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10 Figure 1 illustrates ten cells C1-C10 in a typical 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 explamed using the simplified representation illustrated in
: Figure 1. For each cell, C1-C10, there is a base station B1-B10 with the same
| 15 reference number as the corresponding cell. Figure 1 illustrates the base stations as
situated in the vicinity of the cell center and having omni-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 communication system, there
would normally be more than nine cellular mobile stations. In fact, there are typically
20 many times the number of mobile stations as there are base stations. - However, for
the purposes of explaining the present invention, the reduced number of mobile
. stations is sufficient.
Also illustrated in Flgm 1 is a mobile switching center MSC The mobile
switching center MSC illustrated in Figure 1 is connected to all ten base stations B1-
25 BIO by cables. The mobile switching center MSC is also connected by cables to a '
fixed switch telephone network or similar fixed network. All cables from the mobile
switching center MSC to the base stations Bl-BlO and the cables to the fixed network
are not illustrated. '
In addition to the moblle sthchmg center MSC illustrated, there may be
30 additional mobile switching centers connected by cables to base stations other than
those illustrated in Figure 1. Instead of cables, other means, for example, fixed radio



Figure 1. For each cell, Cl-Cl0, there, j'5.a base station B1-B10 with the
sane 15 _reference nunber as the cg ﬁpell Figure 1 illustrates
t he base stations as " situated in the V|crn|ty of the cell center and
havi ng omi -di rectional antennas. Figure 1 also illustrates nine
mobil e stations M-Md which are novable within a cel| and Pcn*w&&ﬁgione
cell to anotM@PB3%6# 5 typical cellular radio conmunication system there
woul d normal |y be nore thanzfgine cel lular nobile s#gttions. In fact, there
are typically 20 many tines the nunber of nobil e*Stations as there are
base stations. However, for t he purposges of explaining the present

i nvention, the reduced nunber of nobile "¢~ stations is sufficient.
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stations Bl- 25 mobﬁe@wmﬁnam.mew gationis,t andi theymobile ssationare all al so
connected by cables to fixed swtch tel ephone network or simlar
fixed network. APPPEEH F%Mmthe nobi | e switching center MSC to the

base stations Bl- B10Cufrént digital 2éllutsr dymhembloymuﬁms which separsté encbile
:::Eztggigg 5thé?@“#€?“ﬂ@“§8 a gltlon t t nDthe sgh%ﬁbln center NBC
connected by C aiphsSstitioniliefein thd! sighials mvunaﬂa single ortsmaﬁnusld pliialifyf &d in
Figure 1. Instead of cables, ofher npan exanpl e, xed radlo
antenna elements to gain diversi &he receiver Si processing uses
time and frequency orthogonahty to separate signals from different users. Sometimes,
it is desirable to use a plurality of directional antennas or an antenna array to
10 communicate with mobile stations. Use of directional antennas can reduce
interference and increase coverage and the number of users. The use of antenna
arrays requires some type of beamforming. The beamforming can be implemented in
a variety of ways such as digital beamforming, analog beamforming, or by a
beamforming matrix, such as a Butler matrix. Analog beamformers steer the beam by
15 introducing a frequency-independent time delay, while digital beamforming usually
involves a phase delay that is equivalent to the time delay at an operating frequency.
Several beamforming systems are illustrated in Figures 2 and 3. A digital
beamforming system usually has a receiver for each element, which down-converts
the frequency into I and Q (in-phase and Quadrature) channels for an A/D converter.
20  Real-time beamforming takes place by multiplying these complex pairs of samples by
appropriate weights in multiply/accumulate integrated circuits. The array output is
formed using a complex signal from n® channel (V,), a weighting coefficient (W,), a
steering phasuhift (e), and a correction factor (C,). Corrections may be necessary for
several reasons. These reasons include errors in the position of the element,
25 ne;nperature effects and the difference in behavior between those elements embedded
in the array and those near the edge.
Thus, by shaping and directing the narrow antenna beams, a plurality of
narrow beams can be used to simultaneously cover a large sector using the same
antenna array. The present invention can use an adaptive algorithm for selecting the

30 most feasible functions for the antenna.
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l-i nks, may al so be used to connect base stations to nobile sw tching
centers. The nobil e switching center MSC, the base stations, and the
nobil e stations are all conput er controll ed. PCT/SEE0038& Nt

digital cel I‘Upmtems enpl oy base stations which separate nobile 5
stations using tinme and frequency orthogonality. Signals froma nobile

propagate to a base station wherein the signals are received in a
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effects. The receiver signal processing uses “The time and frequency
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that information from different antenna lobes can sum up to zero, creating undesired
nulls or near nulls in the combined antenna pattern 22. As illustrated in Figure 4, the
data 1o be broadcast is transmitted in all three directional lobes 20. The signals cancel
. in certain directions and thus deep nulls appear in the combined antenna pattern 22.
15 - For example, two lobes with equal amplitude will sum up to zero in a certain
direction. As a result, a mobile station with all its scattering points in that direction
may suffer from deep fade in signal power, as illustrated in Figure 5. Figure 5
illustrates that a mobile station 24 will suffer from very low received power since the
mobile station 24 is located in a null in the combined antenna pattern 22. Meanwhile,
20 signals received by a mobile station 26 will have an acceptable received power
eventhough the mobile station is also located in a null in the combined antenna pattern
22. In this case, the signal is being reflected off of a building 28 so that the received
signal strength is at an acceptable level. - - '
Thus, there is a need for highly directional antennas in order to increase
25  capacity and to improve coverage. There is also a need for antennas with low
directivity so that information can be broadcast over the entire cell.

Summary of the Invention
It is an object of one embodiment of the present invention to provide a method

30 and apparatus for providing eommon communication signals throughout a cell using a
base station with a array antenna.



appropriate weights in nultiply/accunulate integrated circuits. The array

output is formed using a conplex signal fromn[err] channel (V[err]),

a weighting coefficient (Werr]), a steering phaseshift (e), and a
correction factor (Cferr]). Corrections nmay be necessary for sever al
reasons. These reasons incl-ude errors in the position of tlt}[el.{]ﬂ,wt, 25
terrperature“é?m and the difference in behavior between ose elenents
enbedded in the array and those near the edge. Thus, by
shaping and directing the narrow antenna beans, a plurality of narr ow

beans can be used to sinultaneously cover a |arge sector using the sane
antenna array. The present invention can usefan adaptive al gorithm for
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conpl i cat ed. Forbasestauon with ananwnna amyand aplurahty of mobile stations is disclosed. ‘In
this embodiment, theemnmonmformauomspreproeessed 1o create orthogonal
5  signals. Theonhogmalsgmlsmﬂlenbwnfonnedsoﬂlatﬂworﬂmgonalmgnals
aredehveredmﬂled:ffmtelemmtsmtheamy antenna. The orthogonal signals
areuanumuedandﬂlenrecexvedatatleastonemobﬂestauon The signals are then
processed at the mobile stanon w declpher the common information from the
orthogonal W L L _
10 Accordmg to another: embodunent of the present invention, a cellular
communication system for broadcasnng mfonnanon is disclosed which contains at
least one base station with an antenna’ anay and a plurality of mobile stations. Each
base station contams preprocessmg means for preprocessing the common information
to create orthogonal slgnals Beamformmg means then beamforms the orthogonal
15  signals so that the orthogonal signals w.n be delwered to the elements of'the array
antenna. The onhogonal s:gnals are then transmitted by a transmitting eans. At at -
least one mobile stguon, recgvgng ma_m_s_ receives the orthogonal signals and
processing means process the s:gnals todecxpher the information from the orthogonal
20 S S :
These and other features and advantages of the invention will be readily
apparent to one of ordinary skill in the art from the following written description,
used in con_]uncnon with the drawmgs, in which: '

23 Figure 1 illustrates basxc layout of a cellular communication system;
Figure 2 xllusuates an’ example of digital beam forming to create directional
beams; '
Figure 3 illustrates beam forming at a radio frequency to create directional
30 Figure 4 illustrates. nulls in an antenna pattern;

Figure § illustrates a _beamforming arrangement;



broadcast information to a

exanpl e, a base station nust be abl® st

nobi | e st ation—wit-h—an ari-Ee “$on i—the cettT—FHowever, the
cell cannot be made too nar Fow si nc -this woul d cause excessive
handovers and | ow trunki ng efficiency. 5 Hence, there is a desire to
have both hl‘gwk{ectional antennas and wi'de | obe- . PCRSRIGSINI®E i n a
single cell option would be to use nultiple antennas in the cell.
However, the use of several “i'ndividual antennas w
costly to i nstal | and" organi ze. Another obvious solution to one of
ordinary skill in the art woul d be tgetransmt the common or sane
information in all of the narrow antenna 1 | obes used in the cell as
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need for highly %gﬁmﬂﬁ thﬂd&{&i@l‘ to increase - 25 capacity
ere |

and to inprove coverage so a need for antennas-wth | ow
directivity .so that information can be broadcast over .the entire cell.

15 . The present invention is primarily intended for use in base stations and cellular
communication sy;'.tems,. although it would be understood by those skilled in the art
that the present invention can also be used in other various communication
applications. : _

According to one embodiment of the present invention, common information to

20  be broadcast throughout the cell is divided into parallel data streams, one for each
narrow lobe. This embodiment is illustrated in Figure 6. The broadcast data d(k) is
divided into a plurality of parallel paths, wherein the number of parallel paths equals
the number of directional antennas used.. It should be noted that the present
embodiment divides the broadcast data into three parallel paths but is not limited

25 thereto. Each path is then preprocessed using, for example, digital filters H,(2),

H,(Z), Hy(Z). The filters are-used to create sufficiently orthogonal signals. The
signals from the digital filters 40 are then fed into a beamforming means 42 which
creates the three directional antenna beams. The signals are transmitted with a
narrow antenna lobe and the information is combined in the air. In this embodiment,

30 the filters are chosen so-that the signals cannot sum up to zero which ensures that the
combined antenna pattern 46 does not contain nulls. Ir other words, signals from



Summary of the Invention It is an object of one enbodi nent
of-the present invention-to provide a nethod 30 __ and apparatus for
provi di ng comon comruni cation signals throughout a cell using a

base statlon with a array antenna. WO 96/ 30964
-4- : cording to one enbodi nent of the prese

. met hod for wo”’”’g?oadcastl ng information in a cellular g{?ﬁéﬁ#‘@‘%
system conpri sing at | east one base station with an antenna array
and a plurality of nobile stations is disclosed. In t hi s enbodi nment,
the common information is preprocessed to c4§ate or t hogonal 5 si gnal s.
The orthogonal signals are then beam fornmed™So that the orthogonal signals
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mobi | e station. canaotdistinguish this situztion from the:situation where intersymbol interference due
to multi-paths are received at the mobile station. Thus, the equalizer in the mobile
station can be utilized to analyze the arriving information in the same manner an
5  equalizer would be used to correct the received signal for intersymbol interference.
According to anoﬂner‘e‘rﬁbodimeht_ of the present invention, analog filtering can
also be used as illustrated in Figure 7. -In this embodiment, the broadcast data is
modulated and upconverted to-rédiofrq"umyandmen divided into three parallel
paths. The broadcast data is then preprocessed at the radio frequency by using, for

10 instance, delay. As ﬂlustrated in Figure 7, the signals can be delayed by the delay
means S2 wherein, for example, delay 1: equa_ls zero seconds, delay 2 equals T,
seconds, and delay 3 equals zero so;conds; ‘where T, is one-symbol time. The delayed
signals can then be entered into a Butler matrix 54 which forms the three individual
antenna lobes in a known manner. ‘The resulting combined antenna pattern 56 is also

15 devoid of deep nulls since the delayed signals do not cancel each other oit.

| According to another '§mbodiment of the present invehﬁon, orthoﬁhalintion
can be implemented as modul_aﬁng each of the paths with a slightly different carrier
frequency. The frequency diffe:ence shduld be large enough to create fading but so.
slow that it does not create pxﬁblems for the demodulator..

20 Accordmg to another embodiment of the present invention, pseudo-omni sites
are described. The advantage with pseudo-omm sites 1s their large per site coverage
area which resuits in low ;mplementanon costs in rural areas. In this embodiment of
the present invention, multireceiver radio base stations are used to build the pseudo-
omni sites, however the present invention is not limited thereto, Figure 8 illustrates a

25  hardware configuration of a pseudo-omni site according to one embodiment of the
present invention. As illustrated in Figure 8, at least one transceiver 80 is connected
through a coupler 82 to a receive antenna arrangement 84 and a transmit antenna
arrangement 86. According 'lp one embodiment of the present invention, the receive
antenna arrangement is comprised of four double polarized sector antennas which are

30 mounted at equally spaced locations around a mast. The transmit antenna



processed at the nmobile station to dec: e:-’commn I nformation fromthe
ortfogonal signals: IO Rl another—enbodrent—of—the
present invention, a cellular ~ © 7 eonmunicafi on system for broacasting
information is disclosed which contains at = | east one base station
with an ant erwoeemmery and a plurality of nobile stations. ERCT/SRI60386ase

station contains preprocessing nmeans for preprocessing the:common

i nformation to create .arthogonal signals. Beanform ng neans then
beanforms the orthogonal 15 signals so that the ofthogonal signals can be
delivered to the elenents of .the array <Tant enna. The ort hogonal

signals are then transmtted b r ans | ng _nmeans. At Ieast ne
nobi | e station, mwm%%& ?#?Te’“%’% @ﬂ%‘f"@&b is fed
precessi ng neansmqaewmw to .deci pher the information fromthe
or t hogonal signal . 20 caries i ef descri (}thon of the Dr aw ngs
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a radi o frequencmorethes ope sectir astennayial, in more thapawe divegsity branches. THisgure 4
ot O g P S i spon e qssn ek 8l B °
the sector antennas and the cell range. According tooneembodlmentoftheprwent
10  invention, thesecwrantennasaremountedonarelanvelytlun mast so that the
spacing is small, typically one to two meters, and the cells are reia_tiv_cly laige,
typically ten to 20 kilometers. . The antenna gain in the pseudo-omni sites could be
19-20 decibels relative to an isotrope antenna, whxch isa consldezable increase over
existing omni antennas which have a gain of 11-12 declbels relatlve to the isotrope
15  antenna. An example of the possxble coverage shape of the pseudo-omm site is
illustrated in F:gure 9 and assumes a path loss of 7~ and cos*(a) sector antenna. In
this embodiment, the sector antennas are directed in the 145, +135 degrees
direction, but the present jnvention is not limited thereto. _'l'he‘as.sume.d sector antenna
gives a six decibel loss in antenna gain 45 degrees from broadside. However, this is
20 partly compensated for by a three decibel noise diversity gain in the .equaliw at these
points thus resulting in a total of a three decibel loss in C/N performance. Finally,
thebssofmreedecibdsinperfdmmnceismappedbareducﬁdnincwmgeusing
the path loss assumption which is illustrated by the line 90 in Figure 9. An
assumption of additional diversity between sectors would make the coverage area
25 more circular in shape. - -

The downlink carrier/noise performance will now be descnbed According to
one embodiment of the present invention, four transm:t antennas are used to distribute
the downlink in a pseudo-omni pattern with the goal to cover the area shown in
Figure 9. The straightforward manner to feed the sector antennas will cause deep

30 nulls in the antenna diagram, as illustrated by the dashed line in Figure 10, which
shows an example of the nulls calculated with cos¥(a) sectar antennas, 1900 MEz and
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- 5= - __Figuwe 6 illustrates a beanform ng arrangenent .according
to one enbodi nent of the present invention, for preprocessing wth
di gi tal beanform ng; Fi.gure 7 |IIustrates a beam form ng

ar r angenent Fﬁhﬁéﬁéh orm ng at radlo frequency accoquﬂﬁﬁéﬁpgg
enbodi nent o esent invention; 5 - Figure 8 es an
apparatus of a pseudo-ommi -site accordlng to one enbodi ment of the
present invention; Fi.gure 9 illustrates the possible coverage
shape of a pseudo-omi site accordlng.gp one enbodi nent of the
present invention; ' - Fiigure 10 illustrates an antenna pattern

from a pseudo- onke meteramemalsepargion.o The twosecmrmtedmsaﬂl inferfedecin Micemiddle
;n\égghldg?orrﬁindm | 'B?‘B . Ei g re.11 |# HSt I at e‘?}ﬁ anﬁﬁnn%ﬁatgr ?s from
I nventi on. merdym&oducmgardaﬁveumevuymgplmcmbetweenmeanwmorbynot
feedmgtheantcnnaseoherenﬂy,asﬂlustratedm?’gure 11. In Figure 11, 20 antenna
5 pammsﬁomapseudo-omnimegenmtedmthfourmmtcnnasarmmdnmtm
ﬂlusuatedwlnchshowsthatthcnﬂls wlulemoved are still present.
'Ihenuﬂsmmewtalantemapattcmcanbeavmdcdusmganyofthe
previously mentroned means of frequency or time onhogonalmnon According to
one embodiment of the prescnt mvenuon, the problem with nulls in the combined
10 signals is ove_rcome by usrng_ transrmt antennas with different polarizations to create
orthogonal signals. By using orthogonal polarization so that the E-field from the
antennas pomtmg in 45° and . 135 ° directions aré orthogonal to the E-field from the
antennas pomtmg in the -45‘ and 135 ° directions, the nulls are removed from the
total E-ﬁeldantennapattem ie., |E. + E,|? > 0. The performance of the present
15 invention depends upon the envrronment For example, assume that the cross
polarization dlscnmmatxon 1s close to'one and symmetnc in the sense that the vertical
and honzontal polanzanons have approxxmately the same properties. It then follows
that the broadside performance rs uncbanged i.e., approachmg the solid line in Fig.
10. The mobiles in the mrddle between the sector antennas will see two antennas with
20 independent fadmg due 10 the orthogonal polanmnon and the signals from the
antennas will sum up to a new Raylc:gh fading channel ‘Thus, the performance in the
middle between the annenna_s wm ;also approach the sohd line illustrated in Figure 10.

It will be apprecrated by those of ordinary skill in the art that the present
25 invention can be embodxed m other specific forms without departing from the spirit or
central character thereof, 'l"he presently disciosed embodiments are therefore
considered in all respects 10 be iiiusnat_ive and not restrictive. The scope of the
invention is indicated by the appended claims rather than the foregoing description,
and all changes which come within the meaning and range of equivalence thereof are
30 intended to be embraced thereln ' '
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eonmuni cat j on$yst ens;’-al#Acugh it iwoul d be un der st ood by}t hoseREFLACER i n
the art i t hat -t he' present invention can al so be used TH OTNEr_various

communi cat i g eemoees ApPI i Cati ons. : Accor di ng t BCHRESE8di nent
of the present Invention, comon information to 20 -he- broadcast throughout
the cell is divided into pardlel data streans, ohesf narr ow
| obe. This enbodinent is ill'ustrated in Fi gure 6. The broadcast data d(k)
S divided into a plurality of parallel paths wherei n the nunber of
paral |l el paths equals t he nunber of di r'%'ct I onal antennas used. It
shoul d be noted t t he present - . enbodi rent divides the broadcast

data into three parallel paths but is not limted 25 thereto. Each path is
t hen preprocessed using, for exanple, digital filters Herr](2),

Herr]Z, Herr](2). The fil! 'ﬁ&ﬁ“ﬁ??bﬁﬁ%’&% ﬁ?ﬂaﬁuﬁ onal
signals. The S|gnals frorr;ust ?f ers Q{) aré‘ﬁ?hen%%o a
beanf or mi ng meansystan ehinptising at mbmmmth(an ariay antenmanand apiurmlityof
beans. The si th. g narrow antenna | obe and the
i nformation i CMEM’W%M% enbodi nent, 30 the filters are
chosen so that the signal smmgmmmwm ogondl signalsat t he
conbi ned antenna pattern 416 dges not J:o%t ai nlnu lss In ot, h%lr_thword stgnsallsganrgl S

from -deliveredﬁotheelemmtsofmeamyamenna,
transmitting said orthogonal signals;
10 -+ receiving said orthogonal signals at at least one of said mobile stétions;
processmg said signals to decipher said mfonnanon from said
15 - 2.~ A method for broadcasting information according to claim I, wherein

said information is individually preprocessed for each beam so that deep nulls in a
- combined antenna pamern are avmded

a. A method for broadcasting information according to claim 1, wherein
20  said preprocessing step uses digital filtering at base band.

4, A method for broadcasting information according to claim 1, wherein
said preprocessing stepusesanalogﬁlnenngatamdxo frequencyormthe
intermediate’ frequency. o

S. A method for broadcasting information according to claim 1, wherein
- said preprocessing step uses frequ‘ency shift to generate orthogonal signals.

6. A method for broadcasting information according to claim 1, wherein
30 said preprocessing step uses dual polarized antennas to generate orthogonal signals.
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WO . 96/30964 - . mwm w | obes arrive at dlfferent time
instants. ‘As a resutt; ﬂ lm“mﬂm """ s this

situation fromthe si tuat i*oncwher e i it ersynbol i nt eTH'SrSi"ﬁE'é HAfe B
nul ti-paths are received at the nobile station. THus, tREPIekﬁw i zer
nobi | e : -station can be utilized to anal yze € arri Tl O] mat i on
in the same WEhHEMA, 5 equalizer would be used to cor e
signal for intersynbol interference. Accordi ng to anot her
enbodi ment of the present invention, analog filtering can al so be
.used as illustrated in Figure 7. In this e I ment, the broadcast data is
nodul at ed and upconverted to radio frequency and then divided into three
paral | el pat hsy, Thea RélRliCafmudithson systed ﬂbﬂ&ﬁﬁ?sﬁﬁﬁnﬁoﬂt he radio
frequency by using, for 10 instance, del ag/n As illustrated in Figure 7, )
the signals can gatiop with an arrgy anteqna; of mebile
exanpl e, del ay 1WI Wﬁseconds delay 2 equals T, - seconds, and
delay 3 equal s zero se?:oo S ere T, 'is one synbol t| me. The del ayed

signal s can then be enter mmf@mm pohmnalmgmﬂ ee

I ndi vi dual ant enna &ﬂ?@;’mﬂg m%ﬁmﬂﬂﬁﬁ ?mﬁ@iﬁl conbi ned
ant enna pattesrn 56 is al so evold o eep n #ﬁs] since t el ayed

signals do not cancel eacmumngamnsformnumngmdmmmlamommm

enbodi nent of thrﬁﬁrn%sent i nvention, orthogonalization can be
I npl ement ed as ] I ng each of the paths with a slightly different
carrier frequency. Teeivingemesnsaya diobilestationcfors teoeivitig lsgid losthggorahough t o

create fading but, xsmi) and slow that it does not create problens for the
denodul at or .
10 prowcsmg means for pmmng said signals to decipher said

information from said orthogona.l s:gnals
8. A cellular c&mmuniution system according to-claim 7, wherein said
information is individually preprocessed for each base station so that deep nulls in a

15 combined antenna pattern are avonded

9. A cellular communtgatiqn system according to claim 7, wherein said
preprocessing means uses digital filtering at base band.

20 10. A cellular communication system according to claim 7, wherein said

preprocessing means uses analog filtering at a radio frequency or any intermediate
frequency. '

11. A cellular communication system according to claim 7, wherein said
25  preprocessing means uses dual polarized antennas to generate orthogonal signals.

12. A cellular communication sjstem according to claim 7, wherein said
preprocessing means uses frequency shift to generate orthogonal signals.

30 13. A cellular communications system for broadcasting information
comprising at least one base station and a plurality of mobile stations, comprising:
-
This Sheet Has Been R

MG



o

20 Accordl ng to anot her jﬂmumrﬂuﬁﬂw Elpresent invention,
pseudo- onmi sHes B ascri b WEEW"

is their Iarge per’ S|te cover ge - area which resultg in lﬁﬁ’%@ED
i mpl ement ation..costs in turaliareas. In this enbodi-ment df
present invegd ltirecei ver radi o base stations are us pgrisgoddsged t he
pseudo- sites, however the present invention is not limted
thereto. Figure 8 illustrates a 25 hardwar e configuration of a
pseudo-omi site according to one enbodi nent of the pr esent
invention. As illustrated in Figure 8, at leggt one transceiver 80 is
connect ed ~through a coupler 82 to a receive antenna arrangenent 84
and a transmt antenna mﬁbﬁﬂgﬂi&ﬂgﬁﬂ.pﬁmﬂmﬂmmmqrﬁmﬁi@w of
t he present inven,tlo,nE § [ gceive . antenna arrangenent is coenprised
of four double p Aant ennas whi ch are 30 mount ed at equal ly

spaced | ocations around a iads fof BRhdgonilbrig! saftl #d@itidal parallel signafé) 96/ 30964
PCT/ SE96/ 00386 -7-

arrangenent conprises f our traRSMitiing Jeeans,for ANURHing eaph:signal using|a direstional

antenna is feg anwma;W'th the sane |'ow power input. The
uplink carri er/ noi se performance of this_system wil | now be descri bed.
‘receiving means at said mobile stations for receiving signals from said

directional antennas; and
nmnsforeombmmgmergyfromeachofmerecewedsngnalsto
restore the information.

10 . , .
14. A cellular communication system according to claim 13, wherein said
number of identical parallel signals equals the number of said directional antennas.

15. A cellular communication system according to claim 13, wherein digital
15  filters are used to orthogonalize said parallel signals.

16. A cellular communication system according 1o claim 15, wherein said
dxgmlﬁltersareselecwdsothatthetranstmtteds:gnalsdonotsum up to zero when

combined.
20
| 17. A cellular communication system according to claim 13, wherein said
parallel signals are orthogonalized by modulatmg the parallel signals with slightly
- different carrier frequencies. -
25 “18. A cellular communication system according to claim 13, wherein dual

polarized antennas are used to generate orthogonal signals.

19. A cellular communication system according to claim 13, wherein said
orthogonahzmg means uses analog ﬁltenng at a radio frequency or any intermediate
30 frequency. -
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The mul ti rece| ver pﬁm melmﬁm” ﬂ di versity conbi ning to sort out and |
coabi ne the - gnal from all '§ @‘F quEENNas. An
addi t;i onal di ver3|ty gadintis" * possible for thg‘ e&"T H?g

g

di versity arrangements for nobile stations receivped inREPLAG ror e |t han one
sect or antenqﬁo in nore than two diversity branches. This =
di versity gai Mpl cal ly dependent upon the quotient betR@Wspaci ng
bet ween the sector antennas and the cell range. According to one
enbodi ment of the present 10 invention, the sector antennas are nounted
on a relatively thin mast so that ‘the -12-spacing is small, typically
one to two neters, and the cells are relatively |arge, typi cally ten
to 20 kilometers. Thpg,ant &reelulgradommunication sysemofor broatcastrigeinformatioh, be
19-20 decibels rel ati.ve to an isotrope antenna, which is a consi der abl e
i ncrease over COMPRSIME; <tjng omi antennas which have a gain of 11-12
decibel s relative to the g3k GlidadedstatiohWherein SithDase RAtidn Qﬁl bP! €
coverage shape of the pseudo omi. site is illustrated in"Figure 9 and
assumes a path RUeRNas Lo cover an assigned &y | ([err]) sector antenna. In
this enbodi nent, the sect nes BaseSstdeion p,wgs,ﬂ og,},;ﬁﬁ.

'S ge e fof F‘hﬁ[itﬂfa t ertgto

degrees di rection, "but present invention I's not

The assuned sec%WWMW@WG@%@”WﬁNMM@%& n

45 degrees fro QARG | ’ﬁ"ﬁa partly conpensated for by
a three deci be%l se E%eords#\t“&ygal nin e equalizer at these poi nts
thus resulting in a tot altrapsmisting-meass ifeeach dase| station ifor temsmitting sid sigals.
Finally, the loss of three decibels in perfornmance is mapped to a
reduction in coverage using the path | oss assunption which is

i [ lustratedl®y the I12lne 90 celiuldFicommeunicationrsystem accoxding tptlaiom2@)ffurthieti t i onal
diversity betvve&p sectors woul d nake the coverage area 25 nore circular

i n shape. B The downlink carrier/noise performance will now be
described. According to aplumhqmmmodnmmmﬂwhmobﬁemomuﬁﬁfal on, four

transmt antennas .are, us to.distrihbut nk in a
ondor o oo el Reeraintor i proedst B reorivedt b 50 g bjonto Bxtract; i,

9. The strai ghténltoganalizeﬂihm_maﬁm feed the sector antennas w |l cause deep

22. A psuedo-omni site for use in a cellular communication system for-
transmitting signals to and receiving signals from a plurality of mobile stations,
comprising:

a plurality of transceiver means for processing information;
20 a recexve antenna arrangement for receiving signals;
a transmit antenna arrangement for transmitting signals in a pseudo-
omni antenna pattemn; -
a coupling means for connecting said plurality of transceivers to said
receive and transmit antenna arrangements;
25 means for diversity combining signals received from said receive
antenna arrangement;
means for onhogonahzmg signals to be transmitted to said mobile
stations so as to prevent nulls from occurring in the antenna pattern.

30 23. A pseudo-omni site according to claim 22, wherein digital filters are
usedtoorﬂrogonalizesignalstqbgmnﬁmd.
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I?;?gm_gulll s in the _‘ant enna di agraglxﬁg%ml}nﬁ l"jmﬂlmm"& cu
cos[err] ([err]) sector antennas, 1900° w:

PCT/ SE96/ 00386 one neter antenna separatlon -‘ T

antennas w | Iwbrgg,gdgg@re in thee mddle - bet wee:., their

directions. Furthernore, the null problem cannot b&:sol ved by nerely
introducing a relative tine varying phase error betwaen the antennas or by
not f eedi ng the antennas coherently, as illustrated in Figure 11. In
Figure 11, 20 antenna 5 patterns from a-f3eudo--ormi site generated with
four sector antennas around nast are - |IIusi;rat ed_whj ch, shows t hat

the nulls, while m)ve%ﬁ- arlemqr!wmme?ewordmz 23’ Wh“'ﬂﬂeﬂ!ﬁﬂl&%ﬂ filterse
total antenna pa zero whif %

menti oned neans o equency or t| me ort gonal | zatlon Accord| ng to

one enbodi nent of the present invention, the problemwith nulls in the

conmbi ned 10 signals 48 ov . US| : i it f ont
pol ari zations to creadtée EWH&M%M‘“%v 6“}%&‘1%&%
5 transmitted are orthogonalized by modulating the parallel signals with slightly
different carrier frequencies. '

26. A pseudo-omni site according to claim 22, wherein said receive antenna
arrangemnt is comprised of four double polarized sector antennas which are mounted
10  around a mast.

27. A pseudo-omni site according to claim 26, wherein said double
polanzedantennasareequallyspacedaronndthemast.

15 28, A pseudo-omni site according 10 claim.22, wherein said transmit
antenna arrangemient comprises four active sector antennas. -

29. A pseudo-omni site according to claim 22, wherein said dnhogonalizing
means uses analog filtering at a radio frequency or any intermediate frequency.
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ort hogonal 'signals. By using orthogonal polarlzatlon so that the E-field
fromthe_______antennas_pointing iga5ferr]a -135[err] directions are
orthogonal to the E-field fromthe ant ennas pointing in the -45[err]
and 13[err] directions, the nulls are renoved fromthe total E-field
antenna pattern. i.e., |E + E[err]|[err] > 0. The perfornqqﬁﬁ

present 15 H‘Rfemon depends upon the ggvironment. For exanple, assune

that the cross pol ari:zatd on discrimnation igsclose to one and
symretric in the sense that the vertical ~and "hori zontal polarizations
have approxi mately the sanme properties. It then foll ows t hat the

br oadsi de perforrmance i s unchanged, i.e., approaching the solid line in
Fig. 10. T, ngb j srhg t he m ddle.betuween .t he sector antennas wl|l
see two ant enna h ® trfdependeny fadi ng due ™ the orthogona

pol ari zation and the signals fromt e antennag will sumup to a new
Rayl ei gh fadi ng channel. Thus, the/perforns i m ddl e bet ween
the antennas will al so approach t I e illustyated in Figure 10.

It will be appreciated by those e art that the
present 25 inventig arr—e—erodi ed in oTE—mtiroyt
departing fromthe/spirit or ereof . The pnesently

di scl osed enbodi ngnts are therefolNe eomdi dered/in all respects o be
illustrative and/not restyjpctive. in ion is

and al |l changeg which c i thin the ani ng and range of {alence
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9  CLAI Ms: 1. A nmethod for broadcasting information in a cellular
commtni cat-+on systemeemprisitng at—teast ore—base -stati on—w-th—an—array
antenna and a plurality of nobile stations, conprising the steps of:
preprocessing the information using a frequency shift to generate

ort hogonal sinslstded beanf ormi ng sai d ort hogonaPCESERG40386 so
that said orthogonal signals are deliver to the elenents of the array
ant enna, transmtting said orfthogonal signals;

receiving said or signal s at at | east f said nobile stations;
and /%{E%qsgyug ai d sign- - duqﬂgﬁ r said |nfornat|on from
sai d orthogonal ‘signal s. 2.

i nformation according te i

S |nd|V|duaIIy
antenna pattern

preproceSS|ng the i nNornmation- us ng a fxegliency dr at e

orthogonal sig ormng said
ort hogonal si g:g@ !

\. INSIDE
BASE STATION

 ose

8EAM!  DBEAM2  BEAM3

BEAM 3

SRR

BUTTLER MATRIX )
INSIDE
nam% amz} BEAM 3{ ™ BASE STATION
TRy

T T T .



transmtting neans for transmtting said orthogonal signals on an array
antenna; - recei vi ngoeans at_a nobile station for receiving
sai d orthogonal signals; and processi ng nmeans for processing
said signals to decipher said information fromsaid orthogonal signals.

4. A cel nmuni cati on system according to claim WRsdsise sai d

i nformati on%?g'{’%g?w dual |y preprocessed for each base stgtclron soistghat deep
nulls in a conbi ned antenna pattern ar e 34 0i ded. 5. A cel l ul ar
conmmuni cations system for broadcasting information conprising at |east one
base station and a plurality of nobile stations, conprising:
means for duplicati o_¢5| ng information into a pluralit
i dentical parall el ﬁ% BRNS for orthogonali

FoNBINED:

_.-

identical parallel signals by nmodul at| 46 ‘the pPX allel  signals ANTENNA - .
slightly different carri gLFres \: - i NGATTERNS

for transmtting each synal [ g ; (22)
‘receiving neans at sai ¢ g signal s Yywromsald
directional antennas; ffand ' \, heany’ jof combining &nergy from
each of the received s!nals to regi\ e\ghe A nflo tion. 6. A
cel I ul ar comuni cati on \yst em accof d\ g t® £ ai d nunber of

~identical parallel signaj\s equals 'a’t he_nun,b 1 _O ’ sald di rectl b‘fal lﬁﬁhﬁlﬂms

.
my 1{ BEAN 2} | s_m 3#

BROADCAST DATA

BEAM FORMING

R

l BROADCAST DATA

Y
L




10 7. A pseudo- omi  si te for use |n ‘a cellular conmuni cation

Fremfof—t—ransmtﬁﬂm—srgna&s t o7& I gnal s froma—pturatt+ty
o] b

ile stations, comprising: .- ~ apl urality of transceiver
means for processing information; a receive antenna
arrangenment fgpgodrfddql Vi Nng signal s; a transm t PEEASBINGI86

arrangenent for transmtting signals in a eudo-omi antenna pattern;
a coupling means for connecting said plurality of transceivers to said

receive and transmt antenna arrangerrents means for

di versity conbi ni ng si ed fromsaid receive antenna arrangenent;
digital filters for ztmg?.i hg signals to be transnitted to said
nobile stations so a§ to predent nulls f curring in the antenna

pattern. 8. A pseudo-ommi sitg”accordi
digttal filters are sele t hat /t he transnmi\ted
to zero when conbi ned. N/ A pseudo-omy
cel lul ar communi cati onfsystem for transm tti ngéjgnal S

to claim7, wherein said
' do not sum up
se in a

4

NS1

YY‘L——

BEAM FORMING

1 §/°
H, m Hz) Hj(l} }me-rnacsssms
DIGITAL FILTERS

BROADCAST DATA d (x)

Y Y ¥

fFro./ I
~ DELAY]  [DELAY|  [DELAY }PRE-PROGESSING AT

RADIO FREQUENCY
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to and receiving signals froma plurality of nobile stations,

a plurality of transceiver neans.far pracessing information;

a receive antenna arrangenent for

antenna pattern, . -
plurality o ofﬂyﬁgk

arrangenents;

fromsaid receive antenna arrange
ort hogonal i zi ng signal s tompe trans

prevent nulls from
to be transmtted a
with slightly diffe
site for use in ac
to and receiving si
a pfurality of tran
a receive antenna a
four double polari
a transmt antenna
antenna pattern;
plurality of transc
arrangenents;
received fromsaid
ort hogonal i zi ng sig

prevent nulls fromoccurring in the an

pseudo- omi
antennas are

180

eivers to said receisyg and transmt antenna

conpri si ng:

recei ving signals;

a
transmt antenna arrangenent for transmtting signals in a pseudo-omni
a coupling neans for conn & i

d

means for ‘diversity conbining signals received

nmentg,

¢ aﬁéﬁ-pi t .

neans for

d nmobile stations so as to

ern; wherein said signals

A pseudo-

FOUR

ge -
s

”

s c§EqT0Rsed} of
OUANTENNASSt

means for

11. A

- 'mobil e stations so as to

occuriAnNg in th _
rttrpgonal i zed by nodul ating the parallel signals
e cargier frequencies. L 10.
ol | Mar  gormomgati on 's_ystem}!?r transmtting si
hnal s frgm a pl pral i - i l'e statio
cerver—heans f¢ ocessingji nformati of;
rrangenent for receill vijOUPLER gfS—wiTrTiT
ed sector ante whi-.ch argq rounted a
ar rangengnt fortra o= signals in
p coupling nmeans for connecting said

pivers tp said receive agnd trapgmt antenna

N means fQ T ' -conbi ni ng signals
rece ant enna ar rfangg&iet ; |-
nal s ¥ be transni t|t edeg ai

t ey tyern.

site according to clai m 10w

sai d doubl e polarized
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equal |y spaced around the mast. . EEL

11— 12 ~—Apseudo—omi—Si t ¢ - Used- a eettutar -eerateaton
systemfor transmittinng signals to and receiving signals froma plurality
of nobil e stations, conprising: a plurality of transceiver
means for prodssdesy | nformati on; a recei ve arCWSE96100386
arrangenent for receivin i gnal ;2 '6/6 a transnit antenna
arrangenent for transhet 'gggpégﬁéﬁs in a pseudo-ogmi. antenna pattern, said
transmt antenna arrAnd nvis i sing f§ ﬁt X dact or - ant ennas;

a coupling means f(bp—eerReett-gysai-c—ftter y—o ' 3
receive and transm antehna argangengnts; 3

diversity conbintag_§igna[s recegi ved ﬁron1sa{d I eCc el
means for orthogonal i Zing: 5T GNaTS 0" Be™t T anp nLi-F%e
so as to prevent nufls frbm occyrringiin aattnha patgern.

ieems for |
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stations, . conprising: a pI uraI ity o Clgiang cei: pagedne®itg phgad®....
processing information; a recei vq FRAAgE) - pagsdENto Daged .....
recei ving signals; a transmt antse@%bgﬂ@nge@aggd f.9%0 paged.....
transmtting S|gnals in a pseudo-omi gntenna pattern :
coupling for connecting said plurality of}ran,f,ﬁebﬁ ck sai d AlTG 1938
receive an ransmt antenna arrangenments; | BAE VT DEHpe g

di versity conbi ni dAgmethghfer brondnasting dnfofmation insd @llnlecmwrmﬂ@nwatemrqomg&lm nt;
means f ot least dredhaseastition withsin grray ant¢npa b 3 pluratityi of medile ssatioms,ccomphising thetsteps ons
so as toofprevent nulls fromoccurring in the antenna pattern, wherein said
ort hogonal i zi ng mpeapsocessing tiwriafoagationusieg & figquencyashiftithi gendrate grtbogopal signalsyy
I nt er medi at e fr eqbeafprming said orthogona‘ll\ﬁg%d (848 4aid orthogonal signals are delivered to the
PCT/ SE96ERMSMS of the array antenna; -12-

transmitting said orthogonal signals;

_receiving said orthogonal signals at at least one of said mobile stations; and
processing said signals to decipher said information from said orthogonal signals.

2. A method for broadcasting information according to claim 1, wherein said information
is individually preprocessed for each beam so that deep nulls in a combined antenna pattern are
avoided.

3. A cellular communication system for broadcasting information comprising at least one -

base station with an lgrray antenna and a plurality of mobile stations, comprising:

— means for preprocessing the information using a frequency shift to generate orthogonal
signals; -
' beamforming means for beamforming said orthogonal signals;
transmitting means for transmitting said orthogonal signals on an array antenna;
receiving means at a mobile station for receiving said orthogonal signals; and
processing means for processing said signals to decipher said information from said
orthogonal signals.

4. A cellular communication system according to claim 3, wherein said information is
individually preprocessed for each base station so that deep nulls in a combined antenna pattern are
avoided.

5. A cellular communications system for broadcasting information comprising at least one

base station and a plurality of mobile stations, comprising:
means for duplicating and processing information into a plurality of identical parallel
signals; ) ’
means for orthogonalizing said identical parallel signals by modulating the parallel
\_ signals with slightly different carrier frequencies;
transmitting means for transmitting each signal using a directional antenna;
receiving means at said mobile stations for receiving signals from said directional

antennas; and
means for combining energy from each of the received signals to restore the
information.
6. A cellular communication system according to claim 5, wherein said number of

identical parallel signals equals the number of said directional antennas.



5 51 0 IR, e

base station uses a plurality of * &ntennhs % o*cover an assigned area;
5 _ processi ng nmeans in each base station for processing the
information to be broadcast so that signals fromthe plurality of
antennas used by a base station do not cancel each other out when
transmtted,;- and 0ransmtting means in each base
station for transmtting said signals. 10 : 21. A cel lul ar

comuni cati ong sys tﬁf@e Sthtl s for AseCin Al B4, cofnetiuhidfion system fot Qrafniging §ignals
a pluralig de%cem@ ignaBtfRinl £ PrRraliesrahdbile stationsdoimipeisieg:at i on uses a
recei ver/demodul atgj; luxﬁﬁ?'Bf&%@e‘ive‘i infb for proceRdimeRifomamnsai d base station to
extract or t Iy hedntBRt foP Peceiting signals; 22 A

psuedo-ommi site fa%nkiﬁﬁ’ aﬁt@mﬁ aﬁ@xiéeﬂkﬁrfox‘:@dmﬁﬂl@ gn@ls iy ﬁsfe@dﬂ-&ﬂﬁl antenna
transm ttph&lgnm gnal S to and receiving signals froma plurality of nobile

?r:a 2}[1'301[]2 - nﬁ? 2 %EBE r{{gs for ﬁonngctmg said plurality offraBiceivérs itd éﬁld)lfecé&eae%?ﬁcm ver
ﬁﬁéﬁnp a receive antenna -

arr angenen Gy ko Qivats ) Britbini gsx wﬁ from said refeivel AAfLARE drraRBdrfent}a

arrangenent for tr

pattern; . ¢ u;ﬁté}ilﬁﬁ&mng 8 1S ldg & ﬁ‘ ns f%m%‘%tﬁ?]?cs?ﬁr}g°@§%§ﬂ&ﬁﬁ?§? ity

of transcePFEFE WS EAr g recel ve :and transmit antenna arrangenents;

8. A pseudo-omni site according to claim 7, wherein said digital filters are selected so that the
transmitted signals do not sum up to zero when combined.

9. A pseudo-omni site for use in a cellular communication system for transmitting signals
to and receiving signals from a plurality of mobile stations, comprising:
a plurality of transceiver means for processing information;
a receive antenna arrangement for receiving signals;
a transmit antenna arrangement for transmitting signals in a pseudo-omni antenna
pattern; -
a coupling means for connecting said plurality of transceivers to said receive and
transmit antenna arrangements;
‘means for diversity combining signals received from said receive antenna arrangement;
means for orthogonahzmg signals to be transmitted to said mobile stations so as to
prevent nulls from occurring in the antenna pattern, wherein said signals to be transmitted are
orthogonalized by modulating the parallel signals with slightly different carrier frequencies.

. 10. A pseudo-omni 'site for use in a cellular communication system for transmitting signals
to and receiving signals from a plurality of mobile stations, comprising:
a plurahty of transceiver means for processing information;
a receive antenna arrangement for receiving signals which is comprised of four double
_ polarized sector antennas which are mounted around a mast;
\—/ a transmit antenna arrangement for transmitting signals in a pseudo-omni antenna
pattern;
. a coupling means for connecting said plurality of transceivers to said receive and
transmit antenna arrangements;
means for diversity combining signals received from said receive antenna arrangement;
means for orthogonalizing signals to be transmitted to said mobile stations so as to
prevent nulls from occurring in the antenna pattern.

11. A pseudo-omni site according to claim 10, wherein said double polarized antennas are
equally spaced around the mast.




ggi d receive aﬁggzaf g; r gln\ég:rzln: yHmm“"“ I““ MHH“‘S recnglixgdf ];; om

ort hogonal i zi ng signals to be transmitted to saldqm)blle : stations so
as to prevent nulls fromoccurring in the antenna pattern. 30

23. A pseudo-omi site according to claim22, wherein digital filters are
used to orthogonalize signhals to be tralnsm' tted. WO 96/ 30964

PCT/ SE96/ 00386 5 -13-

24. A pseudo-ommi site according to claim 23, wher ein said digital
filters 12r € A@kadb-ofhnbsite tfbraise ihecdluancmmrhunidticn gystah Forcieanswaittinpusignaly t o

zer o wheno @Ad'Ricéioidlg signals from a plurality offobile sétipns¢ bsinprisingi site according to
claim22, wherein sfmfml@l SMAh&eiver ens for procéssing férimadorgr e or t hogonal i zed by
nmodul ating the par gidegive St hifanpbdéht Forireddtving signals;
a transmit antenna arrangement for transmitting signals in'a pseudo-omni antenna
pattern, said transmit antenna arrangement comprising four active sector antennas;
a coupling means for connecting said plurality of transceivers to said receive and
transmit antenna arrangements;
means for diversity combining signals received from said receive antenna arrangement;
means for orthogonalizing signals to be transmitted to said mobile stations so as to
prevent nulls from occurring in the antenna pattern.

13. A pseudo-omni site for use in a cellular communication system for transmitting signals
to and receiving signals from a plurality of mobile stations, comprising:
a plurality of transceiver means for processing information;
a receive antenna arrangement for receiving signals;

s a transmit antenna arrangement for transmitting signals in a pseudo-omni antenna
pattern; _
a coupling means for connecting said plurality of transceivers to said receive and
transmit antenna arrangements;-
means for diversity combining signals received from said receive antenna arrangement;
means for orthogonalizing signals to be transmitted to said mobile stations so as to
prevent nulls from occurring in the antenna pattern, wherein said orthogonalizing means uses analog
filtering at a radio frequency or any intermediate frequency.
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{57) Abstract
A method for broadcasting informa-

comprising at least one base station with
an antenna array and a plurality of mobile
stations is disclosed. ‘The common infor-
mation is preprocessed to create orthog-
onal signals. The orthogonal signals are
then beam formed so that the orthogonal
signals are delivered to the different ele-
ments in the array antenna. The orthog-
onal signals are transmitted and then re-
ceived at at least one mobile station. The
signals are then processed at the mobile
station to decipher the common informa-

&

YJ’Y———_'

8EAN FORNING

[ T

3 BROADCAST OATA * d (K)




