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A METHCD AND SYSTEM FOR CONFI RM NG THE | DENTI TY OF A TARGET BEF{SER§es0
HANDOFF The present invention generally relates to radi ocom nunications
and; nore particularly, to radi oconmunicatioit5 nmethods and systens in
whi ch handoffs are inplenented fromdigital traffic channels using
nobi | e- assi sted handoff (MAHO . Mobile stations connected to base stations

ahi ch oy resul t } AetgRR R ERaRER e fowt Huilhd, SRRDSRBNERE OF A, mam,
found that inappC¥ili XOB HBNDA¥F s frequently occur due to the way signal

strength, neasured during the NAHO'process Is identified with a
nei ghbori ng cell. For exarrpl e, althou g a m)bl | e station may rreasure a

signal's strength 15 Jhe Ryanend raddyuredatesn o wadiocom-
ori gi nate from ammilcattibns tahm tﬁt&-mq;@lmumml Itmaﬁdmmuﬁammt o

b d, '. |
of the net ghbe; - RStrieRp REY E9Re8pR En BYCE nonddtfs 450 BubfudQHiUF
i naccurate in thdigdtad tﬁﬁ?fﬁim greannekenysings mebilecassistede handoffint

channel frequencymagiogh i ndi cat es a signal coverage that inreality, is

di fferent fromthe ac cov e currentl qvi ded nei ghborin

cell. This inaccurat e%j’gli& i e‘bmt’t? e cPRF F%’ﬁgiaﬂﬁ Pﬁer’(°}%e

i ncorrectly int epprSasrehscnegms sharuiegt bf@tphcnnmmpmte ceddnel
in the nei ghheri ggiesl ﬁay%dl%cih'ﬁﬁbzi VBAELOfid 114y 6rlien &' dkbpPedarinen

bel i eve that the_nei rin r ovi et naI strength
the nobile statidfr IP%%E’ %‘H?q' &HP "Gﬂa%?oh sh fregpen YI°°l9é‘r
attenpted to theduendiclative ceay signalubteength, cheakurédodnringt itheMmaHoe

Station Presence ¥§EEEEC L %ﬁex{ﬁﬁ‘é&cﬁéﬂﬁ Re!%ﬁﬂo&%éééﬁ“ 'P{% 'ekanple,

i nvoked, the cang te Base on of

nei ghbori ng cel | 21&haNEBh & mobddle statien,may, Reasuser 2 isigmalsgstaeagtho
tune to the Qsrradriagdamd coprechtly) ke Mealsi®ed signal may originate from

‘a cell other than the neighboring cell which was intended to
be measured, i.e., the measured signal may originate from a
co~channel cell of the neighbor cell.

This means that the mobile's MAHO-measurements are

20 inaccurate in the sense that a signal strength is measured on
a measurement channel frequency which indicates a signal
coverage that, in reality, is different from the actual
coverage é'urrently provided by the neighboring cell. This
inaccurate value is reported to the base station, and then

25 i.nqorrectlji interpreted as the signal strength on the measure-
ment channel in the neighboring cell.

The locating function in the base station may then
believe ‘Ehat the neighboring cell will provide better signal
strength for _the mobile station than its current connection,

30 and a handoff will be attempted to the candidate cell if a
subsequent check, known as the Mobile Station Presence

' Verification, is successful. When this function is invoked,
the candidate base station, i.e., the base station of the
neighboring cell to which the call is to be handed off, is

35 requested to tune to the current channel, synchronize to the



2 correswoé53188es! ot and decode the Digital Verification Color Code (DVCC °*
transmtted by the nobile station in all 'bursts of an oﬁ%ﬁ?@’"@‘a . The

DVCC is a field known to the receiver that indicates which group of cells a
particular transm ssion 5 is associated gwith, thereby identifying the )
nobile station to be handed off. This function attenpts to decode the DVCC
for up to five bursts. \Wen three correctly decoded DVCC bursts out of five
have been detected, the verification is discontinued and a 10 verification

result is recornest: bivecshehiand sesodentbenPigital Nexiticatiiom Color
i nformation gtaet uwoc;s '&Q‘ﬁﬁiﬁiﬁﬁdﬂt}i}eth&eﬂﬁﬂﬂé sgatlioAl f1PRYL kst et he

ficat |y decoded,DVCC
focei ved  cnan, Shoping. otly il B 16 BORLEEH Inlf i Ine FecRifER |
returned. 15thakeindicates Uhichc@ﬂmmtofm@nﬂ@parhm thransmisspbs, be
that the %Dbakseagﬁoépaé@wwytﬁéﬂw HAehtiryEngCcid abbi e Stft¥dn tbr ength

Is too | ow, ﬁ e 1 s severe cochannel “di Sturbance on the channel
preventing t e PRede ‘bei ng decoded successfully. Upon receiving the
verification 20 E‘hisl fundtion Ialttempndl ‘I:latdecmld thelnves gozl upttcefdire is

evaluated. T | f 'Vﬁ@r* O-Yec %Fﬁ,fs el nal
strength durlgﬁ }é\‘?/:eE” fica ?gn |§s rea Qgfor equa %% Jt"&e Jn?r‘??k&m
si gnal st ren&?ﬂef brenafgberted: o ’c‘ﬁe"%@? c is dismgoptinued; and a

eval uati Qo heerifecdtavhadisdltiis xetntned €5 thalmibiBebtationidontirone t he

oty one. suc t%?@éﬁi%%ﬁ#&%@s@?ﬁ? %B?#%ﬁ@*ea BnErtRs faa VO UTeLR08 0 o,
cell, i.e. , signslistrength durdng cagiopaproc¢essiof If Ithres Puat i o.
Thi s CO”Ve”hb%ainESEP&':ﬁl'f dééodeii QiVC@'sV a!r&f réée:bvé‘ds'tﬂfeevteﬁ

O S h L, Hibconrotea a8 5 HFLTSte IiadcRiy 18, Teth %ééﬁ? Lﬁl fe‘”
wher e t hdse n‘heareasbarﬁm:emcomet maebodﬁnqmnhbtnr rag:aﬁnleel be.
that the mobile is too far away from the source so that the
signal strength is too low, or that there is severe cochannel
disturbance on the channel preventing the DVCC from being
decoded successfully.  Upon receiving the verification

20 results from the candidate cell, the signal strength is
evaluated. The verification is only regarded as successful if
the signal strength during verification is greater than (or
equal to) the minimm signal strength for handoff into the
cell.

25 However, this evaluation has the draw_back that a system
operator must manually tune the signal strength'_thr_eshold to
the lowest acceptable value, because there is only one such
threshold for handoffs from all other cells into a particular
cell, i.e., there is not a unique threshold for each handoff

30 situation. - This conventional technigue is relatively
inflexible since there are situations where it would be
desirable to set the threshold differently for handoffs from
different cells. For example , such flexibility is desirable
where there is a difference in cell sizes of the neighboring

35 cells.
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3 Other problens also exist in conventional systems. Measur eREHSENSOP8Ps and

systematic device (bias) errors, due to different nobile ternina
suppliers, significantly i nfl uence verificatipons and cause a nunber of

i ncorrect 5 handoff decisions.. For exanple, nobile stations and, to a

| esser extent, base stations exhibit bias errors in the power setting
devi ces and signal strength neasurenent devices. Another problemwth
conventional systens Pthenatpudidensaialse existi i govventicnal asystensa
signal strength WBaSuFRBALSedford ddie GdeRccaerion (badpidird:d,! bk

when the neasurepent _i,s _taken. hese and ot er, drawbacks ,and
probl ens associ aF8d W‘f‘ﬁeEGHFenPPBﬁé‘F sterRiRal, SURRY ek, a&'&’&%%lt{he
present 15 |nveninﬁmuaheeelwemﬁzmuhsn@nd:hemkseala beungissf oofiedricortetect

when a candi dat ro S ’Yﬁﬁ)f%

candi dat e, an% Ehgﬁhéﬁgﬁéagtfgg?ﬁ%n t BiJ ¢ ‘can prevent&%s%f’ﬁé to a
consi st ency check®ERAT RXtaNs, &?&ﬁpﬁ%’tm% pat WI%%FE@‘* power
swi t chi ng cent reséwsﬁ),gbne@qmar 41l 28ignghaktpéngtyt heasurenent @evibes.

the s gnal ot oribAChEa bR PERE hyeinicPls fdfing 1s, Bohe RERY 8 8611
According to exehpkarynmmqm Srarlhbl@mgﬂ‘sﬁégoylcﬁmQ@h neasyyements
rel ative neaggr efRRie Eai-&sa prédeding bae! cP&ﬁa@ 1 fNed mé Wh@ROt e meadtRehdat SO

t hat the consistenc eck criteria provi greater flexibility to
accommodat e the ¥&r ?}ﬁ%"m tuations in every cell relation. An advantage of

this schene is that there is no conparison to an absolute threshold, i.e.
t he consistency is checked for varying SOM%ibons taki ng i nto account
the current radi o environment characteristics reover, multiple

measurements can be tBReRe ANd [RERRY dnavkagks ARt PROBIENR Asgaciated; with
station and the 8éhvénfBional systems are overcome according to the present

15 invention wherein a consistency check can be performed to
detect when a candidate cell has been erroneously designated
as the best candidate, and upon such detection the handoff can
be prevented. The consistency check can be, for example, made
in the mobile services switching centre (MSC) by comparing

20 signal strengths measured by the mobile and base station in
the serving cell collected during locating, with the signal
'strength measured during the verification in the target cell.

According to exemplary embodiments, the consistency
check can be based on relative measurements rather than

25 absolute signal strength thresholds so that the consistency
check criteria provide greater flexibility to accommodate the
various situations in every cell relation. An advantage of
this scheme is that there is no comparison to an absclute
threshold, i.e. the consistency is checked for varying

30 situations, taking into account the current radio environment
characteristics.

Moreover, multiple measurements can be taken on the
uplink and downlink between the mobile station and the serving
base station to arrive at an estimate of the bias error for

35 the mobile station of interest. This estimate can be used to



base st 2WPAH31880 arrive at an estimate of the bias error g g’&s _
Interest. This estimte. can be used to § "4 i nprove

st ation of

t he accuracy of the consistency check by applying a correspondlng

correction.

BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng, and ot her,
objects, features and ad- 5 vantages of the present invention will be nore

readi |y understood upon reading the follow ng detailed description in

conj unction
cell |ayout
Figure 2 il
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_Tecpive

a serv1ng and target base station and a mobile station at a
varying distance X;

Figure 3 illustrates that a difference between transmit-
ted signal strength levels of a base station and a mobile

station and a difference between received signal strength

level at that base and mobile station are theoretically equal;

Figure 4 illustrates that an exemplary total bias error
for any point X is equal to a measured difference Delta(p) -~
Delta(SS) ;

Figure 5 illustrates exemplary total bias error values
m, filtered total bias error values E(m) and standard devia-
tions as functions of time; and '

Figure 6 depicts power considerations for a serving and
target base station which are used to describé exemplary
consistency checks according to the present invention.

_ Prior to describing consiStency checking according to -
the present invention, a more detailed explanation of one of

its precursors, termed "digital locating" herein, is provided
for complete understanding of the problems solved by the
present invention. Digital locating is a process performed in
the serving base station that receives MAHO~measurements from
the mobile, averages the received signal strength values and
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or conpl ete unaderstandi ng of the problens solved by the pravaEIswossmt i on.
Digital locating is a process perforned in the serving base station that
recei ves NAHO neasurenents fromthe nobile, averages the received signal
strength val ues and 5 periodically ranks ?he nei ghboring cells in order
of received signal strength, for exanple, once a second. As soon as one or
several neighbors are ranked higher than the cell which is currently

fervi ?g tlhle H?Eiﬁeriédnlj;cam_ iﬁnrsovhdﬂéimb' rdang émdmaﬁdéh bl Aferbeeived
arget cells at-. i e S er.s t wi t

handof f request .égéﬁ%l%%/e%%q" ggrga?reﬁ%égé‘f o°§{‘%c/°o rﬁ.‘%ﬁ | hg%{“ﬁ &°t°§l ds one

| ocating in the pasevaral saighbersaresrgnkedfigher thapsthe egld whieh is
h_ystelresits s ﬁ Oehpe thﬁmy dir\lﬁ)greﬁéleﬁbﬁﬁlléi Eﬁeua{sc( %?hnrdw{lk?i? airttﬁ d he
signal stren in nei ri ell .sha e, petter a a e
serving cel | g%ef’fﬁ’ékﬁgﬁﬁﬂﬁig:&?‘ esfg?ge%é)itgﬁ.ge h?%lg%r Ereirge]lfseé'&%t 8°rl’e
prevent oscil | atbettémsmversntogaetharswitk adwmhdaeffreguests| | Evempkary
fromthe point g ' q:g,q,tth 3 M " : r
exanpl e, twelve %eeﬁg? Craa?eg:% e?léir'le asiﬁéiiéﬁgg?s to ia&gfgfe'%’ g? cheJPPEqTanéé)

hi erar chi cal cel $ta%ieR fere overlapping cells are provided,
nei ghbori ng cel | i el istglendehBysterddis. NThe dnaiteregiiscbsad penatty, and

15100 £51 2 14k o Seheis o0, S i ey b

handed of f t'o. Power )
par anet er ref| ecthe Medighbopingpeebl sialil beketier fhancthatafithecserving

channel s) in the.dBs®eForlel & harfdOrE iSaititdditddns Ui paraiatas! iPaseq to
Station (PSMB). This 2&5 Sﬁ_g,]’r‘@n%er befle&%s th& out put dp wer og <E_’he

Teasur ement charPEEVeNt qaRildating AARABFER 2R CARANIS PSwEretr L0 pete 2
channel s and neasalkisrdechfxronl theé Eoimtobfcegquak|signalhissresgtbf| ected in
a difference between PSVB and PSMB. Reaction Time. Controls the nunber of

seconds a neighbor'i n )
1 u_g;gt&_qm.ng_c_ﬂ.l Up to, for example, twelve cells can be

defined as neighbors to a digital cell. In hierarchical cell

structures where overlapping cells are provided, neighboring

cells can include macrocells, microcells, picocells, etc.

Neighboring cells are those cells that the mobile is allowed
20 to be handed off to.

POWEe. 2 Lng~-voice lanne.l Bagse-~ 8 *)s POVE) . This
paraneter reflects the output power of the voice channels
(traffic channels) in the base station.

Power Setting-Measuyrement Channel-Base ation (PSMB). This
25 parameter reflects the output power on the measurement
channel. If there is a difference in output power of voice
channels and measurement channels {control channels), this is
reflected in a difference between PSVB and PSMB.

Reaction Time. Controls the number of seconds a neighboring
30 cell is better than the serving cell (including hysteresis)
before sending a handoff request to the MSC.



30 cel lwboshghs er than the serving cell (including hysteresgﬁ{o before
sendi ng a handoff request to the MSC. 6 Sianal Stren§CHSFAHOK®M (SSM N) .
Def i nes the m ni mum si gnal strength of a neighboring cell in order to be
qual i fied for ranking (downlink signal sgrength, as measured by the mobile °
during MAHO). 5 Measurenent Channel Nunber (MCHNR). This paraneter reflects
t he channel nunmber of a cell's measurenent channel (control channel ). The
nei ghbori.ng ceIIs I\/CHNRs are forvvarded to the nobile station in the
initial phasg§ighalhg grtiy ¥} ol Defiipescthe minimugr signal The .

expect ed dowghiBqtRCSEVE heigHIr ity Eihihsoia@rsﬂcg'k'ﬂ dua1gadel Ebal the

bi | ft handof f t I
St rength t hoRBEANG FARURELAG AJOnaY SESPEHyn iR PABSHERY e e Bohkkol

during the MAu®ipgoMAHG) . adj usted to account for- any differences in 15
measur ement channel and voi ce channel power settirig in the nei ghboring
cell. The nei ghbor cells that fqulII the condltlon t hat the.expected
recei ved §i gHSASUEEBAREChS uRbe HNR)-ot ThigRaraneteay refleqtsi mum
signal strenghe t:nanhamdmﬁxﬁbéns%\ﬂ H) cau:'qunéaéuﬁhém& channeld (cditréBnki ng

of 20 neighb t e lL.gn wth a
penal ty equa?i’?gh? hz Qﬁbgﬁé?%h%g} § (Cﬁ(;ér:t‘é?%sr iévg%ﬁéri?gtt?ebﬂ?ded as
handof f candmokdide stat:ﬁ\ep iaav'éh%e@ﬂ-ﬁeﬂikd&ﬁﬁgr@r thescalfesetupeon ael |
for nore thaai igagdet,gée dHamyélt.i ne perl od e.g., between 1 and 31

ﬁgfgﬂdsb&t’lhfe i 11 ARG PR ES Em TUE e %%F aalngsspnothcts’ Bhscn
caused by i nedgnalt stiefyth thatetbetmobibe des expectied by aecedvei atberect
MAHO- |

measur 8MRghags I émﬂmgé wt@&@tﬂgbskgn{agcay&f%amggg ?requency

control channel 1 nt i ¢h 1S transm
as, and at a Qﬁéﬁﬁ%ﬁu’iﬁ‘bﬁ&l% Reighbrying mepRurement channel during the

MAHO-process, adjusted to account for any differences in
15 measurement channel and voice channel power setting in the
neighboring cell. The neighbor cells that fulfill the
condition that the expected received signal strength after
handoff is greater than the preset minimum signal strength for
handoff (SSMIN) are qualified for ranking. The ranking of
20 neighbors is based on the expected received signal strength,
with a penalty equal to the hysteresis. Neighbors (one or
several) are regarded as hardoff cendidajte's' if they have been
ranked higher than the current cell for more than a predeter-
mined time period, e.g., between 1 and 31 seconds. The
25 handoff request is sent to the MSC and includes those neigh-
bors fulfilling this criteria. :
Inappropriate handoffs are often caused by incorrect
MAHO-measurements, as descrihed above. An incorrect MAHO-
measurement normally occurs when a mobile receives another
30 control channel in the system which is transmitting on the
same frequency as, and at a greater signal strength than, the
control channel _ffom the targeted neighboring cell during the
MAHO measurement process. The reason for receiving another
control channel stronger than the control channel from the
35 intended neighboring cell varies. For example, this can be

(
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control channel fromthe target ed nei ghboring cell during t hBCT/RERY00490
nmeasur enent process. The reason for receiving another control channel
stronger than the control channel fromthe 357i ntended nei ghboring cell
varies. For exanple, this can be 7 the result of a tight

(geographi cal ly) frequency reuse plan, or that the nobile has left the
serving cell w thout being handed of f because of congestion in other

nei ghbori ng cel | sthaitesyltepnardightinadograpbicaliyl fxequency gwuset pyan,

when 5 there is sﬁnaeéélashlﬁbsm Fd ¥t & =setliRg %ﬂewabﬁoaebbéfnay

definition Il be c e to a celLl that snottebest rver,

thelrelbyI t heWIm)bl Ibléa? e %ftségefaufﬁégo%mm&ﬁ{‘r%? Hh IS °\(’/r'f"“ﬁhﬁe 1s.
nei ghboring cel | sThlé’ hehenaohéros oan halseobe ecausédidyediveetedt setry | when
increase with 40 ¢ ,)Qé“ s é& f&nrfﬂsﬁmeuaﬁgﬁlegﬁfdciff gﬁﬁﬁga{iﬁ&g%e

(as in hilly terra| ow antenna posi tiaons radio

Ves
coverage), etc. kbR P AeSinitdon Bhdh wegst°aﬂj%@ntﬂ@$ahﬁep°t
i nterference, radtwe Nbest, séfdert ahd mw:rbb | thePmobidles id mmoéavewnemy

vvlthlnthefrequenc u h h ve fect, on
MAHO- neasur ement%® 'grbb’h r?ﬂ?]?\t&gg%reréce Pcﬁl? e'ﬁ?’?@'[@?ﬁ?’e“ ??/eu%h 'hl
mechani sm f or avmmbﬂgenmarpp:hopncameﬂhr#MQ-messmemnatpr‘esbhwcrease with
Verification ggh !ﬁ?&&"fbﬁ&deﬁé?%@aué%t hﬁ&ﬁbe&:ﬁe&@:&d}! &gt DG q&adm

that 20 this verlJc cation su cess uI

the correct cell h’tir?é’\fe?’f"ﬂ t'|dﬁ° Sr %H’spI‘ f‘ egggeﬁegl%f“se
unreliable. An emﬁicacpvappbe&atem |Mpn¢m(§r thhet/Badiespheronhiena fstcht amn
has proven unrel '?é’jzé‘céx&r%ﬁ'a?s e§OMREL féxf]é}ili]é n ?ﬁ&i@quu%{éé‘ AlandS: H@&‘-

of which have cel 5 geograp |es In |c distance betvieen cel 1 sTtes
is small, freque3dniAtion REQMiCksH, Lthal daye epergy| Within the| frequency
geogr aphi es, 1%e Eﬁx@tmea%dremmnbl rmdwq tivé esameé Nddviersd ce £ fectO\GiC MAHO-

hocesst e b B kopkfel ARtdbtigicaihamel cel s despi e

Currently, the only known mechanism for avoiding

inappropriate handoff is the MS Presence Verification scheme

described above. Although it was previously believed that

20 this verification would be successful only if the target cell

is the correct cell, the verification has been found in

practice to be unreliable. An exemplary application in which

the MS Presence Verification has proven unreliable is radio-

communication in metropolitan areas, many of which have cell

25 geographies in which the distance between cell sites is small,

frequently on the order of 1 mile or less. In such cell

geographies, the target cell can normally detect and decode

the DVCC successfully from any nearby cell, even from the co-

channel cells despite their greater distance from the mobile

30 than the neighboring cell which is intended to be measured,
thus providing false positive verifications.

Another consideration that conventional systems fail to
account for is that, statistically, the carrier-to-inter-
ference (C/I) ratio on the medsurement channels are lower than

35 on the voice channels. This consideration will be illustrated
graphically using Figure 1. Therein, an exemplary difference




30 t hanwdws/aesoghboring cell which is intended to be { hus Y
providing fal se positive verifications. Another consi W%’%ﬁ'“‘!‘h
conventional systens fail to account for is that, statistically, the
carrier-to-inter- ference (C/1) ratio o the neasurenent channels are |ower”
than 35 on the voice channels. This consideration will be illustrated
graphically using Figure 1. Therein, an exenplary difference 8 bet ween
C'1 on the voice channel and C/1,on the neasurenent channel is shown for a
typi cal 7/ 2PN %Ehﬁnﬁ?i‘ée hanedo ANdc C4E PR tRe | meadyrement | <
nmovi ng west zhanhélodar ehown! tox @@ypicalelf2) €1l planne of the 5
nei ghboring cell )il g 1 r npl ary
P akrel 13) 1o oSSR 3 Rel1OVAY) 7 ARELES ARV

carrier and inte ence orter esser
di st ance and¥eHIAM ctoy: "—'%bnﬂ 200y afeldi rEx7onts enen o chis
descri beds ba{ewgnﬂ&ing ceﬁss | Sf L EELYV ECAT) . I EPhES veitoyst in Eigure 1J' evel

| ovel 1 om ChEPEGRIn REpmELFrY B2 feta K3 inbRECEREHce BhohiRuble o

carrier Ieveshdm avectgisordenpting 1ssser |distande apd: dthemqmentu ‘ng
the interfergncedse gnfi'i: ?%&5198&@%' dah ok Hith 8 ddbrinea cel |

(F17'). Cs/ls js the he voi ce channel and Cn/Inis the CJT on the

measur enent el. It can be seen in Figure 1 by conparing the vector
| engt hs,1a hat evees iis hiehwectbrcrépyeseniray tﬂezi:arrIiErplewelhm @he on t he
measur ement 2 e y vg?%’b cgﬂg _e.,
since Cs > dei:H Qp&'l) Qﬁh I’ #)%%hgrag ﬁﬁgl n anié{rtaecllt i cal

si tuation Wlf?F%FP?? deysd %%‘P’F t%‘iez%?F q’H!ﬁ]ocﬁnlép%H on Bliﬁ Ehertaaton ¢y ¢ aign
and bui | di ngrefspeseistinicc thetcartier Téved frde anmeighisoririg ebamnaa‘lmy 25
becorre so p#}; @@ﬁe'ée&%ﬁ !’%P?esgﬁtWiﬁEE?EgPeﬂce Tevelepbdl @llesC D€ |

not ed t hat
15 cochannel cell to the neighboring cell (F17').

Cs/Is is the C/I on the voice channel and Cn/In is the
C/I on the measurement channel. It can be seen in Figure 1 by
comparing the vector lengths, that even in a theoretically
regular 7/21 cell plan the c/1 on the measurement channel is

20 clearly lower than on the voice channel i.e., since Ccs > Cn
and In > Is, then Cs/Is > Cn/Is.

Therefore, in a practical situation with different cell
sizes, radio prdpagai:ion differences, terrain and building
dependencies etc, the C/I on the measurement channel may

25 become so poor that it corrupts the MAHO measurements. It
should also be noted that if the ‘mobile is dragging the
handoff, i.e., if the mobile is still connected to a server
after it has left the cell associated with that server, the '
risk of low C/I on the measurement channel increases. Reasons

30 for dragging handoffs include, for example, congestion, poor
coverage, a large hysteresis value, etc. | .

According to exemplary embodiments of the present
| invention, a consistency check is based on relative measure-
ments, e.g., pathloss eom_parisons , instead of the comparison

35 of one absolute measurement made in the target base station
with a threshold. Of course, even when performing relative
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handoff, i.e., if the nobile is still connected to a server BV,

|l eft the cell associated with that server, the risk of low C1 on the
measur enent channel increases. Reasons 30 fa@ draggi ng handoffs include,
for exanple, congestion, poor coverage, a |large hysteresis value, etc.
According to exenplary enbodi nents of the present invention, a consistency
check is based on relative neasure- nents, e.g., pathloss.cogParisons

instead of the cHPISUrEREnts the ahsolylis RRASYRAREALSBR(S Bhrengthant
base station w t poweihnesiellsl sHduld e as durdiad L PcESible Liid Whey

9 neasurenents t 0 e enen of .S] |, s d k

| evel s shoul d beggﬁ %c%cﬁgét%%a?%{)esgl Bflztéi rlixcs?é'%&%gy %%er%&%gyr gg??ﬂ) on
resul t. However, tiye poreapcryurateysignal strenghhs generatedsbynthe ssexrviqichs
generated by tsheap@l ¥aPget HHke beh8EbnbAFediaiid¥ drediGtddii Eheld 8ince the

stream i ned since the.relatively |ess accur,ate _signal rengt h generat b
the nobile bei ngrégﬁgﬂaérlé’d RERTRte Signad i%ﬁﬁﬂ%aﬁ%ﬁfée% 5y the”
cal cul ations (noobdleobeéngi constdered Lorohanddffiobs lused inabgth priddoss
station). The i ”\é‘i’i&gﬂ%t‘i%%‘ %%Bi%gfgsckeﬁ{v?ﬁ% 18226 O¥t &€ SoR AE Ghd e to

agai nst the various bias errors |n nt power mneasur enent. equi pnment

of nobile statiok@rggt,base shabian) ¢ (e WWeRtdve,FeBEighengy theek Aliso
Thus, consi stencyrobddées peotedtion idgdinstpthecviriows Miasneptorseidurat

ool and the tar 4t chE B abasuagiiie B PBhaneree BELIRE SLIELSHG, dHhce
pat hl oss bet weenSusl béag| eprers |shawld FaneghdenRtanatdier; oitehin sone
predeter- mned ‘nargi ARl ceoagmc%oeh%ntaaéomrQjaan{;hénwé&y.
Before the system bel ieves that a _nei oring 20 cell is.a b [_server,
For the mobi o, - AREeDySPEm H5¢ 1 SRRLOTUSH VL | EROpAFHRE) W oPAFRETEB F ndln
present inveAdBi odpwhdinkxpaphtosafbetweern thecserving cekl fandathentaxsget or
gﬁ&f ormed. That anaiBatdCESH] CUith¥Hd askEePEhbs 13 Gpl £RF Phef1b8sHitwien
the serving cell and the candidate cell, within some predeter-
mined margins which account for potential measurement
inaccuracy. Before the system believes that a neighboring
20 cell is a better server for the mobile, the system performs a
. consistency éhéck according to the present invention, for
example, after a conventional verification is performed. That
is, the measured signal strengths are reported to the MSC, and
then the MSC performs a consistency check according to the
25 present invention.

Prior to describing exemplary methods which can be used
to implement consistency checks according to exemplary
embodiments of the present invention, various uplink and
downlink signal relationships are discussed with respect to

30 Pigures 2-5 in order to promote a complete understanding of
the present invention.

Figuré 2 illustrates transmitted and received signal
strength levels (uplink and downlink) for a base station and
a mobile station at a varying distance X. The power level Pbs

35 at which a base station transmits is normally constant. To
illustrate the present invention in a pedagogical manner, it



t hen t hewvd/bsBa8sy f orns a consi stency check according to Iﬁ % resent

i nvention. Prior to describing exenplary nethods which S %5 Ad to

i mpl ement consi stency checks according to exenplary enbodi nents of the
present invention, various uplink and d@enlink signal relationships are
di scussed with respect to 30 Figures 2-5 in order to pronote a conplete
under st andi ng of the present invention. Figure 2 illustrates transmtted

and received signal strength |evels (upllnk and downlink) for a base
stati on and hasbeenRassumed inFigure 2, thatitheymebike statipneendsat Pbs

_ ?ﬁ at whi cth @cbasteaataiem mrmm&xs ilsSimpﬁl.dems Qisdﬁanabg firohUei¢ at 3
e present ,inven in a assuned in

Figure 2, t aﬂs%hsé%b% EP ?a sqghc‘]tﬁét%téfeev%% TRhH is
i ndependent nrecc&aﬁaanhetftrmpwerbbs‘%ebMum vhiichctize mobidecstatiored in
Station &t 'rta‘ﬁ?nﬁ‘?*é&ché‘%ﬁ‘"“mv‘ﬁ*ﬁ‘e‘?’%@?‘**‘ﬁ.‘ﬁ*’ ﬁ‘."f?“‘%’é% *%P@‘% e
base stati oP3§f mgi #Fﬂrﬂﬁﬁﬁ? ‘%&' adust Foﬂf" bgg@'
station. Fi gureebasel smtmes?tgurmaeihbmt@Manmntm@inmdompt '
Appl i cants, f4f e tra lo.t Ifl@égl a (p))
is equal to t 65%‘#44@ % é?liﬁr?%gel i/ge ower 1eve s tae?géDeﬂ
provi ded t h&iranfRid HPU%&Q‘T%%&PP fa(r)) ésrs'i%a%ltqﬁ:-‘ae Lﬁ’rieft%’r'tenﬁﬁr%ﬂ S.
Figure 30| Ipeddinie powies T6velso(DeXta i(8S) )dpi-bemed tifat thete at8aiot he

di fference \% one side and received
signal st reﬁ?\lﬁaﬁ%&%ll%%? %ﬁﬂ’gg% e@%%g‘lgge g g*??‘ngo'f etically equal and
t hei r di f f er ence Biaurg é)illmqﬁﬂ%"h& sameTEencept 4 @ dififerentseay her ej ny
to denote thisd fdipiteraR diifidrente %tbh&notbahsﬂiﬂdsighallsstﬁéﬁétﬁ hat

CeuTalLon (fadhing b8! She 4kl SHHOFbehLEFR ¥iEmaioBEERhERL 2oVels 2h 40 © 20
15 other side are theoretically equa_l and their difference
Delta(p) - Delta (SS) = 0. The variable "m" is used herein to
denote this difference.

Figure 4, on the other hand, illustrates that deviations
(e.g., total hias error) from the theoretical value of zero

20 are due to transmission level inaccuracies and measurement
errors attributable to the equipment. In the base stations
the accuracy of power' setting and measuring equipment is
generally better than the accuracy of similar equipment in
mobile stations. Assuming that any errors are caused only by

25 the mobiles, the total bias error shown in Figure 4 may be
calculated frcm the sending levels and the measurements in the
serving base station itself and in the mobile station. This
calculated total bias error may then be used to provide a
~correction in the consistency check as will be discussed

30 Dbelow.

Figure 5 illustrates the total bias error values m 20 and
the filtered total bias error values E(m) 15 as a function of
time. Also, the standard deviation, sigma (m) 30 and 40, is
shown as a function of time. The error m = Delta(p) - Del-

35 ta(SS) varies with time and is filtered over time using, for
example, the well ‘known Kalman filtering method. A smooth



[
errors attripaCHBi®® o the equi pment. In the base stations tRGI/SES¥UCyY of
power setting and measuring equi pnment is generally better than the accuracy
of .simlar equipnent in nobile stations. Assuming that any errors are
caused only by 25 the nobiles, the total bias error shown in Figure 4 may
be cal culated fromthe sending |l evels and the neasurenents in the serving
base station itself and in the nobile station. This calculated total bias

erlrf)rbmay t hen beursed atsOaprfﬁlﬁiEd.&oﬁ odr témei H8 tnenhebwmatmytwmaas
Wi e di scusse il ST rAlS

val ues m 20 and gﬁ‘%% [ ertr°\r,¥e<fét%%ebl "‘!'hﬁrrofra"L va ues @&% f%lo%id%% Gh9%Sh
of time. Al so, tkeldabldarerrRwi Mregpgﬁm gs) coppanediwiths thewbplsink

function of tinepeabigetlen®s Maddcbi a&a)a taeret FBasé agSSLidA" ld%%x‘ﬁbt h;he
ti'me and is flltered er t n§§u3|

i1 tering et fod SoR¥ 195%?% 8 ver Aitatioh SpiEh atf Bore hnder-
obt ai ned for the tadinabebause dheotivetovext whiclitiheyf aremagﬂdjésmlmmzm a

more reliable error magsYLREBRAre Sm&%@rf&\yetﬂwﬁangphle&nm
made by the target base statlon dur| th conventjonal
verification whi AFSHESIRG E°u‘?’k%rprﬁ%ﬁ%ﬁ' B§8§B§é°¥‘h’es tq%"&\?efrgﬂ ﬁg‘f

are averaged is s:lmr‘ignreAm, Dnsapéﬁaylmuhmd o spwﬁngmmg:umtscelbmm
check accor dhho R EeREESHY. 1h UEK adalolel WHGEN ROMEH! L Befie 1t Tea by

Figure 6, base s Ion € servi or

station 2 is thethe ddgital| lmtﬁnaaéun@am @sntthei basbycandidate tfor the
| ocating functi ohana td¥er ReStim&ire detation 3he hrhed 1ablelel iMkidtiateat iign

NG Ml couBIRR RotebTedat e £RTRERIA] pdrinetingll UY DM ATR BT
Conbi ner  (out put toMCantennuultignuptever(ahputarfmmt@%?nna to several
15 receivers). _
COMB: Combiner (output to antenna from several
transmitters).
DTRM: Digital Transceiver Module (sending and recei~

ving).
20 cc: Control Channel.
LVM: Location and Verification module (to measure the

signal sent from mobile stations).
Pms: Power transmitted by the mobile station.
SSmsl: Signal strength measured by the mobile from base
25 station 1 {on current (serving) voice channel).
SSms2: Signal strength measured by the mobile from base
station 2 (on the measurement channel).
SSbsl: Signal strength measured by base station 1 from
the mobile.
30 SSbs2: Signal strength measured by base station 2 from
' the mobile.
Pbsl: Power transmitted by base station 1.
Pbs2: Power transmitted by base station 2.
Gtxl/2: Transmit antenna gain at base stations 1 and 2,
35 respectively.



Control Channel. LVM Location and Verification nodu

signal sent fromnobile stations). Pns: Power transmitted by the nobile
station. SSnsl: Signal strength neasuregk by the nobile from base 25
station 1 (on current (serving) voice channel). SSnms2: Signal strength
measured by the nobile frombase station 2 (on the nmeasurenent channel).
SSbs1l: Signal strength nmeasured by base station 1 fromthe nobile. 30
SShs2:  Signal stFEKLYR:nReceIR AiEenna: gain: abnbase rskAtivNSJhand 2pps|
Power transmtted by basersgpégwnrdly.Psz Power transmtted by base

station 2. & x1/2; Ds base d 5
respectively. EIE? Fﬁ# %H(l:el ve an er%?gsgglénbg%g asié'sisé]nﬁalqor?éal and 2,

respectively. Ftxl/2: Trarespectineldt. | oss at base stations 1 and 2,

respectively. 5 reri/BtrRédeivie Cliator Srsky dtOvasy statdonkall ﬁﬁa i and 2,
respectively. Grl/2: NUltI-COU‘Sgﬁ ain at base stations 1 and 2,

DTRM wbassbe Tr anscei ver Modul e (sending and recei - ?l"'g?@%%f ﬁg cure tﬁgz

respectively. Ldl: DovhPFH ss in serving cell. 10 Ld2:
Downl i nk pat hl ossGnglyae gMultb+éoupler gainjpat nkaget stations teandng,cel | .
Lu2: Upl i nk pathl oss ipadeédeiveRy) - O course, those skilled in the art
w | appreciate that base stat]ons and 2.include other features not
“illustrated 15 i nMtgure BoYRL %‘EILP@@% i $8ring geldicgure. Using these
10 Laz: Downlink pathloss in target cell.

Lul: Uplink pathloss in serving cell.
Lu2: Uplink pathldss in target cell.
Of course, those skilled in the art will appreciate that
base stations 1 and 2 include other features not illustrated
15 in Pigure 6 to reduce complexity of the figure. Using these
parameters, 'exemplary formulae for pathloss comparison are as
‘follows. o
- Downlink Pathloss in serving cell is:
14l = Pbsl - Ftxl + Gtxl - SSmsl
Downlink Pathloss in target cell is:
Ld2 = Pbs2 - Ftx2 + Gtx2 - SSms2
Uplink Pathloss in serving cell is:
. Lul = Pms + Grxl - Frxl + Gmcl - SSbsl
Uplink Pathloss in target cell is:
25 Iu2 = Pms + Grx2 - Frx2 + Gmc2 - SSbs2
Thus, the difference in downlink pathloss between the serving
cell and the target cell is:
' 141 - 142 = Pbsl - Ftxl + Gtxl - SSmsl - Pbs2 + Ftx2 ~
Gtx2 + SSms2 (1)
30 and the difference in uplink pathloss between serving cell and
target cell is:
Iul - Iu2 = Pms + Grxl - Frxl + Gmcl -~ SSbsl - Pms~ Grx2
+ Frx2 - Gmc2 + SSbs2 (2)
Assuming that the difference in downlink pathloss is equal to
35 the difference in uplink pathloss gives:
Lul - Lu2 = Id1l - Ld2

20
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parameters, exenplary fornul ae for pat hl oss conparison are Z§TISEIVMHY. -

Downl i nk Pathl oss in serving cell is: Ld1 = Pbsl - Ftx1 + G&x1 - SSnsl 20 -
Downl i nk Pathloss in target cell is: Ld2 = pPgs2 - Ftx2 + G x2 - SSns2 -
Upl i nk Pathloss in serving cell is: Lul - Prrs + Gx1 - Frx1l + Grtl - SSbsl
- Uplink Pathloss in target cell is: 25 Lu2 - Pns + G x2 - Frx2 +
Grc2 - SSbs2 Thus, the difference in downlink pathloss between the serving
cell and the target &Sbs2i == S5851- +| §3ms2 PhsISmsEt % 1Pks 1y x| Pbs BS3s(iGme2Phys 2

+ Ftx2 - QX2 + SSmBg&me1) + (Grx2 - Gtx2 + Ftx2 - Frx2) + (Gtx2 (lhri9 + &t he
di fference in uplink pathloss between serving cell and target cell is: Lul

- Lu2 = Pns + Grx1 - FFX¥} Grol - SShs1 - Pns- Grx2 + Frx2 - Gic2 + SShs2
(2) Assum ng thassuming thatetbe gaidoinl thé palti ossupkergisithe sifne Hn

Ssbs & ssm? - 26 odT iy 0 CRBretler e ang fientd fpun B IR,
Frx2) + (Gx2 - thexypiipkand deynhinkpathi ithe ﬁatiteﬁeagfs%thﬁ qonsifhency
coupler is the sneex &aﬁ beotforarilateddd:t hat feeder | oss and antenna gain

is equal in the upI| d k g\%ﬁrit La f he conS|st cy
check can be fornul a %’3 d%;izrl s%é% s{’égms?bf%Pbsl - gr}
(3) The list below i ﬁ%necéﬂ-éty bﬁbﬁ‘p}lm@lm iexemplary: waye in Mrm
val ues can he OkicdistRdment! V&1 8¢S (¥ be ¢mﬁ{amtinaemwstb&nsd ﬁky:-;@ﬁent
according to the %gesgn mve&p gqp- Pstinsg thl nf QU8 |gxr11va t base
station out put ency check according to the presen en
Pbsl/Pbsz Information about base station output power can
be taken from the cell parameters PSVB and PSMB
determined during digital locating, for example,
15 if they are defined as the output power at the
COMB output.
Ssms1l/SSms2 Signal strength measured in and reported from
the mobile is known by the base station and

these values can be inserted into the handoff

20 request signal from BS to MSC.
SSbsl Signal strength received and measured in the
serving base station.
SSbs2 Signal strength received and measured in the
target base station.
25 Thus in implementing the.consistency check, the MsC

checks to see if the uplink signal strength measured in the
target base station is greater than or equal to the right-hand
side of equation (3) minus a safety margin which, for example,
is applied to compensate for measurement errors and the like.

30 That is, the MSC checks:
SSbs2 > SSbsl + SSms2 - SSmsl + Pbsl - Pbs2 - SSmargim)
According to another exemplary embodiment of the present
invention, equation (4) can be adapted to take into account
the statistical variations in the bias error described, for
35 example, in Figure 5. Whereas in the previously described
embodiment the SSmargin value of equation (4) is a constant,



be t akerwéossisshe cel | parameters PSVB and PSMB det er mi E’i' ?)& di gi tal

| ocating, for exanple, 15 If they are defl ne e out put
power at the COMB output. SSnsl/SSms2 Signal strength measured in and
reported fromthe nobile is known by thetdase station and these val ues can
be inserted into the handoff 20 request signal fromBS to
MSC. SSbsl Si gnal strength recei ved and neasured in the serving
base station, SShs2 stren ec |ved and neasured in the
target base iPaftfi$h P¥epent em#ﬂ%@m ﬁfﬁm{fﬂ unardan fEytheeck,
the MSC checktabdlity of thecerypdr mkas mgﬁahctionrmgttimeasmaed the {Akuéar get

base stat i OngirSy YAl si&ﬁqucﬁam' thid L.Jgfgiﬁ%&oug ek dpploiady | O

(3) mnusasafet IS a e for

measur enent BFPQP%‘EQEG 9ﬁ§a1F?Refh% ﬁ'h"ehe ivalue, of VGWéGEs“QSBﬂY[err]
SSbs1 + SSnsPhusSEhel diffixénce Hhsﬁpliﬁirmngldmiixﬂcm 1®sisqy apoteer

exenpl ary enQRg %%1’?% cIJl[ SSSQ'[ (M6 t‘# equation (4) can be adapted

to take into acc stlc a|0n5|nthe bi as error '
described, for 35mexafBhsd =i RESlbu# «S8bsther38msin. t he previously @8kcribed

embodi ment t BenSen® i '%h\é%hrﬁﬁieelfﬁ@été"&b@@)t' ﬁeé‘s&fﬁﬁéﬁ”errorslllahj? the
present enbodi nent SSne, ]#eqr:lls a unctlonﬁif t he ag:lﬂ“&c of thé efTor m
as a functi of°BFe¥Pn¥ §he2DaPEESDT VAT YEri e HRIF BhiSnargin
al |l oned 10r mepsuredgandhstaved for g cammber i samplies tel dtevhtivedyi es
slightly. 5 ;gggrhﬁﬁedéﬁféyﬁlcgsﬂmggélﬁ\(m)algg downlink path loss, m to the

serving cell can be neasured Pbsl” - Pmsl) + (SSbsl - SSmsl)

(5) Since m.is theorgmcaldl p(j,)ar.p (apgqm)prgasurenent errorsggjany nonzero nj
is also an error value. The total error mis:

where n = the sample number.
The variance of E(m) is estimated as:

_ V(m): = ((n=1)/n) * V(m) + (n+l) * ((E(m)-m)/n)? (7)
15 The standard deviation is then:
o(m) = SQRT (V(m)) (8)

In formula (4), according to the present embodiment, SSmargin
will be replaced by a function, e.g., as follows:
SSmargin = E(m) - 2.3 o(m)

20 For this particular example, the margin is set to avoid 95%
(2.3 o) of the bias errors whi_.dh could otherwise skew the
result. Of course, thoge skilled in the art will recognize
that other multiplicands for sigma could be used to achieve
higher or lower probabilities as desired.

25 Accordmg to another exemplary embodiment of the present

' invention an alternative exemplary formula for pathloss

" comparison is as follows.
Idl - Lul = Ld2 - Lu2 o o (9)
which indicates that, assuming no errors in the base stations,

30 the difference between downlink and uplink pathloss should be

' the same for the path between the mobile station and the
serving base station on one side and the mobile station and
the target base station on the other side, because the
inaccuracies in the mobile station both regarding measuring |
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10 nmeasured and stored for a number of sanples to iterativ@CFSEEY®IN ne an

error estimate E(m as: E(m: = E(m + (mE(mM)/n (6) where
n = the sanple nunber. The variance of E(m ;s estimated as: V(m: =
((n-1)/n) * V(M + (n+l) * ((E(M- n)/n)[err]l (7) 15 The standard
deviation is then: [err] = SOQRT (V(m (8)
In formula (4), according to t he present enbodi nent, SSmargin wll be

repl aced by a fuqumpmenteagd tEansmission l‘iﬁmlsgane:t& rdame 2n3bpthrgidgs 20

For this particiyeggnax johhe margin is set to avoid 95% (2.3 a) of the
bi as errors which coulgaﬁ Ee?vm se skew the re O course, those skilled

inthe art will recodf fS“Fﬁ&P“of?\briﬁnﬂqtl BPFiﬁﬁﬂgdeﬁe Sepaen: 48 that theq
to achi eve hi ghsigmallsowsnsgiderad lintladeasodhannell. r&dio energy omxr dbitgext 0

anot her exermyl aiyt SR ol tHEePERSBI ahAUABARBORE SALRIABY Bignys

exenpl ary formula tor
Lu2 lowed. 'A certain i1 Mmsmmmsumd ineauakiond9)

er{ﬁlrs in L hel 3&%&- thald¥ers &Quséhaa th&aimﬁa | hfafsﬁﬂdﬂdﬂ Jnk -
at hl oss shou S 0 e sta an

gervi ng base st &% % %p’gﬁ gﬂgqg?&é %P'f h’«? #ngg‘i’%ﬁmmf ‘Bhe # %‘et "$
station on the ects asdea, mmqmethmsheﬂ:@m eThis t bhresdold mayt iben

bot h regardi &0hY PBRN twipith S | fyehpaake ddi
sanme on bot %%gl ?'s ofﬂe?ﬁ:e equatlon oR" v ta &I s%eﬁ'gt ggt Ihg‘fdl ed the

,f equat | Onh’iﬁ
reason is that %"&'oﬁé’ie&ef‘@ércpn REHACRLRF FRETCE 2 e rtRFome
ot her 5 di sturbme.s apd bhéing idonsideredd [Phedthresholddndye alispavary auitth A

ge”ai n inequal l"&ﬁ‘ %qgiga'oho‘ﬁ?@ VargdHak! 8F AdiclPhtdd S fidAS, CaRed
y the serving and tar
threshold is still predefined in the sense that at the time of
15 the consistency check it is known.
The above-described exemplary embodiments are intended
to be illustrative in all respects, rather than restrictive,
of the present invention. For example, although the il-
lustrative embodiments have been described in terms of mobile
20 stations, any type of remote station in any type of radiocom-
munication system (e.g., PCS, wireless modems, personal
digital assistants, etc.) will benefit from the present
invention. Thus the present invention is capable of many
variations in detailed implementation that can be derived from
25 the description contained herein by a person skilled in the
art. All such variations and modifications are considered to
be within the scope and spirit of the present invention as
defined by the following claims. '
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predefined threshol d This threshold may be 10 differént i I ng on

whi ch target —s—gnder con- sideration or even which particular target
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described ing Egrﬁ‘én‘& ot B0 ddm 20 af f{:éfn?ra??icp ni’xfelr %‘!H)té’ ﬁ%@ih&i‘ In
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per sonal di gF?H-uh%' i Bphite telephone ﬁyﬁtﬂ%f i §a ?oﬁ??ﬁﬁmpﬂ-BEEH@i!‘%vént i on.

Thus the presepving\eitd stationapdehctrdnsmits withad ifdwsti powiat devell,

1Pl ement at i gnLhakeC R0 0° ARELKRINhIOH 20ahREs 0E5GLER! OBeBORPBEL: NOr oI

by a person Ski varratrons rons are

consi der ed- t develandia nphile shationwhichitransmiks yithopithirdonoven as-
defined by t!i!évéQ'drmNbBﬂmﬁhﬂbﬂﬁes viaiadio éérndétidbwith thesBByiing for

confirmng apn_identit a_tar |1 f.or off froma digital traffic
channel in agaﬁ') ?fa?t%%lﬂ lﬁ°§1prﬁ%§f'pe&?%lsetpﬁ?(ﬁ1§}gystem sai d system

i ncl udi nd%a 5 sermeagubing aifixisgnpabhless riman uplinkidirdctinn podea
level , a targghboRdSsathfddd in i &Miﬁﬂé féitr%dﬂi% afsew&%d&wveanhs&el and
am)blle staglon which transpits w Hdg& | ev nlcates
via a radi o EdRReReIPSN « Fa1P  SEIV Pﬁgtﬁ’%ee Statien, %'(énp? B"P test epsy
of : 10 statdongng a first pathloss in an uplink direction and a first"

pathloss in a dowgpigky, g'ar Sfffé’P%ﬁlzlEe LH@w%éﬂ's%f&)Eﬂf& paleRBoBELYAG ' d

servin base station an
J uplink and downlink direction of the radio connection between

said serving base station and said mobile station, thereby
obtaining a first total error; '
measuring a second pathloss in an upl_irik direction and a
second pathlos in a downlink direction of a radio path
20 between said target base station and said mobile station; _
forming a difference between said second pathlosses in
the uplink and downlink direction of the radio path between
said target ba_sé station and said mobile ‘station, thereby
obtaining a second total error;
25 calculating a difference between said first and second
total error:; '.
comparing said difference between said first and second
total error with a predetermined threshold; and
_ confirming identity of said target cell when said
30 difference does not exceed said threshold.

2. A method for confirming an identity of a target cell
for handoff from a digital traffic channel in a digital
cellular mobile telephone system, said system including a
serving base station which transmits with a first power level,

35 a target base station which transmits with a second power
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form ng a di Pf @n.ce\be%{;\/\gﬁg'said first pathlosses in the 1BCT/E95/04°9nd

downlink direction of t wei-oconnecti on between said servin
BEEN

station and said o ation, thereby obtaining ;
measuring a seco @ ; MKW uplink diTtection 5ER Dpat hlpss in
a downl i nk dlrectlo [o) i 2k wr i ath 20 between sai d I on
and said nobile station; for Mi ng a difference betweén said second

pat gl 0SSes | B t hevepl ank a’:lﬁdhdﬂl%ti&dih wedichotransiibies wadinoa peti fird gicwesn
said target bas t de ¥

second t ot al er?g?&i%%?@Hnggkgﬁggﬁlﬁ 2a aﬁ##f%}:gﬁ%é&%@(é&%@%% ri &g
and second t ot aPaserstationpfanpyisding Shef stepe® ©fifet ween said first and

second total error Wphbhsdrph gd%&rsm Néxl t Beesha! Q}at?a'l@s&%&flfr{naﬁ ugaRinkt Y

f idt t |1 ff d
Chreshol d. 55 dirpetisn and %ﬁfqﬁ‘mﬁéﬁg%gﬁf????ﬁ +ha°Fad13 Eannectign

handoff from a begweeh said fsexrvwimgnbekei stationiardd sedd| wohilemtidtion;
tel ephone system Safgrﬁhag r% &f#f@f&%é‘ SS{:W;SH lkasa Sfiaié@naﬂ@' Scona

transmts with a fijrst t ar get. base , station K ‘
transmts with BaEEEBﬁﬂeﬁoﬂérthe “P@\;EF‘ %ﬂﬁ %&Yﬂ?&i%@?&f’f‘éﬂnm c‘H‘el FaRdRit s
with a third pogsefsnéettbnetweasnsaidasesving baseadtatdonnand i sxidvniobillee

serving Dasgos! gth8lon A St FHERS VAL TR Libah AlfhesPRAd

pathl osses 1h anu on a In a
di rection, respeé@i‘?e‘!‘?bi]e# statiofndi o connection between said serving base

st gt ion agd salh f' mbméesﬁfﬁﬁgcm tﬁi&rdrpaanaodsfiﬁraeaeenmehwmé@wbﬂ ldtshlo
connect 1 on bet ERRTS-PAER e Haltl taras bgecabaion il sald pRPLLe
t her eby obt ai ni 8atiionfue of a total error related to said nobile statlon;
15 calculating an expected fourth pathloss in the uplink
direction of the radio path between said target base station
and said mobile station from said measured third pathless and
said total error:
determining an expected received signal strength of a
20 signal transmitted from said mobile station and received in
said target base station from said expected fourth pathloss
and said third power level;
measuring a received signal strength of a signal trans-
mitted from said mobile station and received in said target
25 base station;
comparing the value of said expected received signal
strength and said measured received signal strength; and
confirming the identity of said target cell when said
measured received signal strength is greater than said
30 expected received signal strength minus a safety margin.

{ 1Y)

3. A method as claimed in claim 2 wherein the safety
margin is a constant.
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measur i ngve9s/3isgod pat hl oss in a downlink direction of a IF %ﬂ bet ween
sai d target base—startomnmjland said nobile 15 st.ation; cu

\—T\@SHEETp%ﬁtﬁE&é‘% in the uplink direction of the radi o path between
saidtrgetﬂmﬂ\ ; and sai d nobi | e 1& at'i on ed third
pat hl ols—and=57 o- al error; 20 determ nlmumuﬂmmummullecel ved

si gnal strength of a signal transmtted from sai d *nobi | & stat’i o and

received in said target base statlon from sai d expected fqurth pathl oss and
said third pover ldvel ;A Rehed 3 glaiped,in %*%ﬁ é‘t"’reé‘?ét"h the gatetyial

trans- 25 mxh&ﬁ;lui rizrrasﬂndchwmloaf atstatistiichl variandei rekatihg goost base
station; é&g ﬁbe \éagggFo;}._égé ﬁﬁg gg ecei ved signal strength and
gha ngt

‘sai d neasure recei ved si fl rmng the identity of said
target cell when said 30 neasured received signal strength is greater than

sai d expected recesyed %igethodt FoRrghandings cveral commuri@ition3. witrA iTEt hod

method ae B SFHRGET SEREERR Prnd e RLFRE BEGH, Seatid Ph Bhcnng Boess s
statistical vetatier cqnmtitsigug thet stepstofsne of said steps of measuring.:
S. A nethod for daeehhin e Encﬁ’ﬂim Sﬁh'apao%ﬂnﬂ p'iﬁlﬂ@ﬁseféiétdcﬁ”ofrom a

detormining SFRARITHREE APE, SRSANG AREBAEHRBLENE relatve, £o, Fdl: ppbileng
second base sstation fremknoen ttransmissibn signak strehgthslarmweceived
T T e S LU SNt
generat ed by. said ‘Fﬂ)’tﬁ‘l‘ ting P&ne&%%’ﬁe%ﬁeES?Heglﬂﬁa]sﬁFﬁﬁﬁm imgaid (
pat hl osses frestond base station of signals generated by said mobile
station based on said signal strengths and pathlosses from
said step of determining;

15 confirming said second base station as an appropriate
handoff candidate based on a comparison between said expected
signal strength and a measured signal strength associated with
signals generated by said mobile station and received by said
second base station; and o

20 handing over said comunication if said identity is
confirmed.

6. The method of claim 5, wherein said step of confir-
ming further comprises: _ '
including a safety margin in said comparison.

25 7. The method of claim 6, wherein said safety margin is
based on a standard deviation of bias errors.

8. A method for handing over communication with a
remote station from a first base station to a second base
_ station comprising the steps of: _
30 determining if the inequality SSbs2 > SSbsl + SSms2 =
Ssmsl + Pbsl - Pbs2 - SSmargin is true; and '
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said step WP ni ning; 15 confirmng said !'S‘ECOTTCT %S"Sggﬁsﬂoﬁgy
an appropriate ‘handof T candi date based on a conpar ills bfilbetirierAs SEEN
expect ed si gnal sured sigpgl strefigith aSSBEAGERd wi t
si gnal s generate 'mﬂg w&r@ statl on and received by sai d Second base
station; and 20 r said communi cati on based on the result
of said confirmng step 6. The met hod of claimb5, wherein said stéa
confir- mng further, SKer ldmdungtéosatet'?hﬁﬁ%ﬁ?r@ Pasg pFta °n
conmparison. 25 Ch ¢ &b step.sai d safety margin
i s based on a HaERMMPWD; ﬁ??"gﬁéo ?gg ae%'ors “w A met hod for handing
over communication with a renote station froma first base station to a
second base station conprising the steps of: 30 determning if the

i nequal ity SSbs2 > SSbsl + SSns2 - SSnsl + Pbsl - Pbs2 - SSmargin is true;
and handi ng over comummication to the second base station based upon a
result of said determ ning step.
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