WD 03/ 050976 PCT/ US02/ 39207 HANDOFF I N A HYBRI D COMMUNI CATI ON NETWORK
RELATED APPLI CATI ONS [ 0001] This application clainms priority to U S
provi si orab opa@smemé application entitled "Method and Apparatrusot/snoe?

Ef fecti ng Handoff Between Different Cellular Conmunications Systens”,
serial no. 60/340,242, filed Decenber 7, 2001, and clains priority to U S.
patent application entitled "Mthod and Apparatus for Effecting Handoff
Bet ween Di ff erent EANDOEF ISHYBRED COMMYNIEATIONMNETIWEORKIOCket  nunber
020043, filed February 14, 2002, and clains priority to U S. provisional
patent. application entitled "GSM Authentication, Encryption and O her
Feature Support in a CDMA Ix Network Using a GSIVHx MSC', serial no.
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effecting handoff between different cellular communications systems.

I1. Description of the Related Art

[0003] The so-called code division multiple access (CDMA) modulation technique is
but one of several techniques for facilitating communications in which a large number
of system users are present. Although other techniques, such as time division multiple
access (TDMA), frequency division multiple access (FDMA) and AM modulation
schemes such as amplitude companded single sideband (ACSSB) are also available,
CDMA has significant advantages over these other modulation techniques. The use of
CDMA techniques in a multiple access communication system is disclosed in U.S. Pat.
No. 4,901,307, entitled "Spread Spectrum Multiple Access Communication System
Using Satellite Or Terrestrial Repeaters”, assigned to the present assignee, the
disclosure of which is incorporated herein by reference.

[0004] In U.S. Pat. No 4,901,307 a multiple access technique is described in which a
large number of mobile telephone system users, each having a transceiver, communicate
through satellite repeaters or terrestrial base stations (also known as cell base stations, or
cell-sites) using code division multiple access (CDMA) spread spectrum

communication signals. In using CDMA communications, the frequency spectrum can



WO 03/ 050976 PCT/ US02/39207 2 be reused nultiple tinmes thus permtting an
increase in systemuser capacity. The use of CDMA techniques results in a
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handof f wi fdjtied aiiaMbee™eciver in the cell base station handling the call or connection
notices that the received signal strength from the mobile station falls below a
predetermined threshold value. A low signal strength indication implies that the mobile
station must be near the cell border. When the signal level falls below the predetermined
threshold value, the base station asks the system controller to determine whether a
neighboring base station receives the mobile station signal with better signal strength
than the current base station.

[0007] The system controller in response to the current base station inquiry sends
messages to the neighboring base stations with a handoff request. The base stations
neighboring the current base station employ special scanning receivers which look for
the signal from the mobile station on the specified channel. Should one of the
neighboring base stations report an adequate signal level to the system controller, then a
handoff will be attempted.

[0008] Handoff is then initiated when an idle channel from the channel set used in the
new base station is selected. A control message is sent to the mobile station

commanding it to switch from the current channel to the new channel. At the same time,



[ 0008] Handoff is then initiated when an idle channel fromthe channel set
used in the new base station is selected. A control nessage is sent to the
nobi | e stwDiodns09cOMEanding it to switch fromthe current eloarnrse?/34207the new
channel . At the same tine, WO 03/050976 PCT/ US02/ 39207 3 the system
controller switches the call fromthe fi3rst base station to the second base
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unnecessary handoff requests 1 ncrease e possibility of the nobile
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between the two base stations. Such additional unnecessary handoff requests increase
the possibility of the mobile station incorrectly hearing the channel switch command or
failing to hear the command at all. Furthermore, the ping-ponging situation raises the
possibility that the call will be discontinued if it is inadvertently transferred to a cell in
which all channels are currently in use and thus unavailable for accepting the handoff.

[0011] In U.S. Pat. No. 5,101,501, entitled "Method And System For Providing A Soft
Handoff In Communications In A CDMA Cellular Telephone System”, assigned to the
present assignee, the disclosure of which is incorporated herein by reference, a method
and system are disclosed for providing communication with the mobile station through
more than one cell base station during the handoff. In this environment communication
within the cellular system is uninterrupted by the eventual handoff from the base station
corresponding to the cell from which the mobile station is exiting to the base station
corresponding to the cell to which the mobile station is entering. This type of handoff
may be considered as a "soft" handoff in communications between cell base stations

with the mobile wherein two or more base station or sectors of base station transmit

concurrently to the mobile station. The use of such "soft" handoff techniques has been
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nobi | e station term nates communi cation through the correspondi ng base
st ati on whrpmmunicating has fallen below a predetermined level, the mobile station reports the
measured signal strength indicative of the corresponding base station to the system
controller via the base stations through which it is communicating. Command messages
from the system controller to the identified base station and the mobile station
terminates communication through the corresponding base station while
communications through the other base station or base stations continue.
[0014] Although the foregoing techniques are well suited to call transfers between cells
in the same cellular system, a more difficult situation is presented by movement of the
mobile station into a cell serviced by a base station from another cellular system. One
complicating factor in such "intersystem" handoffs is that the neighboring cellular
system often has dissimilar characteristics. For example, adjacent cellular systems will
often operate at different frequencies, and may maintain different levels of base station
output power or pilot strength. These differences effectively preclude the mobile station

from performing the pilot strength comparisons and the like contemplated by existing

mobile-assisted soft handoff techniques.



comuni cations through the other base station or base stations continue.
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existing handoff procedures to identify when, and through which base stations, the
mobile station should supplied with new frequency and channel information and
instructed to transfer the existing call or connection.

[0017] These and other shortcomings of existing intersystem handoff techniques impair
the quality of cellular communications, and may be expected to further degrade
performance as competing cellular systems continue to proliferate. Accordingly, there is
a resulting need for an intersystem handoff technique capable of reliably directing the
handoff of a call or connection between the base stations of different cellular
communication systems.

[0018] U.S. Pat. No. 5,697,055, entitled "Mobile Station Assisted Soft Handoff In A
CDMA Cellular Communications System", assigned to the present assignee, the
disclosure of which is incorporated herein by reference, describes a method and system
for performing an intersystem handoff of communication with a mobile station between
base stations of first and second cellular systems. At the mobile station, a quantifiable
parameter of a signal transmitted by a second base station of the second system is

measured. When the measured value of the quantifiable parameter passes through a first
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situations where both systens are

of how to handle inter-system handoff where one or more of the systems is unable to

perform such a handoff. For example, the so-called GSM standard has no mechanism
for a soft handoff. There is, therefore, a problem in handing off a call using the air
interface from a CDMA network to a GSM network. Furthermore, GSM authentication
cannot be done because the CDMA 2000 mechanisms cannot transfer the data required
to do GSM authentication. Encryption in GSM 1is different than the encryption in
CDMA 2000.

[0021] One way of dealing with this problem would be to modify GSM to enable it to
effect handoff to a non-GSM system, e.g. a CDMA system. However, GSM has been
established for a long time now, relatively speaking, and operators will be reluctant to
make expensive modifications to existing equipment in order to accommodate a
neighbouring incompatible system. If new messages are added to the air interface in
support of dual-mode mobile stations, then modifications must be made to support these
new messages. Plainly, this is undesirable form the perspective of the operator.

[0022] Another problem with handing off between a CDMA system and a GSM system
is that CDMA and GSM authentication use two different methods and keys. The



based and therefore both capable of perform ng soft handoff, there remains
the problem of how to handle inter-system handoff where one or nore of the
systens iwousabiogst o perform such a handoff. For exanpl epcrhsoyss2oal | ed
GSM st andard has no nechanism for a soft handoff. There is, therefore, a
problemin handing off a call using the7air interface froma CDVA network
to a GSM network. Furthernore, GSM authentication cannot be done because
the CDVA 2Q@8eiReN&) hfefiode anGEMtandnSDMA tiXe adaagichkby) the edne, that dige SN
authentication. Encryption in GSMis different than the encryption in CDVA
2000. [ 002h3vectiffergaysizgs. MM deK hastadditional pipesduesmsiglurgmeus dialsrgerandcsm t o

Fovover . chapkEIEVEES, VAR Ropec e AT O USH B g i BB SLT o

speaki ng, and operators will be reluctant to make expensive nodifications
to existing equipnent in order to accommbdate a nei ghbouring inconpatible
system |f new nessages are added to the air interface in support of
dual - nrode nobile stations, then nodifications nust be nade to support these
new nessages. Plainly, this is undesirable formthe perspective of the
operator. [0022] Another problemw th handi ng off between a CDVA system and
a GSM system is that CDVA and GSM aut hentication use two different nethods
and keys. The WD 03/ 050976 PCT/ US02/ 39207 7 authentication nethods in GSM
and CDVA | X are basically the sane, but the keys have different sizes.
CDMA 1X has additional procedures such as unique challenge and count

nmet hods, which respectively prevent channel hijacking and replay attacks.
WO 03/ 050976 PCT/ US02/ 39207 8 SUMVARY OF THE | NVENTION [0023] The

i nvention addresses the above-di scussed problens. [0024] According to one
aspect of the invention there is provided a nethod of effecting handoff of
a nobile station froma first base station in a first cellular

comuni cations systemcontrolled by a first nobile switching control
station to a second base station in a second, different cellular system
controll ed by a second nobile switching control station, the nethod
conprising: neasuring at the nobile station a paraneter of a signal



transmtted by said first base station; neasuring at the nobile station a
paraneter of a signal transmtted by said second base station;

conmruni cavong/os09sé gnal qual ity nmessage fromthe nobil e statriusnz/s6z2er t he
first base station to said first nobile switching control station, when
the paraneters reach a predeterm ned cofdition; generating at the first
nobil e swtching control station information for a channel request nessage
for the second nobile sw tchiSUMMARYOOFSEREIINVENDIONNi cati ng t he

information fromsaid firs nmobj | e, swi {.ching cqntrol station to said
nobi | €028kt i on; T&@Hé"lca?‘?%?ffdé‘fss‘fshtbe Apyier S“%‘tsﬁgi ﬁ’qe'f‘f"om the information from

the figdoéa] mobi | ?uc%WdErfgthﬂe QYT Of the ilehBPn thef RIS iddEARREod oTREEAR f O

the second nobile swtching control station; and comunicating the channel
request nmedsadpdt 6f amabie statibn [frons a firstorase statibe i @ dustc-ehvler cemswinicatidnsg

control station. Accor di t 9 anot her aspect of the.invention there
o"br ovi dedseraanralied g BT b v Epge cara ARRSE ho f seiar S Hatdr
operabl e tq Je8&Ri, (Bffereft EIRMEHyktefi B6tRtclleW Byha eédndSinoba sithiak icontrbln a
first cellular communications system a second transceiver chain operable

to recei ves@atigntthamsthod comprising: mieasvriag sié thermobileswatianag paameisr af 8 sigsald

cel | ul ar Qnmuni cat i ons d r e . '

par amet er grf'm %mléq F&g%é(lSa{at@rgﬁg%%gaéﬁgb?%gsﬁggfa?lrtﬂset &Bélgées%ttrl%?? %%aﬁ%éegsolg A ng a
par anet er efgnal tsdrgmittedtyegashidcbidibiy stRidhfdcaamanidatgsesighdltquality message
comuni cating a signal gual Ity nmessage fromthe, ngbi l e .station via the

first basefofnthegnobily datiqn yiathe first basn staticnotonisi HE mpbdle syaiching copiEd! t he
: f tiar t N e
pararmet er IS sif’aﬁ@ﬁ,hwﬂelpfl%gfcﬁ%{l{:}hﬂelgaﬁfrp?g:'cr]éde%mr{e%cﬁnmtf&g, fgéxﬁ%gﬁtﬁsrggat t’clTE ?’fGrFtbase

station ntormat 1 on anne uest nessage for "t on | ul ar
comuni cat nwbile sswichag coptrok sttiongnformatierhdori afchamed irequebt owssage for thst base

station a channel request. nmessage for the second,cell ul ar conmuni.cati ons
eystem and°GOBAMANIEAMAHNE KARTQIRLANOB CHBRHRICHTIEBE Infermeion Eore S fiishob | e

station. [QRAAE shitehiab¥MréiNthtioHtd BAH nhéhileWtRDnOferdeRRink Y Bt h&Fl At Ricret
forth with particularrty in the appended cl ains and together with

advant ages fiohe thsghfomnktiorh fotnthe dirstamebild switthiug cSHeBTIeN RCHAUSI2EEBS0O7 9

Com e e gk 7Sy S RIS e SFRRAREARR, Sy aBTEAY

drawi ngs. Bfidak] feERsRRIdagblfion thElmdBRAWaNGD to the second mobile switching control
station.

[0025] According to another aspect of the invention there is provided a mobile station
comprising: a first transceiver chain operable to receive and transmit signals with a first
base station in a first cellular communications system; a second transceiver chain
operable to receive and transmit signals with a second base station in a second cellular
communications system; and a controller for: measuring a parameter of a signal
transmitted by said first base station; measuring a parameter of a signal transmitted by
said second base station; communicating a signal quality message from the mobile
station via the first base station to said first cellular communications system, when the
parameters reach a predetermined condition; receiving from the first base station
information for a channel request message for the second cellular communications
system; generating from the information from the first base station a channel request
message for the second cellular communications system; and communicating the
channel request message to the second mobile station.

[0026] The above and further features of the invention are set forth with particularity in

the appended claims and together with advantages thereof will become clearer from



[0027] In the drawings: [0028] FIG 1 is a schematic representation of a
cellular system [0029] FIG 2 is a schematic representation of a boundary
bet ween two d@bdoas ar systens; [0030] FIG 3 is a schematipcTdisags®nt of a
dual node nobile station; and [0031] FIG 4 is a schematic representation
of data exchange in a GSM system [0038] FIG 5 is a schematic di agram of
a single node nobile station. DETAI LED DESCRI PTI ON OF AN EMBODI MENT OF THE
| NVENTI ON E&&B}atfonGf the falloavisg benitdd destiptitst 6odn eenplar@Rnds@iing oy the
cellular tel ephone system _The i]lustrated systemmay utilize any of
various nufveplien gi¥ewih sefaienss fodhe ReORPRBYIBE draying$ aci | it at i ng

communi cations between a typically |arge nunber of system nobile stations
or nobile tel ephones, and the base stations. Such nultiple access

comuni cati on syst em t BRIEFQRESCRIRTION OF THE DRAWINGS1ul ti pl e access

(TDIVA%O, frequenﬁ division nultiple access (FDVA), code division nultiple
acces9%dpwvn) , ThUreARAMBERI ati on  schemes such as anplitude conpanded

si ngl fbo%é]debandFxcihﬁis%gtcﬁaﬂa&%ﬁkgélmaﬁomldIcenmgpsg)sﬁeﬁhm que of CDMA,

di scl osed for exanple in the above-referenced U S. Pat. No. 4,901, 307, has
si gni fa022int advEHBager avsshewatirereprestutation ol aekdundgnyebetivsen twol célplar
access communi cation systens and is therefore preferred. [0034] In a

typi cal CDRR'EY%tem each base station transnits a unique pilot signal,

whi chigpagpr | sesFIBEs {slaaohéthail dapr@h of a'dakl AbdEabbil@statidhipand a cor r espondi ng

pilot channel. The pilot signal is an unnodul ated, direct sequence, spread
spect @& 1si gnal FIG rhnsrficheraaficgeprgsantationed dpip exelangp ise GSMsYsE.usi ng a

commg)og%c]eudor apgaeng {s)'%i s%ﬁerﬁﬁ@di%ﬁ?-%%?qis{}%leclggg%m'ggﬁe %t!icﬁ{ signal allows the

nmobi | ations 10 obtain initi system® synchroni zation, i.e. timng, in
addition to providing a phase reference for coherent denodulation and a
reference for signal_strength neasurenments used in handoff determ nation.
The pilot signal as DETAL H%@S%IEEE‘RN&EMFMBQPIW&%Wﬂ% the sane
PN spreading code, but with a diffeNEVENII@N phase of fset. WO 03/ 050976
PCT/ UB023139207 FiG 1 Bocwhematic ilustefion ofes levemplary ellalar felephons systam. The

control I er ilﬁl@gat%&m sgls(%er:]m ]h(q)ay l%hlszg a;& fo‘ta’ l;fgu%jus multiple access modulation techniques for

facilitating communications between a typically large number of system mobile stations
or mobile telephones, and the base stations. Such multiple access communication
system techniques include: time division multiple access (TDMA), frequency division
multiple access (FDMA), code division multiple access (CDMA), and AM modulation
schemes such as amplitude companded single sideband. The spread spectrum
modulation technique of CDMA, disclosed for example in the above-referenced U.S.
Pat. No. 4,901,307, has significant advantages over other modulation techniques for
multiple access communication systems and is therefore preferred.

[0034] In a typical CDMA system each base station transmits a unique pilot signal,
which comprises the transmission of a "pilot carrier" upon a corresponding pilot
channel. The pilot signal is an unmodulated, direct sequence, spread spectrum signal
transmitted at all times by each base station using a common pseudorandom noise (PN)
spreading code. The pilot signal allows the mobile stations to obtain initial system
synchronization, i.e. timing, in addition to providing a phase reference for coherent
demodulation and a reference for signal strength measurements used in handoff
determination. The pilot signal as transmitted by each base station may often be the

same PN spreading code, but with a different code phase offset.



to as a nobile switching center (MSC), typically includes interface and
processing circuitry (not shown) for providing systemcontrol to plural
base statwons/i®ye 14 and 16. The controller 10 al so cont raltausolyes2oout i ng
of tel ephone calls fromthe public switched telephone network (PSTN) to
the appropriate base station for transmi®&sion to the appropriate nobile
station. The controller 10 also controls the routing of calls fromthe
mobi | @ossat i ons In Wiessyatern shasth iafBGbas® systat icomrdlter thé sWEIIN10,Tdie mhatadol | er

10 may direct cal bet en rmbll ers Vi ropri ate base .
station(s) % Pﬁé‘emé’hﬁﬁ 8 cepist i( PRy Wﬁﬁdﬁgﬁm ST PrOSESINg

directly %ﬁaugp%nm%\bﬁr for &,mmg %rﬁ ebhtfdl téglmyoagéstaeml 1©d14 and g base

stations by varfous nmeans such dedi cated tel ephone i nes, optical fiber
| i nks or by"hmcontovl@rdommromthomoutmg@ telephoni| a@lls fromt thee;:elbl;cjcwltelxeérrpl ary
base statlo tha | e.statjo

whion'i ncl dahodé netoRafPSIANEion Bk Siipurtfle RiST Pl oANRSAEISHR tenthe' 200

define the aﬁ%ﬁmk PR HHOR AL ROEbnkoNkr NEEINE @BntRAS theSbatih®Bf dols Frfin FHRDI | €
station 18." Arrows 22a and 22b define the possi bl e communication |ink

bet ween bas®bsle stations, Vip atdaest ppbbase statignite thelBSTINS Fhe eantrpllennt¢ mag dxget and

the mobi | 6 LIRSS oS SRRV AR pRfboral s TERD, GilE BB foBhelufip ) 2

desi gned i Qo @eogprANy Corihapiatesiirettly withont heoth&bi | e station will nor rral |y
be closest to one base statiaon. Wien the nobile  station is idle, . ho
cal | s[40A6hr ogr e§9ntrohE ?R)H}ab’é’es‘f‘é‘ﬁ)?@ntoc@ﬁsl?aéﬁﬁayoﬂ%ﬁyt"éflgust Aeap; F‘EY'P aSS| gnal

transmi ssi ggcflcgt&? [El&ﬁl%ﬁe ﬂﬁ@g ggu&??i‘ﬁﬁlsﬁﬁzs' t%?crbvllén"éséog-ﬂﬂ&qcﬁf&nﬁlrﬁs. th the
pilot signals are transmt mobi 1 € Stat] on t he base
stations 1FP]G.14, thnek ﬁ&hmmplaujné’aseosmmnscaﬂ; b and riJ6salﬁﬁg),w1mZzlm exginpldty,
respectivel The nohi | e, station the et ernm nes ich cell it is in by
conparing B%/qbblf: sEtigRA®: évlhf‘i‘rfa‘flﬂd‘isr%ﬁgmlatrttglapg‘%nﬁe E%rat‘iﬁgrp’trf %q% éH’gs
stations. p@P8find metphﬁslﬁé bRhfinidaligs lihRbEEVeeR bidcGtation 12Nghd RBileSstsitoat | on
18 may be considered’ closest to base station 16. Wien the nobile station
18 initi at 8. Arrowb R2a and:2ht define thegxasgjble commuymention link detween haserréationsd base

station, her S Base st.atio 6 re the call
request ned¥ H’é’%sl t@h g{kﬁ@q gl%wéé Fé? dellJfg'l hepe %%?1%# élgnmtnﬁaetl %al I
number . Thﬁnmbémehma@@btbﬁén ﬂ@artctmanmnee@hsnube call through the PSTN to

the intended recipient. [0039] Should a call be initiated within the PSTN,
the cH987bl | er Theihasmstation serviee @ggap or cells are designed in geographic shapes such

that the mobile station will normally be closest to one base station. When the mobile

station is idle, i.e. no calls in progress, the mobile station constantly monitors the pilot
signal transmissions from each nearby base station. As illustrated in FIG. 1 the pilot
signals are transmitted to the mobile station 18 by the base stations 12, 14 and 16 upon
the communication links 20b, 22b and 24b, respectively. The mobile station then
determines which cell it is in by comparing pilot signal strength transmitted from these
particular base stations.

[0038] In the example illustrated in FIG. 1, the mobile station 18 may be considered
closest to base station 16. When the mobile station 18 initiates a call, a control message
is transmitted to the nearest base station, here base station 16. Base station 16 upon
receiving the call request message, signals the system controller 10 and transfers the call
number. The system controller 10 then connects the call through the PSTN to the
intended recipient.

[0039] Should a call be initiated within the PSTN, the controller 10 transmits the call

information to all base stations in the area. The base stations in return transmit a paging



information to all base stations in the area. The base stations in return
transmt a pagi ng WD 03/050976 PCT/ US02/ 39207 11 nessage to the intended
reci pi entwoobiok®7st ati on. When the nobile station hears apgagsozsessage, it
responds with a control nmessage that is transmtted to the nearest base
station. This control nmessage signals the systemcontroller that this
particul ar base station is in comunication with the nobile station. The

control | er pJls4o088 thecomtedded RRipi&iInhoti1BsiBH. When MeAmebile faseh Kidapd 4 paget O the
nobil e station.” [0040] Should the nobile station 18 nove out of the

coverage amessag, ithiespands ivalth gaepatrol messagn  that. is. trangmiettagh e fherneagest Rase

et ot oROR, TR SRRl nuRstdie Sald it LRt D8ntdifer SRl mid BAALAR: BAQ! her

base stati 8% °fn e hando er’e are erent ne

i ni tiating stabien hafidedrhmahichtien with lth®mobidelkiafign.t THeottglrotlaol téfen lrastes steat i on.
[0041] In a base station initiated handoff nethod, the initial base
station, b&albthseugh thp neargst bass station tp thamebile t3tipial transnitted by the

mobi | Jocp! I on %goma%hé Hdve s%gggyfsams&r b &t thb Qggérggé Sheh OY@le inm?f les%se

stati then tfransmits a han request to t stem controller 10,
whi ch rel agatibhe.¢. dgseestitidrol @lan ateinph Bomadegytobastinee diel clisbyl utifig thef callhe

base station 16. The controller-transmtied reqyest includes info I on
rel ating t(ShrPHé‘ aE‘i’fg?an"I‘s,e i, dp ntbe lhﬁ’ga%%\lp&‘lf&%s g@&%éﬁc f%%‘ﬁ I‘B"{g‘?f{fg&l[ e
station 18;,;Basf Bt &hhRofiBe cANG rbitid diMEoh 286BkVBise sRAtbNE channel being
used by the nobile station and neasure the  signal strength, typically

usi ng [eN4g] t al t dulrhage etation finitated dikndsdE medhtog: thenigitinp basedstatipn, bassestatans

report a stronger sigpal.than the. initial se, station d si I
trength,  priafices fiapRB et msiltod o haim e SeBbo b B FABBRUSS ki
Al ter nat i vehréshold@evieRbThee badeadtitivh 16 3iedn§ tramynitsna thaAdf deduestC@dl the ystem
nobi | e-assi sted handoff. The base stations each transmt a Pi | ot signal,

whi ch, anosenterliesd Ot whishselays the Faquest & all peighbarmgdiage stationsTide L4pbihedass at i on

I S equi ppe | r el . ' . t : th i 1.0 | gnal
transm ssi gtﬁ%#l hl[ﬁeﬁﬁegicgﬂ%@?eﬁ%ﬁ%g{gggéeg{tl%(t) ﬁ}sfaﬁgesaglc{é%g%ﬂlo}lnﬁldﬁgg [ %Oi ?)Hﬁe to
per f or m ng chiriel, ificlading ahs PNl dodelsequenteussi oy alobde statien dR. Base statigisbl@ur i ng

base stations 12 and 14 is found to be stronger than a given_ threshaql d,
then the ndpd 14 tung yfecgiyen 9 ‘8? Shaet eing w&ggfg@e %?lﬁisga%ewa%fne@wﬁ&

cur e DS A AP g el by artag a4 e |
communi cat eedelvecurgpottheestomgensignalrtbarofhebagial baset stativm rEPorted signal strength,
then a handoff is made to that base station.

[0042] Alternatively, the mobile station itself may initiate a so-called mobile-assisted
handoff. The base stations each transmit a pilot signal, which, among other things,
identifies the base station. The mobile station is equipped with a search receiver that is
used to scan the pilot signal transmission of the neighboring base stations 12 and 14, in
addition to performing other functions. If the pilot signal of one of the neighbouring
base stations 12 and 14 is found to be stronger than a given threshold, then the mobile
station 18 transmits a message to this effect to the current base station 16.

[0043] An interactive process between the mobile station and the base station then
permits the mobile station to communicate through the one or more of base stations 12,
14 and 16. During this process the mobile station identifies and measures the signal
strength of the pilot signals that it receives. This information is communicated, via the
base station(s) with which the mobile station is communicating, through to the MSC.

The MSC, upon receiving this information, initiates or terminates connections between

the mobile and base stations, thereby affecting the mobile-assisted handoff.



14 and 16. During this process the nobile station identifies and neasures
the signal strength of the pilot signals that it receives. This

i nf or mat iwo BSs®eeTUNi cat ed, via the base station(s) w tircahison3be nobil e
station is conmunicating, through to the MSC. The MSC, upon receiving this
information, initiates or term nates cohhections between the nobile and
base stations, thereby affecting the nobile-assisted handoff. WD 03/050976
PCT/ USiRAB9207 The {p1@Qdidl pidvess mayglso ibg consdesd tarhy a dbcy Hadofins tderted t o

be a "soft" handoff in that th nobi |l e station, simnmultaneously communi cates
t hrough nofebilRasiaHHe S @ng‘:t“é& Swpmuﬂfﬁ?eﬁgtﬂ’éo%f’tml:?a%f png fpasqvstationn

combi ne or Iﬁ%ﬁg%esé}?hm teev8ana! SriifE by 8Roost RV &AGHe @%ﬁsls%@éwéan Wi th
nobi d e

whi ch t he e unit Is 1n communication during novenent t ween

di fferent ¢ sach rbabé lstationnwih whish MBE mmabile elnity iss img rahsnifmicatmon héurilgSTN t o
each base station with which th bj.le unit js.}jdnCO ni cation. bi | e-
Resi st ed hIIISRR: BHgen Sienkorls” Dot BEnher Mt AP gy SEroR e ens ¢ o
be | ocat edpswiN f SachHas€ SMBbRUEthAWRRK Ghe InV¥bilerunifolk Gn RBFRTH@LANSI0BAL-
within the sane cellular system i.e., not controlled by the same MSC

[0045] Oneassiatecoharidoffs tensk fodreningiy complentft the ieabile stetion deppanato badosatadhi n
different systens will now b scrjbed, wit erence.to Fl G i ch
shows in S(Y,VH%‘H% COSFR® %{g\%gﬁt‘g?ao& Aég%#eca%t{ogglsn oﬁ@flfvi\lg% %%%f’?en%el lﬁ%lh are

i ncl uded asydRivh i.«calot Ubrtfolled B &lv sabe. MISCl S- 95 1X) under the control of a
CDMA nobile switching center MSCc, and a A GSM cel | ul ar systens under the
cont r 69048F a GSMNeAPPreach ip (ReHPHRING ¢h handoffsegweet base) statiops wighip ¢iffergnt

illustrati i b ' B5A
respoct | ver 5 s SRLAREBE Rbecktolf M R RHETRL BICL AR AORE BB ity P20,
base st at a@eHulBd BormmuBkBionsaspeaki 30einywhioh ateticiudedarCRDMA celula sgdtBm t o
CoB of the GS m Al t hough,  for eni ence of il ust an, th
OB, he ey N e PRl BP OV R e ek SRR 50X o e
under st ood G {cefilht §yfswrﬁé ufdéP kifedd dnroP 81 a dSSN1ANEHS et ik catdseBapes and

inreality wll have Torns dependent on the terrain and topography of the

area i n whFt@. 2hihgreaars illosimtiefgly I‘ﬁnree?md fige Isuchs exsptlarydase AtationsCBAA tand C1B
br oxi mat o e FRsTHUEY BT eRE 1 fde St SIMESrERu i Pk ome i s
desi gnat i 08tafibhOBI B! (BEBSB GBEebERy McatddewiBinl the Well§1i01BeRC TSBY6SH @8 GSMbe
conveniently referred to as "internal"

system. Although, for convenience of illustration, the cells C1A to C5A and CI1B to

C5B are shown as being circular, it should be understood that cells will typically be

designed to be of other shapes and in reality will have forms dependent on the terrain

and topography of the area in which they are located. In what follows cells C1A to C3A

and C1B to C3B may be referred to as "border" cells, since these cells are proximate the

boundary between the first and second cellular systems. This designation allows the

remainder of the cells within each system to be conveniently referred to as "internal”

cells.

[0046] The following description will be given with reference to a mobile station,

which is capable of receiving and reacting to signals from base stations within both

CDMA and GSM cellular systems. It is contemplated, however, that any types of

communication systems may be used, such as CDMA One, CDMA2000, CDMA 2000

1x, CDMA 2000 3x, High Data Rate Principles (HDR), CDMA 1xEV, CDMA

1xEVDO, TDMA, TDSCDMA, W-CDMA, GPRS and others. To this end, in one

embodiment, the mobile station is configured with a dual-band transceiver having a

receive chain tuneable to the different operating frequencies of the two cellular systems.



cells. [0046] The foll ow ng description will be given with reference to a
nobi |l e station, which is capable of receiving and reacting to signals from
base st atwors/ossorhi n both CDVA and GSM cel | ul ar syst ens. PCI/Us92/39207

cont enpl at ed, however, that any types of comunication systens may be
used, such as CDMA One, CDMA2000, CDMA 000 |x, CDMA 2000 3x, High Data
Rate Principles (HDR), CDVA 1xEV, CDVA 1xEVDO TDMVA, TDSCDMA, W CDVA, GPRS
and ot her s A scheinbtis depchm bhiswhes mebibostatients, givéreinn®l. | 3eoStha tat@mpasying

configured with a dual -banpd transceiver havjng a .receive chajn tunegble to
the di fferéWthweﬁéﬁ%H}j“ft T Ei%@llsfs_tat“F?B_‘{%%’n&@rSFﬁP’éﬁnm% g%ﬁ‘?nﬂfﬁe% |
03/ 050976 B@%Spéfpgef%ﬁ& t%tﬁawﬁma&n@sﬁﬂ{%ﬁl r@éepﬁHﬁ Bhéin ABRhd § éMt 1 ON

is given in the acconpanying draw ngs. As shown therein the
mobi | e st atramsmidforc angbriesapsionrchaimt d8.ndhel 2Zrapsmiseionacceptibm @whgins 46¢i48| arcer 44

to both a CDVA transm ssion and ti ain 46 d a.GSM,  transm ssion
and r ecept FOYCETEN DRETE TRpeg e CHICRROR M auredn. harfumsgrue ey
convent i ongémb@latbd @nd esPREkH \18taGOM coAREnt (GBS WiSinG Mircuil 136, &hPic0sive dhfaut
suitably denodul ated and converted data to a convention baseband circuit

50, and r efwitsapsmiissian frome therbapehand sirgnt $0.chertrrasiissiopgreeptpn ehdins 40 48The
transm ssi on/ receptjon _chai , . A48 C d oJ,! 52,
whion arofty SRRERed B a SORMRr 82 whith, M AL RingS ileals BARKEPIeRhOD |

command si giahsSinfregontd® oiivhardl sigd SymttRenCDMASor GSMidystem. ETHedinn@ist , t he
two chains are not active at the same_ tinme, In another enbodinent, the two
chai ns may SBBodiment dheyfwq pleaiRsgrs not gelive] Yohe pame, tigifot Wetnoghsh SERLAEIEILL he

nobi | e Startﬂb%oicﬁaﬁQHIag?)lé{aE‘gv%/\AtttﬁE 'tP.gé_e transcei ver having a receive
e two ce

chain tuneable to one ular systenms. A schematic di agram of
such §00opi | e simtdnother sergbodementn the Gnobilofstittm as coomfigwgd ngithdaasmglgs. As
shown therein the hile station 53 cogﬁri ses an %Qt enna | exer 55

§4. A dirB
i s connect BESCEVE t& LG561YE siath tungePle doepte 8h R Avey csBuler £Y§E™ME 4 cova

handset) . QURRIWE Ragrih S MRbh lhemdbitd ko ® bives WIIGL 8Cbitife %c@'l\ﬂanging
transm ssion and reception chain 57. The transm ssi on/receg‘;{;on chains 56,

57 are convemingsnals shown theg¢in the mepidastatian Fhrnpmsgs aspnisyna A diplexerhai n
UL DU, 138 ASTRCH A A A S AR s QPR BASDaN
handset). Otherwise, the mobile station 53 is connected to a GSM transmission and
reception chain 57. The transmission/reception chains 56, 57 are conventional for their
respective CDMA and GSM systems. The chain output is suitably demodulated and
converted data to a convention baseband circuit 58, and receives data for transmission
from the baseband circuit 58. The transmission/reception chain, either chain 56 or chain
57, is controlled by a controller 59.

[0048] Returning to Figure 2, the CDMA mobile switching center (MSCc) controls the
routing of telephone calls from the public switched telephone network (PSTN) to the
appropriate base station B1A to BSA for transmission to the designated mobile station.
The CDMA mobile switching center MSCc also controls the routing of calls from the
mobile stations within the coverage area of the first cellular system, via at least one base
station, to the PSTN. The GSM mobile switching center MSCg operates in a like
manner to govern the operation of the base stations B1B to BSB, and to route calls
between the PSTN and the GSM cellular system. Control messages and the like are
communicated between MSCc and MSCg over an intersystem data link 34.

[0049] When a mobile station is located within an internal cell of the CDMA system,

the mobile station will typically be programmed to monitor the pilot signal



fromthe baseband circuit 58. The transm ssion/reception chain, either
chain 56 or chain 57, is controlled by a controller 59. [0048] Returning
to Fi gur ewd,030b®7€CDVA nobil e switching center (MSCc) cont paitaishie207 out i ng
of tel ephone calls fromthe public switched tel ephone network (PSTN) to the
appropriate base station B1A to B5A forl4ransmi ssion to the designated

nobi l e station. The CDMA nobile switching center MSCc al so controls the
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transmtted romthes 0 tlons en t Ile station
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systens, then the handoff nechani sm described in
C2B. There is, however, a problem in that there is currently no mechanism for handing

off a call using the air interface from a CDMA network to a GSM network. GSM
authentication cannot be done because the CDMA mechanisms cannot transfer the data
required to do GSM authentication. Encryption in GSM is different than the encryption
in CDMA. If new messages are added to the air interface in support of dual-mode
mobile stations, then modifications must be made to support these new messages. This
is undesirable.

[0052] The solution to this problem is to use a generic message containing instructions
that enable the mobile station to transfer from the CDMA network to the GSM network.
The generic message must be able to convey data necessary to effect GSM
authentication and encryption. Preferably, other supplementary features in GSM should
also be supported by the generic message. In other words, established GSM protocols
must be kept intact so as to minimise any changes in existing GSM systems. Part of the
handoff operation includes establishing subscriber identity and once the handoff has

been affected it is necessary to maintain signalling and data confidentiality for physical



U S. Pat. No. 5,697,055 could be used effect the handoff between cell C2A
and cell C2B. There is, however, a problemin that there is currently no
mechani snwbas/ob@niei ng off a call using the air interfacePoTarsoa3CDVA
network to a GSM network. GSM aut henticati on cannot be done because the
CDMA mechani sns cannot transfer the dat® required to do GSM

aut hentication. Encryption in GSMis different than the encryption in
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be uni-directiona bi-directional. One"type of tunnelling nmeChanismis
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Cont r ol | er 1JBSCadaHtagd of thiS e8! Beksh¥SH i@k#matiBsl 8nd-to-end between the network and
the mobile station without requiring any changes to the CDMA BSCc or BT Sc.
[0055] In the network arrangement shown in FIG. 2, ADDS messages that are used to
convey GSM handoff data, such as timing information and authentication data from the
MSCc through the BSCc to the mobile station. The mobile station then uses so-called
MAP (Mobile Application Protocol) messages to convey the handoff data to the MSCg
in the GSM network. This requires only a small change to the MSCg to enable it to
interpret the data in the MAP messages and control the mobile station accordingly.
Other alternatives for transferring the data are, of course, possible.
[0056] When the mobile station is at the border between the CDMA and GSM systems
(e.g. in cell C2A and approaching cell C2B) the mobile station begins the handoff
process by sending a message back to the MSCc notifying the MSCc that conditions are
such that the mobile should be handed off to the GSM system.
[0057] A cell database (not shown) may be used as part of the handoff procedure. This
database is used to provide essential information on the GSM network to the mobile, so

it will be able to perform a hand-off between the CDMA MSC and GSM as needed.



nobil e station. The use of ADDS nessages together with data bursts allows a
generic payload to be sent between the nobile service switching centers
(MSC) of wbasnsnor ks or other network el enments (e.g. SMBCTS®2/8920M

| ocation server, OTASP). The system takes advantage of this to pass GSM

i nformation end-to-end between the netwb®k and the nobile station wthout
requiring any changes to the CDVA BSCc or BTSc. [0055] In the network
arrang@sent shoum ai GSMI systedy twADRPesTof hagies! drbatvaidabée, uaadlyt oynchonvey afdSM
handof f data, such as_tim ng infaormation and hentlcatlondtafromthe
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on the GSM network to the nobile, so it will be able to perform a hand-off
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synchronous an asyn ronous ease of i nplenentation asynchronous
handof[(fosp]s pr ef emodtkr pidbdem withiHaadiag aff b:elmvem Chdt e bind 6SMiscthatfGDMishand
handof f wil| be an as nchronougllﬁgandoff a handoff order is
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to the GSMpagengt@iaN1 UM bRidaaY tBSGndI Mt thel Keys ﬁ&@é digRreapkizks. IADMA
recei ves back a MAP handoff message which is pasSed back to the CDVA MSCc
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handoff to happen. Only once this data has
MSCg, GSM authentication methods should be re- used over the CDMA physical layer.
This provides the advantage of the system not having to support two different types of
authentication centers, two types of SIM cards, etc.
[0060] The authentication procedure consists of a series of exchanges between the
system and the mobile station. The system transmits a non-predictable number RAND
to the mobile station. Next, the mobile station computes a result SRES, also known as
the signature of the RAND number, using an algorithm known as the A3 algorithm. The
A3 algorithm uses RAND and an Individual Subscriber Authentication Key Ki to
calculate SRES. The Subscriber Authentication Key Ki is allocated when the customer
first subscribes to the service and is stored both in a SIM (subscriber identity module)
card and in the Home Location Register (HLR) of the system. Ki is the private key in
the encryption and therefore is never transmitted over the network. Finally, the mobile
staﬁon transmits the signature SRES to the system where it is tested for validity.
[0061] FIG. 4 of the accompanying drawing illustrates how authentication is effected in

the GSM MSC. The authentication key in GSM is called Ki and is 128 bits long. The
network generates a random number (RAND), which is also 128 bits in length. RAND



received will the nobile start normal transm ssion. [0059] Another problem
wi th handi ng off between CDMA and GSMis that CDVMA and GSM aut hentication

use two dwbfesnsmve net hods and keys. The aut henti cati on netrlhadso2/s20GSM and

CDMA 1X are basically the same, but the keys have different sizes. CDVA [|X
has additional procedures such as Uni quk’ Chal | enge and Count methods, which
respectively prevent channel hijacking and replay attacks. For a CDVA

physi cal | ay@Ki ateinpeat wwsthd A dlhorithm, Ghidhsgaddudatean B8Rt residg(BRES)drom the

significant nodifications to the GSM MSCg, GSM aut hentij catjon methods
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nunber is also transmtted to the nobile station by way of over the air
messages. hnmbeGSMagyitehusmgtherdbIDSemsssagesoon thealinigtesfage amrha ressWiSRES | e.
the so- called SLM sugscri ber identity nodule) card. Standard SI M conmands
for autheft FESPUH B specified in GSM 11.11. These commands are only

al | ongghesp be  grecuhedriSRHESNEYIsdAs@Pin dntIgdritBfmekndwinhast ABtoCANduERE an 64-
functioni n%itognc}*yggogyc%%gligg %E:)i/ (I)(T:: T]l.’lg Kc key generated by the GSM authentication
and encryption algorithms by the SIM in the mobile station is applied to the CDMA
physical layer in place of the private long code mask that would normally be generated
using the CDMA CAVE algorithm. The 64-bit Kc key is uniquely mapped to the 42 bit
private long code and, thus, is used as a basis for the “private long code mask™ to
provide for voice privacy. The private long code mask is passed around CDMA
messages and interpreted no differently than if it had been generated from the CAVE
algorithm. Using this approach for voice privacy allows the system to keep a unique
authentication center and unique SIM types, within the hybrid CDMA/GSM network.
[0064] GSM performs encryption at the frame level. Every frame is encrypted using the
frame number and the 64-bit Kc key, which key is derived as discussed with reference
to FIG. 4. The frame number and K¢ mask is applied to every frame. In the CDMA 1X
system the encryption is performed using a 42-bit private long code. In the hybrid
system of FIG. 2 the Kc key is used to derive a 42-bit private long code mask, with a
mapping algorithm mapping between Kc and the private long code. This mapping is



the SIMis renoved fromthe nobile station during a call, the call is
termnated imediately, as defined in GSM 11.11. [0062] The SIMin the
nobi | e stwoiosns@ieo conmputes SRES by applying the A3 al gecirtusee/saot he
recei ved RAND nunber and a locally stored copy of Ki. The result of the
conput ation is again SRES and shoul d bel§ he sane as the SRES cal cul ated by
the network. The result SRES is therefore sent by the nobile station to
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Authentication" which is interpreted accordingly by the mobile station.

[0066] It should be noted that the exemplary embodiments may be implemented
whenever a database for storing information pertaining to the authentication process
exists at the receiving end, or is accessible by the receiving end. The processor of the
exemplary embodiments may be used to implement one cryptographic scheme with one
party and another cryptographic scheme with another party. The basic implementation
of the exemplary embodiments may be performed without the need for physical
connection to intermediary resources because communication with separate parties
occur through a wireless medium.

[0067] Those of skill in the art would understand that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. The various illustrative components, blocks,
modules, circuits, and steps have been described generally in terms of their
functionality,, Whether the functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall

system. Skilled artisans recognize the interchangeability of hardware and software



terrestrial network elements (e.g. MSC, SM5, PDC) and the nobile station.
The system wuses this operation to transfer the Authentication information
RAND to tweosBsene to transfer SRES back to the MSC. The PADRSo2ER8AJI Ng
operation goes fromthe MSCc to the BSCc, and allows data to be sent to
the nobile station over the paging chantel. The ADDS Transfer operation
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[0068] Having thus described the invention by reference to a preferred embodiment it 1s
to be well understood that the embodiment in question is exemplary only and that
modifications and variations such as will occur to those possessed of appropriate
knowledge and skills may be made without departure from the spirit and scope of the

invention as set forth in the appended claims and equivalents thereof.
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to said mobile station;
generating at the mobile station from the information from the first mobile
switching control station a channel request message for the second mobile switching
control station; and
communicating the channel request message from the mobile station to the

second mobile switching control station.

[c2] 2. The method as claimed in claim 1, further comprising generating at the
second mobile switching control station channel information identifying a channel in

the second communications system for the mobile station.

[e3] 3. The method as claimed in claim 2, further comprising establishing
communication between said mobile unit and said second base station in the identified

channel.

[c4] 4, The method as claimed in claim 3, further comprising discontinuing

communication between said mobile unit and said first base station.



measuring at the nobile station a paraneter of a signal transmtted by said
first base station; neasuring at the nobile station a paraneter of a

si gnal trwosgiosioeel by said second base station; conmuni c@cTngoa3gbgnal
quality nmessage fromthe nobile station via the first base station to said
first nobile switching control station,2lhen the paraneters reach a
predeterm ned condition; generating at the first nobile switching control
station information for a channel request nessage for the second nobile
swi tching control station; comrunicating the informatjon fromsaid fjrst
mobi | &Skwi t chi ng contl P&Mehog 3satiaimed ig glaimpbpyheeigsaid Eﬁ”’i’:‘mﬂérn%‘?réqspﬂ‘gdsat t he
nobi | e stat| e information fromthe first nobile swtching

cont rol stgél?gl}laﬁg@%}hhnel request mnessage for the second nobile swtching
control station; and conmmunicating the channel request nessage fromthe
nobile station to th second nobile swi.tchin ontrol. statian. 2. The
met ho#%hs cl ai nBd i n%? R f,g Fﬂr‘flﬁ‘é‘?edcd’i‘rp&iagﬁgng’ UL R Fﬂé ﬁfStt L\?E].F“]l%recond
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method as clained in claim?2, further conprising establishing
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conpri si ngcgthe@aithiichsi spgemdOOBIM edtéran bet ween said nobile unit and said
first base station. WO 03/050976 PCT/US02/39207 21 [c5] 5. The nmethod as
claimed in claiml, wherein said paraneter corresponds to signal strength.

[ c6] ﬁcB] The met Qod airﬁbﬁi%%gygﬂsmgl’ wherein said first cellular

comunications systemis a tem [c7] 7. The nethod as clained in
cl ai m 6, wher ei afisdtitchnseetendhairloperhble to receive and transmit signals with a first base

station in a first cellular communications system;
a second transceiver chain operable to receive and transmit signals with a
second base station in a second cellular communications system; and
a controller for:
measuring a parameter of a signal transmitted by said first base station;
measuring a parameter of a signal transmitted by said second base station;
communicating a signal quality message from the mobile station via the
first base station to said first cellular communications system, when the
parameters reach a predetermined condition;
receiving from the first base station information for a channel request
message for the second cellular communications system,;
generating from the information from the first base station a channel
request message for the second cellular communications system; and

communicating the channel request message to the second mobile station.

[c9] 9. The mobile station as claimed in claim 8, wherein the controller is
further for receiving from said second base station channel information identifying a

channel in the second communications system for the mobile station.



comuni cations systemis a GSM system [c8] 8. A nobile station conprising:
a first transceiver chain operable to receive and transmt signals with a
first baswooswadreon in a first cellular comunicati ons sy®camsoasgerond
transcei ver chain operable to receive and transmt signals with a second
base station in a second cellular commid cations system and a controller
for: nmeasuring a paraneter of a signal transmtted by said first base
stati@ng mneasundng Thpanebitt statied aa Giigredlint ¢lains 19, twiedeihyths adotitreHaoisd base
station; comunicating, a sigpal quality nessage fromthe nobile station
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8, wherein the controller is further for receiving fromsaid second base
st ati on chhetmekn said orabde uoit apdiemd fifsyibasg statiophannel in the second

communi cations systemfor the nobile station. WO 03/050976 PCT/ US02/ 39207
22 [C1Q 10. The nobile station as clainmed in claim9, wherein the
contrahdier is apranggd mebilespass 4soclhiiged Marvism iSnfvalietEihi @id Parameter
establishing communi cati on between said nobile unit and said second base
station i ncomsPPrdsipisignalstichginel . [Cl 1] 11. The nobile station as clai ned
in claim10, herein the controller is arranged to respond to the channel
i nformation by discontinuing communi cation between said nobile unit and
sai d fainst basel3t at Tha.mhile2jtatich ad ketaimediih eldamaj shews shidi st celtulad ai m
8, wherein said paraneter .cor onds to signal strength. [cl13] 13. The
mobi | e st af? B4 aE‘P%ﬁWétﬂmi‘ﬁa&rDjﬁ%%’?te%erei n said first cellular

[c14] 14. The mobile station as claimed in claim 13, wherein said second cellular

communications system is a GSM system.

[c15] 15. The mobile station as claimed in claim 8, wherein the first transceiver

chain is active when the second transceiver chain is inactive.

[c16] 16. The mobile station as claimed in claim 8, wherein the second transceiver

chain is active when the first transceiver chain is inactive.

[c17] 17.  An apparatus for effecting handoff of a mobile station from a first base
station in a first cellular communications system controlled by a first mobile switching
control station to a second base station in a second, different cellular system controlled
by a second mobile switching control station, the method comprising:
means for measuring at the mobile station a parameter of a signal transmitted by said
first base station;

means for measuring at the mobile station a parameter of a signal transmitted by

said second base station;



comuni cations systemis a CDVA system [cl4] 14. The nobile station as
claimed in claim 13, wherein said second cellular communications systemis
a GSM syswerms/0f@1®] 15. The nobile station as clainmed in @caius8d3o2oher ei n
the first transceiver <chain is active when the second transceiver chain is
inactive. [cl6] 16. The nobile station 2& clainmed in claim8, wherein the
second transceiver chain is active when the first transceiver chain is

i nactive. [c17] nikdns fon cappanahtisg 4 signslfdualityl Meshgenfaoh theahobilenaddtidne st ati on
froma first basg st%ti on in a first cel]ular, conmunications system
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nmobile switching control stati means tor conmuni cating the channel
request e ssthgeedondnndhile smitohing cemtadlistationt o t he second nobil e swi tching
control station. [c]8] 18. The apparatus as clainmed in claim17, further
conprising means for generating at the second nobile sw tching control

stati qgchannel 1gnf omiBtdpBiatus as claimed in claim 17, further comprising means for
generating at the second mobile switching control station channel information

identifying a channel in the second communications system for the mobile station.

[c19] 19.  The apparatus as claimed in claim 18, further comprising means for
establishing communication between said mobile unit and said second base station in

the 1dentified channel.

[c20] 20. The apparatus as claimed in claim 19, further comprising means for

discontinuing communication between said mobile unit and said first base station.

[e21] 21. The apparatus as claimed in claim 17, wherein said parameter

corresponds to signal strength.

[c22] 22.  The apparatus as claimed in claim 17, wherein said first cellular

communications system is a CDMA system.

[c23) 23.  The apparatus as claimed in claim 22, wherein said second cellular

communications system is a GSM system.



identifying a channel in the second comunications systemfor the nobile
station. [cl1l9] 19. The apparatus as clainmed in claim 18, further conprising
means f orwoasisiblé shi ng conmuni cati on between sai d nobi |l e pamiusozaswdosai d
second base station in the identified channel. [c20] 20. The apparatus as
claimed in claim19, further conprising?eans for discontinuing

communi cati on between said nobile unit and said first base station. [c21]
21. Thesappar at 24. as Thkasppechtusnas chimedl T cidier 22 nwhaiteth padaseetet cellular
corresponds to signal strengtg c22] 22. The apparatus as clained in claim
17, wher ei ﬁo’é“arl“&'“’%flf"%?yséeéﬁl iS4 GPRS ¥#fini cat i ons systemis a CDVA system
[c23] 23. The apparatus as clainmed in claim?22, wherein said second
cellular conmunications systemis a GSM system WD 03/050976

PCT/ US02/ 39207 24 [c24] 24. The apparatus as clained in claim 22, wherein
sai d second cellular comunication systemis a GPRS system



