1 DI VERSI TY COVBI NI NG FOR ANTENNAS Fi el d of the Invention: The present

i nvent i onWOISE#292 to an antenna con- figuration for use byPEHSEISH0E22| ons in
a cellular con- 5 munication system and nore particularly to an antenna
donfiguration which is conprised of a plurality of antennas for increasing
the sensitivity and range of a cellular corunication system Background of
the Disclosure: 10 In recent years, the inportance of radi o based

t el ephony has increased rapidly. Am)ng t he many reasons fOr this is the

added flexibility for the u : installing the
t%gvu%oﬁn ws BoRN

cabl es needed in the fixed A radio ased t el ephone
system consi sts of so called ceI | s, 15 each of which receives radio

coverage from Mﬁi%%ﬁﬁ'@@&?t ation. The:base stations are in turn
connected to the 11 xe one rk thro a speci. aI SV\IItChI ng node.
A typical cellular ?Bﬁmﬂ? nbn ﬁ?ﬁ’b‘h’r?’% ihe Li%g:ﬁsa g g - gen=

Figure 1l illusgigheation cidx Susehebﬁlbﬁé |staet1tqma ciah (ml celhulanbldmn-

radi o comrupi c Id
o1 ol enonPeciiPaRsPh° Hest e ang Jfoff, pir¥iqHiinTy | 86 ety Sl Bnifd !
sinplicity, theopfdgumationewhich éanc@epmeﬁ@@l ﬂ%dﬂ lﬁlwkﬁk\! KfFntenes
representati on gighl Uﬁ&é?é@&'m Ehel! SerdsitfPitpaahdcelangélofCle, ddianadrs a

base stati on, Bl B10, wi th e sanme reference nunber as a corresponding
cell. Figure 1°PF‘F“H§?~F&F&9“tﬁ¥sE§§e stations as situated in the vicinity of
the cell center and having omidirectional antennas. The base station could

al so 30 be si ;ua@ e%°ﬁé :a ggh{egﬁg ggc ggg use directional antennas. Figure
1 also illustr -MB, which are novable within a
cell and fna®m one cdnl recenbyeays, maaimppr'gance@ﬂ wadior based sekephony
there woul d noipRl §YcPEased rapidly. Among the many reasons for this is the
added flexibility for the user, and relatively high costs of
installing the cables needed in the fixed telephone network.
A radio based telephone system consists of so called cells,
15 each of which receives radio coverage from a certain radio
base station. The base stations are in turn connected to the -
fixed telephone network through a special switching node. A
typical cellular communication system is illustrated in
Figure 1.
20 Figure 1 illustrates ten cells, the C1-C10 in a typicai
cellular mobile radio communication system. Normally, a
cellular mobile radio system would be implemented with more
" than ten cells. However, for the purposes of simplicity, the
present invention can be explained using the simplified
25 representation '{illustrated in Figure 1. For each cell, Ci-
C10, there is a base station, B1-B10, with the same reference
number as a corresponding cell. Figurel illustrates the base
stations as situated in the vicinity of the cell center and
having omnidirectional antennas. The base station could also
30 be situated at a cell border and use directional antennas.
Figure 1 also illustrates nine mobile stations, M1-M9,
which are movable within a cell-and from one cell to another.
In a typical cellular radio system, there would normally be
more than nine cellular mobile stations. In fact, there are
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nore t hawonspeetel | ul ar nobile stations. In fact, there armCIRIBS006RRTE
SHEET 2 typically many tines the nunber of nobile stations as there are
base stations. However, for the purposes of explaining the present

i nvention, the reduced nurmber=of nobile stations is sufficient. 5

Also illustrated in Figure"1is a nobile switching center MSC. The nobile
switching center MSC is connected to all ten base stations Bl-B10 by

cabl es. The nobile switching center MSC is alsg co__,mnict ed bg\PcabI es éo a
fixed sw tcheeyPiFabhynean¥t hemesokhe; Runkers % MoRiLGoPkatAPRs af E8eFPom
the nobile 10arevhasdi S8ateohel MiSwévet|efbpsthéet purposBs- 8tOerpllatnalihgs
to the fixed petwork are not illustrated. ! «AOD] .

swi t chi ng cent®? Wﬂ‘g e DRI R0 ﬁ%rree%ea%gmgﬂ&% itot%nglpgr%o |%Le:gt]'ons
swi t chi ng cenisrsuftfboientd by cables to base stations other than those il -

15 lustraged in Fhgupe; 1uégf£€éé dﬁ{ Fi8lres1 i¥ AaioWErd Switth g Eahter

fixed radio links, may also be used to Connect_base station é maglr}ls%
swi t chi ng cen¥8fs. %m%%%&m%cﬁ‘ﬁﬁé}%dst‘ﬁ%‘%%%ée 1(:?%Ri “end
t]be rrﬂbi : e stphsenstationk! BLSBROIBY cablésl | @he Rdbile swAtoHimlgaqamltam' ty
of cellular c ni cations syst.e LnGr Sent : rg%errs
becone nore aﬁggunb?ea Nothar: .ec%sergb’yg&’aﬁ??gi Y'c'iéswf ?s%érzggill%&%d tedle t

e to 1 ncrease e .

range and/ or nepworkyovfsimblar|fixed netwayk. FAllheahdes fromtheaphide e

to reduce,pheggatbnihgelntel! M5E S ¥HE Bagd! 5€Atian BYSBEITandtabEes o
| ower cosf's iS to yse fewer base statjons to cov;:é a certain area. However,
as the range ShecfiKedBetwprk; are; ROk ARRrated. sensitivity of each base 4

stations' receiver rusad@gtionr arsethefl mokd Jeobswitehihgorcenttqut MBOWe1 - (
lustrated, there may be additional mobile switching centers
connected by cables to base stations other than those il-
15 lustrated in Figure 1. Instead of cables, other means, for
' example, fixed radio links, may also be used to connect base
stations to mobile switching centers. The mobile switching
center MSC, the base stations, and the mobile stations are all
computer controlled.

20 As the popularity of cellular communications systems
increases, the existing cellular systems become more and more
crowded. As a result, it is desirable to increase the range
and/or capacity of the cellular system. Furthermore, it is
desirable to reduce the cost of new cellular communication

25 systems. One way to lower costs is to use fewer base stations
to cover a certain area. However, as the range of each base
station is expanded, the sensitivity of each base stations'
receiver must be increased if the mobile station output power
is unchanged.

30 The current digital cellular systems employ base
stations which separate mobile signals using time and frequen-
‘cy orthogonality. Signals from a mobile station propagate to
a base station. and the signals are received at a single or
_sometime double antenna which are closely spaced, e.g.,

35 approximately 20 wavelengths. The receiver processes the
signal using time and frequency orthogonality to separate
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|s unchanw The current digital cellular syst base
stations csﬁﬁgepar ate nobile signals using tinme and freq%ﬁlﬂgj)%ﬁy
Qrthogonal ity. Signals froma nobile station propagate to a base station
and the signals are received at a single or_,sonetinme double antenna which

are closely spaced, e.g., 35 approximately 30 wavel engt hs. The receiver
processes the signal using tine and frequency orthogonality to separate

3 signals fromdifferent users. Wi | e techni ques such as frequency

hoppi ng and adgdgma 1@odff&ntastnb&u9$. Rigus=le Wﬁlfeorté&!ﬂmcguehaw'
interference, gese tech ues ar e, i nherent | llmi? é t he” avai @bl e
frequency spec Bfmgtm Varcai FhRlgues; RYPYide ways

adapti ve ant enifas d.fo%mnng ruaﬁomna‘l rmtherﬂqerme:,heﬁlmde I techr e earein

adaptive anten e S.
| mpi ngi ng on tﬁg‘h%rray xeféﬁl‘%a S om a p .%Iél%ied ?L%b‘gﬁgﬂ tt é?és]é&g&?
properly cobi HowWgviers a‘hb%nh'@elmf)uﬂémtimaﬂ-s mi‘lbi‘eltb oft r%dﬁptlve

i ndi vi dual si gw&ﬁfmtbsrgQpﬁw%ﬁw&mﬁéiweo-eusnnhi iﬁ!?é&-f&fé&m/%t he
same frequency ban yrthernore, a beanform ng matri x can used_fo shape

the reception &&‘c?gﬂ? iyg-antenna cansists of anarray of) spatfalixdistring
matrix has a pluted tantennad.putinpEiagin o rihes pantiyn e sigrmls ofrst 4 he

lI. The b
detected si Sﬁélp%%lﬁi%’  frafihiticns BYhOREFLY S in LR difenng,
i nvention @ i ERRES it ﬁu isipgssible t@quhractcbndﬁwi@uclmm@ﬁrpy the
i ncreasing the pedeltad Ehpbipotitesnh éiiﬁ?:.?tﬂ{éyoac&hby'ﬂlé Qﬁmﬁeffé&@énéf’m

muni cati on sysE emq The sensitivit base st a1;| onh is increased
.t

by
providing a pl JPOrEaATROFS, & RORMSOTRIAGRALTix can be Used €o shape

the reception patterns for the antenna array. As a result,

the .beamfoming matrix has a plurality of outputs each
15 corresponding to a section of the cell. The best combination

of outputs is then used when analyzing the detected signals.

) e e s _
It is an object of the present invention to increase the
range of a cellular communication system by increasing the
20 sensitivity of each base station within the cellular com-
munication system. The sensitivity of the base station is
increased by providing a plurality of antennas each of which
cover a disjunct or partially disjunct area of a larger cell.
In the present invention, the signals from the mobile stations
25 situated in areas covered by more than one antenna are automa-
tically combined thereby achieving an automatic and smooth
transition between different areas within the large cell when
" the mobile stations move within the cell. Another object of
the present invention is to provide a flexible systenm in which
30 the number of antennas, the antennas types, and the placement
of the antennas can be varied without any strong constraints
on their placement. ' | |
_ According to one embodiment of the present invention, a
cellular communic'ation system with a plurality of base
35 stations and a plurality of mobile stations is disclosed.
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cover a djsjunct or partially disjunct area of a larger cell. |n the
present Mﬁ‘&éﬂ?ﬂ %h, the signals fromthe nobile stations 2 BCI[SEIN0S2 | 1y
areas covered by nore than one antenna are autona- tically conbined thereby”
achieving an automatic and snooth transitiogn between different areas within
the large cell when the nobile stations. mo¥e within the cell. Another

obj ect of the present invention is to provide a flexible systemin which 30
t he nunber of antennas, the antennas types, and the placenent of the

antennas can hga w%ﬁ% %éi@iﬁnﬁ% SbhALGLEQNEb' a' g,tlararntt 'Jf R GG -

According to qone e ment of xFresent | nvent o | ul_ar

comuni cat i on Fated @t Fhe fameqn {@ififerant antenna isifes which qaver ¢ y
of rnobi It I 3 tst afdx@jsml dlt tdrslsafﬁls:EEIIuSHBth]iH?EaﬁéEETh In da&eeiohp ﬁ%ééiaiiw i's
connected to a plurali a nas_lqca e_sa ere
antenna si t os AT, 205 Aach ahteRRA"Sre BRTEaqd £oRCrRRRE Shy raripiteea
addi tion, r5eces1gnaj.sreﬁr|smf dhecambbibeemtatianspr oviRipaliger emeansn@re
t tted 5

ransmtte e%;aﬁiascamf%? ahfeaéungﬁ@}@&aéspvaag%ﬁfs

attached to eac recel ver or correctin recei ve
conbi ni ng nearrsiwmescwbmmmss?am Bes e Weﬁt saane?aﬁa%r% as:

to form an estdifrererit hitehhaBssd tas todforg e estlithate of ¥%6 ArHrgnits-
anot her enbodi t .of he present inven- tion, antenna arrays can be

| ocat ed at thé:r%:lsém Srtes. Wien antenna arrays are used at an antenna
site, a baam‘ or m ng\amdingartdaannﬁren enpodiment o thelpreserit hionen-

whi ch cover t t Ng40 nd.pas |
Description of é erﬂﬂ %i%sr (ejéséeir‘]?ﬁ‘?n%‘;’ﬁt&%ﬁ §t fth% %‘?{‘)ﬂe escr |tlbecf in ‘
nore When antenna arrays are used at an antenna site, a beamform:.ng

means can be used to generate a plurality of beams which cover
disjunct or partially disjunct sections of a cell.

15 Brief Description of the Drawing: .

- The present invention will now be described in more
detail with reference to preferred embodiments of the inven-
tion, given only by way of example, and illustrated in the
accompanying drawings, in which:

20 Figure 1 illustrates a typical cellular radio com-
munication system; : : :

Figure 2 illustrates a cell in a cellular communication
system according to one embodiment of the present invention;
Figure 3 illustrates the receiver structure according to
25 one embodiment of the present invention;
Figure 4 illustrates a cell in a cellular communication
- system according to one embodiment of the present invention;
Figure 5 illustrates a receiver structure according to
another embodiment of the present invention :

30 Figure 6 illustrates a cell in a cellular communication
-system according to one embodiment of the pi_:'esent invention;
and _ ' :

Figure 7 illustrates a receiver structure according to
one embodiment of the present invention.
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det ai | %ﬁlaﬁ”irence to preferred enbodinents of the |nven- tion g| ven

only by xanpl e, and illustrated in the acconpanyi /52 I n
whi ch: 20 Figure 1 illustrates a typical cellular radio com _
nuni cation system Figure 2 illustrates a.cell irna cellular comunication

system accordi ng to one enbodi nent of thespresent___i_nvention; Figure 3
illustrates the receiver structure according to 25 one enbodi nent of the
present invention; Fi gure 4 illustrates a ceI | in a cellular communication
syst em accor dhd¥h : xqH 118 N84 s&Wtel Nvention; Figure 5
illustrates a Fecelver St U ure accor di,ng anqt her, enbodi ment  of the
present invention;TR® Presen%w%*alqn I%Wm Ycdntepded £or) yegr in

cogwuni cati omfmm Wﬁhi@tﬁibm@sréml @thoulghl it Rid3ebe undeps-on,
and Figure 7 j

of the prese °$cxjge‘ﬁ%drs1se &K Ei:ﬂ\ff é&%g}' tﬁ%ﬁg%ﬁ'&[‘ 8F%§e5£ ﬁ%ﬁgé%%e
present iryercambe used ncarotpermm faommund dat icyl lapipdd cadvhensi.cat i on

systens, al though éie Wehbolitu 100 pPis s Endknkhed WL oGt pbhat
t he pr esent II’IVEI’I'['OI’I 5 Qan USE |n ot’her vari ous _conmupl catlon

appl i cati ons dWAERt r@ffetrl?é‘cﬁr & nFigure g shigh | 11IRFEEates i bed
w th referenceingléi ¢eld 210\hwhhchl list paits of sa nghegee! |cdllwlurhcba~-part

Contai ns e 100makeRb1SR By Atan 0 3 L Sincl R, T, BRITEAS, cbSaths o)
are | ocat@ cbasié fstatdon 42t and £ antennasi 14, k6 ulder 3nd 020 b;hmhaare .
skilled in thgogited A ditPelentCRhtbANE L1k C28¢DFi11 be understood by
 one skilled in the art that the present invention can be
.configured with any plurality of different antenna sites
within a cell. By providing the base station 12 with four
15 antennas, the size of the cell 10 can be four times the size
of a single antenna cell without increésing the power of the
mobile station. Each antenna is connected in some manner to
the base station 12 so that the signals received hy each
antenna are sent to the base station 12. For example, the
20 anter 1s can be connected to the base station by cables,
opticai signalling means or by radio signalling means.
| As illustrated in Figure 3, each antenna is connected to
- its own low noise amplifier 30, a radio receiver 32, and an
equalizer 34. The low noise amplifier 30 amplifies the
25 signals received by the antenna. The amplified signals are
then processed by the receiver 32 in a known manner. These
signals are then sent to the equalizer 34 which forms soft
values for the received signal in a known manner. The soft
values formed by the equalizers contain information regarding
30 the certainty of whether the detected symbols are actually the
transmitted symbols. For example, a convenient represen-
tation of hinary signals is +1 and -1. If the soft values add
up to zero then the equalizers do not know what was sent.
However, a positive value indicates that the +1 symbol was
'35 sent and a negative value indicates that the -1 symbol was
sent. The larger the positive or negative value, the more
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configured wth any pl urallty of different antenna sites ell. B
provi di ngVeMRBBYse station 12 with four 15 antennas, the ?Cighg“?&f e cel l 4
10 can be four tinmes the size of a single antenna cel | without' increasi ng

t he power of the nobile station. Each antegna i s connected in sonme nmanner
to the base station 12 so that the signal s“received by each antenna are
sent to the base station 12. For exanple, the 20 antennas can be connected

+ to the base station by cabl es, optical signalling neans or by radio

signal ling meqpg,. bgsté%sﬂli&rgl Qe aboﬁech:r?élt aa&acts_acogmséﬁéi to

its own | ow n0| se a radi,o recelver ' an e% %|IZ€I’ 34.

The | ow noi se Mﬁﬂﬂ‘i#’& toothapresent tW%lg%nEP?,#%%I FAR each
antenna. The aXifer Sﬂcﬁ:néla&haéeghhmnaremmbdniﬁdde imcaccombifiéri 36 a

k |

Sort Vo es § % e BAHE et 1 o Koy mh AR HAChTES ddyliaf wl€IS®
formed by tse mma,nizm;.s Itnwilh hefundexsteed byathese sitililed day themyt of
uhet her the dehorl othe VAPl a1l ©) 8 Ukt¥edi Ccbipgdidits Sdortabatd € Othe

exanple, a convem ent represen= tation of binary nal.s is +1 a .

the soft val ueantgRPAANG the dase: Btatd oy can, E’@r Blgﬁeﬂo?ntﬁFﬁﬂﬁ?tﬁﬁ
sent. However,tie RV Hdi%evainmltfadrcab%dltaie&mbihetyu’eol was 35 sent
and ? negati ve V?I \L,ﬁnl ndi at es t&@i%tggoél%i¥$}%ﬁe\p% 1§§%Figﬂe Ig i 1];‘he
positive or negati € rzets a out
the detectxol Syedms s42 A@mrhlengonnectedpbetmenlmnemlizm %i)f%ndaﬂ!es
from each equaligiind e 6P o Uil i Gt éf m'ﬁﬁ%dﬂés%ﬁi?&i?'ﬂ&%fe,?@oﬁt

t he base station In manner_ suc | tio I ni,n
wi |1 be under seXamplg, @hveeeived signal eRergy oy ARALLLY B?%?‘ﬂ.%grf—‘ﬁlﬁger
bet ween conpongihéa ceaigeped eceived signal energy or quality below an

~ adjustable value , or for dlsconnectlng a number of branches

15 with the lowest ‘received signal energy or quality where the

number of _branch_es di__s_connected is determined by the number of

branches and the antenna constellation. The squelch may also

disconnect an antenna branch based upon historical infor-

mation that , for example', could indicate the presence of a

20 co—-channel interferer with the same tra:.n:mg sequence as the

desired mobile. The options listed above are dependent on the

equalizer and indirectly on the length of the training

sequence. Fof example, assuming a known and ideal channel and

no implementation losses, the equalizers will deliver perfect

25 soft values and the maximal ratio combining is achieved by

just adding the soft values from all of the branches. As a
‘result, squelches would not be needed in this example.

Referring back to Figure 2, all of the antennas cover a

disjunct or partially disjunct area. Thus, four antenna can

30 cover a cell with an area four times as large as a suxgle

antenna cell without increasing the power of the mobile

stations. When a mobile station 22 is located in an area

-which is covered by both _anﬁe_nnas 16 and 18, a signal trans-

" mitted to the base station 12 is received by the antennas 16

35 and 18. The received signale are then processed at each

antenna accojr.dj.ng to the above description. The soft values
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antenna a ase station can be pI aced anywhere bet wee oi se
anplifi erw??ogiyr??jﬁt he conbi ner 36. :°'n :anot her :#enbodi ment of QC ;g%?éé@gﬁ
invention, a squelch 10 means 42 canbe connected bet ween the equal i zer 34
and the combiner 36 for di sconnect i ng antenga branches whi ch have, for
exanpl e, a received signal energy or quality below a predeter- mned val ue,
a received signal energy or quality bel ow an adj ustabl e value, or for

di sconnecting a nunber of ..branches 15 with the | owest. received signal

ener gy or rTch)]ual |ﬁzgom/\/r&xcm té@a’mh afe tﬂeélcf‘aﬁtdhﬁmt Eﬂieﬁbﬂaﬁlﬂé‘&e&ﬁi £réd
by the nunber t he ons atJd on sq

al>/so di sconnect - zaié? ¥t b hchB 5552&83 ttg‘tgoﬁ’r%a%%f °mn§%$8ﬁr?ﬁtat
, for exanple, mﬁrmaswltb&tbashesmqemra&ewamumr&tﬂmbfrt‘hz
with the same t ce | S

above are de eﬁrﬁh}cﬁi t%ﬁ'gﬁsgual I zer an |nd| re ﬂcgt?;#h%n }%ﬁaﬁ. h?ﬁ ++'§Ih§
training se d, jthanpresent,cipventi qféieﬂPeéh&mtelhm to
i npl ement at i on pexEoxm himdovers i vhef ‘thd ﬁ&ﬁil@rsﬁﬂtieﬁé foveS Hrion SbNES

h i mal i_nj ' hi t | th ft val ue
fromatl ot nEORTaESTeA a%nSeREr EHRM e Batl i Thoy be needed in
thi s exanpl e. Refer iAagpxsioig tho I‘al*g:umeﬁ enbddigienth cofinthe psesentr inven-
di sjunct or pardicy| %nd ahtenhad’ 8an BEYs1ad! a@%@ Q%m%agn?gnngoﬁﬂ:?aas

cell with an arga four tinmes as | arge as_a sjngle antenna ce
i ncr easi ng Ythe Pomstrataddmidguzestat i BhFiowre 4 #owr ansennasn522 54,

- located in an zse,a aﬁucssl areoldcatddy diuhdnédnantdfinangditd, 2 i JRls
trans- mtted t e stc}‘hon 12 i s r cei ved b;éthe ant en as 16 35 and

18. The recei ve 'aleg ﬂﬂtﬁpﬂﬁe‘%’é CRVERR RPRYTCXHMRte YRR EeY
t he above descroibtthe. lilrgasoéen/asues ABLET THhe Sidnals from the four

antennas are combined, the antennas cover the whole cell 50.
15 As illustrated in Figure 5, when an antenna site contains
an antenna array, a beamforming matrix 40 can be included
~either before or after the low noise amplifier 30. The
beamforming matrix 40 forms a plurality of beams, wherein each
beam covers a disjunct or a partially disjunct section of the
20 cell. As illustrated in Figures 6 and 7, the beaniforming
matrix has an output for each of the sections of the cell. The
beamforming matrix can be used so that output 72 covers
section A, output 74 covers section B, output 76 covers
section C, and output 78 covers section D of the large cell
25 60, wherein the sections are disjunct or partially disjunct.
An advantage of the present invention is that at least several
if not all of the outputs from the beamforming matrix are used
 in determining the detected signals. As a result, the present
invention achieves an automatic and smooth transition between
30 different areas when the mobile moves from one area to another

within the large cell without needing to perform a handoff.

The present invention can also take advantage of polari-
zation diversity to decrease the effects of fading. The
fading for the vertical and horizontal parts of a radio wave
35 are almost totally uncorrelated, i.e., independent from each
other. 1In the present invention, the antennas can be either
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7 fromeach equalizer are then automatically conbined at the ggé ?tatl on
12. By cO¥®PHIMI¥ the signals fromdifferent antennas, theTGISEYP04

generates a better estinate of t he received signal. Furtherm)re since the ~ .

signals are automa- 5 tically combined, the present -invention does not
have to perform handovers when the nobi le 8tations nove from one cover age
area to another within the cell 10. According to another enbodi nent of the
present inven- tion, the antennas can be placed at the sane antenna si te as

10 villustratgdd t'(}d:dﬁ.‘&r %r%ofﬂzghgﬂifr‘po{]&'iﬁz@@t&nm*ea POr ebanpyy!

are located arou one “antenna Si nbodi ch antenna nI Y
covers approxiSeRePf theanrtennyisites F"&h’g€°E§Pﬁ-n5'G°rlz%‘E%f é)

fromthe four atiedians Whe1e0MHe Ctenallning! caNbEnsS Y @i te mbyl a:cne&éu’so

ant enna ar T ay VEFERGAILY, RIGTRAEH ARFEVEAR-ncAT KEFRERYETY horugh i Eihye

after the Iwsitieeondyl cémﬂiﬂﬁbottﬂherimentalhy rRpdMerticaldly podarized
plurality of er a t
G o) unct”sect LI B ?ﬁbﬁé § K518 Bhfsfedl Gtdhnh BaHBROYIAe
. beanform ng rrmqlmmweastiam ity each of the sections of the cell. The
3 giam‘ ormng matrix Raying H§7 1§:§héf@&ed)lliypuho§3 oﬁwﬁm skilA, inutipelt
: covers: section t covers_sec
section D of tarFé"IEt1 g %Bﬁ presant 4 Yﬁf‘ﬁi?ﬂe%?é‘ct gﬁggélél sj uncéé%er
partially xb slsp‘edifiém o weidhouit ulepamtaaqnfrpmvthel spirittontcentrakbst
several if not Ut S 0 n
ciifadle egﬁ, ! ST g&hasnpgwaﬁéaaaemaaﬁénué ealré

determning th present_invent|on
achi eves an amlmmt@rarﬂpmmxred dan aldi sespecksckozbe HH‘P%FE%FJ-‘A?G%%d

when the mobi | %ﬁfdﬁmwe Qhéasé anet haie wm@nhbhelbamametéd by

wi t hout needin erform andof ghﬂgs‘&eg nt| on c ziPso t ake

advant age of %PP B2 XS, e 8@?5 &m%‘a

The .. 15 all changes whj.ch come within the m_eaning a range of equi-
valence thereof are intended to be embraced therein.
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fading for the vertical and hor| radio wave 35 are al nost
total Iy WOSFA®%ted, i.e., i nde wwgi ot her. |PCH3EISIPR2ent
i nvention, the antennas can-be eit erc SHEET 8 vertically or
hori zontal | y pol-ar.ized or i Xed; " For exarrpl e, Sone es may
contain horizontally polarized antennas whife the ﬁmﬁ SHEQT ﬁﬂé%‘é&
may contain vertically polarized antennas. Alternativel yespga‘@goa

site could contain both horizontally and verti cal 'y porarzeg—antg
Furt hernore, aysi hysi cal antenna can provi de pol ar| zation di ver si ty.
It will be appﬁﬁﬂ%‘%p K t hose of or di nary skill in the art that the
present invention cam be lar compupdcatdonsersten wisiha plurplity of
departing fronpabe Eﬁatibnﬁraﬁ&nirﬁiuﬁi@i?@t@f i R0 fstatiiony cs¥ild base
di scl osed embodinents are therefore considered in all respects to be
illustrative aﬁ%gﬁﬂif’n?eg?’??’é P92 The scope of the invention is indicated
by the appesded cl aanpluxaidtyt fefh ankernasgovhereiscsapdi anteandslcover

changes which hi {ﬁ%t @=Tele) eqig pce thereof are
i ntended to beag P‘gggd ?héer ern %ﬁa"T %ﬁ%&? o¢ {ﬂ S daimed Is: 1.
"In a radi o conmuni cEeFeAVing: BeARg Ay each %@tmrcé’ﬁ%@r& isdgnalise

first communi C%&hﬁ&m&t&baoﬁrdﬁfsﬁdlgna’bm lstatidng ;nObi | e station
p05|t|onable wi thin _the rglell t he m)bH_' ﬁ a on at. | east foréoransm'tting
t Bf"e T SOTHRE™

uplink signals to t RIUPLAZANG REARE A Pt %rFea‘iﬁ?a‘f%R
first 5 10cotmngi sajidareceinvedrsignakscasdk i ng the uplink signals

transmtted theretOp¥ng for combining the received signals from said
antennas to form an estimate of said transmitted s:.gnals.

2. A cellular communication system according to claim
1, wherein said plurality of antennas are arranged at one
15 antenna site. '

3. A cellular communication system according to claim
1, wherein said plurality of antennas are arranged at a
plurality of different antenna sites.

4. A cellular communication system according to claim
20 1, vherein said combining means uses maximum ratio combining
to form said estimate.

5. A cellular commun_iéation system according to claim
1, further comprising:
squelch means connected to sa1d comblm.ng means for
25 disconnecting antenna branches which have a received signal
' energy below a predetermined value. | ' '

6. A cellular communication system according to claim
1, further comprising:
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t he nobi ) lon, said app rising: a first antenna defining a
first an{)ve&ﬁ?é%%’ea encomas’sﬁ@@ﬂ]ﬂﬂiﬁiﬂﬁ@hﬂi&m of the cePFT/SEFD042R2, oy
antenna for detecting uplink st et=hy—the nnhil e station when
the nobile station is positioned in at | egﬁt } ITe#s BHELT Lds gegppl]t enna ar ea;
‘at least a second antenna defining at |east a{[ secommEraptepna ar ga
enconpassi ng a second.portion of the cell, sard-atr—Feast--se andl| ant enna
area at |east .partially:disjunct fromthe first antenna area defined by
said first ant _e””asqﬁéléhatméa?%stc&ﬁ‘ié’é@eénisn%%iﬁorcéﬂfrﬁﬂdgg HRhkNleor -
signals transnitted 15 by . the nobil e station-when the nohi Pe station is
posi ti oned i n@iEcPBRecting a%/'tﬁﬁﬁétb§%% Hhishhavep necedives sdgnaditry
coupl ed to saetiekgysbebowecamadjustableivdlaecond antenna, said receiver
circuitry for receiving indications of the uplink signals detected by said
first and at | east second antennas, respectively, and for 20 form ng
processed signal s 7adi cat¢teklular mompunigatdiiomsystenscacoording cia lclafimsai d
first and gt heaphreRepCompifaiags edualizer circuitry coupled to receive
t he processed signals fornmed by said receiving circuitry, said equalizer
circuitry for equaFHBPﬂr&heM‘éf TPRNEFERD sERJ Saidn Fambining  ngang, £otng
equal i zedhsi gaablecpnﬁepenai;va- t;mn@t_ntyzfobf antenna b:la;ﬁ'e_nbfs nw&tpou@beéttg
_receive the e . S said equalizer circuitry, sai
conbi ner for g%%ﬁ#ﬁ?ﬁgéégﬁﬁio?ﬁfﬁgg;ﬁ%ﬁ%ed signals and for formng an
estimated signal representative of an estimate of the uplink signal

transmtt by t hegnobi ' iodsi - o
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said first andsafurther HMennas, thereby to provi de handoff-free

reception of the upguelichi giars oconectadi t6 sadd ConBMEndChEBRS £oe
first antenna,area and,the at,| east, secand antenng area. 5 2., The a aliat us
Fogs Fhich have signa

of claim1, wHAPSCRUEREINS, Sptenpa REan a receéive

quality below a predetermined value.

Bt

15 9. A cellular communication system according to claim
1, further comprising: ' . _
squelch means conhected to said combining means for
disconnecting antenna branches which have a received signal
quality below an adjustéble value.

20 10. A cellular communication system according to claim
1, further comprising: _ R o
squelch means connected to said combining means for
disconnecting a plurality of antenna branches with lowest
received signal quality values. '

25 11. A cellular communication system according to claim
1, further combrising:_ |
squelch means ‘connected to said combining means for
diéonnecting antenna branches based upon historical infor-
mation. ' |
30 _ o _
' 12. A cellular communication system according to claim
i, furthef comprising: '
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at | east tenna area defii ant enna ' econd
ant enna, f‘gg)%ggfg?eel y, together s ﬂmﬂml mﬂmmnpass the‘?‘g@?‘f’g”"%@f

3, The apparatus of claim1, furthér Conpri® Squel Chl ng circuitry

coupl ed between said equalizer circuitry an sa| fopm o—eeanh ve t he
equal i zed signals, said squel ching circuit rg' 0 E@Se%“dfﬁ'e'ﬂ&rs 8genml [chi ng the
equal i zed signals received thereat. 15 4. TREPb#@EPRat us pf claim
3, wherein said squelching circuitry squel ches equalized srygnars—appl i ed

thereto of signal enw&&éo@ﬂr@hmaa@t Ingetesd %Léxﬁ'éeﬂ %heFan‘EQﬁnﬁQpé’ﬁ@tgﬁ

of claim3, wherein said s gircult squel ¢ ual 1 z
signals applied rﬁ‘ﬁ%“éﬁe&'sof & gﬁﬁ?rgﬁéﬁ?ﬁ/ H]é%@bé’eﬂgaﬁﬂtgﬁvﬁit’%ﬁ??%\?@@h
6. The appar at ucoMerc ddsjunctnberpart 58l Iy disjuivth areascoft the sepkl ches
signals responsive to historical information. 25 7. The apparatus of claim
1, further conprising a beanforner, said beanforner coupled to said first
antenna and said at [1@ast Psge&nulam@mwi@gbxmmm agcondingcbo £claimy

whi ch sel ect @/e'm d%b%int Qﬁn.a'ﬁéimf@%ﬁ 19 wddits ddal Beefbr I fetipecond

-antenna area. . The apparatus of claim1, wherein said first antenna
IS polarized in a flrst pol ari zation direction and said second antenna is

polarized in a second4ol A cealudardcomminidcat Aok YR enHaEEording to claim
: 1, wherein vertically polarized antennas and horizontally
polarizing antennas are used.

15. A cellular communication system according to claim
10 3, wherein said different antenna sites are located in a
single cell. '

16. A cellular communication system according to claim
1, wherein at least one antenna provides polarization diver-
sity. ' |
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