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invention rel ates generall y “ nmuni cati ons technol ogy, and nore
part icularly to a smart antenna ,sysi.em of cellular nobile comunications
system Background of the Inventlon Smart antenna technol ogy |s a nost

i mpor tant technal FISTR SVEARPANTENNASSYSe NP0y, especially
to cellular nobile commnl catlons system  — Advant ages snart antenna

technol ogy are: increasing systemcapacity greatly, increasing covering
area of g@@m | gn, decreasing systemcost and raising system
perform mart antenna technol ogy has becone an

| mport ant arch supj ect "of _hi gh technology field all over the world. A
smart anten niﬁ% PEGSER ’é‘JB jansredates; gengrally n‘ﬁa‘“ﬁglllf‘awfﬁﬁlﬁgtcétwqﬁg‘e@iﬂoﬂ@ﬁnt enna

el ement s, anly haddi ﬁhrﬁétﬂﬁl‘cl?eﬂpx sHa?tna'?tﬁéin}(%g§tcﬁn(§% &llhﬁ?%bjlg%hﬁﬁuﬁ%ﬂﬁg ting the
N antenna el enents and the radi o quency transcelvers, respectively.
Anong t hed¥fteniThe N ant enna el enents and the N feeder cabl es conpose an
antenna feeder cable unit. The antenna array and the N radi o frequency
transcei e ragdio freguency wunit. In a wreless base station,
anal og svﬁégl.(g%taﬂgma etaﬁ!,ya*tmnecei ved by radio frequency units, are

transforned gﬁl h speed ADC/ DAC, and then signals transforned are
connect ed Wi eunapgehnalpgy: ks 7 Mesh impettant trehnelagybis Bloder Glpgﬂt al

Si gnal PrfifeAtatodsiiehndligy! HRLAI0 A0 dilHak Hibbiis KofeltiitAldl Ko ligam f or m 'no
and downlink beam form ng are’ i np emen rE)ase

shows a whdwaniages lodsanast anﬁetma swhuoltogy eareu mbreasmg tsysteme oapacity grkatwtn ch

basi c structure and wor ki n cinc | e of, nodern smart antenna, are shown.
The base "€EAYTHHOVHEPRAH gf(%”ﬁ\eﬁ%sf’é&ﬂ@“ QAESH] SKRIE Goskbandt RdsdRg  Ti ne

Di vi si on sykxpi ?)‘é}forﬂilﬁea%emréf@ﬁdesrmzﬁta%?eﬁﬁ“ tehmdldpyC 8BS ' 5cle Ofn N

ant enna eI enents 11, 12 1IN, which consist 7an antenna array, and
orresponmpﬁ&améé%féFCth&bleéﬁaOf higl techuplegynfield nB edentheworld. unit is connect ed
with a radio frequency transceiver TRX 21, 22, 23, ... , 2N. Nradio

frequency trangfigh Ualeing QPIEH! dbntpifRe SN ;Jt%'ﬂezﬂ% %gisﬁhéﬁo?qq antenna
elements, N radio frequency transceivers and N feeder cables connecting the N
antenna elements and the N radio frequency transceivers, respectively. Among them,
The N antenna elements and the N feeder cables compose an antenna feeder cable unit.
The antenna array and the N radio frequency transceivers compose a radio frequency
unit. In a wireless base station, analog signals, transmitted and received by radio
frequency units, are transformed by high speed ADC/DAC, and then signals
transformed are connected with a data bus, which is connected with a baseband digital
signal processor (DSP). Smart antenna functions such as uplink beam forming and

downlink beam forming etc. are implemented in the baseband DSP.

Fig.1 shows a wireless base station structure with smart antenna, with which
basic structure and working principle of modern smart antenna are shown. Thé base
station works at CDMA TDD (Code Division Multtple Access, Tlme D1v151on |
Duplex). The antenna feeder cable units are consisted of N antenna elements 11, 12, |
13, ..., 1IN, which consist an antenna array, and corresponding feeder cables. Each
antenna feeder cable unit is connected with a radio frequency transceiver TRX 21, 22,

23, ..., 2N. N radio frequency transceivers commonly use one frequency and tirning
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30 (local oscillator), so the radio frequency transceivers 21, 22, 2 Cy
2N work : coherently. Signals received by each radio frequeﬁ%ﬂﬁ"'ﬁ(’i%{]ﬂ?cel ver
is converted to digital sanpling signal by an internal ADC of radio

br ocessor W 3DTRER Salldls o8 rddo 13k FaRBRRRRLL Tolhar- MOV
transni t t echeoently. Bignids aedeived3by ieacle eadierfrequen@naafg@efied IdIcolyerl@ iont er nal

DAC of radio enc nsceiver, and is transmtted by antenna el ements
11, 12, fsu af Samtf s}l%aig 2w diemal AP ofgpd lglfwaFnCﬁrtE?é’é%Y%gaﬂdsthmﬁf or ned

in the bam@@%aé@bgh& ﬂ%&ﬁl %%ﬂ&l %)raéé%g(ﬁsﬁo{hr h-iglgs 1{) ?a%&%f% %acan

refer to China Patent 1040 processo rdwar e
pl at f or m Gignals seibetrarsmiticd on highsdagmbals Jiris cemirtng, ana][ogcs(mlsb)ngl friteraili ons

such as nd denodul at.i on, ecel Vi n transmttin upl i nk
and downl | nlﬂf%gﬁ%d’%z THEYY r}fq?éceé‘feé ’ﬁ tf?éls?‘H?ﬂdg?v‘éﬁ‘E tgppa glgments gei
processing3, mylINL.pl e access interference and multiple path interference can
be overcome, receiving signal-to-noise ratio and sensitivity are raised

and El RP | val ent | sot rop| cally Radiated Power) is increased. The
appl i cant hag&ihbﬁel‘?@ﬂj digifal S&nabp@%tngsﬁrmrtformdenﬁmbaéebandsiwtail signaint enna

array or k)fd%@ﬁbr §§'t’ﬂﬂ:g€roaésﬁi"i‘1 ’mé}g&h &{ﬁgref)ejb@(g CRfna Pa?&?ﬁﬂoa@b?g?fo@é%%n g or a

concentrated on ace | tarn an 180t ropic
sect or cother basghanduprocassort hardwhrecplaiforal “athhadvanchdschgnﬂedgm p@%e@ﬁngat ent

. I f d d high o
bUI I g:\lngzlgﬁg%?q ﬂagﬁ:con%%&}ﬂrg u’é‘ﬁé‘gia{#‘?rea ?@w;’;cg{nﬁc@ﬁl%ys@ém i's
rel ativel Maﬁdlﬂhufgl(ubﬁnﬁ aﬁ"&éwhl’ihl@ anf ‘Bbixﬂ 'tOEhifk ferOEEﬂ be i i Hléd 0

shi el ding function of buildings and losing In many shaded
areas appHisc pIgCEsING m@gpleamg@ssantedemm hed umhmpln |patit m@errfermcs tcambies

limted. r vera en desi | ul ar
nobi | e colr)n%g‘lslggft f%C%l syé 2%} EO lsﬁrrﬂgﬂ g‘?‘gase’bsfl e rastgh%l{sbgtEg ncrease

nunber of (Equieddern isdtiopically RadiitetitdwerPi indrédsed.nCr ease system investment and

mai ntenance difficulties. Although in theory with smart antenna, coverage

range of a base st
9 The app 1cantr}1as noticed that at present smart antennas all use ring antenna
array or linear antenna array, and the ring or linear antenna array is concentrated on
one place in order to obtain an isotropical covering or a sector covering, such as the

technical scheme disclosed on China Patent No. CN 97104039.

In accompanying with increase of dense and high of buildings in city, working
frequency of mobile communication system is relatively high (1 to 3 GHz) in a
building or a cell. In this case, as shielding function of buildings and losing in floor
and wall, many shaded areas appear and coverage range of a mobile communication
system is limited. In order to solve the coverage problem, when designing cellular
mobile communication system in an urban area of a city, it has to increase number of
base stations. This solution will increase system investment and maintenance

 difficulties. Although in theory with smart antenna, coverage range of a base station
will be improved, but if multiple antenna units of an antenna array are concentrated,

the coverage problem cannot be fully solved.

Summary of the Invention




‘will be I nproved, but if multiple antenna units of an antenna array are
concentrated, the coverage problem cannot be fully sol vedpgﬁé’rmoaor of the
tnvention 2 PCT/CNO1 /00016 In order to take advantages of 2%t enna,
to i nprove cover age range of cell, to increase gr egtly system capacity and
to decrease V& pas: u t

ant enna systgﬁ%T "lgﬁsetar(flvgl(?t t éc} ccr)%]dcae ntﬁfsngh@%% éo%‘%falggt ‘Imge ?ggfﬁ'l ng
antenna f e(edeqcrembgeauyl | dystean «tapady oan‘dr &) Weoeysel KPIIan ecos€r the Ofnvarmticanar t

antenna syste t hen. tal li n di fferent, gr.oups of antenna feeder cable
uni ts and “fpgg‘lr ‘F‘F%’&Hf?ﬁé?aftr B FYAlem. "&i‘l @}th‘BB‘ie@ﬁP“‘ﬁPh@@ fallevsfitptng t o
cover age %Hﬁt@ﬁna fdeuér Ha"dlé\gmﬁﬁ%n@a:ﬁ&taaﬂé’qu‘éh&l rtl%#)sc%hg&abf Bh P DY for
al | groups. ni cal scheme of the invention is -as ri but ed

smart ant émqan% yEsiem &wnpnﬂslé@g Niffereah geouph exfeamtenna Neededi cablef wrdguarcy

t th na elements with the
N radio 1 Fidio ARt RICRIsEANS 3t RGRELAGs ot o Pokarager Bty
transcei vbﬁSusmig)dSﬂbewseWntifdlg’ltabéhgﬂzhépi@cegso@lf&adll g?rbﬁl;B‘sa' processor in a

wi rel ess communi cati on system base station through a data bus. The N
antenna el e Ehe N radio frequen transceivers are

cor r espondi gg‘\ne;‘r‘iﬁ‘r‘gltfﬁ ¢me of the dnventien B‘Iaé Y&nna el ement groups and
correspondi nga NaibibRled o @ t.feflﬁ‘zglﬂﬁt % con %gf fl‘g Shte@h? Winend, LS

antenna el ement groups are |str| rent places of coverage
range of fisquesicy dtapseeiveroamdifeedertdables sysneenn@ﬂmeN satna:tnnm Blenfeaghwigintenna

d t
aroup. - Eabh ARG TERRER BrespeiE i CEUPOREL GBI Sedif deRagoit HepHENBRS eband
digital sicgilct WithGasaSebant Higthy nghﬁleprgéés%rtlﬁ% w9 GnlturlibRioh& ??@fncal

schenme of the invention, the grouping is based on coverage cell range of
the wirel bass seian threughi Ddatg pys.chhepMsantenna telesnenshand thafX |r@d10\fmlqucmyof t he

cover age of the w r.el ess ni cati on
et o baiBbicelyBte St RURHRIG Lfifia O HIP H e B SFnER oSG g t ho
t echni cal ceméspording niltiple nadio ficqience s e groups.| BiftRAdnt @heHit elb@séntl to M

antenna el enents caqnnecte cor spondingly wth 1 to Mradio frequency
transcei v8f¥PSf argoﬁ i3 gdiftersng Elﬁ%féuéflc‘ipvﬂaaﬁs@é‘g?e?f dhe uysirelgssd

sel ecti onc@hni¥nication system base station. Each antenna element group connects with
corresponding radio frequency transceiver group. Each radio frequency transceiver

group connects with the baseband digital signal processor through the data bus.

According the technical scheme of the invention, the grouping is based on
coverage cell range of the wireless communication system base station and traffic
volume of the coverage cell range or coverage floor number of the wireless

communication system base station and traffic volume of the coverage floor.

According the technical scheme of the invention, each antenna element group
has 1 to M antenna elements connected correspondingly with 1 to M radio frequency
transceivers of corresponding radio frequency transceiver group; and selection of M is
based on number of mobile subscribers and propagation environment. Among them, 1

- ~~ to"M ‘antenna elements of one ‘antenna element group and 1 to M radio frequency
transceivers of correspondingly radié frequency transceiver group are distributed at
same place, or 1 to M antenna elements of one antenna element group are distributed
at same place, and radio frequency transceivers of correspondingly and de-

correspondingly radio frequency transceiver group are distributed in concentration.



'baséd on nunber of nobile subscribers and propagati on environnent. Anmong
them 1 to -M-antenna el enents of one -antenna el enent 9&3%&0&%&61 to M
radi,o frequency transceivers of correspondingly radio frequency
transcei ver group are distributed at sane place, or 1 to M antenna

el ements of one antenna el enent group are distributed at sane place, and

radi o frequengtoldind feabdiical 9heaR SEHP IMEnASH, thaAttd& PRk %&HPHQJSHQ' y
radi o frequency transceiver group are distributed in concentratton. 3

PGT/ CNO1 fiiifsocns bniddisgslinreslls peveredbinthe avireless epmmuiidatien systembiserstatihe
di fferent I ses . different, buildings in cells.covered by the
wirel ess 8g%ﬁ§%éa %\fns%/glf%dg?%g ‘éer%‘{ by i“b‘.anw"glgssd?wlg}’%lﬁ?uofnl SG'B&E’ ‘f”hs%a

bui I di ng starieéi.ed by the w rel ess conmuni.cation. system base station.
Wherein for the different floors in a bujlding, the distributing can be
based on t hat NIEEKOF (thipfiffezend flagesained byjiding ol sistubuitngesaarhenkased 6ap or one
to two flaffgad ﬁooraikla‘f'l%@%ft%i with! {h Qﬁl‘;ﬁﬁt Q%Qnteérgﬁ'ﬁ@} oﬁé &' Rwo HYArLAEN
antenna el ement group applies sane frequency,~ 1l sPot. and code Channel ,
i n interl| aldndated. withemeanterinar eletentdgrbiysr andt edchcamtenni releméti droiph gpplidse

each floor is allocated with an

distributin an al so. be based on that,
ant enna efaéﬁ%ﬁ?q‘ﬁp%ﬁfmeaﬂﬂt aé‘?ccﬁd%lﬁlﬁ"é‘ﬂg]am _'é‘Feé%Yng-gr oup applies sanme
frequency, tiwWRBersinOfor @Rddieefat B68:3MAa buidin ,'tl%f(ﬁﬁtﬁﬂﬁting Eﬁnee{li,@B@PEs%dCOdeS

and training sequences. Technical schene of" the Invention can also be as
fol | ow. Aouithatr¢ashtflaprsiseallocatad evithn a yantenma elempeit sgreup andt each aantdnmaent

ot ocessor e Bk PBMRRE Yaht IREhdS e AP B, JARRT Pl ARt ot &7

and each imeHaedceqideraid trainifg Sepenes. group conprises 1 to mradio
frequency transceivers. One to mantenna elenments of one antenna el enent

group connect_ cor.respondi n .wth 1 to mradio frequency transceivers of
one radio fr:’erﬁﬁg'ﬁﬁjs #‘%%éi‘é&veﬁﬁ‘%‘fﬁnt%sof%%fNIWOUps. Ant enna el enent s

(r);ndi fierent QrauRcuted SnfdiShdtial A cghlgﬁ%seﬂt arﬁéﬂdadélgﬂgntO%rOPgQVﬁr age
ge of a wireless comuni cation system Dase station, and app sane
f r equencyradiq gxsquénsy anscoveregmuphined .a Pasgband digitak sigyalt possser. \Bach of
oo e b ant@hRB3mEAEES hbised %R WahInd eRiniedls a3 RS Fegoency’ "M OU9"
transceiver' group comprises 1 to m radio frequency transceivers. One to m antenna
elements of one antenna element group connect correspondingly with 1 to m radio
frequency transceivers of one radio frequency transceiver group to form N groups.
Antenna elements of different groﬁps are distributed on different buildings of
coverage range of a wireless communication system base station, and apply same
frequency, time slot and code channel. Radio frequency transceivers of different

groups connect with a baseband digital signal processor through a data bus.

Wherein 1 to m radio frequency transceivers and corresponding 1 to m antenna

elements of one group are set on same building or different buildings.

Technical scheme of the invention can also be as follow. )

A distributed smart antenna system comprises N antenna element groups, N
radio frequency transceiver groups and a baseband digital signal processor. Each
antenna element group comprises 1 to m antenna elements and each radio frequency
transceiver group comprises 1 to m radio frequency transceivers. Onel to m antenna

elements of one antenna element group connect correspondingly with 1 to m radio



'VMeﬁein 1 to mradio frequency transceivers and corresponding 1 to m
antenna elenents of one group are set on sane buil di ng Ormﬁkﬁpﬁ%&@t

bui I.di ngs. Techni cal schene of the invention can also be as fo

di stributed smart antenna system conprises -N antenna el enment groups, N

radi o fregugn Xttlraﬁ&%%'ksv@f 0 e fﬁgﬁlelﬁEIQ?a%%@m rgiiblﬂi fkorh Elngxlogpsr ocessor.
e

Each antenna €l enent group conprise o m antenha el enents éach
radi o frefoensy elemeaﬁszfedlffenenggx@ups arordistiibeted on tdifferemtafthions bf edpuédmg

transceiv ant enna el ement s of e.antenna el roup
connect cgt; goevs?g]%drahg? §} Wi YHC 5% SOHPPRIGALCD Y S%(ﬁ/bﬁﬁdtfﬁ%l%’ amp qﬂBncy
t ranscei viatggleating@nieiéqaehdys G anl DS EHanifél, & kR ﬁéquémtymlhiegr&um
Ant enna el errents of different groups are di stributed on different floors of

a bui | di n3pd epdec 6'9@!151; byt Hifferept infesfgrergecgades mﬁutmalwgu smuwgs eRacbase

station, ﬁ@cﬂlcﬁ thmsdeiverd OF Hitr&RNI pS nJcE CB(a.’se anHEdl QL si code
or ﬁﬁ %r %; Egjtu an e ?

channel , equency, tine sFo anne ent
i nt erferepmeessod«hsolghd databusi ng sequences. Radl o frequency transcei vers of
di fferent groups connect with a baseband digital signal processor through

a data bus. el di o frequency tragnsceivers and corresponding 1°
to m antenna %‘Hre'ln%’ morf"gj‘(?née‘ﬂlreﬂ%trg‘? éls ngﬁﬂml“fl’élgal O MANGINR ot

floors Ofelt:ﬁl@ntb'd)f beké Pﬁrup afCse0blkdifie 1160 UHEEATETorLéf tﬁé‘bhllcﬁﬁ%{er age range
and traffic volunme, the distributed smart antenna system of The invention

di vides antenna e| enments consisting an smart antenna array,
cor r espondi ndYSgordiag 4o fieauilanen) of £all ceqveeage ange fanddtrafficc aplusee, i the o

3 amont 1 o GouRRREH el GRKEIGNG LERMATIRRS o RTR JORGs BENR | o

di f f er entarf IsnmrtSantelfmasaﬁEy beortedporglindiyitradiol fré@eﬂﬁﬁ&ran@émhﬁd ofked®ach snart
antenna g conceptrated at one place. Al smart antenna groups and
radi o freﬁﬁ%g‘r%cwq BIPPSe LYeh, ACGPHIRgs Q- GRYRERASY TequECBAR): Ko BRAY agineal

si gnal prgemesOis distibRbE S C 2B lidfekd) b\ﬂlallﬂﬁg BsaiieSdeli &Lﬁlﬁgrgﬁfrﬁfﬁrsant enna
systemw Il process mul’t1 pl e groups of antenna el enments tiple
groups of ofarsemanhuiddingrebut allr @ntcana eiemelm;tmibleec}plsataas anteona 0grogp tie

ff b
Bect e, ook ¢ 9teod (HEbhEh BRYEL SRS euffori € sty RSN

groups commonly use one baseband digital sxgnal Processor.

Wireless base station with the distributed smart antenna system will process
multiple groups of antenna elements, and multiple groups of antenna elements are set
at multiple places according to requirement. In this way, a better coverage effect can
be obtained. Besides, according to set location of each antenna element group and
mutual isolation condition, in a service range of same wireless base station, frequency
can be multiplexed to raise spectrum utilization coefficient. Especially in a CDMA
mobile communication system, except using same (or different) carrier frequency,
same (or different) time slot and same (or different) code channel can be used as well,
i.e. wireless communication resources such as frequency, time slot and code channel
can be more effectively multiplexed. This means when improving cell coverage,

“"communication system capacity can be increased and cost 6f communication system
can be decreased at the same time. Of course, as antenna elements of each group are
set at different places, feeder cable length is different, so antenna calibration

technology must be used. A specific calibration method can refer to a China Patent,



mut yal isolation condition, in a service range of same w rel ess base
station, frequency can be nmultiplexed to raise spectrum YdrkhéRodign
coefficient. Especially in a COMA nobile comunicati on system except
using sanme (or different) carrier frequency, sane (or different) tinme slot

and same froposdif ber et pplde: ohameelnvemio)endts@d "8t land Deice Wor €l €ss
comuni cati on resources such as frequency, tinme slot and code channel can

be nore c$HEERHREANSHAT Yininag faray|vith patcnt spplisetion nynberid9g1135010. cover age,

comuni cati on system capacity can-be increased and cost of comunication
system ieT DG gQ !l 3 time. O course, as antenna el enents
of each i 1@3?1 ﬂ."%p&—"‘c. .%I aces, feeder cable length is

different, sq.ant.enna cal j.bration echpol o nust .be used. A specific
calibration ﬁ&ﬁo‘ﬁ ac CF@*IS’? %{agraén W%p%F%ﬂ“HICBtIWS@WIVh@MWpr oposed
by the apghdmmant of the invention, named "Mt hod and Device for

Calibrating an Smart Antenna Array"” with patent application nunber
99111350.0. _PBrief Description of the Drawings Fig. 1 is a base station

di agram of wFigel%d$ acbaseusiatien idingrany afewirpless commmmicationsyslamawithi g. 2 is a
base st atj; i Lrel ess communi cati on systemwth a distributed
smart ant%ﬁﬁggkﬁ?fé@?ﬂ}?‘ﬁ% di stributed structure diagram of base station of
Wi reless comunication systemwith a distributed smart antenna used at
urban area oFiga @i tiy.a #isgibutedi stractdiestdiagrame bfs basectstatndiofigmareles base

station of wireless conmmunication systemwith a distrjbuted snart antenna
used at h@&ﬁ"%?‘ﬁtﬂnﬁé.ﬁe%}gﬁ#P%ﬂf%gcﬁﬁm‘irh@t?’ﬁ\?éﬁ?‘s ?)td“i?'ﬁéarﬁ?' ek2eY-i nventi on
now wi I | be described nore fully hereinafter with reference to the
acconpanyi ngFil awi hgsa Hitribieah sRaEhRY rAskemb ot BRRL Stffont RE wWikkyRHtion are
shown. This invention may, however, be enbodied in many different forns
and shoul @B SEm Nith a distritiitedesmarbanternaaserbali highbuildieg. forth herein;
rat her, these enbodi nents are provided so that this disclosure will be

t hor ough a4, ihle fully convey the scope of the invention to
tihodiiEhE of (' Tn¥kntioh

t hose ski nbers refer to Iike elenents throughout.

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.

Like numbers refer to like elements throughout.
Fig.1 has been described before and will not be repeated again.

Comparing Fig.2 with Fig.1, the difference is that in Fig.1 antenna elements 11
to 1N which comprise an antenna array are a ring array or a linear array concentrated
at one place, but in Fig.2 antenna feeder cable units and relating radio frequency
transceivers- are set distributed according groups, as shown in Fig.2 antenna feeder -

- cable unit groups: 41; 42, <.;; 4N and corresponding radio frequency transceiver
groups 51, 52, ..., SN. Number of antenna elements in each antenna feeder cable unit
group and number of radio frequency transceivers in each radio frequency transceiver
group connected corresponding can be set according requirement in really, but at least

there are one antenna element and one radio frequency transceiver as shown in Fig.2,



Fi g..1 has been described before and will not be repeated again. Conparing
Fig.2 wwth Fig.1l, the difference is that in Fig.1l antenna gir&eidsisll to
1N whi ch- conpri se an antenna array are a ring array or a linear array
concentrated at one place, but in Fig.2 antenna feeder cable units and

rel ating 4Ndnd SIN. Ghornary fourransne iclepients @idefosetadit féduehey adneiversdhng
groups, as sho i.n Fig. 2 antenna feeder cable unit groups- 41-7 42,- :..;

4N and coPHEERoFREARy AR BRIt eaeiRe ey and radiskiequpaey trnstaicersgrou2’2,. ., 5N,
Nunber  of 18003, Ha 6 lof dAfnida AR '@abfeeﬁﬁii?sr H@nglegﬂéé&& of'ro4p and

nunber of radio frequency transcelvers in each radio y transceiver
group conftequeady transasiveomnciviey apanedrecsled tademodered, beqroneodytust roneeal | vy,
but at le t here are..one_antepna el ene and.ong radip frequenc
transcei v‘glr%lggs S R < g‘,em aﬁgc,‘selt?'ﬂﬂbgé?ﬂﬁ'('ﬂ% E‘Hgﬁaﬂﬁ f%%_.er f%?% are
four ant esubme&imp@®ich anfhfla fedder Eadld Onit ERAPEHEN corr@PoRdihy eAdio 'fx'équéﬂ&ge”na
feeder cable unit group 42 and radio frequency transceiver group 52,

respect i VERIFCCIFRICRTOYPolfpdibfereahtlanm haseesiation ehipirelesh commanitader sygeroup of
radio [ reaieRCyishiANRe SRl SnbRYL" R hERMLSEERY EdIL S0 GR0G a1t

commonly use one W reless conmmunrcation system basé s usly,

| engt h of cdrespardisgtidésfrequenoy aalisceigecgrolip 8t @oflaatfdiffelent sradahR ddfridr gr oup
with cor rgs ondi ngp&?di o frequency_ transceiver group, is different. In a

base st at B¢y B O S e Plomd ) diffsrent WF same cedesehonpel: Bthesmar ¢
antenna, &g MhnahsTo@et easle runﬁ??é\g) Hid EorgésP?ﬁHiﬂ}%gadi& HehEaRe QG ideddi O
rk a ere ne

frequency transceiver group ca t di t or s arrier
f r equencygroup wiirk pesamet frequesgyysame timesdlattand semeatods ¢faanelntheaapaditymfcode

channel . en_.,each antenna feeder cable unit group and cerrespondi ng radio
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sane code channel, the capacity of the w reless comrunication system can
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with a distributed smart antenna, nentioned above, can be practically used
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Fig.3 shows a distributed embodiment for a wireless communication system base
stations with a distributed smart antenna used at urban area of a city. As working
frequency of mobile communication system is higher, for example 2GHz, dense
buildings, as shown in Fig.3 the 12 rectangles 101, obstruct transmission signal
seriously. In order to provide enough capacity, a communication system design
applies micro cell design, in general; and antenna height does not excess average
height of roofs in the micro cell. If a wireless communication system base station
applies concentrated smart antenna structure as shown in Fig.1, the coverage of

antenna system will be very limited (reference to ITU-R M. 1225 proposal).

- -In-this embodiment, a wireless communication system-base station 102 uses -
three antenna feeder cable unit groups 103, 105 and 107. Three antenna feeder cable
unit groups are distributed at three places. The result is that one wireless
communication system base station equivalently implements coverage areas of three

wireless communication system base stations 104, 106 and 108. Within areas 104, 106
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floors an ener e can only penetrate 3 to 4 floors
or walls. If smart antenna structure of a wireless conmunication system

base st ati onIn she embediniait atiows mfiﬁgm Itlib Wigleks conufhidatipdSsyktemebade0 cover
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floors 11, 8, 5 and | oor. The result is that by usin
wireless commumcatlon system base station implements equ1valently four wireless

communication system base station coverage ranges 116, 118, 114 and 120. In these
four areas 116, 118, 114 and 120 covered by four antenna feeder cable unit groups
115, 117, 113 and 119 respectively, each interleaved antenna feeder cable ‘unit group
(interleaving one coverage range) can use same carrier frequency, same time slot and
same code channel. For example, antenna feeder cable unit groups 115 and 113 can
work with same carrier frequency, time slot and code channel, and antenna feeder
cable unit groups 117 and 119 can work with another carrier frequency, time slot and
code channel. Consequently, capacity of mobile communication system is greatly
increased. As one wireless communication system base station uses commonly one

baseband digital signal processor, so subscriber average cost is greatly decreased

while improving coverage.

In a base station of wireless communication system with a distributed smart
antenna, number of antenna feeder cable unit groups is selected by geographical area
or building height (or number of floors) of covering cell, and number of antenna

elements and their capacity in each group is selected by number of wireless mobile
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includes 1 to M antenna elements. The number of M is related to number of

subscribers and signal propagation environment.

The second possible situation is as follow. The total number of mobile
subscribers in the building is many, code channels of a general wireless
communication system base station does not satisfy the requirement, and subscribers
are not well-distributed between every floor of the building from the installation of
antenna feeder cable unit point of view. If using a concentrated smart antenna shown
in Fig.1, space diversity advan'tage of smart antenna will be affected. If using a smart
antenna system of the invention, all antenna elements can be divided into several
groups and each group is installed at a floor, then each group of antenna feeder cable
unit uses same frequency, time slot and code channel, but different interference code
and training sequence. It likes setting up many independent base stations of micro-
micro cell. With this method, processing ability of existing radio frequency
transceivers and baseband digital signal processor is greatly utilized and the whole

communication system is optimized.
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shown in Fig.1, a base station can only cover at nost 3 to 4 floors. If
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different floors); but a common baseband digital signal processor of base station is

used. Therefore, advantage of a smart antenna is fully developed; and when

improving cell coverage, system capacity is greatly increased and system cost is

decreased at the same time.
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In summary, in a distributed smart antenna system of the invention, antenna
el enments, relating feeder cables and radi o frequency tranQngm&%%m whi ch
conprise the smart antenna system are divided into groups, accorging to
coverage range of cell (or building); selecting nunber of antenna el ements
of every group is based on traffic bﬂge; and every antenna feeder cable
unit group is installed at different places (or different floors); but a

b b Qi ' f .b ti ' d,.
Theretore. - adyadisfibd Shal SR SRR CoBbrGRYY e SThateis N Fiien
i npr ovi nofrepiehcy transcaiyers adSeeder caples toineétingdhe N hteAdCi1easRE wahdhs Y Z tem

cost is ecreased at the sane tine. 10 PCT/CNO 1/000 16 dains 1.
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cover age 4: f .t | e ni cation stem base station, each
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transcei vaystegr basg, stetion) eschdamerinacaéRea \erouROGHEREN SFitl ESHRpE IR ¢ddio Wi th t he.
baseband digital signal processor through the data bus. 2. The system

accor di ngTtBeRFLIARsteVeREIPuR. cachErdip isequcAey ranspriverErowp eanpeetaydth thel | range
of the wigRtHed &nghgﬁﬁb&gs&xﬁg%ﬂﬁ@%g HRtion and traffic volune of the
C P05 - Runber

coverage cell range o ver age er of the wireless comrunication
system base station and traffic volunme of the coverage floor. 3. The
syst em accor &i Heg systeth ataerding wh Elainnl, odeicinthcegroapial dstbaded @naiopefags 1 to M

antenna e nt s nnected correspondingly with.1 to Mradi o frequency
transcei végﬁgrg 2 y ocfgﬁ? 455 ﬁ%:lf%mpﬁlﬁgtbonf sryééﬂéﬁﬁfl sﬁ"?‘é‘h%‘@e‘i‘#ﬁfz Vﬁf ,fclh‘ﬁd
sel ect i orcovtrayk icéll range or coverage floor number of the wireless communication system

base station and traffic volume of the coverage floor.

3. The system according to Claim 1, wherein each antenna element group has 1
to M antenna elements connected correspondingly with 1 to M radio frequency
transceivers of corresponding radio frequency transceiver group; and selection of M is

based on number of mobile subscribers and propagation environment.

4. The system according to Claim 3, wherein 1 to M antenna elements of one
antenna element group and 1 to M radio frequency transceivers of correspondingly

radio frequency transceiver group are distributed at same place.

5. The system according to Claim 3, wherein 1 to M antenna elements of one
antenna element group are distributed at same place, and radio frequency transceivers
of correspondingly and- de-correspondingly radio frequency transceiver group are’

distributed in concentration.

6. The system according to Claim 1, wherein the different places comprises

different buildings in cells covered by the wireless communication system base station
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‘baséd on nunber of nobile subscribers and propagati on environnent. 4. The
system according to Claim3, wherein 1 to Mantenna el enenpsy @, 0%
antenna el ement group and 1 to Mradio frequency transceivers of
correspondingly radio frequency transceiver group are distributed at sane

pl ace. 5. off biffesetss fROraiCObGHdifg Covét bt wirbREEESmAuhR AR BN Bag! eNENt s
of one antenna elenent group are distributed at sane place,” and radi o

frequencyS®Hehscei vers of correspondingly and- de-correspondingly radio
frequency transceiver group are distributed in concentration. 6. The

system accor di | . ' ' COMr Ii..Ses
diyf ferent bu?:' g?%é%@ﬁ%%‘arﬁl? g‘é@%aﬁféxgb ’B@{%{%}é]}%ﬁg?}gfs@é@p nlflc?fa uilléﬂlgsyst em
base st at therdistgibuti@Tis Gkt ¢rO0@t éachdloodisf flloeated wilhomw stérhaaldment gickg cover ed

by th i rel 0 ni cati gn system base station. 7. The system accordi ng
Lo O ai m B ofnE B TP atfﬁéﬂa?aﬁ“:(dé?’&ﬂ]tanfqn&aﬂg eIGmeEAt |BTQYPe AR cach aenna
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el enent group or one to two oors are allocated with an antenfia el enent

group, and each antenna el ement group applies sane frequency, time sl ot
and code chafndhe system geeardiagye Rdpimdl, whseein ferttberdiffecent dionrs ine bilding 7,

wherein f . ' i | LlLding, ..the distributing is based
on that _eg%h&l{lﬁggﬁﬂélgbgﬁtdo@a@ gﬂ(’fsd\(/:\}l ?lﬁg%ﬁ%gﬂgaé%ﬂva’_“glagﬁg {04, cISTENT ETBARY each
ant enna ehmireach aptennp eloppeint groupaippliéy eenechiequenty, TBnc416t ardlébde @iignrfeannel
but different. int e.rf%ence c%ges and training sequences. 9. A distributed

smart ant {ffercnt infarieprnce cades and HAiniRg S queNCREBNt groups, N radi o frequency
transcei ver groups and a baseband digital signal processor; each antenna

el ement Qr oup. AOBBIbHRS shndrPaffe Al §ARM ELAPRLSN bnbR CRfcAl pubt SUCNCY

transceiver group conprises 1 to mradio frequency transceivers;, _
ant enna Edinhdieduensy Gansceineie groape |apdenbasgbend digitah signak pracessponetichgl y wi t h

1 to mragi f n r ceivers of one radio freguency transceiver
group to ?‘gfgnrﬂal\{lg@gﬁpé Xuﬁ gﬁﬁéﬁ%eg\ﬁeﬁoeweémﬁffemeﬁ%e t Cgﬁﬁig;feap@wy
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communi cation system base station; antenna el enents of different groups
appl y sanfleReR§RERag, antenna @?@%ﬂtﬂauksﬂ@eéhmppn¢lagiyovnh ddaemaoygdio
frequency transceivers of one radio frequency transceiver group to form N groups;
antenna elements of different groups are distributed on different buildings of coverage
range of a wireless communication system base station; antenna elements of different
groups apply same frequency, time slot and code channel; radio frequency

transceivers of different groups connect with a baseband digital signal processor
through a data bus.

10. The system according to Claim 9, wherein 1 to m radio frequency
transceivers and corresponding 1 to m antenna elements of one group are set on same

building or different buildings.

11. A distributed smart antenna system comprises N antenna element groups, N
radio frequency transceiver groups and a baseband digital signal processor; each
antenna element group comprises 1 to m antenna elements and each radio frequency
transceiver group comprises 1 to m radio frequency transceivers; 1 to m antenna
elements of one antenna element group connect correspondingly with 1 to m radio
frequency transceivers of one radio frequency transceiver group to form N groups;

antenna elements of different groups are distributed on different floors of a building of
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transceivers of different groups connect with a baseband digital signal
processor through a data bus. 10. The system accordi ng topddcbiaods Wher ei n
1 ta mradio frequency transceivers and corresponding 1 to m antenna

el ements of one group are set on same building or different buildings. 11.
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frequency transceivers; 1 to mantenna elenents of one antenna el ement
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Claim1l, wherein 1 to mradio frequency transceivers and corresponding 1
to mantenna - el ements of one group are set on sane floor or different
floors of the building. 13

13



