;e3e--166T, METHODS AND DEVI CES FOR W RELESSLY TRANSM TTI NG DATA I N

DEPENDEN m}\l CROSS- REFERENCE TO RELATED APPLI CATI mm [
appl i cat F@mm\\m‘m nefits fromU S. Provisional Patent Ap Em”mm’,mn
60/ 328, 266 Ti] gd,ct ober 10, 2001, the contents of which are heggby
I ncorporated herein by reference. FIELD OF THE | NVENTI ON The presenzt

I nvention relates generally to wirel ess conmuni cati ons and nore
particularly to transm.ssion of si in wreless networks in dependence
bn | ocat | on’ MERHBHCANDSUCE S RN RER LY RN RRIAING BAERN 2o on o
signals in a wreless envirqgEeelpENCEORSLACASION! ar radio or tel ephone
network, is usually between a base station and a nobile device. An

al l ocated portion of the radio-frequency (RF) spectrumis shared between
the base station and nultiple devices. Miltiple data channels are
mul ti pl exed together within this frequency range. Because the avail able RF

frequency range CRO$SIREFRERENCEIGRELATED XBPLIGATIONSIeogr aphi cal |y divi de
the network into cells. Base stations broadcast on channels in the

al l ocated frequency range within the cell ac st.ati dges not

br oadcast beyond cel |'F'Hgaﬁﬁf&‘ﬂ"8§9f%?§80%ﬂt? E&m@%ﬁoggpp@%&;ﬁ? cally use
di fferent aywppliedtion NdBWELA852667iled ©ctdbarcHy, 200 RFhs ReAlehts df Wiicts Heh,
comuni catigns .in adjacent cells do not typically interfere. Accordingly,

|
the al | ocat S8'RYIPEYROGHCT RIelFDISERIBRAN nay be re-used in nultiple
appropriately spaced cells, allow ng each base station to

FIELD OF THE INVENTION

The present invention relates generally to wireless
communications and more particularly to transmission of signals in wireless
networks in dependence on location of mobile devices.

BACKGROUND OF THE INVENTION

Transmission of signals in a wireless environment, such as a
cellular radio or telephone network, is usually between a base station and a
mobile device. An allocated portion of the radio-frequency (RF) spectrum is
shared between the base station and multiple devices. Multiple data channels
are multiplexed together within this frequency range.

Because the available RF frequency range is limited, cellular
networks further geographically divide the network into cells. Base stations
broadcast on channels in the allocated frequency range within the cell. Each
base station does not broadcast beyond cell boundaries. Moreover, adjacent
cells typically use different available channels in the allocated RF spectrum.
As such, communications in adjacent cells do not typically interfere.
Accordingly, the allocated portion of the RF spectrum may be re-used in
multiple appropriately spaced cells, allowing each base station to



i ndependent |y conmunicate with a plurality of different nobile devices

i ncreasi ng the nunber of subscribers that may be served. In order to
provide wreless comunications to multiple subscribers, each nobile device
is typically only allocated a single channel. The bandw dth of each channel
is further limted by channel noise, distortion, scattering and fading,
resulting in degradation in the signal c1_ua| i t-f\{: at the receiver. This

af fect s dat dhdepeadentrcammynisateawitt & plurality podiiferentimohileidedeas on at t he

recei ver aff ; a(lflﬂﬂ,h Vi i tobddr th bPdvid t he data
transfer rat"g&%%@gg‘n t eb%raosfgfjgfé;{bi\étsﬁfﬁg%@%%&%’f;\% sf{ ?1[1 i on.rté\?mv\\éﬁ be

appr eci at ed Wireteastdomnainioatjonsie mubiplé subgesibetsy each mobila dedeaisi on t o
comuni cat e \W. L1 L,pl i.le devices is limted by the bandwi dth of the
al | ocat ed péﬁ"ﬁ"g‘?{%;{"ﬁ’é?gﬁag%hﬁ'c?ﬁébﬁ@t rum the nodul ati on techni ques; and
t he nunber of nobile devices within the base station's cell. Thus, wth
limted spectral bandWhelbandwidthyofssachichaesnellismfurtheglimited byohatateh t r ansf er

communi cat 1 Ao Qo Soafidh e Ramer AP0 T S8oRlao i G SOk ° et noas

and devi ces qualitylat tisd recgiven dhisaféattsldata detevtioh at thereaeivern. Erres i datawor kK ar e

mvent i on. ORRHBA L TrrepAe) G1SK B Berbmrenge - pod BB FBRbpt 1 i 2

nobi | e devi ¢ke deatarsfatraRbaandemther sk stationcind rebifestatioize. Optional |y,
know edge of present and/or past |ocations may be used to predictively

control network performance. Know ed of, the | ocat] of bi |l e device
may be used to contro?‘s\»ﬂr@%a%re&%ﬁ it?‘?/aﬁ?veogb%éog?gﬁ)%@%ggmmni cate
With the dewaeestationibabmptumicaté withInsultisle thobiie Migvicsls linyifed 19f theodi ng,

addi 1 onal | PAFAREPE I AIGCR U PRE RS o EY SHbHEUT: BAIIIINARE o Fesul .
overal | net wg¢HhiaRAEhd theMyMBs of mobiilgievicas withiveth dagdevseitibn'scell.

comuni cation with each nobile device nay be increased, and the error rate

in data received by t mohj | e .devi ce be . .redyced.. I n accordance wth
one aspect of the preiﬁ‘r‘ﬁ' W'mqudﬂecﬁﬂlm"gw&gﬁ'o‘?"w ﬁ@"!%é&?ﬂﬁaﬁq%ﬁe a nobi | e
device is uded data waferabted widthigh bitlerdarstes bAA A6ESRAING dblagB@ohdsher

transmtter wthin the network. EX I of the invention, data can be
di r ect i onal I%PIGCORYRURICARPNS, Gisg f@ﬁ?'g(}p%%[%aﬁ%aﬁ%ﬁpsﬁﬂﬁi ar di spersion. Hence,

the nobil e device can be allotted a channel in an allotted frequency range
that is concurrently RAetcordinghechdthodsrariddsviossifadiktatiieyinceasad datat her part of

t he networKk. Thfs.i ncr.eases Sﬁg%se gt at i ?n' s effective capacity. The

i ncreased cafRRCISN N AXrelRss k&@ra 9ePAPI%uI ti pl e channel's to a single
nobi | e devi ce, providing higher bandw dth comuni cation wth the nobile
devi ce. Advantageously, multiple base stations may directionally transmt
into a single cell of the wireless network wi thout interfering. Unused
capacity of one Igﬁmw ; used to communi cate with devices
in an adjacent cell. regegﬂ@ﬁﬂ%ﬁhdﬁbe transmtted to a single nobile
device from several base stations. In accordance w th another aspect of the
present invention, | obwascerdaneeayithedhe preseayinventicnednowledgeof e net wor k
managenent . |[Lse fh%ﬂi ich i\ Q4P n’f@’ : ack ment of
nobi | e devi ées lgﬁ(?fpre %gthIFEE%g% rmbcﬁﬂe evpggéﬁg\g%é{’gg%ggﬁgwgrefore
cal | hand- ofdverali netwerkzpettorinance. Optionally. knondedgel efesant and/oc hastnel s t o
nobi | e devi j : | ocati on and
predi ct ed fﬂ?%t%n?mﬁéo%@m&ﬁ%&gﬁ ||)F€a§%\|/ﬁ§&g}sorﬁ§ﬂgﬁ&gg§cﬁéi ng the re-used
channels in other cells so as to mnimze co-channel interference.

Transmi ssi on power | ellpbwledgelshthe Ipeationsafa mobite devicedby be useditezes may be
control |l ed I ' L 3 Nl g ze
interfer encggﬂglgln‘?ﬁigb Pﬁa pﬁlﬁgﬁtg(ragR%bgggﬁ%n%n%@gﬁgﬁeovﬁ{@#g%s?g?ggf|£?t y schenes
may be used vzt @dwen ldvels; ape using whah typerof zndinghmodelaticroand securty Thi s may

| nprove net V{Ke)cr:hknit?uegst Oll(ci{/%rr]l?aeg]'eously, base stations may additionally transmit data to

the mobile device directionally. As a result, overall network capacity may be



I n accordance with a further aspect of the present invention, 3 there is
provi ded a nethod of operating a base station in a cellular comrunications
network. The base station includes at |east one directional transni ssion
el ement. The nethod includes receiving an indication of a |ocation of a
nmobi | e device in conmunication with the base station over the

communi catigns network; predjctively control]i n%?t he directi onal

transmi ssi pdeT‘é’ﬁEntThP(paﬁF’W_@,'E _°H’ _ Hpigafionwith g _'iH_E’bE%_g@”E? mnavée to the
mobi | e devi GfcrBas&e affl the ErroM At midaRi rec@BdRyhe Mbils ¥elieBS nfdly deocat i on of
the nobil e device received fromthe nobile dévice. In accordance with yet a
further aspdeduesd.the present invention, there is provided a nmethod of
comuni cation with a nobile device including at each of a plurality of base

stations in wireless ﬁp&ggémaq@gm%ﬁgi5gge&mtﬁpp}és%npﬁvéﬂﬁ,ﬁnr receiving an

indication of a location of the nobile device over the wrel ess

communi cat i dmeWastaamf he locatipmefia mabile deyviessiswsed to gentral dirpetiongl data of base
stations to "'ng?c} i : [aTs ce with
anot her aspeﬁcét?\%o t Aeﬁ%rﬁgaéke)ﬁ%r?ﬁ\ﬁ/%ﬁltﬂlggnéth@ﬁh?@%&%r g&%gﬁﬁéﬂgge station
for use in dnvantiehedata comberdireationatly transwitled, typicaliiwity namowrangulaace t o
receive an ihdi |0 j . [ Lce. jtter; a
controller id?ngdceg%%'nﬁgg{:?’gﬁé \B\ﬁ%ﬂé t8 E\élgé P %%@l@@#ﬁ‘é@ﬁbﬁ@n %lﬁ)g@%ﬁrﬁdr ol

t ransm ssi orfregjuentyerangeriisatiis tencurrentlpbéinglused by @nother enabile dedice @ct i on,

codi ng, nodul at.i on, .encrypti o transm ssi,on of ,the data in dependence on
The T i cat i ioher mach Siel ot {nié IrthgaReR & 6e StatonG: Bl ogant

i Inven]ti on, ]'Eda@aeitj. SThy imzieéeﬁd ?apiﬂdﬂylnﬁaycmm&d_ m@mmﬁamb:n;mhm?wﬂ@ ng ia
plurality of receivers,, B eac or,.recei ving one of a pluralit signal s
Froma di ff et SRglegaaRIisieyiae, praviding e R Wrlp cam¥nunicain wibdRei ner i n
conmuni cat i GRobliedevidee recei vers, for conbining the plurality of signals.
In accordance with yet a further aspect of the present invention, there is

provi ded a met hod of ergtin base . statign.in a wreless. network,
Phol uding T oeeiving. afovempaslsh, MoRpS bateRPiors ey clrseoha ey ce | n
communi cat i ananehtihntomasihﬂ@ezeﬁbatHeqmmdﬁnéthermmmirﬂaﬁérmgs Ueisedr k;

nobi | ¢ device based on the 4

transmtting data fromthe se station to the )

| ocat i on, | byA0aHbH Ul aNe s RABR e B8 PeasstB romButca M devess and

codi ng of triaadEddenticéll, MoRoda Batamalebe BreRSARtedNo bingl&fiobaéi on. I n
accordance with anot her aspect of the present invention, there is provided

a wirel ess (YReIIemsewRal 4onSncluding a plurality of wirel ess base
stations in conmmunication with each other and with a nobil e device. Each of
the wirel ess base st ain astordanck withsarmthdrispedtastehd presentdhvention, | ndi cat or of

a location qf the.nobile device on the network, and a transmtter operable
fo transnt EANREOMRatoRIBRY BS 48t L CortroL habyore eafematin: U of he

| ocati on. I nogstivarinfeRastioM by Befuded Befracicmogémeoint dfitolilecivites mRdent i on,
there is provi met ho

ed d of operating a base station in a wreless
network, i no?rﬁg'th@'?qrémunﬁ’&v'éﬁ?‘?q"i’élf’ﬁvaﬁ%me org i‘éf‘f’@?ﬁgd‘f“hﬁ‘ #obi | e devi ce
i n conmmuni cadgligrr Wetwork."Phé aRstalibRbi HarMER to rhébilRQEVIERS Gtk icBll gyt wor k;
choosing an avail abl e transm ssion channel to transmt data to the nobile

devi ce, basekf ¢one brsedandhe sHres'doeafionaand ripdicted futire locatiemelthai t h

communi cat i GghiludUiddRingae L BIngIé Retsed ErRMBIS!ih oftter d8liesé 6ot L e base
station to the nobile device baSed over the chosen channel. In accordance
with yet a flOMEe casqb\epneldmteffﬁ@npeekémmlsm@@_rmwJewelﬁ_erpfé)qﬂsb@sa)v@ ded a
met hod of  Onga@nsNhdnibiltdimcesHidy'B8 Eéntfd?le%'agﬁd gn PIoLAtHEEE 1S 1N
conmmuni cation W th a proxi mate base station including receiving indicators
of a | ocat i cshaphekcamditiohe talminimizednterfarencet wimikarlyp difigrent coding, coor di nat i ng

hand-offs b . 4 I i_ndi In
accordance \;e\'}] pﬁagtr'\%f%gdr g%@%'b@%&g Sﬂﬁé\gﬁgggﬁfbé’%ﬁﬂﬁhg%# gieér%(rgﬁ?% provi ded
a met hod of ambcheEinnebcdrditionst Ehis oay imprdverrsttwarkpesfocraanceof Wi rel ess

net wor ks, including receiving indicators of a |ocation of a nobile device

bet woen base ot ati ons ToACRR it ook o B B HRE AP i St or s

as the nobile device noves froma location in proximty with a base station
on the first network into proximty with the a base station on the second
network, allow ng comunication with the nobile device to be handed- of f
fromthe first




5 network to the second network. In accordance with a further aspect of
the present invention, there is provided a nethod of operating a nobile
devi ce capable of wireless transm ssion, including receiving an indication
of a location of a recipient device in wireless comrunication with the
nobi | e device; transmtting data fromthe nobile device to the recipient
devi ce based on the | ocation, by controlling one or nore of a power |evel,

di rection, dhereddaravifegia methesAf oppraingm hase station in @ e@iWandence on the
i ndi cati on. o%rﬁ@rﬁ%t%@?\%g%\ﬂd'khﬂﬁ@ba %féﬁibnﬁ{cltfb%@%ﬂea%i or%t?ﬁiré’étﬁﬁspt

invention, there is provi a sw tching center in a nobile communications
net wor k, i n teansmissiareglementy The methed includgs odceidnrgan indidating ohiat hi n t he

net wor k, an C r A L SS| fromthe
o ur a1 1ty oo BB W pTpedeiificedn cERaoh Wi 8 B 4@ hvetdh ence on a
| ocati on of dohenyricdtions inatworkjpredictivly centralingehe dirpetitingl tnamsriesionr es of t he
pr esent inver|1tio tvm'll econe a faregt ot Oﬁe ft ordi a‘ré%gski Il in the
et upon 1 eAEPO0 AR BIs S GRBAPs BRTbRatm CUBB M HeaREa nent s of t he
i nvention i rbagedjornied indication, raridgastindivagiany ofigcdtionlot éise mBBlledeitsSCRI PTI ON
OF THE DRAWNGSH thﬁ fh%%res which illustrate by way of exanple only,
embodi nent s "8FelYef Tomdle Rde¥E® 1 il lustrates a conventional wireless
cel lul ar comuni cations network; FIG 2 illustrates a network including
nul tiple base stati onk actamancpavitabjetatiartiier aspadtiof tevpreesntiinvattipndence of

the positio of. wre|l ess devices, exenplary .of an odi nent of the
present. | nvaRERARPIOHEY Smeosa camauinicaigewih & fopER fage BREMaRed i n ¢ he
network 6  eichof @ pl#ality bfbasetstatichsin wifefaBatdobfrhlinicatidnd S¥ithahe mBbilei pl e base
stations of FIG 2 transmift] n? to a single wreless device;

device; receiving an indication of a location of the mobile device over the

wireless communications network; transmitting from several of the plurality of

base stations to the mobile device based on the location.

In accordance with another aspect of the present invention,
there is provided a base station for use in a wireless communication network,
including an interface to receive an indication of a location of a mobile device;
a transmitter; a controller in communication with the transmitter operable to
control transmission of the transmitter to control one or more of a direction,
coding, modulation, encryption of transmission of the data in dependence on
the indication.

In accordance with a further aspect of the present invention,
there is provided a mobile communications device including a plurality of
receivers, each for receiving one of a plurality of signals from a different base
station in a wireless network; a data combiner in communication with the
receivers, for combining the plurality of sighals.

In accordance with yet a further aspect of the present invention,
there is provided a method of operating a base station in a wireless network,
including receiving an indication of a location of a mobile device in
communication with the base station over the communications network;
transmitting data from the base station to the mobile device based on the



FIG 6 schematically illustrates a single wireless device of FIG 3
transmtting to nultiple base stations on a reverse link; FIG 7
illustrates a base station including a directional element within a single
cell, exenplary of an enbodi nent of the present invention; and FIG 8
illustrates nobile receivers in communication with terrestrial and
satellite base stations, in manners exenplary of the present invention.
DETAI LED DEsmarlmrmcmtreJlmm ane|a$neraés p@webi%yehtdrreﬁrﬂn and epding ot el | ul ar
comuni cat i , rﬁf&? phi c area serviced by
network 10 ?@ IVI (Vé‘fﬁdd?ltlﬂé)galéﬁgidhbgﬁe[n?[eoﬂ théelf S gﬁ Wthin each cell 12, a
base station 14 broadcasts to all nobile devices 16 within that cell over
the same all ocated ralggecerdange wWith angther agpect Obiie presentinvestias nay be
conventi onal : reIess
stations or ﬂ%‘%g?Pﬁbﬁe@bﬁw?éla%seggﬁ@gﬁrgﬁﬁé ﬁgt@a{kﬁﬁ 8h8ﬁg led Iér%ﬁtyccf)rrpl y wth
any one of avirelesisdrasefstatioosun cmhmhaatrmwﬂbeacmgthprand)whsa mobitd udi ng t he

GSM TDWMA, coI d ation 14
carries nul tagg 8 g&ﬁﬁﬁﬂ“ﬂ‘f‘*ﬁ% > ?136? ﬁﬁi% OI‘Q%@I@% %@3&%&8%?«%}@ &5 of a
nunber of khadicatondfta lpbationnef the atubile degice ndhennatwlork, @Eneba transhdttémi ques

i ncl ude tine-diyvisjon nmul. | ex|,n I f.requenc Vi Sign | tiplexing
(FDWVR) ; ort WBS'E?X’&? {thfaélfﬂgﬁr%%}ag‘? egpé?f%‘ﬁ &Pﬂ@%&ﬁw(?a'ﬁé’ﬂg}%r Vi si on
mul ti pl exi ngoda@®MA) and the |ike. Each base station 14 communicates with a
nmobil e device 16 in its cell over a singl e one of these nultiple channels.
To i ncrease the nunbe|r of |Ie i ns 14{#{5&& may b sertved on the
network 10, each baseN3%PS C9W' ugﬁeryastp(e %gf%sgnghnyﬁn i 1 e devi ces
16 Wi thin i tiseredd provitieda miebroueafd@uiamﬁg hbdseatation ifh aareless atvorkf 0 an

adj acent cell Léfforrrrum cation wth a s l r? ase slg\atr,ons 14 is handed off
to the base RYUFINGFRCElYingGan gjcation of CIa oy A @ MoLIB4EvVICe R al | ocat ed RF

spect r um nmayolfnurfcatRAdvith thebage lstattueneeéﬂtharwnrrﬂaﬁu@amﬁs Refwwkk channel may
be used by nultiple nobile devices in different cell Channel s within any

one cel | mayhpesingae&yailable ransmisgigl charne] & fansgit E’ﬁ@é@t%ﬁ’ﬁﬁﬂﬁs | eave the

cel | for anefehre; badedUrBE Idcatibh n@.d ad !&trﬁfnfrﬁrkérrﬁérfé}%h&\@ﬂrﬂh nobi | e devi ces
wirel ess channel's are not re-used in adj acent _cells. Instead, wreless

channel s mafopEynicatiopg to ﬁthéem"?"%dﬂ\éf‘?%é@“ﬁ'i“gﬂ%@%iaifﬁomﬁr@é?ﬁ?eot her. For

exanpl e, CoRyaphitoRy mebid BEVEOERLeH GRFRId ¢hdsBAlchUhrdl! €ss channels are only
re-used every three, seven, twel ve or simlarly spaced cells. Base-stations
wi t hin adj acent cells however capabl e of .transmtting on channels

used by adj acent cel & acﬁgrq‘r’BP%M"th\Wl ﬁ’fﬁ'ft"@&@ﬁp%qu thexpregeptinygplipe devi ce

16 typicall Xhérahypro@mu%eﬂﬁ%ffogerauhee vﬁﬁéwssrrget\baﬂ@uﬁmbhann&fheum ng a
single data channe] in the avail able frequency range. course, nobile

devi ces 16 de¥isans E‘aﬁO@‘W@'ﬁat&i‘s‘@'%ﬁﬂqwﬁgtelbﬁsﬁﬁtﬁ@ﬂg%!eﬁ“ﬂa@e%'m% on
control champgftstolsf adakatiodt e mbbife diVibe Pl MRAVYR! KredRAPIGENt
procedures. Conmuni cation over a single data channel; however limts the
avai | abl e b&agwWinatnghendesis behweersbans siations indapendenssionitee devi ces 16. Now,
FIG 2 illusgigiaies, @ W reless network 100) exenplary of an embodi ment of

t he present |nvent| on. Network 100 is divided into a plurality of

convention cells 102a- 102eq(co| | ectively cells 102). Each cell includes a
base station 104a- 1048 gcsgrdanee wjtbiapothen aspeptef thedpregensdnveniont i ons) 104)
exenpl ary 0fingid i pRAReR etod!di BpBratAg Blase SiDAS ennrs%ﬁ&sé&@frd Gns 104 may
further be in conmunication wth each other over a signalling network. Each
base st at i orwilelessaeanerks onclydinguacaivng ingliasters OéﬁéOQﬂthﬁ@f amatilel e devi ces
using an ap 1At tafl ons 104,
e base ot iee oa G AR hedtit AR Brelicftb' ABRinatiiandidts 21
CDVA, TDVA detwéan base staticnsaml the trBasnetvmrhs inotepebddncehamthedndicatars,

Govi oos, - as Hena rioble BB @S ol SRRRIRTIGSaRMn. £ fitd RBuSA8E " ana 106

(col | ecti veltye fieY neewrid o pmﬂhtyswith:tl'mm baéd staticheon theadecond metwdrk, devi ce 16

g)lr:efGer ;%)I §r %élgl ﬁ"goéc’lf'l?i%i'%"r od‘ew'ﬁ‘w&\edﬂéq“ 39&72136'569195% deﬁleafeg‘b?t gr gne

or nore of base stations 104. That is, nnbrle devi ce 106, provide base
station 104 with information of the |ocation (or an estimate of the

| ocation) of that particular nobile deg ce. Optionally, nobile device 106
could be replaced with a device that does not provide such a signal and may
be identical to device 16. The | ocation of a nobile device 106 may be
ascertained at the base station in any nunber of ways, depending on the

i nformation provided by the nobile device 106. Conventional |ocation
deternrnatron procedures |nclud|ng for exanple triangulation-based

P,



An indication of the [ocation may be provided to base station 104 in any
nunber of ways. Location information may, for exanple, be provided by the
mobi | e device 106 over a control channel, automatically through the
network. This |ocation may be ascertained, for exanple, by way of a

| ocation receiver formng part of device 106, as detail ed bel ow
Alternatively, the |l ocation of the device could be ascertained by a user of
a nobi | e dewiebrorkdetherecondnetyssk. nay i nformthe network of the |ocation of
t he nobil e device. Thus) a user of a nobile device may key in his |ocation
information to the SygiAELRAREE WAR o BRHEN SsglecO8h the Hrédnt GERorE . Or sinply
based on know edge of the |ocation. The precision of the |ocation

i nf or mat i on therevs Beyided aynsthostaf operating a mebiledevics capahls of wislessed by base
stations 10 i : sl : : i -mation may be
updat ed per#@??@%‘%fdy’ L@ﬂ{cﬁ@ @gg'&'ﬁg?ﬁ %@B%&rﬁfé @g%%rg&l%gc I(i'(atnr?ges. Agai n,
changes i n |deyimpiinwirsiess bemawminatian mith the mibdbile devitogtransthiingviatied t o a base

ar i trary. cdorbme el B oufE by R iRed 8 BEctfod B ana o 7

| ongi t udi nalcontrolling oaé esmore &ba pewerlevel diredionaard toding bfjtrarisndssion ef er ence

origin or any,other. her, ways ich the location of nobile device 106
may be detelp?lﬁr}?e%aﬁaﬁbglwegf’%ﬂ“% VT\Aéﬁta y be infornmed of this |ocation
will be readily understood by a person of ordinary skill. Once the |ocation
i nformation for nobil s abesrdancd OGthiyet & furtheataspest of thd preséstrintedionst at i on

104, this kglgw{ edae i@% be .?Fhar ed as .requi r.fd across tbase %;tvai(i ons 104,
within the MA§'&dF RIOVIASd ASWirRing ?ﬁ'{‘ﬁg"ﬂ@e\/&ﬂ"&mt‘%? IARAGVYE M ssible to
Base stati orwmmmicd\hw,witrm:pg'ra:my bfrﬁaser?atiams vﬂﬂwimmeiﬁm?‘kyhn@ ].:LOG klr)lown at
ase stations 104 e used to contr.ol, transm_ssign t rom base
otatione t o CRerAbIeRANTOLCHSeTER! ERtheSin PRARE M BBt baremnce. | n
many ways. Fstdtiof¥ asvalparticotir ¢hobiiB &leVice i Hepaidefds bhid I6citsmeofihat | ons 104 is
to communi cate with a nobi| e device; using which channels; at what power

| evel s; and PRAAUIEE Sopbilg deXfor nodul ati on techni ques may be adapted in
dependence on the location of the nobile device. Wth this know edge of

nobi | e devi ce | ocati 0OtherBepédtaandiestires of theaprebermuhvdrtion vill becoimy be
controlled at the network_to. optinjze siaggal at the qﬁb'tole devi ce and
r}fgys ithe |

mni m ze i nBOPREENLHLBORE PHol Bl the atiRandevieppf IWINg convent i onal
cel | boundardegsrigtRachf 8pécific 6MBOaiINdnYs Hfthe ARRAGHE fh cotfithclies Yithltiké | ons may
transmt across boundaries. So, for exanple, as illustrated in FIG 2

mul tipl e bafSCRMREMANGTigwes. 104b, 104c, 104d and 104e may concurrently
transmt data to nobile device 106x. The nature of the transm ssion from
each base station may be controlled in dependence on the | ocation of device
106x and the nature of the data to be transmtted to the device 106x. For
exanpl e, nultinpl ipq.na iLate with a nobile device
106x, over the sgrﬁég‘lﬁ)gngnﬁl t!) E“ﬁﬁ@?ﬁg‘@@% quality (i.e. signal to
noi se ratio) at a single receiver of the nobile device. As wll be

appreci at ed, i npr ovedinsthgfighregweiich Jlustegte blylway dfeaxatmpighenlyband wi dt h
transm ssio wani £ tly reduce the need for data retransm ssion
to 10 cor%&@%%sﬁﬁ%ln&?ﬁ%’tur n, increases overall data throughput.
The know edge of the device's location my be used to transmt from several
of the devices. For ekigy dluskatesiacstywentionahwirelesaceltar nay be used to

sel ect whi ct&o m@ﬂé&fﬁioﬁg%tel\f@ﬁ' 104 should transmt and to control the power

| evel used by ea ransmtter at the nultiple base stations 104 to provide

the downlink channel to the nobile device. Miltiple arriving signals at the

devi ce may construct i G2 illusteatesa setwark including mulliple kasel stationger of t he

si gnal recei i ' f ' .atj.an 106x may
be shared ar%?\:g 9 ggagﬁé{ogﬁnésﬁﬁﬁdﬁ ng%gn \(a\nsﬁée%&(n?%? vc\’gh(ea%%g&p n%%gf;a{"%}eésgase

st ati ons. Ealevicessexemplaiyaf ameynbiadimenti of thénpresaneindentmnpn t he sane channel .

FIG. 3 illustrates a master switching center used in the network



Conveniently, data may be transmtted across conventional cell boundaries
by one or nore of the base stations 104. Optionally, the power output of
each base station 104 may be limted so that signals fromone base station
do not cross nultiple cell boundaries. For exanple, power nay be limted so
that signals are not transmt into adjacent cells, thereby avoiding
unnecessary interference with correspondi ng reused channels in other cells.
Al ternativelof Fi8. Ziddi tional Iy, |ocation dependent coding schenes may be
used so that a prinmary one of base stations 104 in communication with the
device may provide dagfad.of aes deNeisticalf? ihiStr@8SniRliplFBaso Slatbfieof emai ni ng
base stations 104 may transmt redundant” data over the sanme channel that
may be used Fi6. 2 rangwitlingto »singlervitalessrdevigger al | qual ity of the received
data. For exanple, space tine coding may be used so that a prinmary base
station provides data d&fce | g ot her
base stations provi dngdﬁﬁdaﬁ@Falm&%rdﬁ%%ﬁ %ﬁ‘?‘gég%hng dat%wﬂeer t he sane
channel t hattramggittieg tesmgltiale basei stations®n a tevetaeditdsate for errors in data
fromthe primary base station. That is, with the |ocation of nobile device
106x known or deter ni prsl.7 mhetr&teemsbts@d.owIﬁaaa.ﬁgfard?mcﬁ&eal @léntdrit! € base
stations 104 may be specially encoded using techniques such as spacetine
codi ng to pMithinia singleehilacxeriplagl efjancembedimentefitbe Prraent inventiasy pedence

bei ng one such effect) at the receiver of the nobile device 106x, as for
exanpl e disclosed in gfg, @ﬂl@éﬁaté@ﬁobﬁe ﬂé’e’én@?gm%ﬁrﬁuﬁaﬁmﬂ%th Device 106x 11
of course, may be adapted to receive the data fromnultiple base stations
and assenbl degestraliandrsatelite base stadiess, 'V\S“Q!@@f%@‘%ﬁfyrﬁfmpﬁﬁisﬁhﬁ n network
100, which gf,h@sg stations 104 acts as a primary transmitter, and which
transmtters transmt redundant data may vary in dependence on the | ocation
of device 106x. Alternatively or additionally, nobile device 106x may

i ncl ude one receiver or nmultiple receivers to independently receive signals
fromthe multiple base stations 104, and assenble these. In this way, the
bandw dth to a MpETALED\DESCRMMONS shared anong nultiple base stations.
Addi ti onal bandwi dth may be used for increased forward error correction
transntted over the t{'niﬁl g (ihanne S fron|1 nul tﬁpe(:9 ase stations, or
sinply to increase th Uteates 8eonantiopelavirgess ¢ulBhe nobil e devi ce.

::urt her, cpmﬁﬁh?medgmtsirem%gqm e@:iru#tmﬁ@d %t@édgeapmreheeha@@ﬂbpn t he
ocation o bi | e devj ¢ x and chosen s to mni e
|nterferencé‘ \%é‘élrlsf’ Inta-a Eﬂéﬁ{i)é?écq%ég ﬁ'tm%?ﬁﬂ? ke ﬁ%)aqq‘ﬁﬁs in the
case of all %@a’fﬂdn“g I@roﬁé&%t@ﬂﬁélnﬂbbﬂ@dé\né&bldﬁltlﬁiﬁ‘fhél%eﬂ’%& tHe sanfe’ adi ti onal
cell of a particular base station this base station may all ocate the nobile

devi ce 106x oeHgd hanoe ofihe RE&R?@HU%MO&H? dryices F‘}mﬁyrﬂen?%@ﬁ'?ﬂaér fere with

ot her Channﬂia‘hdHélﬁ(tehMaF bﬁor{é&bbélmuémmes fik@@ml%'leﬁtéﬁﬁfonm'th@hl@ew ces. As a
further addition or alternative, downlink data from network 100 may be

split and trMekile qué‘@swdrﬁﬂsﬁlsﬁﬁt@"ﬁééé“%\f eampi yvithqanyronef agiumkar©f channel s.
I'n this way,knoh&elitiBl h@tWo‘ﬂfm&B"cﬁ did, SndiddiRg RRSGSRE TDRIAI CBRAAT 8£€i pt Of
signals originating wth mul ase stations. Interception of data by a
third party sirsilarpietogalge nore d| fficult, enhancing network security. The
split nessage may be transmt over mnul ti pl e i ndependent channels, or over a

singl e channel. Opti ofgs bYoad%bQﬁ?dnﬁ bh&& 8&RbA 1ﬁrcgmegr}ﬁu|9‘5|ermre base stati ons
may be encrypted to further enhance security. | e device 106x nmay, in

turn i ncl udeommunieatigng chanaels binkered usintam ‘PRQ @fr@n@pbertof&apwn and

Convent i onal M aupP ARG (S Keichn b eKADTecpiqueK R b VRoT hovi ce

in a particundfiplesng (ﬁaWbaefreqmmcxédiviaiommultiplee(inngDMmoortmmnai s, if the
| ti f
cg(r:r?rulniocr:]a? ecﬁ&@r géghlggﬁq‘%%gle}@%g%@g] ?Eé‘&r"%&% I'n né@Q'HBSGrBMAS cells may

i ndependent |andithefikex Eactmbasmsﬂahd)maleormmmnatea/mtrh almabileldenicel16 ihor t hose
base stati onf? Thl s Lncr pases tE'le ca C|t ava Ie for SI nrﬁ%e nmobi | e
device withi'f ® é’é{ﬂ?sg@ €98 pLieee el ehahd ur cegcrﬁéﬁe fated to
mobi | e devi afsnobilerstatiphbddrthagmagbe served,on theTanvcﬂ'deI eachchifsel stationt
transmtters are available in one cell, capable transmtters in adjacent
cells could suitably conmunicate with the nobile device in the adjacent

cell on additional channels. To avoid ppssible interference with nobile
stations in other cells, transm ssions by base stations across cell
boundaries may optionally be limted to specific regions of inmmediately

adj acent cells. Effectively then, transm ssion from base stations to nobile
devi ces becones flexible. Each base station's coverage varies in dependence
on the ava| I ab| i ty of ot her base statl ons and channel S and the Iocatl on of

o, . .



13 Jinformthe service provider where he or she is going and the route
that he or she will take either which nay be automatically done through
systens (for exanple, navigation systens that map the route his car takes,
etc) that he or she is using in the course of the journey or mght be
dictated verbally. Again, optionally channels that are reserved
predictively could be chosen and reserved so as to mninmze interference

wi t h channel t @y eagNnunicatasewithimohiip gavicese1 Gwithipiits oetle dssemrhitinv edge of the
l'ocati on of &%Mré@lé@b’ﬂn%e%ﬁ’b bﬁ aHLa%feﬁtr ée dcor‘nﬁ\uhﬁaﬂt% witRgessary. For

exanple, even if the location o devi ce 106x 1s not precisely

known, the c¥ivieabpessiatiprst4 tﬁéwr@ieg@mtoéher baﬁﬁstathmmda@ ediacediell. i n t he
nobi | e devi ¢ iR t

nei ghbouri ngﬁggg)gﬁon%légﬁgé%ﬁha g r?rtt@f)q hgﬁgﬁngu@% eﬁ%pze[léggll on of the
devi ce 106x.thgsamessitworkrchahnal ay be used by metiplevmobilevliédtesdingdifferentt | ons are

nearest to t ni.catyh@en with those
base. ot at | ors truneys il AR oB8 Lo Ay elBLSS R roB TR HOYRSS 1€ et | ongost
si gnal s r ecethosealclsarmels loavd the dell $ar artothiero s orfded o lannimléhﬂerenct&ese base
stations 104a .and 104 é’ be used to |de ;rans n cpa els to the
Tobi | o devi diPtWEes Mobiia daViees wiieless, charelaarg noL prtised i adlacent 68l5- ser . The
RSSI nay al slnsﬂeedmmeés)cﬁaenhememéme rﬁ-osasm cells hmhe@mswc@rfr&nmati on by
giving aro nal .is |ocated.

u e area,. re t he i
26" 2chorsrencibery Ror eremplly eaar iR (GN BrotErRIn o BR Wi,
comuni cat i oghatheld d@aamy&é%eaaee@Qﬁreessémhwmvétsmuﬁﬂaﬂ@@pao%dwlé of, and
controls overall operation of network 100, in manners exerrpl ary of the

present i nvePRSeortations Wikhin adiasenticells, howexar maybeeanable ehtrnsmilingon wi t h

base stati ong, dfhnedf ReddydRfiseanselcont rol network [not shown]. Switching
center 120 under software control may centrally coll ect the | ocations of

mul ti pl e nobile devices 106 on networ Mor eover, .this central

swi tching center 120 A&fobWithE Q?(S’hlqeﬂli'zdﬁ@‘?i‘ mpbilg de¥iean 1 tPIGRIY | i nked

network to hafigredefles @ata fl&ﬂ th@EerVing DERE StalioAI4Sisiny 4 QingRPddtg devi ces 106,
as descri bed above. Switch |ngf center 120 may thus sgllt data to be provided

to a devi ce,channelip &g aaiigblefrasenewrangsi \Qf&eawseba@ ile; davicemt6 104 or
mul ti cast daémhgnlﬁﬁ%lﬂﬂbasesétﬁdn@”ﬁ it AdighbbrisPydils: o%rﬁr%hbﬁ%n%?é“ er 120
may contr ol V\:hl ch avail abl e base stations) conmmunicate wth any nobile
devi ce, overfonmalthandeffsendothes @twml@@ﬁemm@ramm}chumsst rates the
transmi ssi 0_'\[7 nfiinftial Svél‘aahéigilb%?é cHdringl, ngvﬁ mﬁé‘ g\;a%‘)@ns 104 of

i eac

FIG 2. As ustrate se station era y I ncludes an
interface llbﬁrtdwtiihibﬁyvealnebaﬁgﬁatmaﬁmdthemlulecdevmséﬁvm red networks for
recei pt and provision of data and control information (as for exanple from

swi tching cent er 120) Noafits bRREstFaS b Yirekdd etk ool BRbrelaR ot o I e ess

transcei ver 112. Transcel ver includes a receiver for receipt of data

transmtted shbediment of the pmm levgmtm diriwork; HQ igdivjdedt intena plrality 112
I ncl udes a téf%ﬁ%rﬁ]tio‘ﬁrceilé‘ibzé“lncf Q%“é“b“g% féejllﬁﬁbt)a%&h%ﬁﬁemﬁkda using

mul tipl e coding schenes as detal is transmtter rt her

i ncl udes or hasej statioortfida-tdei (collegtively and individually base statinnison 04} s

transm ssi o 0 Transmitter and
receivers |2%)1e%ch§r§3°?tg§b%°% %érﬁéb?gﬁesﬁebé}{tg gbﬁators to format and
nodul at e and denodul ate data into using a suitable nodul ati on techni que.
For exanpl e transcei vBese statinny 104 may|furthes hedd eomsnunicatienydthseacht keyi ng

(PSK) based &?I% SK si gnal | i ng node
i nst ead of tﬁgg%%ﬁggb@&@weﬁgﬁg i#%ho%%gté‘?%aﬁioggs uscéilrD is near as there
woul d be | oveammenitatirgwith ahe nymereymabiledevicesTlsing anapprogfiatect i vel y

rranceet ver dgefe St ehBlor bR Bagl bRNoAT1 i iRe BB EanbhEBRTHRS T ¢ 114

used to br oaticamly comnuriicate umtlgloahwhtﬂbaalaGSMeCDRIFACTBMAeirsjmilérbl | e device

106x includes at | east one., ant a 116 for recej nd, tran nlssion of data
using the i brefisels” HAsetations 1B, fwisies Haw bFEMdRlcs Pon with a
transcei ver deiicestn aBpérfienes ohlife autiornef sith d%vims,tﬁsadaéﬂébemdml ator,
encoder/ decoder and a data conbiner. Mobile device 10'6x may optionally
include a location receiver or any other suitable conmponent for aiding in

| ocation determ nation of the nobile degyice that is in comunication with
or part of transceiver 118. As will|l be appreciated the |ocation receiver
may be a GPS receiver may receive location information from gl obal
positioning satellites that may be provi ded by device 106x to base stations
104. 15



FIG 4 further illustrates how a single signal may be divided into nultiple
data portions. Each one of these data portions may be transmtted by one of
the nmultiple base stations 104a-104e for receipt by a single nobile device.
Each may be received by a single receiver at nobile device 106x. For
exanpl e, data destined for a nobile device nmay be split between various
base stations and then transmtted in varioustfortlons Wi th appropriate

coding, nodul ation anf Pty gf mehile deviers t¥hang 106X (cellsctively dexisesi bed wit h
f d |
reference tqg Eé E% Lﬁitsﬁéed?ﬁll)gﬂl%hhgal tE¥oble ég\ﬁase@gﬂ@o"léﬁ%a |sgproved signa

transm ssion a evi ce tati be required to

effect t ransllﬂsifgteein Netile dyvmsémdu@tkamwes Thiage mejerablyra pteddbe, be

achi eved usi i 6x and t he
base stati Oﬁ?&g@%ﬁ%ﬁrﬁaﬂngﬂg 'V&%@é“% ﬁQMbJ)rgbe?ﬂﬂBF on an gé“‘ﬁ"?‘?&%u on

t echni ques. 10dt iThakis| mobilé de\vlee;slomq:rowde base station 404 with firformatioinlcf devi ce

106) may inglude an jnterf ceto dat no et work, as
illustrat ed(ié'%%ﬁ?@n d af—‘cﬁs t@e a¥| )ﬁéﬁﬂé\?ﬁ%‘%{&%‘gbﬁﬁé@vlcﬁc| ude a

lneL wor k i nt @ﬁtmau)f (Dtliob’le](cdewige 133 ddatd%e)neetaoclzed\wmeddéwcmetheommd otonh or the
i ke. Again, ortion of the data r i ved me cej ved over the
Wil ea g RBHAS St S sianaland ey BaidArUCH TR AR (Ehe ettt & ray be
recei ved ovenobileee¥itai 106aHay beewafalfnecmahdabee Qﬁﬂoﬂpm &Y ndmiser ofhat  t he
total data received at the device 106x nay a conbi nation of the data

received oveWaytSh@e%ﬂdmge@bthﬁeﬂmﬁt'%ﬂot"ﬁﬁd\W theimebliedevice & ce 106x may

re- combi ne td‘tﬁw@ﬁﬁ&\aﬁ rdéﬂlléﬁ‘éet@%hbﬁér?pﬁ&bﬂ%g%clddh&ﬁ?\éﬁarwﬁhés As will be
appreciated, this facilitates larger data transfer_at faster speeds with

gr eat er secdﬁ*@ﬂ%}"atpn@asﬁdé‘?QHn!%erGE§héﬁﬁlﬁerﬁrf"9a|1T'F@s@fr“d'f'é%' ahdinsni ssi on
of multiple t t TRigObi | € devi ce
106y. Mobi | mg\rltﬁtfé"eﬁéé’@ﬂrrhéggwgln\%g%ﬁ Saé&ﬁg gﬁao{b%gtb Gos’ T Ie or fixed
devi ces and loration lmﬁt@nmay bg determingd ahthecnebile devanescvﬁarwwhere)elsehe nobi | e
devices wit 'Hnr}hérnﬁpﬁ F FIG 6 illustrates transm ssion fromnnobile
device 106x to nu e base stations 104 on a reverse (up) link. As on the
forward (down) 16 Ilnk the data on the revers link could be split
and transmtted to nuAmlrpﬂleatu@a@éthﬁlat:aWaybepr prhaeeéta!'@m ng,
modul ati on g AR KA b@Poﬁ@%c'de%%ﬁWoﬁﬂyﬁoH% d, for eaino, BRDI | € devi ce

I pl e po

could be split into nu rtions, 1n an nown ways. Each

portion coulpdovided bythenmebitedderics 106 everfacgantrol zjmnﬁbaumatlpeuw pt by a
different b t he
received si Eg{ﬁ@f‘gﬁ%é?&wo%lﬂﬂge&ég@gnﬁg%ﬁnﬁggéﬁgg\;a % b n‘gﬁx dth on the
reverse | i nlofatodationaecsiverdotning pgtijofitevicerd08,ra$ detwteeatalmlg data security,

|n much the i I QF IL.Li S can
prove. comanel, B2 GETEHY Rt ddlid (I BY abidtmetttia Se@ iy 00
further be emtaleammaem&ﬁﬁg‘rd thaktussr neyrisforindhe hetwask sfiihetieradion tof thes e

stations 10 ' S i Bl G. 7 (1l inale cell 202 and
a base stat ﬁg%t}%djfvuét Eé@ééeﬁ '#%’E’f%’J&"@ﬁ"f*,degi?sx’@%'?e&qﬁ#ﬁdﬁb% odi nrent of the
present i nvemib'rmatlorﬁaetbe systemdaszqénirasilisdesm biseGRS rewsiverdor shmplyonal

el enent s, hically directs RF signals transmtted b
that el errent 8588%8?(&93 oghéﬁpl Ratiqn: );;I exi ng techni qges for receipt by d
nobi | e devices 106. Base station 204 may have a simlar architecture to
base station 104, as Thké p'rdo&ibmbﬂtheﬂan‘adaonehﬁm'maoﬁlpfbwdled torbdsase station 204

i oot onal SRR RETaRoRouL R by base ARoRE 108 % Aol baifh,

transm tt er Additiopally, rlomﬁmmifbnﬁétldnnnuy bé uadsteﬂ@e&bmcallyrascmlewuauoel enent,
for transm ssion.of dat t hat rectlonal el e nor e

control |l ers %@8#@%&93&“@9% N o‘?hamsﬁw@l%r{“@f g%ach di recti onal
el enment. Di raebitaingd aCdeied 66 A6d provitledadta kiiseldagtonstodt i on 204 may be
formed using omidirectional, sectored, nmulti-beam adaptive array

ant ennas, or any othe bI e t?ll rect, al e] ement, known to those of
ordinary skill in therfa?foca ek ‘et‘{)]* 11“3 %h?&@'&ﬂ'aE §HB&GK ant enna
desi gn char agpiahpsédordingte éy@féwgheﬁ@é\?eﬁé u@%uvma e IstRsdinal@ndve spati al
interference as in antenna arrays. Preferably, transm ssion elenent 114
may, for exanple, be a narrow di spersion thin bean antenna arrays as
detailed in Advances in adaptive antenrma technol ogies in Japan' Ogawa,
Chgane : | EICE Transaction on Conmmuni cations, VoLE84-B, No.7, July 2001. 17
As will be appreciated, unlike transmtters in conventional base stations
(such as base station 14 - FIG 1 ), transmitters having directional

el ements can transmt RF signals in a localized region or section of a
convent| onal ceI | . Effectively, use of d| rectl onal eI ement s di VI des each

o N N o M 1 o Y n I o



Conveni ently, base station 204 may include nmultiple transmtters each
having its own directional elenent. Mbile devices 106 in different regions
of the cell may, in turn, be in conmunication with one of the nultiple
transmtters of base station 204 and use the sanme channel resources as

nmobi |l e devices in other regions, in comunication wth another transmtter
of base station 204. Alternative a single directional elenent may be
control | ed tlwgyédmel@qr@na@a qrﬁat%ﬁ@" Wélﬁ'cﬁ"t arbiteailyt chasge pefatRn®® signals to

comuni cat e %t% nobi | e devi ces 204 over assigned channels. The
downl i nk cap |ty ase station 204 is therefore effectively increased by
the nunber of directional regions within the cell. Physical channel

resources nmay be usedOiher ways by veich thedogation @f grobiladevice 188 mayhe h si gnal s
eranat | NG WidelrRA arll B! hkbrP| GITR) Bo ibiried BH1R blurlofGyifBae0 al | ocabl e
channel resources, s 1ncr ease capaC| se station 204 within
cell 202. Oteedlbmmdbtatmd b)nao’ersmnm.f)brdlleardesklllce of interest within cell 202
is known, base station 204 assigns a directional elenment and a nultipl exed
channel for comunic el enent
is controlled in depgér? g%t:ﬁg Ié&t[dﬂ%f{gﬁﬁgttuﬁtoﬁ?mo%ﬁﬁdgﬁﬁ%qpé?ééﬁe@%? to
narrowcast teimg p@stmu{;an@ase HMneHOArihtSHmOMAledgetmayl befshated asoenuicedlevi ce,
preferably Vgct' Faﬂloﬁgq .Itr?lt&t"r%eﬁeﬁbv%& ugfn ftﬁ Bh%ﬂm%?gm%r ' onal

el enent is pre |c rve con usin or o e nobi | e
devi ce 106, show) pasetsmblujiodzetserssbatwfnslwéatl on for that device. Signals for
the nobile device are thus limted within a single directional region. As
t he nobi |l e devi ce nov rack t he
nobi | e device's | ocat ﬁévr\{wvc\)}%ﬁt& 'Eﬁ?m%%#l' Pf %?@l&é‘%ﬁcé@jﬂ} | on o%s

t ransm ssi orstations 104 maynioe eseati toemntrottaﬂnsmlesmmbfsdatayrohbbam\stahmwsrtoverrent of

h bi | h bi |
Hovi co. oot sleevRASS, 18 Brfet 6 Eiro 0 Befiipk prtSmtdnadin Mank Wavil ont Fon wit
t hg Flev:jce rm;yebembmndftthm‘rfe dremrveﬂglmltime pbhse dtag?m i@mfslctoelt ﬁgegtsg Infadt he
|1 e evli ce noves .I n re | |
Thannel o iegnEcate Wil 2 mRbls Goich DeingSROR oheiefs: 2T WRBLR T yav
conmuni cat i agveld;tandtwieat m@ngandMnMumynb@cﬁmmdnay e bdaptediher channel

at base statjon 204, to. ayol e Ag ogation information of
nul ti pl e notASPEN ec%‘sthﬁ;(?ﬁﬁﬂ E‘E’a‘f‘?"b‘?‘? %ﬂh #H?/E'B%Wlﬁgg {o predi ct
and control m@dildc&efwcemienlmatttansmmstdh folachestsiesReliceanacbéy W thin cel |
202, nultiple co vent onal channe s be aSS|gn

d to a single . nobile
station. Mol§oNgo ne@\t%htoacptmm plgnalatithe moh 9d€tﬂPQaa“@)79WﬁvZ%pt| onal |y

include dir %tbl‘f@féﬂbe wtﬁrbtﬁartrﬁas.ﬁ; delicR8s W fhid W8y, HonlEftidhal 4t | onal el ement s
may be control | ed in dependence on the base station to which data is to be

t r ansf er r ed.bouRdanigsshepsinot negessarilyhesesre¢iedsand base statioRsdvay | ons need not

geogr aphi calyghsiitRidd bbundhiiéd. arl y) as the geographic space used by such a
transmssion is limted, i nterference wi th ot her conmmuni cations on network

100 woul d be simlarl mted. shoul d W be rea reci ated base
Sations 106 (Fia ) Sedel exaile; 5 ustigae n - 2 muiER dinsh SBRE: oo

t ransni ssi on@he1e4s, 104008048 alPs®ieShay b@n@rﬂe%y%ngmwdbtﬁ@ féblled use
directional elements to transmt wthin convention cells or across cells.

In this way devicei196x. pEhenatueg ¢fdhe trapsmission fram pach Bash statien eaybee nobi | e
base stati Orbonﬁaﬂ“éa iHe Pgna’ér{c?%mtﬁa I6daRBR OF HERES 106) bACTheGRAtbreruss! 1 n
dependence on the |location o base station. Advantageously, use of
di rectional detaiabr tansnited to thedavinesiOB4 furt her reduces the |ikelihood
that wireless signals intended for one device will be received by another
device that nay be USFGIQe)Ia‘h?pléG}ﬁﬁltlﬁ\lbrb%lse%iiatﬁhé%ﬂ|ma31\&fn@r%ﬁi6ate%ﬁt of
directional elements further reduces overall RF intérference and cross-talk
that may be amgbigidexjca106x, pver thasamechangetipiigpeoverthe signatqualitt o a singl e
devi ce acro ; nodi fi ed
may additi oft(g? @d tﬁ“&%hattrzlla %%@B!)&rj'% %ﬁgr%ﬁﬂé%ﬁ Igtd:egi'rc}é ;\gﬁf"rltg,g power
| evel , encr ygppreniated,imprevedisignal aualify orayealiow fonhighen bandwwidth on | ocation as

o ovt oSl RSN, BTG Gndsby Sa8lke e G T Tty GRORIES, .

appreci ated, as base stations 104 transmt across conventional cel
boundaries, the concept of cell w thinqgetwork 100 begins to |ose
significance. ldeally, a nobile device Is serviced by those base stations
havi ng sufficient resources for doing so, and being in sufficient
geographic proximty. Controlled power |evels and directional elenents
ensure that interference of signals fromnultiple base stations is limted.
This, in turns alloms efflclent ‘re-use of physical channel s between
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As shoul d now al so be appreciated, since the nethods exenplary of the
present invention may reduce channel interference and i nprove the signal
quality at the receiver, the present invention may be enbodied in or across
a multitude of wireless environments. Hence, nethods exenplary of the
present invention may be incorporated in both present and future systens
including GSM 1S-95, GPRS, EDGE, 3G systens |ike WCDVA, CDVA2000, and

ot hers. Si ncpapgterrasschhigi indues iNceeasies onatal databeeuahdut-be cel | ul ar. For
exanpl e, the present invention could be enbodied in a wireless |ocal area

networ k. Transm ssi ontid riBwibdgs 6Fthe ¥e01RE'S IUIBR Pl bd Qsdtotranartitd be
controlled in dependence on the |ocation of |local area network receivers

(e.g. wirel &8 spvei@of thedevigase & af gxample, kaowdedge of thedecatiape mayde coul d
>3 N h WO, St / . S Lol
simiarly gustéﬁfgpf’éllgéel_ve/rgcﬁ)&f Egsle é,?atglﬁis“ltof’ghbﬁid%a%sﬁ@td%rﬂ ﬁ%’é}glﬁg@gesa eriirte

net wor ks an mlar e I nvention m € Co with fixed
| i ne devi cepower enabused hyraachveansmiitteryat thenmoliipleihiasetstations A94daot her

exanpl e, predigt] . - of t ol pl ace
across mul tﬁgé\iéénﬁmoéwgnﬁ@%n%rlugon@]?orﬁ&ﬁ@o%%ﬁé'f @ﬁ@gggpﬁﬁr@ Qgé‘ﬁ%%&di ctively
set -up t o altheodevieahayfcohstatiaely dhterferarintcreasiny\thid\o’all powesévafithe Thi s coul d
t hus provide, seanl ess data.tr fe Cl 0SS | tiple networ by reduci ng
Lhe st up ¢ SRS IRseNau gt paviet TBR%: PaB dstTedlorABafie et Tahabn: 1 o

devi ce in the shatetbdriohdnbase tation asing aiwiced Metwbtk dduplingtheridse, net hods and
devi ces exeg%l.arg/ Ef enbodi mfants of the.lﬂéesentdj nvenii on may be used to
cormmuni cat e S{AUCAS-aRAGh PESS piation maydansmit fae same faia,ofthe same as i | | ust r at ed,
si gnal s may chgngaichanged between an aircraft 210 and multiple base stations
212 and 214) each including one or nore directional elenents and
functionally simlar to base stations 104 detgiled above. Aircraft 210 may
ncl ude mob | 6 recel VEPRARIRY dAtaaRe frefsiied ol SPnianteaseR: ati ons
212 and 214 hoQhddrts ByCorddr nbretofiRs BaswStation 104/ Optishally, thelpdvasrdevi ces.

Base stations 212 and 214 may take the form of terr_esaﬁgll al base stations,

satel lites QHPUPHeach bage siatian 104 may belimited s thatsignabnirdianediass r cr af t

210 in the %l@ﬁoﬂruaﬁ&bf@%tmmlable%ﬂgoﬁﬁ@érie@p%aaséé@gle,saé\ﬁéﬂﬂha@se in nmanners
exenpl ary of enbodi nents of the invention is possible. Thus passengers can

be provi ded limited spithatsignalsane nat rapamy int @diacent ealledbereby ayolding voi ce

communi cat | QRResdssBhARRMefEhdeAtHHESHE BoRMAg PRI dIcPaRhdISin StheEEakst - | N
anot her enbodi nent, "base stations exenplary of enbodi nents of the present

invention may take the formof satellites. ltjple,satellites m
Communi oot 6 i th 5 moRtBAIEN eeaddioneaeatin deRgtdeT coUBRISFRe e Each
satel lite nuyathd @§6H €o A€aPrinidpy 8nélof Base stafistsS1040n icBmmiddtienst at i on for

data transfer. |In another enbodi nent) the invention nay be used in a | ocal

area net wor Withdha dguise aaypravide giata toithe devicey whileone Faneederent s of the

i nvention meihﬂ%ﬁi%eadwticﬁfshﬁm ¥y ir8R3rhif AddURBSNISITR oYéHtHb 8hmel T el ess data
exchange either solely or in cg&hunctl on with other wired or wirel ess

net hods. | nchanne thatkeay kersed athe device e improxethepveralbwiality efithei ons may be

provi ded wi 119t BoPBx n SHIRN® R dRMUSS tARY, be al | ocat ed
hi gher band\t/'u@f:th auttgrrg?i g’éﬁgﬁi ?"%%"f"‘?%‘éu'ﬁ@n)s el PR RO devi ce S0
requi re. Al thamesy base statien peavidestdatato b raceived dyiraebilesfationdld®x: gr eat er
bandw dt h or,; : : Pos\dp dth i's
al l otted. Aswﬁ'lggtjlﬁerrre%% e?‘. Eaet%ﬂog?{%&%éeegﬁémng?/%& gﬁmgoartee%gﬂggg or \reﬁore dat a
21 channeltbe saroencbanmal thatmeaybe needatdesicest@fixi tosompensatd dor arcorenhance hi s
data transf t | S 1.0 of r ] : the nobile
dovi ce' o 1 odhe P i ey ARRbstcR, TRRARIN cegF BRARORL, Lor

resour ces atdevice 108x &netvatar dessrminealn thedtdresmiftedt signals frachthetragjtiplas!| y, net hod

and devi ces exenpl.ar th rese inventiaon can easily . be used in
e st ng f uttrs yens 84 malhd el it bolb IRRp RS T BBy o1 1 eve
ﬁf 3asi C si gind ?ddirawaresible(rjanthmrg\ljmd_ sityt eflfefz:tw(obfastaddtm im%wdﬂhéé onal )
ardware ang software upgr : jtio . .al t hough the jnvention has
been descri %@wq wqwhﬁ%@@?%ﬁ receiYRUA @3["%&5‘@ ¥Fﬁggﬁx(ﬁ‘fé{°&r nore nobil e
devi ces and dxaaplediséiboathin WS Patdrt NoB. 6AR5 AT Ana 6,4 1A48SDEVIES 106x t he
i nvention could easily be used for peer-to-peer wreless comruni cations
bet ween nobil e devices. Each nobil e device could be adapted to contro
transm ssion to another recipient devige in dependence on know edge about
the recipient device's |location, as detailed above. O course, the above
descri bed enbodi nents are intended to be illustrative only and in no way
limting. The described enbodi nents of carrying out the invention are
susceptible to many nodifications of form arrangenent of parts, details
and order of operation. The invention, rather, is intended to enconpass al
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WHAT IS CLAIMED IS: 1. A method of operating a base station in a cellular
communi cations network, said base station conprising at |east one
directional transm ssion elenent , said nethod conprising: receiving an

i ndication of a location of a nobile device in communication with said base
station over said conmunications network; predictively controlling said
directional transm ssion elenent to direct transm ssion from said base
station to Shceurseunpybeadpepledieragiverihe giata freminaultiple base statipas and

I ndi cati ons ' - SB| il ' ' : . d nmobil e
device. 2. fﬁéeﬁgﬁﬁﬁﬁgg%ﬁ@Wﬁ?Eﬂﬁgmﬁhé%éﬁﬁkﬁgﬁﬁ&ﬁﬁﬁé%ﬁﬁgﬁi ransm ssi on

el enent con00swhich ofibasestationptd4acts adiarprimary ransmittemsand wiichA net hod of

comuni cat i | i d LCe ri.sing:  at lity of
base statio %n%ﬁt%rggﬁﬁgéﬁ Eeocﬂ'ﬁ:éh'ﬁtcdeﬂq?gﬁg \é/hf ﬁ' %%688%% %th%é%a!fgﬁ recei ving
an i ndi cati afidetica106éxati on of said nobile device over said wrel ess

communi cations network; transmtting fromseveral of said plurality of base

stations to sai d nobi ' : g | i : t hod of
claim 3, wherein sai db‘?erra%\}r%ﬁ?'{)%daﬁgg%’ﬁ@%@let%gﬁérﬂ%{ irﬁ%y @g@gggt a first
rate, and sané reedivercdrimultigie receivens tesiedependently rapetl@tsigrialofromahe nobi | e
device at a s nd a at ate, said, second regate rate .different
rate from szﬂ‘@ﬁrﬂ? ?@?qu{?ﬁ&‘s Eo‘{rﬁﬂ'@ ar?ﬁ?’ﬁ'gl? tEFS%I Qﬁﬁ%ﬂ% l%?'?&ﬂ&\!hdof i rst
gata r at §3i Sargebiga@nbé ngﬁa?nd%ﬂ@n%ﬂg mmdw{wdestawsd sl @didonarni d nobi | e
evi ce. .. The nmethod of claim erein said transmtting conprises:
transmtti nd’aPF’WHﬁ% mlay hedised for ipcreased farwvardermr somgrtien Gi%'is"&'h%nel s,

wher ei n eaclbvef theahditifle thaAsdls crbmaltipleqsaébrétéwne,Soﬁc@mgw teVidrédde bandwi dt h
of communi cati ons between said nobil e device and said base stations. 7. The

met hod of cIta$ hardwidihfdata proxided e the mpbiledeyvies.ural ity of base stations

transmtting to said nobile device depends on a desired bandw dth of
comuni cation bet weenFgihet, cRdPnkPsdlédtion drordashbabdatatorsinay befased

on the location of mobile device 106x and chosen so as to minimize the
interference between the other channels used on network 100. Thus, in the
case of allocating a data channel to a mobile device outside a traditional cell
of a particular base station this base station may allocate the mobile device
106x a channel that reduces and potentially minimizes interfere with other
channels used by the mobile device 106x or other mobile devices.

As a further addition or alternative, downlink data from network
100 may be split and transmitted by multiple base stations, over one or more
channels. In this way, interception of an entire data message requires receipt
of sighals originating with multiple base stations. Interception of data by a
third party is thus made more difficult, enhancing network security. The split
message may be transmit over multiple independent channels, or over a
single channel. Optionally, signals transmit from one or more base stations
may be encrypted to further enhance security. Mobile device 106x may, in
turn include a suitable data combiner to combine the split data, and decrypt
any portions as necessary.

Additionally, by transmitting across conventional cell boundaries,
the likelihood of call blocking to a device in a particular cell may be reduced in
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8. The method of claim7, wherein said signals fromsaid several base
stations are transmt on the same channel. 9. The nethod of claim 3,
wherein said transmtting conprises: transmtting signals fromsaid severa
base stations that constructively interfere at said nobile device to

i ncrease a signal to noise ratio at said nobile device. 10.The nethod of
claim3, wherein said transmtting conprises; transm tting signals from

sai d sever alnah¥e& W0a(Tihahis, ifiha logajon,ef the mabile devige ABBX SKOMRTs in data
fromsaid Scuthiled 3R8 iStathid &atéd%c%éé%ll@%i%?ﬁe@@ﬁdn% aypce. 11.The

met hod of claim3, wherein a data nessage 1s s I'nto several portions
and wher ei n ngighbouring selist may independentiy dransmitite ainnehileglayice asf availgbleporti ons
of said dat C Saf.d ; I ' that said
dat o messag N oRA EaTbER daflins: T (IEELA B 3Gl ybiio rrd 2L 5
sever al basesinglatriobile detige within are¢lhad avhilatlecimanhe) resherces maytbd east one of

sai d portiong,.i ncrypte rLo ld transmtting. 24 13. The net hod
of claim3, @ﬁgﬁgﬁﬁo H{o%flgggﬁcé%{%ﬁeiqhsoggmg Bgl ¢ stations is situated on a
satellite. 14. The nethod of claim 11, wherein at |east sone of said base
stations are terrestrBa)in thé evaitinsuffidiend trahsmwittersarklavailblde én onseell nobi | e

e e L BB heBuds P bkent bBrs I SR oRhmEh RLAE i 3o ©f 1 sai ¢
mobile device in the adjacent celi on additional channels. To avoid possible
interference with mobile stations in other cells, transmissions by base stations
across cell boundaries may optionally be limited to specific regions of
immediately adjacent cells. Effectively then, transmission from base stations
to mobile devices becomes flexible. Each base station’s coverage varies in
dependence on the availability of other base stations and channels and the

location of mobile devices.

Additionally, use of location information may be used to handle
conventional call hand-offs between base stations in a more effective manner.
Advantageously, channels may be allocated predictively from base station to
base station as the mobile device 106x moves. Location and changes in
location communicated from device 106x to base stations 104 may be used to
predict call hand-offs as device 106x moves closer and farther from individual
base stations. In this way, for example, a channel for a moving device may
be reserved in advance, with a reserved channel preventing excess allocation
of channels for new calls at a base station. This may reduce the likelihood an
existing call is dropped, as a mobile device moves within network 100.

Location information may be stored. As such, historical
indicators of the location of device 106x may be used to control network 100
predictively, using past and possibly present indicators of device location.
The prediction of the future locations of the mobile could also include use of
the previous location data of the user along with the user’s past history of
visiting certain locations in conjunction with a Geographic Information System

(GI8) to track the route the user might take. Alternatively, the user might
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access point wthin a |l ocal area network. 17. The nethod of claim 3,
wherein said indication reflects a | ocation of said nobile device

determ ned using gl obal positioning satellites. 18. The nethod of claim 3,
wherein said indication is determ ned by a user of said device and conveyed
to said several of said pl urality of base stations. 19 The nethod of claim

3, wherein saj d|nd|ca1|on| rived fromreceive nal styength
“ndli cat or o dloun;the HeNic SroMderuere e AL SR S GOIGY ABY 415 0Fe 1RENS BEei ved

si gnal frOfnshbMWPa%b e‘itﬁapwﬁfchmﬁb@b%ﬁidubyuﬁon@aﬁ@ugh%yst@m% (fot0. The net hod
of claims 3, further conprising ‘communicating with said nobile device over

a wired net @¥arple naxigptionsystems Hatmap thesoyts his varrt@k% st} athgickat i on
net work, - COghelis i Hg it toBideiné PulifG irifighfbe itiad LaBa. a | ocatlon of

a nobi |l e devi ce; ransmtter; cont In communi cation with said

transmtter operable to control transm ssion of said transmitter to control
one or nore of a di r ef8aiBnOPtioRalehannsfthat argfesarved pradictivelycotiidansni ssi on

of said dat t Cation of
Ol oo 9,17 o cholBRERGFEEVAY o8 f MtnER 8 erchee v Shafhéls BRESP

in use.

Although, relatively precise knowledge of the location of the
mobile device 106x is preferred, it is not necessary. For example, even if the
location of the mobile device 106x is not precisely known, the conventional
received signal strength indicator (RSSI) in the mobile device may
continuously monitor the signal strengths from neighbouring base stations on
a control channel to estimate location of the device 106x. The RSS! can thus
be used to determine which base stations are nearest to the mobile terminal
and hence maintain communication with those base stations. Thus, for
example, if the RSSI indicates that the strongest signals received are from the
base stations 104a and 104e, these base stations 104a and 104e may be
used to provide transmission channels to the mobile device 106x, hence
enhancing the data capabilities of the user. The RSSI may also be used to
refine the process of location determination by giving a rough estimate of the
area where the mobile terminal is located.

FIG. 3 schematically illustrates a mobile switching center 120 in
communication with base stations 104. Switching center 120 is part of, and
controls overall operation of network 100, in manners exemplary of the
present invention. Switching center 120 and may be in communication with
base stations 104 using a data and control network [not shown)]. Switching
center 120 under software control may centrally collect the locations of
multiple mobile devices 106 on network 100. Moreover, this central switching
center 120 may provide up link data from another land linked network to base
stations 104 for ultimate provision to mobile devices 106, as described above.
Switching center 120 may thus split data to be provided to a device, and
provide portions to individual base stations 104 or multicast data to base
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conprising a directional elenent, each to independently transmt data to a
nobi | e device, wherein said controller is in comunication wth each of
said plurality of transmitters to control directional transm ssion therof

i n dependence on a position of a nobile device. 23. The base station of
claim 21, mherein said controller controls directional transm ssion of said

di recti onal Ly dependep s t lity of
mobi | dovi SEIONSA04: MRS coHiAIa Gae LouBor BoniabBIARoBla o) urai i 1y

of receiver $asgatdlioh®) cbﬁ\ﬁﬂlnYddWMlﬁ%n?fmdan'déW%b' bvbrWhicH eHxmnglsf rom a
different base station in a wireless network; a data conbiner in

conmuni cation with sai cei vers, conbi ni ng sai rali of signals.
25. The nobil e device Fgﬁ gﬁghqﬂ'@tlpally glPF%%tPS qsbmlﬁﬂogog? @WSW 8ition

receiver f0fsng’ri%\¢ﬁbmtm9|ilplél%é'sﬁat%ﬁ@doh%f #RE 2. MsRuskratR dbLIPBasd sai d nobil e
device, and a fransmtter operable to transmt an indi cation of said

| ocation to Séa ieas04qraterahly '@B‘deﬂ‘?@ intgHafe 14HQ couRlingthe basestation toher ei n sai d
Si gnal_posi gr@lornRSEinNRi RANBIS I6creBelEPand GRIsk of difa ARFcdRI | © devi ce of

claim 24) further conprising ura ransmtters for wirelessly
transmtti n@faan@thndaa fon quammft E}omfsm@b@ggeaterdﬁg) Bach bage stelion e devi ce of

claim27, Tup Hﬁﬁﬁhﬁﬁa{]dé{ é‘ﬂuréfesk‘fr%ﬁ%ceg\ﬂﬁ 1‘1?r % |?s‘?:3i%r 2 iRikes qup! €d to

said transmtters ransm ssion o
receiver for receipt of data transmitted wirelessly by mobile stations.

Similarly, transceiver 112 includes a transmitter that may transmit at variable
power, and using multiple coding schemes as detailed above. This
transmitter further includes or is in communication with a controller to control
its transmission in dependence of location information. Transmitter and
receivers include suitable modulators and demodulators to format and
modulate and demodulate data into using a suitable modulation technique.
For example transceiver 112 may be able to code using phase-shift keying
(PSK) based modulation techniques, using an 8 or higher PSK signalling
mode instead of the typical 4-PSK mode if location of the user is near as there
would be low interference along signal path. This would effectively increase
the data rate for the same error rate in signal transmission. Transceiver 112 is
in turn coupled to one or more transmission elements 114 used to broadcast
suitably modulated data over RF channels.

Mobile device 106x includes at least one antenna 116 for receipt
and transmission of data using the wireless network. The antenna 116 is in
communication with a transceiver 118. Transceiver 118 may include a

modulator/demodulator, encoder/decoder and a data combiner.

Mobile device 106x may optionally include a location receiver or
any other suitable component for aiding in location determination of the
mobile device that is in communication with or part of transceiver 118. As will
be appreciated the location receiver may be a GPS receiver may receive
location information from global positioning satellites that may be provided by
device 106x to base stations 104.
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base station in dependence on a |ocation of said nobile device. 29. The
nobi | e device of claim?24, further conprising a wireless transmtter
adapting said nobile device to act as a gateway to transmt data to other
devices in conmunication with said nobile device. 26 30. The nobile
device of claim24, wherein said device is a fixed wireless device. 31. A
nmet hod of operating a base station in a wireless network, conprising:

recei ving an i ndi cat i BY@-dffugherdiugtiates baw a single signaldnaye pividedrntoni cat i on

ith said b : ' | | ' ; X Lt ng data
rom sai d baadtilh Yeldforf, BafoftRTHES dita BRGNS ey o rahifiEl by 9 ©
contr ol | i ng cneef the multiplediase stations 10daci04edon receipblby a singlecmdbitey of

communi cat | ARdero e e foBRRERYE il decellet of RiiphEbblle a8k 1% Tone i n

communi cat i dior exampleadataaidstéinedifor awholbileadevidai rhay begplitdetweservarfousai d

W rel ess base stations rising.an. interface to receive ap indicator of a
locat i on of Pespatlanr pad At transgtedimy gl B fions wiR ZPpcRelh e Sper api o
to transm t misdutation ahdi ehorgptioh@o ded icomstiuttivelyray dascrbgbwilaréfe@nceai d

| ocati on. 33. ir‘ge netilwor Oof claim32, wherelin each transmtter conprises a
data coder dREIGHEaths g deyicg 198Xa i n dependence on said |ocation. 34.
The network of claim 32, wherein each of said transmtters is operable to

transmt at a power cOfitourké deprovedsiignallrassmiesionat Bothah@hiobile 35. The

net wor k of (a?aj mS%, V\heﬁj n each of saig téaazrmtters IS oBer ble to
transmit a GEVIPGRASase Sialoniaibe maulred o pleqt LanpISsion OveE DEFAIh | o

devi ce, sai digigrddsOMhisinGay) forl 3@ATPR, BRGohlevediudingidHe? sifpidl g&wéraatr econst r uct
said transm tted data. 36, The network of claim 35, wherein at |east one of

sai d t r ansmibothethe mebilg davigs 06xand{he base statigns, 304 Apd/obimrrgyef si gnal
transni tted Ringpiddalatibfand eRBGplisrRReAhhes.. 27

Optionally, wireless device 106x (or any other mobile device
106) may include an interface to receive data over another network, as
illustrated in FIG. 4. For example, wireless device 106x may include a
network interface for receipt of data over a wired line connection, or the like.
Again, a portion of the data received may be received over the wireless
network 100, as detailed above. The remainder of the data may be received
over the additional network. The data may be split so that the total data
received at the device 106x may be a combination of the data received over
the wireless network and the wired network. Device 106x may re-combine
the data from the muitiple networks, in known ways. As will be appreciated,
this facilitates larger data transfer at faster speeds with greater security.

FIG. 5 similarly schematically illustrates transmission of multiple
signals from a base station for combination at a mobile device 106y. Mobile
device 106y may be an access node for other mobile or fixed devices and
hence would act as a local wireless transmitter for the mobile devices within
its range.

FIG. 6 illustrates transmission from mobile device 106x to
multiple base stations 104 on a reverse (up) link. As on the forward (down)
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37. The network of claim32, wherein each transmtter conprises a nodul at or
operable to nodul ate signals for said nobile device, in dependence on said

| ocation. 38. The network of claim 32, wherein each of said base stations
conprises a directional transm ssion elenment in comrunication with its
transmtter, and operable to transmt in dependence on said |ocation. 39. A
nmet hod of operating a base station in a wireless network, conprising:

recei vi ng adinkthe data hthefreyerse ¢un)ilik covldbergplit ard transraitted to BwiiPlmi cat i on
with said b Tyl ' &gm%l ' i~~choosi ng an

avai |l abl e t?’?ﬁg%@gbgﬁﬁ%@%e ia?%ﬁt ra 'Qt‘na@]' %aﬁé@@oﬁbbi | e devi ce,
based on saiSpecificaliy, the data fram the mobilerdexicei aoulst beesplit indo wiultiple ormuni cat i ons

h . v _ oo . : d
obi | devi AOBISCH &7anrtde? 3 Ko B ko BTG ROl IR MLT P 0%
wi rel ess netower & diffenentichatinel forobceipt llea differert base stationinCoadpesating t h a

roxi nate base station conprising: receiving jndicators,of a,location of a
ool o dovi 2Se Rdliohd Me rRimBing e deEE o sPalsh SRR B8 sfi T, Dot veon
mse stati pnﬁcréa%qdﬂaaaﬂjemaadwmaﬁah the reversetlink whild fedudirgy mdgﬁ@ut)f | cl ai m 40,

ereln sal g, pre ctive ordl natl n CcO rses reservin G nne
ey hes ninis S5 BoishSIny e S oD, InySR T aine way S o EaRon wi ¢ h
sai d base stfigm Riultiphe basy sthfdnsaihamphsettiniriunidationforiBbdnfihk.oper at i ng

base stations on first and second of w rel ess networks, conprising:
recei ving indicators bi | e device on s&id first and

second network; predi ﬂ;?ﬁ liﬁﬁ&bg?‘gﬁv‘??glf ﬁlﬂgon}ggr{ar_ﬂaqrftge haReedh thiaddh st at i ons

on sai d two ysetomdiréctional e ReilEers &k base s@atiend 104.CPé Mustratdshis FIG. obi le
devi ce 28 nmoves fraoma | ﬁégé\;ﬁgaal n proxjm.t h a base station on said

. ) ] W t
first networ !é"#"ﬁﬁ? apf"Bg('P_r?P _ _ hasg S_é?tl%‘ _459t't5?1edﬂ Ry celhi d second
net wor k, al |gxemptarg ofan Bmbatinfeht of e prasédht IMvehtien. dBYé< statioh Be4 handed- of f
fromsaid first network to said second network. .
includes one or more directional elements, each of which geographically
directs RF signals transmitted by that element using conventional multiplexing
techniques for receipt by mobile devices 106. Base station 204 may have a
similar architecture to base station 104, as detailed with reference to FIG. 4.
In base station 204 an antenna (like transmission element 114) may be
replace with a directional element. As well such a base station may include
several transmitters, each in communication with a separate directional
element, for transmission of data by that directional element. One or more
controllers may control the direction of transmission of each directional

element.

Directional elements forming part of base station 204 may be
formed using omnidirectional, sectored, multi-beam, adaptive array antennas,
or any other suitable directional element known to those of ordinary skill in the
art. Directionality may be achieved through antenna design characteristics or
through constructive and destructive spatial interference as in antenna arrays.
Preferably, transmission element 114 may, for example, be a narrow
dispersion thin bean antenna arrays as detailed in Advances in adaptive
antenna technologies in Japan’ Ogawa, Ohgane : IEICE Transaction on
Communications, Vol.E84-B, No.7, July 2001.
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The direction of transmission of one or more directional elements may follow
the movement of the mobile device, based on current and past locations of
the mobile device. Optionally, as the device moves within the cell,
communication with the device may be handed off between muitiple
directional elements. If the mobile device moves into a directional region
where use of the assigned channel would interfere with a channel used by
another mobile device, communication with the mobile device may be
handed-off to another channel at base station 204, to avoid interference.
Again, location information of multiple mobile devices known to base station
204 may be used to predict and control handoff.

Conveniently, with the increased capacity within cell 202,
multiple conventional channels may be assigned to a single mobile station.

Mobile devices, such as mobile device 106y (FIG. 6) may
optionally include directional transmitters. Transmission of the directional
elements may be controlled in dependence on the base station to which data
is to be transferred. In this way, transmissions to multiple base stations need
not geographically interfere. Similarly, as the geographic space used by such
a transmission is limited, interference with other communications on network
100 would be similarly limited.

As should now be readily appreciated base stations 104 (FIG. 2)
could easily be modified to include direction transmission elements. Again,
base stations 104 so modified could use directional elements to transmit
within convention cells or across cells. In this way multiple base stations
could communicate with a single mobile base station, each using direction
transmitters further controlled in dependence on the location of the base
station.

Advantageously, use of directional elements in base stations
104 further reduces the likelihood that wireless signals intended for one
device will be received by another device that may be using the same
wireless channel. Moreover, use of directional elements further reduces
overall RF interference and cross-talk that may be caused by multiple base
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stations transmitting to a single device across conventional cell boundaries.

Base stations 104, so modified may additionally still control one
or more of modulation, coding, power level, encryption, or the like in
dependence on mobile station location as previously described.
Conveniently, each of these may be controlled independently at each
transmitter of each base station 104.

As should be appreciated, as base stations 104 transmit across
conventional cell boundaries, the concept of cell within network 100 begins to
lose significance. Ideally, a mobile device is serviced by those base stations
having sufficient resources for doing so, and being in sufficient geographic
proximity. Controlled power levels and directional elements ensure that
interference of signals from multiple base stations is limited. This, in turns,
allows efficient re-use of physical channels between different spaced base
stations and mobile devices.

As should now also be appreciated, since the methods
exemplary of the present invention may reduce channel interference and
improve the signal quality at the receiver, the present invention may be
embodied in or across a multitude of wireless environments. Hence, methods
exemplary of the present invention may be incorporated in both present and
future systems including GSM, IS-95, GPRS, EDGE, 3G systems like
WCDMA, CDMA2000, and others. Similarly, such wireless environments
need not be cellular. For example, the present invention could be embodied
in a wireless local area network. Transmission from wireless access points or
routers could be controlled in dependence on the location of local area
network receivers (e.g. wireless network interface cards). Aspects of the
invention could similarly be embodied in point-to-point wireless radio systems;
satellite networks and the like. Similarly, the invention may be combined with
fixed line devices to enhance the overall system capabilities.

As another example, predictive call hand-off between base
station could take place across multiple networks. Call hand-off could, for
example, be predictively set-up to allow handoff from a cellular to a WLAN
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to the mobile dewce in the network that it is entering.

As further example, methods and devices exemplary of
embodiments of the present invention may be used to communicate with an
aircraft 210, as illustrated in FIG. 7. As illustrated, signals may be exchanged
between an aircraft 210 and multiple base stations 212 and 214, each
including one or more directional elements and functionally similar to base
stations 104 detailed above. Aircraft 210 may include mobile receivers
capable of receiving signals from base stations 212 and 214, or may be
carrying passengers carrying such mobile devices. Base stations 212 and
214 may take the form of terrestrial base stations, satellites and others. As
such, broadband communication between aircraft 210 in the sky and
terrestrial base stations and/or satellites, in manners exemplary of
embodiments of the invention is possible. Thus passengers can be provided
facilities like high-speed internet access, fax and voice communications to
places on the ground and even to other aircraft.

In another embodiment, base stations exemplary of
embodiments of the present invention may take the form of satellites. Multiple
satellites may communicate with a mobile device to enhance its data
capabilities. Each satellite may allocate one or more data channels to the
mobile station for data transfer. In another embodiment, the invention may be
used in a local area network to enhance data capabilities. Alternative
embodiments of the invention may include any other system that has some
form of wireless data exchange either solely or in conjunction with other wired

or wireless methods.

In yet another embodiment of the invention, mobile stations may
be provided with bandwidth-on-demand. Thus, a mobile device may be
allocated higher bandwidth automatically if applications at the mobile device
so require. Alternatively, a user at the mobile device may request greater
bandwidth or there may be some other method whereby a larger bandwidth is
allotted. As required, the mobile device may be allocated one or more data

21



P\, MLO%&:' ()-!S, "' 10%& ()- 10 10 10y;
S10%&' ()-GGGEGGEHHI L~\: !k, f109%& ()-S!a, YI0O% ()-z'a, 109%& ()-,10%& ()-z 10
10 10f; 10%& ()- LINOOOOOPR{\:!!1S 10% /& ()-y1l0% & ()- 10 10 10,;

109%&' ()-'!'a@10%& ()- ! X@*109%& () - RUTXXXXXY[{\:!!!S, 109%& ()- ,10% ()- 10/
10/ 10/,;10% & ()-'ay#10% /& ()-3!'k: 10%/ & ()-y[] aaaaabzodY:!!S10%& ()- 10
channels from either one or more base stations in order to enhance his data
transfer rate. This allocation of resources will depend on the mobile device's
location and the availability of channels and other network resources at the

base stations, among other factors.

Advantageously, method and devices exemplary of the present
invention can easily be used in existing future systems, as they provide gains
at the physical layer level of basic signal transmission. Deployment requires
little additional hardware and software upgrades.

Additionally, although the invention has been described in the
context of communications between one or more mobile devices and base
stations, it will be appreciated that aspects of the invention could easily be
used for peer-to-peer wireless communications between mobile devices.
Each mobile device could be adapted to control transmission to another
recipient device in dependence on knowledge about the recipient device's
location, as detailed above.

Of course, the above described embodiments are intended to be
illustrative only and in no way limiting. The described embodiments of carrying
out the invention are susceptible to many modifications of form, arrangement
of parts, details and order of operation. The invention, rather, is intended to

encompass all such modification within its scope, as defined by the claims.
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WHAT IS CLAIMED IS:

1. A method of operating a base station in a cellular communications
network, said base station comprising at least one directional transmission
element, said method comprising:

receiving an indication of a location of a mobile device in
communication with said base station over said communications
network;

predictively controlling said directional transmission element to direct
transmission from said base station to said mobile device based on
said indication, and past indications of location of said mobile device
received from said mobile device.

2. The method of claim 1, wherein said directional transmission element
comprises a narrow dispersion directional element.

3. A method of communication with a mobile device comprising:
at each of a plurality of base stations in wireless communications with
said mobile device, receiving an indication of a location of said mobile
device over said wireless communications network;
transmitting from several of said plurality of base stations to said
mobile device based on said location.

4. The method of claim 3, wherein said transmitting comprises transmitting
data at a first rate, and said method further comprises receiving data from
said mobile device at a second aggregate rate, said second aggregate
rate different rate from said first rate.

5. The method of claim 4, wherein said first data rate is selected in
dependence on bandwidth required by said mobile device.
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6. The method of claim 3, wherein said transmitting comprises:
transmitting from said several base stations over distinct channels,
wherein each of said distinct channels contributes to an overall
bandwidth of communications between said mobile device and said
base stations.

7. The method of claim 6, wherein the number of said plurality of base
stations transmitting to said mobile device depends on a desired
bandwidth of communication between said mobile device and said base
stations.

8. The method of claim 7, wherein said signals from said several base
stations are transmit on the same channel.

9. The method of claim 3, wherein said transmitting comprises:
transmitting signals from said several base stations that constructively
interfere at said mobile device to increase a signal to noise ratio at said
mobile device.

10.The method of claim 3, wherein said transmitting comprises:
transmitting signals from said several base stations that may be
combined to reduce errors in data from said several base stations,
received at said mobile device.

11.The method of claim 3, wherein a data message is split into several
portions and wherein said transmitting comprises:
transmitting one of said portions of said data message from each of
said several base stations, so that said data message may be
completely received at said mobile device from said several base
stations.

12.The method of claim 11, wherein at least one of said portions is encrypted
prior to said transmitting.
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14.The method of claim 11, wherein at least some of said base stations are

terrestrial.

15.The method of claim 11, wherein said mobile device is located on an

aircraft.

16. The method of claim 3, wherein said base station comprises a wireless
access point within a local area network.

17.The method of claim 3, wherein said indication reflects a location of said
mobile device determined using global positioning satellites.

18. The method of claim 3, wherein said indication is determined by a user of
said device and conveyed to said several of said plurality of base stations.

19. The method of claim 3, wherein said indication is derived from received
signal strength indicators at said mobile device reflecting a strength of the
received signal from at least some of said plurality of base stations.

20.The method of claims 3, further comprising communicating with said
mobile device over a wired network.

21.A base station for use in a wireless communication network, comprising
an interface to receive an indication of a location of a mobile device;
a transmitter;
a controller in communication with said transmitter operable to control
transmission of said transmitter to control one or more of a direction,
coding, modulation, encryption of transmission of said data in
dependence on said indication.
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10 comprising a directional element, each to independently transmit data to a
mobile device, wherein said controller is in communication with each of
said plurality of transmitters to control directional transmission therof in
dependence on a position of a mobile device.

23.The base station of claim 21, wherein said controller controls directional
transmission of said directional element to transmit independent signals to
a plurality of mobile devices.

24. A mobile communications device comprising:
a plurality of receivers, each for receiving one of a plurality of signals
from a different base station in a wireless network;
a data combiner in communication with said receivers, for combining
said plurality of signals.

25.The mobile device of claim 24, further comprising a signal position receiver
for receipt of signals used to determine a location of said mobile device,
and a transmitter operable to transmit an indication of said location to a
base station.

26.The mobile device of claim 24, wherein said signal position receiver
comprises a GPS receiver.

27.The mobile device of claim 24, further comprising a plurality of transmitters
for wirelessly transmitting data to a plurality of base stations.

28.The mobile device of claim 27, further comprising at least one directional
element coupled to said transmitters for transmission of data to selected
base station in dependence on a location of said mobile device.

29.The mobile device of claim 24, further comprising a wireless transmitter
adapting said mobile device to act as a gateway to transmit data to other
devices in communication with said mobile device.
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device.

31.A method of operating a base station in a wireless network, comprising:
receiving an indication of a location of a mobile device in
communication with said base station over said communications
network;
transmitting data from said base station to said mobile device based on
said location, by controlling one or more of a power level, direction, and
coding of transmission of said data in dependence on said indication.

32. A wireless communications network comprising:
a plurality of wireless base stations in communication with each other
and with a mobile device, each of said wireless base stations
comprising an interface to receive an indicator of a location of said
mobile device on said network, and a transmitter operable to transmit
data to said mobile device in a manner dependant on said location.

33.The network of claim 32, wherein each transmitter comprises a data coder
operable to code said data in dependence on said location.

34.The network of claim 32, wherein each of said transmitters is operable to
transmit at a power controlled in dependence on said location.

35.The network of claim 32, wherein each of said transmitters is operable to
transmit a portion of transmitted data to be received at said mobile device,
said portions to be recombined at said mobile device to reconstruct said
transmitted data.

36.The network of claim 35, wherein at least one of said transmitters is

operable to encrypt said portion of said signal transmitted by said at least
one transmitter.
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operable to modulate signals for said mobile device, in dependence on
said location.

38. The network of claim 32, wherein each of said base stations comprises a
directional transmission element in communication with its transmitter, and
operable to transmit in dependence on said location.

39.A method of operating a base station in a wireless network, comprising:
receiving an indication of a location of a mobile device in
communication with said base station over said communications
network;
choosing an available transmission channel to transmit data to said
mobile device, based on said location, so as to minimize interference
with communications to other mobile devices;
transmitting data from said base station to said mobile device based
over said chosen channel.

40. A method of operating a wireless network, in which a mobile device is in
communication with a proximate base station comprising: .

receiving indicators of a location of a mobile device on said network;

predictively coordinating hand-offs Between base stations in

dependence on said indicators.

41.The method of claim 40, wherein said predictively coordinating comprises
reserving channel resources at a base station before said device is in

communication with said base station to transfer data therewith.

42.A method of operating base stations on first and second of wireless
networks, comprising:
receiving indicators of a location of a mobile device on said first and
second network;
predictively coordinating hand-offs between base stations on said two
networks in dependence on said indicators, as said mobile device
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moves from a location in proximity with a base station on said first
network into proximity with said a base station on said second network,
allowing communication with said mobile device to be handed-off from
said first network to said second network.

43.A method of operating a mobile device capable of wireless transmission,
comprising:

receiving an indication of a location of a recipient device in wireless
communication with said mobile device;
transmitting data from said mobile device to said recipient device
based on said location, by controlling one or more of a power level,
direction, and coding of transmission of said data in dependence on
said indication.

44 A switching center in a mobile communications network, in communication
with a plurality of base stations within said network, and operable to
control concurrent transmission of data from said plurality of base stations
to a particular mobile device in dependence on a location of said particular
mobile device.
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