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communicates with only a single base station at any given time. When a

15  subscriber moves from one cell to another, a “hard handover” takes place, in
which the base station with which the subscriber has been communicating
breaks off its link with the subscriber, and a new base station takes over.

Code-division multiple access (CDMA) is an improved digital
communications technology, which affords more efficient use of radio

20 bandwidth than TDMA, as well as a more reliable, fade-free link between
cellular te'lephene subscribers and base stations. The leading CDMA standard
is IS-95, promulgated by the Telecommunications Industry Association (TIA).
This standard provides “soft handover” (or “handoff”) capability, wherein in

- moving from one cell to another, the subscriber unit is temporarily in contact

25  with two or more base stations at the same time. This soft handover, which is
made possible by the code-division approach, decreases the likelihood of a loss
of connection, which can happen frequently in hard handovers.

PCT patent application PCT/US96/20764, which is incorporated herein
by reference, describes a wireless telecommunications system that uses a

30 CDMA air interface (i.e., basic RF communications protocols) to implement
GSM network services and protocols. Using this system, at least some of the
TDMA base stations (BSSs) and subsm:i_ﬁer units of an eadsting GSM network
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15 PCT patent application PCT/US97/00926, which is also incorporated
herein by reference, describes methods of intersystem handover between
CDMA and TDMA BSSs in a hybrid GSM/CDMA telecommunications system.
A GSM/TDMA BSS generates pilot beacon signals in accordance with CDMA
technology. During a telephone call, a subscriber unit detects the pilot signals
20  and notifies a base station controller that the signals have been detected. The
subscriber unit is then handed over from the CDMA 'to the TDMA BSS without
interrupting the call.

SUMMARY OF THE INVENTION
25 ~ Itis an object of the present invention to provide methods and apparatus
for use in a mixed TDMA /CDMA cellular communications network.

It is a further object of some aspects of the present invention to provide
improved methods and apparatus enabling handover of a subscriber unit
between TDMA and CDMA base stations without interrupting

30 communications.

In preferred embodiments of the present invention, a mixed
GSM/CDMA cellular communications system includes both TDMA and
CDMA base stations, jointly controlled by a mobile switching center (MSC).
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new base station, whereupon the handover takes place without substantially
interrupting communications between the MS and the network.
20 In the context of the present patent application, such handovers between
bage stations are referred to as “mobile-assisted handovers.” Mobile-assisted
handover is used in GSM and in CDMA systems known in the art, wherein a
mobile station measures and reports on the strength of signals received from a
base station transceiver in a neighboring cell before being handed over to that
25 cell. In hybrid GSM/CDMA systems that have been proposed to date,
however, mobile stations are presumed to be capable of receiving signals from
either a CDMA or a TDMA base station at any given time (or a CDMA béacon
associated with 2 TDMA base station, as in the above-mentioned PCT patent
application PCT/1US97/00926), but not both, and are therefore not capable of

30 providing this type of assistance. The provision of mobile-assistance in

accordance with the principles of the present invention enables handovers to be
conducted more smoothly and reliably than would otherwise be possible.
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unit may bestatiofsdthe MS in each case acquires and synchronizes its operation to the
appropriate clock signal without substantially interrupting the telephone call.
In some of these preferred embodiments, the MS is in communication
with a CDMA base station, when it is determined that the unit may be handed
20 over to a GEM/TDMA base station. CDMA transmission by the MS transceiver
is interrupted temporarily, during which time the unit performs a GSM
neighbor scan, generally in accordance with GSM standards, to acquire and
synchronize to the TDMA base station. Preferably, the CDMA transmission is
interrupted for a single frame, typically 20 ms long, creating an idle time slot in
25 accordance with the IS95 standard. After the TDMA base station is identified,
and suitable messages have been exchanged, a traffic channel between the base
station is opened, and the MS is switched to the TDMA base station while
interruption of a telephone call being conducted by the MS is substantially
30 In others of these preferred embodiments, the MS is in communication
with a TDMA base station, when it is determined that the unit may be handed
over to a CDMA base station. In order to synchronize with the CDMA station,
the MS acquires the time of day, preferably by receiving an accurate time of day
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applied using subscriber units and system hardware of other types, and

particularly using a subscriber unit having separate or only partially integrated
TDMA and CDMA transceivers.
There is therefore provided, in accordance with a preferred embodiment
20  of the present invention, in a mobile wireless telecommunications system,
which includes base stations of a first type operating according to a first air
interface, and base stations of a second type operating according to a second air
interface, a method for handing over a mobile station in the system from a first
base station, which is of the first type, to a second base station, which is of the
25 second type, including:
establishing a communications link over the first air interface between
the mobile station and the first base station;
receiving data from the mobile station responsive to a signal received by
the mobile station over the second air interface from the second base station,
30  substantially without breaking the communications link with the first base
station; and '
handing over the mobile station from the first to the second base station
responsive to the data received therefrom.
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15 mobile station a list of frequencies of base stations of the second type in the
system, such that the mobile station seeks to receive the signal at a frequency in
the list.
Preferably, handing over the mobile station includes transmitting a
handover command from the first base station. In a preferred embodiment,
20  handing over the mobile station includes sending an initial transmission over
the second air interface responsive to the handover command, and the method
includes reacquiring the communications link over the first air interface if the
initial transmission over the second air interface is not successfully received.
Preferably, transmitting the handover command includes transmitting a
25  command over the first air interface that encapsulates parameters relating to the
second air interface. Most preferably, transmitting the command includes
transmitting a command in accordance with a GSM standard that encapsulates
parameters defined in accordance with an I5-95 standard, wherein the
parameters encapsulated include an IS-95 long code.
30 Preferably, establishing the communications link and receiving the data
responsive to the signal include establishing the link and receiving the signal at
the mobile station using a single RF transceiver in the mobile station.
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interface, and wherein the second air interface includes a GSM/TDMA
interface, and receiving data from the mobile station includes gating the mobile
station to interrupt a CDMA communications link so as to receive and decode a
GSM/TDMA signal. Preferably, gating the mobile station includes interrupting
20 CDMA communications for the duration of an 1S-95 frame, wherein receiving

the data includes receiving an identification of the second base station based on
decoding of GSM frequency correction and synchronization channels of the
signal by the mobile station.
In another preferred embodiment, the first air interface includes a
25 GSM/TDMA interface, and the second air interface includes a CDMA interface,
and receiving the data from the mobile station includes controlling the mobile
station to interrupt the communications link so as to receive and decode a
CDMA signal.
Preferably, receiving the data includes conveying time of day
30  information through the GSM/TDMA interface. Further preferably, conveying
the time of day information includes broadcasting time of day information
through the system using a GSM cell broadcast service, wherein broadcasting
the time of day information includes receiving a time of day and an associated
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number 11 omooyraaie hdailel £ 8 HERRNE IR o ROHON WA S St B
first type ithetfixst typeeim tH¥ systead! Prefeiablp thletmolbilel fA3tiI8ACASUA é)égﬁ
channel of the CDVA signal so as to derive“the tinme or day. ternati er
or addi ti onahanpnel efthe/ChYLAtsignidise astoldetive thetimegiondag. 5 GSM cel |

br oadcast service ssage,to th bile station to initiate a search, by
Che mobi | e stat | GMIFRHAtVely ffspd Yodeeeiving the data ingludes saaveying a
Pref erabky, ' ddi8s I vl : . t |l e
station l‘i;ncl u es&glol%beyl ng the ne%ggggagégga[gé tﬁgé%%gﬁg@ﬁ@%tgtah%gﬁ%&g?e
station whi lthetinobilebistation doron signabdremi agbade statésh it e ¥eeéend 16pe.
Preferably, CPrefei ving the data fromthe nobil|e station includes recei'ving
an i dentifi daefesably coneeymg the GIMaesllbreadcast gexviee massage 0 4he anobile

B
oM base SHEGHP eddds SyRfng e tHERs{FRDEL 09 4o"Be SEEAEAVY ThdbhiR o°
the nobile stﬁdmwﬁﬁ%u%&m%&%%%ﬁ&%%&ﬁﬁwﬁﬁb&ﬂ to receive

the CDMA signal during a first TDVA t slo decode the signal
duri ng ¥ subsequdireferably, reeaivinigithelatadromntheninobile station irfcludes texeiving

station over_t.he T .interf 0.a5.0 nerate t data tq be received
by the base a@tlgfp ca Pgai@mﬁ@w&ﬁ%ﬁmg%m@?@gaW%hﬁ er
prefer red_ergherirsity! el meod IKIRABS RMppY B0 L@Bndh ERM B4R
time of daylﬁii\nforng%i onmto a nobile s gtﬂli%?&%n anGSl\ﬂg\?\nFsre esashral

t el econmuni Statioanse syt emmtrolthieddindgver.nputting the time of day infornation

Lo he System and. onericast Lithd B LOECLIELLON,AQ e Hbl ) sl ald oBever
includegsa gedtion to receive the CDMA signal during a first TDMA time slot and to
decode the signal during a subsequent TDMA time slot while communicating
with the base station over the TDMA interface so as to generate the data to be
received by the base station.
There is further provided, in accordance with a preferred embodiment of
20  the present invention, a method for conveying time of day information to a
mobile station in a GSM wireless telecommunications system, including:
inputting the time of day information to the system; and
broadcasting the information to the mobile station over the system.
Preferably, the GSM wireless telecommunications system includes a cell
25 broadcast system, and broadcasting the time of day information includes
broadcasting the information over the cell broadcast system. Preferably,
broadcasting the time of day information includes broadcasting a message so as
to be received by the mobile station while the station is operating in a dedicated
mode. 7
30 Further preferably, broadcasting the time of day information includes
receiving a time of day and an associated GSM frame number from a

transceiver in communication with the system, and the method includes



25 broadcast system and broadcasting the tinme of day information qgcp %ms
broadcasting the informati on over the cell broadcast system Prefe H y
broadcasti gpap bhesé? me of day information includes broadcast ipgg gsoffagefde SO
as to be received by the nobile station while the station is operating in
a dedicated node. 30 Further preferably, broadcasting the tinme of day

I nformation includes receiving a tinme of 9day and an associ ated GSM fr ane
nunber froma transceiver in _comunication with the system and the method
i ncl udes 0 FYRrenzme themobilestation ooy QLA tepsmission signial using the tite
nobil e stati : ransm ssi on signal using the tinme of day

I nformati on.%%@'er?éd enbodi nent, the nmethod includes determ ning a

location of {he IDPprefericdl é@BoURABRA Y Mdthod IEARRAAREARiriAEFRafibnt N

time of day 5 inforifmtion to a plurality of base stations In e system

Pref erabl y, ofrihetmokiletstationmespénsivg to rctransmisgiemithereb thectiirie 6f daya
transcei yer .having.the ti f d informatjon to the cell broadcast
center, gm#@?@%&h&@ﬁ@%&%’gﬁ% gtations @} K5 Systemey udes receiving time
of day informati DS | | ni.ng. th al |
i ncl udes 10 receilsl‘:éri;%Ir a? F&rfea}n n%%ﬁ&%ﬁ@%ﬁ#%%%oﬁﬁg&‘%ma%&id

with the GSNramsgceivam havimgethestiing bh elaypirdutfiationi o &rCeslll H68dvadt teiter,
preferred ednggdi ment of, the present_invention, in a GSM nobile w reless

t el econmuni CHNEERIB QpeRing theydatn call |preferably iingludessreceivimgo time afydagm

and a secon ' .St e .east one.of .whi,ch subsyst ens
operates ac gﬁ%ééﬁﬁd}%ﬁ%&&%'t 3#%@85(%’?3%&%8&‘5 the ﬁlépﬁi F% €8
mobi | e 30at ireceiving Hiene ys Hagihforidtidrs fron® a CDBMARUMEsb&atE WAtH B GSM
subsystem including. mapping the at |east one of the first and secon

subsyst ens ¥&t€Mdperates according to the CDVA air interface as a GSM TDVA

subsystem 20 est shing, a co ni cations; | ink hetween th biJ.e station
and the first bggérgf‘g%%%?%ﬁp %&%thﬁgﬁﬁ(ﬁmf@%cfﬁﬁ%&mp@es
a first signhe preSéif inventions in RAGEM bbbk witkleysS telébomRithlivatichsI g def, OM
the nobile station responsive to it second signal
which includes a first base station subsystem and a second base station
15 subsystem, at least one of which subsystems operates according to a CDMA air
interface, a method for handing over a mobile station in the system from first to

the second base station subsystem, including:

mapping the at least one of the first and second subsystems that operates
according to the CDMA air interface as a GSM/TDMA subsystem;

20 establishing a communications link between the mobile station and the
first base station subsystem, so that the mobile station receives a first signal
from the first base station subsystem;

receiving data from the mobile station responsive to a second signal
received by the mobile station from the second base station subsystem,

25 substantially without breaking the communications link with the first base
station subsystem;

comparing the strengths of the first and second signals,—substantia]ly as
though both the first and second base station subsystems were GSM/TDMA
subsystems; and

30 handing over the mobile station from the first to the second base station
subsystem responsive to comparison of the signal strengths.



received by the nobile station fromthe second base station subsyshgn} a@@
substantially w thout breaking the communications link with the fiFst LH

station sub¥QEMST conparing the strengths of the first and PETAISOI/MSHNaAl S,
substantially as though both the first and second base station subsystens
were GSM TDVA subsystens; and 30 handing_qver the nobile station fromthe
first to the second base station subsysté responsive to conparison of the

si gnal strengths. pge : / / / 0 referahly,

Tapping he ot T eatt oY, fruring K af feist gri'of B qtbavsetds sdifoBs iR

CDMA ai r i nt acdoading o thd €SDMAI gipi ingerfacd ecladbs vssiphing t5Mel sBsyaRaH and
, establishing the conmmumni cations |ink~“and

| ocation. Fu . preferabl {

handing 5 o@gﬁﬁﬁﬁuﬁﬁfﬁd @catiolh i ncl'ude conveyi ng nessages between the
first and secon L efB d a nmobile switching center jn the system

Ve oM A n rTEREY PeplRrebl eatatining Rhe (PR tmicrtane ink sadchAdingon

subsyst eifs opeématite ni6Kil didtibr néliRle IV ihg ﬂ\teggsgggb?%gég;) efeg-gfigggh

over the nobile station includes conveying a“new
the A -intersesond sbisystems ahdya mobilei switching censés irgthe syt viacs GSM A-

protocols. Preferabl receivyi he, data_from t he nobile station includes
applying a WS‘F‘S?&% r%f#%ﬁﬁffw&%%m%%bWHMéﬂbthn@
the strength : '%%?hi : s ighted signal, ..
wher ei n appl?ﬁcﬁg t e 1§wieei g mg&%@%ﬁ%&é‘%@%‘#&rttﬁg %‘?@%Fﬁ%’n
factor to t himchuleslcenyepinigmnewSS98 Ihgeld #aotifie tlvtemmbfﬁcé,%bgfanftﬁn?rhe
ng

second sjignal . Preferahbly, applying the weighting factor includes vary
t he factsJQr a%PHFH{?l?’é“&A‘TE}tﬂg%RePMﬁQﬂSi on in the system There is also

provi ded, in acc | Qs d | nent., of ..the ent .
invention, wirel gig%?%%ﬁl nrkg%%@%g%%gﬁﬁg%% B}O%Stﬁﬂoalﬂ%aé apgéylpg
tel ecommuni cawelgletirgy ficton tol thelsedénd sigrld énd Whereih &mpaling the sitBRg MY &1
transmts and receives a first signal — accordi ng to a ffrst™air int&rface;

a base st ati'®® Hgnalssincdhades gomparing theaweightedasignabcwheteinaapplying the

weighting factor includes conveying the weighting factor to the mobile station,

15  which applies the weighting factor to the second signal. Preferably, applying

the weighting factor includes varying the factor according to a network

condition in the system.
There is also provided, in accordance with a preferred embodiment of
the present invention, wireless communications apparatus, for use in a mobile
20  telecommunications system, including:
a base station of a first type which transmits and receives a first signal
according to a first air interface;
a base station of a second type which transmits and receives a second
signal according to a second air interface; and
25 a mobile station, which receives the second signal over the second air
interface from the base station of the second type while maintaining a
communication link over the first air interface with the base station of the first
type, and which transmits data to the base station of the first type responsive to
the second signal so that the mobile station is handed over from the first to the
30 second base station responsive to the transmitted data.
Preferably, the data transmitted by the mobile station includes a
measurement of signal strength, such that the mobile station is handed over
responsive to a comparison of signal strengths of the first and second signals.



signal according to a second air interface; and 25 a nobile statior&bs ‘MPE ﬂ]'m

recei ves the second signal over the second air interface fromthe basSe
station of wow/sseiond type while maintaining a comuni cati Gigrnddkoeksgr the
first air interface with the base station of the first type, and which
transmts data to the base station of the first type responsive to the
second signal so that the nobile station 1Is handed over fromthe first to

the 30 secqghd.b stat.ion responsive to.the transmtted data. Preferably,
the data trﬁ&fﬁ'ﬁ?ﬁg’dawe%.;“sﬁ °€1§PBP}-‘814 tp the Faeasusement of sigmeh strength,
signal stre 3 : [ ' - s _handed over responsiyve to
a gorrpari sonmb?msl?gnal aﬁ%ﬁ t %Bg# ??1‘2@%?@%@@&%&'@?&?&@8%%%&

2004 WO 01syatéin. PCPrefepabDpp thel we g althytora ige!tﬁg}[s'lﬁﬂté&ch%ri fhe
applied to the neasurenent of signal strength, wherein the welighting

factor is v&PPEBUBKaSeas gk to thenaokilestaton which applies the watighting factor
Pr eferab#y, té%eﬁﬁia.g{f}%%ﬁf actor is transmtted over the comunications
link to The nobiTe a ; Wwhich applies the weighting factor 5 to the
measurenent . Fur Fagthdd piéfesdd ;th@?mE'Bﬂkra'ﬁ &bgtae&&é’scmgie{;&?fs?gﬂ@d
T he SFOTRSTE Y

signal to determine an identification o ase station
type. Pref edgtgrmine ap identficatinn ohthefbasestdtiarsof thmcbﬁdﬂy‘?él s to the
0

nobile station %I}é%t fH%LrFetPuenci es of ﬁbi e stations of the second type
in the system T6SS2RYe #atone of the i first J¥prsirapsmitscto, the mokide ond
signal at agffiRpue ' ) . , tiop of the
first type tsﬁdz’insm nggf ﬁgﬂggﬁ%ké%g?ﬁ%%&%ggﬁgfﬁgis%rg ﬁﬁ%ﬁ‘ H‘bﬁ@’rsiw'the
mobi | e ¥4 at such Hrattthe drobibe statichrseeks be rédeivd tﬁ@sécbﬁdsﬁgﬁﬂcht%ﬁ-@%ﬁéﬁéﬁi B

r tne

In a preferred@errbodi ment, an initial 15 transm ssion iS sent ov
second air ﬂ?ﬁ t ace responsi ve to the handover . command, and the nobile

station reacquir Ny i i 1 e first alr interface if

the initial trang%efseg?%lﬁeom\%r b?'ﬁée Sgﬁ%%ég#g%i%f& AnSPyts & hapdaver) |

recei ved. Prefenaid to theembbildastation o whiebe thansebikatafidh a8BiAided vét | N9
ir interface, Mst preferably, the command in

to 20 the gecond a !
subst ant i al F&m‘ 3&4 dedhececond base sition: dlida paefentedeemnbpditnent sin initial
parametpys gahiRedidf is sent over the second air interface responsive to the handover

command, and the mobile station reacquires the communications link over the

first air interface if the initial transmission over the second air interface is not
successfully received.

Preferably, the handover command encapsulates parameters relating to

20  the second air interface. Most preferably, the command in substantially in
accordance with a GSM standard and encapsulates parameters defined in
accordance with an IS-95 standard, wherein the parameters encapsulated
inclu le an IS-95 long code.

Further preferably, the mobile station includes a single RF transceiver

25  which communicates with both the base stations of the first and second types.

In a preferred embodiment, one of the first and second air interfaces
includes a TDMA interface, and the other of the interfaces includes a CDMA
interface., wherein the TDMA interface preferably inciudes a GSM interface,
and wherein the CDMA interface is configured to convey GSM network

30 messages. Preferably, the CDMA interface is based on an IS-95 standard.
Further preferably, the mobile station uses a single radio resource management
protocol layer to manage both the first and second air interfaces.



accordance with an |S-95 standard, wherein the paraneters encapsul g®edyi 2004
I nclude an 1S--95 | ong code. Further preferably, the nobile station

i ncl udes avad oys®eRF transcei ver 25 which comuni cat es w t hpdyoudoiiobsrsbase
stations of the first and second types. 1In a preferred enbodi nent, one of
the first and second air interfaces includes a TDVA interface, and the
other of the interfaces includes a COMA {Bterface., wherein the TDVA

interface preferably ingludes.a GSM.interface, , and erein the CDVA
interface i s confi gﬁgr@&ﬁy{) ohess S@?&W%ZFSSF’RS e malule station &9 seeqive thene

CDMA i nt er f a@Bohd ?ﬁg c?n%lls . I r oY) he

nobi | e station usg a g’l"%gﬁg@?‘% I O ?Zg%%?%ggn%%%g{%ﬁwﬁé%ﬁ%]ﬁ% Fref,
manage bot h afreverlapsbetwelers adixst regioni streed dycthe frs? adilUnte@9& WA Qlde28R87
PCT/ US01100574, 12 Prggf erably, the base station triggers the nobile station

to receive BSINIeENEd Dythe seeond airiateréasend air interface when the nobil e
tati kS | f | t first ' b
irst i P nter f A8 prsterBicEmiBaiant, the s, Sy, iideface 36hes 2 CR¥MA ace
5 In a pref anfeafhcenrdithe %qoﬂd‘ﬁr%féfac@!iﬁdhﬂb@&f@ﬁgémﬁﬁeﬁa@%d the
I nterface, and

interface, and the §econd air interface includes a
the base sthaseostagion tef the dfirsty{ypeygates tthe muibile ssdtion o mtermipr thet

the comunications |ink . sq as to recgive and decode.a GSM si gnal .
Preferably, CPHémHBEﬁalbé’I@t]-Hﬁ?%aﬁ Fﬂ%ﬂﬁ@&ﬁ%@f%&%ﬂslﬂi@-dur ation of an
10 1S-95 frame. MpeabIP! oA ' LAl S e ond
signal to decode GSM P;@q%%%?ﬁ?érs%tgﬁlﬁ an %ytﬁ%r}#g(n%rgﬁao%&%#gghgf of
the sigi@l [I8-9foadner preferred enbodi nent, the first air interface

i ncludes a GSM interface, and the second air interface includes a

CDMA interface, THFTA®HPE rahlye gamobilecttating processesyie senondosignahdo
Gecode 5 CoReRte CMTEidRncPrree AR JHf SrciBnizaBin aliph Be i Gt
conveys tine of dayanotherr poéfetied enithedimhént, ehet fidtofirt Riterrdbe tiRelude 4DVA
i nterface. @@W%g gppar atus includes a GSMcel | broadcast center,
whi ch conve re,and thersecand jagmintenfacgimcludesa CDMArinterfiace,
mobile g5t gy #'diheBtation of the first type controls the mobile station to interrupt the
communications link so as to receive and decode a CDMA signal.
Preferably, the base station of the first type conveys time of day
information to the mobile station through the GSM/TDMA interface.
Preferably, the apparatus includes a GSM cell broadcast center, which conveys
20  the time of day information through the system to the mobile station using a
GSM cell broadcast service, wherein the cell broadcast center receives the time
of day information and an associated GSM frame number from a transceiver in

communication with a base station of the first type in the system.

25 - Alternative or additionally, the mobile station decodes a synchronization
channel of the CDMA signal so as to derive the time of day.

Preferably, the GSM cell broadcast center conveys a cell broadcast
service message to the mobile station to initiate a search by the mobile station
for the second signal, wherein the mobile station receives the cell broadcast

30  service message while the mobile station is operating in a dedicated mode.

Alternatively or additionally, the mobile station processes the CDMA

signal to identify a CDMA pilot beam.



GSM cel | broadcast service, wherein the cell broadcast center receh\semLtiﬁﬁ
time of day information and an associ ated GSM frane, nunber from

transcei vewo oL/5256¢hmuni cati on with a base station of the fi psw/usppeesry t he
system 25 . Alternative or additionally, the nobile station decodes a
synchroni zati on channel of the CDVA signal so as to derive the tinme of
day. Preferably, the GSM cell|l broadcast ckht er conveys a cell broadcast

servi ce nessage t hl.e i . NUAN ch b he nobj.|
station for the lgrgtg%k‘ég Q’i gﬁam?)%%eﬁg'flhﬁtrﬁgélﬁsgﬁ%@%&Fgrfaé atﬁﬁset
cel I br oadc FADM A Rirfi€ kM5t mg@vm'se@a 5000 %@%@@’h ' s i n
a dedi cated npde. Alternat jd\:gly or sadtlflzit ongly, 'tahe nob e?ﬁ@?gﬁﬁé sl
processes t ehileemmugicdting withe the base stabih pvérotheh EDMAGNRtAROSH as WO

01/ 52567 PCTI USO /(%g574 1?0 Preferabply, é&\gg nobi | e station receives the
CDMA si gnal &f0fF € fiata for ipessioncio A% pAYeBsses the signal during a
subsequent TDMNA t- lrthdby . | ' ' t ) tratd. ver

t he TDI\/ABi nt erf acjﬁgggs to&p tﬁgg%%%ﬁﬁﬁge%ﬂtaréﬁégﬁég%m%ﬁg C'gase
station. 5 Thergrebent inventiorprappagetis for ¢enidi Wy RifehAkfiet to a

embodi ment of _the present invention, apparatus for conveying tinme of day
i nf or mat i on IR@bHe statian m atGEMowireless @%mmsm@qrsl systamumichedingyes cell

system inchydi rQadcast ceniet. .. which hrqadcast.s the .

i nformation 't e

o or it 1 on tgehst chiler o BIATPERRcafS dhe Infolaion oife Stk Sefon vpina o
Preferably, GmWaugstisgyg{eﬁQes a transceiver in communication with the
system which transmts a tinme of day and an associ ated GSM franme nunber

to the &@11 broadirefarabbnttbe appazamisrincluses aatransieiver mpeommeaurdedtiore avrith

t hrough t he stemto the,cell br.padcast cenfer sq as to conv he tinme of
iy ond t naRE St RS FransiiBe 2 s SF BlaY 878, Bhstariated 1M fraroe
station i s s\YiRBEPR ' ' iﬁ}&ﬁéce ' '

day information Fuﬂ E?}jc%)l?mra ?HC tEe’ m)ﬁblk e tgqtgat I on #éég%églsgeat Hé{?cﬂf[

i nf or mat i on thraugh the system tor thedcelkbraagoastinreniter so apés adnvey the tindeol day ed
20 of the pPOOTE FRSHERSAmETBREEL g | nput ting (ime of day
informyson to aPpreferably, the mobile station is synchronized to a CDMA transmission
signal using the time of day information.
Further preferably, the mobile station receives the information from the
cell broadcast system while operating in a dedicated mode.

There is moreover provided, in accordance with a preferred embodiment
20  of the present invention, apparatus for inputting time of day information to a
communications controller in a wireless telecommunications system, including:

a clock signal receiver, which receives the time of day information from a
clock source; and

a radio transceiver, which receives the time of day information from the

25 clock signal receiver, and which opens a data call through the system to the
communications controller so as to convey the information thereto.

Preferably, the communications controller includes a GSM cell broadcast
center, wherein the radio transceiver receives a GSM frame number from a base
station in the system, and conveys the frame number to the cell broadcast center

30 together with the time of day information.

Preferably, the clock signal receiver includes a radio receiver which

receives the time of day information from a CDMA communications cell,

wherein the radio transceiver includes the radio receiver.



communi cations controller in a wirel ess tel ecomunications system 03 JUl 200
I ncl udi ng: a clock signal receiver, which receives the tine of day

i nf or mat i o'W@RHAISE7 dock source; and a radio transceiver, WhPCIVUSeR®NSwEsS

the time of day information fromthe 25 dock signal receiver, and which
opens a data call through the systemto the comunications controller so

as to convey the information thereto. Preﬁ@rably, t he communi cati ons

troll i ncl ud t ' he. r adi
[ranscei ver T ocer sRerafvins kMR reolBh Elctulef BE% 4R he <ystem
and conveys the fThere rignbdditiondg %lﬁﬂridéla?aﬁfaéécdi'ﬂ%@f with .té’g?xteﬁ@ﬁie‘ﬂ th
a

the time of day information. Preferably, the clock signal receiv I'ncludes
a radi o recfmepdipent of cthei preseme invention, dappardusmibr omdbilemveireRddy
conmmuni cat i el 1. . wherei.n t i o transcejver includes the radio
recei ver. Oﬁfefﬁim%'bc\ggﬁnéﬂg %Pmrw@?mfﬁtem,ﬂeﬂmsm y, the
dock si ggal receia\/ﬁ{oﬂﬂé‘%‘,t&ﬂ?r?ﬁdq’s device. There is additionally provided,
in accordance with a preferred enbodinment of the present invention,

appar atus for nolfifst anid sdcensl bisel statiomsnibestiedns tr first and second

tel ecommuni cati gns system i ncl udi ng 5 a nobile station; and first and
second base%@%ﬂ% ¢ mQilepiation, ahleast one ef which is aCBMAnsignal, gndl otho

t he nobile | e i ¢h LS i gnal bot h of
whi ch subsyiantich sibehBatts C Rl 35 2 b efer] o Gl hare station
subsyst ens, siibsyétergin the nobile station is handed over fromthe first to
the secgnd subsystem.responsive to a conparison of the strengths of the

first ahf second Whezgin|the mebile station ismbandéed lavestfaoinothe firdtsibathiel sicoydas

t hough bot h LIS d .second base.statjign subsystens. opgrate

accordi ng tghg’g&mﬁ% Vet &PPE@&!SOIBO}P&B %?%é@“ QrPBrFé‘e y"é‘ge?ﬁcond
transm tti ngigris fddved B @he hiobIRSLaIIGH, sbsERAI g(bg;@ﬂ?&h' 5POn 4"
the system Further prefg_?ably, nessages ares con\;ggéeJ ween @%ﬁ?%&}f‘l
and second $geeydihase station subsystemsi operated amurding ot HeGSMAEDMAan
GSM A- i nterfiﬁge%facgherei n both the first and second

15 Preferably, the subsystem transmitting the CDMA signal is assigned a
GSM frequency and location in the system. Further preferably, messages are
conveyed between the first and second subsystems and a mobile switching
center in the system via a GSM A-interface, wherein both the first and second
signals include CDMA signals. Preferably, a new IS-95 long code is conveyed

20  through the A-interface from the second to the first subsystem in order to hand
over the mobile station, substantially without violating A-interface protocols.

Preferably, the mobile station applies a weighting factor to the second
signal before the signal strengths are compared. '
There is further provided, in accordance with a preferred embodiment of

25  the present invention, a mobile station for use in a wireless telecommunications
system including CDMA and TDMA base stations, including:

a single mobile radio transceiver, which communicates with the CDMA
and TDMA base stations; and
a modem unit, which encodes signals for transmission by the mobile

30 transceiver and decodes signals received thereby, such that the signals are
CDMA-encoded for communication with the CDMA base station and TDMA-
encoded for communication with the TDMA base station.



signal s include CDVA signals. Preferably, a new | S-95 | ong code is c@rivéyetii
20 through the A-interface fromthe second to the first subsystemin order
to hand owero1ts2ss7nobil e station, substantially w thout violpetriusg/00574
A-interface protocols. Preferably, the nobile station applies a weighting
factor to the second signal before the signal strengths are conpared. There
Is further provi-ded, in accordance with a preferred enbodi nent of 25 the
present inventio i e station for use i,n a wreless .

t el econmuni cat i o%geggé@?b% %‘8?881 Hﬂlt(%a%maka%a@%@m‘,“%qs%i ng
a single mf&digm&gf&qufa%@w@& whi ch communi cates with the COVA and
TDVA base stations; and a demunit, which encodes signals for

transm ssion by Fhethestpieferably,thenmobileestatior eeivissarsd protesses acsigadl
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protocol s. fheCDMARTR! TDMAbask ReatigHy. | € station receives and processes a
signal fromone_of the CDVA and TDVA base stations substantially w thout

breaking 5 a cokherg iatiserprovided,dxi aacondance with atprefenred lembodiment afd
the other oge of the C and base stations. There is also provi.ded,
i n accor dan W%“B’F%ﬁ%{P%ﬁ%@é?ﬁg?ﬂ"%ngm%ssﬁgg%&?Pmpgmo e
met hod for GaAvAY opraMes &Y 8Sdddcated!Hbak ih ¥ GEMWRkIRss RISIMARLM I ng
I n a dedicated rrqggai n a GSM w rel ess tel ecommuni catlg?fc’s 10 syste%{&{g

i ncl udi Wy asystemn inclysling atceldroadenst semficeiimgudingadcast i ng t he nessages to
the nmobil e statigns pver t cel |l broadcast ervice; and receiyvjng {he :
nessages at the f@é’ﬁ&ﬁ%ﬁgﬂ%wﬁ%ﬁmﬁww OY%’r'?h%%]-”’PQ) t

dedi cat ed nRqgicapgr@ti on of the nobile stations. 15 Preferably,

broadcasti ng the nmessages includes sending tinme-of-day information or,

al ternatively orrexeiNingothe Inyessages dt ahiei mphiles stativinst sibgantiailys edtioout

terminating the dedicated mode operation of the mobile stations.

15 Preferably, broadcasting the messages includes sending time-of-day
information or, alternatively or additionally, broadcasting a search trigger
message.

There is additionally provided, in accordance with a preferred
embodiment of the present invention, apparatus for mobile wireless

20 telecommunications in a GSM telecommunications system, including:

a cell broadcast center, which broadcasts messages over a cell broadcast
system; and

a mobile station, which receives the messages while communicating in a
dedicated mode, substantially without terminating the dedicated mode

25 communications.

Preferably, the cell broadcast center broadcasts time-of-day information
or, alternatively or additionally, a search trigger message.

There is additionally provided, in accordance with a preferred
embodiment of the present invention, a mobile station for use in a wireless

30 telecommunications system including CDMA and TDMA base stations,
including:

at least one mobile radio transceiver, which communicates with the
CDMA and TDMA base stations; and



There is additionally provided, in accordance with a preferred enbogiSmJaLHtmm
of the present invention, apparatus for nobile wireless 20

t el ecommunVORYBA in a GSM t el ecommuni cations system i ncl PETAH0H03E |
broadcast center, which broadcasts nessages over a cell broadcast system
and a nobile station, which receives the ﬂgssages whil e communicating in a
dedi cat ed node, "substantially without terfitnating the dedi cated node 25

conmuni cations. BrgfgledR ihit, ' WRiGED) %dﬁ?ﬁls %&ﬁggﬂﬁi
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preferred enbodi gent _of tcge present. i nventign, a nobile station for use in
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transm ssion by the at | east one transceiver and recelved

accor dance ®retocel dayeniwhich controlpthe comimunivakions uweithtbuth theeCBMAadrsd ar e
m-encodegﬁ%gom%{jcation with the CDVA base station and TDVA- encoded
for comuni % 312YHRS-5 TDMA base station, the stack including a

single radio res : é%ﬁ. I ' r

communi cat i ons wﬁﬁfﬁg{;ﬁn% gn %%ﬁkﬂ%@%m%?%ﬁ% gﬁcgéglpfr&ﬁ Iéh%gf?ﬁm? he
radi o r esousubstantiajpadlof the functidns of 2 GSM Radiointesfabe Laper 3RRysublhyer t he
functio of a G;J;‘/Id_ﬁggi 0 g{;tregi ace Layer 3 RR sublayer. 10 Further
preferably, the I PIeisTe Bhaﬁ'éﬁgé' IBSQHISeoMmanagemenh protarol layer
handover of Qi#& | : tafi not her of
t he base stg{,ﬁgﬁsﬁ? er‘?a‘rﬂ?ésll ﬁgrﬂé‘%\%qp ngoﬁ%géﬂ%sﬁgggo%gﬁ%gaéfﬁ ohis't0
pref erred eahotherofithe bhsd statiphesent i nvention, in a GSM nobile wrel ess

tel ecomuni cations system 15 which includes base station subsystens at
| east some of whilEKI®jfemereover provided, in accordance with a preferred embodiment

of the present invention, in a GSM mobile wireless telecommunications system,
15 which includes base station subsystems at least some of which operate
according to a CDMA air interface, a method for controlling communications of
a mobile station in the system with the base station subsystems, including;
sending and receiving signals between the mobile station and one of the
base station subsystems over the CDMA air interface; and
20 controlling the sending and receiving using a radio resource
management communications protocol layer that performs substantially ail of
the functions of a GSM Radio Interface Layer 3 RR sublayer.
Preferably, the system further includes base station subsystems which
operate according to a TDMA air interface and the method includes:
25 sending and receiving signals between the mobile station and one of the
base station subsystems over the TDMA air interface,
wherein controlling the sending and receiving includes using the single
radio resource management communications protocol layer to control sending
and receiving of signals over both the CDMA and TDMA air interfaces.
30 Further preferably, the method includes handing over the mobile station
between TDMA and CDMA base stations, wherein the handover is controlled

by the radio resource management communications protocol layer.



according to a CDVA air interface, a nethod for controlling connuniﬁgﬁhﬂqﬁm
of a nobile station in the systemw th the base station subsystens,

i ncl udi ng: WOsH@%67g and receiving signals between the nobil| BCEUSI1/e574Nnd
one of the base station subsystens over the CDVA air interface; and 20
controlling the sending and receiving usi a radi o resource nmanagenent
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over the T wingsdty which:wher ei n controlling the sending and receiving
i ncl udes using the single radio resource nanagenent conmuni cations
protocol layer to control sending and receiving of signals over both the
CDVMA and TDMA air interfaces. 30 Further preferably, the nmethod incl udes
handi ng ®ver the nobi BREEEDESCRIFREON OF EHE éMhEEﬂGSat i ons,
wherein the handgyer I.S co trolle% hy the radi o resource nanagigent
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system in accor &igic@Aniis e Scheatatic blodnisiagramt ilbistrating mossewmications
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Figs. 3A and 3B are schematic block diagrams illustrating

15 communications protocol stacks between elements of the system of Fig. 1, in
accordance with a preferred embodiment of the present invention;

Fig. 4A is a schematic block diagram illustrating handover of a mobile
station from a CDMA base station to a GSM base station in the system of Fig. 1,
in accordance with a preferred embodiment of the present invention;

20 Fig. 4B is a schematic block diagram illustrating signal flow associated
with the handover of Fig. 4A, in accordance with a preferred embodiment of the
present invention;

Figs. 4C and 4D are block "diagrams that schematically illustrate
communication frames used by the mobile station in carrying out the handover

25  of Fig. 4A, in accordance with a preferred embodiment of the present invention;

Figs. 5A and 5B are flow charts that schematically illustrate operation of
the mobile station in performing the handover of Fig. 44, in accordance with a
preferred embodiment of the present invention;

Figs. 6A and 6B are flow charts that schematically illustrate operation of

30 the CDMA base station in performing the handover of Fig. 4A, in accordance

with a preferred embodiment of the present invention;



accordance with a preferred enbodi nent of the present invention; Fi @5 4/ 08
a schematic block diagramillustrating handover of a nobile station froma
CDVA base W18 7t 0 a GSM base station in the system of Fi @CTIyS01/00874
accordance with a preferred enbodi nent of the present invention; 20 Pig. 4B
Is a schematic block diagramillustrati nngi gnal flow associated wth the

handover of Fig. 4A, in accordance with referred enbodi nent of the
present inventi ol Fkgs. A, ane (bl ock dhagrans that schenmati call
illustrate com*n?r}g’cg_tgl?oané&feggégc B&%ﬂ( B?HIHB‘ m‘&%&s&%ﬂ ﬂwc‘?f_fspﬁqﬁgout
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the present invention; Figs. 5A and 5B are flow c
i | lustrate ayéhatpreferoéd embedimient of thegpriesentiinveatibny mi ng t he handover of

Fig. 4A in accorfgange with a preferred epbodi nent of the present
i nvention; Figs. B& asasenemate ibystation showing cells inm hybrid GIM/SDMA

oper at i o] @%i | ' rform t.he ;handover of, Fi_g.
4A, in g%]cofrcggﬁgg t&\%lni a pre erﬁsgé{egﬂnbg’%Fﬁ'eanMO&ag‘ést%?g%ta MY éﬂg 0
5 JUL 2004 Wandbverobd meBileSRtite0Rdh 4 ESMiltkse btator 16 & TEDMA balk Sedtion,
diagramillustrating signal flow associated with provision of tine of day

i nf or mat i onif Ac¢grdange wath apreferrediembodimentrafdhe presertiinventie;er r ed
enbodi ment of the.prgsent knvention: .Fi.g. 8 i§,a.,schematic.illustratjon
showi ng cells i n%éghgt}g S ey Tdcé( é&ﬁf%ﬁl‘bﬁﬁrﬁm (‘f’m ogy%qseﬁllated
useful in Updgh at iRt d\erdf bl Ration #HR WGSM basd BRIt f é‘t’lﬂ‘hfﬁt bage 2
a preferred

GSM base stati onto a CDVA bage station, in accordance Wt
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preferred e i : 58 i E,@ﬂ%&lj i hRAovéd 9FFicl 84 ith £W
charts that %ﬁ%%%ﬁ?@gﬁw st ra@%ﬁ?%ﬁ%ﬁV&ﬁﬁ?@gm?&g}gﬁﬁﬁﬁén)
per f orm ng pheferraddembodunherti of the presentdnverdiorge with a preferred

enbodi nent of the,.present Lnvention; Fig, 11 {s_a flow chart that '
schematical |y ilﬁ: tiit’%? g% shaginthat schemati tep Apesatipp of the

performmg CISMIRBAGY Statidh if Serfdtmin ARAURARGES W' Hif. 8 in accordance with a
preferred embodiment of the present invention;

Fig. 12 is a schematic block diagram illustrating handover of a mobile

station between CDMA base stations in a hybrid GSM/CDMA cellular

communications system, in accordance with a preferred embodiment of the

20 present invention;

Fig. 13 is a schematic illustration showing signal flow associated with the
handover of Fig. 12, in accordance with a preferred embodiment of the present
iny ention; and

Figs. 14A-14D are schematic block diagrams illustrating CDMA long

25  codes allocated in conjunction with the handover of Fig. 12, in accordance with
a preferred embodiment of the present invention.

Figs. 15 is a flowchart showing the handover procedure implemented in

accordance with the.disclosed method and apparatus.



preferred enbodi nent of the present invention; Fig. 12 is a schematps 1 gk
diagramillustrating handover of a nobile station between CDVA base
stations iwoUsgss7i d GSM CDVA cel | ul ar communi cat i ons syst eQT/ISEL/00574
accordance with a preferred enbodi nent of the 20 present invention; Fig.
13 is a schematic illustration show ng signal flow associated with the
handover of Fig. 12, in accordance with dYreferred enbodi ment of the
present invention; and Figs. 14A-14D are schematic bl ock di agrans
illustrating CDMA long 25 codes allocated in conjunction with the handover
of Fig. 12, in accordance with a preferred enbodi nent of the present

invention. FIBETAJL ' R /=

i mpl enented in accommew\g??g;} r%tﬁﬁggthF paTMN'BS5 JUL
2004 WO 01/52567 PCT/ USO /00574 19 DETAI LED DESCRI PTI ON OF PREFERRED

EMBODI MENTS OVERVI EW OF HYBRI D GSM CDVA SYSTEM OPERATI ON 5 Reference is now
made to Fig. 1, QWVERVIEWaOFIT¥BRIDGSMYCKDONMASYSTEN OPERATTION GSM CDVA
cel l ul ar_. comuni gati ons system ZS%HI)‘Q accordance with a preferred

embodi ment of t hBCfRTERER IS oW e 15, dy wrhidh is 3 sghematig gramofi
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al ready exi preferred émbbtdinverle ofitke ipledEd)inoenibhl SystéR2( REbRNLARMNd a
i nvention has_the advantage of enablin radual introduction of CDVA

service i nPabliculand omohiken netiwprk (R X 2%t whichr isqbiasedgonathe GSMhges
t th [ ' i nf L { . _PL ' t

obi | o- ser vEoERiGAGARE AL, of dibcitbed HBEIRERYE, ntsiminicre far sughy
cent er sl al hbaw@ksilteadibedbe AR s T Widish ¢h mbRY chatlitsy a8 thae p%rleggll-lt

illustration), which controls network operations thin a geogr
area. Ampongibensionshasctheqsyantage ofenablingsgrachml imroductibn od GMA service

base: st ati ofs CouBiERR Wit Wit A SRk oa s Toauirins Toaicr Humees B tne
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conprises a network managenent center (NMC)™ 26 a ce
switching center &ISC) 24, or possibly a number of such centers (although only

15 one MSC is shown here for clarity of illustration), which controls network

operations within a geographical area. Among other functions, MSC 24 is

responsible for location registration of subscriber units and handover of

subscriber units between base stations, as well as linking PLMN 22 to a public

switched telephone network (PSTN) and/or packet data network (PDN) 48.

20 The PLMN also comprises a network management center (NMC) 26 and a cell
broadcast center (CBC) 28. These functions are described further hereinbelow.

System 20 includes a plurality of mobile stations (MS) 40, which

communicate with PLMN 22 via a plurality of base station subsystems (BSS) 30

and 32 over a wireless RF link in one or more of the accepted cellular

25 communications frequencies. MS 40, which is also known as a subscriber unit,

is capable of communicating with both GSM BSS 30, using a substantially

standard GSM TDMA signaling protocol, and CDMA BSS 32, using CDMA-

based communication methods described hereinbelow. Additionally, although

in standard GSM systems, mobile stations can typically receive broadcasts from

30  CBC 28 only in idle mode, MS 40 is capable of receiving such broadcasts during

a call through BSS 30, as will be described further hereinbelow. Although for

the sake of clarity, only one each of MS 40, GSM BSS 30 and CDMA BSS 32 is



broadcast center (CBC) 28. These functions are described further

her ei nbel ow. System 20 includes a plurality of nobile stations (I\DSB JlAb?UU‘
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(BSS) 30 and 32 over a wireless RF link in one or nore of the accepted
cellular 25 communications frequencies. M5 40, which is also known as a
subscriber unit, is capable of comunicat2thg with both GSM BSS 30, using a
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radio operation, and I nt enance center -R)_38. _The OMC-R communi cat es
with NMVC 26°B¢&ton &5? m@a&&cwemﬁre@@@mpﬁ%f %&N [fgmamunicates
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: ternatively

or add 11 onKPyOTAE TSeipdy Tlotaep: ptopally; B 42 sar he dikpddra Beneel
0 roct 15 RYEN Y b PRYY 0oL, BRI B Bl Poed By HREERRNAL,
t her et hr ouglelecommunications Standards Institute (ETSI). Alternatively or additionally,
BSS 32 may be coupled for transmission of packet data directly to PSTN/PDN
48 (although such a connection is, for the sake of simplicity, not shown in Fig.
1), preferably with a link to the Internet therethrough.
20 Communications between CDMA. BSS 32 and MS 40 are built on a
CDMA “air interface,” which is preferably generally in accordance with the
I595 standard for CDMA communications. BSS 32 is built around a base station
controller (BSC) 34, which controls and communicates with a number of base
station transceivers (BTS) 36. Each BTS transmits RF signals to and receives RF
25 signals from MS 40 when the MS is within a geographical area, or cell, served
by the particular BTS. When during a telephone call, the MS moves from the
cell of one CDMA BTS 36 to another, a “soft handover” (or handoff) between
the BTSs takes place, as is known in the CDMA art.
There may also be regions of service of system 20, however, which do
30 nothave CDMA coverage (i.e., there is no CDMA BTS 36 in such a region), or in
which coverage is weak or congested. If MS 40 moves into such a region during
a telephone call, the MS is handed over from the CDMA BTS to a BTS
associated with GSM BSS 30 without interrupting the call. Similarly, if MS 40




20 Communi cations between CDMA BSS 32 and M5 40 are built on a CDb\/lé ?Iﬁ
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controller (BSS ) 34, which controls and communi cates with a nunber of base
station transceivers (BTS) 36. Each BTS transmits RF signals to and
receives RF 25 signals from M5 40 when th@lMs is within a geographical
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VB 40, becalls HPtHir ARG iy b (PRI e RY Bineencs ghohangest cheingfoei
the system tapdiggly the lower-level RF air interface is changed during the
transition. Fig. 2A is a block diagramthat schematically illustrates

communi cati ons  [Figt2Adé adladk didgranetimtMchéfatiogll P Afastdstes 66m3Runications
accordance w &F a1 éé%l%gééer red odi nent gf t he present invention. M 40
comuni cat ePTRAR tyveeRy dMS A0and UBSPH 381 and B2, \iRi aerordaness avithra a
standargs T ' \ ; S kall 0 [ ficali] IS
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GSM BSS 30 over a GSM Um interface, which is based on a standard TDMA air
interface, so that substantially no modification is required to BSS 30 or to GSM
Layer 1 and Layer 2 standard interface protocols in order to accommodate MS
40. MS 40 communicates with CDMA BSS 32 over a CDMA Um interface,

20 based on a CDMA IS-95 air interface with certain modifications. Subscriber

units known in the art are capable of operating over either a GSM Um or a
CDMA Um interface, but not both.
In order to sustain both of these interfaces, MS 4C comprises mobile
equipment (ME) 42 (Fig. 1), which must include either two radio transceivers,
25  one configured for TDMA operation and one for CDMA, or a single transceiver
which can dynamically switch between TDMA and CDMA. The ME includes
mobile termination (MT), which supports terminal equipment (TE) 46 for voice
and/or data input and output. In addition, MS 40 comprises a subscriber
identity module (SIM) 44, in accordance with GSM standards.
30 Fig. 2B is a schematic block diagram illustrating MS 40 comprising a
single radio transceiver in ME 42, in accordance with a preferred embodiment
of the present invention. MS 40 is built around a modem unit 59, including a
DSP core 60 capable of generating and processing both TDMA and CDMA
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70 through an RF receiver 72 and a mxxed-51gnal input device 74, which
performs baseband conversion and AGC functions, to core 60. Preferably,

transmitter 68, receiver 72 and mixed-signal devices 66 and 74 are controlled by
core 60.

20 RF transmission and reception by MS 40 are preferably at frequencies in
the GSM 900 or 1800 MHz band, for compatibility with existing GSM
equipment, particularly BSS 30. Assuming that MS 40 includes only the single
transceiver shown in Fig. 2B, operating in the GSM band, CDMA equipment in
system 20 must be appropriately configured to operate in this frequency range,

25 aswell |

Returning to Fig. 2A, whether MS 40 physically includes one transceiver
or two, it must support dual air interface Layeré 1 and 2 in its protocol stack, for
operation vis-a-vis GSM BSS 30 and CDMA BSS 32, respectively. The CDMA
air interface between MS 40 and CDMA BSS 32 comprises CDMA Layer 1,

30  which operates on a standard IS-95 protocol, and GSM-CDMA Layer 2, in
which I5-95 operation is modified to accommodate the needs of GSM network
services. GEM-CDMA Layer 2 inccludes functionality, such as message ordering,

priority and fragmentation, and suspension and resumption of
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supports si g.?al i ng‘for call processing, as well as GSM suppl enentary
servi ces ant‘EHEF e?Péssage service (SM5). The MM sub-1| ayer supports

signal ity requiredotQér LPEHHOR &E MM aﬁﬁtéﬁﬁﬁlﬁﬂ)}e% LOEMIBVEA R sLBY
layer is introduced in the MS 40 and BSS 32 protocol stacks. The GSM-CDMA
RR sub-layer, which manages radio resources and maintains radio links
between MS 40 and BSSs 30 and 32, is “aware” of the existence of the dual GSM
and CDMA lower layers (Layers 1 and 2) in the MS 40 protocol stack. It
20 invokes the appropriate lower layers in the MS stack to communicate with
either the standard RIL3-RR sub-layer of BSS 30 over the GSM Um interface or
the GSM-CDMA RR sub-layer of BSS 32 over the CDMA Um interface,
depending on instructions it receives from the BSS with which it is in
communication. The MM and CM sub-layers are not processed by BSS 32, but
25  are rather relayed through between MS 40 and MSC 24 for processing in a
manner substantially transparent to the CDMA air interface layers below. The
RR sub-layer in the MS stack also controls the handover between the
corresponding air interfaces defined in Layers 1 and 2 and assists in cell
selection for the handover, under instructions from MSC 24 and the BSSs.
30 Regardless of which of the air interfaces is in use, the GSM-CDMA RR
sub-layer supports the standard GSM RIL3-MM and CM sub-layers above it.
The RR sub-layer preferably offers complete radio resource management
functionality as defined by GSM specifications 04.07 and 04.08, which are
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sub-l ayer in idl substantigllynaibethesfunciionsspesifiedhyGSM standasisi ng, as

speci fi ‘iﬂ by GSM and SEI\/A st andards, and establishnent of RR connections.
. ange of dedicated channels (handover), including hard

handovers as described hereinbelow and CDMA-to-CDMA soft and

“softer” handovers.

. Mode settings for the RR channel, including transmission mode,
type of channel and coding/ decoding/transcoding mode.
20 . MS parameters management based on IS-95 specifications.
. MS classmark management based on GSM specifications.

It will be understood by thos~ skilled in the art that the above features of
the RR sub-layer are listed only by way of a summary, and that additional
details and features may be added based on published GSM and CDMA.

25  specifications.

Fig. 3A is a block diagram that schematically illustrates protocol stacks
used in signaling interfaces between MS 40, CDMA BSS 32 and GSM MSC 24, in
accordance with a preferred embodiment of the present invention. These
interfaces enable MS 40 to communicate with GSM MSC 24 over a CDMA air

30  interface. Operation of these interfaces, and particularly message flow through
these interfaces, is described in greater detail in the above-mentioned PCT
patent application PCT/US96/20764 and incorporated herein by reference.
When MS 40 is in communication with MSC 24 via GSM BSS 30, the protocol
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procedures between MSC 24 and BSS 32 that require interpretation and
15  processing of information related to single calls and resource management, as
well as transfer of call control and mobility management messages between
MS5C 24 and MS 40. BSS 32 translates CDMA Layer 1 and GSM-CDMA Layer 2
and RR protocols exchanged between the BSS and MS 40 into appropriate SS7
and BSSAP protocols for transmission to MSC 24, and vice versa.
20 Because CDMA BSC 34 communicates with GSM MSC 24 using the
standard A-interface, substantially no modifications are required in the core
GSM MSC in order to enable the addition of CDMA. BSS 32 to GSM system 20.
Furthermore, MSC 24 need not be aware that there is any difference in identity
between GSM/TDMA. BSS 30 and CDMA BSS 32, since both communicate with
25 the MSC in a substantially identical manner over the A-interface. Preferably,
cells associated with BTSs 36 of BSS 32 are mapped by MSC 24 in substantially
the same manner as GSM/TDMA cells, and are thus assigned GSM absolute
radio frequency channel number (ARFCN) and base station identity code
(BSIC) values, in accordance with the GSM standard. From the point of view of
30 MSC 24, a handover between GSM BSS 30 and CDMA BSS 32, or even between
two different CDMA BSSs, is no different from a handover between two GSM
BSSs in a conventional GSM/TDMA-based system. The BSIC of the CDMA
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Fig. 4A is a schematic block diagram showing details of system 20, useful
in understanding a method for mobile-assisted handover of MS 40 from CDMA
BSS 32 to GSM BSS 30, in accordance with a preferred embodiment of the
present invention. Unlike Fig. 1, BSS 30 is shown here in detail to include a BSC
20 77 and a plurality of BTSs 78 and 80. Fig. 4A illustrates the handover of MS 40
from one of the BTSs associated with BSS 32, labeled here BTS 76, to BTS 78 of
BSS 30. BSS 32 also includes GSM-CDMA BSC 34 and BTSs 36, as described

with reference to Fig. 1.

The handover from CDMA BTS 76 to TDMA BTS 78 is preferably
25  initiated by BSS 32 when it is determined that MS 40 is in a location in which
such a handover might be desirable. This situation may arise when the signal
received from BTS 76 is weak, or when MS 40 is known to be reaching the edge
of a CDMA coverage area, or when traffic on CDMA channels is heavy.
Alternatively, BSS 32 may instruct MS 40 to seek a signal from BTS 78 (or other

30 GSM BTSs) from time to time independently of any specific pressure to do so.
Fig. 4B is a schematic signal flow diagram, illustrating signals conveyed
between MS 40, BSSs 30 and 32 and MSC 24 in the handover process of Fig. 44,

in accordance with a preferred embodiment of the present invention. BSC 34
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frame is suspended using an
since M5 40 will search only at the frequencies of the cells on the list. The list is
updated as MS 40 moves from one cell to another and is maintained during
handovers between TDMA and CDMA base stations.
When MS 40 receives a signal at the frequency of BTS 78, it attempts to
20 decode the GSM frequency correction (FCCH) and synchronization (SCH)
channels in the signal. This decoding may take several of the gated CDMA idle
periods to complete. Once decoding is successfully accomplished, MS 40
determines the power level of the TDMA signal and reports it to BSS 32
together with the GSM cell identity. To determine the power level, MS 40

25 preferably averages the signal power over a period, so as to reduce the

influence of M5 movement and channel fading. The determination and
reporting of the TDMA power level is preferably repeated continually after MS

40 has received the command to do so.
In accordance with GSM standards, the power level for each cell
30  monitored by MS 40 should be determined at least once every 5 sec, and the
corresponding SCH should be decoded at least once every 30 sec. The power
levels should be determined for all of the cells on the list of neighboring cells
provided by BSS 32. Preferably, the MS decodes the SCH and reports the



activation/deactivation mechani smas defined by the | S-95B standar¢,s JUL 2004
section 6.6.6.2.8. Alternatively, such an idle period nay al so be

i nt r oducedWgHUé2563t her 10 CDVA standards, as well. Further 2CTarSon0os7¢l vy,
as noted herei nabove, M5 40 mmy conprise separate TDVA and CDVA
transceivers that can be used sinultanequsly for this purpose. Preferably,
BSC 34 provides M5 40 with a list of- t he2d requenci es of nei ghboring GSM

o User ul | ROPES el BARE of 1hE el Sa WiGR 3 Hess Mikn] s reebds Mok
M5 40 will peefiecsblynthye MS tépsorts ﬁﬂBSS@QQﬁd?{vl\rh@R thétd ﬁaé)ﬁeérhﬁdlhﬁnge i tRe

list is wupdated as M5 40 npves from one ce to another and is I nt al ned
during handétemsingst \paswer drrelsihaeDihe Hast repairt wrs solite othEr 4h ofes

a signal at the.freque of BTS 78, .i.t atte st 20 decode t he M
frequency o Stenilic "?E%ﬁ} ecetved, &%aMgpoftﬁoF'S‘&Q)moﬂﬁﬁFﬁfg +n the
signal Tis decogy el t ' i t
conpl et es.] Once d?ggg?@ité&‘s(ﬁggg%g u ?ﬁ%cﬁ:%n%lﬁ%ﬁa%h erd%ﬁ%rnﬂ%%sgt he
pover | evel hahdover EDfdtakiegslate. aAd aneqspropridte tin8BES 32 ihiHiRed & hawdovet he

GSM cel | identity. To_determ ne the power |evel, M5 40 25 preferablé
aver ages t hEPQYEFHiP Eﬂ@&eg‘l-oﬂae MSSe crauveyss thesbandover nequestido GoM BEHAD, of

oA pover 1 SRRRBACHBE Sk pddifest (S BBK BN ol VRS W hAndoVer
recei ved t heomenared &id 60 Zcand OO BYS B2e MNIESM S hands i fic [dRanperer

| evel for each cell 30 nonitored by M5 40 should be determ ned at | east

once evkly 6TGHQ is HpenedebetavnencBpS3ianyd SurMSB.oudtithie phinbdbel handowes is
T | | h d t i ned f |1 ,0of th

ol 1 s o { neoTRLte, AR RIEHD switches dretoich Y 46, Apaaciosshil BandGies X e

M5 decodes idpsoreed! & AMSEP Q4] Ssﬂti%%ax@tiéllm#l}%1&@%@:%%&&@%&%5'@75@%{6&9%574

28 power level only of the cell from t est signal was rece
Most  pr ef estabidards hiolisving which tthe BESC3 fssmes ya whitabléh&cieanacohemand to

Change of SO BT R Rebonds it Coles SBletn ok BRom tho.
gﬁgi \tAﬁrelﬁﬂacel |'S. Pref@psiflg, QRe it frifFRr BRANAMY ist BBeRSP ifl e SdH-BRscHbRiN
handover mode, in accordance with accepted GSM handover methods, and
GSM BSS 30 is configured to accept such a handover. MS 40 preferably
responds to the RR handover command with a handover access burst on the
main dedicated control channel (DCCH) of GSM BSS 30, as indicated by the
20 handover command. The MS then waits to receive an appropriate physical
information message from BSS 30 on the TCH, as defined in GSM standard

04.08, in order to complete the handover. If the physical information is not

received within a predetermined time period, preferab.y within 320 ms, in
accordance with the T3124 timer of the IS-95 standard, the MS attempts to
25 resume its connection to CDMA BSS 32.

The decision to initiate the handover may take place whenever the signal
from GSM BTS 78 becomes stronger than that of CDMA BTS 76, but preferably
other criteria are applied. For example, since CDMA channels typically offer
better transmission quality than GSM channels, the handover is preferably

30  initiated only when the GSM signal is stronger than the CDMA signal by some
predetermined weighting factor. The factor may be preprogrammed in system
20, or it may be set by a user of MS 40. It may also be adjusted dynamically in
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MS 40 adjusts its receiver frequency, typically by adjusting an appropriate
phase-locked loop (PLL) to the frequency of the TDMA cell. In a subsequent
interval 84, the MS adjusts its receiver gain for the signal being received from
the TDMA cell, typically using automatic gain control (AGC). Suitable methods

20  of PLL and AGC adjustment are well known in the art. Intervals 83 and 84 are
preferably about 1 ms each in duration. Subsequently, for about 15 or 35 ms,
depending on whether the total duration of frame 81 is 20 or 40 ms, the FCCH
and SCH of the acquired TDMA cell are decoded, as described hereinabove.
Then, in preparation for the next CDMA frame 82, MS 40 readjusts its frequency

25  to its previous (CDMA) setting and then resynchronizes to CDMA BTS 76 in a
final interval 86.

Fig. 4D illustrates monitoring frame 87, which is used to measure power
levels of TDMA celis of interest. For each such cell, the frequency of MS 40 is
adjusted in an initial interval 83, as described above. The cell power level is

30  then determined during a corresponding energy measurement interval 88,
preferably having a duration of about 1.4 ms. In the example shown in Fig. 4D,
the duration of frame 87 is taken to be 20 ms, enabling power levels to be
determined for seven different cells during the frame. Alternatively, if a 40 ms



5 nonitor the power of TDMA cells, in accordance with a preferred 03 Jul 2004
enbodi nent _of the present invention. Mnitoring frames 81 and 87 are

i nt er sper s&P 03267 nor mal CDMA conmuni cation frames 82, at aPEHPSM105HN
rate of no nore than one nonitoring frane in 480 ns. 1S-95B standards
allow the nmonitoring franmes to.have a dugq;ltion of either 20 ns or 40 ns.
Longer nonitoring periods may be 10 used desired. The choice of shorter

i mul L hncously et vea NS B0 sad Fas Ty Wt MR ks lay L BPeERANNG, 1

of time needatingthedirainet e a cycle of decoding and monitoring. Fig. 4C
Il lustrates m)nltlgrln frang 81, Wmch is used to acquire the 15 FCCH and
SCH of a parti cul Ve efnbpdiment not shown imthe; fa,;mresx one mordfyring/s

ggagce“ :Jgtciel oogﬁ%k’}éﬁ dl{’{‘fet%%%@'&%ﬁ%ﬁcparls:‘ o?é\fé% t@:@ﬂ &3&%@%%&@ nt

i nt erval584SCI[-HI€arNB&®d)ﬂ1|@i'$oféﬁei bﬂﬁireﬁf’érﬂsf ﬂ'{%ﬁi fb@?&i@?&?ﬁved
from the TDVA cel |, typl cal | automati c galn contr abl e
net hods 20 &raybe based sthe -0 (MdAkhamﬂardn the art. Intervals

83 and 84 are preferably a In duratio Subse ue tly, for
about 15 or 35 m!'e 053{; ﬁga&d@ﬂ%ﬁ?ﬁ &l nafpategin j s

20 40
desg:l bednﬁgrléerfﬁ%ﬁbg?e_&ta@r en, | n ‘D epgﬁgﬁ#g{rﬁ@o}% ﬁ%ﬁx%&ﬁ%%ﬁg%{? VS

40 read] ust dlusmtbdequﬁlgsy%nd)mﬂ,mmtwrm&m redlembadihent of
resynch]ruﬂ %ﬁs to BTS 76F| % | nt erval Fi g. 4D il lustrates
noni t or Wﬁls g% PA an ‘égtfﬁﬁétateﬁé\f arrbiigs A s

f t t
o TP o= ano GBI WBRL of CAMICPATBS o2 By il O‘*‘?%S*&#Eﬂa”
det er m ned depneag\@messesmanﬂe@@m rnsmyms gatiapeas destriiedeherbfhabove, so

preferably uration of about I n the exanple shown in Fig.
2D, Cthe dufaet e BiS Sk beveen SOMALRG TRM Acteeaphing. Bradbed] lnes -

At ornat vl ARpAHE Gl weFbiiing Gt st osiedhenafi s iornable of are

Id s us Sd%shte hfs:rmnbtmed)m/@[}i\d@i/ TDMA dperdtibhe tepicall§! deguifig PRati@ieclY Reve

uaﬂaadxo transcejvers (unlike the single-transceiver MS shown in Fig. 2B). The

states of GSM-TDMA BSS 30 are not shown, since they are substantially in
accordance with GSM standards, which are known in the art.

Certain messages conveyed between MS 40 and BSS 30 and BSS 32 in the

20 course of the handover processes are indicated along the lines connecting

relevant states of BSS 32 and MS 40 in the figures. These messages preferably

have the general form of standard IS-95 or GSM messages, as appropriate,

which are modified and/or supplemented so as to carry additional iformation

that needs to be conveyed in hybrid GSM-CDMA system 20. Although certain

25 exemplary messages and message formats are described herein, substantially

any suitable assignment of the message fields may be used, within the

constraints of the relevant IS-95 and GSM standards, as will be clear to those

skilled in the art.

At the start of the handover process, MS 40 is in communication with

30  BSS 32 over a CDMA traffic channel (TCH) in a state 100 of the MS and a state

130 of the BSS. The BSS issues a search gating command, including gating

parameters, and then waits for gating completion in a state 134. MS 40 checks

the parameters in a state 102. If the MS is not configured to support the
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MS 40 continues monitoring the neighboring cells and reporting the

results to BSS 32 in the form of a pilot strength measurement message (PSMM).
When a handover trigger condition is established, i.e., when the signal received
by MS 40 from BSS 32 is sufficiently weaker than one of the neighboring cells,
20  the BSS indicates to MSC 24 that a handover is required and enters a waiting
state 140. If no handover command is received within a predefined period,
preferably determined by GSM timer T7, in accordance with the GSM standard,
the BSS returns to state 138. When the handover command is received from the
MSC, BSS 32 passes the RIL3-RR handover command on to MS 40, and then
25 enters another waiting state 142, where it awaits a Layer 2 (L2)
acknowledgment of the command from the MS. It is noted that BSS 32 may also
recejve a handover command while in state 138, in which case it similarly issues
the RIL3-RR handover command to MS 40 and enters state 142.
When MS 40 receives the RIL3-RR handover command, it checks the
30 handover command parameters in a state 110. If MS 40 supports the handover
command parameters, it sends the L2 acknowledgment to BSS 32 and enters a
CDMA suspension state 112. If the parameters are not supported, MS 40 issues
a handover failure message and returns to state 108. In this case, or if no
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When t he handover co nd is received fromthe MSC, BSS 32 passés the
R L3- RR hand%%@ﬁ%ﬁ@?ﬁﬁag‘%‘ , ‘Lnd then 25 enters another waiting

state 142, where ¢ ot ; . Kk e t: ofy I he gomrand
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command to M5 40 and enters state 142. \Wien M5 40 receives the RIL3-RR
handover corfPENunications state hed- BYS B raerives shenclear qoummands eheneupost it e
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returns to %S%t gnt%?ssé Sl(?C r1]'¢Ielsea:(s:eagt(:jl’te %O,Ii;t vr\]rﬁlc% 1? rélelisés ga](lj iesources used in
communicating with MSC 24, and then ends its connection with MS 40 in an
end state 152.
20 If MS 40 does not receive the physical information within a specified
period, however, given by expiration of the GSM T3124 timer, the MS enters a
state 122 in which it attempts to reacquire CDMA BSS 32 and return to state
100. A handover failure message is issued to BSS 32, which then enters a
corresponding CDMA reacquisition state 146. If reacquisition is unsuccessful,
25 BSS 32 issues a clear request and returns to state 144, from which it may
ultimately exit to state 152, as described above. The MS transfers to an idle state
126.

TDMA TO CDMA BASE STATION HANDOVER
30 Fig. 7 is a schematic block diagram showing signal flow in system 20
(Fig. 1) associated with providing the time of day to relevant GSM BSCs and
BTSs in the system, in accordance with a preferred embodiment of the present
invention. Ordinarily, GSM BSSs in system 20 would not be informed of the
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15 40 while 1t is in standby, or idle, mode, i.e., when the MS is not involved in a
telephone call. For the purpose of providing time of day information, however,
MS 40 is preferably capable of receiving CBS messages not only when it is in an
idle mode, as prescribed by GSM standards, but also when the MS is in a
dedicated mode, i.e., during a telephone call (although at the possible expense

20  of losing data from the call itself). The use of the CBS to provide time-of-day
information to MS 40 is desirable particularly when the MS includes only a
single radio transmitter and receiver, as shown in Fig. 2B; when dual radios are
used, one for CDMA and the other for TDMA, the-CDMA radio can receive the
time of day while the TDMA radio is in use in a telephone call.

25 In a preferred embodiment of the present invention, CBS messages are
also used to initiate a search by MS 40 for neighboring cells, as described above
with reference to Fig. 4B.

A special MS 160, which is equipped with a GPS (global positioning
system) receiver 161, is located in one or more of the GSM/TDMA cells of

30  system 20 in which the time of day is needed. In Fig. 7, MS 160 receives the
time of day from receiver 161 and associates the time with an identification of
the concurrent TDMA frame number, based on synchronization signals
transmitted by BTS 78, in accordance with the GSM standard. Alternatively,
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transmtter ﬁéﬁgﬁeﬁﬁi er, as shown in Fig. 2B; when dual radios are used,
one for C Gther for TDWVA, the-CDVA radio can receive the tinme
of day while the Hihutmg thel thmie'bf Hfy ki%o@?réﬁheab%ﬁaébena%'f&a]ecsm
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Fig. 8 is a schematic map of overlapping GSM/TDMA cells 162 and
CDMA cells 164 in network 20, illustrating aspects of mobile-assisted handover
from GSM BTS 78 to CDMA BTS 76, in accordance with a preferred
20 embodiment of the present invention. An operator of system 20 will recognize
that when MS 40 is located in any of cells 1-5 shown in Fig. 8, a TDMA/CDMA
handover may take place. Therefore, CBC 28 will broadcast a CBS message to
all dual-mode (GSM/CDMA) MSs in these cells, including the following

information and instructions:

25 . MS to begin search for CDMA signals (search trigger).
. Frequencies of CDMA BTSs in overlapping and neighboring cells.
. GSM mapping of CDMA cells 94, according to GSM MSC 24.
. Identification of the time of day with the current TDMA frame
number, preferably as derived from MS 90, although other methods may
30 also be used to supply the time of day. .
. Optionally, the factor by which the CDMA signal strength is to be

multiplied for comparison with the TDMA signal, as described
hereinabove.
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may take place. Therefore, CBC 28 wi || broadcast a CBS nessage to all
dual - mode (teiBcBvtlye hgadover heginscwii ﬂtemmmasgpn néthe)seamhrtggger and

(Sear on 7 10A0ef jfighibh The SarbinRber i PariSfiied pRreg Sy REEHE 28, ng
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Identification of the tine of day with the current TDVA nunber,
pr ef er abl y RESPiegtapamereandiBon, al t hough ot her methods may
15 Upon receiving the trigger, MS 40 switches off its TDMA traffic with BTS

78 and tunes its receiver to an appropriate CDMA frequency for a short period,

preferably for about 5 ms. Then, after the MS has resumed communicating

with BTS 78, it attempts to decode any CDMA signal it received in order to

identify a pilot beam of the BTS whose transmission it has received, say from

20 BTS76. As noted above, CDMA BTS 76 is mapped in system 20 as though it

were a GSM-TDMA BTS. MS 40 therefore transmits a report message back to

GSM BTS 78 indicating the power of the signal it received from BTS 76

(optionally multiplied by the relative CDMA/TDMA weighting factor

mentioned above), together with the GSM system map identification of BTS 76.

25 From the point of view of GSM BSS 30 and MSC 24, there is no substantial

differerce between the message transmitted by MS 40 in this case and the

message that would be transmitted as the result of an ordinary GSM neighbor
scan.

This process of measurement and reporting goes on until BSS 30

30 determines that MS 40 should be handed over to BTS 76. At this point, BSS 30

conveys a message to MSC 24 indicating that the handover is required. MSC 24

passes a handover request on to BSS 32, which sends an acknowledgment back

via MSC 24 to BSS 30. BSS 32 allocates hardware and software resources to the



al so be used to supply the time of day. Optionally, the factor by WS?M“
the CDVA signal strength is to be nultiplied for conparison wth the
signal, asW®8u§isped herei nabove. 0 5 JUL 2004 WD 01/ 52567 RITUSISONS7A0574
35 There is no need for such a nessage to be broadcast in cells 6-10.
Furthernore, it will be understood that only the dual -node MsSs are
programmed to receive and interpret this %ssage, whil e ordinary GSM TDVA

Mss will ig by foncs trl . t he,5 dual - npde

VB 1o gat hoPamimicaling HaehE ChaRel fo 8 Bhon ALe B M 30, andf pagispending

assi st ance inmulirdiata go tthe M8ridayelertis tHe ER{dPVACERNIBSS/BD itK@n@l@éég

GSM CDVA symras t hat have been suggested in the prior art. Fig. 99s a
QRN

bl ock di agr gt MS @), | prefgrabdy 20 RHSsRRataednmairtch that
nobi | e- assi sted_h oV rom BTS 78 to BTS_ 76, in accq nce with a 10
preferred e%ﬁ?ﬁ’gﬁge%ié'tghé’ fEs T . Op&nIng; @d’fﬁﬁ*&@ér annel
referencs t ufh< t ngﬂg ' . 1.SSl fqit

search t?i gger gl%ﬁ%t%mn or%ﬁ%ﬁ%@%@gﬁdﬁ #@gr%ﬁeﬁasé%nﬁrgr%ﬁpﬁ
peri odi cal | yubtheBTiréthbeloeneviéi rbferéficé so Fignk3 ahd G M| |'Bhd n2wf HafficS) -

or in response to, so ot her _preprogranmed condition 15 Upon receiving the
trigger, NBCEB"@ﬁHSC Qpengd, & Séhﬁil@r@mfm%@&]mhmeﬁiﬂ d

receiver to i frequency for a short period, preferably
TIMIRBRIHE Fftafingt ¢

for about 5 M5 has resuned communicating wth BTS 78,

it attenpts to d réiess debilid D abdve thustIRWE thdbilePasitited handdoet koma
pil ot beam of the BTS whose transm ssion it has received, say from 20 BTS

76. As HBt e FIMHOMEDRRS 3307 EDMA BEFRwith hightspeed Gnasreliabilijy, and withe a
GSM TDVA BTS,: 0. refore transmts [ epo nmessa back to M, BTS
761 ndi cat | BriFel GEERGRAR 10 RERIRe' iy T BRG " 31kl e Cubichb e 1y
mul tiplied handeser eAleds MRcEDFOE B b4\ ofiiflid Ao Qbver TIIMQRRK it BPNfRin
together with the GSM system map identification of BTS 76. 25 From the

poi nt of vi & 1ereiveMiBE3day infavBativn, andethe COMA. eallssararmiappeddinté ¢hence

Dot een 1 T80 gkt AF Akt et by S el WIERSEO B
15 necessity of reprogramming existing GSM system elements.
A similar TDMA-CDMA handover process may be carried out even in
the absence of time-of-day information at GSM BSS 30. In this case, after MS 40
has acquired a pilot channel signal associated with BTS 76, it must tune in to
and decode the CDMA sync channel of the BTS in order to derive the time of
20 day. This opération takes about 480 ms, creating a noticeable but still tolerable

interruption in voice service during a call. Further alternatively, a similar

handover process can be performed using a MS having two transceivers, one
for TDMA and the other for CDMA, as described hereinabove.
Figs. 10A, 10B and 11 are flow charts that schematically illustrate, in the
25 form of state machines, the operation of MS 40 and BSS 32 in performing the
handover illustrated in Fig. 9, in accordance with a preferred embodiment of
the present invention. Figs. 10A and 10B refer to MS 40, while Fig. 11 refers to
BSS 32. BSS 30 operates substantially in accordance with GSM standards, as are
known in the art. .
30 MS 40 begins in an initial state 170, in which the MS is in communication
with BSS 30, in a certain cell associated with the BSS, over a GSM traffic channel
(TCH). When the MS moves into a new cell, it enters a state 172 in which it

receives and reads messages from CBC 28. If there is no CBC message



scan. This process of measurenment and reporting goes on until BSS 3%5 ggsmm
determ nes that M5 40 shoul d be handed over to BTS 76. At this point,

30 conveysWO #¥R86lhe to MBC 24 indicating that the handover BCI/USsa0es7£d.
MSC 24 passes a handover request on to BSS 32, which sends an

acknow edgnment back via MSC 24 to BSS 30, BSS 32 all ocates hardware and
software resources to the 0 5 Jug 2004 V@Ol/ 52567 PCT/ U501/ 00574 36
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handover from 10 GSM TDWVA BSS 30 to' COVA BSS 32 wi speed and
reliabilitysends pilotistrerigthmeasureesentpniessages (PSMD) aoi BES BO. Mhddhadeid a

call during i handover takes place. For the purposes of this
handover, G%Mﬁpwr?pﬁ%?% ST W&Vgﬁl’ iaréeﬂ)hﬂtﬁailoi Hraavailableyerica he
CDMA cel I's W&qﬂ%[p LNt S e t i ar dwar e ex and
substanti al ?36 t ousn%'he%qlgﬁﬁe@sgsei ?%teo?ﬂn?égpsflg{gé;a% #Q 83‘(%5”3@ @ﬁi

syst em el embransmissisiintol wmm%émﬁ@fefeigmﬁﬁéam@mr&n@,dsﬁﬁ
on at M BSS 30. In this

even i the gbsence of tjng-of-day informati
case, 2&4 er ﬂ%@‘% aﬂﬁa@ﬂ&fgwﬂ‘eésg 3§i LbRo @ilet ie found;the MS goes ta agtake 180,BTS
76, it must; s aegt O3 : e hannel _of the BTS i
order to de’rxli\%ﬁlt eltt%ke of ltggf%#&h%%%gﬁoﬁo ?gégnaﬁﬁfﬁopﬂ?ge rflégM
creating a frequenepkerdedtion chihnél CAHePh&HVAID! WhenldpUK i8 FoSRA ViHeE
during a ca,yﬁ] Further alternatively, a simlar handover process can be
performed udMhEniers s skateilfd, inwhichdl adhsixits freguency as refpitedant teasutdser
for CDWA, kRed: ej . Has. 10A 10B and are .fl charts
t hat sphenaat&}éggw g@ﬁlﬁ%@pﬁﬁﬁt h%gf oF Pcﬂueﬁqaﬂ&?m@ﬁf'#e%t H@ 18
operat il otoifndRicarihgB6%esitsi futent GSMIPDMA traffic channel, it attempts to
decode the CDMA pilot so as to identify the cell with which the pilot is
associated. The results are reported to BSS 30.
At an appropriate time, based on the results reported by MS 40, as
described above, MSC 24 conveys the handover request to BSS 32. The BSS

20  enters a preparatory state 190, in which it allocates resources, assigns a long

code and makes an SCCP connection with the MSC in preparation for

handover. After sending the appropriate acknowledgment message to the

MSC, BSS 32 enters a state 191 in which it sends null forward traffic fr-mes to

MS 40 and waits to receive reverse traffic from the MS. If the BSS fails to

25  allocate the resources, however, it reports a handover failure and exits to an end
state 197.

Based on parameters encapsulated in the acknowledgment message from

BSS 32, the RIL3-RR handover command message is sent from GSM-TDMA BSS

30 to MS 40, identifying the GSM-CDMA destination cell associated with BSS 32

30  and conveying the necessary handover parameters. MS 40 enters a state 183 in

which it verifies that the handover parameters are supported and, if the

verification succeeds, suspends its GSM-TDMA operation in a state 184. (If the

verification fails, the MS reports the failure and returns to state 176.) The MS



handover illustrated in Fig. 9, in accordance with a preferred enbolc__h' 5"3% 004
of the present invention. Figs. 10A and 10B refer to M5 40, while . 1
refers to WEK8I/®367 BSS 30 operates substantially in accor darr/wsoessV
standards, as are known in the art. 30 M5 40 begins in an initial state
170, in whlch the MSis in comrunication ith BSS 30, in a certain cell
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descri bedl alayfblisMiflg gendsafic i hﬁg&’iﬁ By thd NEAMS
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GSM CDMA cel h dgjertsithe preambledrames and epartyto the
found, the C enc
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Al ternati velenterslacstate 192 intwhighfipwatts foheomMetiont of thehasiddver 182, in which

It adjusts its frlg&{#gnCé as re uired and neasures the CDVA signal
strengt®# During o 40 can $2 axe unable 40 establish tammunicatignsy éheit s

current GS f t de.the pilat so
as to identity tﬁgfgéll?sfs g?@mﬁ{)gﬁht ﬁ‘gapﬁgpwf"éa 'ﬁig’@ t‘%ﬁﬁr BF§
are repor t egtdtes. BUIS 2DattéinpisitcrRatgiite GSMIBIS30 fos SthtoN88 ﬁﬁdr Filckessful,
reported by M5 40, as described above, MSC 24 conveys the hahdover request

to BSS 32. Teupsy GEMcHcHstate Hroepiérﬂm oearquisition fails, tha MBiexitsito an idle
al l ocates r S s.al de and s an SCCP, connegtion with
fhe NBC i n SRiais; R PHIE e, B8 2 ieteliEe A Flkat s Somangy gyl eleeses all
acknow 1Bigneadoreasitdaad silédited MSMS B WstaR I35 fB1ISWAMS WHRith BES'8? eRith t
sends null forward traffic frames to
to end state 197.
Assuming the handover is successfully completed, however, BSS 32
enters a service option adjustment state 194, corresponding to state 186 of MS
40. A service request is issued by BSS 32, and the BSS awaits a service response
20  from MS 40 in a waiting state 195. When the service response is received, MS 40
and BSS 32 enter respective CDMA traffic channel (TCH) states 187 and 196,

and the call continues normally over the CDMA channel.

CDMA TO CDMA BASE STATION HANDOVER
25 Fig. 12 is a schematic block diagram illustrating handover between two
different CDMA BSSs 201 and 203 within system 20, in accordance with a
preferred embodiment of the present invention. BSS 201 comprises a BSC 202
and a plurality of BTSs 206 and 208; and BSS 203 comprises a BSC 204 and a
plurality of BTSs 210 and 212. BSSs 201 and 203 are substantially similar to and
30  interchangeable with BSS 32, shown in Fig. 1 and described hereinabove, and
communicate with GSM MSC 24 via the GSM A-interface. MS 40 is shown in
the figure in the midst of a handover from BTS 208 to BTS 210, under the
control of MSC 24. Although the handover takes place between two CDMA



M5 40 and waits to receive reverse traffic fromthe Ms. If the BSS fjg 'JU‘EZ@U‘P
25 allocate the resources, however, it reports a handover failure and exi
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respective CDVA traffic channel (TCH) states 187 and
between the MS and the BSS, which according to IS-95 swndards can be either 8
kbit/sec (rate set 1) or 14.4 kbit/sec (rate set 2), is preferably conveyed in the
message by indicating the IS-95 data rates respectively as GSM half-rate and
full-rate traffic channels. When the GSM traffic channel rate is conveyed to BSS
20 203, the BSS interprets the rate to select the appropriate IS-95 data rate.

' MSC 24 sends a handover request to BSS 203, which responds by
sending to the MSC an acknowledgment that encapsulates a RIL3-RR handover
command message, which is passed back to BSS 201. Thus, all of the messages
sent between BSSs 201 and 203 comply with A-interface requirements, and

25 CDMA parameters associated with 1595 are mapped to corresponding GSM
parameters, for example, identification of vocoder type 13K QCELP in CDMA
to GSM full rate vocoder. The handover request, acknowledge and command
are passed on by MSC 24 substantially without change.

After receiving the handover command, old BSS 201 sends the RR

30 handover command message to MS 40 so as to effect the handover to new BSS
203. The message to MS 40 encapsulates CDMA parameters required for the
handover, in accordance with IS-95 standards, including but not limited to the

following:
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15 which the MS sets the power level of signals to be transmitted to BSS 203.

. Frame offset, a parameter that indicates, preferably in steps of 1.25
ms, a delay of forward and reverse traffic channel frames sent to and

received from MS 40, relative to system timing of system 20. The frame
offset is passed from BSS 201 to BSS 203 in the handover command

20 message. An optional ACTIVE_TIME parameter may also be included to
indicate the time at which the delay is to be introduced.

. Code channel, similarly passed from BSS 201 to BSS 203, to

indicate a Walsh function that is to be used to encode the forward traffic
channel from BSS 203 to MS 40, in accordance with the IS-95 standard.

25 ° Layer 2 acknowledgment numbering, which may be used by BSS
203 to reset acknowledgment processing by protocol layer 2 in MS 40,
preferably at a time specified in the handover command message.

. Forward traffic channel power control parameters, used by BSS
203 to reset the TOT_FRAMES and BAD_FRAMES counts made by MS

30 40 for the purpose of reporting forward channel error statistics to the

BSS.



20 203, the BSS interprets the rate to select the appropriate |S-95 (datjg 7004
rate. MSC 24 sends a handover request to BSS 203, which responds by
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command nessage, which is passed back to BSS 201. Thus, all of the nessages
sent between BSSs 201 and 203 conply with A-interface requirenents, and 25
CDVA paraneters "associated wth 1595 are %pped to correspondi ng GSM
paranmeters, for exanple, identjficatjon, of, vocoder type 13K QCELP i n CDVA
to GSMfull rate vocoddNMBeTohREramRle, akng emb%egpmblsmes

are passed on b S ' . t .l | Vi t he
handgver commné,tyglgd&%ggﬂg%ﬁfaymygM%@%ﬁﬁ%ﬁgﬁ%ﬁgﬁﬁﬁﬁ@iﬂ& to
M5 40 so as to efgoned fhaimeed friotn\the BSS, aevddiSHbed FRerefibdvRSw RN &relBe 46
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forward andaregenveyed il hessagessent dvemtie cther one afntthe air interfaces, can be
15  used in a similar manner to convey messages and data of other types.
After the RR handover command has been sent to MS 40, a new traffic
channel is established between BSS 203 and MS 40. To establish the channel,
BSS 203 sends traffic channel frames to MS 40, which responds with an
appropriate number of preamble frames, as specified by the handover
20 command message. A successful handover is then reported to MSC 24,
substantially in accordance with GSM messaging standards, following which
the MSC issues a suitable “clear” command to old BSS 201, which responds
with a “clear complete” message.
Figs. 14A-D are block diagrams that schematically illustrate 42-bit long
25 code masks allocated by BSS 203, in conjunction with the handover illustrated
in Fig. 12, in accordance with a preferred embodiment of the present invention.
Fig. 14A shows a mask 220 for use in an access channel; Fig. 14B shows a mask
222 for use in a paging channel; Fig. 14C shows a mask 224 for use in
fundamental (forward and reverse) traffic channels; and Fig. 14D shows a mask
30 226 for use in supplementary (forward and reverse) traffic channels. Such
supplementary channels are used, for example, in multi-channel medium data
rate (MDR) communications, as specified by the IS-95B standard.
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assigned to the assignee of the present patent application and incorporated
15  herein by reference.
Operation of BSS 201 and BSS 203 in carrying out the handover shown in
Fig. 12 can be represented schematically by state machines substantially similar
to those illustrated respectively by Figs. 6A/6B and Fig. 11. Operation of MS 40
in this handover is largely similar to that shown in Figs. 5A and 5B, up to state
20 112, at which CDMA communications with BSS 201 are suspended. As MS 40 is
establishing a new traffic channel with CDMA BSS 203, it passes tlirough states
114, 116 and 118, which are equivalent to states 185, 186 and 187, respectively,
as siiown in Fig. 10B. If MS 40 fails to acquire the new traffic channel while it is
In state 114, it passes to state 122, in which it attempts to reacquire old BSS 201.
25 . The method described hereinabove relates primarily to hard handovers
between two different BSSs 201 and 203, under the control of MSC 24. System
20 preferably also allows soft handovers of MS 40, in accordance with I15-95
standards, between BTSs associated with a single BSC, such as BTSs 206 and
208, shown in Fig. 12. Optionally, if BSC 202 is suitably linked to BSC 204, by a
30  connection generally independent of MSC 24 {not shown in the figures), a soft
inter-BSS handover from BTS 208 to BTS 210 may also take place. In such cases,
BSS 203 informs MSC 24 that the handover has taken place, so that the new
location of MS 40 is appropriately registered.
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information to the MS 40 from a MC base station (MC-BS), including the GSM
Frame Number, which uniquely identifies the instant in time when the
Synchronization Channe} is transmitted by a GSM-BSS. It should be noted that
the frame number that is valid at a particular time in one GSM-BSS is not the

20 same as the number that is valid at any other GSM-BSS of the same system.

This is intentionally done in order to allow GSM MSs to monitor neighboring
cells during TDMA idle periods. Therefore, at any instant in time the GSM
Frame Number is different in each GSM-BSS.

In accordance with one embodiment of the presently disclosed method

25  and apparatus, the information that is provided includes:
(1) CDMA time,
(2) an indication of the number of GSM channels that are to be searched,
(3) a received signal strength threshold, and
(4) information relevant to each of the channels to be searched.
30 In one embodiment of the disclosed method and apparatus, the
information that is relevant to each of the-.channels includes:
(1) the frequency band that includes the channel to be searched,
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Figure 15 is an illustration of a flowchart showing the process that takes

place when an MC-BS 1501 wishes to determine whether it might be beneficial

to perform a handover. It should be noted that the process shown in Figure 15

20 and described below may be performed either in response to a determination

that the signal that is currently supporting communications to the MS is too
weak, or upon any other triggering event. |
The procass begins with a Candidate Frequency Search Request Message
1503 being transmitted from a MC-BS 1501 to a MS 1505. In one embodiment of
25 the disclosed method and apparatus, the Candidate Frequency Search Request
Message has the following format including the fields shown in Tables 1 - 3:
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In accordance with this embodiment, each of the fields shown is defined
by the industry standard for CDMA2000 systems. However, in one
5 embodiment of the disclosed method and apparatus, an additional search mode
is defined. This additional search mode requests searches for GSM channels.
When the search mode field requests a search for GSM channels, the
following fields are transmitted:

n an
the first
ransmtted
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node requests sear
NUM_GSM_CHAN 6

The following set of fields are repeated once for each channel to be

searched:

GSM_FREQ_BAND 3
ARFCN 10
BSIC_VERIF_REQ ]l
GSM_FRAME Oor19
GSM_FRAME_FRACT Oor9

The fields that are shown in Table 2 are defined as follows:

SE_TOTAL_EC_THRESH - Serving Frequency total pilot E,, threshold.

5 _ . If the mobile station is not to use the measurement of total E of the
pilots in the Serving Frequency Active Set in the GSM Frequencies
periodic search procedure, the base station shall set this field to
*11111°; otherwise, the base station shail set this field to

[ (10 x 1ogyq (total_ec_thresh) + 120) /2
10 where rotal_ec_thresh is defined by the following rule: The mobile
' station is not to visit any GSM frequency if the total E,, of the pilots
in the Serving Frequency Active Sct is greater than total_ec_thresh.
SF_TOTAL_EC_IO0_THRESH - Serving Frequency total pilot E/I, threshold.

If the mobile statiom is not to use the measurement of total E/T, of
15 the pilots in the Serving Frequency Active Set in the GSM

Frequencies periodic search procedure, the base station shall set this

field to ‘11111"; otherwise, the base station shall set this field to

L - 20 xlogyg (total_ec_io_thresh) |

where toal_ec_jo_thresh i defined by the following rule: The mobile

20 station is not to visit any GSM frequency if the total Ec/L, of the
pilots in the Serving Frequency Active Set is greater than
total_ec_io_thresh.

GSM_RXIEV_THRESH - GSM RXLEV Threshold
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CDVA TIMEO or 6 NUM GSM CHAN6 The fol | ow set of fields are repeated once
for each channel to be searched: GSM F BAND3 ARFCN10 BSI C VERI F_REQL

GSM FRAMEO or 19 GSM FRAME FIR’ACT.Hl %as 2 The flel ds re shown
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in Table 2 are defined as foIIo uency

total pilot E. threshold. If the LA
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;set thisgfield to 11111'; othermj E%%g@l%&a%@ﬁ%e%wﬁs%clm& field

o (10 x log 10 (total _ec_thre

L'D

If GSM Time Reference is specified in this message, the base station
shall set this field to *1'; otherwise, the base station shall set this field
to ‘0",

10 CDMA_TIME - A selected point in CDMA Time at which the MC-BS knows the
frame number and frame portion that is being transmitted by each of
the GSM-BSSs for which the MC-BS will request the MS to search.

If the GSM_T_REF_INCL is set to ‘1’, the base station shail set this
field to the CDMA System Time, in units of 80 ms (modulo 64), to

15 which the GSM_FRAME is referred. If the USE_TIME field is set to
‘0’ the base station shall omit this field.

NUM_GSM_CHAN - Number of GSM Channels

The base station shall set this field to the number of GSM ARFCN to
search.

20 GSM_FREQ_BAND - GSM Frequency band
In accordance with one embodiment of the disclosed method and
apparatus, the following values are transmitted to indicate the particular GSM

frequency band:

100 PCS 1900

ARFCN - Absolute Radio Frequency Channel Number

The base station shall set this field to the Absolute
Radio Frequency Channel Number to search as
specified in Section 2 of GSM 05.05.

30 BSIC_VERIF_REQ - Base transceiver Station Identity Code verification
required
The base station shall set this field to “1” if Base
transceiver Station Identity Code verification is
required for the corresponding ARFCN; otherwise
35 the base station shall set it to ‘0".
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‘0’ the base station shall omit this field.

GSM_FRAME_FRACT - GSM Frame Fraction that is being transmitted on
the associated channe] at the time identified in the
associated CDMA Time field.

20 If the GSM_T_REF_INCL is set to ‘1’, the base station
shall set this field to the number of 1/229 fractions of a
GSM frame valid at the time specified by CDMA_TIME
in the GSM target base station, with range 0 to (2/9-1).
The GSM frame duration is specified in Section 4.3.1 of

25 GSM 05.02 as 24/5200 s. If the GSM_T_REF_INCL field
is set to ‘0’ the base station shall omit this field.

-

Upon receipt of the Candidate Frequency Search Request Message 1503,
the MS 1505 preferably estimates the amount of time that will be required for
30  the MS 1505 to perform the requested searches. The estimate may be performed
in any well know fashion. The estimate is transmitted to the MC-BS in a
Candidate Frequency Search Response Message 1507.
In accordance with one embodiment of the disclosed method and
apparatus, the MC-BS 1501 responds to the Candidate Frequency Search
35 Response Message 1507 by determining whether to perform a search, and if so,
how the search is to be performed. For example, in one embodiment, the MC-
BS 1501 transmits a Candidate Frequency Search Control Message indicating
that the MS 1505 should begin performing a search at a predetermined start
time (specified within the Conirol Message) and whether the search should be
40 performed one time, continuously, or periodically.
The MS 1505 responds to the Control Message by performing a search



'0" the base station shall omt this field. NUM GSM CHAN - Number @fy §BM00L
Channel s The base station shall set this field to the nunber of GSM ARFCN

t o sear ch. WOI/5&%VI FREQ BAND - GSM Frequency band | n accor d®CTa/Saiods7one
enbodi mrent of the disclosed nethod and apparatus, the follow ng val ues are
transmtted to indicate the particular GSM frequency band: Table 3 GSM
FRED BAND 000 001 010 011 100 PCS 1900 25*9RFCN - Absol ute Radio Fr equency

Channel Nu y ' Ll set | ' t he Absol.ute .Radio
Channe TBaGed 1BofiARE r&dcld b atiot THE M 1508 Beds i im0
30 BSl C_VEREFgm@d-(i.Bame vahresRivided $hahe ADMIE Thirleidlayifo idirkify the kioie 35

required The hase station shall set this field to 'l it Base transcelver
Station | dedt whiccgaddestified pertion ofa GSlfrane Was sehtte detersyina divlnen to
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5 1505 to search.
The MS 1505 will preferably search for each GSM only at the time when
the GSM signal is transmitting identifying information, such as the BSIC. The
MS 1505 can then both make signal quality measurements and also compare the
BSIC with the BSIC associated with the channel for which the MS 1505 was

10 requested to search. If there is a match, then the MS 1505 will report the quality
of the signal being transmitted on the channel for which the MS 1505 was
requested to search (such as the amount of power in the signal, the signal to
noise ratio, or any other measure of signal quality).

When the MS 1505 has determined the quality of the signal being

15 transmitted on each of the channels for which the MS 1505 was requested to
search, the MS 1505 will compose a Candidate Frequency Search Report
Message 1511. The Candidate Frequency Search Report Message 1511 is then
transmitted from the MS 1505 to the MC-BS 1501. Depending upon the content
of the Control Message, the MS 1505 may repeatedly transmit the Report

20 Message 1511.

| If the MS-BS 1501 determines that the conditions for a handover are ripe,
then the MS5-BS 1501 transmits messages 1513 to the GSM-BSS 1515 to prepare
the GSM-BSS 1515 to accept the handover. One method used to transmit the
messages to the GSM-BS 1515 are to encapsulate the information in a standard

25 GSM handover message. The handover message may include timing
information regarding when to find the synchronjzation channel in cases in
which there is substantial drift in the GSM timing with respect to CDMA
timing. Such messages are known in the art and so are not described here in
detail for the sake of simplicity.

30 Once the GSM-BSS 1515 receives the handover preparation message
1513, an MC-MAP GSM Handover Command message 1517 is transmitted to
the MS 1505 in conventional GSM format. The MS 1505 and the GSM-BSS then
exchange System Acquisition and Access messages 1519 in essentially



5 10 15 20 25 48 BSIC - Base transceiver Station Identity Code. Ifggg\@hmm
BSIC VERIF REQis set to T, the base station shall set this field to e
Base trans¥QOE5256t ation Identity Code of the GSM channel tRCHEESMONSHS
specified in Section 4.3.2 of GSM03.03. If the BSIC VERIF REQ field is
set to '0" the base station shall omt this field. GSM FRAME GSM Fr ane
nunber of the frame that is being transnm®Pt ed on the associ at ed channel at

o T | Revent il (kb REoRe PPRL NARE1 508 ndh Brhifies . Harider Complese e
GSM frame nudessageal 5 & thd (CSM-BES $5B%1 %6@39}«-@@5{5 %[Eg:ﬁ.g?blgz-@rﬂpoghe

target base station, as specified in- Section 3.3.22 0
GSM T_REF_| NuenexehangesHamdover CobhpleteMessagestiB2Bon shal | onit this field.

GSMFRAMVE FRACT -Mﬁam ractiaon that is béi_n transmtted on the
associ ated chann ¢ anGeggtop thoseskifled i thgarb that: if she M 1505san
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(2A9-1). The Gs&frarre duration is specified in Section 4.3
05.02 as 24/0tbenGEIMBSSsHD15aM) intenest. | Rarthermpre, sincesthe Candidtate Frequancy

Sear ch RoquestbRedHebt dbstge 180 HEGLRs rioraRpH tesvieling BRY Sl bhe
of time thatchanhlelsfor’ wdiieh @He MB 1505 is being requested to search, the search for
10 signals associated with each of these channels can be done in a few time slots
(each of which is only 0.5 milliseconds in duration). Accordingly, the presently
disclosed method and apparatus allows an MS 1505 to perform a search for a
handover candidate without taking very much time (only a few milliseconds
total) from the time that the MS 1505 is receiving CDMA signals.
15 It should be noted that while the above disclosed embodiment is
referenced to a GSM system, the presently disclosed method and apparatus

applied equally to any TDMA system in which information is transmitted
during well defined time slots.

Although preferred embodiments are described hereinabove with

20  reference to a particular hybrid GSM/CDMA system, it will be appreciated that

the principles of the present invention may similarly be applied to effect

mobile-assisted handovers in other hybrid communication systems, as well.

Moreover, although the preferred embodimeints make reference to specific

TDMA- and CDMA-based communications standards, those skilled in the art

25  will appreciate that the methods and principles described above may also be

used in conjunction with other methods of data encoding and signal

modulation. The scope of the present invention encompasses not only the

complete systems and communications processes described hereinabove, but

also various innovative elements of these systems and processes, as well as

30 combinations and sub-combinations thereof.



30 the M5 1505 to performthe requested searches. The estinmate "HVUQ%WLZM&
performed in any well know fashion. The estimate is transmtted to the
MC-BS in aw@anstsdat e Frequency Search Response Message 1507%crfsifagisdance
wi th one enbodi nent of the disclosed nethod and apparatus, the MZ-BS 1501
responds to the Candi date Frequency Search 35 Response Message 1507 by
det erm ni ng whether to performa search, &td if so, how the search is to be

perfornmed. For exgnple,.in.one enbodi ment, the MZ- B$S 1501 transnits a
Candi date Fr equen@y%éh&lﬁ ke, APPERCiaiess dPresented embpodiments viescribed

shoul d begi i p } S t. 1i (speci.fied
W ihin the Coaestie\Eea By s of e Bl R EhE B BherTing imueoBist BORRUEHEG
one tinme, ¢ p olain®g. periodically. The M5 1505 responds to the
Control Message by perform ng a search 0 5 JUL 2006 WO 01/ 52567

PCT/ 11501100574 49 based upon the received information. The M5 1505 uses
the timng information provided (i.e., the value provided in the CDVA Tine
field) t& i (WECLAHMe tine at which an identified portion of a GSM frane
was sent to determine when to search for each GSM signal for which the

M5- BS 1501 has requested the M5 5 1505 to search. The M5 1505 wi ||
preferably search for each GSMonly at the tinme when the GSM signal is
transmtting identifying information, such as the BSIC. The M5 1505 can
then both nake signal quality neasurenents and al so conpare the BSIC with
the BSIC associated with the channel for which the M5 1505 was 10 requested
to search. If there is a match, then the M5 1505 will report the quality

of the signal being transnmitted on the channel for which the M5 1505 was
requested to search (such as the amount of power in the signal, the signa
to noise ratio, or any other neasure of signal quality). Wwen the M5 1505
has determned the quality of the signal being 15 transmtted on each of

t he channels for which the M5 1505 was requested to search, the M5 1505

wi || conpose a Candi date Frequency Search Report Message 1511. The

Candi dat e Frequency Search Report Message 1511 is then transmtted from
the M5 1505 to the MC-BS 1501. Dependi ng upon the content of the Control
Message, the MS 1505 may repeatedly transmt the Report



20 Message 1511. If the MS-BS 1501 determines that the conditions Ucﬂ;]Jﬁ’t 2004
’‘handoyver are tipe, then the M5-BS 1501 transnmits nessages 1513 to t

GSM BSS 1515 to prepare the GSM BSS 1545 to accept the handover.

met hod used to transmt the nessages to the GSMBS 1515 are to encapsul ate
the information in a standard 25 GSM handover nessage. The handover nessage
may include timing information regardiGhAIMMEN to find the synchronization
channel in cases in which there is substantial drift in the GSMtim ng
with respect to CDMA tInva mpbilSueikeless sslagasmanieations whster, Whithaimtludeitbe ar e
not described here in .detail for the sake of sinplicity. 30 Once the

GSM BSS 1515 PAIAS\Af& HISLIYRe ARRSFME 45F %S HH%&P@JHS%%@&?@@CC 204 Dasestations pie GsM
Handover ComghgndBpe 4 Nﬁﬂ.ﬂ]g

conventional GSM forrra %ﬁ%&ﬁﬁi%ﬁﬁgaéfgr@ﬁ%g’s en c}grx“(': gw '8t em
Acqui siti on amebie setien meshsasgmmlﬁmﬁ d firse baenttatmin| whihSs bPlthe ifd typéDro a

01/ 52567 PCTI | JS@% 00574 50 g tional, fashion, The M5 1505 then

provi des a Hafdg EB??BP'&t“é’ ﬂ\jé%feﬂwocqwm BSS 1515. The GSM BSS
1515 and the MC- BSesiddlithing e Bomahidaims HAkIBVE" thEommd GirCinteMass dehseed I3 |
wi || be understood by those skilled in the art that if the M5 1505 can 5
qui ckly i dentmppﬂ%ﬁ@ﬂ% andiibs figgt base 8Ot ed from one GSM BSS 1515, then the

M5 1505 will ot | s _bein
transmtted by ota]%L ég S%él‘?i‘f@%g%bﬁﬂl T gg‘e)lg pogéﬁ%l?%g rec'ivﬁ%e’g Ih"e
Candi dat e Fr emublﬂm;tatlcﬁeavet hheRegomis4ir Mgefroixﬁﬂﬁ sedUhld HASS stafibih) Isikdntiblly
regardi ng each E he . channel s for V\/n gEe M5 1505 is being requested to
search, the s¥i ‘E,‘Hbf‘?ﬁ‘}"“ﬁé he;fqmmynications, ‘i‘l%l‘t" %ﬁfﬁtﬁé&ﬁa‘&“ prbse channel s
can be done in a falisTBct B SmobiRAGiel A @ it O theOscRofl ke GAAS 1 1
duration). Accordingly, the presently disclosed o appar at us
allows an M @mswgtcpdlpfdQWMI\@édlmfrdImr a handover candi date wi t hout
taking very much tine (only a fewmlliseconds total) fromthe tine that
the M5 1505 is receiving CDVA signals. 15 It should be noted that while the
above discl osed enbodinent is referenced to a GSM system the presently

di scl osed nethod ahd appanakdadsaccaging edclaigd| Whedein Aoy vingMAe il @Mprigesrhi ch

information is transmtted
receiving a measurement of signal strength, and wherein handing over the mobile

l.

station comprises comparing measurements of signal strengths from the first and second

base stations and handing over the mobile station responsive to the comparison.

3. A method according to claim 2, wherein receiving the data comprises

applying a weighting factor to the measurement of signal strength.

4. A method according to claim 3, wherein applying the weighting factor
comprises varying the factor according to a network condition in the system and/or
transmitting a weighting factor over the communications link to the mobile station,

which applies the weighting factor to the measurement.

5. A method according to any of the proceeding claims, wherein receiving
the data comprises receiving an identification of the second base station based on

decoding by the mobile station of the signal received over the second air interface.



during well defined tinme slots. Al though preferred enbodi nents are g; !ULIBUL
descrij bed herei nabove wwth 20 reference to a particular hybrid GSM

system it will be appreciated that thg principles of the present

invention may simlarly be applied to effect nobile-assisted handovers in

ot her hybrid comruni cation systens, as well. Mbreover, although the

preferred enmbodi nént s mahethb&faefcﬂﬂi@zF tb @l&mer,| dndCcombaiy demith fHoas Be
comuni cat i ons %t andards, those skilled in the art 25 will appreciate that

the met hods HEY Dajei statiop te thegpabile; stisign aist ef faegyengiesofihase yatioms ohthesegandct i on
Wi th ot her t | ] lL.agi.qQn. The .scope. of
the present | vgﬂtﬁ}e% S‘g‘ﬂtg‘ﬁggﬁéﬁgg@“ﬁ%ﬁﬂgﬁ?‘?g? ﬁégs tég%rgr%r(gthg%@?gjt‘gﬁsfmﬁﬂ%cy
comuni cat i omsthplisicesses descri bed herei nabove, but also various
i nnovative el enents of these systens and processes, as well as 30
conmbi nati ons and sub-conbi nations thereof. 0 5 JUL 2006 WD 01/ 52567
PCT/USO /00574 51_ It will thus be appreciated that the preferred
enbodi ments descr7bed AbB¢thodpecordingdp BYY akihediroeseding|cdaimanwhereia Handingscope
of the inventj i the .cl ai VW CL 5..J L 2004
52 CLAIMB 1. B*'ér%q%é ﬁrrlghill%[&t\?\n&r%q sn?sée % ée@gmﬁ %ihﬁéqvgﬁgowglﬁe%m q ft {sjﬁﬁl udes
base statiosataf a first type operating according to a first air
interface, and base stations of a second type operating according to a
second air interface, a nethod for handing over a nobile station in the
systemfroma first base station, which is of the first type, to a second
base station, whi®h isAomathed fscasdiast {pheanyc ofpihe s piogeeding abaimshiwhsrein
conmuni cati o i L g . P
station and t aeblh? @5 §? Hfggﬁeﬁg%] %%l ":@){rﬁ;lﬁ"rkeaéigln%/e?ér%gﬁgngg%t\rggr?néhohgs%(glﬂﬁeél@aéti on
responsi ve t comprssegstblishdng theelinkoynd heeeivingbthe esighhbbi e mobdle dtitionsestgnal ai r
interface fram:t second baa_l%rg alti on, substantially wthout breaking the
[

comuni cat i ofMf88!F REsTaRseaiver i e§U-st ati on; and handi ng over the
nobile station fromthe first to the second base station

9. A method according to any of the proceeding claims, wherein one of the
first and second air interfaces comprises a TDMA interface, and the other of the

interfaces comprises a CDMA interface.

10. A method according to claim 9, wherein the TDMA interface comprises
a GSM interface, and wherein the CDMA interface is configured to convey GSM

network messages.

11. A method according to claim 9, wherein the CDMA interface is based on
an IS-95 standard.

12. A method according to any of the proceeding claims, wherein
establishing the communications link comprises using a single radio resource
management protocol layer to manage the first air interface, and wherein handing over

~ the mobile station comprises using the single radio resource management protocol layer

to manage the second air interface.




responsive to the data received therefrom 2. A nmethod according to g

-1, wherein receiving the data conprises receiving a neasurenent of i@héﬂm
strength, and wherein handi ng over thesgobile station conprises conparing
measurenents of signal strengths fromthe first and second base stations
and handi ng over the nobile station responsive to the conparison. 3. A
met hod accordi ng i3 cl A metBod aherding tor aqemf\ahagrdchaimgaﬂalmmhemﬁe&ccnamgl yi ng
avvelghtlngf (}[ﬁ(‘)r toé‘g asurenent of ma@i% strength. 4. A nethad

§

according t o the| Gt frem 5 SHpR yPmpres de R0 9 RYEGRP b%‘&’ﬁ?ﬂ p fiesd
varying the I‘é}‘?érpier@&ﬁ 6 SHe st er%t@ﬁ’ﬁ&oﬁdﬂ £ 90 hk 01'1 @e&%@bix l?cf'g{ror

transmtting wei ghting factor over the commnlc I ons nobi | e
station, whint¢rfaeppinddsggemagis mbbilengatfonad orceive thiehdatawhathe mnbtle stStmnAs

met hod accor d| f the proceeding clains, wherein receiving the
data conpri sé“s é'félogP%‘ﬁaﬁn i dentification of the second base station based
on decoding by the nobile station of the signal received over the second
air interface. 0 5 JUL 2004 53 6. A nethod according to claim1, and
conprising transmtting fromthe first base station to the nobile station
a list of frequenttes gfmqsh@:bacﬁmmgdn@nbﬂfmn@rcseedjmclahwwhbmiqmeﬁsysirem

such that t hﬁ]AéFPaQ{: ﬁ&gﬁﬁ&ts' Fﬁcrl‘a%e a%?q%’l'hﬁ%ﬂ}lq% %ﬁlﬂ:rl Eer?amfe CEPpTas Y in

the list. acco any o e procee I'ng Ol erein

handi ng ovea Gsnmmmm;meﬁhat amwnmrm&e\ang data $rom ﬁvengobalefsmdw@mpmmmnd
fromthe first bae E\t] 8. A net hod accordln to _any of the
proceedi ng cBali %?‘?Po“etgt‘%ltﬁ'i“i‘@ﬁl \’H\‘ﬁﬂl"&&i'%?&aﬂ tp mgeeiyg @nd

recei ving thgedad gdm}\\é%qu the si gnal conprise establishing the Iink
and receiving the signal at the nobile station using a single RF

transceiver in the nobile station. 9. A nethod according to any of the
proceedi ng cl ains, wherein one of the first and second air interfaces

conprises a TDVA jqnter h t I faces c rises a
CDMA interface. 107 A rreat?lg%‘aélggﬁ%&ﬁﬁné ?eié' 131 %’ﬁm%% twggq%ﬁ){& on
interface coogmiprisesinteirupbivi CDIMA icamenunivadonstfer ik duiakion GMAS-98 Bsithéce i s
configured to convey GSM network nessages. 11. A nethod according to claim

9, wherein the CDVA interface is based on
16. A method according to claim !4 and 15, wherein receiving the data
comprises receiving an identification of the second base station based on decoding of
GSM frequency correction and synchronization channels of the signal by the mobile
station.

17. A method according to any of the proceeding clahns, wherein the first air
interface comprises a GSM/TDMA interface, and the second air interface comprises a
CDMA interface, and wherein receiving the data from the mobile station comprises
controlling the mobile station to interrupt the communications link so as to receive and
decode a CDMA signal.

18. A method according to claim 17, wherein receiving the data comprises

conveying time of day information through the GSM/TDMA interface.




an |1 S-95 standard. 12. A nethod according to any of the proceeding f#ghf?%&
wherein establishing the conmunications |ink conprises using a sing

radi 0 resource managenent protocol |aggr to manage the first air

interface, and wherein handing over the nobile station conprises using the
single radi o resource managenent protocol |ayer to manage the second air
interface. 0 5 J WP.L 260methed acgnrdingrtetdiam &% cwhateingconveying thef timheof day

proceedi ng cl gi . .o receivi.ng.. th ata fromthe ile stat.ion
conpri ses defﬁ%ﬁ%‘oﬁﬁgé’%gcsobfroaosaeslr;'f‘gB“Eé)?\gg% I‘P%?am?ai?'log Ehm?'ggﬁ%ﬁif%@ V808 By the
first air inGSM a¢ibbrdadtast seRe@Nd regi on served by the second air

interface, and triggering the nobile station to receive the data when the

nobile station is in the area of overlap. 14. A nethod according to any of
t he proceeding clainms, wherein the first air interface conprises a CDVA

interface, and whggei n,t alr | I ’ i . T
interface, and vmgdrj'ei nArrgglgl&gl(ﬁ%gag%g# go ’f]%l?ﬁgﬁem@m}éé%&&ﬁ"iggﬂeegyﬁpri ses
gati ng the mifoineatioh abmprisdsarecaiting mutphe of GMmd anmasociared IGBM framkmstbens t o
receive and _decode a.GSM TDVA si gnnal ... 15, A net ho$| according to claim 14,
wher ei n gat i fGM HEATHERYaTen CPBTPBAIHER § bise SHER oF B FIFN yRediALe system.
comuni cations for the duration of an IS-95 frane. 16. A nethod accordi ng
to claim 14 and 15, wherein receiving the data conprises receiving an

dentification ofsihe aecands haskuisd if b RESEAOR HEARMIDdRby d%y%snae

frequency correction and synchroni zati on chann signa

nmobi | e st at sye.chanhel #f thre CRMA signel i as ¢o derivenhe wide bhdayor oceedi ng cl ai s,
wherein the first air interface conprises a GSM TDVA interface, and the -
second air interface conprises a CDMA interface, and wherein receiving the

data fromthe nobjle station, conprises  controlling the npbile station to
interrupt the comfini cAtMethed proording, to slajm 1 ét,fea}“\)’é’%aﬁ%ﬂmsd’&%'dés depensiant.
signal . 18. §, hg i IR iR iy |

compri ses oo ‘herdfiiotealing e uald Sinrids cHIELiRE 2 SHITCH RReEIpscitea
interface. OmBssageto the o@bilgStation tofniviaterrosarsh by tht mobijestaticni fior 4 Signalifeanei n

conveying the tl.ne:h offY second type.

23. A method according to claim 22, wherein conveying the GSM cell
broadcast service message to the mobile station comprises conveying the message so as
to be received by the mobile station while the mobile station is operating in a dedicated
mode.

24. A method according to claim 17 or any of claims 18-23 as dependent
thereon, wherein receiving the data from the mobile station comprises receiving an

identification of a CDMA pilot beam decoded by the mobile station.

25. A method according to claim 17 or any of claims 18-24 as dependent
thereon, and comprising mapping the second base station as a GSM base station so as to

control the handover.

26. A mcthod according to claim 17 or any of claims 18-25 as dependent

thereon, wherein controlling the mobile station comprises controlling the mobile station




i nformation conprises broadcasting time of day information through_the
systemusing a GSM cell broadcast service. 20. A nethod accordi ngUtﬁoJlH:Iwﬂlm
19, wherein broadcasting the tinme of dgg information conprises receiving a
time of day and an associated GSM franme nunber froma transceiver in
communi cation with a base station of the first type in the system 21. A
met hod accor thi rgeive thel GDMA 8ignaihdmaigmn fitse TRNJA| tens slat andh taldevode sheasigsy nc

channel of the. CDVA signal to.derive the tine or. day. 22. A nethod
accor di ng to‘_i'tr_frﬁgi H%%‘"‘aﬁ@%ﬁa"aﬁl?fﬁwm -‘?I"'E'é"‘?fé’ﬂéﬁﬂgh$¥ basq tatignover _
wher ei n r ecejhg i TEMANRtefatedsotR i péne e (heAXRYS BE rei b ¢ Bl lbakt @AfdRASt service
nmessage to the nobile station to initiate a search by the nobile station

for a signal from a base station of the second type. 23. A nethod
according to claim22, wherein conveying the GSM cell broadcast service

h j | j [ -SES. i, .as . b
Tecetved by the nbbi | cs ermlof CORELRERARY rhatRo T IR B 4 27
dedi cat ed nDGSM witeled toleédmslumicaivng by, Cofpaisiapl /7 or any of clainms 18-23

as dependent thereon, wherein receiving the data fromthe nobile station
conpri ses recei vi WBUHRAS thedima ofiday snforpation ta thersymers; ek beam decoded by the

mobi | e station. oadbalFlNAiniGHAGA Rt BobliekiidoRt 1 ugh ol ai ms 18- 24

as dependent thereon, conpri sing mappl ng the secon ase station as a
GSM base station so as to control the handover. 26. A method according to
claim17 or any of clains 18-25 as dependent thereon, wherein controlling
the nobile stati o28.confr neeRdC @oéordingi g &lken NP Iwherdimt then GSNE  Hifleledd04 56

to receive the CDVA signal duri,nq %Srf@i rft TDVA time slaot and to decode the
signal  duri Glscameypications systemipclydes sl broagdrast systermaAnd;veheraim gragdeastiag,

base stati onpevishe Jf T%ﬂaﬂ%t?%%ﬁ)ﬁséob&ﬁd&&ir%gﬂﬁr fSimtalin %Ef tr}jcg§£1?

recei ved by the base sfation. nmet hod for nveying time o

i nf or mat i on broadeastshsiem. station in a GSM wirel ess tel ecommuni cati ons
system conprising: inputting the tinme of day information to the system
and broadcasting the information to the nobile station over the system

28. A nmethod accoyding, to claim?27, whereitn the GSM w,rel.es .

t el ecomuni cat | onig‘sys% é‘?ﬁﬂ?%’gﬁcﬁ glospm @rdﬂﬁ@é‘%y’?@%ﬁ ﬁ‘&ﬁﬂ“ﬁ\ﬂ’éf‘@i n

br oadcast i NGinformation comprises broadcasting a message so as to be received by the mobile
station while the station is operating in a dedicated mode and/or receiving a time of day
and an associated GSM frame number from a transceiver in communication with the

system.

30. A method according to claim 29, and comprising synchronizing the

mobile station to a CDMA transmission signal using the time of day information.

31. A method according to claim 27 or any of claims 28-30 as dependent
thereon, and comprising determining a location of the mobile station responsive to a
transmission thereby of the time of day information to a plurality of base stations in the

sysiem.

32. A method according to claim 27 or any of claims 28-31 as dependent
thereon, wherein inputting the time of day comprises opening a data call from a

transceiver having the time of day information to the cell broadcast center.




the tinme of day information conprises broadcasting the information over the
+ cel |l , broadcast system 29. A nethod according to claim 28, whereifhb JuL 200
broadcasting the tinme of day informat§pn conprises broadcasting a nessage
so as to be received by the nobile station while the station is operating
In a dedi cated node and/or receiving a time of day and an associ ated GSM
frame nunber froma transceiver in comunication with the system 30. A
met hod according to claim29, and conprising synchronizing the nobile
station to a CDVA3}.r anAnimsthogh aerogding Iasph'gnt}% whereinofoperapg i thé odatamtcabin .

her con, - and°Shrner e d finf o kek tanfliontiorh 0o PY A prdler LERRAR RN

responsi ve t @ssaciated BMheSEMsysfear. eby of the time of day information to a
plurality of base stations in the system 32. A nethod according to claim
27 or any of clains 28-31 as dependent thereon, wherein inputting the tine
of day conprises opening a data call froma transceiver having the tine of
day information tgthercebbnPhoRHEasE {e8 . Hﬁl d
according to claim32, nvfﬁer lgf)n open?ns&?ﬁe Soiat gﬁ%a Qgé%rrp’r\lé@g}s'ﬁ}&e%?gi ng
time of day first basestdtion sibostem HdS sbevnd basarsthtion sebs@bi, ardkast onesefowhiah ed
with the GSM system 34. |In a GSM nohj wi.reless tel eco | cations
system whi cf F§TRY QRerafes i“"r%"c‘“%%?s%%i %ﬁ‘%ﬁfsﬂc @ﬁﬁ?‘ﬁgggrgh RY*hase
station subspsb@drstafién i BiRlsyRBR REmWE Glst basdSUSIPHTbs RRRH W B REGRI BisRg tO
a CDVA air interface, a nethod for handing over a nobile station in the
syst em f r om $tpiéorf yubsystapz cemprising-on subsystemto the second base station

subsystem conpri sing. ' h L[S nd second
Subeyetomb thar onapipe JROH ket 08 A hF S RS s8loph Wipbisfelts. BE BEEEE, T oum
subsystem esdcakiingtoithgCBMA aifimetaiciae a GSMMDMAtsubasteidie nobi | e station
and the first base _station subsystem._so that the nobile station receives

a first signal frétablighing pcemmypicationsingbghvecn sas mpRily stationandthefirgbhase 1 r om
the nobile s | i ' r I: Ll e
HatidrOSubE RERENG et the n_?obae%e.@gn SRR a :Erglfgé%?? i ymtvem_ i (AR

station fromthe second base station subsystem su out
br eaki ng t hestatgomaubsystem;ons |ink with the first base station subsystem

receiving data from the mobile station responsive to a second signal received by
the mobile station from the second base station subsystem, substantially without
breaking the communications link with the first base station subsystem;

comparing the strengths of the first and second signals, substantially as though
both the first and second base station subsystems were GSM/TDMA subsystems; and

handing over the mobile station from the first to the second base station

subsystem responsive to comparison of the signal strengths.

35. A method according to claim 34, wherein mapping the at least one of the
subsystems that operates according to the CDMA air interface comprises assigning to

the subsystem a GSM frequency and location.

36. A method according to claim 34 or 35, wherein establishing the
communications link and handing over the mobile station comprise conveying messages
between the first and second subsystems and a mobile switching center in the system

via a GSM A-interface.




conparing the strengths of the first and second signals, substanti al %ﬁﬁ 2004
though both the first and second base station subsystem; were GSM T
subsystens; and handing over the nobifg station fromthe first to the
second base station subsystemresponsive to conparison of the signal
strengths. 35. A nethod according to claim 34, wherein mapping the at |east
one of the subsy3t. errBAtTh%tbod)ﬁféﬁﬁh%tané@mlﬁ ndietemn berd tEDivAL aid sicondebdsace

com 1525 Skl Bl Bt R HSTMABRYPige2, b0 O %5 A

communi cations |ink and handi ng over the nobile station conprise conveying
messages between the first and second subsystems and a nobile sw tching
center in the system xidemo@didingt @7 LRS- 370 whetdih 1ARGg 3ves The fobRE hod
according to claim 36, wherein boththe first and second %ase station
subsyst ens ogatien som@mucnngmgt lae nOR\VAS-6 r langt epdeadhrougs. tha Asbteddce,
according to_gcl ai i over t 1€ nobile station conprises
conveying a ?’lu \R}a]‘@il% w’l“bor!ilgwgkggg &T@ﬁe P:;%oc Snterface, substantiall y

wi thout violating A-interface protocols. 39. Wrel ess communi cations
apparatus, for use in a nmobile teleconmmunications system conprising: a
base station of a_first t}/ pe which transmts and recel ves a_first S|glnal
according to a f3%st Wirclesht Spmmupications, s PRI onfasf Besedbnd t MBIGNI ch
transmts a“ﬁlck&%ﬁiuﬁ%ﬁh&ms%iﬁ&ﬂdco?ﬁ . according to a second air
interface; and a nobile station, |c§ receives the second signal over the
second air i nterf:alme statiomof & Grsb type wdhicht tramsma$ andecsigesonfirst sigeal advording

mai nt ai ni ng a.59 #”?ﬁ?éafon link over the first air interface with the
base stati on'°8¥ rf'h% ®type, and which transnits data to the base
station of the fig BhsetdRRonr ¢TS4 Rohd typeOwhidR tASHI akd BReives a skébhld difil
nobile station is handed over fromthe first to the second base stati-on
responsi ve t¥cPIing topgaeandiirdaterfageaandio. Appar at us accordl ng to claim 39,

wherein the data t TRABK ement
of signal strengti@ %&ﬁﬁg KQ&' bl e S atﬁ%‘g%ha déc%ﬁ%ver responsi ve
to a conparifsom thd base gration f ltlmr@tdsml type whéle imairghinmgch anmnmdcatanMI aver

the first air interface with the base station of the first type, and which transmits data to

the base station of the first type responsive to the second signai so that the mobile
station is handed over from the first to the second base station responsive to the

transmitted data.

40.  Apparatus according to claim 39, wherein the data transmitted by the
mobile station comprises a measurement of signal strength, such that the mobile station
is handed over responsive to a comparison of signal strengths of the first and second

signals.

4].  Apparatus according to claim 40, wherein a weighting factor is applied

to the measurement of signal strength.

42.  Apparatus according to claim 41, wherein the weighting factor is varied
according to a network condition in the system and/or transmitted over the
communications link to the mobile station, which applies the weighting factor to the

measurement.




41. Apparatus according to claim40, wherein a weighting factor is appljuedqids
" to the neasurenent of signal strength. 42. Apparatus according to claim4l,
wherein the weighting factor is variedsgaccording to a network condition in
the systemand/or transmtted over the comunications link to the nobile
station, which applies the weighting factor to the neasurenent. 05 JUG
2004 59 43. Apparatus according to claim39 or any of clains 40-42 as
dependent thereon, wherein the nobile station is configured to decode the
second signal to sdet enm Lent i i [ ' he
Second type. ad. Avpar APhMRLS LK CRE B oS AR AT o e s® e
dependent t itharenmn whenein eher mélslebstaigons isatondiguadd tchdedade sthe tsgpendt sigmanot s t o
the nmobile station a lList.of. f enci es of nmobile stations of the second
type in the SGSTBINE agﬂf!@ﬂaf'?f’é'to"t"i@% jiationof the EEONALYRES t o recei ve the
second signal at a frequency in the list. 45. Apparatus according to claim
39 or any of clains 40-44 as dependent thereon, wherein the base station
of the first type is configured to transmt_ a handover command to the

nobi | e station, whtr ebPP¥atus@esarding ttaclabm 9% omanideldclaims: 43-43 a5 wppentlentst

to the secon e [ : C ' Mgl .any of
clai s d0- 45 seetne it (P byt bR BPUE AR, 5 RllIE1 Be BT sdial B 0
si ngl e RF tr fuequericies of winbila stationsroftheaseesdviypd ihthelsyitem, bachethad the intobile of
the first and second types. 47. Apparatus according to claim39 or any of
cl ai ns 40- 46Stégo‘ﬂ%ﬁﬁgﬁﬂ’éﬁ?c‘“t‘ﬁ%?'é&ﬂ‘?s‘ﬁ]’f’élaé? cHmthelsts | r st and second air
interfaces conprises a TDVA interface, and the other of the interfaces
conprises a CDVA interface. 48. Apparatus according to claim47, wherein

the TDVA interfacgs CORBhiSES afcorhlk i i g%
interface is configur egpPo convey N%Séﬂlkﬁlﬁl\;\%gre?{ %@S%ﬂé\ggéﬁ g}é‘w%pp rafieunst
accor di ng t othereinwhdréinothe 48se statemedfrthe fiest Gpeids confegutalcte transmizastmidoveran
| S-95 standard. 0O

J. U L,2004.60 50. t di t | ai 7
oy or o g nt o, o) BRSNS ER X b ot B e
a singl e radigxhe escoHd Base¥Rfiggenent pr ot ocol

46.  Apparatus according to claim 39 or any of claims 40-45 as dependent
thereon, wherein the mobile station comprises a single RF transceiver which

communicates with both the base stations of the first and second types.

47.  Apparatus according to claim 39 or any of claims 40-46 as dependent
thereon, wherein one of the first and second air interfaces comprises a TDMA interface,

and the other of the interfaces comprises a CDMA interface.

48.  Apparatus according to claim 47, wherein the TDMA interface
comprises a GSM interface, and wherein the CDMA interface is configured to convey

GSM network messages.

49.  Apparatus according to claims 47 or 48, wherein the CDMA interface 1s
based on an IS-95 standard.




| ayer to manage both the first and second air interfaces. 51. Appar &tusul 2004
~according to claim39 or any of clainms 40-50 as dependent thereon, wherein
ei ther base station is configured to tke@ nobile station to receive the
second signal over the second air interface when the nobile station is in
an area of overlap between a first region served by the first air
interface and a sé@ondAppahtys acepsdingdo slaimHe erewunef claimsi 4R-49 fin depebdent

' : i m,2 . f clai - d d
hercon: - wnor ey fnbBnrg ofié o Mestd el R IeseliemeRbacH gibocolng

wherein the layeconehnags bothties iscmdeecmtiagefedadedM TDVA i nterface, and
wherein the base station of the first type gates the nobile station to
interrupt "the conmunications |link so as to receive and decode a GSM
signal. 53. Apparatus according to claim52, wherein the nobile station is

conf i gured 10 | nt of r Uphpbdagd bilrdil b BRHUEA B & cifihsl 5 8Pd HATRAARY O

process the second sig ec réquency correction a
synchr oni zat thereonhehereinseither bise statiognalconfighred®ppehe ahotdleataiondb Feceive the ai m

39 or any of clajnms 40-53 as dependent _ thereon, wherein the first air
i nterface cof‘FﬁPﬁ‘ié@"g %Wﬁﬁﬂ&oﬁ‘ﬁ?ﬁr‘f‘ﬁﬁ%‘fe HHEN theemolids: sfatiomisy in; 4y e2 gk e

conprises a & dvapiiivdehas ficst aBgloNIBHRA byl fRE MASHr HAtBicAcR ardf a dfrbdish type
controls the nobile station to interrupt the conmunications |II’]E so as to
recei ve and shreasihy the sonmd air ipterface 55.  Appar at us according to cl ai m 54,
wherein the base station of the first type conveys tinme of day information
to the nobile station through the GSM TDMA interface. 0 5 JUL 2004 61 56.

Appar at us accor di to,claimb5b5, and conpri.sing a M.cel | . broadcas
center, which conVeys %P@?‘FWB@‘%@ Fﬁ?’b?ﬁxﬂ'?’aﬁ ﬁr‘%@@ﬁ%ﬁe%&‘ﬁ%‘#ﬁo t he
nobi | e st at theRohSWhdein tSHrdt Qi inkifaes 6afiprisee A MCDRIA Mferfall PRI ke GROr di Ng

to claimb56, wherein the cell broadcast center receives the tine of day
i nf or mat i on WAANHT tdertace sempriesHITMADMArineriace; and whereindhe basestation af

conmmuni cat i ' [ . A ' 2 QY. :
Appar at us agicizll(f::)\r,i’ld'lE J;IJB% %%%Fa{? émﬂ{ggﬁgrsggﬁ@qgfﬁt(%@tntéggg- g;ng:gﬁ%%p@nkgégnfé t
t hereon, whereegive drtodecods 4 GSM signabn i s configured to decode a
synchroni zati on channel of the CDVA signal so as to derive the tinme of
day.
33.  Apparatus according to claim 52, wherein the mobile station is
configured to interrupt the link for the duration of an IS-95 frame and/or process the
second signal to decode GSM frequency correction and synchronization channels of the

signal.

54.  Apparatus according to claim 39 or any of claims 40-53 as dependent
thereon, wherein the first air interface comprises a GSM/TDMA interface, and the
second air interface comprises a CDMA interface, and wherein the base station of the
first type controls the mobile station to interrupt the communications link so as to
receive and decode a CDMA signal.

55.  Apparatus according to claim 54, wherein the base station of the first
type conveys time of day information to the mobile station through the GSM/TDMA

interface.




59. Apparatus according to claim54 or any of clainms 55-58 as depend«gr‘ﬁ[‘]uuﬁm‘
thereon, and conprising a GSM cel | broadcast center, which conveys a cell
broadcast service nessage to the nobilgg station to initiate a search by
the nobile station for the second signal, 60. Apparatus according to claim
57, wherein the nobile station receives the cell broadcast service nessage
whil e the nobile S¥ati dyppamtsmecatinggoichuima e dnd edrmphisimgal GSM tell Briaddast US
according to claim 541bor ang of . cl ai 55- 60 as ‘?lggl% dent thereon, wherein
the nobile stGPFHWVHFYERLEYS e imegiday ifqmpation ithe, systemmyim thepmpbyle
beam 62. AppafidhWsin@aCEMicRYbiRdSsAemiad or any of claims 55-61 as
dependent thereon, wherein the nobile station receives the CDVA signal
during a first TDVA tine slot and processes the signal during a subsequent
TDVA tinme slot while comrunicating with the base station over the TDVA

interface so as t@,gengy. t he a .for.transm ssiop to,the hase station.
0 5 JUL 7004 62 6§.7 : Apg‘é’%é‘i s ?CSS‘%%\‘/%;}”“HB ?&n@’%?‘“d 'F‘ﬂ‘% Ef%a‘fﬁsbﬁe"[‘%f a
nobi | e stati qeceivesahe Gl 0¥ dB) AFGMiatbA QABTHANsEARAEN GSM Fha2iB n&AbaR ! fréth A0 a
cell broadcast center, which broadcasts the information to the nobile

station usi nGrRASCEKT BIommynicalion dtitha hase siatignof theyfiest type én desyitehng to clai m
63, and conprising a transceiver in comunication with the system which
transmits a tinme of day and an associated GSM frane nunber to the cell
broadcast center. 65. Apparatus according to claim®64, wherein the

transcei ver opens 58 datApparatis|accdrdinggh daim 35/ et eny obhclaims 66457 dordepehaemtt

center so as o conyey.the ti f. day a the associ ated frame nunber
Cher et o 66, Begrsiy At e poie sHaignat spifesedp ERgds Srchromizaton gina
dependent thﬁﬂﬁ@DMéﬁlEbﬁél@cﬁﬁb&ih@tiﬁ@dﬂd@?. i's synchronized to a CDVA
transm ssion signal wusing the tinme of day information. 67. Apparatus
according to claim63 or any of clains 64-66 as dependent thereon, wherein

the nobile station receives the information fromthe cell broadcast system
whi |l e operating i 8%a dégpeawedcensdiag teRlaimpaeman)sof dainnps68 iam glepandentof
day informati 0 ol i t ler in.a,wreless
t el ecomuni Cgt%?eghsa% g@gﬁ%ﬁ%ﬁsﬁgfcﬁ%%%a%l center, which conveys™a cell broadcast
service message to the mobile station to initiate a search by the mobile station for the

second signal.

60.  Apparatus according to claim 57, wherein the mobile station receives the
cell broadcast service message while the mobile station is operating in a dedicated
mode.

61.  Apparatus according to claim 54 or any of claims 55-60 as dependent
thereon, wherein the mobile station processes the CDMA signal to identify a CDMA
pilot beam.

62.  Apparatus according to claim 54 or any of claims 55-61 as dependent
thereon, wherein the mobile station receives the CDMA signal during a first TDMA
time slot and processes the signal during a subsequent TDMA time slot while
communicating with the base station over the TDMA interface so as to generate the data

for transmission to the base station.




a clock signal receiver, which receives the tine of day information f PorL 2004
~clock source; and a radio transceiver, which receives the tine of day
tnformation fromthe clock signal recgpver, and which opens a data call

t hrough the systemto the comuni cations controller so as to convey the
information thereto. 0 5 JUL 2004 63 69. Apparatus according to claim 68,
wherein the communi cations controller conprises a GSM cell broadcast

center. 70. Apparatus according to claim69, wherein the radio transceiver
receives a GSM fbane Appaheuusfmmmyb@ténsbﬁddydnfdmaﬂimetowmbﬁmst:aimd itanveys

the frame nu to, t cel |l broadcast center. toget wi.th the tipe of
day 1 nf or mat CON Wiblesh e mmuncaion: arig S TBrising RecloProalgatseniranheh go- 70
as dependent prdaB&EE Wb infiHHalbmtd the mobAE KadrAfg 4 GSRI LA brERACRY Eﬁﬁﬁna radio
recei ver which receives the tinme of day |nforrrat|on froma

communi cations cell. 72. Apparatus according to claim71, wherein the radio
transcei ver- conprises the radio receiver. 73. Apparatus according to claim

Cecetver compri actva chbPuls EESRRE" i) E8Cind RERBHERE SRR LT el e

receiver conprises-a
t el econmuni cesmhmusicait with thensybtoal RickiAsmitcla TRIVAS g and hithisdeisted GSM
conpri si ng ingle nobile radio transceiver, which conmunicates with the
CDMA and TD%?N“S&&@"%"’[‘SW"OW&I breadsafiEFREMni t , whi ch encodes signal s for
transm ssion by the nobile transceiver and decodes si gnal s received

t hereby, such that the signals are CDVA-encoded for comrunication with the
CDVA base station; and term nal equi pnent, through which a user of the

mobi | e station cofuni Appasaius afcording &0 elaite G wherein7ée transashier epertsat iaia

d
et e ol Bedlgh o R B8RP s 05082l T gt .
In a nobile meraedoeﬁ&dtfginmmmmma&mons system which includes base :

66.  Apparatus according to claim 63 or any of claims 64-65 as dependent
thereon, wherein the mobile station is synchronized to a CDMA transmission signal

using the time of day information.

67.  Apparatus according to claim 63 or any of claims 64-66 as dependent
thereon, wherein the mebile station receives the information from the cell broadcast

system while operating in a dedicated mode.

68.  Apparatus for inputting time of day information to a communications
controller in a wireless telecommunications system, comprising:

a clock signal receiver, which receives the time of day information from a clock
source; and

a radio transceiver, which receives the time of day information from the clock
signal receiver, and which opens a data call through the system to the communications

controller so as to convey the information thereto.

S -




stations of a first type operating according to a first air interfacel])ab o
- base stations of -a second type operating according to a second air
nterface, an apparatus for handing oves a nobile station in the system
froma first base station, which is of the first type, to a second base
station, which is of the second type, conprising: neans for establishing a
communi cati ons | i ffR- ovéppatatusfaceardingite claim 68 wineih ¢havmemmuriibetiontiniteller
station and the f.irst e, station; neans for receiving data fromthe

mobi | e stati St gg‘{':osoan%?@lzce{@r%adﬁsgﬁ%ﬂterr eceived by the nobile station over
the second air interface fromthe second base station, substantially

W t hout breaking the communications link with the first base station; and
means for handi ng 7ver AghgraiRhibddiE® gk 66, SMckdif kirhdib vhfsckiver SGIARY base
station responsive to thée data recefved therefrom 77. An apparatus

accor di ng t o @GSMifrankenumbice froinm bdse stattomin thosysteat a@nd conyeyhithe faateaumbepioi ses
means for recgivi a asurenent of. signal strength, .and wherein the

neans for haﬁ%%&%@#gﬁ@t%‘ﬁﬁ e‘é‘f‘H&‘?‘%H"‘&é’ﬁﬂ?XE‘g@“}?ﬂaﬁs for comparing
measurenents of signal strengths fromthe first and second base stations
and handing over the nobile station responsive to the conparison. 78. An
apparatus according to claim77, wherein the neans for receiving the data

conpri ses neans fdi- ap 1PpRmHS AcGRIARE P fdpimaed e anYof plaime82-UP aswiepengdent
signal str e'?ﬁ%bn,m@eréﬁﬁh@gﬂ?gg{ggﬁ ége?&?gbﬂgn&‘? aGhdth Bebfrer Wﬂﬁé%cﬁn& fheMEANS

for applying ng r conprises means for varyi e factor
accordi ng t o timeneftdag irforncaiod iftomom CDMA kemmpsicatiosredllor nmeans f or
transmtting a weighting factor over the comrunications link to the nobile
station, which applies the weighting factor to the neasurenent. 80. A

met hod for searching for a candi date for handover between a CDVA base

station and a TDM?ZDaSQpﬁir@ilﬂsoﬂccoi'diﬁ% U@ RGN a1 StvaRseiff thedkadi® CRANSEdIEr
candi dat e search request nessage including: 0 5 JUL 2004 65 1) a val ue
associ at ed V\/icf’ﬁpasqsgléﬁ@d'ﬁ’ffe‘i%‘f%r mation transmtted by a particular TDVA
base station; 2) a value associated with a portion of the frame; and 3) a
value indicating the tine at which the frame and the portion of the frane

were transmtted by the BALLL GHling DDA 57 Ay 8c1aiii%9-72 as dependent

thereon, wherein the clock signal receiver comprises a GPS device.

74. A mobile station for use in a wireless telecommunications system
including CDMA and TDMA base stations, comprising:

a single mobile radio transceiver, which communicates with the CDMA and
TDMA base stations;

a modem unit, which encodes signals for transmission by the mobile transceiver
and decodes signals received thereby, such that the signals are CDMA-encoded for
communication with the CDMA base station; and

terminal equipment, through which a user of the mobile station communicates

with the modem unit.

75. A mobile station according to claim 74, wherein the modem unit encodes

the signals in accordance with GSM radio interface layer protocols.
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. An apparatus for searching for a candi date for handover

' | . Lnf t] t 1 tted b .
eofior ffd Bms BEAL acrl R B b o i 65 Pisionsal ¢ ne
seabnd &y peeoperating atdonding fiea éecomd Af intdifeh, dnPplraEPoradfdihp 8ver

he g.[?ame, were transmtted by the particular TDVA base station;
1

A TBRLIEAOR 1RithRy SYSFEFnTTORe firt brseestatinn, Mhichuel ef thei first trpe.te a
e e T e e SO BhE et 1y mg
ndi datmesny for esiabidbing m.communications link over the first air interface between
the mobile station and the first base station,

means for receiving data from the mobile station responsive to a signal received
by the mobile station over the second air interface from the second base station,
substantially without breaking the communications link with the first base station; and

means for handing over the mobile station from the first to the second base

station responsive to the data received therefrom.

7T1.  An apparatus according to claim 76, wherein the means for receiving the
data comprises means for receiving a measurement of signal strength, and wherein the
means for handing over the mobile station comprises means for comparing
measurements of signal strengths from the first and second base stations and handing

over the mobile station responsive to the comparison.

78.  An apparatus according to claim 77, wherein the means for receiving the

data comprises means for applying a weighting factor to the measurement of signal

strength.

79.  An apparatus according to claim 78, wherein the means for applying the
weighting factor comprises means for varying the factor according to a network
condition in the system and/or means for transmitting a weighting factor over the
communications link to the mobile station, which applies the weighting factor to the

measurement.

80. A method for searching for a candidate for handover between a CDMA
base station and a TDMA base station, including the steps of:

a) receiving a candidate search request message including:

I ncl udi ng the steps
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1) a value associated with a frame of information transmitted by a
particular TDMA base station;

2) a value associated with a portion of the frame; and

3) ‘a value indicating the time at which the frame and the portion of the
frame were transmitted by the particular TDMA base station; and
b) determining from the information included within the received candidate
search request message when information will be transmitted in order to reduce

the amount of time spent identifying potential candidates for handover.

81.  An apparatus for searching for a candidate for handover between a
CDMA base station and a TDMA base station, including the steps of:

a) means for receiving a candidate search request message including:

I) a value associated with a frame of information transmitted by a

particular TDMA base station;

2) avalue associated with a portion of the frame; and

3) a value indicating the time at which the frame and the portion of the
frame were transmitted by the particular TDMA base station; and
b) means for determining from the information included within the received
candidate search request message when information will be transmitted in order

" to reduce the amount of time spent identifying potential candidates for handover.



