;e3e.**+d, FB- . 6. T.[f/ CELL | DENTI FI CATI ON BASED ON DI STANCE 111 "@0002*
The present invention relates generally to the problemof determning the
identity of a cell for e.g. cell handoff or 5 automatic frequen )

and nore particularly to the problem of jdetermining the true i dmﬂmmmmmmm
cell when only the transm ssion frequency and a non-uni que identi ty*lgﬁo“g I'S
known. In a cellular nobile conmunications systemas shown in Figure i, | O
a user of a nobil e statrCEpn, IEENTIAYBATYBY, BASEINON CatsgaNeet h t he
through a radio interface while noving around the geographic ar,ﬂ@“@@@ﬁﬂﬂﬂ”ﬂl
by the system The radio interface between the nobile station &

i npl emented by providing base stations, e.g. BS1-BS10, spread througeeset
the 1S gequmphosatyprRevEdribe system Each base station is capabl e of

radi o communi cation with the nobile stations operating within the system

In a typical nobile system each base station of the systemcontrols
communi cathQns, W & I hi rage. 20 ea_l y

repr esent tefé‘l%bypﬁé%l%(d;g%ﬁglg% algquglglrcgg agecrg a.ql%gmt)ﬁi Itg{estgé‘ﬁ?g%rke.og. VB1,
whi ch i s Ideteatreiniveg hthet iidsncety ocbmauni<hklt eSomi ehgt heehasaastiatEorr
controlling, that.cel e.qg. BSl. Wien a call is initiated by the user of
Chi's' mobi FEEPar S ertelry  dtlanattar T Sr3PenPaH TUStLNedt? o eh: s
nobi | e 25 pybalbanodlatdritenéal| thé Sele WA tRMWO Lhannelierssignedet 0 the
base station BSl controlling the cell Ain which the nobile station MS1 is

| ocat ed. TFrRER&E™AFEIYhIfFeAUeBEY | 3NN "PRoWALAHe F Ite tY. ceBYi budinpwrpbi | e
systens are not limted to such a 2 small size and 10 cells are shown
merely forREmEﬁ_%gﬂion. Simlarly only 4 nobile stations M51-Ms4 are shown
whil e there can be numerous nobile stations operating within each cell. In
addition to the base stations there is also a Mbile Swtching 5 Center MSC
that cont A8l 3 eBHHIATCACPEAS BRIWEEFathENSySYSFR™ s 6hOWS in siidutienleont act
W th her, ens, the tation The, ,M5C | .con ted by
sever g% I ian§§§£n§? %%g(\%ﬂl%er%%%?gﬁéa%h&bzgsel rsﬁfsélt’i gﬁw‘lﬂt&@%ﬂ?gﬁ%ﬁle%s?ggi on
noves awaypybtem tteranmghgi nal radld iimtelifebe 10wl cabivings &stundp, taad t he
signal strength on the radi o channels of the originpal cell weakens) the
system wi Wogf?%l&c aafFﬁnsqoé’rerS% the EBFI PEFNI o ShafREEe oftThase
station ceatw8éhi Nthed RRIHGNBOr segtion Nthdighcbhe IBbI L Rdmlden nNByes.
For exanple, cell Awll normally have as its neighbors cells B 15 As

t he nobi | 8revidingh hesResstatiigh thad syBilerBSl®ontamsleadf thyoughpit mhhebe
transferr by L.ghRer.l | to t.he hjs tr fer.of the
cai 15 onpacpf Akl AEkA"BETLIS fcen; CpRER IO BRabial LT PSRRI TREY Ve

i f the calthdis transfibratecnt ovidt rad omalidrnessatiials Pradadeéngdedunis
signal strength for two-way communi cations. This requires sufficient signal
strength ﬁgeb%lf%tet“he recei ver of the nobile station and receiver of the
base station to which the handoff is made. The signals nust al so be

suf fici entthy st tysigrdin webilld 0BydéfemnN¥abil R ser dddtaoheremcend nsgecéhe
network. To performa handoff it is necessary that sone sort of signal
strength BPRFFR¥T f EPERERIFahiORshptdiriement G5F68&8s I5OIHERA1E 0 CPNEERSE ne

whi chypf Lhe, nebahbey i NG e8khsed Spd O bﬁefaeé&gdle%ﬁa% Randghf . ¥aiioug
measur enent processes are known in the art™ an

mobile station, e.g. MS1l, which is located within this cell

communicates with the base station controlling that cell, e.q.

BS1. When a call is initiated by the user of this mobile station

MSl1l, or received at the system and destined for this mobile

25 station MS1l, the call is set up on radio channels assigned to

the base station BS1 controlling the cell A in which the mobile

station MS1l is located. There are only 10 cells A-J shown in

Figure 1. Obviously mobile systems are not limited to such a



30 are not the subject of the present invention. In current systenms this is’
done by either nmaki ng neasurenents at the receivers of 3 nei ghboring base
stations on signals transnmtted fromthe nobile station, by making
measurenents at the receiver of the nobile station on signals transmtted
from nei ghboring base stations, or by nﬁ%ing measur enent s at bot h nobil e

stations and gise 5 st%ogﬁbceﬁé exarnp in the ?nal % ul ar system
based on t RB2Er APTTA 3 \bbi Staaxt ﬁ R afG 8t At i6H cOnpHSBt PRy
Speci f i cat 5omni{ANRS)onlkandeidbireasyaensns suar eusioneres diplwa athinei ghbesi ng

base stations. Wien a neasurenent at the base station, e.g. BS6, 14
covering t fi@n clf | numgrousy mobidp| stafions RREEH Yk Withilne each ceyl. .
is currentLy;0peratd N HdGal 83t08hs t BReSL 902! 2SI &NGhdL {110 b"e
has droppeé % Fﬁf a certalﬁ Ievea 8& base statjon BSG‘?DJbrE%HEEL ﬁgb |l e
swi t chisng Cemter NSC ithatontemirafs t hemsystemiochise WBUddmentheai siyates, t he -
handof f meas sur.enment SS 15 b orderlng n hbori ng bas tio

BS1 BS5 BS#: ’1%“ td r‘rg ? PhERGRa ihn s?ﬁq} ed®¥iF rﬁﬂﬂs @‘%tg‘f‘?%n VB2
on the curgeatidmadi @@mu@&%mﬂiyt driteceakl bya@@vg@awwné@,e abf ength
of the signal. After receiving nmeasurenment results, the MSC wll then
initiate tPEOWRNESEF BP e#e! &RSe FFBRL®Me current 20 cell F to the cell, A.
E, H I, or G containing the base station reporting the highest received /
signal strengs hnopine MiGrUsaSmave RGO &€l dhd I Sitigihhat ck$1as504hatgd
with the current cell to determ ne which base stations receive the
measurénenther datl f wem t$&t VB, Fiaids e ghberatelsktrength sm25:1@r ema@ib and
set manual | y_hy .the_s tem.o tor_.an nmai ns flxed unt i . e erator %
| at er nanualf(ﬁyryr%gdlg |)eégl trﬁn: SF afal elgagléag%?ﬁl s tpe osfteﬁ‘aﬁ'&&?'f ’rc‘rg'g urdment
process copsaiEEera dAr gheanvalll @b sigasd | Iclhgnﬁa]DQCIdfy, at headqaunbest pdn cel |'s

on the neighbor cell list is limted, The neighbor cell list usually 30
cont ai ns t?RPQﬁﬂlﬂénﬁo?d%§¥9R?QFh€e&br%%ﬁﬁ weiqh the ﬁ%&%&ﬁnﬁﬂatééplmoveﬁ
shapes, zpafl eEaaagis lee®f @ U389, nbhhs1 ¥ alds skX;Por r%el:%fl
contrasted wth anal og systens, digital 'systens usual %andoff

neasurenent. phocess mebble peretdomedoaest éroophl ehé sVatemn. cédutiangd e of

this ist | S- 54 standard di T
Si'gnal "t A ERLORET | TEORE CBORRAN A | ke "GAPUBBHLAS $9d P atTONSnd o

particul arcambi | Ehist ad +01k fRre dff afisdri thed @ﬂoﬂha&bmch@nnﬁh& that témedl so
be used for conmunications between the sane base station and several |0
ot her nobitadafdti ons. Voice transmissions are digitized and transmitted
as bursts in tinmeslots that are tine nultiplexed on the radi o channels.

Each nobi g it QA NoOMbdi cakkeni v t ira dhaseghati Hneisnaesr-gaed A
timesl ot on both the reverse channel and forward channels. The 15 assigned }

ti mesl28t s zad uRhgee Forihedc PrAVbAT eada@aton s¢enabnvintinatthi §A5 bevvwean
di fferent éggﬂdn§§ag£b£§n fﬂl%eEESEfrggtth%%%@egkhgignal strength at both

the receiver of the mobile station and receiver of the base
station to which the handoff is made. The signals must also be
sufficiently strong in relation to any noise or interference in

25 the network.

To perform a handoff it is necessary that some sort of signal
strength or interference level measurement process be used to
determine which of the neighboring cells is to be selected for
handoff. Various measurement processes are known in the art and
30 are not the subject of the present invention. In current systems

this is done by either making measurements at the receivers of



In 1S-54B the handoff nethod is called Mbile Assisted Handoff (MAHO) .
Handof f measurenent is done at the nobile station when 20 the nobile is
nei'ther transnitting on the reverse channel tineslot nor receiving on the
forward channel tineslot. During these gines between bursts the nobile
station periodically nonitors radi o channels of each base station | ocated
in close peayhbdfing BaeeCebht tbns hannglgnal seasinseitghldorireg tasmostiaki on 25
is typically used as the neasurenent channel. , For each call the

nmeasur enefEERAPnePY BREIRD TSI FRILNGRUEh & heitghbsicesddier [Afstthsf mokdleel | in

whi ch the ealloh SoRr 0¢88MH N0 d brdddichl @R cho n@?ﬁyamgg W&l 181G ons
measur enent channel's, The nobile also neasures the received signal strength

on the cuprerty 30akhanaeasnrewsgts t At dudth | molpirlec eetabipnsThandrobiEe
transng'tsS ithsese measurenent results to the current base station which
then forwiFads'Themto the MSC. If the received si gnal strength on the
current channel falls below the strength on a neasurenent channel of a
nei ghbor i Bgrcekanpliehe iMS€henenaddeschbhdaldf systthabasededrghiher E1g/TEAI .
Since a MAHO_ | s _perforired .primacily within the nohil e station, .resources
f or perfor'lr:r?ﬁél li'k?majree 534H1P8q %é‘eéug'éa'é?ﬁ’%/ %oniﬁarﬁl%’églmﬁn“f%erc%flcatlon
measur emenhRpSPN HRREET e aBg Rt sSagenNdonéd tsd 1o 1R GeS BRI YhHdr iA¥EHAGE
measurenents to provide a reliable signal 10 strength value. Thus, it is

necessar ystatiqnfi-t ¥hen nanthaasyrepent s athathe opp?e setehtomei gibor B8el | | i st
for My BuLooaRs cd SR stagdacds; age LhMhedh t thd audifhles, o) ! figh S130

sets a size cells € System operator creates a nef ghbor
cell |istifsoruardrtlgeldperaeingshaditatensunat ttiad <idrdad igtrehetlceftoan be

handed over to a .second cell tter what .type of movenents take place.
Adiffi ch’[‘i‘/t vﬁ‘?a“}%_%ﬁ%fsi g‘rf’BB‘?g URELSt (U a9 ga’éeiw cPPagecsHRt]

difficul tgse Preshnd . tHhemshize il chape QknRefeMbCSiROBHALS. AsLark@Y vary
due to different effects such as 20 base stations being |ocated in

di f f er ent spossn.i e JSSHawaw ing tdptest $henhpadeof cosaswpaenhuptdcess

obst agl es, e i]di e b C far. a _handqff s be
one og t hléys?gdeb%wtﬁgeﬁenq%%ggﬁggf§%"Lh’? a%%%le% S’heexggo%gll %g’%f ?gh?g(%ﬁ%c? It is
possi bl e hbwitdheHeestighabdt datenidtgld dye thecebbildadtddies 852 beyortk one of

the six bordering ce]ls. Since it s difficult to _predict the actual
coverage SFEELMf i ABANRHuaPSEEFTed nt S8t Al lint UL ORRRSUFEr yLhe

di fficul tstpedf@abe anBesohlor. G8kkrl bete{Pind HRaBAPEREA: HRGEES, Ithd hi's
situation. Wthout know ng the coverage area of each base station, it would

be necess¥$§ wid13Ghenclondbiaug fhesdiandeffebfsthe crkhtfrarhéhaoseraerdur at e
list for ndof engnts. ver, ‘a ho ther e
{97 orfuente! LyPERLeTEnl g, Hueier g5 showsoters O

.. C
Ilmtsto%owmany ce 1) déd on a nei‘gh
station reporting the highest received signal strength.

The MSC uses a “neighbor cell list” that is associated with the
current cell to determine which base stations receive the
measurement order from the MSC. This neighbor cell list is
25 created and set manually by the system operator and remains
fixed until the operator later manually modifies the 1list.
Because this type of handoff measurement process consumes a
large amount of signalling capacity, the number of cells on the
neighbor cell list is limited. The neighbor cell list usually

30 contains the cells bordering the current cell. If hexagonal cell



What is common about today's systens using neighbor cell lists is that they
use a frequency/code conbination to identify a 5 cell. In AMPS and D AMPS
this code is an identity for the cell transmtted by each nobile station

In GSM the code used is a Base Station Identity Code (BSIC, which is used
by the nobile station to identify each éell in a Mbile Assisted Handover
(MAHO . It should be noted that _in GSMthe BSIC is not_ _an 10 unanbi guous

i denti fi cathdRFof 2° baBeFiFUIFoh: PE BEE a“Bihi Yichife Sbf dPPFEgtEity,
was deened.dy@cessary to help the nobile station distinguish between signals
received. Wth 6 bits one has 64 possible codes, nultiplied by e.g. 12
frequencies (12 frequencies is_used nerely as an exanple of a 15 nunber of ,
frequenci & (SARCERBEFGUEEd 2a2ped Byt e Bqueiticd} gysteds7asualiy erbiav

conbi nati qig. Shddiat AURLFEALAONFaRe e Wi LE SOPFDA £YehdTBiinSi zed
cellular systens. As a result of %hese duplications, a mapping is required «
t 0 mapseacitdtiequedey/codwleomsi Mdtisonig othdhelfrie sedddardentsing A0

sinmplified, example hqw.this_mapping,.l erforned_in GSMi.s shaown jn, Figure
2. The nefﬁﬂﬁﬁgggeWﬁﬂfﬁg eC8ﬁ§$§ sqgkﬁ%ﬁesfgﬁ%FcEf?nﬁﬁﬁﬁPPPy,q?héhﬂ?ﬁadcast
f requency,carthntibet i 8eat bétywendes f paseashaviond hendek gphet i &eldrs. mddia enobi | e

station listens to the frequencies included on the Iist. The nobile station
al so 25 detGddsnt RECBEFENMG HeEp Pt §20 t hame isaddast BRY ol s9 rPamssd
DANPS, anckfr%ortrﬁlﬁii@agqggé”%et§eéﬁ' 9L | %okl fiRleNtse RYbnt NG o e5tldrdhS the
sane. The network knows a frequency/code conbi nati on and needs a mapping to
t he trioe celheri dehileystafienset work uses the nei ghbor cell list to do the
mapping. In 30 figure 2 the nobile station 210 receives the frequency/code 3
conbi nat i 537 for the. neighbor..cell 230_ It _then fr m t t his
conbi nat1 SvTs (retsalebitl MR pa e B anty IO AR Y Spela Ry, The
net wor k t heimedsesst Bhat | aifeorgimel anlangdl €oans Wi cHeh@adebg8hoinglad | Hacht to
concl ude that _.the signal cane fromthe nej ghbor cell 230 with the true cel

i dentity A&Pi3825t8E20H PhIGHERLEREIONJ 2 BATen sk iRy ubh @ icaed

conbi nati Qn ¢ijpedebechehddhat nk Srd rdd) hBEnBeI S Horslh Lhindfs ! Hge
current cell in which the nobile station is operating. In that case the

net worlk cassdgngdt et mermlatise aré¢ giunigfuet hfoxsi geagh Tiebdlegsustdtiamon'spt be a
probl em i n.perform ng 2 handotf siee it hs.rpst dO Likely that the fandoff
w |l be per Oraed to one o e nelgﬁ%or ce??s. wever , 15N *he h

pr obl em wWaemrht Behstrgnal strength measurenents are used for purposes other

t han handoff. It can also be a probl em because the best cell for a handover
may not be one of the cell th ei.ghbor, _cell |ist. For 15 exanple, in
oy or Lt h ™t 3P oCae! REPAY At gb R LER! MPPATS, APTS thah JirRoes
nmeasur enenansl © HaBdot P fhSREAENDEWsPasHE DL BRE URBIOT1 L addatiHOWRNMEAT | A
only frequency/code conbinations are discovered in this case and the

nei ghBor &&lel mekike cdsnobe Pharsedrfpmibdppiongodn thee teverse| Ichagaatity in
20 1his casgecfBpthSL SXBURIGd SAUlATeldGalEeANensy: PLANIDG WigEeaLt 1S
nore inportant to be able to determne the origin of signals from distant
cel | s whi ¢cheare tidtesnobeaiégn i holrsded e neobhber switliohi spexricdivadted
frequency planning al.goriihnms can be used if the arigiin of signals from

el 1's ot PALPRERTAHLOhEPDReE GHoor bl 1319 ST Adrod Saat efrRed LoFio

obj ect of pi-BeiRi€penthd NEHHrINchEnhdl NBEteddie niigBbeM ndisddis seatabave, in
mobi | e comuni cati ons systens of identifying the true cell origin of

vari ods silgns¥Bierbly oiaedeafathe trpasugemeRerebammelrany cel | s whi ch can have.
i dentical frequency/code

For each call the measurement channels are contained in the

=(®)]

neighbor cell list of the cell in which the call is proceeding.
In addition to measuring over these measurement channels, the
mobile also measures the received signal strength on the current

30 channel on which the call is proceeding. The mobile transmits



8 conbi nations. This present invention approaches this problem by providing
a nmethod for automatically mapping the frequency/code conbi nations onto the

true cell identities. The base station identities in the systemare stored,
preferably 5 in a database, together witsh cell identities, transm ssion
frequencies and identity codes. The nmethod of database storing - is well

known in tHeets MmeagrAfeRhi 2eYaftabaSet A cati Ut OaFpsEtakiceh akiel Fheneach
cell, sortj etbereseld cokdi t oy dis C t .
When a fre%%g%%%i coﬁe c%rrgtji neZtMl%gh Fg ?ge eetcte%s’lgg ?%ég&geﬁgéﬁ% ggngﬁ%ate
list is consthdred €bangeimtfalilang $hebyuenty/ codeeropribi pat | ®n.mekberémest cel |
onthelistvm'tg i

tchi i i | uded to b igin of
Che. ot gnal STy S5 £ P TRVE SELDAT hont o nd™E A0l Cal B1deaE, PP

candi dat e hdghdosifigr&é11 aken to be the neighbor cell list. If no matching
combination is found, then the candidate list is nodified to add cells in
t he nei ghbor cell |ists of c%l | s previous|]y included in the_candidate |ist

("the nei ghttiss'@ ABFGhBGT PFEOTHPS PEIP SO WHT 1TRE MRPEhS| SEROtRY. | f
nmore 20 thalsReeRBESH poriMnty tiken the iRetbed schersidered §onhave
failed to identify the origin of the signal. The neighbor cell list as
known i n tihambgrt @hdmepsuremeiitdat eani e aper fpymeduceaktby sehengr edéntis

i nvention have Vi QUS u i fferences, but .they also have.

Unct| ona " SaArFefonate FAE hela e e RE Vgt et s a e s
for , whe swieglgr viailat . TiTAuadvaat age snededdaayC Wo enfmitnvaid i e dfhat it
provides a nethod of autonatically determni gﬁ the true identity of a cell

when only 3¢5t rFA3EniCOEPEASEr EHGeREYIHRTY aChbh- dhPuEeT dMAEP t PuBRPSSStte i s
known. Thigs toupe Rankdenti bi-eatiignebg espac aldyusefilie 12196 @4eR -
necessary when using handover neasurenents for other network functions such
as aut onatsizef pénbened 34 @¢dlAg. The current invention can be used to
provide a mapping in a "cell relation matrix" as is used in autonmatic
frequency nniyng. p §£fét i hvent | rQui des. ure of

t he quali tv{/%legif Wfr%g sé’?%%faﬁ%%v\%g% a%Llei e c%l ﬁgi%ﬁg%lprrg%jffe%gts?g?h? it can
be usad t @ealdi,nthai wiahes* ho" eualnd ythwat rdad’ls da dheckelkdcam hé Sharpkident
application 08/-609, 422 "Adaptive Nei ghbor Cell Lists",_ based on the_ mapping
from hand®¥&F dFald t5° Tent® 1PREES HEhate] PR | POVLEPovidEd i n
the presemdcavent Geffi&m eediidOthitde PrasRNc HeNW@RLAPNCEArRR UsRE i N
automatic frequencg pl anni ng sYstems where quality is nmeasured on signals
transmtt&f i: 6eher igeldiffipylysiteg RupdicdentTHe cetdeonanrkt BorPacedbr @i ng to
Lhe presenleinnkeRbion.ge Celda ELALAY TR ico GARARECAD SRIOLA nednwaich
describes the interference relati on Between any ce F™an any other cell in
t he syst elbaskostatiamatbaiald iodatedniini 4§t fduedntc gddsstdves ner gitieadesving a
certain cell_ the present invention can used for identifyi the true

or gin of SFESEDR AP ke HVEFRUS |G a8t DY RO BRC LR o § iM% i 1 x
20 describing the neighbor relation between any two cells. The present
inventionThe des@ idEIRdifairelsy RpRbifEéamag MoreXd1skyBdbeeldndl aFf $handakds,

bot h anal og and digital. , .
bordering “cells from an ideal hexagonal configuration. It is

possible that the best candidate might be a cell that lies
25 beyond one of the six bordering cells. Since it is difficult to
predict the actual coverage area of each individual cell in a
system, it becomes very difficult to create a neighbor cell list
for the handoff process in this situation. Without knowing the
coverage area of each base station, it would be necessary to

30 include all possible cells to create the most accurate list for



The invention which neets the stated objects is defined according to the
appended i ndependent clains 1 and 12 and their 25 associ ated dependent-

clainms. The present invention will now be described in nore detail with
reference to preferred enbodi nents of the present invention, given only by
way of exanple, and illustrated in the %0 acconpanyi ng draw ngs, in which:
10 FIG 1

g’és% awi_ng _of alicel ul ar nobile cormukgicatitnssste FIG 2
is a di agr3FCHPERFCESRT T ItISGTa Agi GRBEP 227T¢1 1% Fo rﬁa‘pri)‘?‘hrgsfrom
a frequencyd coie reebcBal & Gihyt ®et hGcTeldd idient nkY ghbofld&a113 1igta fl owchart
illustrating the steps of the nethod in an enbodi nent of the present
invention. FIG 4 il ust ra%tes the use of a candidate |ist according to the

present in¥t i th. CHINEE BPRUSCEPARYST r BY - HHYI 1T W VErGPBAE 6f11 helsts

candi date |dstpdP %@ﬁgf digeg 4 0rt-BeuPKBsRYdel NVSHHiIRR 1 of| Go Gidddtyslrates a

nodi fied version of the candidate |list according to the present invention. -

FIG 75is e¥l owrhadMPS |andsPraVPHgthakot ¢rede et fod igsinggty héoramel desld | st .

15 DETAI LED PTI I [ ' Wwn f t id]ustrating a
E!fr%g‘:t%%k:eg. ‘ri]%'g te%gﬁi g&eﬁ%ﬁ%yé%éﬁ%. lllan sapeniar toddd Yt ratiy %CO de

met hod of erm ni a ce by mappi ng a frequenc

—conbi nat | Eegntsraaical [Idedenty tgodecmIng twhithe ipr esedt by nvienthetile

Al t hough the descriptiqn of the present inventi on,fo illustrates the N
mappi ng of SRFERgUEhc Y ARRYE e ofbThatPoh, it TaleBt apprett tEHIMERVahe

present inuefid)on 1 BAbuld Nbteddr@as kLM dhigeh mMBRSUsErd r eguepey/Lode
conbi nations. For exanple, a very narrowband system nmi ght have no codes,

usi ng onl yuraddiguenedifderifdseyicn ahpr dmse skatéen) identity. In a

wi deband 25 systemwith only one frequency only a code will be detected and

mapped ontgd Msseel la 1¢ght! bhae THEPT Epefled i SRk R B dJs 3RP ! bl @
to systens detecting and mapping only a code,” only a frequency, or a
conbi nat i drelgf thwe heloile ddathlom fdistinguiéphobetieenethooals tecesiwade t he

Posi 1 ong "Eridh Car B T8 eFBisoF oRGNT RS anedt | PUNE Hr cnpVof 9ar faus.
geogr aphi cale RR&CEEONI(RY HRAGSeAIAM i) (N afdrellNese & Roshblensrane
stored in the database along with their transm ssion frequencies and
i dent iy cvmber of frequencies typically used as beacon frequencies)
gives 768 different combinations, so that duplication can be
quite common in even medium sized cellular systems. As a result
of these duplications, a mapping is required to map each
frequency/code combination to the true cell identity. A
20 simplified example how this mapping is performed in GSM is shown
in Figure 2. The neighbor cell list consists of the true cell
identity, the broadcast frequency, and the identity code for
each of the neighbor cells. The mobile station listens to the
frequencies included on the 1list. The mobile station also
25 decodes the BSIC and reports it to the base station. In AMPS, D-
AMPS, and PDC, the procedure is slightly different, but the
result is the same. The network knows a frequency/code

combination and needs a mapping to the true cell identity.

The network uses the neighbor cell list to do the mapping. 1In
30 figure 2 the mobile station 210 receives the frequency/code

combination 5/37 for the neighbor cell 230. It then transmits



The next step is to create a candidate |list for each cel~320. This can be

contrast.ed with a normal neighbor cell list. Current systens use |limted
cell lists, often the six neighbor cells for 10 a hexagonal cell. These
nei ghbor cell lists are usually used to produce a list of possible cells

for handoff. In contrast, the current nethod according to the invention
creates a thsd icombidatnfomllcekbhs ibadde ssustiem 2He candidadie likStis
according to the present invention is not 15 nerely a, repl acenent for

y &, .
nei ghbor cEFFF§HSds OPFRAE LAY thit 956 SPEPnBERS Fots detarrhing £Ad
origin of shgnalesSthengt g enecifike 6 eiRNeMe LRadddid iQRnat NEame
candi date |list stores the distance fromeach other cell to the current
cel | . The Exemitdgt asighkox esil 280t wilthcels dimg rellhedentditst 4A3@282. t he 20
current cell. In an alternative enbodinent of the candidate list, only the
cl osests mef Ghi g Gelar ik skeRbudnst heHdrSty f%_éq;gwwcg@et &b REE NG, del et ed.
In this way each frequency/code conbination w occur only once on the
i st. The ¢rtooasd dhasl iisi mati ig 2Zhedupdiobhbe cebbi hast onf mbhansuthait

sorting and r.anki ng.wou need. t o he done.,as part of king the |list, and
The 119t WA EheHB: Re et s D ttta tFaprautlia o Sfahi aehigin nom
wi Il be shgrdwrkaednhber &€éosfnisey@hkedRiyin T fiexXtsiSdreN . 0CGHE SudREI 1A
frequency/ code conbination is 30 "detected" in a cell 330. This is the case
when a haftRiVér B&s 2 PIOBLeMoife®erfoFmiRanpl &andeffi sdnssedtprisvimaaf y.
The "dgt ectadyf eney SRR £F¢ 0D i I f -gﬁﬁ@pleto
ner el g%updla?ét}ltyhgﬁggr%é/nt I stfffE ??%?%%%(?%gﬂﬁg Eés)e% olb?eggzeal {1’{:1

handof fs. afids .t IHoweyeDi ndtti aran Palet epredl 880whemetbe canghalat stteérsitH or
that particul ar cel!ﬁ i S checéeg 340 for a rrghchi ng fre%gle%%y/code

conmbi nat i SIFASFREMFTTE %1456 L PR P R SR CE BFF st (1ROMt chi ng
frequency/ code conbination is concluded to be the origin of the signal 350.
Figure 4 i1d usir atle® hewd heradedi deteukésthésbdesi garl sod Alsiethddrer

according to the present invention. The candidate |ist is_simlar to a

convent i ofY MAghBBr °B8I I°F i 'S¥ Wt TePP 8BS ASGIDBPEadEAdt MHPEqudRt es
460 and | RuGades, 440, BuboA] Bithd nE&Hdeaﬁ.lethﬂ?g'a@Bthél HlighapFese480 to
the cell concerned, in this case cell A 420. Also shown is a cellular
syst em 410.isAs, caphd 5 hendof fhappesursientsa apdi | esed atticondi scaoanniney
surroundi ng _fr. encj es .t e exi i degtical_frequency/ ¢code combi nations
whi ch may “l r?éll{g/lg%ual ?%l rébr})r eceic\?lézgfromﬂéﬁﬂ%rmdi gjéﬁ asegg?g‘ﬂ?%cﬁ's/{co this

case it | sopdifablend oira dDhidverstatinORhiB egké And20h&OndiyHiegeicee1a
frequency/cel |l conbination of "5/37" fromcell 430 with a Cell 1D of
4637282 ori&hsi §8RRPEaPef PEGReREy/ BRPPIRG MM NS oftysh @ll ifeptifynis cel |

| D of ,868 . i ; di f 420
Uhan o1 | 40 Gy s el dtp T Sehet il PaGEsY sl Sharf s

25 wi || bétr akketiore ghmpovpanthetCabgi ckhle LEst dg0erfitre Cehé Aragith wolfl be
chosen first.  There still_exisf, certai.n di sadvantages wth th bove
descri bed “&TB54T rrgﬁ i 3 Féa’ﬁ% L il and NS illémé'i}g?gm?nit is
of t en t he neashbbhateHl geidgrsApdeahtyd cEpsqiem8l Iplagniagy 30gdracaasachhy
received with a_stronger power than a nore distant cell. This can be due to
vari ous f&et yeedi qt| e R} &g ofy ’s}gnals from cells not included in the

25 neighbor cell list can be determined.

SUMMARY OF THE INVENTION

The object of the present invention is to meet the problem,
discussed above, in mobile communications systems of identifying
the true cell origin of various signals due to the fact that

30 there are many cells which can have identical frequency/code



13 different output powers in different cells, (2) different antenna

pl acenments (i.e. placenent can involve both the height of the antenna and
the antenna direction (e. g. an antenna pointed away i s received nore
weakly)), and (3) other 5 geographical factors that affect radio
propagation. As discussed above, one factor affecting the received power in
a particul abm&ilde iichist N@nes! brd SR Ofnig ibhaBsELShLidY Ghld pQSFl.gm b
macrocell or mcrocell). Snaller cells, "mcrocells", have smaller base
stations tpratvidsing lay Meghed| bwer awipmpit’ qadwer napOifhetied of equenicy/deds r abl e
in an alternate gnbodi nent 1o gdd an fitrcil fti,l;ﬁ;l'd in the candidate list to
account fo?miﬁ?féla dPptt “Poner T 6F "athi- cet T TS Si's shown in Figure 5A.
Thus cells with | ower cell power, and thus | ower coverage area, wll be
ranked | ovetie drasehetht $én titemtihdse whtthdiggharencakk povwesd, boehapiisier
alternative is ta?'té ke into account different types of cell definitjon. For

exanpl €, aByste Have LRBFTREYediiGRat B8 hs EleOhéF1efi c[GRBFRLsSIRHn
"macrocel | reqidncwed! dntihefeRe; f ebsdad! erjed dedtod MciRgabhse Leaueiqggn t he
candidate list than "mcrocells” as shown in Figure 5B. Another possibility
i s +o0 20 consieddr kagrenhd PhaceifentVsie@g §hisncenpbash r ectdapaigate aktsdtnna
hei ght) e i,.ng e i capd] S, on C hda LSt shown
in 5C I}tl\lhl(:%;n'£ e ae%prftggi gtxgg tgﬁg% o%lﬁ%érjﬁggcatlglr sé%rc%%gfl ? e%? C(It)%dzmlggc%éll ved
si gnal st rengirh distiehcastfa@acttdres dedllat @theho ar ddequenopagalel @bmb el itbnal so
be included on a 25 candidate |ist to be used for rapking of candi dates.

For exdmpl® F&5Ffernthid Forl gl aptiitdatact bits i redtfHgeradics 2
propagat i Qfhe dHinkS £PO§SEMRE doReORbALINAN &ST ITHRE & i@fschows StEoNdly ik
signal is affected by doing a coverage prediction with a coverage pl anning
tool. 30 Widh eanRreking dembanarber|is grergilsdedceot e Yhreoowssinfol didei ng s
quite si rrpsl.e.nalibwever it becones nore conplicated when addi ng 14 in other
factors to Be considered for ranki ng. For exanple, if signal power is added
tothe list it is possible to have cells with identical distances and

di fferent &igral pdwersaoiveperdmippsimendentt cathsi greaddigewer sligtd dithker ent
di stances. In . these cases 5. it becqnes ne essar tQ fine functi f to
be uséd fPAHEAFENki Y. 15+ FUurkdi%h t@aﬁ’eoé:, e%/(ﬂmg Rpl ‘é‘?ﬁf -—l,&’slﬁi'sl?[gnce +

H*Power + o Rhat@iedt conBikBtioh YR8 FpumbBoWrnen Rirgur&adsickbe €apdi date
List in Figure 6 is a conbination of those shown in Figures 5A-5C. Thus, f

can be fumadidaedf & gaddi sFahee iset Wben ME oS, callansbfesi 6A RWEF,
ant enna p'tpggsggpg%ceﬂdcm&w ei(rg- t%crggﬁéidﬁggﬁ pggg') ! ?“&h%ndnéaiv Jraetors

relating 0 propagation (not shown in course this
exanpl e i saefigihbbkstst r abhioniontgpedted hirs idx anphat dthei c ofstrdnt SfAmoBe C, or

D, will be chosen by the, system operataor, to provide different. 15 ight to
Che P et PR RBFES . b6 L Tatb. Wb e et bt SanEneRitiel 12 Marfor
functions fajaeq POSHAdHE.FyaBHe CaPidiitIdfd@enet Begnyari abl es, not shown here,
whi ch can be used for ranking cells on a candidate list. The function f

w Il provide a nunber which_will 20 be a ranking of each particular cell

based on {1 VgiShBPEsCELY. 1istgpst AROUN P& frusyTt ARf t e vaandddate

vei ghti ngs jagsi gned; f0-Jdiesl VBy | allles Jiesbhe opevaiars. Kbee fustiae f can
be thought of as a "virtual distance" between cells. In an advanced case,
execut i ng sthwctufghct idddfarehcde dobutby pheici nglacl theye25 fundtdioned for f

Into %SCO%EE%%%eRéggplfﬁhtégﬁdfgg%ghl%%Llige%%Ltmerely a substitute for

the neighbor list

The advantages of the current invention are that it provides a
method of automatically determining the true identity of a cell
when only the transmission frequency and a non-unique identity

30 code is known. This type of identification is especially useful



in a "virtual distance" based on the predicted attenuati on between any cell
and any .other cell. Another enbodi nent of the present invention is shown in
the flowhart in Figure 7. This enbodi nrent nay be used alone or in 30

conbi nation with the previous enbodi nents di scussed above. |In conparison

wi th the enbodi nents di scussed above, this present 15 enbodi nent al so
makes use 6f eeefhheresshty| whes, uandgt Mimdoreati nessubahetitweseonebghbpr

cell lists be well _designed. The first step of the present_enbodinent is

per f or med WREFPE pAPRTTHH FRrEYuicy? Lot Tionbf haTrIIfY sPURE%d Lhea

base 5 statiPfentlOinvEReisyStam sensukls cbhgehghbar mﬁFbinéi St foRcEpi s
base station and adds the cells on this neighbor cell Tist to a candidate
list 720. ThbEaHen BREFN's 3D thedRedhild capinrttie |fraquenay cRlaroninsonsi sts

of those cgll n e peLghbors I L f. a [ pnation to the
det ect st f?‘2’(3?:{3?}les%c3*/c (I%o eg%g con%fegié:tllogn%%?&la%? %gm%r%%l%:]%giogo oﬁn%fa?h%y next
step is toofiochd ysidmalcaedivdab eall stn750el Eacin celdolinet kgseamiy et can

candi date |i st icﬁ }(_.:'onsul,ted, one b}/l{one. Each nei ghbor cell |ist for each of
e

these cel 182 ¥5¢hehCr BEITEIEY Fhd™Re "@ERLLCY nTRRESE nePPhBdFcidsd 11t s
are 15 addgds t o gaRencansbshatcacibat - 086 é 8 Somayalilsc i nei ahhiohsoef e

nei ghbors” are added to the candidate list. After these "neighbors of the
nei ghbor s"Ligts"addaged oop heh¢ | BaPRINY Frsime handpuehseal itye mepsviremsntst ep

790 1t ) hi ST . . ' Chi
conbi gg??%gt%éfﬁgl%oicz%@\gtﬁ :‘Egﬁﬂle%%@%%%%c %‘%%%@. irlorﬁle%éi.gnll Pgt here is

a match, this is checked to see if there is only one single matching
conbi nat i oIn 746di4foron| yheonpresenthi aAgvenhbématann bes Ysmendin i autematoinc| uded

t hat that é:ell was tPe origin %f t he signal iGO. J]f nore than one tch is
found, the"TeTHEGYs Bi "r‘%n’t’bggisd’es 1Py “PRES 283 Y it D ATETER gRR 52 mahe‘sss
sonme addi tiinit€eddinJ60BEAPHET)s | NBWI ABIAP NS Bl i¥SBHt VD  mdthddi S

case you can resort to the previous enbodi nent shown in Figure 3 and choose
the cl osesACHTILRE RateM R SCEPF sINTHRE @b GicRAt SetRISON Pedrahowan fer ve

merely.as jli . I on - 47 i t,.wll. be 0 one
o or tinari iipen! YAl dete=0te fhny | ool gt et RO 2pALE
enbodi menteeldesendbethyabotbewi tdedldt depatbhe ngsyfstem. t hgos piankcbmatnitasidgpe of

the inventjion. The invention should not .bﬁbregarded as _bei nrg | i 'tet to the
exanpl es o‘&eestcetli“‘ﬁﬁaf‘?b 25hoth o e Togdfde€t 8 T ndteall &8 bBHhg “Egtal™tn
scope to thedeak! oW & draidi. bd used for identifying the true origin of
a signal. This information can then be used to maintain a matrix
20 describing the neighbor relation between any two cells. The

present invention is also immediately applicable to existing

cellular standards, both analog and digital.

The invention which meets the stated objects is defined
according to the appended independent claims 1 and 12 and their

25 associated dependent claims.

BRIEF DESCRIPTION OF THE DRABWINGS

The present invention will now be described in more detail with
reference to preferred embodiments of the present invention,
given only by way of example, and illustrated in the

30 accompanying drawings, in which:



17 WHAT IS CLAIMED 1S: 1. A nmethod for determining the identity of a cell
fromwhich a signal is transmtted in a cellular nobile comunications:
system having a plurality of cells, said cells having base 5 stations for
receiving and transmtting radio signals to and fromat |east one nobile
station, said nobile station being situdted in a first cell, at |east said
first cell__having a candidate_|list_and a non-uni que identification of said
second celfit¢-sai §° et BEnPET Qi Tt 1 HE s Mepd LB SOMPYSALAPRY SYSHe™-ual

di stance fromsaid first cell to said second cell; detecting, in said first
cell, a nemsunkque & deiddramcati onrtdmnsiisteadusinimaa eakhpothes11 haresai d
first cell; checking said candidate list for said first cell for a matching
i 5 non-unit§lie TREMTS | EZPPor® AXGUMBREY (R CREPIPARIVEI L0 debf | t5¢lén sai d
candi dat e jlkgtic§Or which the non-unique identification matches the

non-uni que identification transmtted fromsaid other cell, and for which
said virtual distance is shortest, is the identity of the cell 20 from

whi ch 1 heF$fgnal iswd floxiedartt sHlustrafiegnehfostaids Claithe 1m¢trachdn an

char act ergg\]gg(émeg@agf St%iesvg)éjeéér&taljirﬁ):e%tt%ﬁ.e is a function of the

geogr aphic I stance between sai irst cell and said second cell. 3. The
method of Claim1l further characterized in that 25 said virtual distance is
a functi oRIGf ¢hellivsivatiast sdepaserof ronvarddidlatecdndt cattordiagiar soethed in

said first_cell,. 4. The nethod of Claim1l further characterized in that
18 said vPFETar™ dlﬁ-"s\feéﬁgémi's a function of the placenent of the antenna for

the base station in said second cell. 5. The nmethod of Claim1l1 further
char act er Fzesd. i BatHat ishist natet nekdidisfianeesiona dfindtd armrmefidabe tékt type

of said 5 second cell. 6. The method of Caim5 further characterized in
t hat 10 according to the present invention.

FIG. 6 1illustrates a modified version of the candidate list

according to the present invention.

FIG. 7 1is a flowchart illustrating another method using the

candidate list.

15 DETAILED DESCRIPTION

In Figure 3 1s shown a flowchart illustrating a method of
determining the identity of a cell by mapping a frequency/code
combination onto a cell identity according to the present
invention. Although the description of the present invention
20 illustrates the mapping of a frequency/code combination, it can
be appreciated that the present invention is not limited to
systems which measure frequency/code combinations. For example,
a very narrowband system might have no codes, using only a
detected frequency to map onto the cell identity. In a wideband
25 system with only one frequency only a code will be detected and
mapped onto the cell identity. The present invention is equally
applicable to systems detecting and mapping only a code; only a

frequency, or a combination of the two.



said cell type is a macrocell. 7. The nmethod of Claimb5 further
characterized in that said cell type is a mcrocell. 10 8 The nethod of
Claim5 further characterized in that said cell type is a picocell. 9. The
met hod of Claim1l further characterizedin that said virtual distance is a
function of the factors relating to radi o propagation of the signal from
sai d secondrizelfirst HrepOofThaemebbRddofis Ctai Brdré uthbeposharast eriozest i n
that said virtual distance is a function f=A*Di stance + B*Power +

C*Pl acenentd$ DERR| RERPeSHRERSSgnEE - Br of¥TatT on ThGREr 38  Becgraphinid E
are const anisdebaEMhAGd- 4y He openaker 10hg saidt Syst 84y 1 2Qud lor TR, It hod
of Caim1l0 further characterized in that said variables of said nction f
are pl aced viarigueovergyapipl @ininegitdohing emedns nigndwn alrvi theuadrtdi sthersee

based on the predicted _attepuation, between any cell in said systemand any
ot her cgl I ploﬁ'gg PB°sy8tem Spo’ieéi 120 A ?ho§a¥%’?asaeet e‘?rhrﬁnrﬁ nd‘”tt%e ity
of a cell femswhsshom Ricgiahciss tamnIdiehtedyi Bode£el | ul ar nobile

comuni cations system having a plurality of cells, said cells having base
stations foqr recejvi and transm tting radi.,0 si?nals to and 5 from_at

| east one roBi PEXEt EEan,lssE\? Y & IR Bel hgt sf oLt 573 F120st

cell, at |eask sahtbd idsritréetbd NaMING ackRAkINROIgaR)d delst 11881 tulgiaghbor
cell list having a plurality of fields corresponding to the neighbor cells

of said ficyeters|ugmd ifisedsceby Hatsunpgten dentsips satsbhobfcaldisd for
nei ghb I PQLfqr I Mels) ng| a%g i

nonuni gge %d%%’%‘%??%éa?l <g?hllo'f Sﬁgggg lsleeg%%p%:%ﬂ slgl’sggmgé%%o c%)ll riu%g%g%fjhe
steps of: @prbdnse st épsofoflepextibilg, dedlsaifdrf hasofE! | In acdindraghi, qitRe
identification transmtted froma cell other than said first 15 cell; a

second st eFUSFCRHdIi TS d3FFRTYNS 0 Osaf B cel PN %0 7R GhbGr ddBF | st

to said candigdalend ity 21181 14 SHeRy@temhecki ng said candidate list for
said first cell for a matching non-unique identification; 20 if there is no

mat ch then checking _the nei ghbor cell lists for each cell on said candi date
li st and nB8ef FeRgidare daRti aaterdind vy tBpeREPAGEaiavered 1% epohind

adding 1 ehdseiora 6AG LBhbnlNe B2 G:RELE0OL L8l dodd Stnf O gREBeHL oo

: 157 ] ely a n 1 ccell"lists.®Th a t@ s

sai d candi date ?I st and then repeating said th:u rds step and l%ﬁlec i ng tﬁe
is a means for determining the origin of signal strength on a
specific frequency. In addition, the candidate list stores the
distance from each other cell to the current cell. The

candidates are then -sorted according to their distance to the

20 current cell.

In an alternative embodiment of the candidate list, only the
closest matching cell is kept on the list, all other matches
being deleted. In this way each frequency/code combination will
occur only once on the 1list. The process of eliminating
25 duplicate combinations means that sorting and ranking would need
to be done as part of making the list, and the list would then
not need to be sorted later. This alternate embodiment will be

shorter and therefore save memory.

The next step occurs when a frequency/code combination is

30 “detected” in a cell 330. This is the case when a handover is



25 nodified candidate list for a matchi ng non-uni que identification. 13.
The nmethod of Claim 12 further characterized wherein if there is only one
match in said third step then conclude that the match is the origin of said
si gnal . 20 14. The method of Claim 12 further characterized wherein if
there is more than one match in said thtfd step then conclude that the

nmethod fails to find the origin of said signal. 5.15._ The met‘hod of Claim
14 furt her PRREPEE er it f’éde%ﬁggé?n i Y53 PrEXiPUFlyt TR Hetest8dfor a

virtual di stadcmdy/esusaicdubinstis®d| chp saisd Nl ohdd, cebl Sexsmt to
candi dat e Ilst has a field for a virtual distance fromsaid first cell to

sai d secondexely upgigef GREnERTEDHC | kidithg i¥s&eaehet ceeing d@ﬂq thpromead- sai d
candi dat e H&eml@\%kgh Ut O BUfipl AR | Gal | QacpBLLDeS phe

non-uni que 1 catron transmtte met ho ai m15 fur? her
char actser i eatiidatiehdtissai thwi rhamal paistanee ield flmcctlnemkeﬂ i4te for a

geogr aphi cal di stance betwee ald first cell and said secon cell. 15 17.
The met hod"BfeEnS :i%q‘ﬁff‘f}ffé’ro Ehaf IR EIRLER | nTERat ag & d '\?’Ff][ u&P dfe& ance

is a functigiuifackhel id@anguikt ad rmw&gPr ome'iﬁﬂeelcw@@a@ e6hbiAdd Jreced ved
in said first—cell. 18. The net hod of aim 15 further characterized in

that said sonqluseddrst bacehs Lrigrnnef| bhe gtigned gb&cement of the 20 antenna
for the base station in said second cell. 19. The nethod of C aim 15

further chAQAGeL 28dubfrdlial o) dndl EAME adlSUaBEe; L SadefdHil LAG Qled e

cell type of” said second cell. 20. The nethod of C aim 19 her
char actoer i zezbridinghato 25 heai greeeht t yipyensignpadfgcelchndidate list  is

similar to a conventional neighbor cell list with Cell IDs 450,
Broadcast frequencies 460 and ID Codes 470, but also includes
the geographical distances 480 to the cell concerned, in this
case cell A 420. Also shown is a cellular system 410. As can
15 often happen, when a mobile station is scanning surrounding
frequencies there exist identical frequency/code combinations
which way individually be received from surrounding base

stations.

In this case it is possible for a mobile station in cell A 420
20 to receive a frequency/cell combination of “5/37” from cell 430
with a Cell 1ID of 4637282 or an identical frequency/cell
combination in cell 440 with a Cell ID of 3689234. However Cell
430 has a closer distance of 48 to cell A 420 than Cell 440
which has a distance of 62 to cell A 420. Therefore Cell 430
25 will be ranked higher on the Candidate List 400 for Cell A and

will be chosen first.

There still exist certain disadvantages with the above described
embodiment. This is due to the fact that in mobile systems it is
often the case that a geographically closer cell 1is not
30 necessarily received with a stronger power than a more distant

cell. This can be due to various factors including e.g.: (1)



21 21. The method of Claim19 further characterized in that said cell type
Is a mcrocell. 22. The nethod of Claim 19 further characterized in that
said cell type is a picocell. 5 23. The method of O aim 15 further
characterized in that said virtual distance is a function of the factors
relating to radi o propagation of the signal fromsaid second cell. 24. The
nmet hod of Ghiaferdix f undther chaweast erinzedifpetdat s&ild svi rt(mal diiffha'ﬁﬁe is a

function f=A*Di stance + B*Po r + 10 C*Placenent + D*Cel | -T
E*Si gnal - PRBPELAR | DIFCSHTETE B; BB E°R el%‘é?ﬂs‘{earﬁ%thdé?@ér Behelt by

the operatge ofpeSahflceyed ©Bha25nThantBhALd QfreCkabm 24 JurtBer antenna
characterized in that said variables of said function f are placed in a

coverage 1Bopheerhi ngwaol is r esedaiveg i maxeyi mapdlydist anod bdded onhehe
predi ct dattenu Q || id syste nd any other cell in
; ﬁ] caﬂ 9?%@%@ #ﬁf%é%%fe 2€a$ n%%

sai d syste olpag aracterized in that
sai d non-uni que transm tted identification is a conbi nation of 20 the
transm ssi s @i&ﬁ\mseﬁr queelcwr@ndagztpraaéfréctttiedy itdentrete cedd (mweudfen 27

The ot hodegt, S DD chtS LUIARCL SNttt ol gad Lt ol pon ypigue
met hod of ghatdmelll- 25:f umidaﬁsceghar.acsﬁau@ﬁl idellRgt “microcells”, have
smaller base stations that usually have lower output power.

10 Therefore it is desirable in an alternate embodiment to add an
extra field in the candidate list to account for the output
power for each cell. This is shown in Figure SA. Thus cells with
lower cell power, and thus lower coverage area, will be ranked

lower on the list than those with higher cell power.

15 Another alternative is to take into account different types of
cell definition. For example, a system can have cells designated
as either “microcells” or “macrocells”. It would then be
preferable to rank “microcells” lower on the candidate list than
“microcells” as shown in Figure 5B. Another possibility is to

20 consider antenna placement (e.g. antenna direction and antenna
height) when ranking the wvarious candidates on the candidate
list as shown in 5C. It can be appreciated that other factors
which affect the received signal strength, such as factors
related to radio propagation, could also be included on a

25 candidate 1list to be used for ranking of candidates. For
example, to compensate for geographical factors affecting radio
propagation, it 1is possible to obtain an estimate of how
strongly the signal is affected by doing a coverage prediction

with a coverage planning tool.

30 When ranking is based merely on distance the process of ranking

is quite simple. However it becomes more complicated when adding



22 said non-unique transmtted identification is a transmtted code. 29.
The nmethod of Clains 1-25 further characterized in that said origin of said
signal is used fox planning the frequencies ' 5 broadcast by the cells in
said system 30. The nethod of Clains 1-25 further characterized in that
said origin of said signal is used for déciding which cell to handover to
fromsaid first cell. 31. The nethod 9{ Cd ai_ns 1-2§.further character,_zed
in that 103%aiodh6Fi §PATGFS s&P dP%i gRAF 9 s &6 ~r 57 6P%naf?5a?¥§m%Vbd ing a
nei ghbor celibnbi spoki®F saishddd o aald 1isBAL2. As. PossMlé{toc have cells

. AU. AuYL. AQU. AYL. Al . R A@ Y_. Ah. AhYy. Ah. A ‘
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15 weight to the different variables Distance, Power, Placement and

Cell-type.

Other functions f are possible, and can include other variables,
not shown here, which can be used for ranking cells on a
candidate list. The function f will provide a number which will
200 be a ranking of each particular cell based on the variables(e.g. 2
distance) being used and the various weightings assigned to
these variables by the operators. The function f can be thought
of as a “virtual distance” between cells. In an advanced case,
executing the f function will be done by placing all the
25 variables for f into a coverage planning tool which will result
in a “virtual distance” based on the predicted attenuation

between any cell and any other cell.

Another embodiment of the present invention is shown in the
flowchart in Figure 7. This embodiment may be used alone or in
30 combination with the previous embodiments discussed above. In

comparison with the embodiments discussed above, this present
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base station an adds the cells on this neighbor cell list to a
___candidate list 720. The next step is to check this candidate
list, which now consists of those cells on the neighbor cell
list, for a matching combination to the detected frequency/code

10 combination 730.

If no match is found, the next step is to modify the candidate
list 750. Each cell in the current candidate list is consulted
one by one. Each neighbor cell list for each of these cells is
then retrieved and the cells in these neighbor cell 1lists are
15 added to the candidate list. In this way the “neighbors of the

neighbors” are added to the candidate list.

After these “neighbors of the neighbors” are added to the 1list
the system returns to the previous step 720 to again check this
new modified candidate list for a matching combination to the
20 detected frequency/code combination 730. If there is a match,
this is checked to see if there is only one single matching
combination 740. If only one matching combination is found, it
is concluded that that cell was the origin of the signal 760. If
more than one match is found, the method fails to identify the
25 origin of the signal, unless some additional (e.g. geographic)
information is also used 770. In this case you can resort to the
previous embodiment shown in Figure 3 and choose the closest of

the matching cells.

The embodiments described above serve merely as illustration and

30 not as limitation. It will be apparent to one of ordinary skill
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limited to the examples described, but should be regarded

5 instead as being equal in scope to the following claims.
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5 stations for receiving and transmitting radio signals to and

from at least one mobile station, said mobile station being

situated in a first cell, at least said first cell having a

candidate list and a non-unique identification of said second

cell, said method comprising the steps of:

10 defining a virtual distance from said first cell to said second

cell;

detecting, in said first cell, a non-unique identification

transmitted from a cell other than said first cell;

checking said candidate list for said first cell for a matching

15 non-unique identification; and

concluding that the cell identity on said candidate list, for
which the non-unique identification wmatches the non-unique
identification transmitted from said other cell, and for which
said virtual distance is shortest, is the identity of the cell

20 from which the signal was transmitted.
2. The method of Claim 1 further characterized in that

said virtual distance 1is a function of the geographical

distance between said first cell and said second cell.
3. The method of Claim 1 further characterized in that

25 said virtual distance is a function of the transmitted power

from said second cell and received in said first cell.

- The method of Claim 1 further characterized in that
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5. The method of Claim 1 further characterized in that

said virtual distance is a function of the cell type of said

5 second cell.
6. The method of Claim 5 further characterized in that
said cell type is a macrocell.
7. The method of Claim 5 further characterized in that
said cell type is a microcell.

10 8. The method of Claim § further characterized in that
said cell type is a picocell.
9. The method of Claim 1 further characterized in that

said virtual distance is a function of the factors relating to

radio propagation of the signal from said second cell.
15 10. The method of Claim 1 further characterized in that

said virtual distance is a function f=A*Distance + B*Power +
C*Placement + D*Cell-Type + E*Signal-Propagation, where A, B,
C, D and E are constants determined by the operator of said

system.
20 11. The method of Claim 10 further characterized in that

said variables of said function f are placed in a coverage
planning tool, resulting in a virtual distance based on the
predicted attenuation between any cell in said system and any

other cell in said system.

Y
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stations for receiving and transmitting radio signals to and
5 from at least one mobile station, said mobile station being
situated in a first cell, at least said first cell having a
neighbor cell list, said neighbor cell list having a plurality
of fields corresponding to the neighbor cells of said first
cell and fields for non-unique identification of said neighbor
10 cells, said first cell also having a candidate list and a non-
unique identification of said second cell, gsaid method

comprising the steps of:

a first step of detecting, in said first cell, a non-unique
identification transmitted from a cell other than said first

15 cell;

a second step of adding said fields for said cells in said

neighbor cell list to said candidate list;

a third step of checking said candidate 1list for said first

cell for a matching non-unique identification;

20 if there is no match then checking the neighbor cell lists for
each cell on said candidate list and modifying said candidate
list by repeating said second step and adding fields for each
cell on each neighbor cell list for each cell on said candidate
list and then repeating said third step and checking the

25 modified candidate list for a matching non-unique

identification.
13. The method of Claim 12 further characterized wherein

if there is only one match in said third step then conclude

that the match is the origin of said signal.
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conclude that the method fails to flnd the origin of said

signal.
5 15. The method of Claim 14 further characterized wherein

said neighbor cell list has a field for a virtual distance from
said first cell to said neighbor cells, said candidate list has
a field for a virtual distance from said first cell to said
second cell, and further concluding that the cell identity on
10 said candidate 1list for which the non-unique identification

matches the non-unique identification transmitted.
16. The method of Claim 15 further characterized in that

said wvirtual distance is a function of the geographical

distance between said first cell and said second cell.
15 17. The method of Claim 15 further characterized in that

said virtual distance is a function of the transmitted power

from said second cell and received in said first cell.
18. The method of Claim 15 further characterized in that

said virtual distance is a function of the placement of the

20 antenna for the base station in said second cell.
19. The method of Claim 15 further characterized in that

said virtual distance is a function of the cell type of said

second cell.

20. The method of Claim 19 further characterized in that

25 said cell type is a macrocell.
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5 23. The method of Claim 15 further characterized in that

said virtual distance is a function of the factors relating to

radio propagation of the signal from said second cell.

24. The method of Claim 15 further characterized in that

-

said virtual distance is a function Ff=A*Distance + B*Power +
10 C*Placement + D¥Cell-Type + E*Signal-Propagation, where A, B,
C, D and E are constants determined by the operator of said

system.
25. The method of Claim 24 further characterized in that

said variables of said function f are placed in a coverage
15 planning tool, resulting in a virtual distance based on the
predicted attenuation between any cell in said system and any

other cell in said system.
26. The method of Claims 1-25 further characterized in that

said non-unique transmitted identification is a combination of
20 the transmission signal frequency and a transmitted

identification code.
27. The method of Claims 1-25 further characterized in that

said non-unique transmitted identification is the transmission

signal frequency.

25 28. The method of Claims 1-25 further characterized in that
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29. The method of Claims 1-25 further characterized in that

said origin of said signal is used for planning the frequencies

5 Dbroadcast by the cells in said system.
30. The method of Claims 1-25 further characterized in that

said origin of said signal is used for deciding which cell to

handover to from said first cell.
31. The method of Claims 1-25 further characterized in that

10 said origin of said signal is used for automatically producing

a neighbor cell list for said first cell.



