WO 03/ 043127 PCT/ GB02/ 04930 -1 ANTENNA SYSTEM The present invention
relates to an antenna systemand particularly, but not exclusively, to a
phased arwayosamasrenna system having a plurality of antenna p@leBRug30
arranged in at |least two sub-arrays. The antenna systemis suitable for
use in many tel ecomuni cati ons systens but finds particular application in
cellular nobile radio networks, commonly referred to as nobile tel ephone
networks. More specifically, the antenna system of the present invention
may be used with third generaﬁﬂ$ﬁﬁlﬂﬁ§nSX%ﬁT@ﬂtelephone net wor ks and the
Uni versal Mobil e Tel ephone System (UMIS). The invention also relates to a
phase conpensation apparatus for use in an antenna system Operators of
cellular nmobile radio networks generally enploy their own base-stations,
each of which includes one or nore antennas. In a cellular nobile radio
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or Universal Mobile Telephone System (UMTS). The invention also relates to a

phase compensation apparatus for use in an antenna system.

Operators of cellular mobile radio networks generally employ their own
base-stations, each of which includes one or more anterinas. 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



WO 03/ 043127 PCT/ GB02/ 04930 -2 "boresight" of the antenna pattern, can be
altered by adjusting the phase relationship between the signals fed to the
ant enna ewen®rnus127 This has the effect of allow ng the beaaweBk@isiveer ed
to nodify the coverage area of the antenna. In particular, operators of
phased array antennas in cellular nobile radio networks have a requirenment
to adjust the vertical radiation pattern (VRP), so as to alter the

vertical gngle, of, t mai n_beam.  al so _kno hew "t 115 [.nge this has
a signifi cggﬁsﬁ%ﬁe@? %a?W@%WnEF%ecagﬁﬁeagygefrga I}I)& aZdA?get%Ar%meAQ} aggt ment  of
the cover . ' ; lengs IPhishasgss i n the
net wor k ﬁ?’ﬁ@?’ﬁ‘@’%ﬁ@ g%%félirlag%f%ér%remva ofelg%lﬂher bage stations or
antennas igprebN6r Afdwingline Rehie PEBleetid thmoaifylthe ebveidge arta afitlent enna i s
known and 1s conventionally achieved by nmechani cal neans, electrical
means, or ghfdnka. Wien the angle of tilt of the antenna is adjusted
mechani cal ly, for exanple by nechanically noving the antenna el enents

t hensel ves or by nechanically noving the housing (or "radone") for the

el enents, _.this.is known as dj ust,ing the angl.e of,  nmechanical. tilt". When
the angl e IBfagiiqy aprFﬁ%to%?Eﬁh%sediagga&’d?% @I%W:ilrcg’lol%a? r? ¥ exanpl e by

changing the fi I . Sj . - 0 REOP) (8r group
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the el emenis, ait@?ﬁ%%é‘r@i%al ShAERTtBe nidi6 Hetiny @fscOkn@WRN agtthe“tibAr sinek t he
antenna radone, this 1s co nly referred to as adjusting the angle of

"el ect ri cahisthidsta'sigilificant tfett of trdjaverigearen tdfahe ahtermaglAaljostment hani cal
tilt or the angle of electrical tilt is to reposition the boresjght so

that it pafrthe cevtrage as¢romaydre raspiited, forcexsonplel gMing $@ sbangasdn thy

conventional mechanical or elegtrical tilt )
network structure or the a(ﬁ:mon or removal of other base stations or

antennas 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
themselves 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
electrical tilt is to reposition the boresight so that it points either above or

below the boresight established by conventional mechanical or electrical tilt



WO 03/ 043127 PCT/ GB02/ 04930 -3 nechani snms, and hence increases or
decreases the coverage area of the antenna. Heretofore, adjustnent of the
mechani catvoon3/ogbectrical tilt of a cellular radio antennadrasBizaayo

possi ble only by manually adjusting t angle of tilt at the antenna
itself, for exanple by physically noving the antenna housing or radone in
the case of nechanical tilt adjustnment or by adjusting nmechanical devices
for applying.variable amounts of delay to the elenents i antenna in
the case @pg@ag@ggq,&éqdahqqcp 1%ﬁea§qsncgn%(e_cr@§gs %‘% SﬁWﬁg%Bt&oép | oyi ng such
mechani calagﬂwl ectrical tilt adjustnment nethods is that the nethods are
difficult ime consumng to perform Additionally, such adjustnent

nmet hods result in the direction of the boresight being fixed at the
adjusted angle of tilt for all transmtted or received signhals, until such
time as tlerasfoee,oddjisthient of dei nethanieglaomeleCitablteftd gellulapradint enna
cannot be shared by nore than one operator unless the tilt _ required by
each oper amntenriashssdeseni poskible anlyr by manuatlyiiadjustingthe angte of Wltadhes al |
operators require ap individ apgle of tilt in order to aptim se the cell
coverage GMIgHA %ﬁl‘%rfﬁ&eﬁ%mpfer\a{%i’ PH%%‘P@%H?%‘P“&QE BYiRRR thSFSI &&¥ stations.

I n any even
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to five 3G operator transm ssi on between nobile radi os and base
stations. ifhfelchye of eRaatal tilbadjdsiment. operator frequency bands, are
contiguous, as are the five receive bands, i.e. there are no gaps between
adj acent frequency bands. Consequently, unless conplex and accurate
filtering of signals is enployed by the transmttin nd recejvin

appar at ug Qse @&%dﬂéﬂtaﬁﬁ ©h gpmgﬂﬁgé@%&m?ﬂ@mca or electcal tﬂt agjustmentg

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 unless the tilt required
by each operator is identical. In practice this is rare and, in general,
operators require an individual angle of tilt 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 -



WO 03/ 043127 PCT/ GB02/ 04930 -4 resulting overlapping and interference of
signals has a deleterious effect on system performnce. One known base

st ati on awghistoaszar e provi des separate transmt and recei \RET/GBI2EAYEAS
whi | st anot her conmon system enpl oys a duplexer to allow a single antenna
to be used for both transm ssion and'ﬁeception. These arrangenents are
adequate when only one operator is required to use the base station and
antenna but when nore than one operator w shes to use the systemthere are
di ffi cul t fessltingnevdntapping sndinterferancerfsagrala hann dekAsTIggS PEeRAN cach
operator to use a_ different antenna. In practice, this is achieved by the
use of a SYFPMPCAFATBIMESE. mast supporting a number of antennas, one for each
operator. However, in order to avoid nmutual interference, the antennas
requi re adequate separation and the height of the nast may need to be
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| arger mast are difficult to obtain and planning perm ssion or zoning

probl ens emtenhe tebeasad dortoth transypissivnsng rgeeptions ol kaseiar EANESHCAL v
obtrusive and unsightly. As a consequence, . rrggg og&rlahors oﬁ m)b{'jl e

cel lul ar ergipdeavaiaVBiRE 0Bk PBG OPEFAPF ISHRAUSE 40 U5G the Rasq,FeHoR AlY

associ at ed mast nd antenngs. There | j [ i nd any
shari ng tﬁ&?enﬁéijél?(ﬁ@'tﬁt‘}rm%e ﬁ}aH] qqfdol?%aﬁge‘“ghégr @n%&a%]?%g ﬁ%&nrrgﬁs%rgc?rr\?y and not
t he antengﬁfgic g@%es i ntroduction of the so-called third generation (3G
nobile ra §Y&em wi 11 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 becone an increasingly attractive
One known solution for base station sharing is for each operator to 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 antennas 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 difficult 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 become an increasingly attractive

option.



option. WD 03/043127 PCT/ GB02/04930 -5 1t is an aimof the present

i nvention, therefore, to provide a nethod and/or apparatus which all ows
mul ti pl e weesausns of a base station site to share a comAaT/GB2assm whi | st
enabling the angle of electrical tilt _of the antenna to be adjusted
electrically and individually by eachso'perator. It is a further aim of the
invention to enable the angle of electrical tilt of the antenna to be
adjusted renotely and to be different in transmt and receive. In the

foll owi ng description, the term"antenna systenf is used in place of the
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Accordi ng aspect o he“present invention, there is provided an
antenna sy if AitesSLwhillst ERdMiFig then@ghndf electrabitili ofgthet arlterast tof wo
signal s, ereby a first one of said signals is generated in a first

operat or be edjignaieletiaindllpyand ihidhddualebpesch aperators ebidAd binthesrimaj d
signals is generated in a _ second operator, frequ%gﬁg band bé a second
oper at or , of tepiniventign taAnable dhe anglesafralesirical i 9T 4R 8cH8RABIB¢ angl e of

electrical tilt, and incé{/uin. luralit f el enents for
transm t t PARSEdesotely ‘;oglée 8@?%“%%“%%nﬁﬁﬂ§&§f§ﬁgghe antenna el ements
are nmounted upon an antenna carrier and are arranged in at |east two
sub-arrays, each sub-array including one or nore of said elenents, control

means for %ﬁ?ﬁ@ fcgidvbi'ﬁg RkeEbHHE AheVethe BRasa 9ttt Ynphsed inaplace bf ed  and/ or

recei ved by sald anté&nna assenbly, thereby to control the angle of

el ectri calhd ptdvieds ®indantemTaioadeseribe v, syatedn Wy DRy 04 3aRPNMCT/ GB02/ 04930
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



-6 conbi ner neans for enabling said antenna assenbly to transmt and/or
receive substantially sinultaneously a first one of said signals at a first
angl e ofweal®ousizcal tilt and a second one of said signal ecrGBo2gegONd
angle of electrical tilt. The first and second signals transmtted and/or

received by the antenna assenbly are“used by different network operators
and will thus have a different frequency. Advantageously, therefore, the
antenna systemallows _the

I ntenna assenbly to be u urality of
oper at or sCOfWOWBWPS\fﬁb?EaﬁH@ s |a@tq;1pa@|sé€epﬂycfg| Ugﬁ?ﬁ%ﬁégﬁ/cgje adj ust ed
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visiting ' done o bsili¥RAtal PAt 4 BecomioArgrlelofel ectrical tilt
may be reéﬁ?lregﬁfcg}gﬁ%déﬁg?@d&?% optim se coverage as the network is
depl oyed, ¢fc@trffal i, S€ the network in response to nmeasured performance
paraneters, daily in response to the novenent of urban conmuters or
periodically to neet the needs of a particular event such as an exhibition

or sports event. In one enbodinent, the a tenna.a%fge S t’ﬂranged to
oper at e | Ahe finsaardecondoignals frapsmitiechand/en £eCqiy, V%%PE CAP8 transmitted
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of electr one signals at " a second angl e of

el ect i calpg bhennd BReAMI g bEiseE by SPlurhlyevEoperatorser abl y - operable in a

recei ve node in Ich the antenna assenbly receives signals. 1In a
preferred enbodi nent, the apparatus includes first and second feeder |I|ines
for supplying first and second signals_ of a fjr sh, pol atr isation to and from
WO 03/ 043 Mardeesr ,cebereohe3mgle of electrical tilt can be a justed Trom 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



-7- the antenna assenbly. The apparatus preferably further includes third
and fourth feeder lines for supplying third and fourth signals of a second
pol ari sat was/eppRosite in sign to the first pol arisati on,pamcBob4$zoom t he
antenna assenbly. In a nore preferred fnbodinent, t he apparatus includes a
maxi mum of four feeder lines for supplying signals to and fromthe antenna
assenbly. The apparatus is advantageous, in that nultiple operators can use
the system and transnit and/or receive signals in different operator
frequencyﬂWéﬁH@nnaéﬁﬁﬁﬂ%Wth different angles of electrical tilt, if
required, and this is achieved wth the use of only four feeder lines, or
only two if only one polarisation is required. The apparatus is therefore
rel ativelypgd a?am@@&iei%efél ehifB6t inGudesdBilidrRl fdusthafelibt MnéPfcier ve many
di fferent operators Ynnre as a nunber of operators can share one
ant enna asappBiing tHik®and auith sipanls 6Da sectdtid palaribatbes epploaite dmsig toant enna
assenblies 1s avoided. For the purpose of this specification, the phrase

" oper at or 'thefirstpadatisition, |tntaedcfe@rmtbeméﬂnnarassgab& of a cellular radio
net wor k, as opposed to the site operator who woul d be responsi bl e for the
antenna site. For exanple, said control neans may include a first control

contr ot aPargoRs Rraieied ot et the FEBabions lucisr Bk SE G600 e

conbi ner AN i ﬁ?ﬁuﬁ@&ﬁgﬁgnﬁﬁ oS ff t{ae afn'tJﬁ'xLa &ansyasa' d signals

fromthe first contro ment an esecon one of id signals from
the second control arrangenent, and to supply a conbi ned signal to said
antenna assenbly. WO 03/043127 PCT/ GB02/ 04930 -8 Pr eferabltg, t he control
means i s drheaapEtatus iehdvantagadusy i drtmonltipleeopdratars gan 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 eifective,

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
intended to mean an operator of a cellular radio network, as opposed to the

site operator who would be responsible for the antenna site.

For example, said control means may include a first control 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.



signals supplied to at | east one of said sub-arrays froma |ocation renote
from said antenna assenbly, thereby to control the angle of electrical

tilt of swiod3asienna assenbly. The control nmeans nmay i nclradeGBopHeoal ity
of differential phase control units, _each differential phase control unit
bei ng associated with a respective ond 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 control the phase of

ZL?SaLiZCE#Eé’%%ﬁ&T Ardopkol i 1 ARl T eRepiRhly APREN R BhRedpLY, E?§a| y
Cacei ved DR HERE A e o P T e e S el de

first andgss@canchmeiRemply, Wktcby tovdteie] elke inglordfisdevtrioal tiltiofchidles a
respective transmt conbi'ner network and a respective receive splitter

net wor k, aftethnhragsesnbly. conbi ner network having a plurality of inputs for
connection to transmtter neans of a corresponding plurality of operators
of said antenna system said transmit conbiner network being arranged to

her eyt d TSRl dhamn gney matssraadiy ghHifeefutt ARE bl TRRRS,
ecoive At anepyAG g kot Rl TP AR bl WP, Repectlc SHIORE 1

transm tt ghiq Ghdafors 8F OMid drtétendyistetl ti pl exer arranged to receive at
| east two sig s, each from an dssoci ated respective transnmtter, wherein

WO 03/ 043127 PCT/ GB02/ 04930 -9 each of the first and second transmt

mul tiplexers is provided with a band_ pass filter_arrangenent for filtering
signal s r dashvefcthe differential phassneongrol imdts 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



associ ated respective transmtters with a pass band separated by a
stop-band from a pass-band of the or each other of the associated
respecti veawmasinrtters. Preferably, each band pass filtecCTagB@NgEENt | S
arranged to generated a perfectly conbined (as herein defined) output
signal. The conbi ned out put signals fPom t he band pass filter arrangenent
are preferably input to a conbiner unit for generating a conbined signal

having a substantially perfectly conmbined conti nuoucgﬂ fre uegc spectrum
Pr ef er abl gachsef derfissbaird segmd transmis mpfRIGTSES 1 HIOY! d Wyﬂc?f puts for

connection to_receiver nea a. cor.respondin I |l ators of
said ant E?ﬁﬁaflléﬁfs%ré%ﬁg%‘?r&r}ﬁégﬁfe@@gssdgl?ajgéqceﬁé%Pw geflirtﬁg(ngér Pgﬁgééd to split
a receive__signal r Fye = a) BSRE S aYatb A yed¥topthaiap! y sai d
received @?Sé’ %Iteaci Besﬁé‘gtﬁyeo&ag%@ _ rrgg?eiﬁlgpgﬁseans. gglﬂn a fury?éﬁerobpr eferred
embodi MeNfyont BaSORBAASE (HEBF alip oftfct MM dbelatsocieheeseetiphase adj ust ed

out put signal s sinultaneously for each of a plurality of operators, the
ant enna syghemitfarst her conprising a splitter arrangenent for receiving

sai d phase adjusted output signals and for splitting and distributing said
phase adjusted output signals to the el enents of the antenna assenbly. The

splitter arrangenent .is preferably arranged.to distribute si | strength
of said Preissatdy; ershcband pass) tl)r/ﬁféa At F‘%ﬁa%e‘&ﬁ‘?ES’P‘?ﬁ%t?%é?ri,bution. WO

03/ 043127 PCI/ GB02/ 0493 10 1 n i § preferred enbodi nent, the
appar at us P Cﬁ%8PH@@“§g§§4K988H33H§§§Poﬁﬁﬁégggﬁfor ensuring the phase
difference applied to the signals on the feeder |ines renains
substantially constant between said control nmeans and said antenna

assenbl y. THecdmEBingd bgp@ndemhe o diebindipass fikkesarangehentpaef or med when
t he

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

substantially perfectly combined continuous frequency spectrum.

Preferably, said receive splitter network has a plurality of outputs for
cormection 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 arrangement for
receiving said phase adjusted output sighals 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.



systemis initially switched on, when the angle of electrical tilt is
required to be changed and/or periodically to conpensate for thernal

fl uct uat i wososioasizhe feeder |ines, for exanple every 10 mRUIt@BO2/MyYBOONE
enbodi ment, the phase conpensation rregﬁs include first and second m xer
assenbl i es arranged at opposite ends The first and second feeder |ines.
Alternatively, the phase conpensation neans include a phase nmeasuri ng
receiver nodule, In an alternative, enbodi ment, the gg par.a may i ncl ude

phase conpBrasgill Mﬂlm&meﬁ embadisasnte e JPRATARISINAY INglyde Bh?ﬂeur ality of

Sé’?{géﬁrficb‘?m meélpé}feﬁefl%rv?ﬁ%a"%ls b dRgREcq abhled REmeNRRIE S o
to the ant ee |ng é‘rg@gl%( e ﬂgs%sﬂrﬁﬁflg‘%%n@%&xgggﬁgi@e& o64 ¢dhinel hradpack

nmeans for transmt erence measurements to
the contr ghdnpadantenhf@sscpblyol neans preferably include means for

adj usting 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 transmt path phase difference neasurenent,
t her eby t Iheemensurdng rad phassadinsting EroclgﬁSagélebff perferaed whegitheer ent

T For arySiabiniGaL SHeanes ofy JAchE: aRelegt: dPrical B 1SRRI onty,
the trangpy b, B te& ahﬁpdrﬁ%rli&%lbﬂﬁ tﬂﬂ g%%sla}é it th%ﬂﬂa?ﬂﬁ@ﬁiﬁlgu&%eﬂleﬂle' ines for

suppl yi ng tran ner means to the antenna

assenbly, f@g&ierflllﬁecst foﬁ@garﬁﬁfé)é%rnggﬁﬁﬂté@e carrier lines, formng part of
the antenna assenbly, providing a neans of connection bet ween the first

and second feeder lines and the antenna el enents.

In one embodiment, the phase compensation means include first and second
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.



The apparatus may further conprise a Vector Measuring Receiver Mdule in
the antenna assenbly and may i nclude neans for extracting a portion of said
si gnal s swgpisicasiizto the antenna el ements and neans for corfdmGBER/8g30d
extracted portion with an oscillator ihgnal havi ng a frequency dependent
upon a selected operator frequency barnd, thereby to determine the transmt
path phase difference neasurenent for each operator frequency band.

Pr ef er abl t he Vector, Measuring Receiver .Mydul e ipncludes fir and second
phase conpHf ANANERRG Qeﬁlsn%ﬁafbffgnﬂﬁl &?Q&é’lﬁﬂﬁa%%’aﬁf%ﬂgg Oﬁ'r‘l?;as Edi fference
measur ene . t ' : } H%ﬁy'

nmeasur ene {a%g#rﬂg ﬁ%thg‘ﬁggdéﬂgﬁP F%@g%@?’ﬁ{sﬁ agafs&rE %?eég#qé glrégzéc)}ge odlingrent, t he
appar at us gBR¥niNGloHaR RERSHe CATHASSAHehR tTRR EntbMia AREIIY nd fimst a
plurality of operator frequency bands, a receive path phase difference
nmeasur eneninddetong dedpeotive barrieli fifes; émmeingrparhes ¢hadarittrnse assendbdy ween
signals received at the antenna_ elenments and transmtted along a receive
path to timovising elmeasnsnef canngctior batyersn thedirst and seeasdi fegderalinessaj d

recei ve path phase difference neasurenents to the control neans, and

wher ei n saﬁnéi’gér@ﬂi@narﬁiﬁlﬁ@msncl udes neans for adjusting the phase of
signals supplied to the first and second feeder lines for each of said
operat or frequency bands in dependence upon the respective receive path
phase diff qcﬁm, ' ME&IE 02/ 04930
-12 di ffer@l‘%%@%raﬁggﬁéfp aseer %@?Plg%%ﬁ#ﬁf%éfaﬁ%%?%gﬁgtor frequency
bands to the .a@mpanssémBly aid nly isckidb adéasnfor iextpatihg awpatioy ofiduaht ageous
in the differences in phase difference between signals passing through the
transnit pagmlssdpplight the puemianejemientsuard mieens &ee¢arsbimangsajdn be

conpensated for jndependently, and . )
i extracted portﬁ)n with anyoscﬂlator 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 phase 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



furthernore can be conpensated for each operator frequency band

i ndependently. The antenna assenbly preferably includes oscillator neans
for generwa o3sg43127r ecei ve path calibration signal which i cau@pdioaeBot hr ough
the receive path for the purpose of Et erm ning the receive path phase

di fference neasurenent in addition fo“the transnmt path phase difference
measurenment. Preferably, the receive path includes the first and second
feeder lines. of the tra srsrz'3

. t.path and.the first and. secon per lines
of the trAhdeRERCESfhsaidphase differeneain, difqrgneprRer &53@%?8 P?‘@&%E"ss t hr ough
di fferent (g filter conponents to the transmt signals. In a
preferredbgﬁggé#@m@n@ﬁé oscillator neans 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
f r equency THit entbedimenat Bepavdeulassjalventagepes at tie diffegerees yn phasts, wher ei n
one of the adjacent operator frequency bands is the selected operator
f r equency differencelbetween sigapls passing tthrangdi thadranseit path ang $ighdst he sel ect ed

operat or frequency and. W) 03/Q43127 PCT/ GB02/ 04930 . -13, Preferably, the
osci | | at o@aﬁﬁﬁﬁﬁlﬁ'@g%rmﬁrf@@ﬁv? datly carshe FOQPFEﬁaé?giorpH’tdﬁpeWﬂBr é{laon si gnal

nvent s on orepBOr€CRY B cotibeiund S A her@ef RERBRCBIRE O Lot in an

antenna asgg, Iﬁeﬁﬂg. mul ti-operator use having a plurality of antenna
el ements, each operator transmtting and/or receiving signals within a
different operator frequency band, the apparatus conprising:

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 through 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.



control neans for controlling electrically the phase of signals transmtted
and/ or received by said antenna assenbly, thereby to control an angle of

el ectri cawaosl3af sai d antenna assenbly; means for neasuriQGBR20093
plurality of operator frequency bands, a transmt path phase difference
measur ement derived fromthe differedde in phase difference between
signals supplied along a transmt path having first and second feeder
lines to the antenna el enents, neans for nmeasuring, for a plurality of said
operat or frequency bands, a receive path phase difference neasurenent
derived fromthe difference in phase difference.between signals supplied

al ong a rRyefirablypaht oseillatartmeans s arrieed LALHosTA {HENP ol means, and
f eedback neans, for, feedi ng back .said tra ] nd receive path phase
di ffer end-‘@llhﬁﬁﬁq}}%l%ﬁ]t@%ga?‘ﬂ‘@ﬁ&ﬂt%qur}@@hzgai d control neans including
means for adjusting the phase of signals supplied to the antenna el enents
for each operator frequency band in dependence upon the transmt and

receive QT Se6t FEMSUReemIUS thore ishroakieda pltasd oper at or
frequencyg%}g%%aigé PCT%OZ/ 04930 -14- band. According to a third

aspect of cdrhgerisaMen tapparathdforaise Sn pncariterath asseovpbi ol OPAEAYOWSE or an

antenna assenbly, for nulti-operator use, having a plural i%ﬁ/ of antenna
el enent s, haing aqieralityoftanienneielemers Ao PP HARIENEAYORi thin  a

di fferent operator frequency band, the nethod co IS 0o I 1ing
el ect ri caleCceiving S’fﬁﬁ]&bge‘g’&ﬁ“ég grshy Pﬁmrtﬁsgu%%@%l’ éﬁge e?@%ga%lg sai d
antenna assenhly, thereby to control an angle of electrical tilt of said

ant enna aS¥BRPFYe: measuring, for a plurality of said operator frequency
bands, a transmt path :

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 plurality 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 supplied along a receive path from the

antenna elements to the control means, and

feedback means for feeding back said transmit and receive path phase
difference measurements to the control means, said control means including
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



phase difference nmeasurenent derived fromthe difference in phase
difference between signals supplied along a transmt path having first and
second fewaden3/n4diznes to antenna el enents, neasuring, for a@qi/eGB@eI of

sai d operator frequency bands, a recejye path phase difference nmeasurenent
derived fromthe difference in phase difference between signals supplied
al ong a receive path, including the first and second feeder lines, from

t he antenga@il enents, feeding back said transmt and receive path phase

di fferenc€a®Easurenents to the control neans, and adjusting the phase of
signals supplied to the antenna el ements for each of said operator
frequency bands in dependence upon the respective transmt and receive

path_phasadbldif e %em BBILS invSRiethe @ Reprovidedid éampansationn  sai d

phase difference iftferent operator frequency bands to be conpensated

for. WO OAHSd 25t MCIAGBOR/20493ly, faiSmiuftiopetatbeusy dravinga pbunakigt of he
preferred and/or optional features of the phase conpensatiglr;‘%ﬁg,arat us of
e

t he ant enantenystebemeiitss leachiapstatek apsmiting pad/ QL KeE AVl SIER 1y
applicable to the phase conpensajio paratys of the second aspect of the
i nvent i on2 HHErentioPfrer %@mﬁﬁcﬁgﬁgéﬁgfm?tﬁgatoﬁmml%ect of the

i nvention. According to a still further aspect of the present invention, an
electrical tilt conbiner apparatus for supplying signals to an antenna

assembl y AGhififify BlechldAll3! htpngle GNLEAIR PARARES anting ebeisbdibgal Uil
p udrng

conmbi ner appara Inc ; - control” means for adjusting electrically the

phase of , shinalieniPafeniblandidrétyen cantrslaindangie efriecadeartiit 9f saider eby to
control an angle of electrical tilt of said antenna assenbly; and

antenna assembly;

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 a 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 of
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.



combi ner nmeans for receiving said phase adjusted signals and permtting
substantial ly sinultaneous transm ssion of a first one of said signals at a
first angloeo3sizeiectrical tilt and a second one of said FQ@MeB®/E30a
second angle of electrical tilt. It wll be appreciated that features
described as optional and/or alter nati¥as of the first aspect of the
invention are also applicable, 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 wused as a conveni ence of

representatiQ Ti me del ay be achi.ev . I tc?l’eth f th
][adi 0 freH?u‘Eﬂgpe @HPF@C&ESFBP%EPH eHﬁQsaél%z%ﬁ;P“ﬁg‘gmgé@ge&r io% tg %Ot hfa ©
requency across b L C i i A0 03/ 043127
F_CT/ GSO|2/ 6%§gnsa_@g %E%gaéﬁg%f;ﬂ?é %rr&g%ﬁacg tglrnsu St ?&Fﬁ g%qé;pgifstorti onl ess

| e del ay,venfidhGrg Bquhlla 1iéaim@tcdﬁ{@%ha@eecotrﬁp@ssﬁmappmms oftthei | | be
appreci at e(}, 'Itﬁhat, ?Igp al?Til ggpects of the invention, in practice it may be
desi r abl esécorid @pesi of ther @vehtion, tand likevsiae do sheymeitodof diefthind asgeeingl es.
The present invention will now be described, by way of exanple only, with
ref er enceof the hweationnpanyi ng drawi ngs in which: Figure 1 illustrates the
vertical radiation pattern (VRP) of a known phased array antenna assenbly;
Figure 2 is a schematic bl ock diagram of a known antenna assenbly

i ncor por at,i ‘ [ ' ' . . : Sl
Figur o 5 AdededFE Do S AR et GUENERSHRETS, Snledtieg chen 11
dupl ex  base st at é@%ﬁﬂlﬁgﬁg ??%%82”%2%‘5“% afii AiiérmatadsbinbBl nehedesa known

base station nast _ ; Figure 5 illustrates a proposed
antenna sygh@iity bf agedhdaneaes] theceléctrivtl tilt combiner apparatus including;

control means for adjusting electrically the phase of signals to be transmitted
by said antenna assembly, thereby to control 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 applicable, 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,



aspect of the invention, involving the sharing of a single dual polarity

antenna assenbly by up to five operators; Figure 6 illustrates a dual

pol ari ty, widhis@e3rect or ant enna system i ncorporating threecafiGsisgaot enna
systens of Figure 5; Figure 7a is a bJock diagram of a proposed transmt

conbi ner network for wuse in the antertha systens of Figures 5 and 6; WO

03/ 043127 PCT/ GB02/ 04930 -17 Figure 7b shows the frequency responses of

filters used in the transmt conbingr network.of Figure 7a..F e 8is a
bl ock di aphase shift prodesesra substantiagllydigar sSSsR}%lFé{%ll céﬁ}a&? ﬁB‘f{ %E&t he
i nvention 'éx{;ﬂﬁ one oper at or}l' Fi gure 9 is a block diagramof an automatic
phase confi delghaF s YOPHYEQUS i th the antenna system of Figure 8:

Figure 10 is a voltage-tinme diagramof signals output by m xers used in the
apparatus of Figure 9; Figure 11 is a block diagramillustrating the

I ncor poray V’Qﬁl 8t abPeecinBa iRty $or0dll afpegty 6f thel inveiigorsyistpractide imgay e 8 and
the use of the syStemby up to five operators; Figure 12 is _a bl ock
di agr am ofe tdesirabicaonearsyst awrefthaE tyo of Saidreignale pbdifieringangiese Measuri ng
Recei ver Mddule; Figure 13 illustrates part of the Phase Measuring Receiver
Module in nore detail; Figure 14 is a block diagramillustrating the

[ ti f the Ph . ' [ Fi : inth
Syst em of THPQUPEeTS TAVRPHEWINGERGre fRst B0 Bon By b Pt St o e,
Fi gure 15re': ereancl%lt%ctﬁe%ngﬁlgg}&iﬁgs(ﬂgwﬁggqnmﬁpents of an antenna for

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

array antenna assembly;

Figure 2 is a schematic block diagram of a 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 illustrates 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 sector 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,



i npl enenting an alternative phase conpensation nethod; and WO 03/043127
PCT/ (B02/ 04930 -18 Figure 16 is a block diagramto show t he conponents of
an antennwocwresmer unit to inplenment the alternative phasa/Grizmasmation
met hod of Figure 15. In the follow ng description, the invention is
described in the context of an anterdda systemsuitable for use in a
cellular nobile radio network and particularly the Universal Mbile

Tel ephone System (UTMS). However, it wll be appreciated that the
invention is not confined to such use and may be equally applicable to

ot her communi cations systens. Figure 1 h&é\ﬁ t he ert C%ﬂ rag[i ation pattern
(VRP) of Elgumﬁbrshp@n e SFRRIERCY ASPRYSesR %rsagsg PREM awi ng i s
shown in si Vi ew ang%if ant nna assenbly is represent ed by the point 1.
The VRP o‘FOI¥1 BeL REBYHF 21 consists of a main |obe or "boresight" 2
whi ch diverges in a vertical pI ane as it extends fromthe antenna assenbly
and represents the region of maxinumradi ation intensity of the beam

radi at ed { Bl%d%ﬁ%‘{ﬁﬂ@bﬁ’a préterréBfoofn @ﬂmtamtaesyﬁemsasemtduyg al so
i ncl udes Pigngér]rgel?%ogam d obes 4, representing regions of much | ower

radi ati ongg thiedserition (Jﬂordme@peeatdr)trom the antenna 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 the first u ndflr t | ower .si The angl e
of tilt ofigwe 9a1ﬁtae§£’5{<é§§%rﬁm9 WBW%}CU]%E%S& @i@é%@gﬁﬁs @ phise SBhysi cal | 'y
novi ng the.an e .heir housing or casing, is known as
the angle 6&1 ﬁlﬁ%@’ﬁ%{ﬁ %‘%[k{ﬁ O?I}Qg&rg E|§ ’s conventional ly achi eved by
repositioning the boresight so that it points either above or bel ow the
horizon. Wen adjusted electrically, the tilt of the antenna assenbly is
known as Figure 10 is a voltage-time diagram of signals output by mixers used in the

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 sysiem 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



WO 03/ 043127 PCT/ GB02/ 04930 -19 "electrical tilt" and noves the boresight
| ine up or down by changing the tinme delay of signals supplied to groups
of el ement™® d03r48i2¢ ant enna, rather than by mechani cal nowEaTeGBO20f9I0he
el ements thenselves. It will benefit the reader's understanding of the
foll owing description to note that -Hd&+h "electrical tilt" and "nmechani cal
tilt" may be controlled and/or adjusted either by electrical neans, or by
mechani cal neans, or by both means, such that, for exanple, nechani cal
novenent of parts may be used to inplenent electrical phase adjustnent (in

which th t I t th I t physical . t

Adj st { RBigBoe 101184 ibcK KiaSTBY E<Tgh the ForEpRrT BT 2 ARSI aE oo o
k t, t ' ati ' jql ' t

ar 1 angeneHiic F& BRI hE GHETAEN & s FOPBPRR Bt SUBRMEAIRE e

assenbly is a phased array antenna consisting of an array of twelve
el ements or dipoles El to E12 which are arranged into three sub-arrays

| abel I ed £y 1 @Mwin %ﬁ&i}?ﬁ@,%& aiyvehtioB is @eseribedtiirs tHeczontextlofraant s,
mut ual I y connect ed i% parallel, and is coupled to the output of respective

first, segmean@asgstei sultathts for whevineecellidar mebilegadivheetyier yiddevi ces 12,
14, 16 conprise conventional mechanical phasse adj mgt nmechani sns for
adj ust i ngpattisufarks theobnivegpall Mobile Jielenhong Jyistera (b yEOWEVEL dfi o
frequency (RF) signal to. be transmtted hy i j to each
of the dePal h?eﬂﬂpg@%laﬁ.@él,thﬂﬁ,the’l@v?%%%?%%rﬁ?%‘?ﬁlﬁaq%gsp ?ﬁ‘ggég ggg@# ?g The
function of the del Vi i @dj ust the phase of the RF
si gnal suﬁﬂliufl daPﬁl‘%égfoe?%%Etcﬁ@‘éﬁﬁ?%‘?}ga SEAe?nB, C by a predeterm ned
amount. The second del ay device 14, connected to the centre sub-array B, is
a fixed delay device, arranged to shift the phase of the signal supplied to
Figure 1 shows the vertical radiation pattern (VRP) of a conventional phased

array antenna assembly. The drawing is shown in side view and the antenna

assembly is represented by the point 1.

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



sub-array B by a fixed amount. On the other hand, the first and third del a
WO 03/ 043127 PCT/ GB02/ 04930 -20 devices 12, 16, connected to sub-arrays Ay

and C respectsineizy, are variable delay devices, each of wiTGBI284m0er abl e
to shift the phase of the RF signals  supplied to sub-arrays A and C
respectively, by a variable anount. M first and third del ay devices 12,
16 can apply phase shifts of, typically, between 0 and 45 to the RF signal
supplied to sub-arrays A and C and .each is 2)({1‘) str?gle by . of a

[

ggcrﬁ(r:l: 3 S‘Lesleagiigﬁlts ﬁkzlthagdrmraz@ﬁetgé rhr?festiﬁlét llllﬂ%b‘ﬁ chﬁgli{gfggﬁﬂgr r angement
i ect orioe Qe o usalbrTupBER B EopnsCP P I treBf B sDRARRS e, "0 o
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devices 12, 16 is equal in nmagnitude but opposite in polarity. In other
words, if the first delay device 12 shifts the phase of the signal

suppl i ed kayuberdfitalie fedder's wilebstanding afithe tfollowingedesprighionde e shi ft s
the phase of the signal supplied to sub-array by -4 . t he second
del ?_y ddetshac ﬁomzt"elscmcfal 1l and| "mechanicab Hly" mpy g@tqoegoﬁe% ﬁ&@z)rshi ft is
applied to the signal supplied to sub-array B whi | S\t di
slhl fts_ api@qull_éflﬁdwﬂleﬁéay f?ng%Fa]a’ﬁ'Salﬁsniqr 368}65\5‘3%‘8\6“41@%5“%52‘0,’[ @gp@hleagngr et 21?
electrical_tilt o u n | I ' f 4
of phase UERE %‘fﬁi ?aﬁ?gfﬁgéﬂbﬁeh?@e%%@?é‘?éﬂ?‘%@é s peed o Tor 45
appr oxi ma hfifusBfe nadchthehsehnd eimdnts t . | n thi
exanpl e, T 5%8%% ee;? Cstﬁﬁ%;ﬁ%ﬁglaRPSsi grrlla S sugpl ied to sub-arrays AnandISC
differ by Rfnschd fleattrpisaically niowdd)tsbensatotatinst the pesitiby afshappr oxi mat el
pp y

5. The direction of electrical tilt of the antenna assenbly depends on the

pol arity bofesigl#. phase shift applied to the signals supplied to the
sub-arrays. Were the

-
= D

In Figure 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, mutually 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 positive
phase and the | ower sub-array (in this case sub-array C) has a negative
phase shiwo o03/be7angl e of electrical tilt will be positiwET/6B®R/04gdOOVE t he
nor mal boresi ght WO 03/043127 PCT/ 6805404930 -21 line. For phase shifts of
opposite polarity the angle of electt4¥cal tilt will be negative. The
antenna assenbly of Figure 2 suffers fromthe di sadvantage that nanual
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(UK) Radi ocomruni cati ons 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- bThd firef andehiad elagtdediceseld, ridncamapply phesd shifisrof, fiaricalanpl e from
a base station to a nobile radio within the network, and ot her such
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net wor k operators usi n% adj acent sub-bands, the sharjng. of basF-stations S
delay device 12. Thus, the phase shift applied to the RF signals by the first

and third delay devices 12, 16 is equal in magnitude but opposite in polarity.
In other words, if the first delay device 12 shifts the phase of the signal
supplied to sub-array A by +45°, then the third delay device 16 shifts the
phase of the signal supplied to sub-array C by —45°. As the second delay
device 14 is a fixed delay device, in practice a phase shift is applied to the
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 negative phase shift,

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



often achi eved by neans of the architecture illustrated in Figure 4. The

architecture 60 permts five network operators to share a base-station site
with a rewsgestuyRe7transmt/recei ve antenna bei ng provi ded FaavGeaoioper at or
per sector. The result is a total of five antennas (Antennas A, B, C D and
E) WO 03/043127 PCT/ GB02/ 04930 -22-8r each sector which are nounted upon
a common base-station nmast 62, with each antenna bei ng nounted- on t he mast

62 at a different height, or at the sanme height a]gd ad atﬁiéespaced.
Each ant dimea Feasphase sbiftscof oppasit pobasity dhe aaﬁg‘a 1 %th3 W The hei ght

of the mast 62 nust be greater than that required for a single antenna in

order to Beg8ENBDdate the five antennas. As a consequence, the strength of

the mast 62 nust be increased, for exanple to enable the mast to withstand
hi gh wi nds, which in turn increases the weight and cost of the nast.
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the transmt conbi ner network 72, and receivers RXA to RXE, connected to
the receive splitter network 74. The networks 72, 74 are connected via the

_?_“pl exer F'I%&re@sﬁcﬁﬁﬁtlwnﬁd Guileeitivh Besprenty Di&lSld'mDuplan@G HRPF TXA to
XE generat® RF signals which are conbined in the transmt conbiner
network 7gregqneneabamds dlbocanghby te Hojpedtengdom: (G) t o t he
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 a 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
unallocated 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 antenna 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 antenna
assenbly 78 fromrenote nobile radios (not shown) are fed fromthe antenna
assenbl y W@ ostoasaagh t he dupl exer unit 76, to the recei ve KlGBR2aM930r
demul ti pl exer network 74. WD 03/043127 PCT/ GB02/04930 -23 In Figure 6, the
architecture of Figure 5 is ext ended %20~ i ncl ude three separate antenna
assenblies 78a, 78b, 78c to forma so-called "Three Sector Antenna

Assenbl y", where each antenna assenbly is arran%ed to.grovisg hor.i,zont al
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second arfeayiretl fok angngle ampaglacd atler ébacdommbdateetht ifivel antdiimasarsays f or
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conbi ner cotisequédite, tHObtrergthopihemast 62 must kexbisreasedyoriamplaienna

Soa To0h, cuvble fae GRSt uPRSRAA IS B OV Rich: i g SReREE O wERY DeT un' |
nbi its 7 70b id i | . it th
connect | offl ERsrl tpeaReyh FRebETRos: Bt ol iieRiafe Bl dckGimathe 87 Lhe
Consi deri ie)ag Eﬁ{astf%ﬁd I¥ficufis %ré Bﬁgﬁﬂ%&?&ﬁ&ﬁcé&)ﬁ%bthﬁﬂ prenggt s of the
%% 0 e XA

system ransmtters o TXE of the network operators is

connect edptGnistiocneFBEClocEautioHiie0f Lagemasts ahealsoansightlycombi ner net wor ks
72 in the'three positive polarity conbiner units 70a, 70b, 70c. Signals
suppl i ed bbausivbend maydei dnvaronnwnéaljausaateptable ahsome sHe%i 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, comprises 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

connected 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, 78c for
transmssion. Simlarly, each of the receivers RxA to RXE of the network
oper at or swicso3/iaannect ed to a respective output of each of RdEGBEROEIME
splitter networks 74 in the three pogjtive polarity conbiner units 70a,
70b, 70c. Signals received by an antziﬁa assenbly 78a, 78b, 78c are passed
t hrough the associ ated WO 03/ 043127 PCT/ GB02/ 04930 -24 duplexer unit 76 to
the receive splitter network 74 which
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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 output 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 transmt conbi ner network 72 has an assenbly of five parall el
band-pass filters acting in conbination as a transmt mnultiplexer. The
band- paswdeslens filter the signals fromthe respective RATaGBIZIMI3Dr S TXA
to TxE, after which the signals are nultiplexed to a common out put |ine
and routed to the duplexer unit 76 -2t ant enna assenbly 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 ar E.an enent. does,
however, dupleherunindbdadhe verave splBicrmepwericadvblebsplts B ISFHNEE | oss in

the system owing to the shallow rol.l-off of nost b filters and
the resul 8ignal iB@vaHEuALP#FS ?H@I"“EH @sbigr’i‘aéﬁe 5‘?‘&?“‘%&%%@%@& ion between
the transmitters TxAto TXE. In Figure 7a an inproved transmt conbi ner
network, for use in the conbiner units showm in Figures 5 and 6, is shown
general |y ' dneRROT e sy St Rfekc iR cicdciarpsindlaes first and
second trgﬁtgnr%%ggmrlr%—pts%a{){tg%g?gi 222 ABE andy2220D. The first transmt

nul ti pl exefandee ABkah $her@fsi@ngeskencthaefies vpetatarssaresbloto vieyigl systemdm up to
three transmtters 224A, 224B, 224E and filter themin respective

band- pass simbitzesuglys AequitiBl, onlp PEE ankmEa ASSLRBI WASER®R nul ti pl exer 222CD
Is arranged to receive transm SSjon Si qnalcf from u;{)ﬁtto two f -%er
1 and- pass
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fromthe fs&ﬁt%ﬁf._ outputs are conbined in a two-input 3dB passive conbi ner
232 having’two i nput ports 232X, 232Y and an output port 232Z. The
conbi ned out put signal from
The combiner unit 70 of Figure 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 handle the power required for
transmission on all five 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 power output required by the amplifier has 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



t he output port 232Z is then fed, as shown in Figure 5, via the dupl exer
unit 76 to the associated antenna assenbly 78. Referring now also to

Fi gure 7bwawmapeielri ve pass-bands 240A to 240E of the fivediéBer@Id26A to
226E are as shown. The pass-bands 240A to 240E have the sanme nom nal

maxi mum (al t hough pass-bands 240C and™240D are shown |ower relative to the
others for clarity) and it can be seen that the bandwi dths are not equal.
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groups of g hqﬁgagfagl@;ni{tél%qpﬂ% gss- bands 242A/ 242B/ 242E and 242C/ 242D,
which, as shown In Figure 7a, are associated with different transmt

mul ti pl exers 222ABE and 222CD respectively. Because the filter pass-bands
in each transmt nultiplexer 222ABE or 222CD are separated by stop-bands
whi ch pr ettt Fifsurei Tgnarf impravedasansmihgombiner 4etwork,gioz use 2285 out put from

filt 226A, f < le, wl] | h itt d 224E, i
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filters 2 Isolates transmtters fromother signals at the

out puts f Lemnmped e redev@ trandaXion sig2dy feom upeethate ttansmitteapp2eps i ate, and
consequently at these outputs the signals 228X or 228Y are "perfectly
conbi ned" 224Be 224Fr askfitiar them e cespyctivnbanepass Blierst226eL26P, nean t hat,

because the pass-bands of the refpective filters do got overl ap, the
226%. The second 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 ‘are combined at a second filter output.
(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 unit

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 226E 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 filter pass-
bands remains substantially constant. This allows input signals from
transm t t wos03223a7t 0 224E to pass through a multipl exer 222ABEB@r042H2CD to
provide an output signal 228X or 228Y with mnimal distortion ("perfect”),
so performng the desired conbining T¥hcti on. When filter pass-bands
overl ap, pass-band inpedance is not constant, hence signals appearing at a

mul ti pl exer output are distorted ("inperfect"). T ine th t [ I
228X and reauendi bands A enng o Bnand treayeacy heed 208 oo nptifly, " * 0 °
transmtters 2 to 224E, -t onhi . ed. iener is a
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031 04312l By e A R e sepax a1  on of
signal s ahg 5RGSE iR Figsre T4, Ak lovwriated evidl diffdrenttransmadpueltiplexers frequency
to be conbined w thout allow ng appreciable unwanted transmtter coupling
bet ween t p2PABHeaud 223CInedspeginelips at 228X and 228Y are conbined in a

l'inear fashion, without an unacceptable degree of nmutual interaction, and
appear at the output of conbiner 232 as a substantially perfectly conbi ned

o R SRS L s ip o el s, | 5,
IS signitlcan i . .
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conbi ni ng ARRICAMK HREs 268 Midrn26£f Rireneenple, Hilyonty Faachr ovi des a nore
efficient passive transnmtter conbining network than conventi onal

g;n(::)lh: ]E ieg ﬁ l.ttfaﬁSmit@a”t@ IMB gisd LPYE nerdfiliters 2268 and226Hyin highly attenusieter
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 filter pass-
bands remains substantially constant. This allows input signals from
transmitters 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 224A 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 2327,



The arrangenent therefore allows operators in both adjacent and

non-adj acent transmt bands to share a base station antenna assenbly.
Expensi vewaulstou3di12f r equency power anplifiers are not necessaryGheodawwe t he
transmt conbiner network 200 has redyced | osses conpared to that shown in
Figure 5. In addition, the arrangene avoi ds the overlapping filter
pass-bands inherent in the transmt conbiner network 72 of Figure 5. The

as: . the transmit combiner network 7.
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bands t herapprsciablen@eslarited Mahkinpkerxcduptingbatwebs fisdrs. Heged hggndln a
mul ti pl exer such as 222CD before feeding to the conmbiner 232" If there are

WO 03/ 04312pupcat ZRBX/ GubZIBY -af8 combimkidyimad $inedn fashimne witrowdpacent in
frequency, they can be conmbined using ,one nultiplexer 222 and fed directly

to a dupi elEcciptahlsdegsas of mytealrpiRyAction.candhapnear atithe ewtprtof t hus

reduci ng siagnal | . Wt hree trapsmt signals, .where at |east two are
in adj acencfoq%nlgﬁﬁg;%?\% %@Eﬂsﬁnﬂéﬁxm%‘iglﬁ qqgnlﬁg?é CANEBNGUSFEqUEREYt he ¢ hi rd
woul d be f%}@cfghﬁ?c“y to conbiner 232. If, however, the three non-adjacent
frequency bands A, B and E were to be conbined, only one nultiplexer
222ABE woul d be required and its output 228X would be fed directly to the
dupl exer w thout passing through conbiner 232. Four or nore signals

requi res tAbhoughufierefis anvinleremsignaidossbpiaveent the Sipgaing, opahp@toup to be
mul tipl exed together before conmbining with the other group. en conbi ni ng
fewer tham32X & 23340 the sombingty2 3dibisdis significanty lesalthapthedoss 222 woul d

normal ly bhe term,nated in.a lqad. Alterpatjvely.. unused frequency filters
226 coul d M%ﬁ&hye%?fﬁpﬁtm%%@ % PEiwar rWhltcﬁé%bﬁ%entlre y on passive

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 no 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 conbiner network 200 is
described in nore detail in co-pending Patent Application No. 0108456. 5,
t he cont ewoso3git3nehi ch are incorporated herein by referen@®eT/dbe/aydenna
systemof Figure 6 allows up to five network operators to share a conmon
antenna assenbly. However, as descri'b%‘above, there is.a need for an
ant enna system which not only allows several network operators to use a

common ant enna assenbly substantially sinul tamuslﬁ but .al s(g % qQvi des
the abi | i two signalsnajsbrarernoncadiagent di fregyiensY nbsy cap herromiPd usme

L
bl ockc 1 or frRMieR s 22, B LR a0k WA (e 83/ 043127
PCT/ GBO2/ QA at 1eASt AYS bR/ A2 & Mahag StvanwanlEbe sombiestbiny 702 having a

total of tvveFé\z antenna el enents E1-E12 arranged into three sub-arrays

700A (E1- BltipleReB222 BhdmRg thindl widid be (fE-ditejly (Tieombiagre2 3. 1) ect ri cal
tilt of the assenbly 702 nmy be adjusted by control geans in the formof a
Tilt Conbhowevenithe (nee)nonsadjeesnt dseqmendy bpndhad, dhandé WeRel7ba and

Gesoribed | nyurd hely SeL 8 o RS RS bS58 BB o Bl 3 2 o
antenna LSRN SufFieEHGY BREANPD, B aoiend v RRGANYh AR Gan bqiplctes 720
Cecond i At EauE B Lo T o uni 8 716A 7188
produces ialltdath gsb@ped be ehulsiphsdedtogethby before 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 antenna 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 splitter unit
716A is supplied to a phase shift unit 717A to apply an additional phase
shift, twoaakbpe7between -45 and -60 degrees, to the sigrraT/éB@medoe
primary splitter wunit 716A. The phase shifted output signal is provided to
a further splitter unit 7160, whichZerves to split the input signal it
receives into two signals of substantially equal strength. The two out put
signals fromthe further splitter wunit 716C are su pIie]gtj t(i a respective
addi t i onadystemh i700ezoropriises 2nemiempsEssembly: 703 haximech tdpl ¢k §V4lKe signal it

receives into two output sjgnals of. substantiall | st AN The

out put si dHema ?kﬁ#ﬁmhgla%#gﬁﬁraﬂ%?({ %Piléﬁlfegrsu L'ﬁﬁ“l‘% %,(Eil%é’g’pglgf ed to a
respectiv of .t 4 et < OA. Each
Cl oment BETEERAnA A0 VSERTaT. P pletes Vool i eF e AR IOR0 2,
151E2, 151E3, : i ' S i iogte, it @dgibin@Bhitand i ndi vi dual
nmeans of é?&?ﬁdﬁﬁﬁtéﬁﬁ‘%g’?éﬂgﬁ%s lggheg?lg%g#? supplied to eiach el ement, as
descri bed fauh hgs rékastited by ties dhsted limd?04 anduiabariedencimrthien éiétaht o t he

first and second carrier lines by a reverse path through the sane devices.
WO 03/ 043BéwRPCT/ GB02/ 04930 -30 It will be appreciated fromthe foregoing

description that the splitter arrangenent 716A, 716C, 716D, 716E is
configured such that each of the output signals to the elenents El to E4
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quadr at ur ge W infut eaRicRaines TRD, 728Aespttivalys EtenehtentapadsesibipaD2whi ch i s
provided to an input (A) of a second quadrature combiner unit 726B.
includes first and second primary splitter units 716A, 716B fed by a

respective 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 to 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. Each element E1 to E4 has an associated 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 further
splitter unit 719B, which splits the input it receives into two signals of
subst ant i wid o3/0e82al strength, one of which is provided to PTIEBR@AEIIONPUL
(B) of the first quadrature conbiner unit 174A and the other of which is
provided to a second input (B) of Y second guadr ature conbi ner unit
174B. Each of the first and second quadrature conbiner units 726A, 726B
provides first and second output signals to two elenents of the centre
sub-array 100B: the first quadrature conbi ner unit 726A provides signals

to elements E5 and E6 a t he second quadrature..c i nit 726B

provi des éi"@ﬂa‘l’%@l@?%l@?ﬂ%@@ &1? ﬁ}ﬁﬁg%&g (%ﬁ%n?lil?%fhagg@é és]éai(ﬁ:t(t)ér#d quadr at ur e
conmbi ner units 72 7 . i igFaget 0 el enents
E5 to E8 fi“-‘?‘i‘%?éﬂefﬁc’éﬁé’gﬁmt e%hzg@ggeﬁﬁé%ﬁegﬁg@%%% inpﬁt carrier
i nes 72001%%8@?%5% toqgeé"gfén‘?entﬁﬁltﬂ&%@@)\ﬁ@he figst dub-8rBNROOAERCHmes @ases, the

power fed nent I ncreases so that the total power fed to the

el ement s §bpalBSF subFaintially ©qbsl stnérigahl y constant. WO 03/ 043127
PCT/ GB02/ 04930 -31 A second output signal fromthe second splitter unit

716B is passed through a second phase shift unit 717B, which applies a
P17 to A sspnd oD ren e SpliFRE e ior Do o BIRTRDTRE | nput
St rengt h, W TaRA. WG PR PR e bEARS g » APSION el vl |
splitter Uibvided kGhe TRl (AT o itk qHbPthreShtA SombRiBramid 126A units

716G, 716H are provide erent one of” the elements E9 to E12 of the

third subygd hagcohdoatl s%nrapmﬁﬁi ivproviidid icomminpub 443 ofdj sesbrént
arrangenment 150E9 to 150E12. The central sub-array 100B is thus fed by an

ar r angene ghadfatwyeazmabinerunit 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 centre 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 the 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 sub-array is
substantially 50% of the total array power in respect of both transm ssion
and recepd @mw4a27si gnals. For the array as a whole, the EaseB@fo4tdoe
signal generated on transm ssion w I% be the average of the phase supplied
by the two input carrier lines 720, ]22 with a -45 degree phase shift.
Smlarly, a S|gnal recei ved by the central sub-array 100B w Il be

Shi 1 Z‘S:L | Sondrnacsisnaieon b st e nik AP0R WG ks SO0V,
espect gqog@ e st DpisgH 7B Reh apBis o SRsO Skt 148 el 2 - ona
conbi ner é%ﬁ gte Cﬂdégmtft'ro BHa8E shifi ubiley 19)tto ZOspifi@smnin7 BEUTRS 5 and 6,

t he output “of unit 730, 740 being connected to the out put

ports 754 g kit Pe6Bi sphitythe ihpull Gpnal04 re¢eives mto twle vupprtsigralafol means
|ntheformof a differential phase control unit (DPCU), referr%dto
gener al | y sabstZHinllyTequabRaengBo Whi@hplﬂ i@saLg Sﬂhéri%tﬁttWQjﬁFﬂEFesﬂﬁfiaé I%Yphase

control sub-unit, denoted by the d line 750a receive
di f f er ent ifégth I%ﬁ:ltﬂeédmﬂSoW b7]LﬁHt'?ﬁPd§ I '@@?’6 ‘11?73 Flc‘:éété/mgso

<ub- uni “%8@5 h@%ﬁtﬁfeiaio%iﬁe% oA bhe gttﬁté%%g@ B A O o i s
connect ed ﬂt&? Wm&yto@tl ef%pe&h@e Ridifenkl prde adnsanktat adansdhedihe

transmtter rst network operator 760. The T nput
splitter qlg()Eg?t%Sgdmsz two outputs, each of which is connected to an input
of a respective first and second adjustable delay unit (hereafter referred
to as a "transmt phase adjuster”) 760a, 762a. Thus, the signal to be

by the i Efa:‘itebéqﬁ?a‘ii‘sgﬁez{;?a%{ fodths o °2fe{iﬁ>as@%tr%ta'g§%§méﬁt§q%?& FEn subj ect od
to a diff ehr % 1ts,lo hv%ﬁﬁt ehre]cshlt%a %npsower étktﬁe central sub-array is

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. Similarly, a

signal received by the central sub—arfay IOOB 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 control 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 adjuster 760a
is connected at its output to one input of the transmt conbi ner network
734 in t hedesrgsizconbi ner unit 730. The second transnit ECAEB@EAKWDL er
762a is connected at its output to ons input of the transmt conbiner
network 744 in the second conbiner uhP? “740. The receive differential phase
control sub-unit 750b conprises an output nultiplexer unit 725b having two

connect adby ahe Raskepiec 4508 ‘bhnimasrw Sarren i) obase Cobrd Th-Wik psfee” ' ©
|t o CORErRAE At et voR T, U9ERAPE FhRE s e B Be 1T 110 a
respect | VSu{-ﬂurtiif a?%g%f%eggg%r@%%séﬁ%ﬁt&ﬁm e tharshffi@a{ddt showny oFi ve

phase adj uster Irst receive phase adjuster 760b is

connect ed adrst h&twotkibpdr@todrm60ut P irgfut ispHttee umit 725k duetwd4mtpuist he second
conbi ner unit 740. The second receive phase adjuster 762b is connected at

its inpueatlbofivvinch pucomfectddetocraminput pf extespersiveifirst aed segomd conbi ner
unit. WO 03/043127 PCT/ GB02/ 04930 _-33 In operation szlgI] | tqg,.be
t ransmi t t @djusiable deleyr wrhthesgaftersefersed L0 pgg fFATMIL pRas %E‘bsft‘?r 7262 of the

first operat.or 0 t base, stat i on i t i splitter
unit 725a. ﬂe7%£%uﬁ‘§splr}'ﬁ? tsggpahfﬂ © %ﬁﬁ@%‘ﬂlﬁg e?ﬁlghg%oggl &f\eﬁ%@wém out put
signal's of f&gﬁj X lifterSiAP 54 CarfPiRs@f  the
first and Sggggﬁé t?’r%)an m pogﬁgggﬂgg’]ﬁst&ee?g@%gg{ ltte762a in the transmt
di f ferent itgly PBIAS 260 MenOdubfedted ity & dTFO@ntiEhphdser shift dydnsamootither ansmi t
phase adjusterS 760a, 762a are operable by neans of the network operator
to apply phase shifiee ndelaskstH0ah&66bgnal supplied thereto, thereby to
adj ust the phase of the signal within a range of 45 1. The

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 RF port
726D 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 differentially such
that, if the first transmt phase adjuster 760a is arranged to apply a
positive ploasew43ehi ft to the RF signal applied thereto, tETseB@IdIIr ansm t
phase adjuster 762a is arranged to |y a negative phase shift to the RF
signal applied thereto, and vice versa: This arrangenent has the advantage
that the anmount of delay variation required by each transmt phase

adj uster is one half that required b an alt ti
del ay devIrcepé¢ration o sigaal u@dyqjgawn,@t@ﬁ%y the r@tgﬁaﬁsﬁp a;bhggggﬁ@}%\r/\her e one

decreases_delay, r ti ta the fixe smt ph
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ereto ipdey . j hal i lied b
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adj ust ed. g} gRRtpdt/HRANS bhilstienatesid sahifes ad spilt aignabaeach ofupplied to
an input of the transmt conbiner network 734 in the first conbiner unit
;30 tSl m %téierzfiys_t ahﬁ%eblljmgraadmitqﬂmde siljysedrs 760m 762a betherigansmibnsnit phase
adj uster 762a is supplied to an input of the transmt conbiner network 744
in the sediffetentalbphase aonitol PAQ-UNEaEYVa: r ansmi t combi ner  network 734, 744

supplies the phase shifted signals to the input of its WO 03/043127
PCT/ GB02/ 04930 -34 associ ated dupl exer 732, 742 which, in transmt node,
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assenbly I'n practice, the feeder lines 752, 754 can be made as |ong
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antenna asse y , If required several kilagnetres a f
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transmit phase adjusters 760a, 762a are controlled differenti
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 required 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 iildependently 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 transmit 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



From the input ports 712, 714, the phase adjusted signals are supplied on
the input carrier lines 720, 722, as signhals Sa and Sb respectively, to
the firstwoupmasizand | ower sub-array splitter units 716a, PCi8aBo2Rvneam t he
first upper and |ower sub-array splitter units 716a, 718a, the signals Sa,
Sb are split and distributed to t he ¥t enna el enents El to E18, via one or
nore of the -second to seventh upper and | ower.sub-array splitter units
716b to 716g, and from where they are transmtted as, an el ectropagnetic

si gnal t cagsbeiatasbduplexerd7 3%, 742nwhieh, deltransmiemeganapplics t@,ﬁis&gpaﬁ%g)ﬂsi gnal s
Sa, Sb are split and distributed to the elenments El to E18 in the antenna
assenbl y qURUiperts/§tedP31&sRECHEEYappreci ated by those skilled in the art
fromthe way in which the splitter units are interconnected and fromthe
foregoi ng description. The arrangenent of splitters units provides a good

appr oxi mag} | Sesh I gt pike AdfustddSigaals e supplésd, thie ant enna
is el ect ﬁ%@ﬁ%}gt"ﬁt@ggﬁgﬁsﬁég’ ggié’eﬂis%t%ti on 1762. gThi sis I;Y!(s:lhi eved t hrough

use of onjhe fouRerf BREETS6, TES respbéiivelpSio thedinpet ports 12 7140y the npl e and
cost effective tiltable system Figure 8 illustrates the apparatus when

conf i gur egntenns hesesnbly 702d/Inpractice), vae fesidgndings Aavi At ean Peanadagd e
pol arisation (e.g. positive polarisation), .although W.03/ 043%%2\;
PCT/ GB02/ brgses desieed 50 hahdhg E@%@B‘i@ﬁvé’ep%ﬂléﬁ 13 [QPaiPE ASOTR M o) 5o pe

transm tted/received. Fqr . eac ol ari sat i o f j 6, 758 to
the ant enH¥ %‘%@%ﬁ?e?ggygrq ’ lﬁ]ﬁu}rggﬁﬁga@gﬂgﬁrﬁiﬁ%ﬁlﬁ&%éféf gg%mﬁ 22 are
provi ded. Thus the maxi mum nunber of feeder lines required for a

dual -polarity antenna is four, making the apparatus relatively sinple in

desi gn. T@?oﬂ‘i {hfe_qpﬁﬁfsgoﬂtg ToDases ofhetgiRss hajatedl SanalShraleipplivdesthene angl e
of electrical ti of -the antenna assenbly and it will therefore be
appr eci at gghuithagrier 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 7 16g, 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, 758 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 first and
second transmt phase adjusters 760a, 762a, the angle of electrical tilt
of the anwensa4srgsenbly 702 can be adjusted. Mreover, trETICRI2HABOMRY be
at a location renote fromthe anten assenbly itself. The provision of
the additional phase adjustnent ar r';}r?ﬁgérrents 150E1- 150E12 in each of the
signal paths to the elenents E1l to E12, provides a neans for further

adjusting th h f I I d
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di el ectri %aC%\A%%l@ %tﬁ’?@%ﬁrﬁﬂ‘%‘?ﬁ%ﬁo@tm@ @y%g@mr?g%gtgﬁzn?s are

wel | known, i %Sﬂep,ﬁ%@ hrri &ﬂ'nl‘ilnésnf;ﬂd‘%?ar 8Vﬂeﬁt ThudhOsfaxiiuah t he

transm ssfon nt enna el e runs, and a generally planar
plate of gh@beebF *chede!i@ir@’s 'réd]ulﬁe(’ﬁﬁﬁseeduﬁepdlaﬁw bhienhasefquratmkingl t he
transmSS|onI|ne T. The plate of dielectric material, commonly terned a

"wedge", ﬂ&m&mblrylatwebtﬂngﬁdtmdwmh a-triangular or V-shaped segment
cut away fromone |ongitudinal edge thereof. The wedge is novable relative
to the base plate and the transmssion line T in a direction generally

Ei a?EtZ:géiate" iftatenee 18 Rpsa P e S AR SEABRE R marerial o
Q
causi ng ¢ ﬁ%%&&%iilﬁﬁﬁ%%&ﬁ&ﬁlﬁ%%%%ﬁégﬁd R

hence, X e ARYuS SN@lapapplial id aR ﬁ@lts(w theifiret Ind sedomdshi fted by
an am)unt ependent on the |inear ‘position the wedge. Such |inear
novenent  iggnesiephaseeidiestend 60a, d62a nté:araxgb& ofielectrical it bOf theranteinaa servo
or other notion transducer. The anount of phase shift Ileij ta the signal
on the tr assemblyi 4R cambe adjusted. Moreover, the TCU 104 may be at a Tocation

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 E12, provides-a means for further adjusting the phase of
signals supplied to each element 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
known 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 to 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 transmssion |ine T and the
"wedge angle", the internal angle of the V-shape cut into the wedge. The
gai n of tWe dsomerrght reduces as the magni tude of the til tPCangB®/s30
i ncreased so that, at maximumtilt, t?@ gain of the boresight may be
reduced by up to 1.5 dB. It is preferable to limt the increase in side
| obe level to -15 dB (or less) when the tilt angle is increased to a

i | ue. tly, the vertical radiati i
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antenna elenménts are conveyed, via the duplexers 732 and 742, to the

demul ti pl ¢¥6h Df 43%erid dr tibierr @opos ttianetlycerA portion of these signals is

t hereby conveyed to the differential phase shifters 760b, 762b associ ated

wi th each network operator's equipnment. The signals fromthe differential

phase shifters are then subject o a yector .su tion i.n. the rx}r,néél pl exer
e

uni t 725b Thamsnewrt ofiphasershifh gpplied fothg; sigpal it the trajispuissioh line

associated wth a palrticylar n r i: L J: |k j gnal s

recei ved éﬁ%ﬁ&%B&%@Pﬁﬁ# tﬁ? W%\é@ﬁhgﬁﬁgﬁgg&?ﬁie&%%%ﬁrﬁggi gllrl%FI;é of tilt for

that oper gy ' NYldrapb @4E intd 28O wede 03/ 043127

ben caon) o Talge A |’?‘h\l?wq?ﬁ%%§ed§§£bréé€|ﬁ’aet Vet Bt e el phase

shift may alternatively be inplenented by neans of a fixed phase shifter

in the position of one of the phase adjusters, 760b or 762bh, and a

vari abl e prasgaiahiffthe boresighteredusts asoheahagnimusleootde tdt aggleds phase

adj usters, providi nﬁ@z_ phase_shift differential relative e f.ixed one.
i

. . ot
It will alisorepsechppihati at Baximam tilfothe\aain ofhe Boresightdaay pe redicRd: h t he

splitting bo; uf) rt](? 1r§ %ﬁi. e gs Srie?enr%i)le ' i iefi}lcerréa & HJ1 §dBSobe 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 a 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 demultiplexers 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 to 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 angle of tilt for that

operator, adding in phase in the multiplexer 725b.



inserted in the signal path sonmewhere before the associated splitter 726a
(726b), for exanple follow ng the duplexer 732 (742). Alternatively, or

addi ti onaMoyg3/Msi2h sui t abl e precautions taken to avoi d it apeB@iodgdo bei ng
di srupted by the transmtted signal, the anplifier may be installed within
the antenna assenbly at the end of tAé-i nput carrier lines 720, 722, with
the advantage that the received signal is then anplified before being
subjected to_losses in the |ines 720, 722. The vari af)l e electrical tilt
associ at edt will be @pprecigied dhafrthe glifferantiahphaseshily may,a t%ré’égvétyal?q on 1762, is

i ndi vi dual, t h tor, t he .addi ti | ..t i ted b
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addi ti onal may be 1 npl enent e y nmechani cal neans, as descri bed

previ ousl Yo (heofixek anpl & wily alvovenspprecifited tHak [te@vereomentasses al ) .
Al ternatively, however, the additional tilt may be inplenent

el ect ri calassqcifted vegtathe splisting ©f the reqedeadrsignal, ﬁﬁﬁ’épléﬁﬁl’f@(éﬂg%éf the type
descri bed at 760a, 760b, 762a, 762b. In the_ enbodi. t sho l.n Figure 8,
the diff eriBsarted nghe Si2n2h Wﬁb?omﬁw efPS‘@qu%melﬁfisﬂcglgﬁﬁeSpjﬂt@\ﬁ?%@ and receive
differenti hase contyo, = Unj [ nged.externally to
an oper at c(?%@sgogf”é?rpﬁk @%ﬁngﬁgﬁuﬁ%ﬁgﬁ@ @%@8&8@0 - 38
al ternati vy, ' b bktsiutiohe thken b aveid fteopetdtin wiage control
unit 750 a%ig%ﬁpmﬁhegﬂ\%@%?n the1 baseerslt ation i tsogl f withi th ransmt and
recei ve dfsmgwdbpise trhfsrhities! sigaal, thhemphfier siayt beoinstalkd withjr thei ded wi th
an external input” port to permt control of the differential phase control
unit 750. atberma assembly at the end of the input carrier lines 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 electrical tilt of the
antenna system. The additional tilt may be implemented by mechanical
means, as described previously (for example, by movement 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-units 750a,

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



the differential phase control unit 750 is arranged within the base station
1762, two transmtter paths are required within the base station (from each
of the fwosd3/asid7second transmt phase adjusters 760a, 7a&@r/éB02/0893i ven
signal polarity), each of which may Qe provided with its own power
anplification neans, thereby perm ttihg total carrier power to be doubl ed.
Since the feeder lines 756, 758 between the output ports 752, 754 on the

TCU 704 and the input ports 71 714 on_.th nt en need to
be of t healégraativeembodiment (et ﬁHJSF@WéﬁhFhes@f'&%ﬁ%‘}e‘baqi%%ag?s g%éeh {r@gsi bility
that ch s in the |ength. of t f M dal fcindtReeRBase of
transm ttaié%? H?iyg??arog?{egn\g?gma%eu}%%%gﬁggfltgse ?gﬁy?gﬁﬁ%ﬁt rz?nsm' g;i on line is
usual |y eflanhadiordYIPthiebhRo diéBadPRANion 762 MobRaled bt arestersali on | i ne
by predeterm ne amounts. Thus, any variation in feeder |ine | ength ow ng
to, for eygmpbert tolfRemibLomglastsihentifferentinl phase comtrefl unie73beVden| i ne, may
affect the phase of° signals on the line. The tilt sensitivity of a
tiltabl e ttdiffereraind phbse conteol wmt 7HAts aengedwdthibdieebasesStyon cal 1y 17
degrees of phase difference per degree of, ele éli)l cal f
|

il | f i d
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Si nce thepﬂgggy)ér%?ﬁ Ogs?hlégﬁﬁggé-@ﬂé@%%z:‘%mggdi fferen¥ Fgl-ﬂlphase shift of
+- 3.4 d S QeRRisnd fotaNcatricowabiee tEbeatoubbad. Length Vari ati on

( AELV) g?\%ﬁ@bt}?%féf% = (3.g4 /' 360) x\p?scm = 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,
thérrnal expansion or contraction 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 0.01lm nf degree
centigrade. Thus, if the maximumlength of a feeder cable is 100m and the
t emper at unw® o3rasrases from 20 to 85 degrees centigrade, trETGRI2MH4990! |
increase in length by (85 - 20) x 100_x 0.01nm (= 6.5 cm. The maxi num

al l owabl e difference in tenperature H¥ neen a pair of feeders,
corresponding to the maxi num al |l owabl e difference in length of 1.4mmis

gi ven by: Maxi numtenperature difference = (1.4 / Q. x 100 =z 1,4 degrees
cent i gr ad8incetthe wavglengsh ab say, 26WE is 1dcm), @ élé?r@él%l?\oé]éﬁsel %‘}ﬁﬂﬁ 'é/n'd
tenperature difference
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714 of the.ant.enna assenbly is the sane as that at the output ports 754,
752 of thg“F&PymA Figure 9 is a block diagramof a first form of
apparatus which automatically conpensates for feeder |ine phase difference
ow ng to such thermal expansion or contraction of the feeder |ines 756,
758. The automatic phase AEWpenSat i/ 60xppEicam ws,1.4own general |y at 900,
conprises first and second m xer assenblies, depicted by the dashed |ines
902, 904. The first m xer assenbly 902 includes first and second

ahi ch | oodeyheBug SXPREION QAP TPAREF BBl Y4BV TEREEE " ho m xer o

ic 00 S~ 763, 0 the m xers.

Each coupl er .91 2 h an I t Therddu he first
coupl er 9f6nﬁl%faaénﬁ§8§’eﬁ%’£‘%“ﬁ%@&§‘@% g‘%‘%t%p?? ﬁg&gégc%r%e {(;Sol q}ﬁ’e%mgﬁlle{ 740 (not
shown in Ej ¥ i t I & qHelcableddfll f eeds a first
i nput of éérgﬁéxgpﬁ%%g&gg%f%%ggﬁg%itsnd[? {éégﬁcégﬁr gi%e’gree pﬁase shifter 918.
The input jgérehfieinsREgaAbY 08HL20)H 200 % G.0tnmat éd 6.6 dthp out put of the first

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 generally at 900, comprises first and second
mixer assemblies, depicted by the dashed lines 902, 904. 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 the second
coupler 912 feeds a first input of a second m xer 922 and the second i nput
of the fwosd3/mseer 916. The out put of the 90 degree phaseeCAGBR2aMIP18 i s
connected to the second input of the i(gcond m xer 922. The second out put of
the first coupler 910 is connected to a"signal input of a first variable
phase shift apparatus (hereafter "first phaser"”) 914 whose signal output

coupl er 9983 %égniﬁﬁs@%%‘ééﬁ‘éls?ﬁé siegals onTE%Léeieééﬁsﬁé?e%ﬁ&%@%hﬁwﬁ&gﬂSs_e
connect o tegh Cruplegh oo 12 s AP RUFRED shitey, LhORTuR'dfiee s U °
second M X515160890,i9 8Gundcled BYBRFARME O eesckbp cofoiferr BPPA0 (et 17 5t and

second | o e output of each |low pass filter being

connect ed o} Qwh lih Highfedo)s epNdrst| tofitas Fast couplsr 910 feddsedfiestk control | er
928. The second m %er assenbly 904 is substantially identical to the first

m xer  assgythlof a9fidst deiser i 6cmalthe énputafs, 99 degrrecpirserphifésr Asenbl y 902
i ncludes third and fourth bridged directional couplers 940, 942, each
having an input and two outputs. The input of the third coupler 940 is

connected, to ., the Lnput port 712, e firs | £ekcoupl er 940
i s connectldi§ 1pput ?ta{%i sr?ﬁBPd(Wqu‘?é 91?r1§FOBB%%%E‘E@%&E“Q@Q%P{% {I{ékrt unit 716a,
as shown in Fi.qure . 0 | 840 feeds a
first i npu.?f)r‘?ﬁu(i]e ‘?%?7301@%?‘%8‘3@“ g%ﬂ??g frg%[}g%?h@%ggggﬁédﬁgcg degree phase
shifter 943,,WOR3/ 434 2 FifSCHaBOZAMES migdr IDE ahdpkié sedondhiephoof t h
coupler 9 Ps connected to the input port 714. The first output of the
fourth coupé ¢ifstAhxdrd 1 Tecowput of thecd0 degreeghastishifier 418 isower sub- array

splitter unit 718a, shown in Figure 8. The second o@out of . the fc%urth
coupl er 94@nheciad ta the segondnipput of the seeond Aixek 822 g skl sreopd output 0

the first coupler 910 is connected to a signal input of a first variable phase
shift apparatus (hereafter “first phaser”) 914 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 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 is connected to
the input of the first upper sub-array splitter 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 90 degree
phase shifter 948 is connected to the second input of the fourth m xer 952.
The out puwaood3/oazieh of the third and fourth m xers 946, 952dEGBIMeENt ed to
the input of a respective third and fgﬁrth | ow- pass filter 954, 956, the
out put of each |Iow pass filter being tonnected, via first and second

f eedback 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 anplifiers 930a, 930b to a control input of the

first d d 14 .9 . i 914,
020" o Min gt & G tourthcupict i,  WEpRaReldo Rt BorCTER, BAESCL PS
th t [ | [ I ited: irgd [ | b

under st ool R e R 2% e fi7st and

second phi’o’i@érss&léﬁra?%ﬁlittéflﬁnﬁ@%ﬁ,okﬂ(ﬁﬁnﬁllmifiig&%&.afﬁhb sdvondrpitpiti eff s 930a,

930b, are located within the TCU 704 and that the second m xer assenbly

904 is | ot foirteceuplet 942tfeedsen frstdnprat ofss foritly miser O5hasd e words, the

first and second m xer assenblies 902, 904 are_l ocated osite ends
of, and asecaneninput efl theotrchanxen946. fcher Quipst of ﬂ?‘?e%ec?ﬁéfbbf%e%hi sis
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900 is arranged to conpensate for any variation in the phase difference
between the signals Sa, Sb at either end of the feeder |ines 756, 758.

Such vari gieQBRY obEadPoS ek third i fouekamiters a6 DS dntomiectdietoral
expansi on or cohtraction between the feeder |ines. The feeder variation

phase conmles gfut of af wspedtijeethirddrehfourtdldw-pass filiee984; 5@ chewuipy al |
signals transmtted by the antenna assenbl ¥ and is
of each low-pass filter being connected, via Tirst and second feedback cables
960, 962, to third and fourth inputs respectively of the feedback controller

028.

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 phése shift applied to signals at the control input, in dependence on

the signals supplied.

It 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 Sa, Sb,
output fromthe first and second combiner wunits 730, 740, as described
with ref ewens@4sia7Fi gure 8, are supplied to the inputs ofpdineBdorstd and
second coupl ers 910, 912, respectlvelx The first coupler 910 extracts a
portion of the signal Sa and feeds it %o the first input of the first

m xer 916 and to the |nput of the 90 degree phase shifter 918. The 90

degree ph e shifter usts the. hase of t extra ' t he

si gnal 922 B)i‘u%n%l‘éﬁpg %QFHP%FE&P 1L APPRrafyp ?ﬁ% 155%%%341#%rﬁg$&g e second
m xer r [ | Sb and
feeds it f%r %&Vf}?&?@kﬁlt} Mﬁs?%ﬁeﬁégé%% %&xglr% Sg%l%nsagg Spgg%%tgefhe second
| nput of EH@off'ﬂ'iéfeedéﬂl%s%@ 750.C8udH ¥@fiatPhb ma9 2k @ause@bzheolsignals
received at its inputs and outputs the mxed signal to the first and
second | ogkpapk, differsmsiad BdernBP 6xparssqre ot Comiryctidnt betteentibe fgguleeci at ed t hat
the m xed si gnal feruﬁpéﬁlled to the first Ilowpass filter 924 fromthe first

m xer 916lines. The po'arlauﬁalphasﬁ @cpmpemsauogﬁa@@ﬂq%%ﬂmpl@me@éﬁﬁ)bﬁent of the

signals Sa, Sb whilst the m. xed si nal u e e
1 Pror oobiguiel Theommesie aH sepslsItismifedDy §F apihoin ausiniolas and T o o°

quadr at ur carrler o i gnal s Sa, Sb The use of the "in
phase” a g‘ mg%%%%%éﬁgorﬁecessary in order to derive an
unanbi guous maasurerrent of the difference in phase between the signals Sa
and Sb. WD 03/043127 PCT/ GB02/ 04930 -43 The |low pass filters 924, 926

subst ant i g lopef4i60Y eh@kignaly S4,/8b, utpet fronf thenfirst And seowmdl cirgbiaes,
i ncluding carrier conponents and any transitory fluctuations resulting

from the eaitsi7é0s 748y andescrimdowithireferendd wwFiggre $mpre suppdiedda@ubat i on in

the mxers, and apply the DC signals t h
feedback dapHts&f] pf‘ygt@nd second couplers 816 81% rreséfaecﬁ:{]vdely S’leﬁoﬂd | nputs of the

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 extracted portion of the signal
Sa by 90 degrees and applies it to the second input of the second mixer 922.

The second coupler 912 extracts 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 916, 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
Jow-pass filter 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 m xer assenbly 904 on the feeder
lines 756, 758, are also extracted by the third and fourth T-taps 940, 942
and appl webstoaszhe third and fourth mxers 946, 952 in tIFETRGBR/MEINEr as
descri bed above. The outputs fromthe third and fourth m xers are thus
proportional to the in-phase carrier 4§0‘rrponent and the quadrature conponent
of the signals Sa, Sb, respectively. The m xed signals are applied to the

third and fourth |ow pass filters 954, 956 whi agai ilter .out all but
the DC tEherow-pashiltergild,O24nsubsiaatiaty é’Pg}?é{Iesa(iﬂ?‘ét ‘ﬁﬁg?mééﬁﬁpﬁ SR ¢ he

third and. fourth_ inputs of .the feedback caoptro n exanpl e of the
out puts fthemixgd signals, REMARE EAHCT FOMARCH Iqr@%{ﬁétt?@%‘% ) 1 ow pass

Filt funct i on: of di it e igignal's at  thei
nput s 1 g R Riec B B e e D | ow pase
filters 9pi%a0 m3dthatdRty ddixdSedhnasphonmO 2end?® iie Atdtanto compute

the foll ow Rg properties o antenna system the phase difference of

the si gnadezomd infis A thé€ecliBhtl 6dntroli¢red2Mase difference of the signals Sa,
Sb at the antenna assenbly 702 and the phase error adjustnent required to

conpensate for the difference in phase difference between the control unit
and the antenna assenbly. ] n addition, ,the feedback ntrell 8 is able
to deter nihesigngls Sar éppbm&eépcp%ngﬁgﬁysg@jy 9@ Oa‘i]t&teﬁlgé%%trol uni t
704, the garrj r_of the. si 03/ dddn AC -44 Sa,
Sb at th lﬁ?ﬁjéﬁaﬁp%ﬁ@iﬁﬁp ?@5’%%@&%‘;/@18%%8 él?foss g?ﬂ %%%?g%dal ong
the |engt fGfed RekaAlrad Rk tafiord D6, b2 ih ersibank neankr akl er 928 is

t hen oper 0 output a control signal which is applied, via the
anpl i fier gR30Rd B, The dubsutp firse thottirdbnd fputts miketshare thizs st and second

phasers 914, 920. The first and second phasers adjust_the
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 controller 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 dependence on the
control signal fromthe feedback controller 928 so as to reduce the error
to a m nwoals/uenel . I n other words, the feedback contr ol |PET/GRR/04930
operable to ensure that the phase di A{erence bet ween the signals Sa, Sb at
the control unit 704 is substantialT1y equal to the phase difference
between the signals Sa, Sb at the antenna assenbly 702. The process is

performed_ on_the aggregate e maf.all carriers ensati o
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anount . T{hggl,en% Oﬁﬁ'ﬁié?g%nhﬁ?%nﬁgﬁgs%'of the signals on the fgeder l i nes
756, 758 are conpensated for. In Figure 11, a preferred form of antenna

systemis shown in block form which illustrates how the automatjc phase
conpensat TeB faRitRickt dnuollewd28is tidrgoperablentayotipui a conipol sigeal Whichhe syst em

of Figure 8. Wiile the scale of the drawing is such that indivji dual

a;] i ][ Qecg mﬂe ?{pliﬂ:de Vit dmarl]mplififewiihlt, &30b, !Cchﬂgﬁ pha&erf@ngpégr&aitg Qlf&egﬂ?es ’pagﬁlz
ections are shown for one | arj '

W11 e ubasrasmsond abaeei U o3 fiedfist BR et HESeRAdy B 760 1760E

0 use e ant enpa,syst.em su Al S¢ h

oper at or ﬁ%ﬁp??%;ﬁﬁh@@@ﬂ?%@@&%%&i a}sﬁ%&%?f?? g‘?@rﬁéﬂ%%\gﬁgﬁg?/ 1? ?gquency

band. In Fbgﬁéﬁspiéﬁal R B e d04R coiflicR @ esipu o tdduds tiatirog thaw t he

system of esent 1 nvention can be used with a dual -polarity antenna
assenbl y Wena3A10k3 4R TnRERECRO2AN 488 Feedbabk TORtroHar B2§ @opérable 04b i ncl udes

an automatic phase conpensation apparatus 900 simlar to that shown in
T B e e S e e &
and five D0dUs substaptally eawal tohe Pbﬁ@ﬂiiféel‘ence Between the tsirg%BﬁdSe{,erF' gure 8,

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 variation

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 illustrates 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-1760E 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 present invention can be used with a dual-polarity antenna assembly



shown), one for each operator, simlar to those shown in Figure 8. Each
operator 1760A to 1760E has a transmtter port 726a and a receiver port
726b at tWe® Gage2station 1762, each of which is connect ed RQI/GB2AggBACt | Ve
DPCU in the manner described above. Sic%c_e_ there are five operators who nay

wi sh to use the antenna system the TCU includes ten differential phase

control sub-units, two for each operator. The outputs of the differential
o ner  APERL THIE 7048, B0E BRI SubBBoe WM ediwebBfhlers 736, 746

in the fi r%épar%??)@?ﬁﬂﬂla‘f%&%‘%how nSFitpte 9,7ﬁ>Qrti6f WhHeh T8 MG efeglgscr i bed

wth refererce I gure e out put each conbiner unit 730, 740 is

appl i ed t otHehténrizsissenbly 70RhdelfMhpair ofsemblriee unite FBO¢ T40aimilaf td he
automati ¢ phase conpensation apparatus 900, as described with reference to

Fi gure 9. thoge ibwstedtedms Figurel$s apdaiee DRGUe760denlyetiwedl DRECEiignal s Sa,
Sb, as neasured at the TCU 704 by the m xer assenbly_ 902 and at the

ant enna asSQwby oneXopgachepesaiars stvtantn (hosgshowarindigura e angle of tilt
of the antenna assenbly for all operators and so is conpensated for by the
automati c phase conpensation apparatus 900. The conpensated signals are

hen appl,| B BpkA0PTHGHN% 5SEILY  Rineh ARPSRIE Ay Hiseap et | onel

manner. As nent ove, the ftransm 44 in the

conbi ner upb#t72680at thé BaSRsiatibARVT6R] ¥acH BPWhiciRitdednhectda iyl teRpsotdres 736,
746 each have five outputs. It will be understood, therefore, that although

WO 03/ 0431PDPCICTH @O @B descritedt abwvei Shimueethicreahrepfies eperandrsovhs ub- uni t s
are required for_each &Berat or, one for transmitting and one for
recei vi ng, eyl wishvie usgeherptennasstast. dhe d GHaneludps ten dibfesomtial phaseini t s
730, 740 1 cr:lortlt?o s-ll-l%l-JuIZi?sll,'tw%a orr] e%fch toggra%ct)lpefheo 8&&%&5 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 antenna 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 understood, therefore, that although



using the base station has a respective pair of differential phase control
sub- units, the outputs of which are connected to other inputs of the
transmt woorsusier net works 734, 744 or outputs of the nulRdpGROCAMS30736,
746 in the conbiner units 730, 740. Since the differential phase shifting
of signals occurs prior to nmultiplextT™g by the transmt conbi ner networks
734, 744, an individual angle of tilt can be set by each operator

i ndependent |y, Whilst the apparatus jn Figure i s _agdvant 0 in that
it conpentyer differentialaphiasgiqongiob sudmit afq‘]geqtg fprapc ﬁgqagglgecﬁfq i ne 756,
758 owing_to, for. .exanple .diff i | 21eOfAEr act i on
bet ween t {8 trqw}thg]@rqggﬁgggr Eecfr%{}'zﬂé’a@ gﬁ%ﬁfﬁ%tg?l E%;%d%erg%g?o al'l

operat ors i 0 fnlhk RCUPTof . SR d@dofiiesth erarase
corrpensatF"ggrlcbgl%é%%ﬂrg?z%dr}aﬁat%y for each operator. Additionally, the

appar at usyghoFheuh& dfhtion!has perespdcsive gaipendiferentidloshade Contrehsws ari si ng
in the Iengt% of the feeders to the antenna assenbly, whereas in practice
phase di f figitgnibe cutputs Hfvelyichlaseo camiested tonothies inibion ke (TANIMIL730, 740 and
in the input carrier lines 720, 722, for exangl ._Fi ggre %%l a bl ock
di agr am otombinexnewearlks £34n 4heorwsris: ¢hiemUlIeters f/aPm/ 69 B % at us,

of the o Gubetasgmigy Bhy fh i g AErEIT BheRy Sulthd P5ial T ahami ¢ pac
and the base, 3taldqp SAAlhb®y! hRREMsmiPab AL RAGBHEPPIAITE, an

separ at el QC € antenna system conpri ses an antenna

assenbl y {0 R ﬁnglgbf@lﬂ caf baREEBy aaciieperitdethdepeidendfyer ence to Figure
8. In addition, the antenna assenbly includes a vector neasuring receiver
nodul e (VMRM 1010. The VMRM 1010 conprises a Vector Measuring WO 03/043127
PCT/ GB02/ 04930 -47 Receiver (VMR) 1012 and a Vector Measurin cei ver
Cont r ol | ePWh\8IRE apparatus in Figure 11 is advantageous, In that it compensates 10t

any differences in the length of the feeder line 756, 7 58 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 permits
compensation for differences arising in the length of the feeders to the
antenna assembly, whereas in practice phase difference errors may also arise
in the combiner units 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 Sa, 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 is again a
dual polarity antenna and requires the provision of two VMRS as shown, each
of which Wo 3oasected to t he cormon VMRC 1014. However, f @CTeGB2iody30 only
t he connections -and operation of the J/yR 1012 for one polarity will be
described. As an alternative, a singlé VMR may be included, with swtching
nmeans being provided to switch the inputs to the VMR between the two

101 i chereneoAAIRELD! o e enmeMpeniily RS-t AR i
To1g wo S | S .

1018 15 ahOb¥ sPRaRded tiersh PR P e n iR Gro B S BRASAB 5 s 1 Che
ant enna aaggr?ﬂéﬁégﬁ%eép& and %ig&leggﬁ%vm@rpaf b VIURRUs sHoivad) dagh

connect ed I nput "0 of the transmit and receive phase

adj ust er s of §@ach 160bnnetbto the Yonimon VRO 0dif Hevesver aforpdiadey,cont r ol
sub-units 750a, 750b. The TCUC 1016 also has a control input arranged to

recei ve aonbnthreotorsiegtians imdoperationwdrthe \OdR 40152 faropnespolarity wilde equi r ed
angle of tilt for the antenna assenbly 702. Int,erﬁgilsegd Qﬁjf each of the
i nput car desaribads ks apeltermive sa single YR payherpsiuged, Sy $RHCHBE  1022.

Th f h sniffer 1020, 1022 | ' f the VR
1012, gineans Ferte BreiriGhia Moth gl RO MiR SO gedWel o "

i1 lustrat ' . ' o the VMRC 1014. The out put of each of the
T- Taps 10§§!dri%ggﬁg?)£?§éeé toIht he 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
fed to th&henpQU 304 dndludst a MCH tGontrd B3 TABE) d0f pwhioh isvaomtedted connect ed

to a first conparator 1034, via a 90 degree _phase shifter 1036, and al so
directly to tlnegg’MR@thM by meansref wmgwﬁ@m@ie pETE el @&1983@% 8 of

carrying digital signals. 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 adjusters 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
operator 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 10238,
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 out put of the second receiver 1030 is fed to the

I nput of a second limter 1040, the output of which is connected directly
to both tWwe ofousret and second conparators 1034, 1038. EaclraafGsdre4$ior st and
second receivers 1028, 1030 is tuneable by neans of a |ocal oscillator
1042. The local oscillator 1042 geneTﬁ?és a signal at a predeterm ned
frequency which is conbined in the respective receiver wwth the signal

fromthe T-Taps to produce an output signal of in | ate . frequency, the
i nt er nedi aompfﬁraéqnégﬁ& s']ff@rﬂltp!éf;s‘i) giea%pn;iae%%V%iﬁ(gE%&tP%e MY ters
1032, 1040, T . i. 42, s '

of the 11 PEa SHRRSLBOIRT FACe opQiEi o8 Wikihd! Pt dfectl, B Ane e

used by t?ﬁﬁ?ﬁf&e&%‘:ﬁ’éﬁfg@a?aﬁi’??b% g measurenent of the phase of signals

Sa, Sb fr operator 'and, thus, differences in error
conpensati on between different operator frequencies can be accounted for.
The output of each of the first and second conparators 1034, 1038 is
connect ed Baghtdfahé Myt aind second specivensel 028y 1036sis ftiaable by sdgans@f61 t he
outputs of each filter being fed to respective inputs, of the VMRC 1016.
Ref er ri nglocal mscillapmgL4 Tie leeal agillatar P42 gensratesa signgl 202 operates in

th d i b b t ly t | |s Sa, ..Sb .1 f.eed [

756, 758, PRMISEIGAreieney MFCE T LomBinaHh fn e RetTE roceHka o, | "o
t 71 714 d ; t ' [ [ : 2. The fi t

bod seconde finah BOpBRE Tobadsdo OcpoRHh SR Spd of Sefdial®l. O D11,

Sb d (¥ : | ; 1 024,
and_ap %é’qruehﬁg, 12%& ﬁlfeﬁrhf‘e@e al'cﬁé’ 'ﬁtéq?énéy) sigh@l bg@?ﬁhtfﬁﬁh\é& 1@ e fespeotive

1026. The putpos ttenuators Is to e signal input to the

respect i veirhgesi M32, 119400 T hegiuepose dithedoealsoseiildton b4 id wr enabde of t he
receiver with respect to its dynamic range, linearity and noise inmmunity.
The att endnhing @bthei first ofid séeongi rgaeivesal 02&b1030 woeashrdfdhe Araqvenespect i ve
recei ver 1028, 1030 with the si gnall
used by the operators. This enable

lied .
S ?;1%) 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 and noise immunity. The attenuated portion of the signal Sa,

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



WO 03/ 043127 PCT/ GB02/04930 -49 thereto by the local oscillator 1042 and
the internedi ate frequency signal output by each receiver 1028, 1030 is
passed t hwouglv4sthe respective limter 1032, 1040 so as t ®eaTeGB2d4g30p| | t ude
variations within the signals. The extracted portion of the signal Sa is
fed to the first conparator 1034 via~ dhe phase shifter 1036 which adjusts
the phase of the signal by 90 degrees. The extracted portion of the signal

Sb is fed directly tqQ the fjrst conparator. 1034, The output. of . the first
conpar at orthgxgta bydhg dpeal wcﬂfgtqrh]@%rﬁ‘pgrgfﬁqedmgg@latp ir}%f‘%‘lﬁngb 388hi ch renoves
substanti al | |1 but the r f; [ [ ks esi dual
carrier ¢ ‘h@?ﬁ &a&hf?%é"egﬁtog t T@?@g%égégﬁptg@%lrthgﬁg%ﬂéghgg lgﬁ%eli ransitory
vari ati ons; e 180l s AP S RPLifUOR vrfaliBhs vAithihiRe biapils, Lo L he
conpar at or's passi ng through a zero value. The extracted portion of the
signal Sa is also fed directly to the second conparator 1038 as is the
extracted portion of the signal Sb. The output of the second conparator

1038 i s apphé extractet lpertiec ofithd signplaSa isf fedt terthe dirst compataton 103t viae fir st
| ow- pass filter, renoves substanti al Iémal | but_ i he, of the signal,

| | e, DC t%rr?
i ncl udi ng thayhese shifter 1036rwhich adinstn et rhass affbe signaliby 99rdaghees onpar at or
and al so transitory.vari.ations duye.t he i | gnal s at
the input af]ge Fﬁtéa%tﬁhﬁé’%g?% of %?J%ggp?llg A ﬁﬁ?{;ﬂ‘f%l&gﬁoo{‘@gﬁﬁggomi’ﬁga@tt put of
the first fi [ : Ikt on of
the di fferie%pﬁ?\é%%de Egﬂ@mégsrﬁ C?H@S?‘Sﬁgpéggiq@%wmﬁ? P{ge%gf@‘g tput of the
second | owjpas$044 WiEh %éiﬁ@vessswa@nﬁanﬂmm&hemasﬁm of iwsighal, t he phase
di fference between signals Sa, Sb. Both the quadrature and in- phase
r epr esent ainchrén@aay rresidilechriier oomi@onemts in dhé datpar ofiterbomparagor and
measur enent of the phase difference between the sitgna! s Sa, Sh. WO
03/ 043127 #HSTAGRILABXORQ 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 comparators 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 unambiguous

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



-50 The first and second receivers 1028, 1030 al so generate a respective
Receiver Signal Strength Indication (RSSI) each of which is applied to the
VVRC 1014woous/usansm ssion to the TCUC 1016. The RSSI is wxEdGB@044m0i | t-in
test purposes and as an indicator forgfiealth and Safety assessnments. The
VMRC 1014 is also provided with a tenperature sensor and heater 1048. The
sensor neasures the tenperature at the VRMC and i s operable to actuate the

Cati of act orge Sart ARt aectl EDevER AT IERE AN BlndSIRE BEPHER S Refrive e
Sa. b and Eor g s r e SO, e (3 b IR T o “cabi e
T e T e i o S (e
:Ihlat ﬂégﬁpm@@.%em% g%ei ving .t he neasured phase dij fferensge bet ween the
signal s Sa:”'ShiS aj)go Previded yitheg [GTPRefBHE BensHeandikaten 1648 . sTho prstsabl e t o
CFanerm o dngs SeORT Riralifs AP RMCHIFis hoersife g pRB IR aase
control  siplprdet 16 1ih5Pthe ARPRER o?@i:a%tg{%‘?gﬂ%b@ke ?@leﬁtiﬁ{ac@kg%fdecﬁ)l tilt

of the antenna assenbly 702 I1s sub _ e same as required
angl e of edmsate combct opdratioht will be appreciated that the apparatus of
Figure 12 enabl es phase shift errors between different operators (i.e. due
to their different operating frequencies) to be conpgnsateg fﬁr

i ndepende by virtue of the VWRM 1012. The measuring and phase

adj ust i ng%%eg t fpgmshe VYIRS hale whe direch mesgareaant of ithe phatel y swi t ched

on,, shen +ABPUREHAL-ELTR bt 4 5L e B S RDBRSTEE 20,
for exanpl #aqHEtYeitl BB 88ble 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 shifters 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 -51 In addition, the TCUC 1016 may be set to
either a local node or a renote node. In |ocal node, the angle of

el ectri cawaoslu3nrequi red by each operator is set |ocally rr/¢be/o¥ad0 704.
In renote node, the requested angle afsjelectrical tilt nmay be set
renotely, either by radio Iink or over a tel ephone line or the 1like. The
TCU 704 al so displays, locally and/or renotely, the angles of electrical

tilt requilnesiditogatR POECRAIOI6 nidiEb@séthdl ciiedlagidcaimetie ok airephotei | t Of the
antenna assenbly, the error between the required and actual angl es of

el ectri calmoiet In fomal erdb, treanglenf eldwritd tdowequitedhisy sach opdrat@nisenna

assenbly for the signals of each operator, the tenperature at the antenna
assenbl y ad legadly atct%ﬁMrmﬁuﬂplrymm s tamequestedmngle oheleciicad 14, the

use of the.antenna systemof Figure 12 is shown wt dua). polarity
antenna as WWQ%§C¥§WtWeP§b% Yr?é‘ro ﬁ@éP?W?r%ﬁ?%&W@ ¥hRELRS ons  for
one pol arilrﬂé/ and one operator are shown. It wll be clear that the

embodi ment - of Fi gure 14 is simlar to that of Figure 11 with the exception

that the automati c phase conpensation apparatus of Figure 11 has been
repl aced by the VMRM 1010 of Figures 12 and 13. In sone circunstances, the

appar at us Biie FICQUI7E8 d tispldsyddallpeanddentehetelyy the anples sdteteqitiase
di fferences between different operators. However, the nethod relies on

neasur eneriilé reguisedrbyiedch hpenator, tthe acahangles paetectrical dilbaf thecanteany can be
I nproved furth by i ndependently . neasuring phase _differences through the
recei ve paﬁsﬁe@l?’gb,%fi@?qu tyeem, Jiscteqyirediand actual angles0f elgctrieal tiltr ansni t

S anal s oubbTECh PsTach BEE phfeb R G R Hnteny dss PR RIS ong Y e
feeder |ingsndfizf edeR opetaddld thd ferhPOrdburkaht the bnlehS Ssstdbly 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



722 and to the antenna el ements, and including the splitter, anplifier,
filter WO 03/043127 PCT/ GB02/ 04930 -52, and other conponents present in

t hi s pat hwolise43ecei ve path" for signals is intended to regacB@2vg93pat h
followed by the signal received at thg,antenna elements as they are passed
along the carrier lines 720, 722, the %Eeder lines 756, 758 and to the
conbi ner unit 704, and including the splitter, anplifier, filter and other

conponents present in this path.. Figu & : f i mpr oved
?ppar at usa?a T GOTPIEULS qus?lihlgﬁbg é%ﬂpﬁlga{}g 8%1@? ?i#p ern%gll%ieigiﬁ‘ o?p bot h
ransm t ' | ¢j ' ecei ve paths
Lransrm {| SEhAgeR] feaHRAE ButSRRGS Y il signaf RechvedNE M amedng ccei ve p
si npli ci t ¥lenifyas tHéy sleopdssédialongWhe cantientinesT20,87223)the feslerdmesed to the
three sub-arrays of Figures 8), of a dual-polarity antenna assenbly 1502;
a first pQso6i 758 apd tarthe gombimerrumy 704 500hinciwding the spliiter, @snlifie, pol ari ty
sub-array 1500B+ and two negative olarity sub-arrays 1500A , 1500B- al so.
Oper at i on filtertand atherCcoBPOReHs P%@ﬁ?%@lﬁ)ﬁﬁ@-i sation 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 conbi ner (726A, 726B)

arrangenem: t | guIT, | U W arrier lines
720, 722 %%gﬁteﬁ lugﬁ%u‘% ggisgﬂgﬁasﬁﬁgﬁrgyftﬁ?{?%aﬁﬁae{asub- a‘rfvl'IFhaC{/1 Bs80A 15008, The

met hod enpifyadct @ofiRREARRGnEAEmetedviar ibuth eRgsinit Adtereckive wetiey
between the transmt "and receive paths for the controlling of the angle of

el ectri Ca|seﬁﬁﬂatelpf(i.éhﬁ)mamnm andasceies paths sepasdely) f iswell@s foet ween t he
signal paths both in transmt node and in receive npde. This is
i npl enent dodividuad operatpe freqrendies Jrmemmiciiye &1gwie 1heheysBISE (WP on

BT el SEiR 0o PR HFES A8 B! BT coetver

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-7 16H)_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.



possible to nmeasure the phase difference between pairs of feeders at the
frequencies used for each operator's transmt and receive frequency

al | ocat i ow 033123/ 043127 PCT/ GB02/ 04930 -53 Consi deri ng FATGBI204930
measurement of differential phase forg{he receive path, the antenna
assenbly (shown in Figure 15) incl ud’eg a Calibration Tone Generator (CTQ
1610 conprising a calibration oscillator 1612, a variable attenuator 1614,
a bandpass filter 1616 and a second attenuator 1618. The Vector Measuring
Recei ver 1014 of Figures 8 and 12 is also identified, along wth an

o o R B P Bl A aikRbentil s 06 el rectine palia iior at i on

S
Tone Gene and communi cates with System Calibration

Cont r ol | ebnfeRfbhs@imbRe(shewa if FEhan] J)/eludese Cliibrhfion Tane arranged to
generate unnodul ated tones in a 200Hz bandw dth which are preferably

S s G s b el e RAE 1
B o™
1; |n![ 2 (ralr n16?ﬁ3c‘1t%ral _e@f’il’ﬂ_ﬁg ?Gewleéljgifl af; dgﬁmféf;?mﬁ ?Zdégﬁé lﬁglg%ﬁgc?fc@gg 1? rom
pase) and 0 bR ERURldr ChRla R o K R e e ng

pur poses. d_ﬁﬁ);ﬁﬂ(?ﬁ’ T8 nér%o@?@*l"@)dlém and coglmantated vithcSydiemer unit 1620

(SP1) where is split along four equal signal paths 1660a, 1660b,

1662a, 16G2{ibrativR Cdrgraller (8CIEY,of 6 base sBEiOh, 1763. flihedtTentbHetond positive
pol arisation feeder lines 720, 722 and two_signal paths 1662a, 1662b to
fS | 5 s ; | aing aﬁaneggtd ggrggf;ate@npmdalatgéﬁwrms ingedR0Hy ﬂ)ﬁ@&ﬂﬁhﬂ’ 1¢BH8C Each
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
filter 1616 is provided to prevent signals at transmit frequencies from
entering the calibfation 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



respective splitter/conbiner units 1622 - 1628 (SCl-SC4), to the respective
feeder line. For sinplicity, only the feeder lines 756, 758 and the carrier
| i nes 720wo/B3d48127t he sub-arrays for the positive pol aritycresoz/oapdol be
considered but it will be appreciated §fat the same phase conpensation WO
03/ 043127 PCT/ GB02/ 04930 -54 principles apply to the feeder |ines 1756,
1758 and the carrier lines 1720, 1722 for the negative polarity array. The

tone signal. t - B4 A ed jnto ' | i nes 720,
722 at ¢ nd THARSPEBLER the 18P0 nes A P ing bl B8 B0 nnel <)
through a Wixefdri B8 HegsidrPpSlaribpdPraysuch that the tone signal does not
interfere or add to tﬁe received signal. The tone signal supplied down each
of the carrier lines 720, 722 is supplied to a respective arrangenent

1642, 1644 of bandpass filters and anplifiers. The arrangenents 1642, 1644
are i dent | E2¢ tongnyigeale pr each pasherepésisdjdciad inée dieveartiee dimes F20ar m 1642a,

1644 d [ L.t f . 1642b, 1644b. Th i
frequency ot BF g0t sorAcrsin EAHIS AaRCHbL N 7 tnaser chaBRClEBPE. - FRox)
f | i AN i f i . .Th it f

arm of - eachiotgha MHRRARAICCRBIG R0 Sulh SIS IR uitildae S TR ) for o
sel ect i velijterfdrayidd donde ]Eréé’éﬁéﬁ %ﬁfﬂﬂﬁ:ﬁ&%‘%ﬂaﬁ sﬁ;??ﬁécf QodaSddcaty

to
include a Il ow noise anplifier (L e recelve equency arm 1642a,

1644a. Refthe cangert Binds TR0, €7206is dubglié@m@ ageghediive Mg Bhicnedoudr oggh the
transmt frequency arnms 1642b, 1644b are supplied to the base station 1762

at ports ofgmndpass fikerxsanshauplifiersEiTher arramemdsits) 1642, 15646hamsidehticdlas e
station 176%0%1‘ r. fh}l\ég di fferent operators, althou%gﬂcor’rgonents of the base
station fdn Inghydes aresncstiyp dpetiye dreguenchaun. [odBar dod4randaation in

EIF gg;ﬁ ¢ 1? ;legﬁéé:@hetﬁ%{sn{lt:’ %I’eqltlgrilc%r gr%] Q%ﬁib,t Tghl;l 1%e chelsv%cﬁegl?e%%nﬁnmt S are
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
“/5”, 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



shown), and |i kew se for other nunbers (e.g. "/30" indicates there are 30
of such conponents). For the first sub-array 1500A+. of the antenna 1502,
and its respsousnee carrier line 720, a single filter arr ageae044¥50a i s
provided in the base station 1762 fogzthe receive signals, which are then
split by a five way splitter unit W U3/043127 PCT/ GB02/ 04930 -55 1651 for
supply to a respective variable delay unit 760b (i.e. equivalent to that

oper at o )05 RbpeT fyRarpeRfe S tBle S yRROR P SRERLer S,
respect i Vfhar SREVhh ikl F%gg%%gﬁﬁoﬁé‘bwﬂﬁcﬁﬁ Hdval faf srengltmnt 1650b to a

second va el-ay uni (again, only one of which is shown for one
of the_ opgpaLesis).- Rechiv §igasls\ier Sicyoties stib-ansy 13008, tackthdowspediyecar ri er
lines 720, 722 t'o the base station 1762 are supplied through t?@g

respect i vearridrtizre 712, page tteough beBler, anresgimens H50bdorrisegeBorar Msuring
Recei ver 1638 (VMR) in the antenna control_unit, or ba stat| }762 Vi a
respect i vdeldyrumit 762n(agebupmdy $ne g 3whichgs shovRdar PHePig-B‘? \98%?8@'@ the tone
signals originating fromthe CTG 1612 and supplied down the carrier |ines
720, 722 follow the same receive path as the receive signals. The Vector

Veasur i ngRecel uer H43R, [ auinfe 1k dAAMtEOLaeler Lites 9ol mpGalihbr ati on

Controlle operabl'e to select the appropriate pair of

directi Onﬁkséﬁdﬁbﬁrﬁ@%@ supfidd firough sied Epectiveofiemanangdrhenteby to obt ain
a sanple of the received tone signal for neasuring. Measurenments for the
del ay bet wgs0a! h650tomea sé@ma ¥ettonMedsuring Redeirgho3dhey MRiew theo, 756 and
through the lines 722,758 (i.e. a "receive path . phase di f{ere ce

measur ementennarceniol ainitex hagestasiopVR/ G5 B8, TePRIEIVECHICGRHOPA! CPYHE® st rengt h
information, and are returned, to the .SCC 1646.

he . e .
phase di f fl&32nd63heWheanin1gecivapode the,iong sy@}ﬁléﬂ%@ﬂﬁ%ﬁ%&ﬁ f'¢pgence In

1612 and supplied down the carrier lines 720, 722 follow the same receive

path 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.



and 722, 758 at the antenna and the conbiner unit end of the receive path,
is used to adjust the phase difference at the antenna by an anount
necessar ywood/oasear e the angle of electrical tilt request adThgB@N4930

i ndi vi dual operator is that which is hi eved. Specifically, the SCC 1646
adj usts 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 adjustnent of the antenna. WO

03/ 043127 hEBaR4 ; e ' g Ii | F 6 phase
conpensat iI(E))CSn;)r I't ?éslggz)gﬁlr %ablF%allﬁﬁ t(iig' p?%%gdo\g?%é%%%@?@aiéé%gﬁ%%ﬁ? gf ngve a
frequency tahe Qignadd sdléitcE €9 Bawd a tthaueBey at of nedr RUATRYfCIha UpRkatopUt

equal ly the tone signal frequency nmay be selected to Tall within the

oper at or firequeacy \chamelinbiit equailycthe! tone signat feghercypatay Ehseleettd thave a
bandw dth of 5VMHz, and the tone signal preferably has a  bandw dth of 200
Hz. Consi daHiwighinethe opgeater fiegrencypeliannely Typicaller dgeceiyemagiure 16 t he
antenna base station 1762 .8l,S0. ] udes, r.espective transni.t filter

ar r angenmerftt@NNg§sEXe al‘@@%ﬂ“éb%%$&ﬁéﬁ Wqﬁ“et'ﬁﬁeﬁgé’%w‘?ﬁgf?&yﬁé,a 722. The
transmt fﬂa!ntd%fi &P&ﬁf’(ﬂgﬁ%ms 1652A, 1654A are arranged to filter transmt
frequency signal's or operator A, but prevent receive frequency signals
from passing through. For each of operators B and E, correspondi ng
transmt filter arrangenments 1652B, 1652E, and 1654B, 1654E are al so
provi ded f@onsidertinghekhthecannsmit pdthnedthy 2€ferefiz2. tol Riguhé d Gpthet antehea

enbodi ment. of the invention, operators C and D transmt on the negative
pol ar i sat ikase aftabiona 1ép2nalsos incdeden-reapertivsotRnpMivHdliteraarraggsmends s A, B

and E trangiBoia Oledd BSidted Wit die 'Beder Ynes FU 2. (TR Yatismit 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 1654B, 1654E are also provided for each of the carrier
lines 720, 722.

In this particular embbdiment of the invention, operators C and D transmit on
the negative polarisation antenna elements (1500A" and 1500B7), 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 725a and are
supplied through the 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.



1500B+). As described previously for Figures 8 and 12, the transmt signals
for each of the three operators A B and E are split by the splitter unit
725a and woeos/msmepl i ed t hrough the respective vari abl e delryr/GBi20047®0a ( A,
Bor E) to the filter arrangenents 1%?2A, 1652B, 1652E, 1654A, 1654B,
1654E. Each filter arrangenent is configured to pass signals within a
particul ar operator frequency band, and transmts the sel ected operator
transmt signals to carrier lines 720, 722 respectively. WD 03/043127

PCT/ GB02/ 04930 -57 For transmt path calibration purposes, the directional

Coupler G Bl oS SR PR RIAS R Bt S o sl

portion o signal's fromeach carrier Iine 720, 722

and suppl Wﬁ@ﬁ%tﬁﬂ% inl Fi%ﬁ?e 16pExtrd@58 shinll pertidecoOtheNeasmiit ng

Recei ver e antenna 1502. For each operator frequency

channel , tfiguédBy skl astesh cdrier pinesz2(JiT2Remensipphies wyersignainoni t
signals supplied on feeder line 720 and those supﬁi ed on feeder line 722

at subst arlirieal 1656t 1658 ¢mthe Vieckqudeasurdng Reecivee(EMBN1O 4 M si gnal
bandwi dth, referred to as "the transmt pat has ' r.ence
measur enerfrennph 542 ies rﬁthﬁleﬁatBHEEeél“SP& 8?@&’@@ ﬁ@a%ﬁgﬁ? MEAMNEH dth i s
preferably, sel ect to be, sub |.al:l y. t ' I gnal
bandwi dt h rplhéﬁec ﬁ%m?lﬁ?ech?%e%hgg@%k ¥1g%1 Hf;s Stﬁﬁgﬁ%%%{l ﬂggctl%%??azgé d'Fference
measur ene | btanfiflly BRCkeritR HrEqUARS dBMR, whi ch
conmmuni ca%ggagwlﬁﬁ%d%g%é(@gg%gﬁg&ﬁniln%,Fi gure 16)r iqn t he base station
1762. The Jgpased adnpinseotltaadendd, rbermdan dsrahs nranssiigpathsphiase t he
antenna is conpared with the neasured phase difference as set in the base
station 17@ffelbgndehecS0ferhens . &t travsmupattaphasstdibigrence maaRireBmenhe phase
difference at the antenna to ensure the ) .
bandwidth is preferably selected to be substantially the same as the transmit

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 reference 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



required angle of electrical tilt for each operator is achieved in transmt
node, despite any difference in phase difference between the ends of the
transmt patdsn43ithe phase difference conpensation net hod deguGBl2adIaM t h
reference to Figures 15, and 16 is qﬁyantageous in that it permts the
angle of tilt to be accurately deterifined by accounting for differences in
phase, in both transmt and receive nodes independently, for each of the

operators A to E _independently. The nethods.. leoperator transmt
and r eceiﬁ%elVﬁlpaél&satﬂoéﬁé‘Ef §UHB§&8PBBP%‘E%8P?I§P8%:"¥3 %&énfto?al phase bet ween
the transmt and WO 2 sRhygcdarhs, not only
during cdﬁﬁpﬂﬁﬁ l%ﬁé‘gﬁ%ﬁlﬁ%{’?g%%%%rﬁj lg(g'{rlija?i ng alignnment and test,
conmi ssi Ot @Bl oFRbRIRAAMEG: opdifitiof @kh Megjor fumneed fovreach SpeTaior @iper at i on
can be pertornme Por each operator in turn as often as it is necessary to
mai Nt ai N §RA e Gfteatislis isBetesedrytthemamtainarrect adjubenentrefrije Mot Fi gure

9, for exanple, the required angle of tilt is only precisely achieved at
one frequency, as for other frequencies the phase difference through the

h idSLﬁééﬁaﬁé@éﬁ%ﬁW&Lﬁiﬁiﬁ# ol Crmepipeadigibdinel S BR or et
I ' | | diff
transm v brsanrihepgs el SEof GERhERE ATor S Il B PR o *
Lhroudh t ArddeAne Mrbydl thd RGAkY finBal756, 158 vARw? differad drdehaicetthen of

Fi gures a sired angle of tilt can be achieved accurately

for each japekak af wiich iHe plaRedadens giedmaRahuintgais (tee boxasighth) bot h
transmt and receive nodes, if required, as any phase difference effect
whi ch woulydll tet diéfenérste Imsucte syriems dhe phase: disfepencessingt oahp HEIERY f or .

'I[: ?;ﬁgﬁ{ {m rﬁgﬂéiif;erggﬁ u%&%iﬁ?équ%ﬁ&‘é% r(ie.g. {’ohredi?fré%n? o%ferétglrst) btu(t) isb ﬁif%rfe];ﬂa rent in
through the transmit and receive paths for each. Using the system of Figures
15 and 16, the desired angle of tilt can be achieved éccurately 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 calibrate 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 RE 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 a sample of the transmit frequency signals (for each operator) to be



In receive node, the systemcan provide it. As an alternative to using a
tone signal to calibrate the receive path, a spread spectrum signal my be
gener at edwioo3toazizosci | | ator 1612. It will be appreci at ed RGTAGBI2Y4281 Ng
this technique the directional couplets 1632, 1634 couple the RF spread
spectrumcalibration signal with recei’ve signals for neasurenent in the
VMR 1638 in the base station 1762. In order to avoid providing an

oscillator 1612 in.the antenna 1502 at . t, along
with t he BOYEHiRI0teHOrESRARGIPE TEHIVE Whﬂ‘ﬁs}? glg%‘g{%%%tﬁge 3%‘%?3@%%2 1618, a
frequencyco . Ae\WA \Jih aiheadiBk ransm t

f requencythgi %ﬁ%@ﬁé}%&&e@?ﬁgggﬁpgfgﬁ ?%%ecggre%t%ﬁift%43lzgerg%%’}d %%gtz/ 04930

- 59 nmovedaigih@ hHESVESE teRAIgSIVeesah \anib duteiBingd andrthegpprapritse ay
between the transmt signals at the bottom of the receive path, the

di f f er ent h@juseintmyfor @achiofertator fsbqhencyrcnsnet ¢ancbemade jatthe S&1C be

determ ned and the appropriate adjustnment for each operator frequency
channel ca64@elmartieritn obkain ScEpansa sicasaresnentfor e Bansmit Path palat e

ot o e tagne fanswTigmal ey, bf srnsticred BE AR VE ARl gigne; T2 e

t 1t i | f . S.: | : [ ti
oo 1 oPhEfRor BT e BE Bhiimi TP RO bk beidifis Rforftialusetl on
for the receivenpaidh Wg%lﬁ’l fd?eauddgﬁérﬁfo?@.t B#lcolinemenbastifferaial bhase t he

transmt/receive ?%op, e phase difference for the transmt path can be
det er m neghda@iireaeht fop hatakiveAsath Wit thediffdrential giliase neasortinnenitfor onl y one
Vector Measuring Receiver need be provided 1014, and that is in the base
station 1762trahsmitireseivadeop hidse phase Witfetenne Gemtedrasmit path eaobe (Ccco) in
the antenna 1502 operates on both the transmt and receive frequencies, so
that the teteverned foreAsk R0y o

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
to 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.

It will be appreciated that the present invention provides an effective way of
allowing multiple operators to 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.



passed back down through the carrier lines 720, 722 for the phase
difference to be nmeasured in the base station 1762. The VMR 1014 in the
base st at won3/0d¥®2 therefore also has to tune to the transdwGBeagesenci es,
as well as the receive frequenci es._#(i is possible to send the transmt
frequency signals back down the carrier lines 720, 722 to the VMR 1014 in
the base station 1762 for. phase conpensation purposes as the transmt path

d i ncl ud | i fi . ' deyi ' .

passage. Thednele G Clspiskea silclos SarispeBiady Pud it BR e B BYG R “on
ff [ | Qi .ol h d

esanbl y horeve ARl 8Pl BiRalRERRLY!  f ° 12%an: fnna aseently may bo

different for each operator and may be adjusted renotely and i ndependently
by the operator. WO 03/043127 PCT/ GB02/04930 -60 The angle of electrical
tilt for ¥eledreabhemaéams foryonirslingethdiahfler efelectridal sifisof the aatehnaecei ve
nmodes, or made precisely equal. Were the neans for controlling the angle
of el ect r agsaimhly lis lmﬁatecﬁe sufficientalistasee fiomy the;anisana assemblydor ci ent

di stance fromthe antenpa asserrblly for di fff\e/t;l{e:r}tiqal t herma exgansi on or
cont ract | 8HTeentiplethes@ab X PansIon oreRNtFAsHOR of theifeedes Jnes, ap BeBEGise of t he
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the angle of e rical required by e operator. WD 037043127

PCT/ GB02/ @498 9ariaBdnCin’pidse sb. thAntheninginef slestréenl ftidt atuthe antermasinghe t ti ng
and/or receiving at |east two si_?nal S, whereby a first one of said signals
i s gener ataneias thefanglkt obelectical tilt required by each operator.



frequency band by a first operator (1760A) and a second one of said signals
is generated in a second operator frequency band by a second operator
(1760B), woeosmasienna system conpri sing: an antenna assenblRCT(@BR)Jo4dBavi ng an
adj ustabl e angle of electrical tilt, d including a plurality of antenna
el ements (El-En) for transnmitting and/or receiving said signals, wherein
the antenna el enents are nounted upon an antenna carrier and are arranged
in at |least two sub-arrays (700A, 78&%&00@, each sub-array including
one or nore of said elenments, contr s (750) for controlling
electrically the phase of signals transmtted and/ or received by said

antenna assenbly, thereby to gontro] the anlgé)e 8] electric I1 tilt of said
ant enna asbenbl 40 aENACHYSIERR fOIBSHE THRPFNIENZ RnE/Or TECRIPIMER] 1685t Wt enna

nbly to t it / ' t ' ' first

one-of sai SRS ieteny Ltk ST SRR Rk ranty 5| MAAERERAR O ' (o

f id si t f ' | t
e oral mad B o A (76T oDy lecbh e T o SENTESE Yoey

for suppl yisn@nbidied iR adesaadoperatantquaricyandrist a seeindr opatiorn to and from
t he antenna assenbly (702). 3. An antenna systemas clainmed in Claim 2,

furt her i ndl766Bhgthehantenmnsystfmowotipristagter | i nes (1756, 1758) for supplying
third and fourth signals of a CI/GD0 2002/ 00 4 9 3 0 WO 03/043127
PCT/ GB02/ 04930 -62- second pol arisation, opposite in sign to the first

pol arisation, to and fr.gm ant enna I 7 B . nna

assenbly o @@Pﬂ%&sﬁﬁn%ya&ﬂ?)zhﬁmé% é}fﬁgﬁgﬁ%c% ﬁéélﬁgélcr?@ ?%egﬁlgn f our

feeder |ingan{fife 34RRIMIP S 2hiRL1EAAREILER) B nARLAIBRg and/or
receiving said signals, wherein the antenna elements are mounted upon an
antenna carrier and are arranged in at least two sub-arrays (700A, 700B,

700C), each sub-array including one or more of said elements,

control means (750) 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

combiner means (730, 740) for enabling said antenna assembly to transmit
and/or receive 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.

2. An antenna system as claimed in Claim 1, including first and second
feeder lines (756, 758) for supplying first and second signals of a first

polarisation to and from the antenna assembly (702).

3. An antenna system as claimed in Claim 2, further including third and

fourth feeder lines (1756, 1758) for supplying third and fourth signals of a



assenbly (702). 5. antenna systemas clainmed in 1.t
4, wherein said coﬁol means (750) is arranged togacectrl ca %Cly gﬁtl*rglfu
t he phasewaros/gsgnal s supplied to at | east one of said sulrcrGBozN4$36000A,
700B, 700C) froma |location renpte frgm said antenna assembly (702),

thereby to control the angle of electfical tilt of said antenna assenbly.
6. An antenna systemas clainmed in any one of Clainms 2 to 5, wherein said

(7506, 7508yond Aurisinod Shndsle ih skl eoCe s Bblfoo TS0 SRLEOBL MG 0,

respectiv % gm ators (1760A— 1760E) of said antenna system 7.
An antenng1 SYys ens’lsglglbg' rréd in Claim®6, wherein each of said differential

phase control units conprises first and second differential phase control
sub-units (760a, 760b, 762a, 762b), said first differential phase control
sub- uni ts4(760aAniﬁ€Hm)1almesmgblarasaaigmnbdm€I1a1m2|0¢£laync30ntl¢1@lﬂlftgﬂ@0phase of -
signals supplied thereto for transm SSI on by said ten a assenbly and said
second di fm@reemanipuplﬁ%esl@rémﬁ% fon supplying ségizals 5 EB‘*%‘P €8A%ed to

el ectrical l t t he phase of signals supplied thereto said signals
havi ng b@é%ﬂpgg’&@ga by said antenna assenbly (702). 8. An antenna
assenbly as clainmed in any one of Clains 2 to 7, wherein the conbiner
means include first and second conbiner units (740), each SUBSTI TUTE SHEET

(RULE 26) 5T/ G@Aﬁ%ﬂ?erﬁla(& Gteth 9s cRifedh Q84 W3 1ATCRENS 38024 OwBefein - 63-

conbi ner unit including a respective transmt conbi ner network (734, 744)

and a respaid tystroeneane(Z0) i aeanged welec(riGbly conbjol thaptiaser eﬁs m t

conbi ner network having a plurality_ of inputs for connection

transnit t esignalasyppliecato at least one of said sub-arrays (700A, 700B, 700C) from a
Jocation remote from said antenna assembly (702), thereby to control the

angle of electrical tilt of said antenna assembly.

6. An antenna system as claimed in any one of Claims 2 to 5, wherein
said control means comprise a plurality of differential phase control units
(750a, 750b), each differential phase control unit being associated with a

respective one of said operators (1760A-1760E) of said antenna system.

7. An antenna system as claimed in Claim 6, wherein each of said
differential phase control units comprises first and second differential phase
control sub-units (760a, 760b, 762a, 762b), said first differential phase
control sub-units (760a, 760b) being arranged to electrically control the phase
of signals supplied thereto for transmission by said antenna assembly and said
second differential phase control unit (762a, 762b) being arranged to
electrically control the phase of signals supplied thereto, said signals having

been received by said antenna assembly (702).

8. An antenna assembly as claimed in any one of Claims 2 to 7, wherein

the combiner means include first and second combiner units (740), each

SUBSTITUTE SHEET (RULE 26)




corresponding plurality of operators of said anten syst said transmt
‘conbi ner network b g arranged to nultiplex si gna&léy&ﬁsg@z{oos%ildﬂarﬂjts

by sai d twansmus2er neans, thereby to output a single nultrqu/er@d4giognal .
9. An antenna systemas clainmed in C Sém 8, wherein the transmt conbiner
network (200, 744, 734) includes a fiFsf transmit nultiplexer (222ABE)
arranged to receive at |east two signals, each froman associ ated

il 1 pl exEPmppastcyt Hiidiaea ressraivei et PORRE TEREO PR 140, ¢ ¢ om an
. d ! - : 4 i . f i
and - soconttd i Rateact e AP AT RplP npelie 7347 2he). (R Rt conibipbe 711 <1

arr angenegky <§ﬁ@ﬁh‘\r" al fbrdiicy beihpies FoHBahfectionab trthsininer mehns of aone of
t he assoc:ﬁat“é reug%ctliqve ttjr’ansrrliﬁ?t ers with a pass band separated by a

st op- band chrrespending putatindoddpéracorsrofesaithamtichea systermnh eaidstsansmit ed
respective transmtters. 10. An antenna_ assenbly as claimed in Caim8 or
Cl ai m 9, whmbiner metimdrk being arsangsad tormultidesvsignalsraplied40)saKh RS ural ity
of outputs for_connection to receiver neans .of. a corresponding plurality
of oper at ®¥ssaid LARSRIEGTIBARS tg‘i@g@ﬁ? oupY ar%‘@%‘%“@’@l‘?’f{z&lgﬂ%r wor k bei ng

arranged to split a receive signal received by said antenna assenbly
thereby to apply said received signal to each of said receiver neans. 11.

An ant enng syStimuaferich &) BB Ao ® e CRinCBANTErdn'Be Hinsmthier eby the

conbi ner means I's arranged to generate phase adjusted output
si gnal s sicouiBineenetark (2006264 154)dnpludes kifingt ohnapimankipéexet1760A- 1760E)

the antenna system further conprising a splitter arrangenent PCT,' &3 2002
/ 0 0 4 9 (22DARE)CEHMEBIAs reciveB0 Rt 080 signals, each Eranppniasposiatedi vi ng sai d
Phase ad| ur%é;?e%ti%létt?eiﬁsrnsiittgrn?2|254Aa,n2d24fl§),r225fé)i,tatnidnagsecond transmit

multiplexer (222CD) arranged to receive at least two signals, each from an

associated respective transmitter (224C, 224D), wherein each of the first and

second transmit multiplexers is provided with a band pass filter arrangement

(226A-E) 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 assembly as claimed in Claim 8 or Claim 9, wherein said
receive splitter network (736, 746) 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.

11. An antenna system as claimed in any one of Claims 2 to 10,
whereby the combiner means (730, 740) is arranged to generate phase
adjusted output signals simultaneously for each of a plurality of operators

(1760A-1760E), the antenna system further comprising a splitter arrangement




and distributing said phase adjusted output signal | nt.s. (ELl- En
of the antenna asb‘ol y. 12. An antenna system as‘g?m%qs%‘?abngl 93

wherei n tWw® asp4st2ter arrangenent (716A-H) is arranged to RisGBI2MI3® Signal
strength of said phase adjusted si gng%s in a substantially uniform

distribution. 13. An antenna assenbly as clained in any of Cains 2 to 12,
further conprising phase conpensation neans (900) for ensuring the phase

difference appljed to the signals on.the.feeder .lines 1756,
1758) r e%eﬂiq%&bu%étf&ﬁ%li"&}g 953 8&‘?@%%@3“5@9\%‘33“%%%&6 8H§1 }@fs%@ﬁxg (750) and
said antenna. 7 I ' in Claim
13, “whor cint AiaiRREG Sala ol el ABLE WRRRARANP clerfeus (BL RS O B8
assenbl i eﬂqe(;ﬁ?gnnaqggs)emlﬂyf anged at opposite ends of the first and second
feeder lines (756, 758, 1756, 1758). 15. An antenna assenbly as clained in
Claim 13, wherein the phase conpensation neans (1010, 1014) is arranged to

measure, for a plurality of operator fre ue.nc¥ bands, a transmt path
phase di f 12r ence Ateastenpasyistenoas ¢lebned inflaine 14 Mbereindhe splifieiase

di fference between signals supplied to,. the antenna el emepts , (El-En)' along
a transni IGBRLHNERH ll%@d‘is Pafngg o distri %gg{xgﬁ.%r,e %EPP i%?é’!;‘lai%w) f or

f eedi ng bagk I d transmt .Dps | §- measurenents to the

cont rol r’r@a}‘r@? 7%551?1561“& W?g'%ilpﬁﬁggﬁgoggln@rsﬁm@éns i ncl udes neans for

adj usting the phase of signals supplied to the first and second feeder

lines (756, 758) for each of said operator frequency bands in dependence

upon the rnespeqisd ¥@iehhaRsgEmblpaisicishaskindirlyf of Eaiens?C{d GB Afder; 0 0 4 9 3
WD 03/ 043127 PCT/ GB02/ 04930 - 65- .
comprising phase compensation means (900) for ensuring the phase

difference applied to the signals on the feeder lines (756, 758, 1756, 1758)

remains substantially constant between said control means (750) and said

antenna assembly (702).

14.  An antenna assembly as claimed in Claim 13, wherein the phase
compensation means include first and second mixer assemblies (902, 904)
arranged at opposite ends of the first and second feeder lines (756, 758,
1756, 1758).

15. An antenna assembly as claimed in Claim 13, wherein the phase
compensation means (1010, 1014) is arranged to measure, 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 (E1-En) along a transmit path, and including feedback
means (960, 962; 1018, 1016) for feeding back said transmit path phase
difference measurements to the control means (750), and wherein said control
means includes means for adjusting the phase of signals supplied to the first
and second feeder lines (756, 758) for each of said operator frequency bands

in dependence upon the respective transmit path phase difference




measurenent, therebyto permt differences in said | f ence in

di fferent operator quency bands to be conpensat m%@b%ﬁ i dn@a30
assenbly e® @lasred in Caim15, wherein the transmt paticT/GBI2de® t he
first and second feeder lines (756, 758) for supplying transmt signals

fromthe conbi ner neans (150) to the aftenna assenbly, and first and
second respective carrier lines (720, 722), form ng part of the antenna

assenbly, providin nmeans of conpection between the.ki d second
feeder i Hg%asfnﬁi@,egﬁ regydo tpﬁgng,d]lgf%ﬁeglcgﬁ é?ré\él\ﬁqulaéia %ﬁ%{eﬁ&g?}?m ant enna
assenbl y ' ' ' ' Fsing a Vector Measuring
Recei ver %ﬁ@e@k?ﬁ’gi@?f ﬁ?ﬁpg}é&’ggﬁdﬁggadﬁéﬁg?@ﬁf%@' havi ng nmeans (1020,
1022) for extracting a portion of said signals supplied to the antenna
el ements (El-En) and nmeans (1028, 1030) for conbining said extracted
portion wild) amnsgidinatasemblynal clhanédin €ldinedhiendyrae tiendansmiipon a
sel ected operator frequency band, therebé to determne the transmt path

n

phase di f fpatle mcdudesatherfarst and sesondaferderplines GIS6f, r/O§) EXCSIIPAVAE 18. An
t nbly ; | ai [ .aimi7, in,the Vect [
Rocet vor - NEATHRS! siEpal oL\ saReRineR meahs a0 ARtins agresabRe gicunt t
1036, 10 t bl i n- '
easur enorist ¢ SECGHT ro RV el SRS 10 oT2)h B6iHfine ekt BF BREE
measur eme at ﬁfgmft O,e]ilg)ivfléi%%riﬁ_@an : cdithedfibR HeRvasSarRbivst agdc! ai med in

any one of al s erein the phase conpensation nmeans (1010,

1014) is afecandesede? [TRBUSE, 758)andathiel amtenrial slemfentsp@laEny. frequency bands,
a receive path phase difference neasurenent derived fromthe difference in
phase difference between signals received at the antenna el ements (E1l-En)

and transmtted along a receive path PC/GB 2002 / {).0 4 9 3 0.0
03/ 043127 PET/ dspanaymoassembly as claimed in Claim 15 or Claim 16, comprising

a Vector Measuring Receiver Module (1010) in the antenna assembly (702)
having means (1020, 1022) for extracting a portion of said signals supplied to
the antenna elements (E1-En) and means (1028, 1030) for combining said
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.

18. An antenna assembly as claimed in Claim 17, wherein the Vector
Measuring Receiver Module (1010) includes first and second phase
comparator units (1036, 1038) to enable in-phase and quadrature phase
difference measurements to be obtained, thereby to determihe an

unambiguous measurement of the phase difference.

19.  An antenna assembly as claimed in any one of Claims 13 to 18,
wherein the phase compensation means (1010, 1014) is arranged to measure,
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 (E1-En) and transmitted along a receive path




-66- to the control ans (750), and feedback nean B0 Zanal .~ 1016
for feeding back s& recei ve path phase differen’%@jg@%emglf(g ¢n2 30
control weas4§1230), and wherein said control means incl vtEIGB®EAAS30f Or

adj usting the phase of signals supplieg to the first and second feeder

lines (756, 758) for each of said operator frequency bands in dependence
upon the respective receive path phase difference neasurenent, thereby to

Prequency BanacoRTobiabsEiDada ertioneig Befl SRFLIOISRHG' B i ai e
in daim edﬂ@%a@%aﬁ@?e&%eﬁﬁﬂ? ﬁlﬁ%@ﬁi@éﬁéﬂb@?ﬁ%ﬁ@l\?ﬁ% td BfeOfortRsINS (1610)

for generating~a recelve pat ration sign I's supplied through

the recei vige® (7509 ahdHREEAQER] cOitrolemesnis Hchaick igeangdot vejutig phase
di fference nmeasurenent in addition to the transmt path phase difference

nmeasur enenthe phise Afi sigmatssupplisd eotthy fiast arldasevedd ifeeder dines 2056 Whs8)ei n t he
receive path includes the first and_second feeder |ines (756, 758) and
first and eceal of said pperatorfeerueney bandsn dependenes upemithe FRSPRCUYS. An

ant enna assenbly | ai in Claim?20 or aim 21, wherein the.
osci | | at orreﬁ%’é’ﬁqu%ﬁ a%aﬁp‘?ﬁ%@FB?“IFWE)&FB@YQTQWEN ﬁﬁkeée?%q‘?emsi gnal to
be suppli Cei . S ai ned
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signal hasgyp frequency internediate between adjacent operator frequency
bands, wherein one of the adjacent operator frequency bands is the
sel ected operator frequency band. TJGB 2002 / 0 0 4 9 3 °0 WO 03/043127
PCT/ GB02/ 04930 -67- ) ) ) i

20.  An antenna assembly as claimed in Claim 19, wherein the antenna

assembly includes oscillator means (1610) 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.

21.  An antenna assembly as claimed in Claim 20, wherein the receive path
includes the first and second feeder lines (756, 758) and first and second

carrier lines (720, 722) of the transmit path.

22.  An antenna assembly as claimed in Claim 20 or Claim 21, wherein the
oscillator means is a tone generator (1612) for generating a tone signal to be

supplied through the receive path.

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

operator frequency bands is the selected operator frequency band.




24. An antenna asserg@ly as clainmed in Caim22, wh r selected

- operator frequency ﬁd, the tone signal falls w tmfr@%ﬁ%& bd&fp@rétﬁ)r
~ frequencywoansh432%.- An ant enna assenbly as clai med i n any ROIRGBG2/08Y3mi ns 20
to 24, wherein the/oscillator neans (3610) is arranged to transnit a
receive path calibration signal in a bandwi dth of around 200 Hz. 26. A
phase conpensation apparatus (1010, 1014) for use in an antenna assenbly
for multi-sper ahalaisAEABIALLHAEN Y (hirfl B0 Y- SP FRY SelbFleg EN)
each operator transmtting and/ or recerving sirgnal’s wthin a ditrerent
oper at or fogstdeicYed@idy bahe, RPN FANE WS theCRMGtOd opBARSr (750) for
controlling electrically the phase of signals transmtted and/or received
by sai d anfrequencysisamnbl y, thereby to control an angle of electrical tilt
of said antenna assenbly; neans (1010, 1014, 1638) for neasuring, for a
plurality of operator frequency bands, a transmt path phase difference

measur ene deri,ved from the difference in phase difference petween
signal s suppl i e’a‘naﬁrgﬁ@laaasts?lgﬁghﬁ Clea'b%??a lﬁéﬁyr%lequr&lanaﬁ@%st@ d feeder

lines (75 t | - .En means (1010, .1014, 1610,
1638) for%éﬁéﬁ% iﬂIrllég;Pgﬁg?ﬁg&%%&?a(ﬁb?@egfﬁgﬁggd tgp%qng{rgfafr?éﬂﬁ%ﬁw bands, a
recei ve patdlitthase sibirfal & 8BHARIWRARWIBIAd 200"Hy.ed fromthe difference in
phase difference between signals supplied along a receive path fromthe

antenna elenents (El-En) to the control neans (750), and CT/GB 2002/ 0 0
4 9 3 0 WD 03/043127 PCT/ GB02/ 04930 -68- feedback neans (960, 962; 1018,
1016) for 3@®edi Aghaselcosgicdsatiamapparagasd 1010, 1014) for use in an antenna

assembly for multi-operator use having a plurality of antenna elements (El;

En), each operator transmitting and/or receiving signals within a different

operator frequency band, the apparatus comprising:

control means (750) 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 (1010, 1014, 1638) for measuring, for a plurality 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 (756, 758) to the antenna elements
(E1-En),

means (1010, 1014, 1610, 1638) 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 supplied

along a receive path from the antenna elements (E1-En) to the control means
(750), and




recei ve path phase i ference neasurenents to the c ToGETR ( % 1.d
control neans inclu g neans for adjusting the pha of GSBI gna 'é {Z?g I‘?ﬁb

to the awtceosmasebenents (El-En) for each operator frequerryr/oBoh4pao
dependence upon the transmt and recei gg_path phase difference

measurenents for the associ ated operator frequency band. 27. A conpensation
met hod for an antenna assenbly having a plurality of antenna elenents
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to control camrelngeanoinchiding meak o bijusting ahélphaRt GiignASSepplivd to
measuring, for a plurality of said operator frequency bands, a transmt

path phastednteateclementsadin-Em for dachi opetatordredqueacyitiahdriance in phase
di fference, between sirga%l s supplied along a transmt path having first and

second f eeHERCNAENERUDQ traaynitiaRdaeceivgpash pheset differancen) | neasuring, for
| it ' fr band ' th h
i Ft or encersButRlelud REGE? Aoudridiy SRR ruo R RERueRCBR, phace di Ff er ence

bet ween signals supplied along a receive path, including the first and
second feeder lines (756, 758), fromthe antenna elenents (El-En), feeding

back said 27.ansAl éorapehsaiorinvethodfor B anterdh ke JBEAS Y o_the
control neans (750), and O C/ GB2002004g30 WO 03/0 3127@6@@%&?6&930

-69- adj usantagna hlenmis & bIEM| dratesnepaisearbly deingefornhahiapelagsreides
(El-En) for _each of said operator frequency bands in dependence upon the
respect | veand each operator transmitting and/or receiving signals within a different

operator frequency band, the method comprising:

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;

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 a transmit path having first and second feeder

lines (756, 758) to antenna elements (E1-En),

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 (756, 758), from the antenna elements (E1-En),

feeding back said transmit and receive path phase difference measurements to

the control means (750), and
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adjusting the phase of signals supplied to the antenna elements (E1-En) for
each of 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.




