0 3 AUG 2005 Transmt Network For A Cellular Base-Station This invention
relates to a transmt network for a cellular base-station, and TOf  AUG 2005
"particularly to a transnmt network of the kind usable in cellular n$@||@
radio networks referred to famliarly as nobile tel ephone networks. 5
Qperators of cellular nobile radio networks enploy their own base-stations
with associated nmast and antennas. Thereg is little sharing of base-station
sites, and any sharing that does take place is limted to sharing of the
mast only. The currently planned introduction of the third generation
cellular nobile radio system_w | _denmand an increased nunber of
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In a cellular mobile radio network, antennas define the desired coverage area, which is
divided into a number of overlapping cells each associated with a respective antenna and
base-station. Each cell contains a fixed base-station which maintains radio
15 communication with all mobile radios in that cell. The base-stations themselves are
interconnected by some other form of fixed communications, usually in some kind of
meshed structure. This enables mobile radios throughout the cellular coverage area to
communicate with one other and also with the public telephone system outside the

cellular network,

20 The respective antenna associated with each cell and base-station provides radio
coverage within the cell: it might be a composite device incorporating a number of

individual antenna elements, each providing coverage over a limited part of the cell.

Although sharing base-station locations and facilities is desirable, there are unfortunately
difficulties associated with it. In the United Kingdom, respective transmit/receive
25  frequency bands are allocated to five operators for transmissions between mobile radios
and base-stations. The resulting five transmit bands are contiguous and so are the five
receive bands: i.e. there are no gaps between adjacent bands allocated to different

operators.



operators. 0 3 AUG 2005 2 One common prior art base-station architecture
,uses: separate receive and transmit antennas; alternatively a sindl%®Aghighna
"can be used to transmt and receive if connected to the base-station

t hrough a dupl exer. These two alternatives are adequate when each network
operator has a separate base-station site, but it creates difficulties when
5 operators share a site. A common approagh to sharing a base-station site

i nvol ves operators having individual antennas. If five operators were to
share a site but to use individual antennas, it would be necessary to use a
base- st ati o [RedmmeRPRHdr B9 Bdsy Statif BEHHREIA! uedsl Eeﬁi’aﬁﬂé B hRd thbSiti N
turn requires increased mast height as conpared to ‘that for a single
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Conmbi ners Add Cel lul ar/ PCS Capacity", K& M ctowavé Inc. (Septenber 1997),
25 www. kI mi ccnmmmn’cmdmcMMivnmhdslﬁmglﬁw htmd . In "Suggested VHF/ UHF Trunki ng

Many operators of cellular mobile radio networks employ their own base-stations with
associated masts and antennas. There is little sharing of sites, and any sharing that does

15  take place is limited to sharing of the mast only and not antennas as well.

The introduction of the third generation (3G) cellular mobile radio system will demand
an increased number of base-station sites: there will be difficulties in acquiring the
necessary real estate and site sharing will be an increasingly attractive option if the

technical problems can be overcome.

20  The general concept of site sharing is disclosed by Suzanne Smith at

www.twsinternational.com/papers/Nov98SiteSharing.pdf in “Site Sharing For Cost

Minimisation”, TWS Inc. (November 1998). The use of multiple antennas in a common
antenna structure is disclosed by B L. Wixon in “Tunable CDMA Combiners Add
Cellular/PCS Capacity”, K&L  Mictowave Inc. (September 1997),
25 www.klmicrowave.com.news/mrf sept97.html. In “Suggested VHF/UHF Trunking

Configurations”, www.sinctech.com, {22nd October 2001) Sinclair Technologies Ltd
discloses the use of isolators in a transmitter combiner. UK Pat Appln No 2,006,579 A
(Watanabe et.al.), PCT Appln No WO 97/44914 (Gammon) and PCT Appln No WO



Confi gurations”, ww.sinctech.com (22nd Cctober 2001) Sinclair Technologies
,Ltd - discloses the use of isolators in a transmtter comnbiner. tay @?BE
No 2,006,579 A (Watanabe et.al.), PCT Appin No WD 97/44914 (Ganno CT
Appln No WO 0 3 AUG 2005 3 92/12579 (Prokkola) all disclose conbining
signals fromdifferent transmtters for transm ssion froman antenna
system US Pat No. 4,211, 894 (Watanabe etz al) discloses conbining signals in
different frequency bands using hybrid couplers. Interference is said to be
avoi ded by feeding 5 signals fromthe couplers to four different antenna

surfaces ar rangsdo alPrélothy 0i1E lisclddt edondtliging b fen dfféBt (RABshiMeshidtava
et al) discloses conbining signals in contlguous frequency bands. The

si gnal s ar e tegraissipe dromaanternagysiams of non- conti guous frequency bands and
filtered in dielectric resonators. Each signal in a group is then conbined
with 10 other signals in that group in a junction unit. The two resulting
conbi ned si gitalPat aNe. 4121é/864| (Wstanghebeneat) distlosesn eomhoiiye rsignalsai3 dioffdreir i d

circuit with a dumy | oad or,  circulators with dynmy, | oads givyin 0% power
loss i n eacHredagwy Raseh mpigefhyhEd fouplgse glntgrpransh g sad tpirﬁpe%ﬁ@r@v ?qeéeg. n
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is an object & i AVeRtIton t o provi de an after natl ve nea or OWAng
mul ti pl e usdntepfalsa base station. The present invention provides a transmt

network for cellular nobile radio operating over a plurality of contiguous
frequency bands, the network incorporating a plurality of transmtters

associ ated wig Pt Pesh v PaNthiass dti 1) Aseidsed chbinbindid Bignhls ARSntib8sus
output 20 signals arranged in a plurality of output signal groups af | east

one of whi cHregoencyibasds Thpls&gnalmatqsqphrmdahtosmwbspmfamdcmnpgmusifrcqflm;quency
S i bi eGP SR TEHROTRES FarASER! ok JUeS LA STTBRRY “40st om
havi ng gop! Wyl didhalf indRbE R §h & RAESon AR THREWALHMBNhg! Bmbined signals are
themselves combined with one another in a 3db hybrid circuit with a dummy load or
circulators with dummy loads giving 50% power loss in each case. Cooling fans are used
to suppress temperature rise in the dielectric resonators and heat generation in the

dummy load(s).

15 It is an object of the invention to provide an alternative means for allowing multiple use

of a base station.

The present invention provides a transmit network for cellular mobile radio operating
over a plurality of contiguous frequency bands, the network incorporating a plurality of
transmitters associated with respective band-pass filters for filtering transmitter output
20  signals arranged in a plurality of output signal groups at least one of which contains a
plurality of such signals spaced apart in frequency such that interference between output
signals in adjacent frequency bands is inhibited, characterised in that the network
includes an antenna system having a plurality of antenna clements, and the network is
arranged to combine the output signal groups at the antenna system by feeding each

25  output signal group to a respective antenna element.

The invention provides the advantage that it overcomes the technical problem of

combining a plurality of transmitter output signals in an acceptable fashion.



arranged to conbi ne the output signal groups at the antenna system by
feeding each 25 output signal group to a respective antenna ele %t Tﬂﬁb
‘invention provides the advantage that it overcones the technical roép% f
conbining a plurality of transmtter output signals in an acceptable
fashion. 0 3 AUG 2005 4 The output signal groups maybe two groups of two
and three output signals respectively. The antenna system may have nutually
orthogonal | y polarised radiating elenents arranged to receive respective
out put signal groups for transm ssion. The network may include respective

i sol ator s betpaeaRhut Benil ORIk SwaNFoleirtwa as@tiréd AdpRANERRASSH BTl e S,

the isolators being arranged to inhibit ‘output signals passing between
transmitter She dntemnaf systdner mag dest , mutuellyp reethoponallyy polbfisad padoatinge slementet hod
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bands 10 into a plurality of output signal groups at ast one o

cont ai ns5a e thetiyolators Wpitigoartanged) toainkibiipaged sigpals passing betgemnesnsmitjers.
filtering each output signal in a respective band-pass filter in such a way
that interference between output signals in adjacent frequency bands is

inhi bited, 1fh%uARSSIpERIthe bréshat inbBRioNEIrbAdeh sRethdichUugSmitling GlgnaRRiani Ng
the output signal groups at an antenna system having nultiple antenna
el enent s by ckbedi mgbdacsdiosygem aperphial oyeouplurality afawptgnausdregergynbands,

el enent. The net hog. .include conbi ning output signals fromthe
transmi tterzh%ﬁleﬁﬁafﬁ'ﬁé%'ng t oget her output signals of a group before

conbi ning signal groups. The output signal groups may be twg groups of two

and three od‘g p@wgmagw&pgt figwbebemacplyralihef trreaiies forespestiEeniiggyensy bands
tual | th |} | ar i i at] | g . i.
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provi ding respapht sighalssPheddaipartieeg@ncy,he transmtters and their
associ at ed band-pass filters, the

b) filtering each output signal in a respective band-pass filter in such a way that

interference between output signals in adjacent frequency bands is inhibited,
characterised in that the method also includes:

15 ¢) combining the output signal groups at an antenna system having multiple antenna

elements by feeding each output signal group to a respective antenna element.

The method may include combining output signals from the transmitters by multiplexing
together output signals of a group before combining signal groups. The output signal
groups may be two groups of two and three output signals respectively. The antenna
20 system may have mutually orthogonally polarised radiating elements arranged to receive
respective output signal groups for transmission. The method may include providing
respective isolators between the transmitters and their associated band-pass filters, the

isolators being arranged to inhibit output signals passing between transmitters.

In order that the invention might be more fully understood, embodiments thereof will
25 now be described, by way of example only, with reference to the accompanying

drawings, in which:



i sol ators being arranged to inhibit output signals passing between
transmtters. In order that the invention mght be nore fully under gtogg, 7005
enbodi ments thereof will 25 now be described, by way of exanple only, with
reference to the acconpanying drawi ngs, in which: 0 3 AUG 2005 5 Figure 1
illustrates a prior art architecture for a third generation cellular nobile
radio network; Figure 2 is a schematic dsawi ng of the coverage of prior art
base station for the Figure 1 network having sectored antennas of 120; 5
Figure 3 illustrates prior art third generation frequency division duplex
base st ati orFigdre équenitystates aqaior art jardhitgetne for s dhishgmexéibh gelbllavmolalepnadior ar t
base station arrangenent using separate transmt and receive antennas;
Figure 5 schenati cal Inﬁt"%‘ﬁ Ws a prior art base station arrangenment using a
common 10 transmit/receive antenna; Figure 6 illustrates prior art
base-stati OFiREY Sha¢ bNGhehiGU BRawind lok Y&d bl BfzcBoPpHH a tasd SaHBH Itorf B
sharing of a Transmt/receive antenna; 0 3 AUG 2005 6 Figure 8 shows a
prior art receive netfnprk 1netwarkdaving séutorEd goternag ofd20br k; Figure 9
illustrates a transmt network for use in the Figure 7 network with multi-
carrier power amplifier; Fiqure 10, illustrates a transm.t network for.use in
the Fi guPe FiPvor k iNiesalys Pelopaftythist exaraian Feqiencyfliinion S4PIER Boie FHion
frequency responses gfoqhligyubtdidhexer filters of Figure 10; Figure 12 is a
schematic drawing of afu tyher transmt network; Figure 13 shows frequency
responses of the nmultiplexer filters of Figure 12;

Figure 4 schematically shows a prior art base station arrangement using separate

transmit and receive antennas;

Figure 5 schematically shows a prior art base station arrangement using a common

10 transmit/receive antenna;
Figure 6 illustrates prior art base-station mast sharing;

Figure 7 illustrates a prior art network for sharing of a transmit/receive antenna;



Figure 14 illustrates use of orthogonally-polarised antenna elenents in a
variant of the 10 Figure 12 network. Figure 15 illustrates nodifi @at Agg70esf
the Figure 12 network to give spatial receive diversity;, Figures 16 and 17
illustrate provision of signal isolation between transmtters; and Figures
18 and 19 illustrate provision of unused carrier frequencies as guard bands
to 15 separate adjacent transmt frequengies. Referring to Figure 1, a
cellular nobile radio network indicated generally by 10 is defined by an
array of individual base-stations BS each of which communicates with nobile

radi os (not mHRYE) | Rhéws PREEA HReivt hEtWodt for@Et Bthe $NAME 7inBrvedii n forn) of
cell 12. The cells 12 overlap. The base-stations BS are |inked to one

anot her by connections 20 14. The network 10 all ows nobile radios throughout
the area of Higige8el | dllusprajes a Easpiihagtverk oo usemmthe Eiguee winetvaskevithewler, as
well as with the public.teleghonq. systemoutside this area. Referring now
also to Figure 2, ealRTFARRY Iiagfl}?bfherhas an antenna structure 20 to

communi cate with nobile radios: as illustrated the antenna structure 20

provi des 2FiguenbappiligratRVeredsmal AetwdaB fondis@ 36 {her Fighted sewlost sty 120

to obtain a full 360 0 3 AUG 2005 7 horizontal coverage. It is conposed of

t hree separate ant enmadtiplsser Bigssin) , each with a beamnidth of 120 and

provi di ng coverage over a limted part of the cell. Figure 3 shows the Third

Gener ation Erequency Divisi lex (3G F fr n | {pcat ed by
the United fﬁ%ﬁgﬂ1(fﬁ§wﬁ§§ﬁ%@§gﬁzﬁFS%P§%ﬁ% dg%ﬁ@ﬂggfﬁggg%ggﬁu% net wor k
operators. Each of five UK operators is licensed to use a specific part or

sub-band of Rif@eal! odah echeadic dfawing abgflrttdr lrhdiicsethorky, C, D or E, for
transm ssion to the nobile radio fromthe base-stati on and anot her such

part for transm ssion to the base- station fromthe nobile. For all five in
conbi nat i on,F1gWe 180t showp Heqyangy Bspenesss ple mudialpxar dilisrs of gy 12110. 3 Mz to
2169.7 WMHz for FDD transm ssion from base-stations,

Figure 14  illustrates use of orthogonally-polarised antenna elements in a variant of the

10 Figure 12 network.

Figure 15  illustrates modification of the Figure 12 network to give spatial receive

diversity;
Figures 16 and 17 illustrate provision of signal isolation between transmitters; and

Figures 18 and 19 illustrate provision of unused carrier frequencies as guard bands to

15 separate adjacent transmit frequencies.

Referring to Figure 1, a cellular mobile radio network indicated generally by 10 is
defined by an array of individual base-stations BS each of which communicates with
mobile radios (not shown) in a respective circular region (shown in chain form) of cell
12. The cells 12 overlap. The base-stations BS are linked to one another by connections
20 14. The network 10 allows mobile radios throughout the area of the cells 12 in
combination to communicate with one another, as well as with the public telephone

system outside this area.

Referring now also to Figure 2, each base-station has an antenna structure 20 to
communicate with mobile radios: as illustrated the antenna structure 20 provides

25  overlapping coverage 22A, 22B and 22C for three sectors of 120° to obtain a full 360°



10 and a band 1920.3 Mz to 1979.7 Mz for transm ssion from nobil e radios.
Although there are unallocated frequency intervals or guard bands Q%dﬂﬁ 2005
shown) at the edges of both these bands, there are no gaps between the

i ndi vi dual operators' sub-bands A, B C, Dand E As wll be described |ater
in nore detail, this gives rise to a problemif it is required to use a
common antenna for all operators. 15 A common prior art base-station
architecture indicated generally by 40 is shown in Figure 4. It has two
separate antennas 42 and 44 for transm ssion and reception with associated
transm tter lamdoneteivesagecltne vompost6 ofitttcd Sepasdpamnttanas|(yot showa),teacnatith\ae

prior art architecture 50 is shown in Figure 5, ere singl e operator's
transmtter Wl&%&&i@%r‘“@i?ﬁﬁ {ngcﬁﬁeréﬁﬂg@&aé%t d’rﬁ‘ﬁtégg@eclce{hg) a base station
antenna 56 through a dupl exer 20 58, which allows sinultaneous transmt and

receive thr C}big el NEhAN BB NBhird GORR iRl BbyRicy MiGBlonISu NSO (3G DS RAsudndHmoer

of discrete séctors, each wth respective architectures 0 and '50. The
ar chi t ect ur ésand§ abowdteddbyathe (dateil Iiagdon yUKH &admacinmsioastinks Agencytfor usedsy a
respective bhase-station site Lch is becom ng | ncreasi"rllgl y difficult to

, Wh
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a respective transm t/recelve antenna each. result’is a tota

five ant ennate MobBe rédio Roanttie bagit-dtatdrethdtadothebard paitdbdr wamsmhsionas thabdst- each
antenna at a different height. The antennas A to E have respective .
transcei ver $#tiayfremy thegmebile Barall diys iy sampinatipnt thgsoialf grectiumg; ¢ilpcation

aadition, ren et a ARt AL REER ERBPEAOY GOPBEFRITINAI Sen SR ERAET, 0

has to b stiaRNgbHRINBIOIOMIR fat BI70. 700zt @andniisdibig frowd MdBile Yddissh Allthesigases
costs. Moreover, not all sites are able to accommbdate a | arger nmst, and

di ffi cul ti esthereetre wiallopates Feqiangy: adenvals obgairdibagdyinghstiona) pethgiedgssar boftom

| ocal authorjities. ,Large nmasts gvered w t.h. ant ennas_are .unsi ghtl nd

obt rusive, - dhiriapin I oftE: Ses BERLS e b LR G- T0B i b D
E. As will be described later in more detail, this gives rise to a problem if it is required to

use a common antenna for all operators.

15 A common prior art base-station architecture indicated generally by 40 is shown in
Figure 4. It has two separate antennas 42 and 44 for transmission and reception with
associated transmitter and receiver circuits 46 and 48 respectively. An alternative prior
art architecture 50 is shown in Figure 5, where a single operator's transmitter and
receiver circuits 52 and 54 are connected to a base station antenna 56 through a duplexer

20 58, which allows simultaneous transmit and receive through the antenna. A base-station
might be configured as a number of discrete sectors, each with respective architectures

40 and 50.

The architectures 40 and 50 are satisfactory when each network operator has a respective
base-station site, which is becoming increasingly difficult to provide. Figure 6 shows a
25  common prior art architecture 60 for sharing base-stations: it is suitable for five network
operators sharing a site with a respective transmit/receive antenna for each. The result is
a total of five antennas A, B, C, D and E attached to a base-station mast 62, with each
antenna at a different height. The antennas A to E have respective transceiver circuitry
64A to 64E. Compared to that used for a single antenna, mast height has to be increased

30 to accommodate five antennas. In addition, the increased height means that the mast



Figure 7 shows a conceptual prior art architecture 70 suitable for _reducing
the nunber of transmt/receive antennas required fromfive to onel IFlUE005
operators have respective transmtters TxA to TxE connected to a transmt
conmbi ner network 72 and receivers RxA to RXE connected to a receive
splitter network 74. The networks 72 and 74 are 10 connected via a dupl exer
76 to a shared antenna 78. The transmttegs TxA to TXxE generate RF signals
whi ch are conmbined in the transmt conbiner network 72 and pass through the
dupl exer 76 to the antenna 78. Signals received by the antenna 78 from

renote nobi e taek 85 {6E s§é}fg‘f‘llﬁ%e@rt@ rﬁﬁﬁaﬁf%@%{fbﬁ iﬁrﬁigﬁ' RAndd) VO ilch&ses

dupl exer 76 to the receive splitter networ , whi ch shares the signals
equal | y bet veets. Moecdvien eot 41 sitescare wbledo Rxodntmodatd=a ldaRgdranast,apdnbificalties ateo

Figure 8, in a sinpl.e formthe.receive splitter netwrk 74 may _include a
oo noi se. arRicnTeBETIgTSe i OBARHYE D B G GRATSSGN 1o oo ek, LA & 70
requires a kC i n at | i ol X
thi's w1 noa Boiaran SRR R MaPgRly WiF (HERSE sndCRHL O oo e BRIy
il lustratse twmacaiptabienatsome sagd enpts to sol ve the problem They show networ ks

that m ght be considered viable but which in fact have drawbacks. Figure 9
shows a pos\?&'jbl e form of transrfit_ conbi ﬂer rk 72 Wnigh.i n

ne | udes a
passi ve net Bureg s Wsé‘cﬁ?ﬁf"??é‘éa PREr ?"lt%? ’ct?"é‘t‘@ tS_PE;"f‘léle fortg g @PF%ﬁ%l?fél y
the passive trzﬂﬁﬁq‘(ﬂ%&}ivgg ah@hﬁé&dgég;ﬁg‘?&%fgﬂ filveafat oﬁééglfl% dpREfordiaGb EGRLGRS

transm ssi on range 25 unaccept enedy t oss ‘the transmt conbi ner
network 72 itramgmiterilas, anTRE connewad tavalttansmirdomeringroveeworknfl iafid eecebrs o

i ncrease signal power to a | evel appropriate for _acceptable comunication
with renot e Fobitp ifagpmsctedte areamyacRlIGE nehuonk: ihstic netyommsi Hefnthét Wit k 72

shovn 11y Quiieded 31 BuRRSd: Ao BSRUSn AR ISt Wi ShARaD!Ra O T

. t
providi ng t he requi si 0 power in all five transm sSion frequency

bands wi th OgcdeAldREQYMalsOvhide at¢d@nbiheE Rl the Yranshf tcdfibaite eesvdIR Tdwind tpasand
efficiency. Such anplifiers, even if technically realisable, would be
expensi ve. |tHroaaghithe duplesemée te pke aptenna V& Sigaals recehwddhie the antenna 78 from

remote mobile radios (not shown} are fed from the antenna through the duplexer 76 to
the receive splitter network 74, which shares the signals equally between the five
15 receivers RxA to RxE.

Referring now also to Figure 8, in a simple form the receive splitter network 74 may

include a low-noise amplifier 80 and a passive signal splitter 82.

The architecture 70 requires a practical implementation of the transmit combiner
network 72: this will now be discussed with reference to Figures 9 and 10, which
20  1llustrate two alternative attempts to solve the problem. They show networks that might

be considered viable but which in fact have drawbacks.

Figure 9 shows a possible form of transmit combiner network 72 which includes a
passive network 92 to combines the five transmitters A to E: unfortunately the passive
network 92 introduces significant signal loss which reduces transmission range
25  unacceptably. To remedy the loss the transmit combiner network 72 incorporates an RF
linear multi-carrier power amplifier 94 to increase signal power to a level appropriate for
acceptable communication with remote mobile radios. The drawback of the transmit
combiner network 72 shown in Figure 9 is the need for the power amplifier 94 capable

of providing the requisite output RF power in all five transmission frequency bands with



considerably nore RF power than that froma single transmtter, it is liable
.to prove less reliable than a | ower power equivalent, and so repnesgni®gpa
potential single-point failure 5 in the architecture 70. To avoid protracted
absences of communication facilities due to failure of the anplifier 94, it
woul d be necessary to incorporate a "hot standby" anplifier, which

i ncreases costs. Figure 10 shows an altergqative possible signal conbining
architecture for the transmt conbiner network 72. This network 72 has an
assenbly of five band-pass filters 102A to 10 102E acting as a transmt

mul ti pl exer aloguatadineaitedimsaintaedusy bindwigthl4hidl efffegenty. Secls aiphfietsp etdi?
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102A to 102Engifick,Rehith GRA®REE dok@nsm t frequency band of 20 2110.3 Mz to
2169.7 MHz of Figure 3. The filters 102A to 102E nomi nally provide equal

peak transm tted power, but for cl ari_ltnf/ pass-bands 112C and 112D have been
noved down ridBurei Meshowspasaltasaaitys prssible sigmai cambining prehjtectargfop thesteaymith at

adj acent pairs.of ss: bhands. such 12A and 112 ver | sef]ou

because of | romyer SERTEk 7 T He PUSHETa aEth B ol R Bhad B SR R o
del eterigus mri2Eaktifig aé B GhLMNE hubth ISR ah@ﬁﬂidafbdtdaﬁect%ll}%@e[(bzaﬂ‘hé Etean 02nd
reduced isol ation between transmtters 104A to 104E. The reason for the

i ncreased sitgnidR2El Gy thadigneliuten tespoativg trarsmifters| Hididote il 94B,safterivehielti thowi t h
the common output line .106 to which the filters Ato 2E ar onnegt ed.
In- order t ¢ EBFREHESHGARIE o FoTR o uBE Ry Fouh R B AuTRRSL 11 e
106, the el g@tdriGRh 7W%F%E@$$Tﬁ@$ﬁsstﬁdnhedf QRASHIRAND2ATRA 23 kl14E
nmust be mai ntained at 30 sonme nom nal value, e.g. 50 ohns. If the pass-bands
112A t o 112mecesteb ppssitlowesy fequeasy band licensed to the respective operator. The potential

15  benefit of this network 72 is that it typically exhibits a lower signal loss than the passive

network 92 shown in Figure 9.

However, the filters 102A to 102E can never be perfect, i.e. they cannot have pass-bands
with accurately located, infinitely sharp cut-on and cut-off. Figure 11 shows pass-bands
112A to 112E of the filters 102A to 102E for the licensed transmit frequency band of
20 2110.3 MHz to 2169.7 MHz of Figure 3. The filters 102A to 102E nominally provide
equal peak transmitted power, but for clarity pass-bands 112C and 112D have been
moved down relative to pass-bands 112A, 112B and 112E. It can be scen that adjacent
pairs of pass-bands such as 112A and 112C overlap seriously because of finite slope of
cut-on and cut-off: this gives rise to two deleterious effects, increased signal loss in the

25  overlap region and reduced isolation between transmitters 104A to 104E.

The reason for the increased signal loss and reduced transmitter isolation is associated
with the common output line 106 to which the filters 102A to 102E are connected. In
order to combine the signals 102A to 102E efficiently at the output line 106, the
electrical impedance across each filter pass-band 112A to 112E must be maintained at

30  some nominal value, e.g. 50 ohms. If the pass-bands 112A to 112E overlap, however, as



0 3 AUG 1005 10 shown in Figure 11, this nom nal inpedance cannot be
maintained: this results in (a) loss in signal coupling to the ¢¥%@ﬁ§
‘1inel06 and distortion of the transmtted waveform (b) a proporti %?
each signal coupling into adjacent filters and hence into other transmtters
104A to 104E. Coupling of a signal into the output of a transmtter results
in inter 5 nodul ation products being genepated in the transmtter output
stage which is non-linear. These products becone uncontrolled spurious

em ssions which, if |arge enough, can exceed the |level permtted by the
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122ABE receives, transm.ssion.signals.fromthree transmitiers 124A. 1248 and
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operators to share a single transmit/receive antenna. However, as a result of the
15  difficulties described above, among those of ordinary skill in the art it is believed that
there is currently no satisfactory way of achieving this having regard to costs,

complexity, degraded performance and unreliability.

Referring now to Figure 12, there is shown a further transmitter network 120. The
network 120 incorporates first and second transmit multiplexers 122ABE and 122CD:

20  the first transmit multiplexer 122ABE receives transmission signals from three
transmitters 124A, 124B and 124E, and filters them in respective band-pass filters 126A,
126B and 126E; the second transmit multiplexer 122CD receives transmission signals
from two further transmitters 124C and 124D, and filters them in respective band-pass
filters 126C and 126D.

25  Filtered output signals from the band-pass filters 126A, 126B and 126E are combined at
a first filter output 128X and those from band-pass filters 126C and 126D are combined
at a second filter output 128Y. Signals from the filter outputs 128X and 128Y are
combined in a two-input 3dB passive combiner 132 with two input ports 132X and 132Y
and an output port 132Z: they are then fed as shown in Figure 7 via a duplexer to a

30  transmit/receive antenna (not shown).



at a second filter output 128Y. Signals fromthe filter outputs 128X and
,128Y- are conbined in a two-input 3dB passive conbiner 132 with twp3i RS
ports 132X and 132Y and an output port 132Z: they are then fed as shown in
Figure 7 via a duplexer to a 30 transmt/receive antenna (not shown). 0 3
AUG 2005 11 Referring now also to Figure 13, the respective pass-bands 140A
to 140E of the five filters 126A to 126Fjare as shown. The pass-bands 140A
to 140E have the sanme nom nal naxinmum albeit their bandw dths are not al
equal and pass-bands 140C and 140D are shown noved down relative to the

others for aléfedring noAs akbaQwIFigure & 3f ﬁl%lte@lﬁ&ﬁvé@aés%ahﬂg 14B6Af foVEA0B 6Btheefive
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to filters 126A to 126E. The attenuatlon provi ded bydo{;’f filters 126A to
126E i sol at e¥¢ fysariater ity differeghirgsmut myltiplexes 124ARHn wspeshyelyr 128y

as appropriate, and consequently at these outputs the si gnal s are

"perfectly o ieHhe ﬁﬂf&ep Habhds iix‘i’%aﬁlﬁ’%fahﬁflh' %uﬁ%gégd&?et 2 38 heb pre)

because the passbands of e respective ters not over |
the electri cmbarawﬂe@a;rtq:ebamfds &Ollwlbxteélpﬂexigmﬁcaxﬁaﬁ%bmmcbvbﬂammﬁ‘rotﬂlﬁltén | ter
passbands remains substantially constant, unlike the er%w val ent, for th

filters 102A204 foozramplsa 126Xryigundy teach ransnittars 1948 andpl 24 Esyia fiktess 1f2t5§m
transmtter San%iz%Et 2 ﬂléﬁl’? hRnbASE f&m WP tluﬁ b@lﬂe%hgl'b?exﬁ)r most purposes. Similar

remarks apply to coupling between other pairs of transmitters within an individual
15  transmit multiplexer 122ABE or 122CD and therefore to filters 126A to 126E. The
attenuation provided by the filters 126A to 126E isolates transmitters from other signals
at the outputs 128X or 128Y as appropriate, and consequently at these outputs the signals
are “perfectly combined”. The expression "perfectly combined" means that, because the
passbands of the respective filters 126A etc do not overlap, the electrical impedance of
20 multiplexers 122ABE and 122CD over the filter passbands remains substantially
constant, unlike the equivalent for the filters 102A to 102E shown in Figure 10. This
allows input signals from transmitters 124A to 124E to pass through a multiplexer
122ABE or 122CD to an output 128X or 128Y with minimal distortion ("perfect”) so
performing the desired combining function. When the filter pass-bands overlap, as
25  illustrated in Figure 11, pass-band impedance is not constant, hence signals appearing at

a multiplexer output are distorted ("imperfect™).

To combine the two signal groups at the outputs 128X and 128Y while inhibiting
undesirable interactions between transmitters 124A to 124E, the combiner 132 is used:
this combiner is a two-input 3dB passive wideband component and it provides good

30  signal isolation of at least 20 dB between its two input ports 132X and 132Y irrespective



122ABE or 122CD to an output 128X or 128Y with m ninmal distortion
("perfect”) so performng the desired conbining function. Wen thegf3i AYGH005
pass-bands overlap, as 25 illustrated in Figure 11, pass-band inpedance is
not constant, hence signals appearing at a nultiplexer output are distorted
("inperfect"). To conbine the two signal groups at the outputs 128X and 128Y
while inhibiting undesirable interactiong between transmtters 124A to
124E, the conbiner 132 is used: this conbiner is a two-input 3dB passive

wi deband conponent and it provides good 30 signal isolation of at |east 20
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whi ch coul d be used in an arrangenent akin to
amplifier 94.

The network 120 therefore allows operators in both adjacent and non-adjacent transmit
bands to share a base-station antenna. Expensive multi-frequency power amplifiers are
15 not necessary, because the transmitter combining network 120 has reduced losses
compared to that shown in Figure 9. In addition, the invention avoids the overlapping

filter pass-bands described with reference to Figures 10 and 11.

The minimum number of transmit signals which could be used in an arrangement akin to
the network 120 is two signals connected via respective separate filters to the 3dB
20  passive combiner 132. If there are only two transmitters in adjacent frequency bands
there is no need to multiplex transmit signals together in a multiplexer such as 122CD
before feeding to the combiner 132. If there are two signals which are non-adjacent in
frequency, they can be combined using one multiplexer 122 and fed directly to a
duplexer without passing through a combiner such as 132, thus reducing signal loss.
25  With three transmit signals, where at least two are in adjacent bands, two would be
combined in multiplexer 122 and the third would be fed directly to combiner 132. If,
however, the three non-adjacent frequencies bands A, B and E were to be combined,
only one multiplexer 122ABE would be required and its output 128X would be fed
directly to the duplexer without passing through combiner 132. Four or more signals

30 requires at least two groups of two or more non-adjacent signals, each group to be



the network 120 is two signals connected via respective separate filters to
the 3dB 20 passive conbiner 132. If there are only two transmtters in

adj acent frequency bands there is no need to nmultiplex transmt sighalsG 2005
together in a multiplexer such as 122CD before feeding to the conbi ner 132.
If there are two signals which are non-adjacent in frequency, they can be
conbi ned using one nultiplexer 122 and fed directly to a duplexer w thout
passi ng through a conbi ner such as 132, tiwus reducing signal loss. 25 Wth
three transmt signals, where at least two are in adjacent bands, two would
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154, whi ch a43\?\55300rthogonally—polamsed radlatmg elements; the second transmit multiplexer 122CD is

connected to a second such radiating clement 152CD via a duplexer 154, which also

15 feeds signals received by the antenna 152CD to a receive network (not shown). The

antenna unit 152 is of the kind available from Thales Antennas or Alan Dick and

Company Ltd.

As before the system 150 exploits the ability of the multiplexers 122ABE and 122CD to
combine non-adjacent frequency bands: rather than combining the multiplexer outputs in
20  a passive combiner, the system 150 combines them in a single antenna unit 152 with
orthogonally-polarised radiating elements. The primary advantage of this arrangement is
that the radio frequency (RF) losses in transmission are even less than those incurred by
the network 120: losses are reduced because there is now no combiner 132, which
would impose a signal loss of around 3dB. The combining function is now provided by
25  the two-input antenna 152, which provides isolation of 20dB or more between two

signals input to different antenna elements 152ABE and 152CD.

The invention may be adapted for spatial and polarisation diversity (both transmit and
receive). Figure 15 illustrates a network 160 of the invention incorporating spatial
receive diversity. Elements equivalent to those described earlier are like referenced. The

30 network 160 incorporates first and second antennas 162X and 162Y connected via



15 feeds signals received by the antenna 152CD to a receive network (not
shown). The antenna unit 152 is of the kind avail able from Thal es Ant ennas
.or Alan Dick and Conpany Ltd. As before the system 150 expl oi ts thd) RAyE Iy
of the multiplexers 122ABE and 122CD to conbi ne non-adj acent frequency
bands: rather than conbining the nmultiplexer outputs in 20 a passive

conbi ner, the system 150 conbines themin a single antenna unit 152 with
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162X and 162062 en@l16DYcronneed ¢tk héedr 3 REBIB \cOmbaRe ity &onibaissiphsls X tiend
166Y each providing an output at each of the five licensed frequencies. The
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outputs at each frequency., and. each. pair. j u d in a respective receiver
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of two antennas 162X and 162Y to avoid the need for a 3dB conbiner to
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achieves a reduction in the RF losses in the path of transm ssion signals
fed to the afnemnanetr@rinefethes drentipn cignproaricesignal \iﬁoﬂﬂtiobeb%tWthiH@iﬁiﬂ%Ql to
i ncl ude addi ttr:im%rr}f;iltlteris:st }saigcffll?striapedain Figures 16 and 17, which are equivalent to Figure 12
with the addition of provision for additional isolation. Elements in Figures 16 and 17
equivalent to those previously described are like referenced. In Figure 16, isolators 170A
15  to 170E (collectively 170) are inserted between respective transmitter/filter combinations
124A/126A to 124E/126E. In Figure 17, isolators 172ABE and 172CD (collectively 172)
are inserted between the passive combiner 132 and respective transmit multiplexers
122ABE and 122CD. The isolators 170 and 172 avoid too high a level of reverse
injection of signal power from one transmitter to another (e.g. transmitter 122A to

20  transmitter 122B), which would result in intermodulation products that could cause

unacceptable interference to receiver systems.

In the absence of isolators 170 and 172, signals from transmitters 124A etc might be
coupled to some extent into output stages of other transmitters 124B etc. The absolute
level of such reverse-coupled signals depends on the degree of isolation provided by the
25 combiner 132 and the transmit multiplexers 122ABE and 122CD. For example, RF
signals will “leak” from each input port of the combiner 132 to the other and then back
through the transmit multiplexers 122ABE and 122CD to other transmitters. Although
the combiner 132 and the transmit multiplexers 122ABE and 122CD do provide a degree

of isolation which will be adequate for many purposes, this might not be acceptable in all



transmt network of the invention to provide signal isolation between
dndividual transmtters: this is illustrated in Figures 16 and 1@ %ﬁiﬁg
‘are equivalent to Figure 12 wth the addition of provision for a éi&l(; I
isolation. Elenents in Figures 16 and 17 equivalent to those previously
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The exanpl es of the invention discussed above allow all twelve carri

;
frequenci es #554t3elis suardbends 'pAvaid BcpaavBik Asaciakotgh %’ﬁléawgeﬁﬁsr. I'n
Some cir Cum}eﬁ%ﬁ@&’ dIOREGTith reference to F igure 11.

If filter guard bands are employed, it then becomes feasible to use the network 72 shown
15 in Figure 10, which would normally be considered non-viable. Two examples of
implementing filter guard bands are shown in Figures 18 and 19. In both these drawings,
licences A, B, C, D and E have respective carrier frequency numbers 1/2/3, 4/5, 6/7/8,
9/10 and 11/12. In Figure 18, carrier frequencies with numbers 3, 6, 9 and 11 are left
unused providing respective guard bands between each adjacent pair of licences A/C,
20 /B, B/D and D/E. A similar situation applies in Figure 19, where carrier frequencies
with numbers 3, 5, 8 and 11 are left unused, and other arrangements are obviously
possible. The advantage of this arrangement is that the transmitter outputs from a

number of adjacent operators can be combined directly with minimal signal loss.

The number of carrier frequencies passing through any one filter (eg 126A) depends on
25  which frequency scheme is used. Two examples of frequency plans are shown in Figures
18 and 19, but others are possible. Hence a transmitter/filter pair could be associated
with one, two or three carriers, depending on configuration. For example, an operator

having licence A with three carrier frequency numbers 1/2/3 could have all three passing



base-stations may not need to support all twelve carrier frequenci az @Vﬁ[ﬂ
for. sites shared by five operators, it mght not be necessary to Al

al l ocated carrier frequencies. 10 Mreover, sone base-stations may be shared
by fewer than five operators. In these situations it is possible to exploit
the fact that unused carrier frequency slots can then be wused as filter
guard bands, to avoid the drawback associ@ted with overlapping filter
responses described with reference to Figure 11. |If filter guard bands are
enpl oyed, it then becones feasible to use the network 72 shown 15 in Figure
10, whi ch wiHibgbhnerienfilidry ad Bngaidsdatiiur eftbquentyviivaitieg 4 (T fiesx @biplee $reqliency of

i npl enenting filter guard bands are shown in Figures 18 and 19. In both

t hese draw ﬂg@,ce@f“(?éﬁ‘é@gﬂ%‘?d%u@b@“hnd E have respective carrier frequency
nunbers 1/2/3, 4/5, 6/7/8, 9/10 and 11/12. In Figure 18, carrier
frequencies with nunbers 3, 6, 9 and 11 are left wunused providing
respective Gharataimpledsobstensernniderc esadibad abovpaian bef condeigtedsupng exping/ B,

B/Dand D)E. A sim |ar situation applies in Figure. 1 e carrier.
Frequenci es o sty o ola B e FprapPulnialishd it g Fimit ino
arrangenent §,3fi& RV MHiYexiBeSHidr] £ paddde ALAPLAIEMBInet NkSlaRtd, aNGGIBRE 1S
that the transmtter outputs froma nunber of adjacent operators can be
conbi ned di fiktet, laylowi-bdiseramiplifibr, i ppssilve [fssyayTépditten mbeé anafrthogomdlyrpolarised
frequenci es passing through any one filter (eg 126A) depends on 25 which
frequency sé‘ﬁ‘@ﬁ%‘f’ly Osed. Two exanpl es of frequency plans are shown in
Figures 18 and 19, but others are possible. Hence a transmtter/filter pair

could be associated w.th one, two or three carriers, depending on
confi gur at i énmultiplexingabilitrds aylablscliam ¢ munthst phayppliers ngeluding Hikronie; Bemearri er

frequency n [.S 243. cquld have.all three. Sin 3 0 1

t hr ough oneglfn(:{)ﬁf g?l,llfaggﬁ'legﬁa tlgesexagfpll? e?sc??egqﬁléﬁ%ierﬁﬁ%grﬁgﬁ %ﬂ%g} I lr3s £ %‘:‘%r rier
frequengy obf 1biMeERCR HekddBBettRsh GdAta@FAcEnt Fefuendlapshs-bhRg@s Suchn® e Hfand he

i nvention descri bed above can be constructed using existing comercially

avai | abl e t ééHhoviogl is arhisveldepbirregapdetieesni filtsd pass-tpnds raduses texdaMplzébgiardo 5
pract i ce ar g Thl bl §h R 19Ena PorARR) Y8 WD chARUE S RE BRD vt o7
from the aforementioned suppliers.



filter, a lownoise anplifier, a passive five-way splitter and an

ort hogonal | y-pol ari sed antenna system A multiplexing filter is avihi AR WS
froma nunber of suppliers, including Filtronic, Remec and Aeri al
Facilities. In the exanple described with reference to Figures 12 and 13, a
gap 10 of 10 MHz is needed between non-adjacent frequency pass-bands such
as 142A and 142B, which is achi evabl e.;sThe gap between filter pass-bands
reduces to 5 MHz if guard bands are used as in Figures 18 and 19: filters
with this characteristic are also realisable fromthe aforenentioned

suppl i erscIRBRAUG 2005 17 CLAIMS 1. Atransmt network for cellular
nobi |l e radio operating over a plurality of contiguous frequency bands, the
network incorporating a plurality of transmtters associated with

respective ban pass fil |Iter| ransm tter output si S
T anged fin o B SR JebTos o Se et FAoIg ratipaRretecRe? HRLTEIY i ch
contains a pl ugghtidbu®f frégiehe! GHHAL,S 1R akBHoRPahdorpdiatidd eagl&ﬁﬁfélitysuﬁ'h that
interference between output signals in adjacent frequency bands is

i nhi bi ted, chatmasimeittese chssoviatérht withe respestorek handipaske sfilers afiore nifléeringy st em
havi ng a pIuraI of antenna el enents,.and the n?gmnrk |szgrra ed to

conbi ne t he ouﬁrﬁagm@f:@ﬁaﬁpu PEIPS asangsl it PUHARY S s PURT LY BRALSIPHE Bach
output - Signal | G60URe @ AnichSBSALIY % ANEBNYoeLEIE Blenal. sl apart net wor k

according to Cla|n11 characterised in e out put si'gnal groups are two
groups of two mquémyeec}oﬂiaputerﬁergmalt&twmpmmut\s@nyls i adpcent dregoedcynet wor k
according to ClaimJ]l characterised.in at the antenna _elenents are

mutual |y or t hogawls Isy inhyhted; sharagtgpses: }Ih&‘aélth?réﬁi‘gorgr’r“éh’&éﬂ P oANtEEEe| ve

t t K
e ey o R 0RO, SO AR, 8 i bR abedEbYOT
bet ween t he tr apmbinkettes Sutpichidnae bfoups s10kié atteshd3SEnPBsfeeding each output

signal group to a respective antenna element.

2. A transmit network according to Claim 1 characterised in that the output

signal groups are two groups of two and three output signals respectively.

3. A transmit network according to Claim 1 characterised in that the antenna
clements are mutually orthogonally polarised radiating elements arranged to

receive respective output signal groups for transmission.

4. A transmit network according to Claim 1 charactenised in that it includes
respective isolators between the transmitters and their associated band-pass
filters, the isolators being arranged to inhibit output signals passing between

transmitters.

5. A method of transmitting signals in a cellular mobile radio system operating

over a plurality of contiguous frequency bands, the method including:

a) dividing output signals from a plurality of transmitters in respective
frequency bands into a plurality of output signal groups at least one of

which contains a plurality of output signals spaced apart in frequency,



filters, the isolators being arranged to inhibit output signals paaﬁl n
.between transmitters. 5. A nethod of transmtting signals in a ce uAlEr2005
nobil e radi o system operating over a plurality of contiguous frequency
bands, the nethod including: a) dividing output signals froma plurality of
transmtters in respective frequency bands into a plurality of output
signal groups at |east one of which ggntains a plurality of output signals
spaced apart in frequency, 0 3 AUG 2005 18 b) filtering each output signal
in a respective band-pass filter in such a way that interference between
out put signal sb) n adjtatgntadhr QApPENSYnal aRGSspestivd Buli-pSd, filedh dh agétleni sed in
that the nmethod al so includes: c) conbining the output signal groups at an
ant enna system havi Wgy thefl intgfesensat kativeene pPetiah signply ineedirqegt dwanenshit put
signal group to a ées£e§{nh\$t ?ntenna el enent. 6. A nethod according to

O aim5 characteriséd'%H Hhe out put signal groups are two groups of
two and three output signals respectively 7. A nethod according to Claimb5
char act eri sed F}FFI?%Q?SGQH%%&M}’@mh dseiclidste nmutual Iy orthogonal Iy

pol ari sed antenna el enents arranged to receive respective output signal
groups for tramkni ss¢obinirg. the putpubdignet @ralipagatt an Gnidnnn Ssystear deviagi sed in
that it includes prO\{l'E espect i olators,between the transmtters

it .
and their associ at el t&i@%ﬂ‘ﬁé a eeinfetngéragi’ %?eﬁléng SR P HERH FFUR Khded to
inhibit output signglsgedi@eahRanPEtyBR/N transmtters.

6. A method according to Claim 5 characterised in that the output signal groups

are two groups of two and three output signals respectively.

7. A method according to Claim 5 characterised in that the antenna elements are
mutually orthogonally polarised antenna elements arranged to receive

respective output signal groups for transmission.

8. A method according to Claim 5 characterised in that it includes providing
respective isolators between the transmitters and their associated band-pass
filters, the isolators being arranged to inhibit output signals passing between

transmitters.



