﬁgﬁgﬁ@hfdgggéved by the
antenna el egRgds 8ch RAHYHSbmanh & usuliBy BFfebied s Fidr abdaibéin e the
denmul tipl exers 736 and 746 respectively. A portion of these signals is

t her eby conforyeof 4 servh erditlidraneimern wénsghesse shifters 760b, 762b associ at ed
wi th each network operator's equipnment. The signals fromthe differential
phase shifters are then subject to a vector summation in the nultiplexer

ase shif | ject to a vector sum e
acsoci ated SEATRURERERRED S OuRliel 15 o oef SR F BB Bon M 2 ¢

recei ved onsdtihy thepesitighiof die Wodgebineathahe atantthizsidadinec andigiee of tilt for
that operator, ad ing in phase 1n the multiplexer 725b. 28 July 2006 WO
03/ 043127 Ptwedgoanglab3be impmmal engle pf theeV pppeeyidniodhe ygadgene differenti al

phase shift may alternatively be inplenented by neans of a fixed phase
shifter in the position of one of the phase adjusters ' 760b or 762b, and

a variable @B@gsin?éﬁﬂx&%résigrkfi@d&eﬁgﬂa@%@gmmae%fqﬁmn afiflesei d phase
adj usters, providing a phase shift differential relative  to the fixed one.
It will al sinchensegpo deitastadatinmm tttpthe\gain ofrthel egesight imgp be redusedwi t h t he

splitting O{)ytu?)eto r1e. %hv‘itd isspirglgé%llﬁle SE’jlonli]:(:j:1|1ntptlnei: firilc%as%%“s%qube level to -15
dB (or less) when the tilt angle is increased to a maximum value.
Consequently, the vertical radiation pattern (VRP) is widened and 2 reduction
in the absolute gain of the boresight occurs. Where the gain of the side lobes
can be relaxed to -10 dB relative to the gain of the boresight, then tilt angles
of £20° are possible and higher boresight gain can be obtained.

In receive mode, signals received by the antenna elements are conveyed, via
the duplexers 732 and 742, to the demuliiplexers 736 and 746 respectively. A
portion of these signals is thereby conveyed to the differential phase shifters
760b, 762b associated with each network operator’s equipment. The signals -
from the differential phase shifters are then subject o a vector summation in
the multiplexer unit 725b. Appropriate setting of the differential phase
shifters associated with a particular network operator will result in signals
received on the boresight of the antenna, at the desired apgle of tilt for that

operator, adding in phase in the multiplexer 725b.



inserted in the signal path somewhere before the associ ated spl bt ﬁiyi&@@
(726b), for exanple follow ng the duplexer 732 (742). Alternati veI"l r
additionally, with suitable precautions taken to avoid its operati on bei ng
di srupt ed nsmtted signal, the anmplifier may bej | | wi thin
t he antenﬁgdadggéﬁ%fy at the end of the input carrier Iinggﬂ%@f“ 2, with
the advantage that the received sign@#74s then anplified before being
subjected to losses in the lines 720, 722. The variable electrical tilt
associated wth each operator, as inplenmented in the base station 1762, is
i ndi vi dual fiowiblehapyreciated thatvthe differentieb phatei shiifb meey alteirnatiWeI'ppbéenent ed by

t he mechani ¢al, phase adj ust nent _.aryangengnts, 150131, 6 150 comon to
al | oper at olgplemgnigdibycmeans qlipfl lﬁ?‘{)P]PangE‘%@? in fhe posifion (Pf(ltzm’e?l #B%hani cal
phase adj us 0 s wth a
means for %’I ne atdﬁdéfe?;pg%gé g@f %@:éﬁ’gﬁ%ﬁt pgage%/%ﬂﬂé%%{]%ﬁ%g’%@é? gm The

addi tional id dthéf%fd@ﬁiplﬁ@%b%ﬂﬁm@ﬂ Ihﬁvm@ hase! shifdiffigentied relagies | bed
previously (for exanple, by novement of d| electric nmaterial).

Al t er nat i vekythetfixedane, Itrwil aldlibe |applaamateidl thatdg onercomsl lesseait ed

el ectricall for .ex | e eI ect | cal. phase..shift of t he type
descri bed aﬁ@%’@?‘iwmf’ 5?2%%“3 9% TEEEVEHY 8’31 Eﬁ%@ﬂ ®n Figure 8,
the di ffereFﬁsbﬂéd ﬁbﬁﬁe‘sl so&ﬁav&h&éﬁefowﬁiet&égaﬂa&@@pﬁ&&mﬁht and receive

differentia ase cont -units 750a, b, 1s arranged externally to
an oper at or (’I%bﬁ; for akample]fbﬂawmg\ﬂmrduglkxénvsa Ebﬂﬁ AVETRRVEY3 0P 7

PCT/ GB02/ 04930 -38- alternative enbodi nent (not, jillustrat elc)i%,, t he
differentiaP @Hﬁ%@%&ﬁm Sitably precauip eBéOIaﬁelélt‘éﬁjOWr?q‘ﬁq‘l A& base station

itself withi [ ggqa he base
station 1769&@ prog1t]§jeec‘“"’l ﬁﬁ%gs rna ﬂlﬁ&lofﬂ?'y bgp?é@i perm ¢ %:ont rol of
the differ eghicahs SiasBICHTHE @hd@liﬂtﬁe Ex@ﬁt ca\“heﬂlmes 720, 722, with the

advantage that the received signal is then amplified before being subjected to

losses in the lines 720, 722.

The variable electrical tilt associated with each operator, as implemented in
the base station 1762, is individual to each operator, whereas the additional

_ tilt implemented by the mechanical phase adjustment arrangements 150E1-
150E12 is common to all operators. In any case, the provision of the
additional mechanical phase adjustment arrangements 150E1-150E12
provides the operators with a means for ‘fine tuning’ the elecirical tilt of the
antenna system. The additional tilt may be implemented by mechanical
means, as described previously (for example, by movemént of a dielectric
material). Alternatively, however, the additional tilt may be implemented

~ electrically, for example by use of electrical phase shifters of the type
described at 760a, 760b, 762a, 762b.

In the embodiment shown in Figure 8, the differential phase control unit 750
including the transmit and receive differential phase control sub-umits 750a,

750b, is arranged externally to an operator base station 1762. In an



1762, two transmitter paths are required within the base station each
of the first and second transmt phase adjusters 760a, 760b for a given
signal pol@p ach of which may be provided with its [
anplificat i@?ﬂgﬁ\rsr)esgi, thereby permtting total carrier po%é%?@%\é\%mdoubl ed.
Since the feeder lines 756, 758 betwedh-the output ports 752, 754 on the
TCU 704 and the input ports 712, 714 on the antenna assenbly nay need to
be of the order of 100 netres in length, so there exists the possibility

that changdternative embodiment (oot lbsirsted she diffseentighphasecoptrol Bt phase of

transmtte si gnal s. Phase adj ust nent . of. stgnal s .ol . 1Ssion line is
usual ly eff @%f%sio%iq%evf}% ‘bﬁi?a%ﬂp%%‘?%“?‘gﬁﬁw %‘glsﬁ#e rarl%%qgssi on line
by predeterg u L abi ' hi kemat h ow ng
to, for exaéwatﬁﬁgwngﬁ s 8%%&%15% %%88%%%2:7?2;%?%3{%? q?ilr%\% ]{‘lggto?er l'ine, may

af fect the jppasgorofo perhgnedigrodof thediffepentialhlease icontrelewsit 750 Whenf a

tiltable antenna assenbly such as that described ab VE@ IS té/lfi cally 17
degrees of thaalifferantisimhase eonsid U@@@ﬁ@é%ﬁ%&@c‘ﬁ’ﬂh’@a‘ﬁe $g SIAQGN { ne  required

of the. set LIt BV dapinbltct pattd el St B B bR oy oy Braforp 00" 0%

Shift Resols;:\teifﬁgt Ak irhhdic pRRERIustdrs J60L 7608 foPRSREnSighal 0. 2 x 17
degr ees +/-3.4 degrees (of phase shift) 28 July 2006 WD 031043127

PCT/ GB021048sarity3Seachiof oehich enayeheeprowigiedl with itseyn pp@ar amplificatien a
differential phase shift aof, +I -%4 de&)r ees . C é\éﬁ@ﬂg&ds to an All owabl e

the differential phase control unit 750 is arranged within the Eg(s,ﬂ);?rqaﬁé on

El ectrical &My ovehy BELYHING AT PO ER (P (3.4 /| 360) x 15cm =

1.4mm

Since the feeder lines 756, 758 between the output ports 752, 754 on the
TCU 704 and the input ports 712, 714 on the antenna assembly may need to
be of the order of 100 metres in length, so there exists the possibility that
changes in the length of the feeder lines may affect the phase of transmitted
signals. Phase adjustment of signals on a transmission line is usually effected
by altering the apparent length of the transmission line by predetermined
amounts. Thus, any variation in feeder liné length owing to, for example,
thérmal expansion or coniraction of the feeder line, may affect the phase of

signals on the line.

The tilt sensitivity of a tiltable antenna assembly such as that described above
is typically 17 degrees of phase difference per degree of electrical tilt. If the
required resolution and stability of the angle of electrical tilt is +/-0.2
degrees of the set electrical tilt angle, then the required Differential Phase
Shift Resolution and Stability (DPSRS) is given by:

DPSRS = +/-0.2 x 17 degrees
= +/-3.4 degrees (of phase shift)



The thermal expansion of a typical feeder cable is O. Olrmlrﬂdeg%ggul
centigrade. Thus, if the maximumlength of a feeder cable is 100m é’n%oq%e
tenperature increases from20 to 85 degrees centigrade, the cable wll

i ncrease | APy (85 - 20) x 100 x 0.01nm (= 6.5 cm I mum
al | owabl e di fe@en%:e in tenperature between a pair of fee%%l?jg,ﬁoz‘{ 0

corresponding to the maxi num al | owabl89di fference in length of 1.4mn is
given by: Maximumtenperature difference = (1.4 / 0.01) x 100 = 1.4 degrees
centigrade. This high value of sensitivity to electrical |ength and

t enper at ur eSiticé tieremestengtle atysey, 2GHzfie éSemsa differentialiphase shaB®ft-b/-ensur e

that the phase difference. of the si Sa, . Sb a he .1 np rts 712,
714 of the Ak dagrees £oErEpANGS|tQ aﬂrféio%ﬂ%ﬂegﬁ%tﬂ%iea \tﬁae“%lﬂnp@?’ﬂp ts 754,
752 of the TCU % 4. Figure 9 is a block diagramof a first form of

appar at us whTER utomatically conpensates for feeder |ine phase difference
ow ng to such thermal expansion or contraction of the feeder |ines 756,
758. The automati c phase conpensati on apparatus, shown generally at 900,
conprises first and secondELY xer3dssiMx Bym depidt®d by the dashed |ines
902i 904. The first n-Axer assenbly 902 includes first and second
directional couplers or T-taps 910, 28 July 2006 WO 0"43127 PCUGB02/ 04930

-40- 912 Mﬁﬁg(%%%ﬁg%ﬁb@g@ﬁg@hﬁgmﬁiﬁeaéﬁa% ileofBefigdegféS. 758 into the

m xers. EacC S an I nput and two outputs. The input of
the first ceitighsde. Thisj if thonmihed lemgth b adecdencable is he0meonththeconmbi ner
unit 740 (not shown in Figure 9). The first qutput  of e fjrst coupler
910 feeds atgmpesature ingtaasest framy3( tor 8hlseaeeseegtigrade; e 6 E‘u‘t"’ﬂl)f a 90 degree

e St & HloreieE iy 1Al 6P 5 90 RU0DO04ni 4oL &1 B, 15 connected to the |

The maximum allowable difference in temperature between a pair of feeders,
corresponding to the maximum allowable difference in length of 1.4mm is

given by:

Maximum temperature difference = (1.4 / 0.01) x 100
= 1.4 degrees centigrade.

This high value of sensitivity to electrical length and temperature difference
between the feeders results in a need to ensure that the phase difference of
the signals Sa, Sb at the input ports 712, 714 of the antenna assembly is the
same as that at the output ports 754, 752 of the TCU 704.

Figure 9 is a block diagram of a first form of apparatus which automatically
compensates for feeder line phase difference owing to such thermal expansion
or contraction of the feeder lines 756, 758. The automatic phase
compensation apparatus, shown generaily at 900, comprises first and second
mixer assemblies, depicted by the dashed lines 902, 504. The first mixer
assembly 902 includes first and second directional couplers or T-taps 910,



conbiner unit 730 (not shown in Figure 9). The first output of é@g gﬁ?@gﬁ
coupler 912 feeds a first input of a second m xer 922 and the secC H t

of the first m xer 916. The output of the 90 degree phase shifter 918 is

connected tgdgdigsziecond i nput of the second m xer 922. Th ut put of
the first coupler 910 is connected to a signal input of a?g??%@%@g?i abl e

phase shift apparatus (hereafter "fi-d8t phaser") 914 whose signal out put
is connected to the output port 752. The first output of the second
coupler 912 is connected to a signal input of a second variabl e phase

shi ft appar 8i2whichhleosdy couple dbe signalp nn skg fepders (V6 438 P dhaMIBISput i s
connected tg the ut but rt 754. The,out pu f gsach of I, st and
second m xeggdbﬁ%lzp?@' ’iggac,l@ﬁﬁ@d]ﬂ an?Wﬂém %tﬂ‘tﬁmgmr%ttstggﬁr%tye first and
second | oW Baiiter’ 910 R'coffdeted Rfhe dulife BF HiRbechihd BaGBiNLPYHRIAO (hét L e el ng
connected to Tirst and second I nput's respectively of a feedback controller
928. The seglgwh i Ridura9% €Ty §irsd Odiptisofsthb firsintdupldryd0deeds ahitstt o t he fi r st
m xer assenbly 902 described above, Thus, the second r{]éxer ssenbly 902

i ncl udes t hinpyt eha firsiumnizer 91 p agd dharinpaee] A8 degisgRbasesidlier 9o each

having an input and two outputs. The input of the third coupler 940 is
connected to the input port 712. The first output of the third coupler 940

i's connect eq‘h&%pl&wtwmbn@i:oﬁﬂner91z’stcouﬂ@@edwﬂmmu§anosmﬁd fitser unit 716a,
as shown in Figure 8. The second output of the third coupler 940 feeds a

first input combimet niitd30i(net shospindrigunetf)). ilhp dirsiogutputaddbegemoddegr ee phase
L 910 S MY 20 IO 1O, POERROARR. Sl P O 118
L. hoens " SRR EDSATIE ALY v bopt g ginet b 1 51 over
fourth coupkeinedwd thakelsecontliinput dfrtieisecofid miken®2h The eccondDugnd of he

the first coupler 910 is connected to a signal input of a first variable phase

shift apparatus (hereafter “first phaser”) 014 whose signal output is

connected to the output port 752. The first output of the second coupler 912

is connected to a signal input of a second variable phase shift apparatus

(hereafter “second phaser™) 920 whose signal output is connected to the

output port 754, The output of each of the first and second mixers 916, 922

is connected to the input of a respective first and second low-pass filter 924,

926, the output of each low-pass filter being connected to first and second

inputs respectively of a feedback controller 928.

The second mixer assembly 904 is substantially identical to the first mixer
assembly 902 described above. Thus, the second mixer assembly 902
includes third and fourth bridged directional couplers 940, 942, each ﬁaving
an input and two outputs. The input of the third coupler 940 is connected to
the input port 712. The first output of the third coupler 940 is connected to
the input of the first upper sub-array spliﬁer unit 716a, as shown in Figure 8.
The second output of the third coupler 940 feeds a first input of a third mixer
946 and the input of a second 90 degree phase shifter 948.




second input of the third m xer 946. The output of the second 9%3%5[5@%
phase shifter 948 is connected to the second input of the fourth m Xer %2
The out put of each of the third and fourth m xers 946, 952 is connected to

the input ofyorspespective third and fourth | ow pass filte , the
out put of each owpass filter being connected, via fi rs%cﬁéﬁméﬂzgsgnd

f eedback cables 960, 962, to third adi<fourth inputs respectively of the
feedback controller 928. The output of the feedback controller 928 is
connected, via respective anplifiers 930a, 930b to a control input of the
first and second phasers 914, 920. The control input of each phaser 914,

: ﬁg cont é?’i‘ﬂf%ﬁ}p%l? of i Biych onelEF B2 s GonBrEATo Tyl Bk FF 1l fBZ' > d
Second phas i R B o8B R o A B e T o < S30m,

930b, are | oo adbictalyi splittbenfiCU1 84) 4hawr in Figure e Thewsecshddutput ofassenbl y
904 is located generally at the antenna assenbly 702. In qQther words, the

first and stedparthiopuplen84a fgnds adirsippuioeiza fath ey S32a0d osite  ends

f, and . i his i
ahown and. GSCONR SEHE OF HRCRIGHpRY ek Phd BIREE of 1B Pedtivn deiice 5 1T
2006 WO 03fk#48 kRiftcP Ol GPead 242300 tHsechh@ i dtid fouphagRee9pPensati on

apparatus 900 is arranged to conpensate for any variation in the phase
di fference between the signals Sa, Sb at either end of the feeder |ines

756, 758. Spch variatio e caused for le, differential
t her mal ex piﬁ% pEpuh P Eﬁfg‘t‘}r‘}ﬁéﬁ? E‘Hﬂic%fgaé‘é&y@ﬁ@fﬁ %éﬁﬁpxlsic%ge_ct © feeder
variation p GIOSRE j b S T5R- 189 I 956 QYE Bufhyt S conmon
to all si gngﬁgﬁPr ans m@%ﬁy@ﬁgﬂ%nt enngmaéé%rr}%ré, ahdg?’s ufh

of each low-pass filter being connected, via first and second feedback cables

960, 962, to third and fourth inputs respectively of the feedback controller

928.

The output of the feedback controller 928 is connected, via respective
amplifiers 930a, 930b to a control input of the first and second phasers 914,
920. The control input of each phaser 914, 920 is arranged to adjust the
amount of phase shift applied to signals at the control input, in dependence on
the signals supplied. ‘

1t will be understood from the above that the first mixer assembly 902, the
first and second phasers 914, 920, the controller unit 928 and the amplifiers
930a, 930b, are located within the TCU 704 and that the second mixer
assembly 904 is located generally at the antenna assembly 702. In other
words, the first and second mixer assemblies 902, 904 are located at opposite
ends of, and are connected together by, the feeder lines 756, 758. This is

shown and described in more detail with reference to Figure 11.




thus common to all antenna operators. In operation, the signals
output fromthe first and second conbiner units 730, 740, as dgg?ﬁlfag%
with reference to Figure 8, are supplied to the inputs of the first and
second coupkey @@y 912, respectively. The first coupleg %1;?‘ 2235% acts a
portion of the signal Sa and feeds it to the first input &f A O st

m xer 916 and to the input of the.90 #gree phase shifter 918. The 90
degr ee phase shlfter adj usts the phase of the extracted portion of the
signal Sa b O degrees and appli,es it to the second input of the second
i xer 922. ﬁéﬂl hase ppmipersption appatais 990 iy pirapgeddp cpw&e%%m Sb and

feeds it to f t t he second
mput of ¢ nETaYArop Rt} e ifersiObety i e SomEtt A LI'S

recei ved at ghd of tHePfebderafitbs 736! P58, asdchazamaﬁsﬂ nﬁy%'taéaufséd bygoki rst and
second | owpass filters 924, 926 respectively. It will be appreciated that
the m xed sﬁmples d}ffﬂramlttbembe:&pansmn dreonfrastsorf bebtWGen gede¢derm t he first
m xer 916 ortlpnal o the " hase" carrier conpponent of the
Signal s Sa o Rl rfion phieaaoenSiioR Feagss IRISSEREREY! ov pass

quad at ur e %ﬁﬂ“-gﬁgé’%ﬁﬁ%ﬂﬂm ?E{“ﬁ?&a i o b 3Rl AeInply” ohlEs .

phase" and ﬂuﬁddbﬁtrﬂdjﬁt@@lmmﬁm drafopecessary in order to derive an
unanbi guous neasurenent of the deference i n phase between the signals Sa
and Sb. 28 July 2006 WO 03/ 043127 PCUGB02/ 04930 .43- The | owpass filters

924, 926 subst ant eq.al E ? t rom .the. m xed signals,
i ncl udi ng cg‘} PPgPhg%'n%% %Eh a g‘?’?&% @rsg‘;ﬁ%ﬁe{‘:ﬁﬁ‘?F mr‘%sul ting
from the caphiter30,hm0, %@d@s&ﬁieﬂ Mﬂ{ Heefebd RYFSire 8NPl sufifed@Ayb ation in
the mixers, and apply the DC signals to the first and second inputs of the

f eedback complm bethe D8t and second couplers 910, 912, respectively. The first

coupler 910 extracts a portion of the signal Sa and feeds it to the first input of
the first mixer 916 and to the input of the 90 degree phase shifter 918. The
90 degree phase shifter adjusts the phase of the exiracted portion of the signal
Sa by 90 degrees and applies it to the second input of the second mixer 922.

The second coupler 912 exiracts a portion of the signal Sb and feeds it to the
first input of the second mixer 922 and also to the second input of the first
mixer 916. Each mixer 216, 922 mixes the signals received at its inputs and
outputs the mixed signal to the first and second low-pass filters 924, 926
respectively. It will be appreciated that the mixed signal supplied to the first
low-pass filier 924 from the first mixer 916 will be proportional to the “in
phase” carrier component of the signals Sa, Sb whilst the mixed signal
supplied to the second low-pass filter 926 from the second mixer 922 will be
proportional to the quadrature carrier component of the signals Sa, Sb. The
use of the “in phase” and quadrature components is necessary in order to
derive an unambiguous measurement of the difference in phase between the
signals Sa and Sb.



The signals Sa, Sb applied to the second mi xer assembly 904 on 44§ Ifg@@
| ines 756, 758, are also extracted by the third and fourth T-taps 5 0, 942
and applied to the third and fourth m xers 946, 952 in the sane manner as
described a outputs fromthe third and fourth m xers are thus
proportiona?%tltgmf‘ﬁg?i n- phase carrier conponent and the qué@T@PEﬁmé”@orrponent
of the signals Sa, Sb, respectively.-dhe m xed signals are applied to the
third and fourth |ow pass filters 954, 956 which again filter out all but
the DC ternms in the signals and the DC signals are then applied to the
third and Tiexloshpassiltess 624,996 dubsthidally reomivedlll but thePC amsxroml e of t he
outputs fromthe first and second (or the third and fourth) | ow pass
filters as themixed pignalss inchuling GREECH FHPRONEREAKANYHERSHAY si gnal s at  their

i nputs is wn in _FlLgure . | am the | ow pass
filters gzﬁfmo%gzsgl‘f%ﬁgfnhtggc%@é@ﬂﬂgéﬁ;@%@? llﬁg] able to conpute
the follow ﬂgpmﬁ@@ﬂddmoﬁfm%ﬁ;@ﬁg,mﬁpﬁmﬁ&@mctsmhasﬂae dirdtfaadence of
the signals Sa, Sb at the TCU 704, the ase difference of the signals Sa,
Sb at the mstemhipatsefithe fecibackaemnitotier 9p$ase error adj ustment required to
conpensate for the difference in phase difference between the control unit
and the antenna -assenbly. In addition, the feedback controller 928 is able

to determ el | | trol unit
o4t he ath HEnd8s, 86 ABOUES 10 tht (A TARBRaSCRBly 01 6 i Rete)
PCT/ GB02/ 049343 7564 758pareMscadxtiabred byt tha tdard asé fhirth Fa2pseddD, 1942 amidgnal | oss

or attenuation along the |length of the feeder I'ines 756, 758. The feedback
control | er appdied o thecthirgpadfopdh mExerstH6: 982 & Her SMeIPYHEE afhi ch i s

oPPLL €0, Y BRI nSt Do R R b BRI by, PP 01 (S
proportional to the in-phase carrier component and the quadrature component
‘of the signals Sa, Sb, respectively. The mixed signals are applied to the third
and fourth low-pass filters 954, 956 which again filter out all but the DC
terms in the signals and the DC signals are then applied to the third and
fourth inputs of the feedback controiler 928.

An example of the outputs from the first and second (or the third and fourth)
low-pass filters as a function of the phase difference between the signals at

their inputs is shown in Figure 10.

By comparing the outputs from the low-pass filters 924, 926, 954, 956, the
feedback controller 928 is able to compute the following properties of the
antenna system: the phase difference of the signals Sa, Sb at the TCU 704, -
the phase difference of the signals Sa, Sb at the antenna assembly 702 and the
phase error adjustment required to compensate for the difference in phase

difference between the control unit and the antenna assembly.

In addition, the feedback controller 928 is able to determine the carrier power

of the signals Sa, Sb at the control unit 704, the carrier power of the signals



anount of phase shift applied to the signals Sa, Sb in dependen£$ gpy#%
control signal fromthe feedback controller 928 so as to reduce H e
toa mniml level. In other words, the feedback controller 928 is

oper abl e towo8RRky$ t hat the phase difference between the,si | a, Sh at
the control unit 704 is substantially equal to the phasgp(zsﬂlll/g&gfﬂggﬁge

between the signals Sa, Sb at the ant#rna assenbly 702. The process is
performed on the aggregate waveformof all carriers and phase conpensation

is perforned when the phase difference at the_antenna as,seg?l has
depart ed fr¥m¥tnas thhastennalpssembbh 22 and thecsignah doss|or gepuagion (H%/gedeterm' ned

anount. Thus, .any, varJiation ..in a of the signals on the feeder |ines
756, 758 ar%eég}%%ﬁgﬁ%%eﬁgrmeﬁﬂgg’i Z‘ﬁg'e 11, a preferred formof antenna
systemis shown in block form which illustrates how the automatic phase

conpensation apparatus shown in Figure 9 may be incorporated in the system
of Fi gure 8ThdVfdetibadkhenmsimdice 928 is thee ogemblenty duspwictontiobsighalowliclual parts

of the system are shown in | ess detaj thagn in the preceding figures, and
whi | e conne@t@ﬁh@dsa‘ﬂémﬁ%XﬁBmerﬁﬁﬁg%»né%Pb@ﬁ%?h%@@lse& QJ&%P‘H%Pgmety only, it

will be und t t I ' tRL S

1760A- 1760 Eﬁ{%%ﬁ@gmﬁoﬂ@ Pﬁ‘%?‘%ﬁ ?23’5% :%‘%%g ?%kgf‘%cg’flii;&/’ms{ﬁﬁ@{éﬁe@%sl y, wher eby
each oper at gholiktaFyhaté sEftppReEiovide siimahads Sthinadepeidénes enttheoper at or
frequency band. In"Figure 11, two TCUs 704a, 704b are shown, illustrating

how t he systanirol signzh&opr tedaedbiagk eontraller K28 socasygaeducehe erratiid 2pol arity
ant enna assenhl 8 y .2006  W0.031043127 PCT. .0493 45- 702. Each
TCU 704a, 7%@“%%??"&]1\2’19 oo e‘i)‘ﬂ’&&% °8’6'ﬁ%@?’?§%t%i 3 Rpeng%"atgat us 900

Sim | ar to Lighe BAPNE ibsFuti et bREin b LSS, S 4984 B6hi@I wihe ant enna.

assenbly 702 i1tse pair ofr conbi ner units 730, 740 simlar to those
i |1 ustrat ed7@hisFudpsimaiislly el to the gha@ difFencedreiryeanibe Signhls(FROEbI s

at the antenna assembly 702. The process is performed on the aggregate

waveform of all carriers and phase compensation is performed when the

phase difference at the antenna assembly has departed from the phase

difference at the control unit by a predetermined amount. Thus, any varjation

in phase of the signals on the feeder lines 756, 758 are compensated for.

In Figure 11, a preferred form of antenna system is shown in block form
which iltustrates how the automatic phase compensation apparatus shown in
Figure 9 may be incorporated in the system of Figure 8. While the scale of
the drawing is such that individual parts of the system are shown in less detail
than in the preceding figures, and while connections are-shown for only one
user and one polarity only, it will be understood that the system allows up to
five operators 1760A-1760F to use the antenna system substantially
simultaneously, whereby each operator transmits and receives signals in a

different operator frequency band.

In Figure 11, two TCUs 704a, 704b are shown, illustrating how the system

of the presént invention can be used with a dual-polarity antenna assembly



shown), one for each operator, simlar to those shown in Fi gurezgduﬁpgboﬁ
operator 1760A to 1760E has a transmtter port 726a and a receiver “port
726b at the base station 1762, each of which is connected to a respective
DPCU i n t hewnn escri bed above. Since there are five who nma
W sh to use themg{%’gnna system the TCU includes ten di ffg‘?giﬁ?§2244§38hase
control sub-units, two for each operatd®- The outputs of the differential
phase control sub-units are connected to the inputs of the transmt

conbi ner ne rks.7 744 or 1o the outputs of the demultipl exers 736, 746
in the fi rst%&g%@gﬁqdﬁ@%m CG‘HP%%“?’E@WG’MW CRRPEREHHEY  descri bed
with referen ' i : C gl unj , 740 is
appl i ed to tieptifs P0G 1o HE A FRERT RaE Y RRE e B

automati ¢ phiheanceR asseaibly TORRBET,H psir 0P 08mbiRr UARE T3RETONikitaF @ er ence to
Figure 9. Any varjations in the phase difference between the signals Sa,

Sbh, as neasufbete BlustraedicBigwa Spgnd hize DRGYs 726 {oniy|ope Fok DRCUAs t he

ant enna assegbl y.,702 t m Xer. ass I 904, affects the angle of tilt
of the antenﬁrgg’“é@sg%?% qagﬁoﬁ?rﬁt%pm]t%g?% BSEQWHF%%%W?) nsated for by the
automati c phase conpensation apparatus 900. The conpensated signals are
then applied to the antenna assenbly for transm ssion in the conventional
manner. As nBath apesatonAB6@A to hE6OE hasarttansmoitier pert 726k whd lasreddber 744 in the

conbi ner units %Sgb 740 each have_five inguts and the denul tipl exers 736,
746 each havRFTE /4P atiths hase stptioni 762, isach; il sthighols #onrectadeioo? Eespesiive al t hough

28 July 2006ppi) ﬂ?ﬂ]@%ﬁéﬁl@t ﬁ%ﬁ?@&) ahdy 9%634%5% z\ﬂ% ﬁ%fgp]%%aﬁg ; 'r@'h% phase

control sub-uni'ts are requir or “each “oper mtting and
one for receinyypdsh & hsef thy anRARY §stirs, BeeT @ ifch8esSBAR HEfératiallpMasc onbi ner

units 730, 740 in the TCU 704. Each of the other operators
control sub-units, two for each operator. The outputs of the differential phase
control sub-units are connected to the inputs of the transmit combiner
networks 734,744 or to the outputs of the demultiplexers 736, 746 in the first
and second combiner units 730, 740 in the manner described with reference

to Figure 8.

The output of each combiner unit 730, 740 is applied to the first and second
mixer assemblies respectively of the automatic phase compensation apparatus
900, as described with reference to Figure 9. Any variations in the phase
difference between the signals Sa, Sb, as measured at the TCU 704 by the
mixer assembly 902 and at the anienna assembly 702 by the mixer assembly
904, affects the angle of tilt of the antenna assembly for all operators and so
is compensated for by the automatic phase compensation apparatus 900, The
compensated signals are then applied to the antenna assembly for

transmission in the conventional manner.

As mentioned above, the transmit combiner networks 736, 744 in the
combiner units 730, 740 each have five inputs and the demultiplexers 736,
746 each have five outputs. It will be ynderstood, therefore, that although



usi ng the base station has a respective pair of differential phé?guﬁpﬂﬁﬁ@l
sub- units, the outputs of which are connected to other inputs of (he
transmt conbi ner networks 734, 744 or outputs of the rnultipl exers 736,
746 in the AR units 730, 740. Since the differenti hifting
of signals occu%ﬁg{ori or to multiplexing by the transm t @%Tr{glﬂ(%z(}?”ﬁetmrks
734, 744, an individual angle of tik#6ean be set by each operator

i ndependent|ly. Whilst the apparatus in Figure 11 is advantageous, in that
it conpensates for any differences in the length of the feeder |ine 756,
758 owi ng tiwo differereiahphase, codirbl sbeuniisedre rpguined fosepelnepesaiobr 0%ont r act i on

bet the_ lines, .the ph t thod | o |
oper at or 5. oPTEHESHAIPEART RS ot REFHE, o) BRSO AP MR b B ke
compensat | O&rq:éo:ﬁﬂﬂkxll ﬁﬂitsgmrﬂb%){hé ?CU ?@.@%%ﬁh@btheﬁ%ﬁ?ﬂat&@al ly, the

appar at us of" Figure permts conpensation for differences arising

in the | enghdin®ihd hike egida s baeipeetiveapdie ofi diffeyemtivd iphasevdoatrehsubi-n practi ce
phase difference errors nmay also arise in the conbiper units 730, 740 and
in the i nputnitsaites ewtphisrfsvinel arercomneqted to efhgrpnpsts of Y6 ARNIAIL 5 5 bl ock

di f t enng j ti f, tus,
Shioh T s ar mGRET PO oS 2L A R ob e mRERaRrs T, B ML S ence
of the si gnghfnmer units W,WSh%tﬁ@&ﬁfé@é:tﬁh%Msh@m%@sighﬂs transnit path

and the base station end of the transmit path for each operator

separ at el y. otours piier tninnitiptexing by itiee transsnin aoxpines meoomks V3bs/4n 2ant enna
assenbly 702 and a TCU 704 arranged as described with reference to Figure
8. In addi tiI@hYldFﬂémglﬁ‘éﬁﬁm&C%g%g%&?' agh opgEatoring P asuring receiver
nodul e (VM ZM 1010. - The VMRM 1010 conpri ses a Vector Measuring 28 July
2006 WD 03/043127 PCUGBO2104930 -47- Receiver (MvM 1012 and a Vector

Measuri ng Rewgist @e 4ppatatos ireFigtMdVRGs advantageous, in that it compensates for
any differences in the length of the feeder line 756, 758 owing to, for

example, differential thermal expansion or contraction between the lines, the
phase compensation method is common to all operators of the system. In a
further preferred embodiment, phase compensation is applied separately for
each opefator. Additionally, the apparatus of Figure 11 only permiis
compensation for differences arising in the length of the feeders to the
antenna assembly, wheteas in practice phase difference errors may aiso arise
in the combiner vnits 730, 740 and in the input carrier lines 720, 722, for

example.

Figure 12 is a block diagram of an antenna system incorporating a second
form of apparatus, which is arranged to compensate for any variations in the
phase difference of the signals Sz, Sb between the antenna element end of the
transmit path and the base station end of the transmit path for each operator
separately. In this embodiment, the antenna system comprises an antenna
assembly 702 and a TCU 704 arranged as described with reference to Figure
8. In addition, the antenna assembly includes a vector measuring receiver

module (VMRM) 1010. The VMRM 1010 comprises a Vector Measuring



1014 connected thereto. In Figure 12, the antenna assenbly 702 '2§ ﬁ%‘bﬂoé‘
dual polarity antenna and requires the provision of two VMRs as sﬁ'o , each
of which is connected to the coomon VMRC 1014. However, for clarity, only

t he connectmﬁgﬂ operation of the VMR 1012 for one pol g&j\#%\%gm be

descri bed. ternative, a single VMR may be include t chi ng
nmeans being provided to switch the inpilt-s to the VMR between the two

pol ari sations of the system The TCU 704 includes a TCU Controller (TCUC)
1016 which is connected to the VMRC 1014 by neans of a controller cable
1018 whi ch ReceixpatViR)f1012 and pi Viectali Measuring Beceiver Congrollen{YMRE)Y cabl e

ant enna %lsZiprﬁ‘{ GO stede sty G e AHIGOH PO LS ARRIER | 5 ;“e
 uster s 7000 POHERY Ao B0l ke Rlires A6 BretbTOF MG VAIRS 2 S ECCIek Tt

sub-uni ts 7%fwhictbBlzonkéed libe todtna YHROAD14. Honwevel, fongdatitgr r anged to
receive a control signal froma network oBeratOr for setting the required

angl e of ti palyftbe copreciions apchoparsdem pf theo LotZefos one PobBHEIEH bsr t he

i nput ier | 720, 722 . ' - T, i ffer,.1020, 1022.
The out put SFSCEite. anenalieriagys, £ vigBB’ TR iy e BRufte, Rt swBERDST t e Wk
1012. Fi gur ghehis béing pYetiaedid swikdiPfé g i eOV MR BetYEn Hitldvand

illustrates its connection to the VI 1014. The output of each of the
T- Taps 1020polstidtionsofitbelsysterthe i nput - of a respective attenuator 1024,
1026, the output of which is connected to a first input of respective
first and second receivers 1028, 1030. The output of the first receiver is

20,10, t 1 IEACOGA hhighs | TN CgpubfSHnc O, oo el phhglhe connect o
directly totd the VVRC 1014 dy3eea8df 3&odttoYle2tidle 1098 WBIcA48 t2pabRCH GB02/ 04930
carrying digital signais. The controller cable 1018 is also arranged to carry

the power needed by the VMRM 1010 in the antenna assembly 702. The
TCUC 1016 has a control output which is connected to the control input of
each of the transmit and receive phase adjosters 760a, 760b, 762a, 762b in
the two differential phase control sub-units 750a, 750b. The TCUC 1016 also
has a control input arranged to receive a control signal from a network
operaior for setting the required angle of tilt for the antenna assembly 702.
Interposed on each of the input carrier lines 720, 722 is a respective T-Tap or
sniffer 1020, 1022. The output of each sniffer 1020, 1022 is connected to an
input of the VMR 1012. |

Figure 13 is a schematic block diagram of the VMR 1012 and illustrates its
connection to the VMRC 1014, The output of each of the T-Taps 1020, 1022
is fed to the input of a respective attenuator 1024, 1026, the output of which
is connected to a first input of respective first and second receivers 1028,
1030. The output of the first receiver is fed to the input of a first limiter
1032, the output of which is connected to a first comparator 1034, via a 90
degree phase shifter 1036, and also directly to the input of a second



-48- conparator 1038. The output of the second receiver 1030 iszéggs}g (ﬁw

I nput of a second limter 1040, the output of which is connect’ed ’r % y
to both the first and second conparators 1034, 1038. Each of the first and
second rece{NA: 8, 1030 is tuneable by neans of a 1lo i1l ator
1042. The Iocalsﬁ%%g}fl | at or 1042 generates a signal at a g@ﬁgﬁgﬂ?éﬁoned
frequency which is conbined in the resi8ective receiver wwth the signal
fromthe T-Taps to produce an output signal of internediate frequency, the
i nternmedi ate frequency signal being applied to the respective limters
1032, 1040. campanatorpld$8. dFhet dugputafahe ssovindiracaiver1 @39 is o o thadnpd  t uni ng

of the first _and second receivers 1028 03Q to each of the fr enci es
used by t heObp&pcangrlamnitgy, 104 eﬁ’&b?lggutt#ewﬁﬁgéﬁF%ﬁﬁeQ@Fmﬁ%t(bﬁ%'g‘gﬂ%f si gnal s
Sa, Sb fro L& dtsBash c?)?n ﬁ@gtmﬂaqg%’t hus, differences in error
conpensati on between di rent operator frequencies can be accounted for.

The output of each of the first and second conparators 1034, 1038 is
connected to the input of a respective |ow pass filter 1044, 1046, the

outputs of Beelchf thel finst ambsasgnd eeeivsrs 863% H030ds tunsable byfmeans ofNRC 1016.
Referring to bpth.Figu nd,13,.. ation the.T 04 operates in

t he manner &&&ﬁ?ﬁ%‘gﬁigﬁg@e%%%ﬁ%}%ﬁ%q@%#&P%fa§éa %ggjﬁz?he feeder |ines
756, 758, WotdBtet @Al ffedifeRcy WRIth 1 Lotdbn e@%&ﬁ@@es?fé&ﬁﬁé@e&ei?@lzwﬁh i nput
ports 712, 714 and appliedto the input carrier 'ines 720, 722. The first
and second thE-signed f? Ghel D2L2pe ta pesiuce apantpussignil ohietareediabt | ve si gnal Sa,
Sb and appl t he extracted pgﬁgyi on to {he {’es ective ajtenuator 1024,
1026. The p%(REEB%@YQFhe famediainiiequsngy ignabbang appliedsiogRaFESPRINE to t he
respective feGRIY ?63%,"1{646?;11% osé Bﬁ&&fo&ﬁ%gﬁﬁfa&&%ﬁ% [PLmpce of the
recei ver wi th Fespec o itfs 8@ynam ¢ "range, lInearity and noise immunity.

The att enuatgindef tHedfixsoind fLosd Sstrivetn1 02801039 16 et odeiffequbieieespect i ve
recei ver 1028, 1030 with the signal applied 28 Julty 2006 i
used by the operators. This enables the measurement of the phase of signals

Sa, Sb from more than one operator and, thus, differences in error

compensation between different operator frequencies can be accounted for.

The output of each of the first and second comparators 1034, 1038 is
connected to the input of a respective low-pass filter 1044, 1046, the outputs
of each filter being fed to respective inputs of the VMRC 1016.

Referring to both Figures 12 and 13, in operation the TCU 704 operates in
the manner described above to supply the signals Sa, Sb on the feeder lines
756, 758, which signals are input to the antenna assembly 702 at input ports
712, 714 and applied to the input carrier lines 720, 722. The first and second
T-Taps 1020,1022 extract a portion of the respective signal Sa, Sb and apply
the extracted portion to the respective attenuator 1024, 1026. The purpose of
the attenuators is to set the signal input to the respective receiver to the level
that gives optimum performance of the receiver with respect to its dynamic
range, linearity aud noise immunity. The attenuated portion of the signal Sa,

Sb is combined in the respective receiver 1028, 1030 with the signal applied




WO 031043127 PCTI GB02/ 04930 -49- thereto by the |ocal oscillat 058]110%26@9
the internedi ate frequency signal output by each receiver 1028 v;

passed t hrough the respective limter 1032, 1040 so as to renove anplitude
variations within the signals. The extracted portion of the signal Sa is
fed to the WOwgp43ersnparator 1034 via the phase shifter 1836cBdeadsoad) usts
t he phase of the signal by 90 degrees.,, The extracted portion of the signal
Sb is fed directly to the first conparator 1034. The output of the first
conparator 1034 is applied to the - first lowpass filter 1044 which renoves

carri or contist@hiy Wk 10AE oSt TheZ bad U Rl hghetly ALY (P3G,

variations gigut Byleheh ?émivﬁ& qaﬁspfoamlg phisefahiough thdfespétitiv lirhigert he

conparators passing through a zero value. The extracted portion of the
signal Sa i $032,s040esb ali toeenioye nopliheleseriations withpathetsignals0o38 as is the
extracted portion of the signal Sb. The output of the second conparator
1038 is applied to the second | owpass filter 1046 which, like the first

| ow pass fi Tasctrh : | : fo:it.he signal,
I ncl udi ng a@erem %g?f’%z%"?ﬂg@@ggi %?\%%\ftsehitﬁ%%gpsgt??&?#ﬁ%m ew%:lorrpar at or

and al so anyhd pleiss ishificy 1036 ivdiichoadjusts éhel phakt of dimdigial Gy 90 deghbs. si gnal s at
the input to the conparators assingﬁathrough a zero value. The output of
ejstg

the first | dhesxgacteposion of B iy fedl djercdly do dhetirst epmpsmterat i on of

Socond | ow p0%% TodPRpl: BEETES, colfothBPbde Fantpa BRI oudtfhe haco:
di fference pgfyeas WiiPtetncids sbtarBRIY It D BEcHS offik fibnalphase

representations are required in order to provide an unanbi guous
measur enent imfludihg aph assidutl fcheier vompoaenis ém thehentpiigridhs c@apar@hor 48 Jul y

2006 WD 03/ 043127 PCI/ GB02/ 0,4938 e . .
so any fransitory variations due to the amplitude of the signals at the input

to the comparators passing through a zero value.

The extracted portion of the signal Sa is also fed directly to the second
comparator 1038 as is the extracted portion of the signal Sb. The output of
the second comparator 1038 is applied to the second low-pass filter 1046
which, like the first low-pass filter, removes substantially all but the DC
terms of the signal, including any residual carrier components in the output
of the comparator and also any transitory variations due to the amplitude of

the signals at the input to the comparaiors passing through a zero value,

The output of the first low-pass filter 1044 is thus the quadrature
representation of the difference in phase between the signals Sa, Sb while the
output of the second low-pass filter 1046 is the “in-phase” representation of
the phase difference between signals Sa, Sb. Both the quadrature and in-
phase representations are required in order to provide an unambigﬁous

measurement of the phase difference between the signals Sa, Sb.



-50- The first and second receivers 10M 1030 al so generate a r $Beg§?§6
Receiver Signal Strength Indication (RSSI) each of which is ap re ?he
VMRC 1014 for transmission to the TCUC 1016. The RSSI is used for built-in
test purposes and as an indicator for Health and Safety assessnents. The
VMRc 1014 we aalosn2provi ded with a tenperature sensor andeoeaBerisdfhd8. The
sensor neasures the tenperature at theggVRMC and is operable to actuate the
heater in order to limt the mninmumoperating tenperature to.a
satisfactory value to eénsure correct operation. The output fromthe VMRC

1014 is a diTefirsTaad $eesmvecsiberd 19280 ' i gnal s
Sa, Sb and this is applied tg t?]e TCUCR:?L%)l%I%g%%r%g%gpgécﬁ?%eggﬁ%l cabl e

1018. The TGugnalBisengeh hndicatigadRSSI)tasck of InhicH israpplied th SROVMIRCE ecei ver s
the required angle of

1028, 1030 t ticul f d t bt ai
02 1030 S on! b PR 1085 S BS8T Bro ot e .
Sl gnal s a. TfposeR anf Sl AKHP FFRBHICE P ORET hysbiBbiy Tue YHHESD & Lo
apply cont r di0ldiigasbgprooidel evigdontongeritit iehsf add Kealdr 1948 294e %@%gd

p

transmt and receive phase shifters in each of the differentia ase
control subueAsPEes the tempersiyre aighe VARMChandiistoperatdaty zctudie cheehdatercal til t

of the ante 702 .is substantially the sane, as the required

angl e of el g@?) Fﬁ‘%z‘?’qmt%ﬁ?e%WWPP%&%W%MWUS?%@%@%&OUS of
Figure 12 enrabhesoPRes6pshtibs, errors between different operators (i.e. due
to their different operating frequencies) to be conpensated for

i ndependently by virtue of the VMRM 1012. The neasuring and phase

adj usting prQces be formed when the systemis initially swtched
on, when the'%rt ongy @ES’N@Q G174 1 ajdirect giepfusementofithe phaseged and/ or

For oot ERSIRNSAL O Ay SETH 5 L P03 e £ BT 1
via the digital control cable 1018, The TCUC 1016 is arranged to tune the
first and second receivers 1028, 1030 to a particular frequency and to obtain
the required angle of tilt (i.e. the required phase difference between the
signals Sa, Sb) at that frequency. On receiving the measured'phase difference
between the signals Sa, Sb, at the required frequency, the TCUC 1016 is
operable to apply control signals to the control inputs of the first and second
transmit and receive phase shifiers in each of the differential phase control
sub-units 150a, 150b so that the actual angle of electrical tilt of the antenna

assembly 702 is substantially the same as the required angle of electrical tilt.

It will be appreciated that the apparatus of Figure 12 enables phase shift
errors between different operators (i.e. due to their different operating
frequencies) to be compensated for independently by virtue of the VMRM
1012. The measuring and phase adjusting process may be performed when
the system is initially switched on, when the angle of electrical tilt is required
to be changed and/or periodically to compensate for thermal fluctuations in

the feeder lines, for example every 10 minutes.



WO 03/ 043127 PCT/ GB02/04930 In addition, the TCUC 1016 may be sg# tui%‘?bb?er
a local node or a renote node. In |local node, the angle of ele r"'i | t
requi red by each operator is set locally at the TCU 704. In renote node,
the requested angle of electrical tilt nmay be set renotely, either by

radi o |ink wooeen27a tel ephone line or the |ike. The TCUp@fdselwaso

di splays, locally and/or renotely, thesgngles of electrical tilt required
by each operator, the actual angles of electrical tilt of the antenna
assenbly, the error between the required and actual angles of electrical

tilt for edoladdjifmatior TCUR 16¥6 maye seewetithert bk nedeainerean@enbl y for
the signals oéesiach gperataqr, the tenperatureat the antenna assenbly and

the TCU povleds Jparsal ymdeatieangipioteleeisicaktilt requied byeeach operséorise of t he

ant enna syst L QM ' hown w th.a dual ol ari.t t enna assenbly
by five opersgﬁc?(raéu;bg#wgq%{?ift@; ilbﬁ? O?H.éo%eoﬁﬁee{ﬁqfl%ﬁ%d al?%?%gaﬁ-gecﬂ%ﬂ rity and
one oper at ontilefRy Yeehrendtely bithdiebyClaams lihbat obdien eRipRads Eﬁé‘for?ﬁe Figure 14
is simlar to that of Figuré 11 with the exception at the automatic
phase conpedd&tion apparatus of Figure 11 has been replaced by the VVMRM
1010 of Figures 12 and 13. 1 |In sone circunstances, the apparatus of
Figures 12 to 14 wll be adequate to conpensate phase differences between

di fferent 0%‘[@?@’0?704‘51%&%}\%# kl%cal[?ﬁﬂlﬂgr kEhd B, E{eé @%@%ﬁﬁ@%ﬁ@det erm ned

through the transmt pa €reas “accuracy c her by

i ndependent liijt regaived bygagiheperatod] fHeeicant aggled bpelebirichletin OF Me/MiB@iah al so.
For the purposes of this specification the "transmt path" for signals is

i nt ended t o 28¥eERPYY nieRatas bepwrandihe aegiiradrndpstus) engles ghalestrisat filit from t he
conbi ner uni ed .al t he feeder . li.nes 756, 758,
al ong the i g%ﬂg&g“a(%%r%tgﬁﬁ%g?e@g?ﬁeﬁﬁ agﬁ]g AUICINA ASSEABLY, ff Weenent s, and
i ncluding t higral éftdaeh opaair] tHelempbiduin®at the antenna assembly and the
TCU power supply voltages and currents. ’

In Figure 14, the use of the antenna system of Figure 12 is shown with a dual
polarity antenna assembly by five operators. For clarity, only the connections
for one polarity and one operator are shown. It will be clear that the
embodiment of Figure 14 is similar to that of Figure 11 with the exception
that the automatic phase compensation apparatus of Figure 11‘ has been
replaced by the VMRM 1010 of Figures 12 and 13.

In some circumstances, the apparatus of Figures 12 to 14 will be adequate to
compensate phase differences between different operators. However, the
method relies on measurements determined through the transmit path,
whereas accuracy can be improved further by indepéndently measuring phase
differences through the receive path also. For the purposes of this
specification the “transmit path” for signals is intended to mean the path
followed by the delayed signals output from the combiner unit 704 as they
are passed along the feeder lines 756, 758, along the input carrier lines 720,

722 and to the antenna elements, and including the splitter, amplifier, filter



28 July 2006 WO 03/043127 PCUGB02/ 04930 -52.- and ot her conpongpts nt
in this path. The "receive path" for signals is intended to negaJPhgﬁﬁéfh
foll owed by the signal received at the antenna elenments as they are passed
along the carrier lines 720, 722, the feeder lines 756, 758 and to the
conbi ner unwb 030481272nd i ncl uding the splitter, anplifier, pciicBbigemand ot her
conponents present in this path. Figurgs 15 and 16 show a further inproved
apparatus in which phase difference cOnpensation is inplenented for both
transmt and receive nodes separately (i.e. for transmt and receive paths

it epar at for _
S ot ty, o SAEE comBEnall proclit if i Parp R Bheit BRUTES: BB ced 1o the

three sub- aftentedab ditduthe path) followed bydhiabignal rReeivyd anthenenaasenbl y 1502;
a first positive polarity sub-array 1500Al .and a second éosi tive polarity
T

sub-array 18G0EBts asihiey wie passed along theorasripr Jiney 2GRy thetsederlnes 5001 3-

T ot be Mest Bt HeRGrefsy vl el 188 ik dRe e AR AR, L 1500n”
and 150013 ﬁﬁgfaﬁgﬂ{eg@gmgbﬁ&@ﬂegéﬁtqﬁ thit paf- 716H) and conbi ner (726A,

726B) arrangenent of the Figure 8 apparatus is not required, and carrier
| ines 720, 722 supply input signals directly to the sub-arrays 1500A,

1500B. The net hod, enpl.oyed to sure and_ correct .vari,gtions in the tine
del ay bet wEISHIEHE ﬁﬂ@ﬂéﬁgf’wa@h &é&@v@‘fﬁ‘é@ﬁwﬁw inpehichARaSE| | i ng of the

angl e of ehﬁ?éréﬁq%aéogﬁaééﬁtga@%%%ﬁ@ﬁﬁﬁ&@&?fd}%ﬁ&‘&ﬁﬁs and Pasf Linblgy ence

bet ween the signa ansmt node and in receive node. This

i's i npl emenggshrasiynd.e. €oit fignsniihend feeaiveaiiassepantiy) as el dzafoe station
transmtter (the down-link) or those used for the base station receiver

(t he up- | i nindividealrepersfos freguensiesi For simplicity; Kigure d5sbaws justfa phase
difference gﬁttc%f Su -%%rgqsrs Js Jp%gsde " RS ﬂi[rgéa sub-arrays of Figures 8), of a
dual-polarity antenna assembly 1502; a first positive polarity sub-array
1500A* and a second positive polarity sub-array 1500B* and two negative
polarity sub-arrays 1500A°, 1500B" also. Operation is the same for the
negative polarisation channel, and so will not be described in further detail.
Where only two sub-arrays 1500A* and 1500B* are provided, the splitter
(716A—716H)'and combiner (726A, 726B) arrangement of the Figure 8
apparatus is not required, and carrier lines 720, 722 supply input signals

directly to the sub-arrays 1500A, 1500B.

The method employed to measure and correct variations in the time delay
between the transmit and receive paths for the controlling of the angle of
electrical tilt of the antenna measures the phase difference between the signal
paths both in transmit mode and in receive mode. This is implemented using
either the frequencies used for the base station transmitter (the down-link) or
those used for the base station receiver (the up-link). Using this method it is
possible to measure the phase difference between pairs of feeders at the
frequencies used for each operator’s transmit and receive frequency

allocations.




frequenci es used for each operator's transmt and receive frequ%n Ylly
all ocations. 28 July 2006 WO 03/043127 PCT/ GB02/ 04930 -53- Consideri
firstly neasurenent of differential phase for the receive path, the
antenna assenbly (shown in Figure 15) includes a Calibration Tone
Gener at or (®W0@p/W04K840 conprising a calibration oscillator B&i/@soposvmri abl e
attenuator 1614, a bandpass filter 161§ and a second attenuator 1618. The
Vect or Measuring Receiver 1014 of Figures 8 and 12 is also identified,

along with an Antenna Calibration Controller (ACC) 1640 which controls the
Calibration Tone CGenerator (CTG 1610 and conmuni cates with System
Calibration Controller (SCC) of the base station 1762. The CTG 1610 is
arranged t ocgagigeghe firalpRishtir@tentotesiferentalliiisl fdrahe vécdive path cliear e )
preferably stabilised to +/- 10kHz in 2GHz or +/- 2 parts in 10'. The tone
is set to tamtemeaasseably (shqwarn yigarendldemedes abalitraittIoBper at or' s receive

tilt by nmegns of t a Cali.brati tr The | evel
of the si g_ﬁ;gpe%’ﬁ(ﬂ' @éﬁ}@@%@%ﬁﬁ%ﬁgﬂgsﬁ%@%ﬁgﬁ‘i%%j)@%nd t he
bandpass bl ieloi6ldi4 8 vAhaYdse Gittet Q616 GYER seddrdnAlefuAbr 1 6F8)THd
frequencies Trom entering the calibration oscillator 1612 (i.e. only

][ece! ve Ij r eqnagemj[Mﬁgm:mimg Remeiver aﬂﬂ%l_ﬁflﬁigneﬂ)&dnéﬂlﬂéﬁalam ﬁt?in;iﬁmé,t illﬁng?qui [ed
or inpedance matchi ng purposes an I%&:B i, a&) ied to afirs
splitter/ confthrgy Agipnpa r3tigp Gontr ét(émllt sw@glFF EPSHY four equal
signal path 0, : '1935{%- 60a, 1660b,
to first an?ﬂ@@ﬁ%ﬁ@%@ﬂ%?F%%ﬁgﬁf%}'@gﬁ?%ﬁn&}eggﬁ%r |er§g§itt@§6?té®22 and two

si gnal pat hgaliffan ¢6&21er gSCO) of danbhseseniod 17629The CT(PE6H) issat i on f eeder
i nes 1521, 1523. Each signal injected, via res(ﬁ‘gct i ve

spl i tter/ combngsd ingeneras pamoduletes) ey ingea§0t bandradtbewhiehird e
preferably stabilised to +/- 10kHz in 2GHz or +/- 2 parts in 10°. The tone
is set to the required frequency to measure a particular operator’s receive tilt
by means of the Antenna Calibration Controller (ACC) 1640. The level of
the signal can be adjusted by means of the attenuator 1614 and the bandpass

%%06

filter 1616 is provided to prevent signals at fransmit frequencies from
entering the calibration oscillator 1612 (i.e. only receive frequencies can
pass) and the second attenuator 1618 is required for impedance matching

purposes.

The tone signal is applied to a first splitter/combiner unit 1620 (SP1)
whereby it is split along four equal signal paths 1660a, 1660b, 1662a, 1662b,
two signal paths, 1660a, 1660b, to first and second positive polarisation
feeder lines 720, 722 and two signal paths 1662a, 1662b to first and second
negative polarisation feeder lines 1521, 1523. Each signal is injected, via
respective splitter/combiner units 1622 — 1628 (SC1-SC4), to the respective
feeder line. For simplicity, only the feeder lines 756, 758 and the carrier
lines 720, 722 to the sub-arrays for the positive polarity array will be

considered but it will be appreciated that the same phase compensation




feeder line. For sinplicity, only the feeder |ines 756, 758 and gaﬁlfagééer
| ines 720, 722 to the sub-arrays for the positive polarity arra§ 11
considered but it will be appreciated that the sane phase conpensation 28
July 2006 WD 031043127 PCUGB02/ 04930 -54- Principles apply to the feeder

| ines 1756,w00384322vd the carrier |ines 1720, 1722 for thecregsdisvn
polarity array. The tone signal, or eaghp_part thereof, is injected into the
carrier lines 720, 722 at the edge of each receive channel (typically

5M Hz spaced channel s) through a directional coupler 1630, such that the

tone signal pibRiplePipply ﬂ-%] ﬁk;f@é&rqmeé“i%é,ol7&8%{&%%3&&%52@9Q'noThe tone

si gnal supplied down each o the carrier lines I's supplied to a
respective di7Radgethernegabvpoldfgarrayf, bandpass filters and anplifiers. The
arrangenments 1642, 1644 are identical and each includes a respective
receive frequency arm 1642a, 1644a and a respective transmt frequency arm

pand pass. 1 HIEec HEE: PR BHERRKedt B ol B BRRG T Re oY ©
frequenci es 72T the edperofteadli EspeBRcchanhe (8fpi GMH&FSPQ&%%&IQ}?! udes a

band pass filter (BPF, FTx) for selectively ransm {ting transmt
frequenci es thnopigh 8 diresgorpd spupler 463% sueh thaldhetdnosignal dees mutpl i fi er (LNA)

Sl anats. © alErpld SR 6% Reben el e roe il §ihaling deBmmch paap are
suppl i ed U o diearfias fingd 710, T2 3¢ SiprtedRS s S spefite prfaflodi i 46300V N Fi 0Ur e

12). Figure 16 shows the base station 17 erent “oper at or s,

al t hough compbardpass Giterstand bagdiferat Timafragenenls 161018604 atdRlepfi@at ors are
shown. Where the . npotatjon in Figure 16 jndicates "15", this denotes that

five of such® Sﬂ%’oW&" S respprileircelvaifomenty #a1 164%0ufda andial i kewi se for
other NUMbekepbgik tradsiflt frbQnef b 16496°1844b, FheFhceive frequency arm

of each arrangement includes a band pass filter (BPF, FRx) for selectively
transmitting receive frequencies. The transmit frequency arm of each
arrangement includes a band pass filter (BPF, FTx) for selectively
transmitting transmit frequencies. It is also desirable to include a low noise

amplifier (LNA) in the receive frequency arm 1642a, 1644a.

Referring to Figure 16, the tone signals transmitted through the transmit
frequency arms 1642b, 1644b are supplied to the base station 1762 at ports
752, 754 (also shown in Figure 12). Figure 16 shows the base station 1762
for five different operators, although components of the base station for only
some of the operators are shown. Where the notation in Figure 16 indicates
“/57, this denotes that five of such components are present (although not
shown), and likewise for other numbers (e.g. “/30” indicates there are 30 of

such components).

For the first sub-array 1500A* of the antenna 1502, and its respective carrier
line 720, a single filter arrangement 1650a is provided in the base station
1762 for the receive signals, which are then split by a five way splitter unit




such conponents). For the first sub-array 1500A+ of the antenn 0
its respective carrier |ine 720, a single filter arrangenent i‘%%ggﬁg&ﬁ'g
provided in the base station 1762 for the receive signals, which are then
split by a five way splitter unit 28 July 2006 WD 03/043127 PCT/ GB02/ 04930
-55- 1651 fwoosngly to a respective variable delay unit FEOGB(I0aes0
equivalent to that shown in Figure 1 sz_i_nd only one of which is shown for
one of the operators). Receive signal's for the other sub-array 1500B, and
the respective carrier line 722, pass through a filter arrangenent 1650b

{0, 2 pecondgsa Ry 45k MspiBlive (ATHbIL AGRY TR0 (RECe@ivalbiah | < Shown

for one of oper e recelve signals transmited back down the
carrier |ingsatddn #2Righee 1hand balyeorst aitwinioh 1v7d@war for onppfitkel t hr ough t he
respective filter arrangenent 1650a, 1650b to f5§ cong Vect or Measuring
Recei ver 16a®1tonaR) Reecivaaignalafanibg Qthersubrartay; 100, gad thectespedive1762 vi a

tive directi | , ' P the t
S anal s or 1 GiTHEY g 725 ofet RuSedtee HEE sriafne 1830b b SESEINERER 1°) | fes
720, 722 T odhigiubil G698 MRkt Gy Bne BR Whidibisishowh Soebneobilgnpisatohe Vect or

Measuring Recelver 1638 1s -under the control of the System Calibration
Controller 1646 and is operable to select the appropriate pair of

directional couplers 1632, 1634 for a .selected . oper , reby to obtain
a sanpl e of ThpgecehEet #W@%a?k%wn%ﬁ%%ﬂﬁ ?Samga?gﬁetﬁ%)s for the
del ay betwegn .the. ' . rtﬁﬂﬁ@]’t Hart ement 720, 756 and
t hr ough theﬁ%eg@a?o%’%%%@?@p}éda r ce@ggesggﬂ]&l{g%gggﬁ&gfference

measur enent {§56u); €690k & Hectoay VéreorMBadiRf, Rewmiyer 1688 (WMB) Bithnal strength
information, and are returned to the SCC 1646. The , measured clifference in
phase di f f eaniaoes extvd anits dase siafien 1562 via mespectiye direchionay oupletss o¢ ¢ he

antenna and dip conbiper UniL 60t of hl SrleSiSlalCoRahRting fom the CTG

1612 and supplied down the carrier lines 720, 722 follow the same receive
patﬁ as the receive signals. The Vector Measuring Receiver 1638 is under the
control of the System Calibration Controller 1646 and is operable to select
the appropriate pair of directional couplers 1632, 1634 for a selected
operator, thereby to obtain a sample of the received tone signal for
measuring. Measurements for the delay between the tone signals transmitted
through the lines 720, 756 and through the lines 722,758 (i.e. a “receive path
phase difference measurement™) are obtained by the VMR 1638, together
with signal strength information, and are returned to the SCC 1646. The
measured difference in phase difference between the carrier pairs 720, 756
and 722, 758 at the antenna and the combiner unit end of the receive path, is
used to adjust the phase difference at the antenna by an amount necessary to
ensure the angle of electrical tilt requested by an individual operator is that
which is achieved. Specifically, the SCC 1646 adjusts the variable delay
associated with the selected operator to achieve the delay required, allowing
for any discrepancies in the receive path. This operation can be performed
for each operator in turn, as often as is necessary to maintain correct

adjustment of the antenna.




used to adjust the phase difference at the antenna by an anount gﬁﬁ 2ﬁg§
to ensure the angle of electrical tilt requested by an |nd|V|da §§ or
is that which is achieved, Specifically, the SCC 1646 adjusts the variable
delay associated with the selected operator to achieve the delay required,
allowi ng fwpedmys1eh SCrepancies in the receive path. Thi SpeRes®idiesd can be
performed for each operator in turn, gg often as is necessary to nmaintain
correct adjustnent of the antenna. 28°July 2006 WO 03/043127

PCT/ GB02/ 04930 -56- For the receive path calibration (i.e. phase
conpensation) it is desirable if the tone signal is selected to have a
frequency at or near the edge of the operator frequency channel, but

equal |y the Hphige sdc@ilpatil SAIRAGH (TR pPhSscS@IrfisenSaticn it fsalekirbik b fhet he
operator frequency channel Typi ca Iy, the receive path channels have a

bandwi dt h oftorEnsignalds deledied tohavesi frequensy o er abirythe adgaof themaperatbh of 200

-Hz. Considering next, th ransm,t ath with reference ure 16 the
antenna badteRe ME}W&@% ubpaRlly the, s aign @smv@axﬁ%ﬁgl df9| ¢ er

ar r angenent h 20, 722. The
transmt fi Isf%%%ﬁé%rewange fﬁ%%@k% Tw@a’éﬁﬁg%%éﬁmﬁﬁ% ter transmt
frequency sichmadets hivera bagivdttr of SMBlz{ and éwctohe Eigagl pefdraeigurpeay signal s
from passing through. For each of operators B and correspondi ng
transmt fil d ahgbl% s  1652B, 1652E, and 1654B, 1654E are al so
provi ded for each of the carrier fines 720, 722. In this particular
enbodi nent of the invention, operators C and D transmt on the negative

pol ar i sat | O RIde @kem%n&anmgm VARt rdERBIS Y0 PIBRESRS MORREALOTS A B

and E transmit on the positive polarisation. elenentS (1500A+, 1500B+).
base station 1762 also- includes respective fransmit filter arrangements

1652A, 1654A associated with the feeder lines 720, 722. The transmit filter
arrangements 1652A, 1654A are arranged to filter transmit frequency signals
for operator A, but prevent receive frequency signals from passing through.
For each of operators B and E, corresponding transmit filter arrangements
1652B, 1652E, and 16548, 1654E are also provided for each of the carrier
lines 720, 722.

In this particular embodiment of the invention, operators C and D transmit on
the negative polarisation antenna elements (1500A" and 1500B"), whereas
operators A, B and E transmit on the positive polarisation elements (1500A %,
1500B%).

As described previously for Figures 8 and 12, the transmit signals for each of
the three operators A, B and E are split by the splitter unit 7252 and are
supplied through i;he respective variable delay unit 760a (A, B or E) to the
filter arrangements 1652A, 1652B, 1652E, 1654A, 1654B, 1654E. Each
filter arrangement is configured to pass signals within a particular operator
frequency band, and transmits the selected operator transmit signals to carrier
lines 720, 722 respectively.



of the three operators A B and E are split by the splitter

are supplied through the respective variable delay unit 760a (A, B or
tothe filter arrangenents 1652A, 1652B, 1652E, 1654A, 1654B, 1654E. Each
filter arroywpasmssizi S configured to pass signals wthin apPathéNidda’
operator frequency band, and transmtg the sel ected operator transmt
signals to carrier lines 720, 722 re‘s%e"(‘:tivel y. 28 July 2006 -WO 03/043127
PCT/ GB02/ 04930 -57- For transmt path calibration purposes, the directional
coupler 1630 of the antenna 1502 (as shown in Figure 15) extracts a small
portion of the transmt frequency signals fromeach carrier |line 720, 722
and supplie ' ’pﬁ‘ﬁg 6 st e qisa0 oFfgasur i ng

Recei ver (V@?%&%ﬁﬁhﬁ%ﬂﬁ%ﬁe n %%O%%%%ute)g%lﬁygger ator frequency
channel , t heniéivia 1602 (ayshownda Figte i) axtracts hfsmaliuoetive ofdentramsmit mi t

signal s supplied on feeder line 72Q and t'hgﬁs saggl led on f,eeqer line 722
at subst ant FEegEonEhHgRAfrem each fasies ling 740,22 sod SUpRiES (0, UERls Op g n g

bandwi dth, refe t . e : Qa@ﬁM [ r;

measur enent ﬂl.nesl'riég@r]a?%ra’fﬁtm%g?ﬁt%ﬁgégéhfd?gi{tgpgﬁce rreggt}pfé%elﬁtmeebandw dth is
preferably salpfk 8903 OFdieaSH Rpbanéd fbquenty ehamer; the VMR 10lanapdsuressi gnal
bandwi dt h for each particul ar operator. e transmt path phase difference

nmeasur enent thapbascalifferenve bétweam tiansmitisignatseyppligdon edpelipge?2dend, which
comruni cates, with the S 64 h ., Fl.aur - 1N se station
1762. The wé‘%&sﬁrsé‘aplﬁﬂa%cf%& ?ﬁ’?%ﬁ% at S oA tt%n"?ﬁ# ?%‘?qé‘ﬁ%&gﬁ %‘gt he
antenna i s ' . UERS E HERGS hn the base
station 176 %y tﬁﬁgdn\é%g&i%t%band %’gegég?&gtgjdgsitﬁgnt istggtc]ilzﬁ%agéthe phase

di f f erence aliff¢eacanicememtnt”e Therteansingt path phagoidifferencmineasifrersentct ri cal

tilt for each operator is achieved hii transm .
band\ezidth is preferably selected to be su%stanngiatﬂy the same as the transmit

As described previously for Figures 8 and 12, the transmt sign 0 ch
(% Jyhe2068
E)

signal bandwidth for each particular operator.

The transmit path phase difference measurement calculated in the antenna is
fed back to the ACC 1640, which communicates with the SCC 1646 (as
shown in Figure 16) in the base station 1762. The measured phase difference
between transmit signals in the antenna is compared with the measured phase
difference as set in the base station 1762 by the SCC 1646 and thus an
adjustment is made to the phase difference at the antenna to ensure the
required angle of electrical tilt for each operator is achieved in transmit
mode, despite any difference in phase difference between the ends of the

transmit paths.

The phase difference compensation method described with referénce to
Figures 15 and 16 is advantageous in that it permits the angle of tilt to be
accurately determined by accounting for differences in phase, in both
transmit and receive modes independently, for each of the operators A to E
independently. The methods allow all operator transmit and receive

allocations to be calibrated for differential phase between the transmit and



node, despite any difference in phase difference between the engg gﬁ ?Q@s
transmt paths. The phase difference conpensati on nethod descri e(‘f W
reference to Figures 15. and 16 is advantageous in that it permts the
angle of tilt to be accurately determ ned by accounting for differences in
phase, in babhsiniziansmt and recei ve nodes i ndependent |y, pEpGaesasoof t he
operators Ato E independently. The thods allow all operator transmt
and receive allocations to be calibratéd for differential phase between
the transmt and 28 July 2006 WD 03/043127 PCT/ GB02/ 04930 -58- receive

at hs, "not onl,y duri.ng _conti,nu 4 manuf acturin
gl i gnment gﬁae&%g@t,rhsclg%ﬂn&pu ggoﬁtﬁgfo@%i()ﬂ?rgﬁg%gg §]$%f£9f cal i bration org
conpensat i qfi,fsERthe AlisAieerRaeiO boMehitsionieaeaid apdrenancel Theturn as often

as it is necessary t Intain correct ag;lvcelltj)ust ment of the antenna. |In the
ar r angenentcatibrdfiogorecotipensaticmapepation cancbe payfnrmed fangach eperdforini s only
preci sely achi eved at one frequency, .as.for other fre | e phase

di f f er ence WKt augHen ﬁ%ltfl%ﬁﬁ@rsgar"yﬁ‘é , W%%Hs%engﬁf&géren Il‘iﬂ(z‘ilr'ld hence
the direction at which the phases add to give maxi mrum gain (the
"boresight”) wll be different. In such systens the phase difference is
not only diff@keptangémentdififigien, for eranple, fheaggeined angl¢iof ¢t enlyi f f er ent

operators) but is different through the transmt and receive paths for
each. Usi ngpiehisekyyashisvednt pagylreadencysasig of&:r FrRICHESS #@oﬁ}i’ﬁﬁl e of tilt can

he-same. f ofttserneey e fRe pARCTP, T30l g iPtaEmateiiate 02 e ®

di fference &}M}E& WRUthse A P10/ 96 nitdhembpatyhe “bbrsight”)pat hs i s

conpensat ed ernore, If an oOperator requires the angle of tilt to

be di ffer entyill be difinsni. in suctesystans thegthase diffesense e naberly differest st em can
provide it.

for different transmit frequencies (i.e. for different operators) but is different
through the transmit and receive paths for each. Using the system of Figures
15 and 16, the desired angle of tlt can be achieved ziccurately for each
operator and it can be ensured that it is the same for both transmit and
receive modes, if required, as any phase difference effect which would
otherwise arise between the two paths is compensated for. Furthermore, if an
operator requires the angle of tilt to be different in transmit mode from that

in receive mode, the system can provide it.

As an alternative to using a tone signal to calibraie the receive path, a spread
spectrum signal may be generated in the oscillator 1612. It will be .
appreciated that by using this technique the directional couplers 1632, 1634
couple the RF spread spectrum calibration signal with receive signals for

measurement in the VMR 1638 in the base station_ 1762.

In order to avoid providing an oscillator 1612 in the antenna 1502 at the top
of the antenna mast, along with the associated attenuation and filter
components, 1614, 1616, 1618, a frequency converter may be provided to_

permit 2 sample of the transmit frequency signals (for each operator) to be



As an alternative to using a tone signal to calibrate the receive path, a
spread spectrum signal may be generated in the oscillator 1612. It wll be
appreciated that by using this technique the directional couplers 1632,
1634 couple the RF spread spectrumcalibration signal with receive signals
for nmeasurwm®an4sizy t he VMR 1638 in the base station 1762pct/GBa@edn to
avoid providing an oscillator 1612 inghyhe antenna 1502 at the top of the
antenna mast, along with the associatéd attenuation and filter conponents,
1614, 1616, 1618, a frequency converter may be provided to. permt a

sanpl e of t ' g@cﬁﬁ 'gi;&alg ( ARG PPRIRIBS Detiveepe WO

03/ 043127 M%ﬁ@%ﬁéﬁ'&g rm%é%!el nt oa%ltlh%ﬁ?g%rrespondi ng@; ecei ve path. By
neasuring tihe tEhekmt éi%&ab@@ﬁthebbaomr(&‘ﬁh@rwei\&i ppila) the differentidatelaym of t he
receive path, the differential delay _around the whole transmttreceive

path can beardundihs whdledransmifireaeive ahi eancbe deiprminsdand the APREINIHBer at or

frequency channel can be made in . the S tain a

separ at e ne%@ﬁ%?&hforfwehfjﬁ%tafofgﬁ%e "Yggfﬁaﬂ‘;’gﬁ?ﬁﬁy“ ﬂé@%‘gg%ﬂn%csgtgnsm t signal
may be trangdey mhbrlig ﬁ%ﬂiﬁﬁ%ﬁgﬁa%&sﬁlﬁm&ﬁ%r tHenedmairdl pahanhg! i.e. the
transimt signal for one operator |zméss§£tt{htaule]lcy qSEdg{hafS agglal I bration
signal for thelsanparatsarissigial nmynipatramdenr Iee@Ewe p ph& measur enent
for the receive path with the diff,er.glga}liéal 1(fhasee asurene for, the
gr?nsm t/ae%qr%@flcbé‘ﬂ}eiﬂ-ﬁetbﬁﬁéaé’énﬁf # t REghg gperg é_i?séﬁﬁﬁ&; Pith can be
etermned fo . r iﬂg)a% , on one
Vect or Meas r:{iﬁ eggﬁ@@%gg@%ggf%%vﬁecg ?%géntd{ﬁ%eﬁat i ﬁigdrﬁbtthe b;se

station 176geaddienbhtiosaberdchive pal wWithaheé differemtial phase sasukdméntrfof CG0) in
the antenna 1502 operates on both the transnpit and receive frequencies, so
that the trthesmnsnfiteepeiiedpens the phassatifferensa s B HRDSBENIhCAhRE carri er

i nes 720, 2 for the phase difference to be nmeasured in the base station
1762. The v%)ée%&"&difﬂf efid ?P&é"go%t ation

As a further alternative embodiment, only one Vector Measuring Receiver
need be provided 1014, and that is in the base station 1762. In this case the
Calibration Generator Oscillator (CGO) in the antenna 1502 operates on both
the transmit and receive frequencies, so that the transmit frequencies are
passed back down through the carrier lines 720, 722 for the phase difference
o be measured in the base station 1762. The VMR 1014 in the base station
1762 therefore also has to tune to the transmit frequencies, as well as the
receive frequencies. It is possible to send the transmit frequency signals back
down the carrier lines 720, 722 to the VMR 1014 in the base station 1762 for
phase compensation purposes as the transmit path does not include amplifier

or other active devices which prevent reverse passage.

Tt will be appreciated that the present invention provides an effective way of
allowing multiple operators o use a phased array antenna assembly where the
angle of electrical tilt of the antenna assembly may be different for each

operator and may be adjusted remotely and independently by the operator.



1762 therefore also has to tune to the transnit frequencies, as,#8|l, 3§od he
receive frequencies. It is possible to send the transmt frequency sylgna S
back down the carrier lines 720, 722 to the VMR 1014 in the base station
1762 for phase conpensation purposes as the transmt path does not include
anplifier woostdzer7 active devices which prevent reverse passB@®4dsbt wl |
be appreciated that the present inven 'hon provi des an effective way of
allowing multiple operators to use a'% ased array antenna assenbly where
the angle of electrical tilt of the antenna assenbly may be different for

operat or - SHH® ofBlbetfef el iy AR e e G CERARR) kot 10,
el ectrical JrdfecdiQt iR, 8PR284 PreciiRly &jual be different in transmt and

recei ve nodes, or nade precisely equal. Were the means for controlling the
angle of electrical tilt of the antenna assenbly is |ocated a sufficient

di stance from the anten assenply for different]al er expansi on or
cont ract i onV&ere WE e PfFPf.*F‘éiIBﬂ%mf helice elgﬁtf'icﬁi[@ﬂtﬁ}er?q’%@aphase of the.
signals on | §1?fﬁtc i 4i6nnal RYERBIY FGr Pr ovi des an
effective rr%#grg%@ggg&%%%d;fga us%{lgr&s%g%gr?s{lg?[}eng fora suchyvaEi ations in
phase so t hgifferdagiabdgirmabéxpansion or cahtradtion aftthe fieedantiresnand hendee  sane as
the angle of electrical tilt-required by each gperator. 28 July 2006

CLAI M5 | Arvaxitions in Siephase 0 the sgnalson the fegder 1868, trba 2 BrAbIem: teg and

receiving first.and second.si the 1 ' i ' first
frequency [out W%Bﬁvécﬁ’émffeﬁgg@h%ﬂogthﬁg pdé{p gﬁ%‘? : gﬁgb{nﬁgh%gg g E‘c’i@si gnal
being i n a gpeAAGtORAHEREK: B Rt FRsaGi@bedlesiridal dlisetenmtapariste , the
antenna system conprising: a) an antenna assenbly havi ng an adjustable

angl e of el sme acthe anigle of elneirical tilt- required by each operator.

1




including a plurality of antenna el enents for at |east one of tr@@gms}ébw
and receiving the first and second signals; b) control neans for
controlling electrically the phase of the first and second signals and
thereby to control the angle of electrical tilt of the antenna assenbly;
and C) conbi ner nmeans for enabling the antenna assenbly to at | east one of
transmt and receive the first signalgat a first angle of electrical tilt
and the second signal at a second andile of electrical tilt, the conbiner
means bei ng arranged such that the first and second signals pass via

shar ed anhigg@ el ements. 2. An antenna systemas clainmed in Caiml,

i ncl udi ng ™+ ? and second feeder Ilines for supplying the first and second
signals with a first polarisation to and fromthe antenna assenbly. 3. An
ant enna system,as furth?r incJudin% third _n?aafurth

| ai med in daiim _

Focdor 11 fos. f B 2elRr FVsigT o vep iatierBnerD Lrpar G dae e e
EOl arisation teecoalddig‘netsmhbh?t&mf nMn@ml Fbﬂfy’equteheyf@mA Wogialedwithal | on

ei ng opposite,.in sign to . the first ari.sation. 4. An antenna system as
claimed In O i 9PIrHer B g Sesendhpedl BRI 1 B sPeaisdtRauenp band 1 or Suppl yi ng
si gnal s to andadscehtddheittamteroma cpesoiing anfennAsystebredondpringt em as cl ai ned
in Cdaiml whergin the tcontrol r@ans.i s lo ateq rem)%e!?{% fromthe antenna
assermbly. 28 J8ly 2@baNEpna3ssemokyhaving.gadiisiable andle of Pigriricdl titnand ai m 2,
wherein the contr ol incleding aquurality ©€ antanmd slemkehtsyforodt stist bas entraramitbh@se
control units each associ at eg vv,}tc a resggzc.tivle_ one of the first and
second operators. 72NNTeENd Iﬁea s §'?de?ﬁ°8 8P97ed in Caim6, wherein each
of the differeh}i al conpioameansivr cohtrallimgtedectrivaly theqhabé bithe dind aggcond

differential phase S(’:e%%crjgggng

i bafnd thereby to control the angle of elecirical tilt of the
antenna assembly; and

c) combiner means for enabling the antenna assembly to at least one of
transmit and receive the first signal at a first angle of electrical tilt and
the second signal at a second angle of electrical tilt, the combiner
means being arranged such that the first and second signals pass via

shared antenna elements.

2. An antenna system as claimed in Claim 1, including first and second feeder
lines for supplying the first and second signals with a first polarisation to and
from the antenna assembly.

3. An antenna system as claimed in Claim 2, further including third and fourth
feeder lines for supplying third and fourth signals of a second polarisation to
and from the antenna assembly, the second polarisation being opposite in sign
to the first polarisation.

4, An antenna system as claimed in Claim 2 including not more than four feeder
lines for supplying signals to and from the antenna assembly.

5. An antenna system as claimed in Claim 1 wherein the control means is located
remotely from the antenna assembly.



units, each first differential phase control sub-unit is arrangggJﬁﬂyzooe
electrically control the phase of signals supplied thereto for

transm ssion by the antenna assenbly and each second differential phase
control unit is arranged to electrically control the phase of signals
suppli.ed thereto, the signals having been received by the antenna
assenbly. 8. An antenna systemas glained in daim2, wherein the conbiner
means include first and second conbi A2r units, each conbiner unit includes
a respective transmt conbiner network and a respective receive spliner

network, the transmt conbiner network has a plurality of inputs for
connecti dh t o A aHEMA SYetem AR galnestin Llaigy 2. adsFi theconiral aeansyCopIPriger at or s

of the antenna Syeli§r dReertiBfohakt BRI UnkPEAINNREoAREWNIK o Bsgddiggged to
mul tiplex signals applied to the inputs by the transmtter neans and to

out put a si ngl¥ediths BFeiandpesPrhaperaigrs. aen ant enna systemas clained in
Claim8, wherein the transmt conbiner network includes a first transmt
mul ti pl exer arrang{ed to receive at |east two ignals, each from an

associ at ed r eJPLATENR VSIS AP Plaigned in fdein & dderrin Bagthefihe diffgigntialpl exer

arranged to reqfaky eormtol LERSEonipHReS G ah® seRA8 RiiffefcHiaPthaas SoftrA kasl
respective transmtter, wherein each of the first and second transmt

mul ti pl exers i“it&R¢N Jes) differantial niess cpated spb-upibfs arangpd nelestrisaly filtering

signal s receicsflollth® Bhasef dfisignaReippied thsreSRPFhRnaskis P Retdnthna
transmtters with a pass band sggf&r&gteg by a stop-band from a pass-band of
AR

the or each ot358¢MBY ¥ H&ach secpnd icoatrel upR&ranged to 10, An

ant enna syst ergi@sricaliptomeb tHe gHz8é oF Sgnab siilisd tHaeethb B8 kigRas Plalihger networ k
has a pluralit out puts for connection to receiver nmeans of a

of p
cor r espondi ng geﬁi"tﬁ‘?%"{eﬁpydhe 8pEnaR 85V -t he ant enna system the receive
splitter network being 28 July 2006 0O 63 arranged to split a receive

:: 322: { ?ﬁ?gg\é%jrb%)r}{t?rﬁ%ewg ! ieggp a@?jﬁ%l%mafgvhe%eh]rﬂh%b%rrgb?ne?%%a%stinQ: ud[eecel ved
first and second combiner units, each combiner unit includes a respective
transmit combiner network and a respective receive spliﬁer network, the
transmit combiner network has a plurality of inputs for co"nnection to transmitter
means of a corresponding plurality of operators of the antenna system, and the
transmit combiner network is arranged to multipiex signa‘]s applied to the inputs

by the transmitter means and to output a single multiplexed signal.

9. An antenna system as ctaimed in Claim 8, wherein the transmit combiner
network includes a first transmit multiplexer arranged o receive at least two
signals, each from an associated respective transmitter, and a second transmit
multiplexer arranged to receive at least two signals, each from an associated
respective transmitter, wherein each of the first and second transmit
multiplexers is provided with a band pass filter arrangement for filtering signals
received from a first one of the associated respective transmitters with a pass
band separated by a stop-band from a pass-band of the or each other of the
associated respective transmitters.

10.  An antenna system as claimed in Claim 8, wherein the receive splitter network
has a plurality of outputs for connection to receiver means of a corresponding
plurality of operators of the antenna system, the receive splitter network being



11. An antenna systemas clainmed in Caim2, wherein the conbi n?Q @f%obs
arranged to generate phase adjusted output signals sinultaneously each
of a plurality of operators, and the antenna system further conprises a
splitter arrangenent for receiving the phase adjusted output signals and
for splitting and distributing the phase adjusted output signals to the
antenna el enents. 12. An antenna systemas clained in Caim1l1l wherein the
splitter arrangenent is arranged to éBstribute signal strength of the
phase adjusted signals substantially uniformy. 13. An antenna system as
claimed in Caim?2, and further conprising phase conpensation neans for

mai nt ai ni ng pHAERoEd ie @'@ﬂé@%@tﬁ!@@hr%ﬁyﬁ‘gpk theanterna gsseadly andnes
substantial |y tﬁ@r’é‘é?ﬁﬁépdﬂﬂh‘é@_@é&i&éﬂ@sié‘r&'ﬂw@dchWﬁ%sreéélﬁertrﬁ'é‘er%m enna assenbly.
14. An antenna systemas claimed in Caim13 wherein the phase conpensation
means include first and second m xer assenblies arranged at opposite ends

of the fifst ANgntEREPEBIIFEE CRIMddIATIaim™, werdh HR dhbiNe isdarags ¢l ai med in
Claim 13 wherein the phase conpensation neans is arranged to determ ne,

for a plural i t3ra50es freeieste pPhaadiesied avut signals simylanaoupfor gk ob

di fference neappluRNBYF oferators hnlitRehbhiBanslbfstétn antRr bompfaasespilitdf er ence
bet ween signals supplied to the antenna el'enents al on transmt path,

P h - a '
and i ncl udi ng FEEEBAER! 'REEAEVINGthe %'&fpr?&l%‘ﬁgl@@?léﬁwg Jgtfer sniage
di fference meamdrddERithglite pitde R outARRNaRNS tHe @i didiReent r ol
means i ncludes neans for adjusting the phase of signals supplied to the
first and second feeder lines for each of the operator frequency bands in

dependence. Upgth AREnALSRES Y Blalmied 1A 0I4imPat WhétBRtRe lefttéﬁé@ﬂg?%n{m&ur enent,
in order to conpens te_fo‘ra@germt di fferences in thedphase | fference in
S

di fferent operit3HPed IReERESG soRALRIrengl of ling Phaseadiuste

substantially uniformly.

ignals

13.  Anantenna system as claimed in Claim 2, and further comprising phase
compensation means for maintaining phase difference between signals on the
feeder lines substantially constant between the control means and the antenna
assembly. '

14.  An antenna system as claimed in Claim 13 wherein the phase compensation
means include first and second mixer assemblies arranged at opposite ends of
the first and second feeder lines.

15.  An antenna system as claimed in Claim 13 wherein the phase compensation
means is arranged to determine, for a plurality of operator frequency bands, a
transmit path phase difference measurement derived from the difference in
phase difference between signals supplied to the antenna elements along a
transmit path, and including feedback means for feeding back transmit path
phase difference measurements to the control means, and wherein the control
means includes means for adjusting the phase of signals supplied to the first
and second feeder lines for each of the operator frequency bands in
dependence upon the respective transmit path phase difference measurement,
in order to compensate for permit differences in the phase difference in
different operator frequency bands.




64 16. An antenna systemas clained in Caim15, wherein the t??Qﬁg]Ewgﬁth
I ncludes the first and second feeder lines for supplying transimt Y
fromthe conbiner neans to the antenna assenbly, and first ‘and second
respective carrier lines, formng part of the antenna assenbly, providing
a nmeans of connection between the first and second feeder lines and the
antenna elenents. 17. An antenna ystemas clainmed in Caim1l5 conprising
a Vector Measuring Receiver Mdul e i 84t he antenna assenbly havi ng neans
for extracting a portion of the signals supplied to the antenna el enents
and neans for conbining the extracted portion wth an oscillator signal

havi ng a & equiyhesientepeieas clapers is Gaimetd sdesie thetttansmitegtivinelydesand f or
transmt path {pEa&eandsddoRb aG R RASHF a@magﬂnsﬁﬁ%&waﬁ e frequency

band. 18. An antenna system as cl al ned erein the Vector

Measuring Rec@MpEer RagE do theanigiwa aspersbly oane Walcandbeppradespestivar at or units
to enable in- d%nhi’ér%n@@%rﬁwgdﬁéﬁ HtRe BRRARa ggéénw:fw&.aﬁaéme%ﬂg%fs to be

obtained in order to detern ne an unanbi guous neasur ement t he phase

di fference. 1FonpgctioRbehvnendle fishand seqoad ieader lines andtha snighea ei n t he phase
conpensation dEagfsi S arranged to determne, for a plurality of operator
frequency bands, a receive path phase difference neasurenent derived from
the difference in phase difference between signals received at the antenna

el ements gnd  Aeha¥ssh §JsfM ad chff&] MTIRA 15 &&nﬁrt&%\gfé)v&éte ﬂ??ﬁ'?'ﬁgca”d

f eedback nmeans_for feeding back the receive pat hase
nmeasur enent s tREEIYET MoAtied thema agRemal bawing *"ﬁ?@s&frﬂxﬁéﬁmﬂﬁans i ncl udes

means for adj yshidhbfiesigNas Supdiéd & BBheenhdRRInéHE 5% fBSnd fof St and second
feeder lines for each of the gperator frequency bands in dependence upon

the respecti v&ow&@eﬁtfﬂdﬁ%ﬁg@on Hith PeraspifiatonEigasl hawiea e fredrermyder to
conpensat e f ordeféefﬁdeeﬁ 8p6es skldciel ®pBRRsSreqtbhdy@iABSS tdhsMhitihel SseOper at or

frequency band
q y ds fference measurement for each operator frequency band.

18.  An antenna system as claimed in Claim 17 wherein the Vector Measuring
Receiver Module includes first and second phase comparator units to enable
in-phase and quadrature phase difference measurements to be obtained in

order to determine an unambiguous measurement of the phase difference.

19.  An antenna system as claimed in Claim 13 wherein the phase compensation
means is arranged to determine, for a plurality of operator frequency bands, a
receive path phase difference measurement derived from the difference in
phase difference between signals received at the antenna elements and
relayed along a receive path to the control means, and feedback means for
feeding back the receive path phase difference measurements to the control
means, and wherein the control means includes means for adjusting the phase
of signals supplied to the first and second feeder lines for each of the operator
frequency bands in dependence upon the respective receive path phase
difference measurement, in order to compensate for differences in the phase
difference in different operator frequency bands.

20.  An antenna system as claimed in Claim 19, wherein the antenna assembly
includes oscillator means for generating a receive path calibration signal for



20. An antenna systemas clained in Caim19, wherein the anten? 2
i ncludes oscillator nmeans for generating a receive path calibration |gnal
for 28 July 2006 0 65 supply through the receive path for the purpose of
determ ning the receive path phase difference neasurenent in addition to
the transmt path phase difference neasurenent. 21. An antenna system as
claimed in Caim20 wherein the reqpive path includes the first and second
feeder lines and first and second car®gber lines of the transmt path. 22.
An antenna systemas clainmed in Caim20 wherein the oscillator neans is a
tone generator for generating a tone signal to be supplied through the
receive pat h.supgly tgrﬁuahﬁ@fﬁaelg@e@téﬁ@rébe@ur@pﬁ@af qiaierml@mgrﬂ@zemm eath for a

sel ected oper §lse dfﬁeeaw%nﬁé@semnﬁrhsdoﬁt%%%&%sg{a\ﬂ%tﬁpﬁé ifclonce

i nternedi ate between adjacent operator frequency

adj acent oper d'®#SWeBGency bands is the sel ected operator frequency band.
24. An antenna systemas clainmed in Caim22 wherein for a sel ected
operator _frequency band, the tone signal falls within the selected
operator 4% equ@he@ten%aa%temss Cl@ﬁ“%?h'ﬂéﬁﬂa‘ 23 whergindbe eqcgiviesndth inclgtes m 20

wherein the osgkkitsBhRd s@&?ﬂa?feéd%r liRds AGRst nd s%E&{bSEErFleﬁlnég‘éreﬂh}ée path
calibration signal in a bandwidth in the vicinity of An

antenna syst erH¥$ P hed in G aim1 wherein the control rreans |s arr anged
to provide capability for controlling the angle of electrical tilt of the

antenna assenbly in transmt node to be different to that in receive node.
22. An antenna system as claimed in Claim 20 wherein the oscillator means is a

tone generator for generating a tone signal to be supplied through the receive
path.

23. An antenna system as claimed in Claim 22 wherein for a selected operator
frequency band, the tone signal has a frequency intermediate between
adjacent operator frequency bands, and one of the adjacent operator frequency
bands is the selected operator frequency band.

24, An antenna system as claimed in Claim 22 wherein for a selected operator
frequency band, the tone signal fails within the selected operator frequency
band.

25.  An antenna system as claimed in Claim 20 wherein the oscillator means is
arranged to transmit a receive path calibration signal in a bandwidth in the
vicinity of 200 Hz.

26. An antenna system as claimed in Claim 1 wherein the control means is
arranged to provide capability for controlling the angle of electrical tilt of the
antenna assembly in transmit mode to be different to that in receive mode.



