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tel econmuni cations is used in cellular _telephone networks in many
countries around the world. GSMoffers & 10 usef ul range of network
servi ces and standards. Existing GSM networks are based on tinme-division

el ular networ k,  IONERba L B NS ST ATION ERANPOVER, T Tonl "2
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comuni cat subsdribeGSMovesbirbm one cell to another, a “hard handover” takes place, in
15  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
bandwidth than TDMA, as well as a more reliable, fade-free link between
20  cellular telephone 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
with two or more base stations at the same time. This soft handover, which is
25 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
CDMA air interface (i.e., basic RF communications protocols) to implement
30  GSM network services and protocols. Using this system, at least some of the

TDMA base stations (BSSs) and subscriber units of an existing GSM network



switching centers (MSCs) via a standard GSM A-interface. The core of GSM
network services is thus maintained, and the changeover from T TDVA to 5
CDMA i s twanspasent to users. Hybrid cellul ar comuni cat i POBURETONGYKS,

i ncorporating both GSM and CDVA el enents, are al so described in PCT patent
publications WO 95/24771 and WO 96/ 21999, and in an article by Tscha, et
al., entitled "A Subscriber Signaling t eway between CDVA Mobile Station

and GSM Nng%ﬂggﬁ%gégH&é%&ﬁ{ﬁ ém%PfeHP§§IOE@L?€§}5£m EPRIANEquipment.
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speech services over wi rel ess communication channels. A first of these
proposdPs Weentes’s iadPrycepdingsebbdbemdng datarnaonaldGonferenes owi &lniversal
entitled 'JThe c 2000 IL.TU-R Candi dat e Subm.ssion,.” and. herei nafjer
ot errod t FERRAL GHBBBCSI S NGt UoHAk PP BhoEH STigh ARSI Hy fche
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UMTS 30 Terrestri‘al Radi o Access (UTF%A)p | TR RTT Candi dat'e Subm ssi on,
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third proposal was supmtted by U S. TG 8/1, entitled "The UNC- 136 WO
01/ 67788 Peiatigssingngbbybridmetwiosks-e Submi ssion," hereinafter referred to

25,50 The ComRlgly LSRG PE ISR 0B, HRIA 15 PRl
so-cal | ed "Heldind 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.
The International Telecommunications Union recently requested the
submission of proposed methods for providing high-rate data and high-quality
25 speech services over wireless communication channels. A first of these
proposals was issued by the Telecommunications Industry Association, entitled
“The cdma2000 ITU-R RTT Candidate Submission,” and hereinafter referred to
as cdma2000. A second of these proposals was issued by the European
Telecommunications Standards Institute (ETSI), éntitled “The ETSI UMTS
30 Terrestrial Radio Access (UTRA) ITU-R RTT Candidate Submission,” also
known as “wideband CDMA,” and hereinafter referred to as W-CDMA. A
third proposal was submitted by U.S. TG 8/1, entitled “The UWC-136



generation” wrel ess conmunication systens are the nulticarrier (MJ) over-
5 the-air interface and the direct spread (DS) over-the-air interface. A
third gemeoat/ss8 system enpl oying the MC air interface mpChe®sa/wgst em t hat
uses network signaling protocols specified by American National Standards
Institute (ANSI) 41. The proposed cdnma2000 systemis such a system In the
alternative, a systemusing an MC air interface may enpl oy network
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handover. SUMVARY OF THE I NVENTION |t is an object of the present invention
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handover ofy gstahswinden MUC hir hebMeenmbEpMIMpIsl, GEiPoRasenaliagipratoduld hout
|nterru8t|ng conmuni cations. In preferréd enbodi nents of the present
n

i nvent 1Bn, definesdely tBe MdokileDipplication dlart divAR ohtthe neSM M AR standamges
both TDMA and . base, stat.ions, jointly controlled.by a nobil it chi ng
center ( NBEFTEhARE SBECTUSoRTIgHe SERJeY drdSair s pe Andht ©
descri bed q%ﬂﬁé%]rk bidria ﬁgagineft%-caig,ntdroaex_fégpﬂ RitbAte aiaplmgg't h@RForMI Ch
are |ncorporated erern py-r ference. A subscriber unit 1n the system

al so ref er sgghaliaghsrotdcolas Thenproiplosed VICDVIA( BStemi wsesahaliD® adrf interface
communi cating with both_ types of base stations, by appropriately swtching

5 between ® dnetpigrk signalisger f aces, while preferably using GSM network
protocoks over houh, ! ¥BPSGEln WALCEISNIR shbieh, AnlSEHHER HanBbSLeH! o
necessary in areas where MC system coverage (e.g., cdma2000 base stations)
gives way to DS system coverage (e.g., WCDMA base stations), or vice versa. It
is also necessary to provide efficient timing synchronization between base
stations of the two systems in that are communicating with a mobile unit

20  during the handover.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide methods and apparatus
for uise in a mixed TDMA /CDMA cellular communications network.

25 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
communications.

In preferred embodiments of the present invention, a mixed

30 GSM/CDMA cellular communications system includes both TDMA and
CDMA base stations, jointly controlled by a mobile switching center (MSC).



of the present invention that the conmuni cati ons system nay be based on an
existing GSM TDMVA infrastructure, with the addition of CDMA BSSs, and wth
subst ant ived by671188 ot her nodification to the existing infraBCTwsewn7a 10 | n
order to determ ne when a handover should take place, a M5 in

communi cation with a current base station of one type (CDVA or TDMA)
nonitors RF signals originating from andt her base station, which may be a
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transceiver_in a ngi ing._cel | before . Qei ed gv t 25 cell.
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either a COMA or a T base station at any given tine (or a CDVMA beacon
associ a0ed wi t hIa orideR toadetestrdme ovheras handdreerablomddntaktel plaed, RPQVISpat ent

application PCT/US97/00926), but not both, and are thergfore not_capabl e of
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the present invention, thé M5 switches between T and peration in
t he cour sebetween dheptioment das¢ stattemratichdhe oMShenebles i ihes M®dei eegiiife om
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and used bys tibed B$Gheosyisterhi tat endble theriSvier estbblédlenabiiy intefface with the
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
base 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 beacon
associated with a TDMA base station, as in the above-mentioned PCT patent
application PCT/US97/00926), 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.



M5 conprises a single radio transceiver, and therefore, at any given nonment
the M5 can communi cate with either the TDVA or CDVA base station, but not
10 bot h. Wonv/ewwsor dance with the principles of 1S 95 howepUsSIATIMescri bed
her ei nabove, the unit can communi cate with nore than one CDVA base station
at once.) It is noted further that each M TDVA base station has its own
synchroni zati on cl ock to whi ch the Mss 1 n comruni cation therewth are
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st andar ds, stacblomnmgarélr@wﬂle sgnaJlsnbnﬂ za:et\unghe"l‘lrﬁ)vﬁohaaeontthm oeported is

Preferably, t he transm ssi.on nterrupte or .a single frane,
typically 2@3%6 < t@ apdiysed l&hthedB%&ttP Hﬁlt?lt%ith‘if I‘}aQ@O‘é@c J?rééﬁé’él}’vﬂﬂ% t he
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i's opened, tlQélMS b MaminsuSieh feGliRH e‘iﬁheir fee TONBARRSEDALAHA88 sitionSbut not

interrugtl on of a tel ephone call being conducted by the M5 is substantially
m ni i 2ed. beth.| n(lst Aesosdanca ik iheepuincigdes wfolf-Honheweven a&diescrubed
conmuni cat i, 0 TDVA base statio en it .is det t. the
i1y boeFeindere S RN san epmipical wiliore e SeEDNA Tsn Satisin
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time of day, ;rjlrée?1 ertgﬁ n&@doﬁjt{g%z\% ﬁg%én}paccu?ate tlﬁ%steg%aﬁgg"}%?tigém&m%e TDVA
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to generate and broadcast the tine of day. Preferabl y, the _network
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Al ternatively, the MS tenporarily |nterrupts receptlo in order to

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 GSM/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
minimized.
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,



acquire and synchronize to the tinme of day of the CDVA station. Thus, 10
al though a certain degradation of the signal may result fromthe TDVA tine
sl ot (s) Wo@D1/67188 hi s fashion, the nobil e-assisted handovePCTUSMITBMNA t 0
CDVA is generally nore reliable and | ess disturbing to a user of the M
than woul d otherw se be possi bl e. Although preferred enbodi nents are
described herein with reference to ¥Bs havi ng a single transceiver for
TDVA and e, 0.t will.be recia t hat the rlnc L es of t
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havi ng separate or only partially integrated transcei vers.
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of the present in tion, bile wrel tel eco |cat stem
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appreciated that the principles of the present invention may similarly be
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.

20 There is therefore provided, in accordance with a preferred embodiment
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

25  base station, which is of the first type, to a second base station, which is of the
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

30  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



10 applying the weighting factor includes transmtting a weighting factor
over the communications link to the nobile station, which applies the
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decoding by the nobile station of the signal 15 received over the second
air interface. In a preferred enbodi nent/, transmtting fromthe first base
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command over the first air interface that encapsul ates gar aneters relating
to the seseriviagrtherdadn indudesapplypng heveaighyingt fagies tbtthe mgeasheervennehd
includes transmtti a,conmand.in agcordance with a .GSMstandard that
encapsus at SETS Senane: BHERIB e B e aied e SSs S8 Ringn e o,
wherein th r RS I I
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| ink and receiving the fiiggnal at the nobile station using a single RF
transcei veCoppnupications liskdpdhe grobile, siatione Matiel apphiss Shewreighting fagtor he

first and i rfaces 5 includes a TDMA i nterface, and the other
of the int Z‘??@%@‘seg%‘%rc%%‘gs a CDMA interface, wherein the TDMA i nterface
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configured to convey M net wor k rressages.b Preferably, the CDVA interface
ihg, bye
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link in Iudes.uscjr ng Si ngf{e 10 radi o resource managenent protocol |ayer
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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.

20 Preferably, handing over the mobile station includes transmitting a
handover command from the first base station. In a preferred embodiment,
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

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

Preferably, transmitting the handover command includes transmitting a
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

30 parameters defined in accordance with an IS-95 standard, wherein the

parameters encapsulated include an IS-95 long code.



resource managenent protocol |ayer to nanage the second air interface.
Further preferably, receiving the data fromthe nobile station includes
defini ng ve@oasws8 of overl ap between a first regi on servedPOYUSH7B%r St ai r
15 interface and a second region served by the second air interface, and
triggering the nobile station to receive the data when the nobile station
isinthe area of overlap. In a preferr&ad enbodi nent, the first air

interface incluggs.a interface, and wher.ein,the second.air,interface
el udes a Gout ToRrOIg Fie ke W8 saRPaulieshih” bRt iRtk s e
station ingh Vgl th sidieh] TREULE eStBlisRihg! el IHICARY PécedyibbYhe signal at
communi cations link so as to receive and decode a GSM TDVA~si gnal .

Pr ef er abl y thgatdhilg statéomusinge sihglei Rif triansteiviesinithe enchilst staigon. COVA

communi cations for the duration of an |IS-95 frane, erein_receiving the
data includes ré&Red Prefgrigd ?‘H‘gﬁfiimFﬁhtqr}?nogﬂh? ?{Esgéggn?fc%gé‘l%tlﬁwgﬁe%ased
on 25 dgcodj Lectl i i C | s of
the s gnat e TRMA JHUERRY 508 e U, SRheHREIRal SO LOBVIR 2
first air iffeefat@6ehéreat HUSTDNIA GoldrflobPrefat sl agdudagns A9M ineefRe, aid

interface includes a COVA interface, and receiving the data fromthe
mobi | e st athareimtieldPMAdnterfide ingonfigunshid eonveys oM owtwork messagest t he

mruni cat i l.i-nk ' d [ |. WD 01/67788
PCTI US01. 078868 ERaDNA frieBee [ RE e Tir 45 PRERELS. conveyi ng time. of
d i nf ti h : i £ ag : . .

ay tntormatl O'T’.réi@fégifiﬁ’, e&%l%%ﬁﬁlﬁggg?%ﬁﬂkgﬂﬂﬁd% ﬁgl?\f%arf:ggﬁéfgl

. e
conveying the tine day 1 nfor roadcasting t day

i nf or ma0i omadiohreso@ite trhanspeshaih proto@] dayesib erdhadey ihedusshir $eteviace, arwher ei n
br oadcast i 2%1‘5 the time of day infaormation includes receiving a tine of day
and an assd¢heieid haoding rases bile station iadyeles viesing ntheopingle dadion

ith a b tat f t ' in th t Preferably, th
hobi |6 ot st o o dauagenelf RO E ogPat i BSRE AR} o deri ve
the time or day FuMHeerp}aférm;/y r&eiAdg theQdldth| fYom! 8CMObIE sthttorf fldud s udes

conveying a 10 GSM cell broadcast sérvice nessage to the nobile station to
initiate adefaing) apyardahef noterlap bebvéam af firstaregignadervedbya thadasstadt i on

TessaghSt o REHRBNla SCPRl RN TRLLY QR PEy LR HolHEeas GIEamstte) he
recei ved by, L BgURbI fion to receive the data when the mobile station is in the area of
overlap.
In a preferred embodiment, the first air interface includes a CDMA
interface, and wherein the second air interface includes a GSM/TDMA
20 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
CDMA communications for the duration of an IS-95 frame, wherein receiving
the data inciudes receiving an identification of the second base station based on
25  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
GSM/TDMA interface, and the second air interface includes a CDMA interface,
and receiving the data from the mobile station includes controlling the mobile
30  station to interrupt the communications link so as to receive and decode a
CDMA signal.



station while the nobile station is operating in a dedicated node. 15
Preferably, receiving the data fromthe nobile station includes receiving
an identiWwoourti7eh of a CDVA pil ot beam decoded by the nobPCEUSCAI7BEN.
Further preferably, the nmethod includes mapping the second base station as
a GSM base station so as to control the handover. Preferably, controlling
the nobile station includes controlling®he mobile 20 station to receive

t he CDMVA signal Jufi afirst T ti sl.o nd to_decodg the signal
during a subseqdﬁﬁ{er% f?%’%gg&ﬁ%hfiﬁnga c e A PG & m[eheOtsba _
station ovepfd-hRtibRNArd e HACSM LTBRA Sn@enes AFar e g@l@ﬁe?amg, Reweyieei ved
by the base station. There is further provided, in accordance wth’a
preferred dé¢hbdinewftday infEmdtorpirdedes bnoaddasting témeenthddy finforawticay i ng
time of day information to a nohile station in a GSM wi rel ess )

tel ecomrunit]éﬁl}ﬁ%hg?esﬁbésit%uﬁlﬂglau S%F’e]ii %sm@qaﬁtgseﬁlweu rgin brgadeagtingrat i on

e oyspomtiie iy gy SRRFARHAR L ToQliiNe £ Rotdot ey AR droSpahta over
i ncl udes a @3Nl fraife R @ablEEOMSY Shfsei vidnicPateashiios WhR o bdve seftidiayf

information includes broadcasting the information over the cell broadcast
system Pr éherfabt yype bn dhdoyystamg Preferabhp die twpilenstetiontderndenel syples

br oadcasting a as 01/ 67788. PCT/ USO01/ 07390 10 to be received
by the mbicﬁén’%&eéﬁﬁggmsﬁé Q3§ o r?‘ée(%ﬁg’rlﬁ?f)ﬁ&ayn a dedicated node.
Further prefera : C HAG: i . 1ynf.o ! i J
receiving a ti rrleA %ﬁ‘m {58@1 ngls rgﬁag%ésﬁ(}gllytétrgge l%édﬁ/ealcr}g{ana eg&?ﬁ%rr%éﬁ %Sa

t ranscaldveIGSM celirbroadcast senvivd iresédpe o)the envbiknstatiba toghitace a BedrdHasy
synchroni zing the_nobile station to a CDVA transm ssion signal using the

time of ddyeimpbieestatian for a piseabrirem anbesh mation tafetheesrernd rypedes
det er m ni nq, of t responsive to,a,tran Ssi on

t her eby of tr%fg&%ﬁ%é'c@ﬁv%}fé{}g.tgxg Wo%%ﬁ%%aq%gt 8ot gﬁsf;%eofo S én@?rﬂ:\ i ons
1, L Y P asadited Ayl blDal et e aYeLarLavseiSE oA,
cel I broadsttoncehile the mabélestatiopsripegatingirdatadivatdd moeeer abl y i ncl udes
(r)ggﬁ: \rlllég ? htel cr}gt i’frgrg?%/blyhgcg{yggé ‘the d];{aog]o% ’ﬁesm% e %’?e{tioéml itne u eglr\égéi\Xing
an identification of a CDMA pilot beam decoded by the mobile station. Further
preferably, the method includes mapping the second base station as a GSM base
station so as to control the handover.
Preferably, controlling the mobile station includes controlling the mobile
20 station 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
25  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
30  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



15 receiving tinme of day information froma CDVA cell associated with the
GSM system There is further provided, in accordance with a preferred
enbodi mrewo of/6778he present invention, in a GSM nobil e w r BCEES01/07390

t el econmuni cations system which includes a first base station subsystem
and a second base station 20 subsystem at |east one of which subsystens
operates according to a CDVA air i nteri@ce, a rret hod for handi ng over a

OBl | € St a4 L0t AP DYRL I Bhfeing LU ARSI AN ORI,

subsystem i ncl

subsyst ens thé@d. oper at es accor ding to the CDIVA air interface as a GSM TDVA
subsystem 25 establishing a communications |ink between the nobile station
and the first Eas’étestlatef&mblsluﬂmysdmsﬁngdmh@ma<bifedaptih;fcu‘rmtt£m’ ocludeei ves

a first signal . fromthe rst base station. s recei ying. data from
t he nobi | egg‘feé‘t’lf‘gnar E‘Eftf’or%fj gayt gn %’éc%?‘?ﬂc‘é?‘?jﬁﬁgw E%T\%elau%% HEOHLI | e
stationgfr n p;ﬁlﬁil u syhs I out
br eaki ng tﬁfegntgg&n%%ﬁ@ago I'ons @ ]htﬁ E&v%&g@b’basg H%ta o%asu C%@%%J;m WO

01/ 67788 P@gﬁﬂﬁ@ﬁiﬁﬁ%@ﬂe rrobileat@asn figa UIBMSY renghiksicf Slgh§1 idifig th@fehesecond
signals, substantially as though both the first and second base station

subsysterrsO\fvdﬁﬁl KEBOR. subsystens; and handi ng over the nobile station
fromthe first to the_.second.ba ion .5 .su res onsiye to
conpari son of tk’% S@&ﬁeﬂ:@ &ﬁﬂ?r& %}‘Efné‘?tgﬂfj)}ngﬁré% \{%%@tonone of
the subsysignhe trﬂ@&ﬂé’@l%h@h%s%%ﬁﬁ% @b rbgtréﬁsﬁﬁ‘s%m%r@lb;? &%@&ﬁﬁ&%ﬂd&%ﬂ udes
assigning to the subsystem a frequency and | ocation. Further

pr ef er a0l y infestatibh biangutdlity of basestatibnoirstie systemnd handi ng 10 over the

nobi |l e station inc]ude conveyin ssag bet ween the first and_,k second
subsyst ems and &’r%gsfﬁh& %@B@ﬁ@fr Phinohedes, epaving fdata a

| nterface. (Brghar ng%l}g&%jk}&?e A RN e R

operate accor ace, wherern over
nobi | e st awmem l@)‘fale thenygwi ﬂﬂll apwab@f hclugey es@indriaushof hiry

A-interface, substantially 15 wi thout violating A-interface protocol S.
Preferably mﬂomhonrfgomh@ Gift devicom Alternabivelye opeaingthe detauckdsirappdas ng

15  receiving time of day information from a CDMA cell associated with the GSM
system.

There is further provided, in accordance with a preferred embodiment of
the present invention, in a GSM mobile wireless telecommunications system,
which includes a first base station subsystem and a second base station

20  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;

25 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,

30  substantially without breaking the communications link with the first base

station subsystem;



a weighting factor to the second signal, and wherein conparing the
strengths of the signals includes conparing the weighted signal, wherein
appl yi ngwoel/6mes ghti ng factor includes conveying the wei poT/URg/d7a®t or to
the nobile station, 20 which applies the weighting factor to the second
signal. Preferably, applying the weighting factor includes varying the
factor according to a network conditi ohlin the system There is also

o e, AR SRR e AT

invention, wre co nica ns appar use

t el econmuNiteRidto BS1IS Y st hiR|seebritd bade l@@%ﬁm_sg@éfy@fen@é werk ICSN /Y@ Ahi ch
transmts and receives a first signal according fo a first air interface;

a base st asilpsystdms; asecond type which transmits and receives a second

signal according tq.a second aiy..interface; and. 30 a _nobile station, which
recei ves the segaﬂglrg gren th@\}@P{’kl‘Fléta?é’Elﬁﬁma’i f”ishf(éﬂ?"a%"f‘ﬁg?ﬂs? FEtRRse

st at i ongof i i i ication link over the
first a|5r Fﬂ?@s?%@@@%érﬁs@ﬁ@%dgﬁ %ﬁ@oﬂﬁeo%ﬁg I'Pst WO 01/ 67788

PCT/ US01/ 07390 Piéfetahily, nedppiinbithh 4t RasiTohe slatle bebdyReerhasRais bpbiades Of
the first type responsive to the second signal so that the nobile station
i s handed eveardingie theIPMA ainigtarfrce isdedas agsigringttatthe subsspamai G8M o t he
transmtted data. Pr ﬁfg{??ibly, the data transmtted by the nobile station

i ncl udes a eﬁuﬁﬁ%%ﬁg OBt signal strength, such that the nobile station
i s handed over Fﬁ%@?lgbr?‘gf’é%aﬁlgr 2sGONRRNLSHe &bmihgiadticild BRI ﬁBnHﬁ%f' rst

and second signals. ferably, a weighting factor is applied to t

measur édrenbverf tké gnebilststation includkecaiveyinge medisghes bgtweent ahe i firsy amided
according to a network condition_in the, system Preferably, the weighting
factor s FPGSHFTHSEEICHIORNE REmPBile SHAHHHIA CPURE I thi SYSerhianb 6N A-

o aton, EIABOL) AR AL RS ARt Beh RS R RIL
i denti fi caht@irdifg thehed@DRVIAL it iRRrfate tWRees BRAJINPEVer Rl @6BAL ¥iatidie base
station of the first type transmts to the nobile 715 station a list of
fr equenci eéndfidestsinveymga inensISe95 tang cosledhtouglpthe A-inkerfargssubistantialigh t hat
the MR ! € bt YRR A ke RO prStoris. Second stgnal at a frequency in
Preferably, receiving the data from the mobile station includes applying
a weighting factor to the second signal, and wherein comparing the strengths of
the signals includes comparing the weighted signal, wherein applying the
weighting factor includes conveying the weighting factor to the mobile station,
20  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
25 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
30 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



Preferably, the base station of the first type transmts a handover

command to the nobile station, whereby the nobile station is handed over

20 from tweo0f/6778%8 to the second base station. In a preferpetusoodionent, an
initial transm ssion is sent over the second air interface responsive to

t he handover comuand, and the nobile station reacquires the conmunications
link over the first air interface if th& initial transmission over the

second air %%%élh%ﬁxéhstrﬁlg%nu@ UGEERSHAl Ko rsfaa :nxﬂg%ggﬁéfgeetre%%@sivé fe

handover c encapsu es paraneters re sec air

interface. thdsdcopaefighalbdd/that ke ebIRMatioh SSRSi @ bRéd frohlthed@mGoEslance
with a GSM standard and encapsul ates paraneters defined in accordance with

an | S-95 sseqmalbhsewitatiai resphesivartatiee bagsmiitedpdataat ed i ncl ude an 1S-95

| ong code. 30 Further, .preferably, the nohile station_includes, a_ single RF
transcei ver m?&?&%ﬂ%#ﬁeaaé?ﬁwn%@a He t%%s%‘ogll‘ét p@HONofnglndes 7 st
and secend /. . ref er | ment,
one of ?heré%regt?er%%@ g%é%éﬁgltﬂrg%ﬁyer a%é?%%gﬂq %%ghégtg%'? lﬁ%%ﬁrggg% and
the ot her eésponeivienioes fcopgmrisoal ofdggnal EEAVXthé of elnd dest. andvbedoridnsibhgls T DVA

interface preferably includes a GSMinterface, and wherein the

interface Pselfetly gumeighting ficreyiscemlies: tadhk mearssemgat of sigaakstagngth, t he
CDMVA interfgce is,based.on S-.95 stgndard,. Further ef er.gbl he
Tobi | e st att BRCBSLS BT Arle S VPRed e ar g e FhRSrAGoT I o
manage bot bydibg fir iireﬁ@&mz,ecw_ WdighBhgr fRaeRs. iBr abgiabiied tHGebane
station triggers the nobile station to receive the second signal over the
second1@i r comnewnfiagsomh tinkttbethenhobide stagibnomlich iapplins dreaveidgittingd faver | ap

between a first region served by the first air interface and a second
regi on ser VRESHeAHEEREInd air interface In a preferred enbodi ment, the

first air inter I -t e t i
interface inclu ggt%ae!r Wi nt er Oéjéfeé, g%frtllg) ﬁlgg&geassgﬁes?’gﬁq{yﬁ S%l{%l_hteo first
type gat es delt@niiBbbhedshtafi¢0ion of thebass siatiohf thd Secopdypecat i ons |ink so

as to receive and decode a GSMsignal. Preferably, the nbbile station
interrupts the Preferddy, tine bage station of the firs- 9Ppef transmitbuiot Her mobile

BT S TR B SRS S AR S e by lsaRss, oV
such that the mobile station seeks to receive the second signal at a frequency in
the list.

Preferably, the base station of the first type transmits a handover
command to the mobile station, whereby the mobile station is handed over

20 from the first to the second base station. In a preferred embodiment, an initial
transmission 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.

25 Preferably, the handover command encapsulates parameters relating to
the second air interface. Most preferably, the command in substantially in
accordance with a GSM standard and encapsulates parameters defined in
accordance with an IS95 standard, wherein the parameters encapsulated
include an IS-95 long code.

30 Further preferably, the mobile station includes a single RF transceiver

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



20 I'n another preferred enbodinent, the first air interface includes a
GSM TDMA interface, and the second air interface includes a COVA interface,
and the heQel/e617sd i on of the first type controls the nobil| BCBUS/OTBRI0t O
interrupt the comunications |link so as to receive and decode a CDVA
signal. Preferably, the base station of_the first type conveys tine of day
25 information to the nobile station th?*’bugh the GSM TDMA i nterface.

Preferably, the i r Qa ter . i
conveys the ti %It?pag? %%%ﬁfin o%ggﬁﬁ%%’ :ar?‘rlgl oﬁgkﬂ% %%&sgé?zskcﬁ@taﬁ{el%\égﬁﬁ%
station usimfudes SIDNAA linkiRrdcasd thebhdeof weeieéraddianeitides br opUgAst
center receives the tine of day information and an associ ated GSM frane

nunber frointarfacanadwireiar then TDAAcnenfade preferably tincladea e GSMatintenfage, t he
first type in the system rnati.ve or additiopally, the ile station
decodesyg EQHCWF‘(?H@ a%]?%rf:%n grigge t‘%&oég@lﬁlrggﬂa&’%wyaé% BEMAE t he
ti frd 1/ / P , g |

e o Snerl.81 SRR ST dd il i  PY

cast service nessage to

station t oFupghier ?tr@feﬁalﬂ?ﬁﬂ@hnbbﬂé btationlides asdfingleqadicresbtifce maagfementgnal
wherein the nobile station receives the cell broadcast service nessage
whi l e the pootocel layet tomanagebethathiediyst andisepoadoit bderfaers: 5 Alternati vel y

ddi ti |l bi,l ' h S| I i if
2 CDVA pi | ot boBAHCBHT oAb bJo P BIRERE e, BRofEcaryan PriectRp & gnal
during a fké®nd s dverhe bk&lordndr RIeFRES fthehBe ThARE stdtbh Mirfars 4RSEqUENT

TDVA tine sl ot ile communicating with the base station over the TDVA
i nterf#te sbomerlap betWeeradimt eegibe sdated byithe fiasisair ssieoface antdhesdand

station. There is further provided, in accordance with a preferred
enbodi ment r%ﬁlontsﬁlé’egrté%g?ﬁseF%‘éﬁ’crllﬁrf’,rfaéSpar atus for conveying tine of day

information to [nﬁt? i iy WL I el e e i tﬁ. A
system i ncl udi %?; a C%ﬁ&{)%ﬂg@@%&&%&’b& |cf§"|\§%rtrf%!aed§gs S t%gé

i nf or mat i ofmteffatd)andbelsecsicbir dMtedBicd hduddda GSNILEDM RS tarkl tee M
Preferably, the apparatus includes a transceiver in comunication with the

system whbase tstaticm ofs thet firas pr@gat%&]dhanﬁwbﬂ@pbm asMirftermpt  thenber
(o Lheygol L oodenet Sonk S WRLSLD L e, e mmscelpr opens o data call
day 20 and thepasepMif! 8 MoBIE sHHBPIntbARHS fhe link for the duration of an
IS-95 frame.
Further preferably, the mobile station processes the second signal to
decode GSM frequency correction and synchronization channels of the signal.
20 In another preferred embodiment, the first air interface includes a
GSM/TDMA interface, and the second air interface includes a CDMA interface,
and 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.
Preferably, the base station of the first type conveys time of day
25  information to the mobile station through the GSM/TDMA interface.
Preferably, the apparatus includes a GSM cell broadcast center, which conveys
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
30  communication with a base station of the first type in the system. |
Alternative or additionally, the mobile station decodes a synchronization

channel of the CDMA signal so as to derive the time of day.



Preferably, the nobile station is synchronized to a CDVA transm ssi on
signal using the tinme of day information. Further preferably, the nobile
station meaei/wEssthe information fromthe cell broadcastPepssam7sdi | e
operating in a dedicated node. 25 There i s noreover provided, in accordance
with a preferred enbodi nrent of the present invention, apparatus for
inputting time of day information to a 4€omuni cations controller in a
wireless teleco ' [ S ' i.ng; K. si jver,

Whi ohrecel ves TREST BRI E R R M e Bl 2T SE
radi o transsesy@s to YR BlbHIRCRANGS té heitiatdT® s@ércﬂ%’y e e{opilel Ratidh o6 Hhe

cl ock signal receiver, and which opens a data cal’l through the systemto
the comueecad signat owherdin ghe smogﬂe tstatinvegeivdsethientell bhuoadoast berviteo. WO

01/67788 PCT/ USO01/ 0739 15 Preferably, the co icatjons, controller
“heludos ansstRgIPIE s ol SREHE B OB erhERe A ket BXdeansce ver
receives a GSM fur e S it 0t onveys
t he fra?re nurrbefA 1%?‘?‘2%%@?]1 Qgggﬁﬁgggf ?%eez%@%ﬂé)!tg Bdggﬁgfoﬁﬁe{ﬁ?eé I'me of
day i nf or meignahto hlehtiéy atCGIDMA pilbebedrack signal receiver includes a radio

receiver which receives the tine of day information froma CDVA
communi cat i ons &aeferablyihtreemebilgestation aeceivessthe CEMAngignakduring a didsto

el ver ARt oSSR B B R TR
embodi ment yaf;id S&nﬁ{&ﬁ%%wwiﬁﬂ HhOBascAPRAbA HRer (tAE TIORIA Snibhfl 8855 to

tel ecommuni cations in a t el ecomruni cations system 1ncluding: a nobile
stati o) agenéiatetheadatafectradsihzsonstodhe basssthsipat ens, transmitting first

and second signals to the nobile station, at |east one of which is a CDVA
signal, and bot fhetesisdprifier progidedyisy ageprdance vtk @Preierrerb eaBRALNEREds as

si gna . . ! Fereag :
from the 1 Epepieent HRe AN prtnRh Be cehulbile Ao B9 Al BNGE 2R e

strengt hs efolilesthtibAtinaNES1E ¢eiREl esSteltBIMuBLRIVAE shytebl)anBREihe aSdedlt | ON,
substantially as though both the first and 20 second base station

subsyst ens bopastcasiecerdes syl groasicastsshe vrmation to thenfabile. station using a
15  GSM cell broadcast system.

Preferably, the apparatus includes a transceiver in communication with
the system, which transmits a time of day and an associated GSM frame
number to the cell broadcast center, wherein the transceiver opens a data call
through the system to the cell broadcast center so as to convey the time of day

20 and the associated frame number thereto.

Preferably, 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.

25 There is moreover provided, in accordance with a preferred embodiment
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

30 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.



Preferably, the subsystemtransmtting the CDVA signal is assigned a GSM
frequency and | ocation in the system Further preferably, nessages are
conveyed webwewss t he first and second subsystens and a nobPCT@Semi7s®hi ng 25
center in the systemvia a GSM A-interface, wherein both the first and
second signals include CDVA signals. Preferably, a new |S-95 | ong code is
conveyed through the A-interface fromthe second to the first subsystemin

order to hand ver the bile stati.on, supst,anti al i ut..yi ol ating
A-interface pr O?’&%{:@bﬁy%e@p&ﬁ@m@ggs r?BBF'P_ e‘é{‘rﬁli‘%%’ 3 &ell gr%%(fc@ﬁ i ng
factor to theresSWwABin e P HarkediPbLrdBR 8 adneM ShiRNihBeRrfEntoBRE ed.
WO 01/ 67788 PCT/ US01/ 07390 16 There is further provi ded, in accordance

with a prefs@tioedinghb egstennandfconvies thefamie ninvbet foche calliwbad@sstattenn f or

use in a wireless tel ecommuni 8at ions systemincluding COVA and TDVA base
stations, rog8thes wih thedimg PedapBMOEMRHAN. transcei ver, which communi cat es

g SOV PR D ARG LAl P Reei B ATTBEEE WEky (LD SAEGLIES

signal s for transSmssi ranscerver an es si g

recei ved t hedesws, tisdiating holt dhfieinfodnation deém &DUDMIAC @EffnfiRicagORdNLB{ICat | ON
with the CDVA base station and TDMA- encoded for communication with the

TDMVA base sthareiovtheredier wanscabiey in¢lhdesrtdwaradimi¢cererodes the signals in
accordance with M radio.interface |ayer protocols uyt her preferably,
Fhe roni I 6 st at ATPRRES e A ERa RS e el GRS e of ' ¢ he. COMA
and TDVA base s FONS SIREL il KL.Rou ' ' 1 ONS
link existing bg?l\%/gé;nﬁt he n%gﬁﬁ st)g?%%\&’a;% ﬁ]cgéﬁ e? %%Rgg‘ﬂyfgf%egﬁm
and TDMA bamtborligicnonsf Ther présenal foveptiov, degparatusic émr daobile Wivtikelass
preferred enbodi nent of the present invention, a nethod for conveying
nmessages t &elecqinurarcatipnsan @éﬁ&*%tel@pmmmaa@éﬁ ayste infladiagdi cat ed node
in a GSM w rel ess &g};egogguni c{gti ons systemincluding a cell broadcast
service, includi r{]& 0 tS ting the nmessages to the nobile stations

over the cell breadsaskecdif Vhsestaling sﬁﬁﬁzkfé}r@ HARNTRESAGSS Aid 58@mpLi | e
stations substantially without termnatihg the dedicated node operation of

the nobi | esignatls onihe Mobilesttiopn, ablewations bf mghithés a¥dINtesigmat | ardbbotkendi ng
tme- 055 da%f which subsystems are mapped in the GSM system as GSM base station
subsystems,
wherein the mobile station is handed over from the first to the second
subsystem responsive to a comparison of the strengths of the first and second
signals received by the mobile station, substantially as though both the first and
20 second base station subsystems operated according to a GSM/TDMA air
interface. |
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
25  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
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
30  signal before the signal strengths are compared.



25 information or, alternatively or additionally, broadcasting a search
trigger nessage. There is additionally provided, in accordance with a

pref erredvoentoes nent of the present invention, apparatusP€DUSODIBY0E
wireless telecommunications in a GSMtel econmunications system i ncluding:
30 a cell broadcast center, which broadcasts nessages over a cell broadcast
system and WO 01/67788 PCT/ US01/ 07390 167 a nobile station, which receives

t he nessages whi;he co i cating, i,n.a dedicated, node, substant, all

W thout ter mi narFREE BB e reay Sl nisteccoE AR Laeh LT EPERsbgnt ohe
cel | broaderspréRht fiveioRds aabisild stHBoR oA il HifdbdsARlecSrhumications
alternatively or additionally, a search trigger nessage. There is

addi ti onal IsystenoinctetingiCDREA enddidlel Avbade statiord, éndedingenbodi nent of the

present invention, a nobjle station for use in a wireless
t el ecomuni cat i @rEnglpsmehile adiodirapsaenign, whichropmmyaygates ayith gae CDMA

i ncl udi pg: ohil e radi o transcei ver, which conmuni cat es
with thg é@@%ﬁ%ﬁ“ﬁﬁ@ ’s??‘éiti ons; and a nodem unit, which processes
signals for tr a'asﬁio'ii‘éhoﬁxrﬁ’b{ Whﬁhaénd_d%@&tsigﬁldl@ fbf %fh%ﬁsﬁhi‘dﬁén%&ﬂ the agoBiRd

t hereby in accordance with a communicati ons protocol stack,” such that the
si gnal s ar ¢érapBiiveneodededastescsignalsi teaeived fltereby,hsude tiEDWVheb sigmalst atd on

and TDVA- e ded for.c nication with th ase station, e stack
i ncl uding ; ‘FECQ%?dfg}? meéﬁbﬁ\e E@@f‘g‘?}ﬁe qtgig,%tp aﬂﬁiﬁﬁl\%‘nt rols
t he Com”'eﬁ@é&&fﬁ)r‘@o%ngﬂi&ﬁbﬂ%% @PMA%S g stations. Preferably,

the radi o resource managenent pro ayer perforns 20 substantially all

of thelfuncti onPreferablZSMeRaddem i ehacdes ihyaigrdlRih scdvrdytde withUGSKET

preferably, the radio_resource nmanagenent protocol |ayer controls a

handover ofadiedntasficedayerqaiosdrols-om one of the base stations to another of
i,ded, in accordance wth .a

t he base stations. Therefisb rﬁover ro ;
preferred enbod?sﬁémer psise g’ﬁé grrgglgﬁ? 5 Wéh??%‘fesi % RESRFSRBL A %89&# el ess
t el ecomMuNitRah i ARDIEHS CEMIA 1 TDNIACh S thASEs Bl My SWRRYSE Bidikalg | east

sonme of which operate
a communications link existing between the mobile station and the other one of

15  the CDMA and TDMA base stations.

There is also provided, in accordance with a preferred embodiment of
the present invention, a method for conveying messages to a plurality of mobile
stations operating in a dedicated mode in a GSM wireless telecommunications
system including a cell broadcast service, including;:

20 broadcasting the messages to the mobile stations over the cell broadcast
service; and

receiving the messages at the mobile stations substantially without
terminating the dedicated mode operation of the mobile stations.

Preferably, broadcasting the messages includes sending time-of-day

25 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
telecommunications in a GSM telecommunications system, including:

30 a cell broadcast center, which broadcasts messages over a cell broadcast

system; and



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

i ncl udi ngvoseeMBg and recei ving signals between the nobi PeT@sa@ti76% and one
of the 30 base station subsystens over the CDVA air interface; and WO

01/ 67788 PCT/ US01/07390 18 controlling_ the sending and receiving using a
radi o resource nmanagenent conmuni cati oh% protocol |ayer that perforns

substantially al|l 2 the. fungt.i f o hnterf er .3 RR
subl ayer. Pref eraa%‘lg%l,le ?%glogygﬁ{elﬁg fgfr %e@?thlgﬁ%%géss 3%"1213 C@Pglgliﬁgjr? glﬁ s}ﬁ}sa\ ens
whi ch 5 opRGataged CARIAY NEuBstarial BMAWahbut NeeffiRfith@nthe NeediBitB@d mditd udes:

sendi ng and receiving signals between the nobile station and one of the
base st ati enmrsnbsigstiens over the TDVA air interface, wherein controlling

t he sending and yeceiving in des, using the single  radio resource,
management connﬁ%?%é@l?lﬁn epﬁ:e:ﬂ EEQﬂdCP t%rgbr&&ﬁpgﬁp tapegfHgy mpraation
recei vi g i : ver, . iJ. I nterfaces. Further
pr ef eraEI yfafrt%‘é&ﬁe%i%lg Q?r?(ﬂ%g é&é&lﬁgr‘i‘%@%gz%s%w e station between
TDVA and CDVA baderst it | atditiondiity eprotidedhaimdacedrdghce ORVitlel hegrefeyrddhe

radi o resource managenment communications protocol |ayer. In one aspect of
t he i nvent ieorhodiment ddthef pfesent invention, anmebilg sttaion for weadovae wisgless

conmruni cat i gns between.a nobile station a | east bagse spation of a
Frrot i el BHRttdhs anateSy oirimdBer Rl fodsabhian e Shfongns:
one base stghj;ghgf a second wirel ess comuni cation systemis provided.
The nmet hod advanttageously includes the steps of transmtting a nessage from

t he noDl e st at iabrieass o mdbileastioo mansaseers twhiahn cofnnbineichiies swithi thed ess

20 conmuni cati ons @ft em . the nessage including timng information about
the at | e&doManangdd Vs basesiatigns; pedsecond wirel ess system and

determ ning rel gt} [N e . t . tion t he
first wirel ess %oﬁ%@ﬁ{%gﬂtbﬁ%mai s?ge%g%ns&%%fg a? t}‘aeagxpg%ﬁlg l%’ta@lee %tlae? |£ton of
the second ofer ghR&®ivae "ARN 6@V e Thefd§t BiMacalzdhAc@ MBI césBasticionde

invention, a nmethod of perform ng intefsystem handover of conmunications
bet ween a ipwbdidcel stagki enclarbiatathd sigunlsoare ©INIA-encadednarf caanmiumédatiginr el ess

comuniatl one SYPLRRA RIS TR L6 ShRLAon AN oL leashen bas, jlet on
advant ageoygini Al BlddEtiohN S bERE ALIAAR Y b o RSSALE iR ement
protocol layer which controls the communications with both the CDMA and
TDMA base stations.
Preferably, the radio resource management protocol layer performs
20  substantially all of the functions of a GSM Radio Interface Layer 3 RR sublayer.
Further preferably, the radio resource management protocol layer
controls a handover of the mobile station from one of the base stations to
another of the base stations.
There is moreover provided, in accordance with a preferred embodiment
25  of the present invention, in a GSM mobile wireless telecommunications system,
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

30  base station subsystems over the CDMA air interface; and



30 the at | east one base station of the first wireless comunications
systemto the nobile station, the nessage including timng information
about thevani/bwsst one base station of the second w rel eBET/AR6IEA0 and
using the transmtted timng WO 01/67788 PCT/US01/07390 19 information to
facilitate intersystem handover of co ni cati ons between the nobile
station and the at | east one base stati of the first wireless

comuni cat i ons %8&&81115{% ﬁ%ee%@émﬁti ei"i‘z‘ﬂg%/t S Learﬁﬁ%)onFesBﬁﬁ?e

station of the secon nication stem® 5 The pr esén

i nvention wddagemed®i®nimtihicatione %ﬁbmdl fayemthftepédbiraisiBstafl8aRY la@idof
description of the preferred enbodi nents thereof, taken together"with the

drawi ngs i thewiirshiongRf EGIEIeRIieTierfaor Layer DRRWGS 0 Fig. 1 is a
schemati c bl ock_diagram gf a hybrjid, GSM el lular co ni cati on
system in accopﬁ%ﬁ%ﬁw ﬁhe %Ysﬁ%/@f‘éirﬂéqﬂ' ’@%’E%S Frtiem SubgyHernwhic

i nventien; ,Ei =T RILA G ' ' | ig. conmuni cati ons
pr ot oco?s ggkefv\hé%ﬁ&grﬁ%) ﬁ%g;'gt atlo%ﬁpgﬁ%f%%s%g%tﬁgﬁ%tﬁﬁj@%%hs in the
system of 15 Fisgnding amd aeividgnignals bbtveedr iblkanobide stabiod amehénodf tHee

present invention, Fig. 2B is a schematic block diagramof a hybrid
GSM CDVA rbBfe atign subsgjisterns ogerBiedHAVEA wirtintesfageef erred enbodi ment of the

| on: Figs. 3A 38 ¢ bl gck di .
P Poetrati ne commimentratng e dendld 26L PR B haRset el e sinsle st om
of Fig. 1, ridio réfodeeGh éﬂt?&rﬁn%ﬁﬂaﬁbh@ﬁyr@mg 'ﬂdétfe?tto_ctfonim sBh t

I nvention; Fig. 4A is a schematic bl ock diagramillustrati ng handover of a
mobi | e10 st ahdoacdiviog af sGDMbs baaebathdhe 6IDVA andSIMNMAsar sttatfaces.i n t he

systemof Fig. 1, .in accordance with a preferred, enbodi pent of the present
i nvention; Fig. %Hﬁhﬁé Pxete }ﬁat?‘ﬁénﬁ%ékmehlé’gﬁ éﬁma rrg@wra{ﬂ%ﬂg@al@ Ation ow

aseoct l edcBical MRS RSN pol Blond bR SELANGERS Dufh e o oo

enbodi nment present 1nventli on,; are agrams

that schenpyithatddioirbédifts alahagenn boR@ORati6 @ BotoeRdayey. t he nobile
station in carrying out the handover of Fig. 4A  in accordance with a
preferred embod e @spadieolp s dnventiors na i mathagD ofi fgsilitsing rintesgydem f | ow

char o hal  SSIEIEL) Cal by Llusly gL ORET bt ohtie LS S 4R ' "
station of a first wireless communications system to the mobile station and at
least one base station of a second wireless communication system is provided.
The method advantageously includes the steps of transmitting a message from
the mobile station to the at least one base station of the first wireless

20 communications system, the message including timing information about the at
least one base station of the second wireless system; and determining relative
timing between the at least one base station of the first wireless communications
system and the at least one base station of the second wireless communications
system.

25 In another aspect of the invention, a method of performing intersystem
handover of communications between a mobile station and at least one base
station of a first wireless communications system to the mobile station and at
least one base station of a second wireless communication system is provided.
The method advantageously includes the steps of transmitting a message from

30  the at least one base station of the first wireless communications system to the
mobile station, the message including timing information about the at least one

base station of the second wireless system; and using the transmitted timing



preferred enbodi nent of the present invention; W 01/67788 PCT/ US01/ 07390
20 Figs. 6A and 6B are flow charts that schematically illustrate operation
of the ®DMPI/ESE station in perform ng the handover of FPQT/US#Y/07399
accordance wth a preferred enbodi mrent of the present invention; Fig. 7 is
a schematic block diagramillustrating signal flow associated 5 with
provision of time of day information i n1? he systemof Fig. 1, in accordance
with a pret . i e e i nv ion:  Fi g i sghemati c
1 ustr ot ageeaguBRgedaf e thude R ER B gNaB R tolBipfaftond befixl BREne

system usehdBild rstatisler sh@ngiedta leet hehe f Bise G@é}ﬂﬁv%f Qheafimblvlriﬁelé&s?lt' on
froma GSM base station to a CDVA base station, 10 in accordance with a
preferred ephsdimisations sydtempodbemohile/sationmand khe at Basisome basesiatiorcobl ock
diagramillustrati r}ggéfégnal fl ow associated w th a handover of a nobile

station fr(‘.ilf‘ﬁ%\ec@’é_?gfl SEQYHIEYn W“ba_se station, in accordance with
o D11 e e TR D B S ABUERA PO B AR I e | o1

charts that schenati y ustrate operati nin
per f or m ng debiledadboriptionfoffthg préferiatl aeboditaskis thetdof atakeh edgathedwith
enbodi ment of the present invention;, Fig. 11 is a flow chart that

schemat i cathsdrawingsiamdiichper ati on of the CDVA base station in performng
t he handover of Fig. 8, in accordance with a preferred enbodi nent of the
present invention; 20 Fig. 12 is a schematic block diagramillustrating
handover of a nobile_ _station between CDVA base stations in a hybrid

GSM CDMA cel lul ar  cORHEE PESERIRYEOMN OFI'EE HDBAWINGS a preferred

embodi nent of the resent invention; Fig. 13 i schematic illustration
showi nggsi gnal E}&Vf 5 o C P loRk 1 Hiagtams o Boveid @ﬁM}@DMé, cqllylar
accor dance W Weld I hodli f.the p ' 1.on; Fi gs.
o 1ap ar ARG sE AR SR Bind] willE pPRETRIR, oAbl of e

al |l ocat ed b@e@gﬂjm&io@rﬂ wi th the handover of Fig. 12, in accordance with
a preferred enbodi ment of the present invention. 30 Fig. 15 is an

i llustration of Fig-f Rwihaa t schieowitieg bloglr shegram Hilustraking pomoaunighiionsa

mul ticarrier tbaélles s&‘z&}si on W shes {1’0 det.erm ne whether it mgcﬂt be

benef i ci al PFOFRIBAsTWREN ARV tatign anddigsp sidiozy sysgsfems in'the system of

15  Fig. 1, in accordance with a preferred embodiment of the present invention;

Fig. 2B is a schematic block diagram of a hybrid GSM/CDMA mobile
station, in accordance with a preferred embodiment of the present invention;

Figs. 3A and 3B are schematic block diagrams illustrating
communications protocol stacks between elements of the system of Fig. 1, in

20  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;

Fig. 4B is a schematic block diagram illustrating signal flow associated

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

30 Figs. 5A and 5B are flow charts that schematically illustrate operation of
the mobile station in performing the handover of Fig. 4A, in accordance with a

preferred embodiment of the present invention;



WO 01/67788 PCT/US01/07390 21 Fig. 16 is an illustration of a flowhart
showi ng a process that takes place when a nulticarrier base station w shes
to determwoel/sires her it mght be beneficial to perform aPORUEOVEBIL O a

di rect spread base station. 5 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS OVERVI EW OF HYBRI D GSM CDVA SYSTEM OPERATI ON Reference is now
made to Fig. 1, which is a schematic bl 8@k di agram of a 10 hybrid GSM CDVA

crbod ment of 1 R P auand P ETers shauB SR8l OB Rty iR Bt an et
and nobi | %@Wbé@é—%oﬁ%ﬂf%ﬂf BRSIREh R ok R ISSMLAC BTHMRIBaREONS

standard, as descri bed herei nabove. Infrastructure for such™ networks
al ready exmtlsameferedemhodmwxﬂ@frchepms;entumelntuoﬂs, and the present 15

i nvention has t vanta e of gr adyal |ntroduc n of CDVA
service in con%&&gfﬂ%ﬁ ﬁlaé't{‘r&? IF‘H 8@%%?} Y aapgrtechanges

mobi | o- Zor Vi kB %‘a(ﬁf.‘i‘éf’é‘étceﬁ? rlﬁ%@ﬁ HRRetbr % iR ordnes

centers (al\/&lﬂ@b)@ﬂef@fﬂeﬂerﬁB@dle@ltldftﬁ@@!‘éheh@frﬁrehﬁbn?' arity of Illustratl On)
whi ch controls network 20 operations W thin a geographical area. Anmong

ot her functi ons Figvds2s¢hematesilnséiabion showingoetls dm arledirsd CﬁMéﬁDMA

bscrib d_hand f b b ,
s vl | ascHEE o IERRLSts FYptabty dcelil (7 nube sl B ioRe n SEOBR. (PSTN

and/ orpackghdgbeonerle 4RRM ihn o OB PN LGOS ATIOLEE R GRHURT K

managenent center (N 26 and a cell ast center
functi dds & acadﬁdmnadomthfam)jtdﬁmredhenéjdmﬂienmf theysfesetifivemitdrydes a
plurality of nobile stations 40, which _communicate with PLMN 22 via a

plurality of ba$ig st powhe g¢s logk dipgram FBusizang signadrilow asseriatesl RF
link in ong.gf a'H&p%o% r bP§ 1%88? gt%%l %eér@glrfg;nslng%%?g”{a%%‘ﬂ@ @1\2{%“8”"' €s.

M5 40, whic nhown "as a cri 'S ca

comuni cat koW, irhaketdarkdeNVBRS feryéd @ﬁb@dﬁﬁ@ﬁtt @ﬂhb%rbé’ent%ﬁ@é}ﬁﬁﬁﬁ GSM
TDMA signaling protocol, and usi ng CDVA- "based communi cati on

met hods descri b@thhéE)Al artrb[lﬁBvarfA@l@w r:bat&d; Hyat sghemetigallyhisivaéd pperation
PCT/USQ1/ 07390 25,10, St andard GSW system., wobi | g stall ons can i ypl cally
preferred embodiment of the present invention;
Fig. 11 is a flow chart that schematically illustrates operation of the
CDMA base station in performing the handover of Fig. 8, in accordance with a
preferred embodiment of the present invention;

20 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
present invention;

Fig. 13 is a schematic illustration showing signal flow associated with the

25 handover of Fig. 12, in accordance with a preferred embodiment of the present
invention; and

Figs. 14A-14D are schematic block diagrams illustrating CDMA long
codes allocated in conjunction with the handover of Fig. 12, in accordance with
a preferred embodiment of the present invention.

30 Fig. 15 is an illustration of a flowchart showing a process that takes place

when a multicarrier base station wishes to determine whether it might be

beneficial to perform a handover to a GSM base station.



CBC 28 only in idle node, M5 40 is capable of receiving such broadcasts
during a call through BSS 30, as will be described further hereinbel ow.
Al t hough won1/617B%& sake of clarity, only one each of M5 40PCBBMIBB®030 and
CDVA BSS 32 is 5 shown in Fig. 1, it will be understood that in actuality,
system 20 typically conprises a plurality of each of these system

el ements. Both GSM BSS 30 and CDMA BSS 3% communicate with and are

Cubstant  al 1y 1 & Ecbdp BTG AER RRARE EM B p bRl BRIy 1

rel ative tgviidie al SRAtIEIMr ShaRI&EHOA Owatheb OtoC BERMIRAehdtheP iPlMdh2dd N
accordance with GSM standards, and particularly so as to conmuni cate with

MSC 24 vi ableneﬁ@l\noqn@rﬁmah@dweﬂca@éuea@pfrmd hese steoni bed her ei nbel ow
with reference to Figs. 3A and 3B. BSS 32 al so communi cates with CBC 28, so
as to receive messages to be broadcast over the air, and conprises a radio
15 operation and nai nt enance center (OMC-R) 38. The OMC-R conmuni cat es

with NME 26 over EDEQT\AELE:DES@RIHTJGNC@,F THREFREFERRED an
information nodel based on the GgNj qs_?of speci fications, which
are incorporated herein by ref erence QOtl onal BSS 32 may be Ilnked to
a general packet data service (GPRS) 50, such as has been proposed by the

Eur opean 20 Tel €XVERVIEWaOFEIYBRIRIGENIIE DML SYSTEM GPERATIGN er nati vel y or
additionally, BSS 32 nay be coupled for transm ssion of packet dat a
di rectly to PSTRefornces I((H/VITMFQWE]@C W t,c@rm@cachgmmtlsblwr diegearsaifa of

sinpli ot ref er with l.ink to,the | er net
e et 10 oudHBREL AN, Uyl roainthaRRay syttt 30\ desoHanch itk Fon - o
25 CDMVA a efeBiedl ERB8dIim¥h 60 the Pés%ﬁ?'iﬁ?&dﬁo@\ensgﬁbhy 20 ris HePPRIeNEE M th
the 1S95 standard for CDMA conmuni cations. BSS 3 [t around a base

station ceubtiol leevd (BSkile 3detwdrkc KPENINY 02% widclmomwﬂnasexiatms thiet FGSMnunber

of base station transceivers (BT ch BTS trapsmts RF signhals to
and recei vESIYRUNiSAHARY Stancagne e 3)@ vﬁ&f Reeinabave. wiRSructgeoirapifitc al

area, or ¢ r t te ne
call, the E}glfwrr%@%séﬁf%g%o ?ﬁ%ts a|£1 ?I #qh Wg%ea%wg%ﬁ%e%n the ﬂn%lggsof t
handoves” (@fertivndeds thebelvaneiye csfhaelaBﬁﬁg gt_Faa@a:I iBb@deRiction df(?m\@eﬂvﬁtet he
CDMVA art. WO 01/67788 PCT/ US01/ 07390 2 here may al so be regi ons of

servi ce of inywenpmcpion tyithestech avhétetorlowithotit Maqﬂetrmlgvmawvehms(ho the,
there is "%xis ng 1nfras%ruct1r1]re§uclbL1@[I\rT e?i Oc%)mprlses at least one mobile-services
switching center (MSC) 24, or possibly a number of such centers (although only
one MSC is shown here for clarity of illustration), which controls network
20 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.
The PLMN also comprises a network management center (NMC) 26 and a cell

25  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
communications frequencies. MS 40, which is also known as a subscriber unit,
30 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



whi ch coverage is weak or congested. If M5 40 noves into such a region
during a telephone call, the : M5 is handed over fromthe CDVA BTS to a BTS
5 associ avedugi7sh GSM BSS 30 without interrupting the cal pCT/S8sowd7a¢0l y, if
M5 40 noves froma region served only by GSM BSS 30 into the cell of CDVA
BTS 36 during a call, the M5 is preferably handed over fromthe GSMto the
CDVA  BSS. Met hods for perform ng such Handovers between CDVA and GSM TDMA

re descr i BdR A SRR R R G SRR R R BN S AR e
ar chi t ect uCEBODLS oW} RMHAO mdtfe, M9 id Eapaible oflrecMyif® shECBIYRRabBRIRANLT I TS

of CDMA service in those regions served by system 20 in which the service
has been anglletheougll BSti 3heatwilbbe dgsedred further H@kmbebgivonslthGugimsot i ons

VB 40, e 4R 815 GhERTIREVay i s, Mopkb ot A8 B5aCePadd R S amour

the sysgem the.l I g the
transit | on. ﬁmt H{Z‘fi'g sfaltb‘?}ggﬁed%&g%rgﬁ%taﬁhiat ?:hgér%? ﬁ%élﬁ%&?ﬁl usgg:q?e[llf
comruni cat lc@ﬂ@ns@sa allitgofekeh bethesesydlmlembtsBSSs 30 and 32, in
accordance with a &SSB erred enbodi nent of the present invention. M5 40

communi cat es wi BotlcInb 350 30v and aCEIAUBSEn82 rdcaneunigite hwith badedreon a

standard T so t hat sub tanti di f

required t%gh%bé’wggl\ﬁzomw ih%%l aégé{ Eﬁ%gﬂ %ﬁg{'@
protocol s kpLaLARAIlY qnaa%em@étv@ltmsxéxostaﬁf&ﬁﬂ Cemm' B9s & iy r%‘ﬂd% BSS
32 over a CDVA Uninterface, 25 based on a CDVMA |1S-95 air interface wth
cer t ai b0 nodelhtivatto ache. IS @DMAbetandamdtm i(snbwnonrmmﬂmeamtmm BLEAY &2 & of
operating over either._a GSM Um C? CDMA Um.interface, but not both In
order to s8StEAANERHIHIHGENM stan aﬁ”fiérr g Partighany soap e sesuRBRicRie with

t F |
ranscel vertol Aovis i G stHER 0 R IhicehRhroF AT Ssh D Pofeintsly o
si ngl e tr apg@etaferentlics FigsaBAHBNEEE.CBES 32 alébtc@hmrhahme& WM BNds (dMy.  The

ME includes nobile termmnation (MI), which supports term nal equi pnment
(TE) 46 f oto vigceize\¥De9sdgsF 788 beChradgzasto p8e0 the daigndhdr c@mpalsem tradiod

a4, "1 nlconPRERAE AhdiaaNpetaRase: (PR 19E < The: ERBGeR /eombrbaktng) am
' | | ustrati 0 aVENRBCCOBPEYS! NP @SM-standard Q3 interface, preferably using an
information model based on the GSM 12.XX series of specifications, which aré
incorporated herein by reference. Optionally, BSS 32 may be linked to a general
packet data service (GPRS) 50, such as has been proposed by the European
20  Telecommunications 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.
Communications between CDMA BSS 32 and MS 40 are built on a
25 CDMA “air interface,” which is preferably generally in accordance with the
IS95 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
signals from MS 40 when the MS is within a geographical area, or cell, served
30 by the particular BIS. 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.



single radio transceiver in ME 42, in accordance with a preferred

enbodi nent 5 of the present invention. M5 40 is built around a nobdem unit

59, incl wdngerasPOSP core 60 capabl e of generating and properssog 7Bt h TDVA
and CDVA signals. Preferably, core 60 conprises an ASIC device, including

stand-al one CDMVA transm ssion/reception processing, which is supported by

GSMtimng logic 64 and a GSM har dwar e23ccel erat or (or DSP) 62, as well as

having a port 1Q.f S| ) ecej.ves,i | jvers .output to
Te 6. In'this chel nry ohg SN ERE SERPRNER s 0 o Gein ettt
speaker, amgt have COMPEEdRraBe (ild., AhaRdis NolCDRIX BTH 38lin ﬁ&h%fégi@f’), ¥pEPdi ng
functions on the audio signals, as are known in the art. Either GSM or

CDMA vocodiwhich sougrage éstwedk peedhgestednIMiBlenows indo such a reginhaltring t h
GSM BSS 30 or BSS 3 e.60 1 , additional r ternatjyvely,
be confi guﬁeéﬁl?@%r eally the TS i &aaépé’? depr ogiltfine G rﬁzﬂﬁﬁm HAS such
as a fax deyi QL t.ad : i . I i TDVA
or Cowe 1 arakiatetdhin LRIABRY 80 ihon SRt hnd thE a8l B MSPA0 [C

and conver inSovdstfeoial fedion 38BieddonlgIRLEBNI BSS B0 ih&y tHenjeUt ot CDRIA BB t t er
68. A duplexer 70 20 conveys the resultant RF signals via antenna to the

GSM or CD\vAusingea salt flenMS s prgiprably handed Sivighfremr theeGoM td TN Abase
station ar ass dupl exer . 70.through an RF receiver 72 a

i e o1 gnBES) npdleRiPedon APEURIBINE e HENGAEE o EEesR e CRA di Ace
functions, deMPPRIAGerAcehaARtY versh! AN%EI1HHetRBen LRETMEIA BRSBN%Nd

m xed-si gnal devices 66 and 74 are controlled by 25 core 60. RF

transni@si anotied, arecdgscribad fyritisr @reinbelpmnef By alittyeaif duchquethoidesaridnof t he
GSM 900 or 1800 IHz band, for conpatibility wth existing GSM._ equi pnent,

par ti cul ar e prshitegturaof siptes ehats MM9Wroin Kig- Jad4S dAirgeaives dierkgmefits of

transcei ve i Fi , I i ang.. Cg{%& I t in
30 system an%\é\?eﬂaﬁcegiﬁ%%gps?i rg%gch{;,s ce(gﬁ%lilglf r%%?%@ypg} g{ﬂédll igrg’%léfefgguency
range,  aspagh |l implehddht&d, 7R8tHSut/ il @é8A6e RSTBMIAM Regions.0 Frshsitidhs
whet her M5 40 physically includes one transceiver or two, it nust support
dual air i hesvéerc€DMyerpndI TRMIA 2regiprist arepsulistardiallyt trekspdrent topserst don

O B R R SRR b St orl o) BehPuc Lo
standard | §O3y06ht Ul onfBP IhCIHEMY et 3Y%ehirintbface is changed during the
transition.
Fig. 2A is a block diagram that schematically illustrates communications
protocol stacks between MS 40 and BSSs 30 and 32, in accordance with a
20 preferred embodiment of the present invention. MS 40 communicates with
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,
25 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 40 comprises mobile
equipment (ME) 42 (Fig. 1), which must include either two radio fransceivers,
30  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



which 1S-95 operation is nodified to accommpdate the needs of GSM networ k
services. GSM CDMVA Layer 2 includes functionality, such as nessage
orderingwoprsmssty and fragnentation, and suspensi on andPeEESMpL7BWN Of
comuni cations, which is normally supported by the standard.GSM Layer 2, 10
but not by CDVA I S-95. Vis-a-vis GSM BSS 30, air interface Layers 1 and, 2
are in accordance with GSM standards, g#bstantially without nodification.

St andard GSM . prot ocol.s incl-ude third .o | rface Layer (RILL3).

Cnel ud ng enELe? i pul et bulleii akSe, S 035arnBel At Snsiter o
these thregq&hk rﬁHQuiea(]XS 44 Sindh BB RS SR/ cRRMar@fagenment | ayer,
whi ch 15 supports Mbile nagement (MM and Connection Managenent (CM

sub | ayers abov&igt2B The RiHednastidblakedmgramGHUsBESEn§OMS 40 swhsirésihg al | y
unchanged with respect to the GSM st andard,. and the GSM MM and_ CM sub-
| ayers ar e SM@edpcdl Fansreieidn MEnE) anecendpngs pibue RigEERD pmbpdiment The

CM subgl ayer, [ I i K C i : . M

suppl emsant é?;;h%%? é)ée)ern &/?%‘Z%% g)ﬁsoéﬁ 1sn§§éga€d’l,§necf %ﬁ%@g‘?@%\.@%‘%g‘%ﬁﬁﬁtil ayer
supports  $gMabid1g0r &pabledf iRhel AR hAG }B@cé@in%lﬁdﬂﬁ‘”ﬁmmla@ﬂ amMA
encryption key managefent. In order to support the MM and CM sub-Il ayers, a
GSM CDVA RRignals. [Pagferahily, coveratoomprises aheASKS devined iRESI32 gand-ebole

stacks. Th CDVA .25 RR sub-l ayer, which. manages radip r rces and
T8l Nt ai ns BaRgmiseneReRion Brogasinaar i irripporied by GRlEmENe ¢ he

existence qfytha fiunl M b ANKCPMEN QRS |HSP) (3aKRLSN b W) a iy e NS

40 protocol Stac i nvokes the approprtate ayers in st ack

t o conmOni dat SINMi4ith Ceirt B0 retdiees inpandad deRved-dRpsibo TEVS! InfthB8SasaTRver
the GSM Uminterface or. the GSM 30 CDVA RR sub-1ayer of BSS 32 over the
CDMA Um i né4érif gepresgaisenas ag anslio imistophaneonnrd ispealesre ppdscore GfhpatéorBSS wi t h
which it isyip C {catiaon. The and sub-1 ayers e not processed
by B85 32, T SEERYES R Bliony 86 il w7 ecrrind pear ke a0 o SRS gn
bet ween M5 4@ raRAoWRGH2helRE. PIRECSSMSr C'DMAW@&%ﬁng‘i@ dd, @e ¥nding
transparent to the COVA air interface |ayers below The sub-Tayer i n the
M5 st ack alomowhettter VIS 4this imacwideetr witht GSkhh BE8 S0car CERIANBSH §2aiCore 60

i nterfages defi ned 1%\,%1 Laye{s 1 an and assists in cell selecti Qg, for the
handovédp, @Aerdditionally gt altgmativelmbeseniigugedtq worksadh Thedprmadingys
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Core 60 outputs digital data, which may be in either TDMA or CDMA
format, to a mixed-signal output device 66. Device 66 processes and converts
the data to analog baseband form, for input to RF transmitter 68. A duplexer 70

20  conveys the resultant RF signals via antenna to the GSM or CDMA base station,
as appropriate. Signals received from the base station are passed by duplexer
70 through an RF receiver 72 and a mixed-signal 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
25  core 60.

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

30  system 20 must be appropriately configured to operate in this frequency range,

as well.



sub-1l ayer supports the standard GSM RI L3- MM and CM sub-1 ayers above it.
The RR sub-|ayer preferably offers conplete radi o resource nanagenent
functi onaV@vye6wss def i ned by GSM specifications 04.07 and PdT/@8)1/08B90ch ar e
10 incorporated herein by reference. Although a "RR' | ayer per se is not
defined by the CDVA |S-95 standard, the GSM CDMA RR sub-|ayer descri bed
herein maintains full 1S-95 radio resot®ce functional i ty, as well. In

cocorcance M NSRRI 2 O PO TS B SO e

services bpt@ey ftani®ikughporn@ual dielRpifancl &RRY eraat 2 oks pihtecoldkaldrnsie
operation of the RR sub-Tayer includes autonmatic cell selection and idle

handover bepgessiorGasta-sisdGEMVBSE S0l and &M BSaS2heespectivelsi rBreo€DBDIMA
cells and pairs qf cel ith indicatio speci fied by
The csu ot SatatiasBereers s (4 TDMA Bog2 Gustiesr CrMiabitautas:
channel gpr i [ ~ fﬁMc n g)@g 1 :
establ i ghnegﬁﬁégf a%%nénlg%f%édﬁggr? ﬁ@ﬂpcat e@’gﬂ%‘ e, t}ﬁe@gg%%neg%rln
performs thehithI5-08i operagow icanidifiedid nograaiodateshe aedds ceGERNIHES ork

transfer of rressadg;es and substantially all other functions specified by
GSM st andaseiceschahyE IV Anbayerad beludesfnardonalifydendy 3s mesrega drderingr d 25

handovers as. describegd herei nt%e‘lﬂow and ,CDVA-t o- CDVA soft and "softer/
handover 3. DAY < Bl ndGeRhtE e v AOF o MU SRR uatng 1 P orhrode,
type of Ch%Bﬂﬁhuﬁ'&Qti&ﬂ@WEfehQ@QﬁﬂhW §L§;ﬂ§ﬁ‘%ﬂ Bg thed®andd¥e QOVRIRY& 3,

managenent based on |1 S-95 specifications. cl assmar k managehent based
on GSMI8pebiut noaby cIIMA ISWHI Vidha-vimdShM B66 B0bwirtihtexacelidyles] andtsharear t

Sunary, - afeCIE S AR O e O s PR s o R eSS DR af 12 and-
features may be |4 n ir .1 b . Fig.
3A is a block d?g%g%%d?ﬁgﬁ/pgg eoga i%\%ﬁ‘%& %@Irﬁg es &F@?géc:'%%’g‘?g%@ used
in signali nglidigs faeesubdayes) abbvd GSMDMYBSE 38 BAge:GEM TRCIAesti 6f 5

accordance with a preferred enbodi ment of the present” invention. These
i nt er f aces thesegheee\RIIfosulylaysrnisra Badio Resnras(RRbmazagewent ey j

|t er {6 QRS AL NG AL LIRS SR et RnBALS SR SERAP o O
layers above it. The RIL3 sub-layers in GSM BSS 30 are substantially
unchanged with respect to the GSM standard, and the GSM MM and CM sub-
layers are likewise maintained substantially without change in MS 40. The CM
sub-layer supports signaling for call processing, as well as GSM supplementary

20 services and short message service (SMS). The MM sub-layer supports
signaling required for locating MS 40, authentication and encryption key
management.

In order to support the MM and CM sub-layers, a GSM-CDMA RR sub-
layer is introduced in the MS 40 and BSS 32 protocol stacks. The GSM-CDMA

25 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 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-

30 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 are rather relayed



these interfaces, is described in greater detail in the above-nentioned PCT
patent application PCT/US96/ 20764 and incorporated herein by reference. 10
When M5 400 0E61788 comruni cati on with MSC 24 via GSM BSS 30pPCT/go1p7a400col
stacks are in accordance with GSM st andards, substantially w thout

nodi fication. As noted herei nabove, M5 40 exchanges signals w th CDVA BSS
32 over the CDMA Urn interface, wherei#othe M5 and BSS prot ocol stacks are

o o SRR AR R0 SRR B0 BAMRE Sy %

conveyi ng RdaspMentdo tNYGDBNR iNthtbEhie Ry eMSbARWANTHYER 2hb-has0s] Yhe
W t hout processing by BSS 32. O her layers involved in the Un interface

wer e descr M dtackrasmabotrelavhenhandsfver dretween the goregpodingDNA iBSHases
comuni cates .wi th M MSC 24, over, a standard, . substantially,unnodified GSM
Tt or § acQRHTRT N LAVERT G0t 2 AN Rl eleRi@R s RisHi FRdEr on
Part (BSSA {dd the art, preferably in accordance
W th thg Gg%ﬁtg%&%&%g%%ﬂ&\gggéz%@%sgébrts procedures between MSC 24 and
BSS 32 that reqRegardiateopndtici botheatt dberfic@sds shngepthd CEM-TDN@nREe! at ed
to single calls and resource managenent, as well as transfer of call

control andubddyer suppaitafunsiandaed SEPdsSRE S M andvEdI zubslagenysibye 8SS 32
transl at es ayer. 1 and Layer and ;RR protocol s exchanged
bet woen 1 haHBSEES RUNRT 5 HIRE By PUSFS ACEe Tat SOSHSos BoBaHBor br
transm ssi eandirMEE 26 dBRfed 15 GOV 8pe3RcRRARUOE 0TI BEGS3AvERATHA Cat es
with GSM MSC 24 using the starfdard A-1nterface, substantially no

nmodi fi ¢@t i amorpomted qereindyi refetence.odthoe@i ABRRnlagedper soisamethdefindae
addi ti on of BSS 32 to GSM system 20. WO 01/ 67788 PCT/ US01/ Q7390 28
Fur t her nor @y%@@é@&%ﬁﬁngl@%@? &SM&EDM& isgiblayerydescaibed ierein
identity 1NES T, i nce both communi cate
with the ?%i‘n nﬂ%@@s%ﬁgﬁféﬁrgﬂ%ﬁ%aﬁéﬁﬁgﬁ%ger the A-interface.
Preferably, celphacasdantaiveth GEMsBhdardd thé fBRSioMAlieF 6f TRIRRGubYah&C 24

in substantially 5 the same nmanner as GSM TDVA cells, "and are thus assigned
GSM absol utrcludesibothf idlquundeg oplesatingl and rrslicateranyle saditess(@ es tservioes

i denti code, (BSIC) .values, ,in accordance with the GSM standard. . Eromthe
por nt BF VPEROBTeiSg 3 FHpASVERNEEHMGEN (BN 84S TI0RS Ao B, or
even bet We®R sub-layer includes automatic cell selection and idle handover between GSM

and CDMA cells, as well as between pairs of CDMA cells and pairs of GSM

cells, with cell change indication as specified by the GSM standard. The RR

D

sub-layer in idle mode also performs broadcast channel processing, as specified
20 by GSM and CDMA standards, and establishment of RR connections.
In dedicated mode, the RR sub-layer performs the following services:
J Routing services, service request, transfer of messages, and
substantially all other functions specified by GSM standards.
. Change of dedicated channels (handover), including hard
25 handovers as described hereinbelow and CDMA-to-CDMA soft and
“softer” handovers.
J Mode settings for the RR channel, including transmission mode,
type of channel and coding/ decoding/transcoding mode.
. MS parameters management based on I5-95 specifications.
30 e MS classmark management based on G5M specifications.
It will be understood by those skilled in the art that the above features of
the RR sub-layer are listed only by way of a summary, and that additional



two different CDVA BSSs, is no different froma handover between two GSM 10
BSSs in a conventional GSM TDMA- based system The BSIC of the CDVA cells
is assigmeadore778% to be di stinguishable within system 20 PeDWS@TS®Nt i onal
GSM cells. Fig. 3B is a block diagramthat schematically illustrates
protocol stacks involved in conveying yoice data between M5 40 and MSC 24
via CDVA BSS 15 32, in accordance wi t h24 preferred enbodi nent of the

present in 4.0 Vai VEE]) BB d
decoded by\ﬁg m\il/o%g ereg%\%%ibg%] rrayd(;/?farg%gdgg ny%gﬁ@?ﬁ%%%ﬂgar - 95
vocoder pr @p@@ﬁh@ﬁdﬁg)v\n inthe art. BSS 32 translates CDVA Layer 1 into
GSM EI TDMA signals, and converts the CDVA vocoded data into PCM A-| aw

corrpandfed voi ce Faﬁt?g% i$ m llodediegrem Amtvichhmatically dqlisteates psototol stacks .
A-i . C 24 i i i .t

7 om VB 40580 Shaanging arisriaaes Boren Niadh: CHA BSS 51 5q Cal At Bafin o "
data b d ) NS 4

Coerat: b PlenintRa SRR Fladn RO M itert NGk Jopsare

i s a schenmahieefabénekatile AgE a tohevhngirdettaivish dSMYySISEN2L 0vetis €T DMA iadir

under st andi ng a net hod for nobil e-assisted handover_ of M 40 from CDVA BSS
32 to GSM Bysrizge. Opesziéen ahtheseinterfagep radaparsigularhoaiessage fiw ttheoug esent
invention. Unlike Fig. 1 SS.30,1.s sho ere indetail to incl BSC
77 and o R TlsTateatsdiariia BoSrears A5t i o Rres Rl RS o
M5 40 30 fraeedin @ﬁca%% BESS/ 195572076 £ Gnd E&&%ﬁ@d halsl %ﬁ b&eferBES 76,
to BTS 78 of BSS 30. BSS 32 al so includes GSM BSC 34 and BTSs 36, as
descri beéd Whem M® #6rieno eonuningratibn WehOMSE 778 8iaPGEMUBSS/ 307 386 pra@cdhe

handover from CDVA BTS 76 tqQ TDVA BTS is preferably. initjated py BSS 32
when it isSHEKRr AfSedt ﬁgcfor%gngm pat n&gMoé rl‘i?ﬁd%n Shirstegtia Mcﬁ”ﬁgﬂ‘éﬁdover

m ght be desj iﬁ@&t?on-rhi S situation may ari se when the signal received from
BTS 76 is weak, or when MS 40 is known to be reaching the edge 5 of a CDVA

coverage area, s wted HekeihhboveMSykRxe |s3eridls he@vgDMAI BSS sabiwel v,
BSS 32 may instruct M5 40 to seek a signal tfrom BTS 78 (or other GSM BTSs)

fromtinme the COMA Hoe puatfece Iwhereimthe Mseand BES pretosal stacls are modifisidy. 4B
2 TR LA APl B T ) Sk, SRTSGUEE s oo
is shown explicitly in the BSS 32 protocol stack, for conveying RIL3-CM and
MM signaling between MS 40 and MSC 24, largely without processing by BSS
32. Other layers involved in the Um interface were described hereinabove with
reference to Fig. 2A.
20 CDMA BSS 32 communicétes with GSM MSC 24 over a standard,
substantially unmodified GSM A-interface. This interface is based on the GSM
SS7 and BSS Application Part (BSSAP) protocols, as are known in the art,
preferably in accordance with the GSM 08.08 standard. BSSAP supports
procedures between MSC 24 and BSS 32 that require interpretation and
25  processing of information related to single calls and resource management, as
well as transfer of call control and mobility management messages between
MSC 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.
30 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.



10 in accordance with a preferred enbodi nent of the present invention. BSC
34 instructs M5 40 to begin a gated search for nei ghboring GSM BTSs,

wher ei n oo 01/&178®%f periods, M5 40 interrupts its comuni cRCT/ORG/0MB90h BTS 76
to search for and receive TDVA signals. Preferably, M5 40 is operating on
the 1S95 standard, which enables CDVA transm ssion to be idle for the
duration of a 20 ms frame, 15 during wh#&h the GSM TDMA nei ghbor scan can

It T IR AR, e R T R
using an  ehbdad GQIg( /G’Figﬁgi RS ICENIAI 598 35, iefel BiRH B¥nrhliRich& Wil

standard, sectlion ; .2.8. Alternatively, such an idle period nay al so
be introduded MBWen aosutetartallgDensicahdeaimgher oxer ke |A-irfttarfhber Preferably,
alternatively, as noted hereinabove onprise separate TDVA and

oA [ ansedlenschin v B el Bos mareananmed PYRIBCLH & gihnasially
P BSC 34 i it h [ ] f he f. i f
bt P TR T RS 1

25 Such a kidb fﬁﬂg&ﬁ}ﬂchbﬂnéleﬁuﬁhw [ARFCNYEangeRd batisRaidehtitp! cqid find

BTS 78, since M search only at the frequencies of the cells on the
list. The (BSIC)ivaluespitaaedrdendeByith the M istaodaode Frednl the poamiosfrvdewasfd i s

i ntai ned [ hand bet tati . VW VB
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to conp et BSSHIE R eeeadititthal GIMITEMAUbAdedageeeral | She BSIVRA4heVODMAG7788
PCT/ US01/ 07390 30 determ nes the power |evel of the TDVA signal and

reports it cells iBgssigned sogstthdie distinguisbaldgiwithin systan20tfiyomrenyentenalne t he
power Ieve?él\a/s 0O preferably averages the signal power over a period, so
as to redu fE"Si nfl uence of MS novenent and channel fading. The
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which may comprise any of the standard IS-95 vocoder protocols known in the

art. BSS 32 translates CDMA Layer 1 into GSM E1 TDMA signals, and converts
the CDMA vocoded data into PCM A-law companded voice data, in accordance
20  with the requirements of the A-interface standard. MSC 24 thus transmits and
receives voice data to and from MS 40 via BSS 32 substantially without regal;d
to the fact that the data between the BSS and the MS are CDMA-encoded, as
though MS 40 were operating in GSM/TDMA mode.
CDMA TO TDMA BASE STATION HANDOVER
25 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
77 and a plurality of BTSs 78 and 80. Fig. 4A illustrates the handover of MS 40
30  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.



provi ded by BSS 32. Preferably, the M5 decodes the SCH and reports the
power |l evel only of the cell fromwhich the best signal was received. Mst
pr ef er abiwo 0t/6/388V5 reports to BSS 32 only when there has bewusa/wbsnge in
the determ ned power |level since the |last report or sone other change of
15 significance in the signals received by the M5 fromthe nonitored cells.
Based on this information, the BSS dete?¥i nes whether and when a handover

is to take plac an appropri i i hitihates, a handov
request to MSC gﬁﬁl.eAﬁfﬂrédWE% EfSﬁ’Qm@ﬁpl&tegﬁﬁng%&&Epmegﬁét?ﬁ BN agg’,
whi ch ackneykigtgesy BYS 320l iSSEMBRRad thiescankeysa foBRoAARIUET 20
command via MSC 24 and CDVA BSS 32 to Ms 40, and a new traffic channe

(TCH) is opaded Heeidoren nlight B desitablee MiHs sAuatibh snppianise tWieerhdredsivaal i s
conplete, and_ Ms 40 swi tches over to BTS 78. A _successful handover is
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tandard, {he.NB_att t i t nect i on. BSS 32. .5 Th
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initiated only when fhe GSM signal is straonger than the CDVA signal by sone
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transmission by MS 40 during the 20 ms frame is suspended using an
activation/deactivation mechanism as defined by the IS-95B standard, section
6.6.6.2.8. Alternatively, such an idle period may also be introduced under other

20 CDMA standards, as well. Further alternatively, as noted hereinabove, MS 40
may comprise separate TDMA and CDMA transceivers that can be used
simultaneously for this purpose.

Preferably, BSC 34 provides MS 40 with a list of the frequencies of
neighboring GSM TDMA cells, such as those associated with BTSs 78 and 80.

25  Such a list is useful in reducing the time needed to search for and find BTS 78,
since MS 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

30 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



response to such paraneters as the geographical |ocation of the M5 and the
rel ative amounts of traffic on the CDVA and TDVA channels in the system

Fi gs. 4Cveodvémssare bl ock diagrans that schematically illpeT/wat7sdve 15
structure of 1S-95B franes 81 and 87, used respectively by M5 40 to decode
and nonitor the power of TDMA cells, in accordance with a preferred
embodi nent of the present invention. M¥itoring franes 81 and 87 are
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the frame. hAhdevaaisitvahlte pidced APafBppropriate time, BSS 32 initiates a handover
request to MSC 24. The MSC conveys the handover request to GSM BSS 30,
which acknowledges the request. GSM BSS 30 then conveys a RR handover
20 command via MSC 24 and CDMA BSS 32 to MS 40, and a new traffic channel
(TCH) is opened between BSS 30 and the MS. At this point the handover is
complete, and MS 40 switches over to BTS 78. A successful handover is
reported to MSC 24, substantially in accordance with GSM messaging
standards, following which the MSC issues a suitable “clear” command to
25 CDMA BSS 32, which responds with a “clear complete” message.
Preferably, the new traffic channel is opened in a non-synchronized
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
30 main dedicated control channel (DCCH) of GSM BSS 30, as indicated by the
handover command. The MS then waits to receive an appropriate physical

information message from BSS 30 on the TCH, as defined in GSM standard



frame is used, the power levels of up to 15 different cells may be
determned during the frane. 15 In an alternative enbodi nent not shown in
the figuve@pr/eries nonitoring frame may be divided into twsCDUSOMN7890part s,
one for acquiring the FCCH and SCH, and the other for energy nmeasurenents.
Further alternative enbodiments nay be_based on the I S-95C or |S-95Q CDVA
standard. Figs. 5A, 5B, 6A and 6B are fBbw charts that schematicall y

illustratensing or shat i.neg, . | i ed. |
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illustrate states of M5 40, and Figs. 6A and 6B illustrates states of
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of the present invention. Monitoring frames 81 and 87 are interspersed with
normal CDMA communication frames 82, at a repetition rate of no more than
one monitoring frame in 480 ms. IS-95B standards allow the monitoring frames

20  to have a duration of either 20 ms or 40 ms. Longer monitoring periods may be
used if desired. The choice of shorter (20 ms) frames decreases possible data
loss in a CDMA call being conducted simultaneously between MS 40 and BSS
32, although it increases the length of time needed to complete a cycle of
decoding and monitoring.

25 Fig. 4C illustrates monitoring frame 81, which is used to acquire the
FCCH and SCH of a particular TDMA cell of interest. In an initial interval 83,
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

30  the TDMA cell, typically using automatic gain control (AGC). Suitable methods
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,



paranmeters, it issues a gating reject nessage. If the paraneters are
supported, 15 the MS issues a gating conplete nessage and enters an | S-95
gating stvabe1/d048 If a stop gating conmmand is received, RSI/ABOWEBU NS t O
state 100. Upon receiving the gating conplete nessage, BSS 32 enters an

| S-95 gating state 136 and commands MS 40 to start nonitoring nei ghboring
cells. (As noted above, gating states 494 and 136 are not needed if the MS

i s capable . S T reat i N i
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a handover levelgygb AT Adceliscnf interestt disit eagbsuch. asll, thehEaquercyseighld 40 iscei ved
by M5 40 frqm .32 is.sufficie y aker than one_.pf the nei ghboring
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GSM ti i@r Preferablpdavinna deratidi of dbeutGShnst. dindthedxantpie sBSSnriathig 4D} o
state 138. Wien the handover co nd is_received fromthe 5 MSC, BSS 32
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handover corrmand to M5 40 and enters state 142. 10 \Wen 40 receives the
Rl L3- RR hadusingrthedramaed, it checks the handover command parameters in a

t at 0. If 40 s t hand t , 1t sends th
2" ackibvi cdgmelt APBEEREYE SHIPOARERERG SRONR O aHEEY SISOrIeSha 1 ¢ ho
par ame er s . Bty BURRAEShtoME ¢Br hisHHERrsRohe RO Suitif HE BCERTsage and

returns to state i's case, oOr |
SCH, and the other for energy measurements. Further alternative embodiments

may be based on the I5-95C or IS-95Q CDMA standard.
Figs. 5A, 5B, 6A and 6B are flow charts that schematically illustrate, in
20  the form of state machines, operations involved in performing the handover
illustrated in Figs. 4A and 4B, in accordance with a preferred embodiment of
the present invention. Figs. 5A and 5B illustrate states of MS 40, and Figs. 6A
and 6B illustrates states of GSM-CDMA BSS 32. Solid lines in these figures
represent processes carried out using IS-95 gating, as described hereinabove, so
25  that the MS switches between CDMA and TDMA reception. Dashed lines
indicate alternative state transitions that are possible when the MS is capable of
simultaneous CDMA /TDMA operation, typically requiring that the MS have
dual radio transceivers (unlike the single-transceiver MS shown in Fig. 2B). The
states of GSM-TDMA BSS 30 are not shown, since they are substantially in
30  accordance with GSM standards, which are known in the art.
Certain messages conveyed between MS 40 and BSS 30 and BSS 32 in the

course of the handover processes are indicated along the lines connecting



15 acknow edgnent is received within a predefined period, preferably
determned by GSMtiner T8, BSS 32 sends a handover failure nessage to MsSC
24 and m™eoor/6eE8t 0 state 138. Assum ng that the paranet er BCEUSOIUIpPOr t ed,
and that the handover conmand indicates that the M5 is to be handed over
to GSM TDVA BSS 30, the 20 Ms sends the handover access nessage and then
waits in a state 120 for the physical ifformation fromBSS 30. (If the
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used in WO 01/67788 PCT/US01/07390 35 communicating with M5C 24, and then
ends its cepmEBinEnohihereleyay IrSaand &miMsttandardspas willvg: gigar 6o shenst
receive the @% s&&&l ai nformation within a specified period, however, given
by expiratis% Ot He ESMT3124 timer, the M5 enters a 5 state 122 in which
It attenpts to paag@uthe SIOMR m%rm@céﬁﬁ WIS 4H0s ShaddnHiP calionawsey er
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failure nessage is issued to BSS 32, ch then enters a correspondi ng
CDMA r #dcqbb8iX2i mrerst @DVIMiatficfchasnelg(iCSH) iroa state (108 wf dhe MSibnd BSSe32

i ssues a clear .r d urns to state 144, fromwhich i} may .
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the system in accordance with a preferred enbodi ment of the present 15
i nvent i on. peraihetgrs,|iy issosnp BeEagitejesy sespagd lidhedatametsss jan¢ supparted, t he
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a stop gating command is received, MS 40 returns to state 100.

Upon receiving the gating complete message, BSS 32 enters an IS-95
gating state 136 and commands MS 40 to start monitoring neighboring cells. (As
noted above, gating states 104 and 136 are not needed if the MS is capable of

20  simultaneous CDMA/TDMA operation, in which case the MS enters state 106
directly from state 100.) The BSS then enters a state 132 in which it waits for the
monitoring to be completed. The MS checks the monitoring command
parameters in a state 106. Having verified that it does support the monitoring
command parameters, MS 40 enters a GSM monitoring state 108, in which it

25 peﬁodically decodes and determines the signal strength of the neighboring
cells, as described hereinabove. Likewise, upon receiving confirmation from
the MS that it has begun monitoring neighboring cells, BSS 32 enters a
respective GSM monitoring state 138.

MS 40 continues monitoring the neighboring cells and reporting the

30  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,



ot her hand, the 1S-95 standard requires that CDVA base stations be
synchroni zed, since such synchronization is necessary for identification
and decoddngewssthe signals and for soft handover betweeRCT®R01$07390
Therefore, for 20 nobil e-assi sted handover of MS 40 from TDVA BTS 78 to
CDMA 76 (as showmn in Fig. 4A, but with the direction of the handover arrow
reversed), it is necessary that the ti &t of day be provided by system 20.
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the M5 includes o single radio transmtter and receiver, as shown in

Fig. 2B) when dWdhen adB0¥) a¢ceivessie, RO RRohatideraosmhiisnd)tibehefls tHDVA,
the CDVA radiq can receive the tinme of day while the TDVA radio i s in use
in a tel ephgndoren gommang prramatersdnendioth bht 1f NS dRsuppesisithe handaveon,
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returns to state 138.

Assuming that the parameters are supported, and that the handover

command indicates that the MS is to be handed over to GSM-TDMA BSS 30, the
20 MS sends the handover access message and then waits in a state 120 for the

physical information from BSS 30. (If the handover command specifies that the

MS is to be handed over to another CDMA BSS, the MS enters a state 114, as

described further hereinbelow with reference to Figs. 12 and 13.) Meanwhile,

BSS 32 awaits a “clear” command in a state 144, while periodically sending
25  “clear request” messages to MSC 24.

Once the physical information has been received, the handover is
successfully completed, and MS 40 enters a GSM ftraffic channel
communications state 124. BSS 32 receives the clear command, whereupon it
enters a state 148, in which it releases air resources allocated to the

30  communication channel with MS 40 and sends a “clear complete” message. The

BSS enters a SCCP release state 150, in which it releases call resources used in



whi ch case GPS receiver 161 is not required. M5 160 opens a data call via
BTS 78, BSC 77, MSC 24 and PSTN PDN 48 to CBC 28, and sends to the CBC the
cell 20 iwent/6fBEati on and correspondence of the current pCTES@io7d®y and
frame nunber. Alternatively, M5 160 may convey the information by any

ot her suitable nethod, such as using the GSM SM5. CBC 28 then transmts
this information over the CBS to the céPl, so that MS 40 receives the tine

of day eve%ﬁﬁﬁﬂaﬂ&éﬁ%@ﬁ%ﬁ@‘%@@ﬂ FERM R8N IS 1A R WDAR B 40

is to be han ere s no need to acquire
synchroni zghdepdtei1se. of day information fromthe CDVA BTS, and the
handover can proceed nore rapidly and snmoothly. Introducing the tinme of
day into systemlfdIal4dodbes npe nedeive the phykiwalc8Morpetivhowitbin ahspesifisdem i n

itself, w thout, connectiaon to CDVA handoyver. exanpl. e, 40 can
ransi t 1 PO BOBE Ehy S B S AT COMASTGS B3 LAk BT, SedMEr e g
del ay fgom : r

dot oy m he. ThE tagid PAEAE deriyld 5 {Seghie COMRIH BTLOIT AR 100 5
a schenmat i A nagnddverV &dilaep imgsdgMid Diued! ts BSR 3ndwhidbViiher! ésteidh

in.network 20, illustrating aspects of nobile-assisted handover from GSM
BTS 78 to COMeRspTSling, ngc&ﬁmﬁ@w&ate d4priéfrepequsitionis dinaweeessfult he

t i t . A t f t 20 wi | i 5.t hat, wh MS
e contBE PA g F RO Byl SYBLAMARIY b AR Bl AT
may take phﬁﬁﬁtatéix%&ﬁfters@@te@@g B ittibed hBGHE 2Bhe BITERNIRESRAR ile s@kd
dual - node (GSM ) MSs in these cells, including the follow ng

i nformif)i or2and i nstructions: MS to begin search for CDVA signals (search
cel P9 com mmpings 0P CoRpadehet SERTIOR SRR ERAG ec 28
Gent) et o0, G 7 f Bl ab i SHESORE TR ASTR oty
to supply thg. @Bsdlﬁatddyw&ﬁ@m%ihgﬂh@t‘i!metdfatla_f)ﬁ@d eslebntMISRN BB VA
signal strength is to be nmultiplied for conpari'son with the TDVA signal,
as descri b&dSsHartbe sablews .in Aeeprslanse ryithh acerefesred gothodlimest afjthe prasent
br Oadcﬁt iirrllvecn lolns. 8rg19riarily, GSM BSSs in system 20 would not be informed of the
time of day, since this information is not required by the GSM standard. On the
other hand, the IS-95 standard requires that CDMA base stations be
synchronized, since such synchronization is necessary for identification and
decoding of the signals and for soft handover between cells. Therefore, for
20 mobile-assisted handover of MS 40 from TDMA BTS 78 to CDMA 76 (as shown
in Fig. 4A, but with the direction of the handover arrow reversed), it is
necessary that the time of day be provided by system 20.
The method of Fig. 7 allows the time of day to be provided in system 20
without the necessity of hardware or software changes in MSC 24 or in GSM
25  BSS 30 or BTSs 78 and 80, by using CBC 28, which is a standard part of PLMN
22, to broadcast the time of day over the system. Ordinary, CBC 28 provides a
cell broadcast service (CBS) in accordance with GSM interface standards 03.41
and 03.49, enabling general short messages to be broadcast unacknowledged to
defined geographical areas within system 20. The messages are received by MS
30 40 while it 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



Furthernore, it will be understood that only the dual -node MSs are 20
programmed to receive and interpret this nessage, while ordinary GSM TDVA
Mss will wgooewsst. The CBS nessage triggers and enabl es parUSaduEBDde MSS
to gather and provide information to GSM BSS 30 and MSC 24 for assistance
in maki ng the handover to one of the CDVA BSSs, unlike hybrid GSM CDVA
systens that have been suggested in the“prior art. 25 Fig. 9 is a block

di agram il |:yst ratd ng_si : } Y. ia it I

bt | o assiaRel i as teindd BYCOM AR 8O ATl Akn ME Mg i
preferred eldediteeody, ikh)luriesantlephynaichld maltmglphﬁﬂi@p@%ﬁalw&Pense
reference to Fig. 7, the handover begins with the transm ssion of the

search tri gfdesingdlatofitoen thefcal riteelfdn ThehesesefatheHCBS itggaevide imerdrday ed
iodically,b 1S 78 40,18 | f cells 1- Fig.

pe ol Ly by B 70,10 phencusr B so Lo e of S calle 12 (o

PCT/ USO%/ Oéﬁ'?%%_ég’&?gpégﬂkgﬁ?%? %N diPEr, b sHE6H in'\ﬁg%%éﬁ es1 %é Lie TDMVA

traffic wt nes its redelver to an®appropriate

frequency fusedpoisdfortCIDMA add thprogher fab ITDNIG, thd ADMA r&lio the mecandd ge t he
M5 has resumed comunicating with BTS 78, it attenpts to decode any CDVA
signal it tieeepldey whilerther/RMA relieiig ip usesing telgphomgeallf t he BTS whose

transm ssion it has_received,, s fro TS 76. (As_ noted ove, CDVA BTS 76
< mpped 1n sydfenpEaeaed Suafinet i EE P Bt R G5B RR A o o
transmts aldPRRI toTRRFAES AL bP MEM @ﬂ%ezighb@ﬁ% célid, g deB&imshord the
signal it received fromBTS 76 (optionally ltiplTed by the relative
CDVY TDWA  weitly eferegnce do Fig. 4Bent i oned above), together 10 with the GSM
system map kdentjficat] of BTS.76.. Fromthe point of view.of GSM BSS 30
and NEC 24, t her's SP8CtAb MSHEDa ISR isieaipRaf a e AL (glgbal peviigeing
transmtte np@. i i e g

transm ttegy%% hee%%)ig]ggllwas gcf]cﬁgercgﬁlﬂgrr% (%E}l%?l%i g%%ﬂt;é?bsg(@z{rﬂﬁigsc%lrso%fess of
nmeasur enentsygieth PERAWhith theasmerpfuddy is Rded0 InlBiglet MBi16eTetdivés e 40
shoul d be handed over to BTS 76. At this point, BSS 30 conveys a nessage
to MSC 24 itivae ehdiafdremateceiver A@hdodersspgatesdhe tisge withcanddeptafieagionaof
handov request on t 2,. Wwhi ch sends ,an acknow edgnent .back. via MSC
i8s | PO drifie RURDindoet ls

24 to ° BBSEZL t RRr BYRSLBHFAESt gletR
conmuni cat i ; ¥ ' RS di ng
20 mul | dat e Py o, AP R R SR S R P8RRI V2
a MS 160 may be configured to receive the time of day from a CDMA BSS, in

which case GPS receiver 161 is not required. MS 160 opens a data call via BTS
78, BSC 77, MSC 24 and PSTN/PDN 48 to CBC 28, and sends to the CBC the cell
20  identification and correspondence of the current time of day and frame number.
Alternatively, MS 160 may convey the information by any other suitable
method, such as using the GSM SMS. CBC 28 then transmits this information
over the CBS to the cell, so that MS 40 receives the time of day even when it is
operating in GSM/TDMA mode. Therefore, when MS 40 is to be handed over
25 to CDMA BTS 76, there is no need to acquire synchronization/time of day
information from the CDMA BTS, and the handover can proceed more rapidly

and smoothly.
Introducing the time of day into system 20 also has benefits for the GSM
portion of the system in itself, without connection to CDMA handover. For
30  example, MS 40 can transmit its time of day to different GSM BTSs 78 and 80,
and the timing delay from the MS to each of the BTSs can be measured and

used to determine the location of the MS.



handover conmmand to M5 40, preferably a RIL3-RR command that encapsul ates
| S-95 paraneters required for opening a COMA traffic channel w th CDVA BTS
76. The pedanet’es s contai ned in such a nessage are descri peduséwnrsdver

herei nbel ow with reference to Figs. 13 and 14A-D. The new traffic 25
channel is then opened, conpleting the hzndover, and BSS 30 rel eases the
old TDMA traffic channel. The process described above thus all ows

poed and ol | abii Ty AR i Tier] O RRRp g ORISR, My AdC

m ddl e of TIWIA célly 1daGinvetaiork 20, BRishanigiovepetdof nebikegssistod hahdoperd poses
of this handover, GSMcells in s&stem 20 receive tine of day information,

and the CDKmmee(SHaBESNERptdl ¢ t B'SWP60 1ih6 2788 drate UBHHY @7 396fergsl GSM
system at ense_ and wi thout.. t he

i. Ni | h bst anti | )
Tecessi ty GMHOSIERE kb gresenbiventiony AN Opatier aharatem 20 wilk recpgnize

TDVA- CDYA - j Q [ f
time-of-day In I(g%gnal\ﬁ gg?itﬁ)c%ﬁl%g&éﬁg%“ n 1tﬁ%%%23ﬁ§?%’?%8@%as
acqui red ahphtoverciragake pilgral ThaefureaCBQ 28 Wll BfGaddst atCBSIstesbagetd n to
and decode the CDVA sync channel of the BTS in order to derive the tinme of
day. This eBefuaiBwdeakeS8MValfadMABMas, inc thesei erllsa instidingbthe frllowing |

tolerable .| '%r%r .u}qti n itrll voi ce service during a call. Further
al t er nat i vEIYTEUER A 'iaafps Hgtﬁ%er process can be perfornmed using a M5

havi ng two .t ranscei Vs ¢ B88in f%%&%%%ggélﬁ??ﬁa’?Eri%%@.%i as

descri bed herei nabove. Figs: re w ch

schemafipcalel y il | ust FaéguericiestdfCDIX BTSE irs baéapppiagianeisneipilfordpgéld. on of
M5 40 and BSS 32 in performng the handover illustrated in Fig. 9, in
accordance®wi th a pr &S meapringadiGiMA oflls ¥heceardigto GEVEMSOR4. Figs. 10A
and 10B refer to M5 , While Fig. 11 refers to_ 15 BSS 32. BSS 30 operates
substantialfly in accg‘g‘ﬁgm}@“\ﬂﬁt t\figie ph dagswithsther girrenb W PNA fREeart

M5 40 begins in i it A i I t | Sipl [cation
with BSS 30, | nramhe %%érggﬁfgggé%g?%@énwwf Eo,t;ﬂgmg%{ Siptel pRGRRUT L 71
channel (TCH). aléb%&d@ﬂ%u@‘l@e&éﬁﬁ@cﬁmw cell, it enters a state 172 in
which it 20 receives and reads nessages fromCBC 28. If there is no CBC

messagéd pmeeparing MOptibriadly, freskichirdyhehidy e COMA CRwel BEBSngtleisdods t her e
(s no” COVA BSS i) Lhe area. for examle). the iR fetdons, Lo a S, TG
hereinabove.
There is no need for such a message to be broadcast in cells 6-10.
Furthermore, it will be understood that only the dual-mode MSs are
20 programmed to receive and interpret this message, while ordinary
GSM/TDMA MSs will ignore it. The CBS message triggers and enables the
dual-mode MSs to gather and provide information to GSM BSS 30 and MSC 24
for assistance in making the handover to one of the CDMA BSSs, unlike hybrid
GSM/CDMA systems that have been suggested in the prior art.
25 Fig. 9 is a block diagram illustrating signal flow in system 20 associated
with a mobile-assisted handover from BTS 78 to BTS 76, in accordance with a
preferred embodiment of the present invention. As noted above with reference
to Fig. 7, the handover begins with the transmission of the search trigger and
other information. The search trigger is transmitted periodically by BTS 78
30  whenever MS 40 is in one of GSM cells 1-5 (Fig. 8), or in response to some other

preprogrammed condition.



fromwhich it may be handed over to another GSM TDVA BSS. Wen pronpted by
an appropriate CBC nessage, M5 40 enters an 25 overlay state 176, in which
it acqui mQot/bmss i ne of day, as described above, and senBET/PsO1GL73%t r engt h
measur enent nessages (PSMM to BSS 30. In standard GSM TDVA operati on,
there is generally a free tine slot of 6 ns avail able once every 120 ns.
During these free tinme slots, M 40 inté$rupts TDVA transm ssion to search

for pilot beans i i S j at ed
wth BsS a2 11 ehEeERAE n Rt S meulf I DR baBRSWARSER 01
adj ust s it g8fanelotu@Bs s aBebitét @A SppeoPridte VR BlegRehd forGSMort pefibancy
correction channel (FCCH). Alternatively, when a pilot is found, the o
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BSS 30. At natedaplpswan GRIVEA BISE76 isa&ﬁﬂp@dl ith Bpsteas2l bs tlli@.li)%’( itewlefeya WSMO, as
descri bed above, MSC 24 conveys the handover request to BSS 32. The BSS
enters a pléPdAaBEby Mb f0cthenefore Frappmils 4 repsirt sressagse badotyr 68Y BISsi§ns a
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destination C conveyi ng necessary

handover pafagiiged as Me AQuBiifensordindgtGSNGRigRbotagh it verifies that
t he handover paraneters are supported and, if the 20 verification succeeds,

suspends its GSWhisDproegssr af i mgasurement sard 1@porting gors onemtintil cBISG o
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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

communications traffic channel to be opened with MS 40 and begins sending

20 null data to the MS in order to open the channel. GSM BSS 30 then gives a
handover command to MS 40, preferably a RIL3-RR command that
encapsulates IS-95 parameters required for opening a CDMA traffic channel
with CDMA BTS 76. The parameters contained in such a message are described
further hereinbelow with reference to Figs. 13 and 14A-D. The new traffic

25  channel is then opened, completing the handover, and BSS 30 releases the old
TDMA traffic channel.

The process described above thus allows mobile-assisted handover from
GSM/TDMA BSS 30 to CDMA BSS 32 with high speed and reliability, and with
minimal interruption to service in the middle of a call during which the

30  handover takes place. For the purposes of this handover, GSM cells in system
20 receive time of day information, and the CDMA cells are mapped into the



from BSS 32. Wen the good franmes have been received, the M5 sends back to
25 the BSS a nunber of preanble frames (short, dunmy franmes used in

establ i siwagletestraffic channel ), as specified by the NUMPREANVBRME
paranmeter in the handover comand nessage, and enters a service option

adj ustment state 186. BSS 32 detects the preanble frames and reports to the
MSC that the CDMA traffic channel has bé2n established, after which the BSS

whi_¢ f | h
VB 40 and BRLIrE. e berdfr e Bk Aot dre ety SRR (o

BSS 32 is apesds ,Ofggﬂrcg@aﬂ&uﬁ SKEdy témteferhBeisr earlier WO 01/ 67788
PCT/ US01/ 07390 ﬁgl stat g% attéﬁ%ts t'o reacquire GSM BSS 30 in a

state 188 and, iA senilee¥EMA-CDMAUharsddver @EbkdsGHNnaY dieecdrfied ddt ¢ven in
reach|S|t|on fails, the exits to an idle node 189. In either. case, BSS

32 recei vedh@abiense of e damﬂfqrg}a@&@@ %$M BFSaQ ke this rasenafieMS#t ed
to M5 49 ag a%agfrgd ]agﬁlloit %&% %’% aggo§$§9%1tﬁxﬁ'f§ 7651tt1§g§tngx? 1%t 197.

Assum ng t over fts successf howev et ers a

service optaharuetd)ﬁu&hmmm afc b&émaqsfr@@mmara& &) ablvd 8@ afné\/& 40.
A service request is issued by BSS 32, and the BSS awaits a service

response faymIVes aperation ks ahgu‘s{c&ﬁ msl%atlmg@mmih@abbr vincssilt ederabbe i s

received, M5 40 10 and BSS 32 ent respe v affl C channel . ( TCH)
states 187 '3GHURIEN My d’lf%ée‘&vé?q H’c% ﬁu%a;l 3’”&@% a %‘ta 'R ca)ﬁ/l&m& nnel .

syst eml@o0, fmmTBMAradtahﬂne othéﬂlfoaCDMAp,raechBmﬁﬁbcbhmmm of the pr esent
i nvention. BSS 201 corrprl ses a BSC 202 and a plurality of BTSs 206 and 208;
and BSS 203 conpigssdfAa 188ensoll asedflew dhagisadhat memﬂyzh!gstm, mthe BSSs

shown | n- PO P dRet B R s Rlmh 0 VS 4y R BRATa S Bedpihinistitvsc: 24
via the GSMhAdbbéelihiaé@tedin 49 ﬁh%rdaﬁmcgowithea élféh%d' anbsam%r@t%f of a

handover from BTS 208 to BTS 210, under the contro of C 24. Al though
t he handovéhe padsest m\aanélolnetlx“wgeril(}ANand:Dm Bfsdp Nbald, Wlhke Kigi bt refersvioew of

e SR Tkl b Iandorer Petuen, o SV ECee, o YBELFLL.E155, 308,209,
di agram i | hystsatifid 5. 9gnal flow between the
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
20 receives and reads messages from CBC 28. If there is no CBC message
preparing MS 40 for possible handover to a CDMA BSS (because there is no
CDMA BSS in the area, for example), the MS returns to a GSM TCH state 174,
from which it may be handed over to another GSM-TDMA BSS.
When prompted by an appropriate CBC message, MS 40 enters an
25 overlay state 176, in which it acquires the time of day, as described above, and
sends pilot strength measurement messages (PSMM) to BSS 30. In standard
GSM-TDMA operation, there is generally a free time slot of 6 ms available once
every 120 ms. During these free time slots, MS 40 interrupts TDMA
transmission to search for pilot beams of neighboring GSM-CDMA cells, such
30  as those associated with BSS 32. If no pilot is found, the MS goes to a state 180,
in which it adjusts its frequency and attempts to find an appropriate GSM
frequency correction channel (FCCH). Alternatively, when a pilot is found, the



25 el enents of system 20 shown in Fig. 12 in the course of the handover, in
accordance with a preferred enbodi nent of the present invention. Prior to
initiati moohe77B@Ndover, BSS 201 i ssues a search trigger POT/NBIMO39hi ch
then searches for CDVA transm ssion frequencies of neighboring cells,
preferably wusing I S-95 gating, substantjially as described herei nabove. The
handover is 30 triggered when M5 40 rep8&fts to BSS 201 that it is receiving

a signal f i i.gher +. 08, WO
01/ 67788 P%% B%SB%%QH%%@HE ?ﬁ%‘g}q%ﬁ% f%{‘éfer!‘%%%??e‘;‘ggénﬁi %Ed %és“ség% 201
sends a harigoVEDMAegitingdstiesgage Da stbsequreri Blotg)gwiik GAM ael &

identity of BTS 210 aiégrg heS new cel | ;E%C nrrg?]t desi resg for the handosver.
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|5 65 st andarets dhe COMATRUCE 0 st aedtl, S Sl wif gk e LgidY in.c
(rate set { r i nmessage by indicating the

| S-95 dgt ag%sgtcgage(?’egfﬁgggﬂ}éeélé;@g%% hcg?%@rg%t e and full-rate traffic
channel s. Wien WtealSSgproptihtec tiohs veskedr et &hbsresahyaygdrtted BSIS 2415, ag he

BSS interprets the rate to select the apﬁ;ﬁ?&;\i]ate | S-95 data rate. 10 MSC
24 sends ades@ihndenboveMSE 24 ceseeyzothe qreteguasisthPS8eiRedi hhe BSS t he

MSC an acknowl edgnent. .t.hat ulates a.Rl 13- RR handover __caonman
Tessage. Wi HE PoPieReralde) e RRpuE OReR iphaedity PARAYE, araBERantngent
bet ween BSg§d@0dndntaRE3 £OBUIP WedrthettibAt KiiftaGRe ! MBC riﬁ"ﬁﬁ‘é%sraﬁﬂﬂ fGDOVA
paraneters associated with |1S95 are mapped to correspondi ng M 15
par anel@r s hahdovexanplter, senidimgi fliec approprizte vankoderledgment 3esdaEd Roi theCDVA

to GSM ful coder. The ndover .request, acknow edge.and comrand
are passedwfgég enjers lﬁ‘b%t??rilﬁallnl‘y %gﬁ’f‘aiﬁé}ﬂdj&mﬂﬁé‘%@%g@m‘?%@ t he
handover c d l.d.: . dayve o] S e to Ms
40 so as to ef e%?@tvﬂggf’g?ég%eﬁ@? gé%r%%]v%é%gc f%ﬁﬁz% M%eqrr:g@ggg% fagig, 40
encapsul at aHo&ibhdadsatedee) Bowekt, itadpbits athagdoaad tiikire ahtl exfie & dar@d Wi th
| S-95 standards, including but not limted to the followng: A newlong

code nask, S’f@ﬁ%i@-abl y allocated by BSS 203 froma pool of available
nunmber

nuher e {1 SUChog RS DRk RS AR, Moot deaR PR SOUS 0%
area have BB 39aHe RRSKRR ANAnEHGEPEGH e G Bsage is sent from GSM-TDMA BSS
30 to MS 40, identifying the GSM-CDMA destination cell associated with BSS 32
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
20  verification succeeds, sﬁspends its GSM-TDMA operation in a state 184. (If the
verification fails, the MS reports the failure and returns to state 176.) The MS
then enters a state 185 in which it waits to receive a predetermined number of
“good” frames, preferably the number determined by the IS-95 counter N11m,
from BSS 32. When the good frames have been received, the MS sends back to
25 the BSS a number of preamble frames (short, dummy frames used in
establishing the traffic channel), as specified by the NUM_PREAMBLE
parameter in the handover command message, and enters a service option
adjustment state 186. BSS 32 detects the preamble frames and reports to the
MSC that the CDMA traffic channel has been established, after which the BSS
30  enters a state 192 in which it waits for completion of the handover.
If MS 40 and BSS 32 are unable to establish communications, the
handover to BSS 32 is aborted, and MS 40 and BSS 32 return to their earlier



of long code mask allocation is described belowwth reference to Figs.
14A-D. Although in standard | S-95 cellular systens, the | ong code nask of
the M5 | svéokerdssand i s conveyed to the new BS in the courBeT/oR01(1789030
handover, GSM standards do not provide a nmessage that can be used to
convey the | ong code mask to new BS 203. It is therefore necessary for WO
01/ 67788 PCT/ USO1/ 07390 43 BS 203 to aflocate the new | ong code mask and
pass it ba ' . i.p .t r nd,
as descri b%%‘tésgr%gnﬂat&rﬁ?tnsgﬁ %gé%urlp‘{ g&ﬁ ggg?égﬁ‘@tae@%eagrs re?a?1 era? ;ﬁ\éﬁ%)?c{s‘% PR
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5 factor to be used by M5 40 in open-|oop power estimation, by neans of
whi ch the nmBdel89.t Ho ¢ibwasrcasevBSS SR receivas @ cleath eommaarsdyi aridedeleaseBSEl 203,
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protocol layer 2 in M5 40, “preferably at a tine spécified in the handover
comand0 nessdgBSS 3Eanier tespeaiive CTV AN bralffip cennea (ACH) stabasalfist and ,196sed by

BSS 20 203 to . reset the TOT F S and BAD S counts nade by M5 40
for the puPBgstBeS?ﬁF%WF?WWI SeRaIOMA Ahgndly ot 1 ot cs to the  BSS.
Nunmber of prea | 7N ' Iﬁmj@(ﬁg e franes to be
transmtted byW??g@ylg%&%ﬁﬁg%ﬁ%% as regei ved N11lm 25 good
frames from therBS32 Rsa detendtkeblodRrdihfrabe Rusmtdihg Bhedev@ebdtareefiitgro 10B.

New band cl ass (frequency range) and fre.q};igncy (within the range) of the
cel | associdaffergniCIAMBSIS532¢0b apdi 203 MEthio systermn20, in accordance with a

15  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

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
20  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 BSSs, from
the point of view of the system, it is a handover between two GSM BSSs,
wherein BTSs 208 and 210 are respectively mapped by MSC 24 as GSM cells.
Fig. 13 is a schematic diagram illustrating signal flow between the
25 elements of system 20 shown in Fig. 12 in the course of the handover, in
accordance with a preferred embodiment of the present invention. Prior to
initiating the handover, BSS 201 issues a search trigger to MS 40, which then
searches for CDMA transmission frequencies of neighboring cells, preferably
using IS-95 gating, substantially as described hereinabove. The handover is
30  triggered when MS 40 reports to BSS 201 that it is receiving a signal from BTS
210 with a higher power level than that of BTS 208.



assigned. 30 The paraneters |isted above are not exhaustive and are
intended only as a representative sanple of the information to be conveyed
in the hamdover’ss command nessage. Ot her |S-95 paraneters PayuUsSomi7Bar |y be
included in the WO 01/67788 PCT/ US01/ 07390 44 nessage. More generally,
those skilled in the art wll understand how the nethod exenplified by the
handover command descri bed above, whereff data associated with one of the

e f ( g

Sont over theS oY SRETLEE WPNETEN YA WMo, BES SANUEKRT | RfESRR0SS

manner to @@cgm dm;éﬁga)mytd@t speéifyiaknBe GSVeR]l ibbhafy @nsrm@aadqyer
een sen

comrand has M5 40, a new traffic channel i's established
bet ween BS®e08elhrmdsigBraont dusireslt fiyl fhehhamdowranfbe meBsSe 19 Feverally fraf fic

channel franes to ch respondg w prop ate nunber. of

or eanbl e fraa?eréana% s el Senerde ot gab Rt FeRungmestons
successgul 4 r

accor dance vv| t%ﬁn%s&srgg?ﬁgﬁﬁ%@g? QC&@ % ﬁ"\/&sﬁgyvﬁ}‘ aﬁ”%%%t?egssues a
sui t abl e " &b&dséc (xefmaétdl)t@r 0l.d BB 520 lratavkeicd), e ppefatthly Wohheyped il er

conpl ete” nessage. Fi 14A-D are bl ock di agrans that schematl cally
i |l ustrat e nagEsage bydnghcaigtgcthﬁel%% et rdige aesprdbiyeBses £48M half-tadajanekt i on

with the h Il rat nFl cordance with a red
brbodi ment 18R THRerpsSBRRAER, A fhdGehg el Bt 1T et bR °F
an access Qbanﬂelssthgergﬂét@tﬁ@% t¢sd B the %ﬁéréa&ams-%raaa Pagi ng channel ;
Fig. 14C shows a nask for use In fundahental (forward and reverse)
traf fi d0channel MS@Rd sEnds a hdRdshenseqaesttiokBSE2 05 &rﬁldn responids bywspptargent ary
(forward and rever ) traffic channels. Such su pI enmentary_ch eIs are
used, for 55 apy pefuQwledgarente thafrenearsu atgﬁea(%% AP¥S i ons,

oS e Sﬁnﬁ%{%%@?ééﬁa% R B Sseg RS e R AlhBafeShge |

base stati gani Befvddn B35E P01 N A03( ¢ddhpBAB it A 9hteBRe 2@3uiram@nts, Rirdot
beam of fset 234, all of which are assi % ed substantially i'n accor dance with

| S-95 spec DN manemeiﬁlre qsagnwgchahhn 95narebsrapped {5 otrespreulingfGSkt  ar e
and 2985! cBRESERE P IBF REATly HoNBLAIGR Of SR STRAYSHETIRaH TLMA ude
base stati f ddR133H 2 v8coWlirdUehe L8albver request, acknowledge and command
are passed on by MSC 24 substantially without change.
After receiving the handover command, old BSS 201 sends the RR
handover command message to MS 40 so as to effect the handover to new BSS
20 203. 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:
. A new long code mask, preferably allocated by BSS 203 from a
pool of available numbers, in such a manner that mask values used in a
25 common coverage area are as distant as possible from one another and
that no two MSs in the area have the same mask. An exemplary scheme
of long code mask allocation is described below with reference to Figs.
14A-D. Although in standard IS-95 cellular systems, the long code mask
of the MS is fixed and is conveyed to the new BS in the course of the
30 handover, G5M standards do not provide a message that can be used to

convey the long code mask to new BS 203. It is therefore necessary for



30 nunber 236 chosen froma pool assigned to BSS 203. Pool nunber 236 is
assi gned, as descri bed herei nabove, so that no two MSs can have the sane

| ong codeOnHeKRss For greater call security, a private |onpCroda/oTe®k may be
used in WO 01/67788 PCT/US01/ 07390 45 place of masks 224 and 226.
Generation of such masks, using a GSM encryption code Kc, is described,
for exanple, in a patent application entftled, " Encryption Support in a

o oant The BeAdcKatochld 8% (R 305 cdde BRI BAEN bBqc RERIGATH D e

assi gnee of the present paten ron-an pora erein by

reference. Oper 852, pfefERBIPHLTRMRIR BeRdd0ar ¢dmBRktY hfidedibetitRré&iandover
shown in Fig. 12 can be represented schematically by state machi nes

substanti alel y si m | aNomindl hpewer | levelt pat@detees ppodferably WOMi Ga/R GANBB and
NN A RN T AT L LA
w th BSS 201 ar Ny i.shi . I annel
W th cotn Bss 20320 B BE0ed By M5 40 e R LW PaRY, b ed S0
equi val ent to styiels tHEMS diStiansow8rlevebsNaghaly &b e traxsnihiedfo BBS 0. 10B.

If M5 40 fails to acquire the newtraffic channel while it is in state
114, it pa®ses to st &ramezidfset,a pavantetértthat tretigrtss, poefeeatdyin stepslof 1I25S 201.

15 The net hod descri Be% he{ gignab ve rel at eséfr%inai‘iél y tg hard handovers
between two di f 8% éhfleBE¥R! MyIvarAany severse drafiip chaphel Brmep sepbto andsy st em
20 preferably a : ghq:gye S : ' r | | S-95
st andar ds, betvxlég%l gwgggﬁ&:ihg’p% vm'et{? %ggﬁrg&éﬁﬁs@s}gﬁ%ﬂ%g%%G and
208, shown in Fioffsetls padedofiainh YBSS POBSE BSR 208 isutteahhiddvérk@snbr@an@SC

204, by a 20 connection generally independent of MSC 24 (lnot shown in the
figures), a sof mespagerABStivmalidteIViE SRVEB IR rAoStermBy 81l ingludadste t ake

pl ace. In such cases BSS 203 i nfor s C 24 .t hat t.he handover has taken
pl ace, so that &% C%f@\ﬂ‘e%%%?%ghl%‘fti‘ﬁéie %Sﬁozk’ﬁd’ﬁﬁﬁﬂiu&?% y regi stered. One
of the prolRlens that .S n tJ o} agagn of
power that is being tcﬁfgr?str:nﬁétﬁtﬁg%’ F?ﬁ%ﬁyéﬁggs{rﬁﬁ%‘f@?eﬁ%@?i%Q%’\St%of t he
GSM syst em nust ifdicateteWhlste undtionh #waigiothe Whehtoéh®@det the Jotwarndetrhfilom a

handover froma systemusing a COMA Multicarrier (MC) air interface, such
as 11t ovi ded chamnel dramiEs Hrends derinaowardsyse svidh thelisigndarsun as
39 SUae Lo B CoMeysten, pueh 2 8, M SYSLem, Lic LB, Slikhe CoM
reported. 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
20 203 to reset the TOT_FRAMES and BAD_FRAMES counts made by MS
40 for the purpose of reporting forward channel error statistics to the
BSS.
J Number of preamble, indicating the number of preamble frames
‘to be transmitted by MS 40 to BSS 203 after the MS has received N1lm
25 good frames from the BSS, as described hereinabove with reference to
Fig. 10B.
. New band class (frequency range) and frequency (within the
range) of the cell associated with BSS 203 to which MS 40 is now
assigned.
30 The parameters listed above are not exhaustive and are intended only as
a representative sample of the information to be conveyed in the handover

command message. Other 15-95 parameters may similarly be included in the



One reason for this is that due to the frequency reuse schenmes used in GSM
it is' necessary for the Ms maki ng neasurenents to be able to read the WO
01/ 67788 WRC01/&4384./ 07390 46 Sychroni zati on Channel duri ngP€h@seraradoat whi ch
a Base Station ldentity Code (BSIC) is being transmtted. Such BSICs are

transmtted roughtly every 10 GSM franmes (about every 46 mlliseconds). In
accordance with GSMindustry standard Hequi rements, the M5 nust report the

it h . J : f h GSM
o511 09et bt H0F, SRERTY W SR8 AR gkl LT Rt

det er ni ned rh@hbY axemylHicddby ki BaR@GY@onfmbRE d¥Bcdbed EPOVE Wheratgat at i On
(MZ-BS), includi 2‘3 the GSM™ Franme Nunber, which uniquely identifies the

i nstant i nassaviatedhavith loae dfythe hiroimiterfades in Gyshene 20 (6SM/AHIMA ve (CIDYI A
GSMBSS. It should he noted that 10 the frame nunber that js valid at a
oarti cul ar 25 FROYSYSHE TSRPISSE SERL ABET Hise0ther ARe Rl tecth dntsEACESAn e val |

arti cul ar . arfficdd BfehiseR Endenite
or der 15 al Pow CRITRIE Te fon AT Srk T sasdetutd U8 S et BB (e |

periods. Ther ef gfeer the RRhandevantomindridrhas beerSsbht fo BMB4lunbew iraffic
different in each GSM-BSS. 15 In accordance with one enbodi nent of the

present |y @hannelds¢stablished behveerp Bab 20dsand MS Aaf okaeastrblish the channelovi ded
i ncl udes: ti 2) -.an indication t n er. of M channel s
that “are t §oBe b apbiectralfiesRibel lrifish % $h 46 PHEY HeshiardBnsit a2
(4) infor ”ﬁgk%bﬁﬁb?ﬁﬁ%béro of B 1bafhblk Neraghanngd SspTeQifRz%l ﬂﬁﬁrtﬁQeHamHé‘véi“e _
enbodi nent the di scl osed net hod and apparatus, the information that is
rel evah® tcomecdndfmedsageharnetiscessfillubasdoyer) is hbker rregoeiedy tdo MBCt Bt

i ncl udes the channel to be searched, (2) the frequengcy of the chanpel to be
sear ched ( §Hb$tanualiy,én ag nce 3ritly é{;:i(’ EPFAGIRG St gpfollonring Wi at ed

to GSM co il‘f?(;i’ Y. an, | ifd catd e j W th
t he channel %suc 1%%@@%@%%1\9 %?éari or&r?l‘n%g‘gﬁpiﬁoi gltéj[ ?g%c%gﬁﬁgg%%ﬁ;o%‘e i ned
i n the indygth ¥ “sleandameidiet ﬁ{eggbgteo GSM comuni cati on systens), (4) the
frame nunber (such as the GSM Frane Nunber defi ned bf/ the 30 industry

¥s

standard rel at elfigso 1&E8MPcreThintke didagyamsyibne sehematacallysillvsinate 42-binkomigt t ed

at t helé derc]gélé Inf?adsks atfocgi'!erdreby ﬁgg 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
20 226 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.
Access channel mask 220 preferably comprises an access channel number
228, a paging channel number 230, a base station identification number (ID) 232
25  of BSS 203, and a pilot beam offset 234, all of which are assigned substantially in
accordance with IS-95 specifications. The paging channel number and pilot
beam offset are similarly included in paging channel mask 222.
Traffic channel masks 224 and 226 represent public long code mask
formats. They preferably include base station ID 232 and a unique, 16-bit
30  number 236 chosen from a pool assigned to BSS 203. Pool number 236 is
assigned, as described hereinabove, so that no two MSs can have the same long

code mask. For greater call security, a private long code mask may be used in



WO 01/67788 PCT/ US01/ 07390 47 (5) the particular portion of the frane
being transmtted at the identified CDMA tine. In an alternative

enbodi mrewo of/617B® di scl osed net hod and apparatus, the BSPCrisota7adsmtted
once for all of the channels to be searched. 5 The following is a
description of howthis information is used to reduce the anmount of tinme
required to determ ne whether there is 4 appropriate candidate station to

whi ch a ha Fi ] ' | | rt
o 3 PABRKE 168028 o Geock Bl R Bl RSE Ui lsnp bR
det erm ne \b@é RRY is desthiBbd, o eRengilé,Ghal patéflt b ResHRN éﬁtﬁlé@:ﬁ”@ﬁ&@fptidri
shoul d be noted that the process shown i'n Fig. 15 and descri bed bél ow may

be per f or néupeptihier a Hiyhréd geidd CRMA Yetwork AdiledrO¢thber 21,h998) yiadh ishat i s

currently supporting,conmunicatjons to the M5 is too weak, ., or upon any

other t 11 ggEMEREs d0dhe. Aopigies: oh B4 PEeAPAPEh sBP BT ARe PCatirAig

Sear ch Reqyesdi SAGEncet® 1503 being transmtted froma MC-BS 1501 to a MS
me

1505. In one enbodiment of the disclosed nethod and apparatus, the

Candi dat e Frequ@prtaiien ot BSR20Uastl BIEHaAgecahAang ot tled hamd ogerfsbomat in
including the fields shown in Tables 1- 3: Table 1 Field Length (bits) USE
TIME 1 ACFigN2Teptesrepressmirdrhersatiigiy se@ mackparepbstypially smateH

LD L TR R AL AR R L
A, SOOIl L o sl ST 3 e
10 112, at which CDMA communications with BSS 201 are suspended. As MS 40 is
establishing a new traffic channel with CDMA BSS 203, it passes through states
114, 116 and 118, which are equivalent to states 185, 186 and 187, respectively,
as shown 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.
15 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 15-95
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
20 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.
One of the problems that exists when attempting to measure the amount
25  of power that is being transmitted from a GSM system is that the timing of the
GSM system must be determined. For example, when attempting to perform a
handover from a system using a CDMA Multicarrier (MC) air interface, such as
is provided for in third generation CDMA systems, commonly known as “3G”
systems, to a GSM system, such as a GSM system, the timing of the GSM system
30  must be determined before power measurements can be made and reported.
One reason for this is that due té the frequency reuse schemes used in GSM, it is’

necessary for the MS making measurements to be able to read the



WO 01/ 67788 PCT/ US01/ 07390 48 enbodi ment of the disclosed nethod and
apparatus, an additional search node is defined. This additional search
node reqwe@vseweamr ches for GSM channels.  \Wen the sear chpapasotiizedod
requests a search for GSM channels, the following fields are transm tted:
5 Table 2 Field Length (bits) SF TOTAL EC THRESH 5 SF TOTAL_EC | O THRESH 5
GSM RXLEV THRESH 6 GSM T REF INCL | CHMA TIME O or 6 NUM GSM CHAN 6 The

foll owi ng set, of .fields,are repeat nce for..each, ch el 0 .he searched:
GO PREG, BRIE i ran el e BRiiont hidf & hss Staon et ESH or 16
GSM_FRANE_ 198O dienditedl. Guch IR Ee HAAMITEI I@P%I?d}ze@ér? wedsped as

fol | ows: F- TOTAL- EC- THRESH - Serving Frequency total pilot EC threshol d.

| f the nobifteenest fabmrt eseryotd6t millisecdrits).meds eordincef withD G3Maindrstef t he
pilots in the Serving Frequency Active Set in the GSM Fr e%uenci es Eeri odi c
search proéiidgeed regdiirespenissithe | MP Jnust repert; e Bale) dogesher wyith the

oL 5 e aRsPAR, bR PEATED) b S S0 Gl b o e
the LO1ar Bl e a L org Tl S v e v Lot St ot o
t han t ot al imformatiosto tBF MOEALr&D d MTHRESIHtaticBe(NCABS)FirdudingythedEaM pi | ot
Echo thres %Euglé Number, which uniquely identifies the instant in time when the
Synchronization Channel is transmitted by a GSM-BSS. It should be noted that
10  the frame number that is valid at a particular time in one GSM-BSS is not the
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.
15 In accordance with one embodiment of the presently disclosed method
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
20 (4) information relevant to each of the channels to be searched.
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 fo be searched,
(2) the frequency of the channel to be searched (such as the “AFRCN”
25  defined in the industry standard related to GSM communication systems),
(3) an identification code associated with the channel (such as the Base
Station Identification Code (BSIC) defined in the industry standard related to
GSM communication systems),
(4) the frame number (such as the GSM Frame Number defined by the
30 industry standard related to GSM communication systems) that is being

transmitted at the identified CDMA time, and



WO 01/ 67788 PCT/US01/07390 49 If the nobile station is not to use the
measurenment of total Ec/to of the pilots in the Serving Frequency Active
Set in tweo @788 equenci es periodi c search procedure, therChase/g8ution
shall set this field to "11111'; otherw se, 5 the base station shall set
this field to L - 20 x loglo (total ec igo thresh) i where total ec
lo_thresh is defined by the follow ng rfe: The nobile station is not to
visit any GSM fr ] . . L1 ' Vi nNg
Frequency 10 Act Tl Canrtrlay pagibfof tciake Bling el drtne Wieril
THRESH - G&WRA EMelhreshol d The base station shall set this field to the
m ni mum GSM RXLEV that the nobile station is allowed to report. The GSM
RXLEV is defi nednian séetnativegembadipferesii e dBclosedshethodEmd MpparatGSM Ti e
Ref er ence | nc d.. This.field indicates et her GSM Ti Ref erence is
ol uded i i P Rusanitiecfonsepr i i iR obeaRiited | n 1 hi <
nmessager the b I 0R . ' | al.d: L ' base
20 st at‘|5on shal Iqﬁgeftahteh}lnggfmlsg?igg%%ﬁﬁ%ﬁ m %Bmmllgﬁggméhggﬂ%@? ée%l‘t?)gie% &?n
CDMVA Ti ne  ghe with@lntt b tike BSquitedwe tberiniadravinetiiee thevedisf mlr\%p@o tiate t hat
is being transmtted by each of the GSM BSSs for which the MC- BS wil |
request t heanidage gtatipaiio wigch p hapdowenean REMAICL is set to “1', the base

station shall t is fi.gld to th tem Time, in units of . 80 ne
(modulo 64) - toFifi S AR BT S TOP Sh, SR PR TOSES e ' | <
set to 0 %&& WAEE anWRLBIN 560 A ikh&fid détrdirld ®hethe? Gt MMhERMEhIRA]
Nunber of M Channel s The base station shall set this field to the nunber
of  GSW AREECHetformeaharidoveBMIiFREQlBARDotedSBMt Fhe puemesy slawmd in Fig. 15 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 process begins with a Candidate Frequency Search Request Message
15 1503 being transmitted from a MC-BS 1501 to a MS 1505. In one embodiment of
the disclosed method and apparatus, the Candidate Frequency Search Request

Message has the following format including the fields shown in Tables 1 - 3:

Table 1
Field Length (bits)
USE_TIME 1
ACTION_TIME 6
RESERVED_1 4
CFSRM_SEQ 2
SEARCH_TYPE 2
SEARCH_PERIOD 4
SEARCH_MODE 4
MODE_SPECIFIC_LEN 8
Mode-specific fields 8x
MODE_SPECIFIC_LEN
ALIGN_TIMING 1
SEARCH_OFFSET Qor6
20 In accordance with this embodiment, each of the fields shown is defined

by the industry standard for GSM communications systems. However, in one



I n accordance with one enbodi nent of the disclosed nethod and 35
apparatus, the following values are transmtted to indicate the particul ar
GSM frequenoy77eeand: WO 01/ 67788 PCT/ US01/ 07390 50 Tabl rpCBUSBMI7BREQ BAND
GSM Frequency Band Wnaryl 000 P-GSM 900 001 E-GSM 900 010 R-GSM 900
011 DCS 1800 100 PCS 1900 ARFCN - Absol ute Radi o Frequency Channel Nunber
5 The base station shall set this field®o the Absolute Radio Frequency

Channel Nu - { fid ' ' C
VERI F_REQ - aos@‘ég}e?gﬁégre‘% @%‘rjo%‘?%ﬁ%fr‘n&?8}e‘§ta§’§’%%ég‘§'egrb%§?@24§? ?%a%gh Pgaﬁ red
10 The bases géfaddMisiBaldditeial sBaghfrh8dérdquests sehfchBaser GEMRRSARISYST
Station ldentity Code verification is required for the correspondi ng

ARFCN: ot her wi s&herhéheaeercht atodenfieldatdquests a tseaxsh fir. GBSI Chanmalsethe
transceiver. Station l.dentit Cotgee. 15 1f the BSIC VERIF REQis set to '1',
the base sf ?Vgﬁlgfgﬂgﬁﬁl‘%gﬁ}(@m ¢ield to the Base transceiver Station

| dentity Code of the GSM channel to search as specified in Section 4.3.2
of GSM 03.03. If the BSIC VERIF REQ field is set to '0" the base station
20 shalf omt this field. GSM FRAME - G3MpRe ane nunber of the frame that is

being transmitted aon the associated channel at the tinme jdentified in the
associ ated CDVA Tima&dfield. If the GSM_T_REFEehgﬁiL(bitS) set to |1, the base
station 25 shallfset tins ffefd to the d at

SF_TOTAL_EC_THRESH 5

SF_TOTAL_EC_IO_THRESH 5

GSM_RXLEV_THRESH 6

GSM_T_REF_INCL 1

CDMA _TIME Oor6

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 1

BSIC Oor6
GSM_FRAME Oor 19
GSM_FRAME_FRACT Oor9

The fields that are shown in Table 2 are defined as follows:
SF_TOTAL EC_THRESH - Serving Frequency total pilot E threshold.

If the mobile station is not to use the measurement of

10 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 shall set this field to

[ (10 x logyg (total_ec_thresh) + 120) / 2]

15 where total_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
Set is greater than total_ec_thresh.

SF_TOTAL_EC_IO_THRESH - Serving Frequency total pilot E¢/Io threshold.



the tine specified by COMA_ TIME in the GSM target base station, as
specified in Section 3.3.2.2 of GSM05.02. If the GSMT REF INCL field is
set to 'WOotbEsbase station shall omt this field. 30 GSRMEBAMA7BRACT -
GSM Frane Fraction that is being transmtted on the associ ated channel at
the tine identified in the associated CODVA Tinme field. If the

GSMI_REF INCL is set to "1, the base stAtion shall set this field to the

nunber of 1/279 fractions of V\Q@yn@)gﬁggtaggy L QUL A mrds1BertiM JiT ame
valid at the tinme specified by oGV Thd¥ke bllotkh 3@4&3 EgeiqRAseaghat | on,
with range 0 to (2"9-1). The %Mﬁﬁe@mpfghe&ké%noaﬁ%@aﬁchqﬂodeauﬁectI on
4.3.1 of GSM 05.02 as 24/5200 S$he bdseBtdtha 1111 B btherwdgt tO
'0" thesbase station shall onife bd¥eStdtionl shall doomhig BI€tPt of t he Candi dat e
Frequency Search Request Message 1503 the M5 1505 pref bly estimates
the anount of time that will be reqhr P8 P&o (toi‘é—eichlﬂ—%@s 5 to performthe
request ed searches. The esti matwermytd)ecpe thiesiidecfinedhy thiebllovwng vdle:
fashion. The estinmate is transihtnebile statihe iMOBE visit zany GEM diegadrey B equency
Search Response Message 1507. Itie &éad dicdr ehawilobs onbe Sebiuk Fregteral t he

di scl 04@d nmethod and appar at uggtivehget iuBSet 80m fobd paridshiesh.t he Candi dat e
Frequency gegf &k pworinasaense I@%ﬁ@ﬁmégﬁ]esgglddeterm ning whether to

performa search, and if so, howthe search Is to be performed. For

exanpl e, in one enbodiment, thghﬁ/lzﬁs%atlmatllrs&hgﬁ*?ﬁ@déoém@%ﬂ@@@quency
Search Control Message indi cat EVttH%tthH‘éObI’JBSﬁ?‘?GBI% % Pform ng
a search at a predeternined st ls(‘éeﬁélé?fri‘éﬁ:t\?[‘tsiﬂﬁofﬁé

Message) and asMathBEFRINELS ear ckl;swh’omieckekfaenéﬂlnpmﬁé@r med one tine,

continuously, or periodically. onds trol I\/bssage
by perform ng a search based %g?slpée m%ilca s ,; err;iif 1\2rx51t1m8r112 Ms 1505
uses the timng information pI’OVI e val ue prowded |ntheCD|\/A

Time field) to identify the ti ﬁfé}SMflehReﬂqr@ne isorpacified dthiomessege.ghea GSM
franme yas sent to determ ne whepseBatm shedrsehthinfeldde i’ @EMryisgnthle bage whi ch
the MBS 1501 has requested t Ftigeshall set this field to ‘0.
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.

25 If the GSM_T_REF_INCL is set to ‘1’, the base station
shall set this field to the CDMA System Time, in units of
80 ms (modulo 64), to which the GSM_FRAME is
referred. If the USE_TIME field is set to ‘O’ the base
station shall omit this field.

30 NUM_GSM_CHAN - Number of GSM Channels

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

GSM_FRE@ BAND - GSM Frequency band

In accordance with one embodiment of the disclosed method and
35 apparatus, the following values are transmitted to indicate the particular GSM

frequency band:



1505 to search. The Ms 1505 will preferably search for each GSMonly at the
time when the GSMsignal is transmtting identifying information, such as
t he BSI Cwahu677888 1505 can then both nake signal quality PeR®8eNTRt s and
al so conpare the 30 BSIC with the BSIC associated with the channel for

whi ch the M5 1505 was requested to search. If there is a match, then the
M5 1505 will report the quality of the5%ignal being transmtted on the
channel for which the M5 1505 was requested to search (such as the anpunt
of power in the signal, the signal to noise ratio, or any other neasure of
signal quality). WO 01/ 67788 PCT/ USO1/ 07880e 352 When the MS 1505 has
determ ned the quality of the signal being transmtted on each of the

channel s for which the N&;éﬁ@m BANS ULESAFrbQuercy sy the M5 1505 will
conpose a Candi dat e Frefguency, Search Rebort Message 1511. The Candi date
Frequency Search Report MessAMBAT 11 jolthen 5 transnitted fromt MS 1505
to the MC-BS 1501. Depehdi ng upgn t he cbﬁb@m;go@f the Control Messpge, the
M5 1505 may repeatedly tramsmit—theRepprt—Message—15tt—+H—the—M5- BS 1501
deternines that the conditions®r a hah&&aM990e ripe, then the V5 BS

1501 transmts nessagesj 1513 t@id he GSMBSSMbBd® to pr epare 10 t he GSM BSS

1515 to accept the hand es to
the GSM BS 1515 are to 1882 on | M
handover nmessage. The handoverigessage Peos iogd ude timng infor i on

regardi ng when to find thesynchronrzattonm chanmet—TTm cases 1w ch there
is substantial drift inthe GSMtimng with respect to COMA 15 tim ng. Such

nessages aARKOEWN in the arAbgildtSRadioFragledl§sChaked Nigfbet N detai |l for
the sake of sinplicity. Once the GSM BSS 1515 receives. the handover

prepara?i on message 1513, an Nbemase sskionshabver thipfiskhie theddsghutes17 i s
transmitted to the M5 1505 i nRediwErequenay ChsihelNmmber theeahB505 and t he
GSMt BSS t hen 20 exchange Syste spédified sn SectioreR of BSdE£65.06Essages 1519 in

essenti al | ﬁé éw ﬁlgal on. The 1505 t hen % vi des a_ Handover
Conpl ete MEYsa o t heAsedinseevesyttionddentify Bade Y1l t he MC- BS
1501 then exchange Handover Caegititee Messages 1523. It will be understood

by tho§§ skilled in the art th%eibfasé Qt%tigﬁ s%\gﬁ%efzﬁlrfs field to ‘1" if Base

transceiver Station Identity Code verification is
required for the corresponding ARFCN; otherwise
the base station shall set it to ‘0’.

BSIC - Base transceiver Station Identity Code.

15 If the BSIC_VERIF_REQ is set to ‘1’, the base station
shall set this field to the Base transceiver Station
Identity Code of the GSM channel to search as
specified in Section 4.3.2 of GSM 03.03. If the
BSIC_VERIF_REQ field is set to ‘0’ the base station
20 shall omit this field.

GSM_FRAME - GSM Frame number of the frame that is being
transmitted on the associated channel at the time
identified in the associated CDMA Time field.

If the GSM_T_REF_INCL is set to ‘1’, the base station

25 shall set this field to the GSM frame number valid at
the time specified by CODMA_TIME in the GSM
target base station, as specified in Section 3.3.2.2 of
GSM 05.02. If the GSM_T _REF_INCL field is set to
‘0’ the base station shall omit this field.

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

If the GSM_T_REF_INCL is set to ‘1’, the base station
shall set this field to the number of 1/279 fractions of



25 quickly identify signals being transmtted fromone GSM BSS 1515, then
the M5 1505 will be able to determ ne when to nonitor for signals being
transm t tved 0by778%t her GSM BSSs 1515 of interest. Further nP€PUSEIQ18® t he
Candi dat e Frequency Search Request Message 1503 includes information
regardi ng each of the channels for whi gh the M5 1505 is being requested to
search, the search for 30 signals assoc hted with each of these channels

can be done in a few tine slota? G(S cl.ofe él(f‘&l ia? ﬁyyﬁ&és eLilﬁieae% ds in
S ey i

duration). Accordingly, the pr Irlsngllgﬁs) 6?%%%5’%%/ %8%5‘8%?’; -
i

allows an M5 1505 to performa
handover candi date without takid®gev8r P rach- & arpey $HRHPRe éonds

total) fromthe time that the syRckBOEN Sectiondidd nh GEDIRS HRgu 45200 s.$houl d
be notefl that while the above-ithesGSds ekl RED dNIGTe Miedd ais esetr &f €)' etheebased a

GSM system the presently di scdtased shEl Badt aislfialparatus 5 applied equally
to any TDVA systemin which information is transmtted during well defined

time slots. This is illustrated by the followi ng description wth

reference to Fi @pdibredeipt cﬁfﬂﬁmb@hndida’@chegdmlmeswrth Ruggiesibledsagert5030f
i ntersystem handover between two so-called "third generatjon"” wreless

comuni cat ithe My 46@rprefgrahly testimatesethe ampuny of smethptavil besequiped fer (DS)

10 F MC. SYSTEM TO.DS SYST | nbodi
{1 0w, bADae i A WSCE00 o i £aU L4808 ChkbG SErGis R LR AU g
| nt er syst enh NaRdQear kKRERFERERIHS MhUsdinidtedis! Raldittedl fo tHOMEMBE &€ BS

1605 i s advantageously a BS of an MC system such as, e.g., 15 cdm2000, and
t he tar get (BethdaeirequeraytgeduBespansBdledsage A yst em such as, e.g.,

WCDMVA. In the alt tive, th BS,.1605 be a BS of t
Uhat uses the mibi FECHPRC: AT P AP CP OGRS, SPoobes| mEhod dBoscd
t MC 20040, uhj h 4

or ot ocol) - SRRATYRY B Y I b BT B In CaRlad RN Seargh 5
net wor K5 pr ®egpohse( MEesHHROBON Hyod MeENMingkéthes &5 pefferiviPsaaettyainl if so,

protocol ). The intersystem handover may be necessary because the M5 1600
has travel &d@vothe sdarelhis {g be performpdadovexaspierik enedembodiment, theMity of

2,05 rel kot Lernatlve gl L WOLSLAVSL R TndoNen MR Lake place n an
begi ns wheghiihtheSAY §50Pshd B bERAYSerforming a search at a predetermined start
time (specified within the Control Message) and whether the search should be
20  performed one time, continuously, or periodically.

The MS 1505 responds to the Control Message by performing a search
based upon the received information. The MS 1505 uses the timing information
provided (i.e., the value provided in the CDMA Time field) to identify the time
at which an identified portion of a GSM frame was sent to determine when to

25  search for each GSM signal for which the MS-BS 1501 has requested the MS
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

30  BSIC with the BSIC associated with the channel for which the MS 1505 was
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).



a candi date frequency search (CFS) request nessage 1615 to the M5 1600. The
CFS request nessage 1615 tells the M5 1600 to search for new BS

f requencive@ 01/677881i ng i nf or mati on regardi ng the DS syst em PETAUR@/t7390get BS
1610 is advantageously included with the CFS request nmessage 1615. Such
timng 30 information in intersystem hapdover froman MC BS to a GSM BS can
be efficiently provided by absol ute system because the GSM franme | ength of

4.6 [ t tyi f : i gh..i . T
det ermi ne wo 017 L058aT B L5 GBogt eyt AL ARG, B (18 SPuiCpetha™ O
handover f temsiligedMorBeadbob thid chitendDS fESWAHAD the MIEBES .wiLtafueyRdt ioTe
(i.e., the difference in tim ng bet ween two frarres]%mnay be used because

the DS framearncbndhe MIS 160mswilk camposgca @andidate requircyMSearchaliepioengt h
of 20 ns. Upon i t CES request. ne e 5 th .1600 sends
o e s MirtRaRe 15EE  Ahelidifale Frearihol Serh ador MCabe ial s i
source BS : 1 i f _

fr equen%y glgg?gﬁ&édr#gﬁng%%%%?%g flo‘é%lg Iflf?etr;l@ ggdr}l%sbgp %&%&%ﬁ élgrﬂgn%dggg%te 1625
to the M5160GheeCbntrgl tMessaly® 6O MS 01308gimays egpeaiiedig fransiif fliceRepoet es.

When the M5 1600 has 10 deternined the quality of the signal being
transnittedepsagaitillof the channels for which the M5 1600 was requested to

h, the M5 1600 d CFS f 1630 t.0 th
our e BS 1605 TR g Lo et e e e SrofRY LR At e
1625, the MREOHR: NEYBSaBOR RNkt @MBsHoks 1518 e G‘SMHSS“?ﬁ%eG%gé 3 The

repeated transm ssion is shown as three CFS 15 report nessages 30 for
si npl i &0t y thed GSMBSS01510r Wi aceept she hhndovarh eOaetmeathwlddused: to traingmit thet t he

nunber need not be restric three. The CFS repart nessages 1630

advant ageoﬂ%ﬁﬁag‘ﬁépﬁ% <§$M§§§ 115?51 s Wa??@ﬁ’s?]raé‘?ﬁ}ﬂ%g&%ni’@% L ﬁéttalf‘i%ds ource
BS 1605 us 0 j se L valj Lon Strust, "
botvioon 1 neubboFattbled SELARERT THE hafotes BhbRhpe" pROCHAGe, Myl

i nvol ved i mfbﬁela'tiﬁhefe?ﬁdiﬁg whad avefindribeesmchisinntibe densylstredadeg inhe DS

BS 1610. The source BS 1605 advant ageouslé devel ops a database nmaintai ned
over tine mayeh dhete ihsubstantiak drist in Hbet GRVAdiming wvikntrespect tonCDMA

M51600, - The _dat ahase can advant ageousl y, .be ysed, b i nf truycture .

manuf it ur BEUES- CHLEESHER A7 ROCHT FLI%M 406l adare PRb dssrlind hereda 1605
and the tagggl BRIl ?,gggf,_acy as the variance of this difference
and clock oscillation variatio It should be pointed out that the CFS

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
20 exchange System Acquisition and Access messages 1519 in essentially
conventional fashion. The MS 1505 then provides a Handover Complete
Message 1521 to the GSM-BSS 1515. The GSM-BSS 1515 and the MC-BS 1501

then exchange Handover Complete Messages 1523.
It will be understood by those skilled in the art that if the MS 1505 can
25  quickly identify signals being transmitted from one GSM-BSS 1515, then the MS
1505 will be able to determine when to monitor for signals being transmitted by
other GSM-BSSs 1515 of interest. Furthermore, since the Candidate Frequency
Search Request Message 1503 includes information regarding each of the
channels for which the MS 1505 is being requested to search, the search for
30  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 presenily

disclosed method and apparatus allows an MS 1505 to perform a search for a



report nessages 1511 in the enbodi nent described with reference to Fig. 15
may al so include timng information fromthe M5 1505 to all ow the MC-BS
1501 towevesrmBsie tim ng synchroni zati on between the souPCEHUMI/Ey®t em and
the 30 target GSM system After receiving the CFS report nessages 1630,

t he source BS 1605 determ nes whether the conditions for an intersystem
handover are satisfactory. WO 01/67788 /US01/ 07390 55 If the conditions

are sati sf . [ r mrand
reesage 1608nBYen SR S ey S B DN S e BT E5s

advant ageoustul) frdralthdeisnd it ige MS TB0BHEE rereiviegalOMW sidriags.t ar get DS system
Such timng information in intersystem handover from5 an MC BS to a GSM BS

can be effici enli gphpulsybdenoteyd Hitomile Hysnbaveidisrlodedc ambedimenGSMe r ane
|l ength of 4.6 s i,S,_not exact |tiple of th fra | ength, which is
20 o To HEEETRHOS Goll Dy T rErufs s meE et SRR BS
1605 toxth , v e Lye:t i 0. 4 s : di in
timng %et aggﬁe(?%b@??gngﬁ%%gb%h uég%é%leggu‘ggm%l hle Bgna%gﬁflrga%ﬁ ength of
10 s is aduexgcCivelhdefineetime sidte. Mi$ isitistrengt byahe Z01lowingl Hesdp tig00

t hen engages .in the intersystem handover process. Once intersystem
handover i ¥ilbrgferanse toHEgMD e6oongdngs inmcrondanss sYidrong imesgnef et e

message 1640 to the target BS 1610. 1t woul d.be upderst ood by ,thasg _of
Sk 1t hat EtstE bR o B AT vo crALEE ARGE SRR s
prepar at i 0fofhPn RS SRGE s?ﬂ@rr%, BaRUPY Rk rie (Mcgt dyRRerABIRPE lirdR ¥pRa SN ged
between the source BS 1605 and the target BS"1610 during the intersystem

handov#d peystesss. As those of skill would understand, the above-descri bed
enbodi nent adva 0 ' [ to a certain degree of
accuracy upon Wﬁéﬁ%@ﬁ@éﬁﬁ%ﬁ@gm a second MS regarding

the time 20 di i 6hE AR RERIRE thdut A bvechili 108 16hho BALLOBS! Boyhat

the source BS provides to the seco request’ nessage during an

i nt er syst eahd haaegatdS 1610l frohd Duengsteabhatdend picebelief llnktravdsingheci f y
i ntersystem handover oger ations in accordance wth particul ar enbodinents.
It shoul d be AdecwuremBS 16685 inRdyantoghensiy seBP ediacaid systeien suhl ass esghow

o Rt AR B R S 0

e.g., WCDMA. In the alternative, the source BS 1605 may be a BS of an MC

system that uses the mobile application part (MAP) network protocol (as
opposed to an MC system such as cdma2000, which uses the ANSI-41 network
protocol), and the DS system may be a DS system that uses the ANSI-41

20 network protocol (as opposed to WCDMA, which uses the MAP network
protocol). The intersystem handover may be necessary because the MS 1600
has traveled out of the vicinity of an MC network and into the vicinity of a DS
network. Alternatively, the intersystem handover may take place in an area
where the two networks overlap.

25 The intersystem handover process begins when the source BS 1605 sends
a candidate frequency search (CFS) request message 1615 to the MS 1600. The
CFES request message 1615 tells the MS 1600 to search for new BS frequencies.
Timing information regarding the DS system of the target BS 1610 is
advantageously included with the CFS request message 1615. Such timing

30 information in intersystem handover from an MC BS to a GSM BS can be
efficiently provided by absolute system because the GSM frame length of 4.6 ms

is not an exact multiple of the MC frame length, which is 20 ms. To determine



M5G TAG. MAPI SHCM 30 WD 01/67788 PCT/ US01/ 07390 56 Table 4 Field FUngth

(bits) USE-TIME 1 ACTION TIME O or

6 SYS TYPE 2 5 USE TI ME Use action

time i ndivv@bo67788Thi s field indicates whether an explicit BCT/USOM/O7890ME | S
in this message. If an explicit action tine is specified in this

specified

nmessage, t
base stati
USE TI ME f
System Ti

take effec
omt this

he base station shall set this field to '1'; 10 ot herw se,

t he

on shall set this field to VO4ACTION TIME Action tinme. If the

i Sl R oM R e LR MM Biigelfle R RO S

howdvet heldiRke thldi.ef ithé @ﬂf@re‘ﬁ@é ith fimidg bdtRLAIO G frdfried) nﬁiljfat s

field. SYS TYPE System Type. 20 The base station shall

isto

field as sbems’eridabcauae Tab DS Hame ldegtt of llens ypan ekadysidiiplecs thikiMdK t he

ﬁ;l 0 | 1 é%orm handof f. 25 Table 5: System Type SYS TYPE
‘§/¥M ¥ DS 10-11 Reserved WO 01/ 67788 PCT/ US01/ 07390

nobil e sta
System (b

10

15

20

25

30

Upon receipt of the CFS request message 1615, the MS 1600 sends a CFS
response message 1620 back to the source BS 1605 informing the source BS 1605
of the time required for the MS 1600 to perform the frequency search. The
source BS 1605 then sends a CFS control message 1625 to the MS1600 telling the
MS 1600 to begin searching for BS frequencies. When the MS 1600 has
determined the quality of the signal being transmitted on each of the channels
for which the MS 1600 was requested to search, the MS 1600 composes and
sends a CFS report message 1630 to the source BS 1605. Depending upon the
content of the CFS control message 1625, the M51600 may repeatedly transmit
the CFS report message 1630. The repeated transmission is shown as three CFS
report messages 1630 for simplicity, but one of ordinary skill in the art would
recognize that the number need not be restricted to three.

The CFS report messages 1630 advantageously include timing
information from the MS 1600 that the source BS 1605 uses to build a database
of timing variation accuracy, or “trust,” between the source MC system and the
target DS BS 1610 for all MSs involved in the intersystem handover process
from the MC system to the DS BS 1610. The source BS 1605 advantageously
develops a database maintained over time regarding the accuracy of the timing
information from the MS1600. The database can advantageously be used by
infrastructure manufactured to compute mean time difference between the
source BS 1605 and the target BS 1610, and accuracy as the variance of this
difference and clock oscillation variation. It should be pointed out that the CFS
report messages 1511 in the embodiment described with reference to Fig. 15
may also include timing information from the MS 1505 to allow the MC-BS 1501
to determine timing synchronization between the source MC system and the
target GSM system.

After receiving the CFS report messages 1630, the source BS 1605

determines whether the conditions for an intersystem handover are satisfactory.



57 If SYS_ TYPE is set to '00', the base station shall include follow ng
fields specified in Table 6: Table 6 GSMT REF INCL 1 CDVA TIME O or 6
GSM FN- MYB Bll608r 6 GSM FRAMVE_FRACT 0 or 9 GSM | NFO- LERCT/PS01/07390

GSM | NFO- DATA 8 X GSM I NFO LEN GSM T REF I NCL GSM Ti ne Reference | ncl uded.
5 This field indicates whether a GSM Tigg Reference is included in this
message. |f GSM Time Reference is specrfied in this nmessage, the base

t at h | t
This 11l d Hohg comgions afs, Safiffactn i 8014 By, 108 AR hARKARSERL o7,
"1', the b&&ﬁdoﬁéﬂt@@ﬁh&’(tﬁlrrhes@@ge 168514 tled W31BODNETHEDMAersSyRe MahtBer i N
units of 80 ns (nodul o 64} 15 to which the GSM FN-MOD-51"is referred. If
t he USE_TI wPIfthand message 1635 adyantagedysleinchidesi toninghiaformation regasdirige| d.
GSM_FN_MoD MTREFIN |sset to
o e bARE st LR it Rt iRGrmation Sy mirreyeiemt raiaverfimer

modul o B1 vl it ¥s {hs ESYEBSREG hd %ﬁlc@@@/&vﬂe% abg&{ﬁh%%f{rﬁgﬁbase

station, as specified in Section 4.3 05.0 1T I NCL
field i s sdecause2the’ GSM lienhadengthadfi 46 mbds Inodrart exdut snitiple .of tRSNIERAVE
FRACT GSM Erane Fraction. If the GSM T REF INCL is set to '1', the base
station shafamedength; avhirh iy omshe TRudeierTigre DS timing for the intersystem

handover from the MC BS 1605 to the DS BS 1610, however, relative time (i.e.,
the difference in timing between two frames) may be used because the DS
10 frame length of 10 ms is an exact multiple of the MC frame length of 20 ms.

The MS 1600 then engages in the intersystem handover process. Once
intersystem handover is complete, the MS 1600 sends an intersystem handover
complete message 1640 to the target BS 1610. It would be understood by those
of skill that other messages (not shown), such as, e.g., a handover preparation

15 message and a handover completion message, may be exchanged between the
source BS 1605 and the target BS 1610 during the intersystem handover process.

As those of skill would understand, the above-described embodiment
advantageously allows a first MS to rely to a certain degree of accuracy upon
information provided to the network by a second MS regarding the time

20  difference between two BSs. This timing information is what the source BS
provides to the second MS in a CFS request message during an intersystem
handover.

The following tables and field definitions specify intersystem handover
operations in accordance with particular embodiments. It should be noted that

25  unless otherwise indicated, the tables show field name in the left-hand column

and associated bit length in the right-hand column.

MC-MAP Inter System Handover Command Message:

MSG_TAG: MAPISHCM
30



1/29 fractions of a GSM frane valid at the 30 tinme specified by CDVA TI ME
in the GSM target base station, with range 0 to (29-1). The GSM frane
durationwa@osgees fied in Section WO 01/ 67788 PCT/ US01/ 073BOT/US®&/043B. 1 of
GSM 05.02 as 24/5200 s. If the GSMT_REF INCL field is set to '0', the
base station shall omt this field. GSMINFO LEN GSM I nformation Length. 5
The base station shall set this field t8®the number of octets in the
GSM | NFO- DATA fields included in this nmessage. GSM | NFO DATA GSM
I nformati on Data. 10 The base station shall set this field as the
information elenments included in the Handover Conmmand, as specified in
Section 9.1.15 of GSM 04.08 (FFS). 1f3hfe £YS TYPE is set to '01', the base
station shall include following fields specified in Table 7: Table 7
OPR MDE 1 DS T R"‘J*\.u_ +—FHVE=DHP-ACCHRACY—© 2—CHP—1+NJERVALS 0 or

F b hongtley

ya
BURODE pef ati ng Mode.

11 DS-1 NFO LEN 12 Fi@ | NFO DATA 8 x DS-1 N
20 The base stati ongﬁaT get this field tof40', if the handpff is to FDD
node of DS operati g+ MMWH‘D the—base—stat+on—shalt—set—this field to

'1', if the handof FAGTION fidEode of DS opdrentd on. 25 DS T REF I NCL DS
Tinme Reference |Inclegedryppl s filed indicatgs whether a DS tipe

5 USE_TIME Use action time indicator.

This field indicates whether an explicit action
time is specified in this message. If an explicit
action time is specified in this message, the
base station shall set this field to ‘1;

10 otherwise, the base station shall set this field
to ‘0.

ACTION_TIME Action time.

If the USE_TIME field is set to “1’, the base
station shall set this field to the System Time,

15 in units of 80 ms (modulo 64), at which the
handover is to take effect. If the USE_TIME
field is set to ‘0" the base station shall omit
this field.

SYS_TYPE System Type.

20 The base station shall set this field as specified
in Table 5 to denote the type of system to
which the mobile station will perform

handoff.
25 Table 5: System Type
SYS _TYPE System
(binary)
00 GSM
01 DS
10-11 Reserved




reference is included in the nessage or not. If DS tinme reference is
specified in this nessage, the base station shall set this field to 30
*1'; ot havowse778% he base station shall set this field toPCDUS01/07390

Tl ME- DI P- ACCURACY Tine Difference Accuracy. WO 01/67788 PCT/US01/ 07390 59
The field specifies the unit of accuracg in terns of the nunmber of DS
chips. If DS T REF INCL is set to '1', Phe base station shall set this

field di v di | i fied in Table. |f
oo 1 rer T 1 SXCTYPEGS SEFRE PaoB? oblk HBHORSTAN T €AY e e e
| NTERVALS BSe&hed ih MhBlevgl s speci fying the begi nning of the P-CPlICH DS

frane in case of FDD DS 10 node or P-CCPCH DS frane in case of TDD DS
node. If DS T REF_INCL is set to '1l', thEalilage station shall set this

field to a val ue s-rLc.h—t-ha:—GHLD:J—NIERSAALS—H_n@s—haLf_Lhe_#aufe 15
correspondi ng to T|&BMITEREECUNALY (specifiljdd in Table) specifies the tinme

di fference between ngOfg The 20 ms MC™ iy and begi nni hg of the next
P- CPI CH or P- CCP rape - 20 DS ILNEQ LE nforpmation Length. The
base station shall {68MtEINSMORIE to the nUrbar6 of octets infthe

DS- I NFO- DATA fi el n . [ RES mEessag -TNFODATA D§ | nfornmation
Data. 25 The base T@ \)@&&gﬁ’ﬁ#ﬁé&; hi s fipﬁ’rf’rgé: the informhtion el enents
i ncluded in the HpG8MANRE® IUARAN Conmmand, [dQ specified in

GSM_INFO_DATA 8 x GSM_INFO_LEN
GSM_T_REF_INCL GSM Time Reference Included.
5 This field indicates whether a GSM Time

Reference is included in this message. 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
10 to ‘0.

CDMA_TIME CDMA Time.

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

15 to which the GSM_FN_MOD _51 is referred.
If the USE_TIME field is set to ‘0’ the base
station shall omit this field.

GSM_FN_MOD_51 GSM Frame number modulo 51.

If the GSM_T_REF_INCL is set to ‘1’, the base
20 station shall set this field to the GSM frame

number modulo 51 valid at the time specified

by CDMA_TIME in the GSM target base

station, as specified in Section 4.3.3 of GSM

05.02. If the GSM_T_REF_INCL field is set to
25 ‘0’ the base station shall omit this field.

GSM_FRAME_FRACT GSM Frame Fraction.

If the GSM_T_REF_INCL is set to ‘1’, the base
station shall set this field to the number of
1/2’ fractions of a GSM frame valid at the

30 time specified by CDMA_TIME in the GSM
target base station, with range 0 to (2°-1). The
GSM frame duration is specified in Section



3GPP TS25.331. WD 01/67788 PCT/US01/ 07390 60 Candi date Frequency Search
Request Message: MSG TAG CFSRQM Table 8 Field Length (bits) USE-TIME 1
ACTI ON TME0G6RESERVED- 1 4 CFSRM SEQ 2 SEARCH TYPE 2 SPARCSBIREBRI0CD 4
SEARCH MODE 4 MODE- SPECI FI C-LEN 8 Mde-specific fields 8x .
MODE- SPECI FI G- LEN ALIGN TIM NG 1 SEARCH OFFSET 0 or 6 5 SEARCH MODE
Search node. The base station shall set9%his field to the SEARCH MODE

val ue specified in Table 9 corresp i n @62 %e t%? speci fied
by this 10 nessage. Table 9: SEA iy g%&%é '%s Bi tion DE
(binary) 0000 Searches for CDMA pi ['Ot%- 1&gt I 5eF By YertB§ Pagho1

Sear ches for anal og channel s. 0010 sedncthaflgmitsivisditidnel s 0011 Search

for FDD DS channels 0100 Search for TDD DS channel s 0101-1111 Reserved
GSM_INFO_LEN GSM Information Length.

5 The base station shall set this field to the
number of octets in the GSM_INFO_DATA
fields included in this message.

GSM_INFO_DATA GSM Information Data.

10 The base station shall set this field as the
information elements included in the
Handover Command, as specified in Section

9.1.15 of GSM 04.08 (FFS).
15 If SYS_TYPE is set to ‘01’, the base station shall include following fields
specified in Table 7:

Table 7
OPR_MODE 1
DS_T_REF_INCL 1
TIME_DIF_ACCURACY Oor2
CHIP_INTERVALS Oor 1l
DS_INFO_LEN 12
DS_INFO_DATA 8 x DS_INFO_LEN

OPR_MODE Operating Mode.

20 The base station shall set this field to ‘0’, if the
handoff is to FDD mode of DS operation;
otherwise the base station shall set this field
to ‘1’, if the handoff is to TDD mode of DS
operation.

25 DS_T_REF_INCL DS Time Reference Included.

This filed indicates whether a DS time
reference is included in the message or not.

If DS time reference is specified in this
message, the base station shall set this field to

30 1’; otherwise, the base station shall set this

field to "0’
TIME_DIF_ACCURACY Time Difference Accuracy.



WO 01/67788 PCT/US01/07390 61 If SEARCH MODE is equal to '0010', the base
station shall include the following fields specified in Table 10: Table 10
Field Lengdoh1/¢tBg s) SF-TOTAL-EC- THRESH 5 SF_TOTAL_EC | CPTHREB#7390

GSM RXLEV_THRESH 6 BSIC VERIF REQ 1 N COL CODE 0 or 3 GSM TREF I NCL 1
COVA TIME O or 6 GSM T REF_ REQ 1 NUM GSM CHAN 5 NUM GSM CHAN occurrences
of the followi ng record: GSM FREQ BANDP3 ARFCN 10 CHAN T _REF INCL 1

GSM FN- MOD- 51 0 or 6FRA|\/E_FRACTI§EFO r 1..GSM FRA FRACT 0. or 9
RESERVED 6 0-7 SF- TOTAL- EC- - THRESH \f}eﬁgsﬁ‘r’%ﬂ%ﬁ%}‘? PERCOTFRGT NEC
threshold. 5 If the nobile stationt the puraken ¢fd)S gepsuderent of total
Ec of the pilots in the Serving Fr&§udnRFEFABY{lds Seitto;’l, threbaggmtation
Frequenci es periodi c search proceduskall tétehisféedd astatding tstied | set this
fieldts '11111'; 10 otherwise, thechasgpsidhealshedcifi@tinihiefifeld to
r(10 x loglo (total _ec_thresh) + 12¢d EEREF‘!)TNCE ik 9&%@9&@5&%@%&@6“ ned

by the following rule: The nobile iQ S to visSit any
frequency if the total Ec of the 15§ﬁpﬁ8{r{s}t*hlnsﬁgfg'8ervi ng Frequency Active

Set is CHIP_INTERVALS DS Chip Intervals specifying the beginning of
the P-CPICH DS frame in case of FDD DS
10 mode or P-CCPCH DS frame in case of TDD
DS mode.

If DS_T_REF _INCL is set to “1’, the base
station shall set this field to a value such that
CHIP_INTERVALS times half the value

15 corresponding to TIME_DIF_ACCURACY
(specified in Table ) specifies the time
difference between the end of the 20 ms MC
frame and beginning of the next P-CPICH or
P-CCPCH DS frame.

20 DS_INFO_LEN DS Information Length.

The base station shall set this field to the
number of octets in the DS_INFO_DATA
fields included in this message.

DS_INFO_DATA DS Information Data.

25 The base station shall set this field as the
information elements included in the
Handover to UTRAN Command, as specified in
3GPP TS25.331.



greater than total ec_thresh. SF_TOTAL_EC | O THRESH Servi ng Frequency
total pilot Ec/lo threshold. 20 If the nobile station is not to use the WO
01/ 67788 WVRC1/&4384L/ 07390 62 neasurenent of total Echo of parURIIOE® in the
Servi ng Frequency Active Set in the GSM Frequencies peri odi c search
procedure, the base station shall set this field to '11111'; 5 otherw se,
the base station shall set this field & L-20 x | 0g10

(total _ec io thresh).1 where total _ec io thresh is defined by the
following rule: The nobile station is not to visit any GSMfrequency if

t he total ho,. of e pilots 1 nth ervin c hye Set is
greater t ?ﬁ%ﬂ%{tﬁ&?g@ggrbcyt%agghkeq@m% M@&@er eshol d.
The base station shall set this field to the mninmm GSM RXLEV for which

the nobile 15 station is to include a candidate frequency and to send the
Candi date Frequency Search Report Messatble Bhe GSM RXLEV is defined in

Section 8.1.4 of EGSMB508—BSHEVERH- REQ ase—ttansc -Stqat i on
| dentity Code 20|[verificatidieldequired. The basIeel!;Sth(gI )shal | set this
field to "1 if th cation of the Nefyork Col or Code 1ijcluded in
the Base transcei\ @SE/?mny or—l-dentity—Code 1/\2 —+egquredfor—the 25
correspondi ng ARFCREIEINSERMEon A 1 of GS\6 03. 03); otherwise, the base
station shall SetR'ES fRQ/ N_COL_CODE Nefpwork Color Code. Tff the BSIC
VERIF REQ i s set t-g—f—ftﬁa—bas
CFSRM_SEQ 2
SEARCH_TYPE 2
SEARCH_PERIOD 4
SEARCH_MODE 4
MODE_SPECIFIC_LEN 8
Mode-specific fields 8 x
MODE_SPECIFIC_LEN
ALIGN_TIMING 1
SEARCH_OFFSET Ooré6
5
SEARCH_MODE Search mode.
The base station shall set this field to the
SEARCH_MODE value specified in Table 9
corresponding to the type of search specified by this
10 ' message.

Table 9: SEARCH_MODE Types

SEARCH_MO Description
DE
(binary)
0000 Searches for CDMA pilots on a
Candidate Frequency.
0001 Searches for analog channels.
0010 Search for GSM channels
0011 Search for FDD DS channels
0100 Search for TDD DS channels
0101-1111 Reserved




30 station shall set this field to the Network Color Code of the GSM
systemto search as specified in Section 4.3.2 of GSM 03.03. If the

BSI C VERWOREQ 788 el d is set to '0' the base station shal PCOwBe/d7B%0s fi el d.
35 GSM T REF INCL GSM Ti e Reference Included. This field indicates whether
a GCSMTine Reference is included in thif nmessage. If GSM Ti ne Reference S
specified in this nessage, the base st@lion shall set this field to

*1'; otherw se, i X I\/E
O Time 1t i Q%Wﬁm R ea_gase? fho h‘hg gaﬁg gaaﬁsog1 ?/%Dof}cg%@%

PCT/ US01/ O T3i9®wirtedficitiats| edifishah TaBRt1:hi s fi eI d to the CDVA System Ti ne,
in units of 80 ns (nmodulo 64), to which the GSM FN. - MOD-51 of each GSM

channel is referred. |f the USE-TI ME fl(gf}]g'lé fy5 set to 'O t he base station
shall omt this field. GSM T_REF REQ rre Ref erence Requested. The

base station shall rset—tht+s fICIU to— -SSM—FH-re—Reference i s
requested to be ifpcluded in FHdcandi date req_uIeﬂe&f hdbifsth 10 Report
message for each r @PrT@‘FA@MI q@ , of ﬁer5v\n se the base station shall
set this field top IVi ‘Jj 1%%@_ er—of—SSM-Chanrrels—The base
station shall set P Eﬁe(f?’4 R unﬁ§r of GSM ARECN to search. The
base station shal | | GSM RLEWUMHBESECHAN occlw rences of the follow ng
six-field record, W@WBI@[%CRE@M channel |y

N_COL_CODE Oor3

GSM_T_REF_INCL 1

CDMA_TIME Ooré6

GSM_T_REF_REQ 1

NUM_GSM_CHAN 5

NUM_GSM_CHAN occurrences of the following record:

GSM_FREQ _BAND 3

ARFCN 10

CHAN_T_REF_INCL 1

GSM_FN_MOD_51 Ooré6

FRAME_FRACT_INCL Oorl

GSM_FRAME_FRACT Oor9

RESERVED_6 0-7

SF_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’;

10 otherwise, the base station shall set this field
tof (10 x log10 (total _ec_thresh) + 120)/ 2],
where total_ec_thresh is defined by the
following rule: The mobile station is not to
visit any GSM frequency if the total E¢ of the

15 pilots in the Serving Frequency Active Set is
greater than fotal_ec_thresh.

SE_TOTAL_EC_IO_THRESH  Serving Frequency total pilot E¢/I,
threshold.

20 If the mobile station is not to use the



20 GSM FREQBAND GSM Frequency band. The base station shall set this field
to the GSM Frequency Band of the GSM ARFCN to search as Table 11. Table
11: GSM Wequerisy Band GSM FREQ BAN GSM Frequency Band BC{/senzo7g)o 000
P-GSM 900 001 E-GSM 900 010 R-GSM 900 011 DCS 1800 100 PCS 1900 101-111
Reserved 25 ARFCN Absol ute Radi o Fr equency Channel Nunber. The base station
shall set this field to the Absol ute Ré I o Frequency Channel Nunber to

search as specified in Section 2 of F annel
Ti me Reference Included. WO 01/ 6778 %5%%%8 EIO_ZI%BE ﬁh%h
i ndi cat es whether a Tinme Reference S’r'vng IrSAEE)GY, et ]i‘en ed in the

record. |f Channel Tinme Reference i r?%ﬂfé}@d’qripdlﬁﬁ%arﬁlé%@@ ureflepase
station shall set this field to '1' base siatininsball 5et fhis fielslgo<iHtlilon shal |
set thid field to '0'. GSM FN _MXD_ bthé&ShkéE thobasustaton shalliket this. fidlfl t he
CHAN. T_REF_INCL is set to '1', the L‘pgggoxsﬁo et Rl b ﬁz%sh,t_]h%ef'é eld to
the GSM frane nunber nodulo 51 vaI 't&ala'éc aﬁgmggﬁ‘%'dﬂf%q &%%I\M TI ME

in the GSMtarget base station, f t1 M
05.02. If the CHAN T REF | NCL flel &ues bemiohjle g2 O‘E‘Fﬁen‘bta@e"ls%?%Yu on shal

omit this field FRAVE FRACT | NCL GSMMiirgestency if therioiahEcdkeef the pilots
10 in the Serving Frequency Active Set is greater

than total_ec_io_thresh.

GSM_RXLEV_THRESH GSM RXLEV Threshold.

The base station shall set this field to the
minimum GSM RXLEV for which the mobile
15 station is to include a candidate frequency
‘ and to send the Candidate Frequency Search
Report Message. The GSM RXLEV is defined
in Section 8.1.4 of GSM 05.08.

BSIC_VERIF_REQ Base transceiver Station Identity Code
20 verification required.

The base station shall set this field to ‘1’ if the
verification of the Network Color Code
included in the Base transceiver Station
Identity Code is required for the

25 corresponding ARFCN (see Section A.1 of
GSM 03.03); otherwise, the base station shall
setit to ‘0’.

N_COL_CODE Network Color Code.

If the BSIC_VERIF_REQ is set to ‘1’, the base

30 station shall set this field to the Network
Color Code of the GSM system to search as
specified in Section 4.3.2 of GSM 03.03. If the
BSIC_VERIF_REQ field is set to ‘0" the base
station shall omit this field.

35 GSM_T_REF _INCL GSM Time Reference Included.

This field indicates whether a GSM Time
Reference is included in this message.

If GSM Time Reference is specified in this
message, the base station shall set this field to
40 1’; otherwise, the base station shall set this
field to ‘0"
CDMA_TIME CDMA Time.

If the GSM_T_REF_INCL is set to “1’, the base



15 1f the CHAN T REF_INCL is set to "1, the base station shall set this
field to indicate that a GSM FRAME FRACT for this channel is included in
t he nessage01/6t8¢ he CHAN T _REF INCL field is set to '0Q POwUB@sg3®t ati on
shall omt this field. 20 GSM FRAME FRACT GSM Franme Fraction. If the FRAME
FRACT _INCL is included and set to '1', the base station shall set this
field to the number of 1/2A9 fractions®®f a GSMframe valid at the tine
specified by COMA TIME in the GSM t e e st.at | | ange 0 to
(27"9-1). The GSM frane duration isgéaqhoéll %edsélgﬁmgggdlpogthf\.@gﬂ‘f M 05. 02
as 24/5200 s. If the FRAVE FRACT ||§6§Eteff'ﬁ ;1 s of 80dns Badulo 640, i s set
to '0" the base station shall omt @ mhichthe @SMEFNREERED o epple GRS | e
station shall add reserved bits as nbeueel is refemededf the Uslk elTivie fiekehigt h of
the Modg-specific fields equal to st torDederbase stationcGhall Girgit shis Hedd. nobi | e
station shall se ach_of these bits_ to V. 35 |f SEARCH_NL‘EE I's equal to
'0011', the basé—IT at+ | incl &%ﬁ%\/lﬁﬁ@eﬁqfﬂeé\ﬁﬁﬁ@qfl?%tﬁ s specified in

Tabl e 12: WO 01/ 67788 PCT/ USO1/ 0739 el g Length - bict.s)
SF- TOTAL- EC- THRESH 5 SF TOTAL EC- 103 5 fll'—_l kﬁ&%ﬁﬁﬁ%&gﬁ - tlg e}éﬁm 16
SMN13 REP OBS TIMEDF 1 NUMDS OCCUI T ences

A
of the following record: DS _FREQ BEM#pdegin the Candidatetrequency Sear
10 Report message for each reported GSM

channel; otherwise the base station shall set
this field to ‘0.
NUM_GSM_CHAN Number of GSM Channels.

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

The base station shall include
NUM_GSM_CHAN occurrences of the
following six-field record, one for each GSM
channel.

20 GSM_FREQ _BAND GSM Frequency band.

The base station shall set this field to the GSM
Frequency Band of the GSM ARFCN to search
as Table 11.

Table 11: GSM Frequency Band

GSM_FREQ _BAN | GSM Frequency Band
D

(binary)
000 P-GSM 900
001 E-GSM 900
010 R-GS5M 900
011 DCS 1800
100 PCS 1900

101 -111 Reserved

25 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 CHAN_T _REF _INCL Channel Time Reference Included.



UARFCN 1 10 P CPICHINFO9 P CPICHDL TX PAR6 OMN1 6 MX UL TX PW\R 1
5 DS FDD T REF INCL 1 TIME_DIF_ACCURACY 1 0 or 2 CHIP-1NTERVALS-1 0 or
11 RESERXED1/§7788 7 SF- TOTAL- EC- THRESH Servi ng Frequency tBCBRUS@id7680 Ec

threshold. |If the nobile station is not to use the neasurenent of total
Ec of the pilots in the 5 Serving Frequ ncy Active Set in the GSM
Frequenci es periodic search procedure, e base station shall set this

by the following rule: The mp ]'5 ]Pl(ﬁ}fld{eg thy DS
frequency if the total Ec of t ﬁ‘i“l‘ ldmeRefgeensg i xecpEd, ve
Set is greater than total ec_the base staorsphalomtithisdield to HRESHeB Ise) ng
FrequenBy total pilot Ec/lo thhebixs dation Shalhsetrthisifieddso4i on is not to

use the r f _total t he | ots | e 20 Servin
Fr equency%v@qggoﬁnsi he DS%%G% %‘7’7‘8‘8%13@"7"8%2? %£390 66 freguenci es
peri odi C search procedure, theyf @I{%P@th{ElsflﬂdLﬁesTetH“ls thé Bhsk
11111 ot herwi se, the base § aqjl o&aﬁt@ﬁ (#Hﬁq fMﬂ n"qlﬁgelx | 0g10
(total ec lo_thresh)j, 5 where SEivahd-at Il Sp& 1e(?8y
10 CDMA_TIME in the GSM target base station, as
specified in Section 4.3.3 of GSM 05.02. If the

CHAN_T_REF_INCL field is set to ‘), the base
station shall omit this field.

FRAME_FRACT _INCL  GSM Frame Fraction included.

15 If the CHAN_T_REF_INCL is set to ‘1, the base
station shall set this field to indicate that a
GSM_FRAME_FRACT for this channel is included
in the message. If the CHAN_T_REF INCL field is
set to ‘0’ the base station shall omit this field.

20 GSM_FRAME_FRACT  GSM Frame Fraction.

If the FRAME_FRACT _INCL is included and set to
‘1’, the base station shall set this field to the number
of 1/279 fractions of a GSM frame valid at the time
specified by CDMA_TIME in the GSM target base

25 station, with range 0 to (2/9-1). The GSM frame
duration is specified in Section 4.3.1 of GSM 05.02 as
24/5200 s. If the FRAME_FRACT_INCL field is not
included or it is set to ‘0’ the base station shall omit
this field.

fieldt 11111; th t I t 10
xI Ieogloo(tot al ecot hrere\émh)se+ 1;%{%3% %ﬁFﬁ{& asﬁ}ne lﬁéf%r I{Cgéfgrdef onreél

30 RESERVED_6 The mobile station shall add reserved bits as needed
in order to make the length of the Mode-specific
fields equal to an integer number of octets. The
mobile station shall set each of these bits to ‘0’.

35 If SEARCH_MODE is equal to ‘0011’, the base station shall include the
following fields specified in Table 12:
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NUM_DS_FDD_CHAN

5

NUM_DS_FDD_CHAN occurrences of the following

record:

DS_FREQ_BAND_1 3
UARFCN_1 10
P_CPICH_INFO 9
P_CPICH_DL_TX_PWR 6
OMIN_1 6
MAX_UL_TX_PWR_1 5
DS_FDD_T_REF_INCL 1
TIME_DIF_ACCURACY_1 Oor2
CHIP_INTERVALS_1 Oor11
RESERVED_7 0-7

SE_TOTAL_EC_THRESH Serving Frequency total pilot E¢ threshold.

10

15

SF_TOTAL_EC_IO_THRESH

20

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 shall set this field
to F(1o x log10 (total_ec_thresh) + 120)/ 2],
where total_ec_thresh is defined by the
following rule: The mobile station is not to
visit any DS frequency if the total Ec of the
pilots in the Serving Frequency Active Set is
greater than total_ec_thresh.

threshold.

If the mobile station is not to use the
measurement of total Ec/Ig of the pilots in the
Serving Frequency Active Set in the DS

Serving Frequency total pilot Ec/Ig



WO 01/67788 PCT/ US01/ 07390 67 The base station may set this field to 'l

if it wants the nobile station to report the observed tinme difference
fromtheveadi/of’s¢ he 20 ns MC frame to the begi nning of tpher/IS0ME3® P- CPl CH
DS frane; otherwise it shall set this field to '0'. NUM DS FDD CHAN Nunber
of DS FDD Channels. The base station shall set this field to the nunber of
DS ARFCN to search in FDD 10 node. The®®ase station shall include

NUM DS _FDD CHAN occurrences of the I f ne for
each DS channel. 15 DS FREQ BAND_ 1£%e§‘é§gge ?wée?‘*%&;f’%&g% s field
to the DS Frequency Band specifi ed Pﬁ“f‘&HPES A1 8 i’'ng DS band
is defined in 3GPP ~TS25.101. 20 Ta@ﬂléermse,ﬁseba%ﬂﬁtéh@@swﬂ]aet Q _BAND
Correspondi ng DS Frequency (binary}o dclﬁgq_)o (2000 ﬂh@élsh}].]ll Reser ved
UARFCN_ UTRA Absol ute Radi o Frequen ba e station
shal | t this field to 25 UARFCN n g?‘%Gi:-F ﬁfm}h Cleél equency it
want s the nobi | e station to sear chiolewigaile; @PPUPS%HPO!L()

P CPICI-i INFO Primary Common Pi | ot viEbameDS|fnéqremeayiibihe tohed Bpdkpeokthet i on

shal | set this field to the 30 nunbetlofintthe ServimgTitegaaiybhitig: Sads used
in P-CPlI CH DS channel (see 3GPP Tszgiga}gr than total_ec_io_thresh.

10 CHIP_RATE_1 The base station shall set this field to a
number corresponding to the DS chip rate
specified in Table 13.

Table 13: DS Chip Rate

CHIP_RATE DS System Chip Rate
(binary) (Mcps)
00 3.84
01-11 Reserved
15
QSEARCH_1 Quality Search Threshold.

The base station shall set this field to the
UTRA carrier received signal strength
indicator (RSSI) representing a threshold the

20 mobile shall start to measure on UMTS
neighbors (see 3GPP T525.331).

If the base station doesn’t have knowledge of
the minimum RSSI required for UMTS cell
neighbors, it shall set all the bits of this field
25 to ‘0"
SMIN_1 Minimum DS Cell Selection value (in dB).

The base station shall set this field to the
minimum DS cell selection value for which
the mobile station is to include a candidate

30 frequency and to send the Candidate Frequency
Search Report Message. The cell selection
value, using the measured P-CPICH Ec/Io, is
computed by the mobile station using the
fields QMIN and MAX_UL_TX_PWR (in the

35 record below) for each DS channel as defined
in 3GPP T525.304.

REP_OBS_TIME_DIF Report Observed Time Difference.



and TS25.211). P_CPICH DL_TX PR Primary CPICH Downlink Transmt Power (in
dB). 35 The base station shall set this field to the downlink transmt
power of VB®oCRI7&H WO 01/ 67788 PCT/ US01/ 07390 68 channel PERESAGE?BY0
TS25.331). The base station shall set all the bits of this field to '0",
If it does not have the information about the DS CPICH downlink transmt
power. 5 QM N 1 M nimum required quali t§7l evel in the DS cell. The base
station shall set this field to the ni_mum. require /8 of the
recei ved signal Echo for operating |Trk1 aP %%&Pﬁy Sﬁ\ﬁﬁ‘ {ﬁgld& ffnlgbt in 3GPP
TS25.304. MAX UL_TX PWR 1 Maxi num Ugtthkhermehilgistatiogiiorrep@eiie  The bdse
station shall set this field to theo ﬁ@WﬁdﬂW@d&fﬁ@]@@eﬁr@mthQﬁ&ﬁbﬂﬂel e
station nay use when accessing the2DaeM( framd® the HRgGMhiop@ifitled 10 His S
gquantity is defined as UE_TXPWR I\/Azé-@mfﬂimsﬁ@ﬁlfé BﬁZ&VﬁQélltshhn sbhhibase

station doesn't have information abgui¢dfpe maxi mumuplink transmt power

in DS neighbor cell, it shall set all the bits of this 20 field to '0'". DS
FDD T REF | NCL Dﬂjmiiﬁmfé}ﬂl‘dncé\MmbbndéﬂS FDIRiGhafninelsd |nd| cates

whet her a DS tine referenceisin | If DS time
reference i's specified in this 25 Eﬁg QE\Y ?ﬁllf’ a'ihf3 set this
field to '1'; otherw se, the base Wért‘ te pearc f”i‘gﬂpto V.

TI ME_DILE ACCURACY 1Ti ne Difference Medg-acy.

The base station shall include
NUM_DS_FDD_CHAN occurrences of the
following ten-field record, one for each DS
channel.

15 DS_FREQ _BAND_1 The base station shall set this field to the DS
Frequency Band specified in Table 14. The
corresponding DS band is defined in 3GPP
TS25.101.

20 Table 14: DS Frequency Band
DS_FREQ_BAND | Corresponding DS Frequency
(binary) Band
000 IMT2000
001-111 Reserved

UARFCN_1 UTRA Absolute Radio Frequency Channel
Number.

The base station shall set this field to
25 UARFCN number corresponding to the

frequency it wants the mobile station to
search (as specified in 3GPP T525.101).

P_CPICH_INFO Primary Common Pilot Channel Information.

The base station shall set this field to the

30 number of the Primary Scrambling Code used
in P-CPICH DS channel (see 3GPP TS25.331
and TS25.211).

P_CPICH_DL_TX PWR Primary CPICH Downlink Transmit Power
(in dB).

35 The base station shall set this field to the
downlink transmit power of DS CPICH



The field specifies the unit of accuracy in 30 terns of the nunber of DS
chips. If DS FDD T REF INCL is set to "1, the base station shall set
this fielvoavewssling to the correspondi ng val ue specifi eBCT/uSTialB®. | f

DS FDD T _REF INCL is set to '0', the base 35 station shall omt this field.
WO 01/ 67788 PCT/ US01/ 07390 69 Table 15; D| fference Tinme Accuracy

TI ME_DI F_ACCU Accuracy of the timng RARY speC|f|cat|on (i n number of DS
chips) 00 40 01 256 10 2560 11 jo

I nterval s specifying the beginning g EE%%ET%%%S §
FDD T REF INCL i s set to '1', the b&l%usift%fﬁ SRR ’fful‘é %esto a
val ue such that CHI P_I NTERVALS ti nBthavet Angiéon abeyidds

TI ME_DI F_ACCURACY 10 (specified in ﬁ@b\hdnﬂetrabm)p@@@m fies the t| rre

di fference bet {;he begi nning of ykhe next m t he end

of the gcurrent ranme. RESERVED ;‘%i%l%ﬁ?q%regg ﬁgﬁ%ﬁl{r{%&% reserved

bits as 15 needed in order to nmake e | ength of the Mbde- specific fields

equal to an integer nunber of oct queb'gggsmghlsﬁaﬁtsgﬂlggﬁg th% each
ase

of these bits to '0'. 20 If SEARCH_
station shall include the follow ng (ffl i e(jéfl%a&% % V\D
ecelve 31gn lhc Io or operating 1na

01/ 67788 PCT/ USO01/ 07390
10 cell. QMIN is defined in 3GPP TS25.304.
MAX_UL_TX_PWR_1 Maximum Uplink Transmit Power (dBm).

The base station shall set this field to the
maximum transmit power the mobile station
may use when accessing the DS cell on DS

15 RACH channel. This quantity is defined as
UE_TXPWR_MAX_RACH in 3GPP T525.304.

If the base station doesn’t have information

about the maximum uplink transmit power in

DS neighbor cell, it shall set all the bits of this
20 field to ‘0.

DS FDD_T REF INCL DS FDD Time Reference Included.

This field indicates whether a DS time
reference is included in the message or not.

W

If DS time reference is specified in this
25 message, the base station shall set this field to
“1’; otherwise, the base station shall set this
field to ‘0.
TIME_DIF_ACCURACY_1Time Difference Accuracy.

The field specifies the unit of accuracy in
30 terms of the number of DS chips. If
: DS_FDD_T_REF_INCL is set to ‘1’, the base
station shall set this field according to the
corresponding value specified in Table . If
DS_FDD_T_REF_INCL is set to ‘0, the base
35 station shall omit this field.



70 Table 16 Field Length (bits) SF-TOTAL-EC THRESH 5

SF_TOTAL_EC IO THRESH 5 CHIP RATE-2 2 (QSEARCH 2 6 SMN 2 3 REP_OBS TI MW
DF 1 NwWOD8 TR CHAN 5 NUM DS TDD CHAN occurrences of pawuUs@ld7emw ng
record: DS FREQ BAND 2 3 UARFCN 2 10 P_CCPCH INFO 24 P_CCPCHDL_TX PWR 6
QMN2 5 DS TDD T REF INCL 1 TIME_ D F_ACCURACY 2 0 or 2 CHIP-1NTERVALS- 2
0 or 11 RESERVED 8 0-7 SF_TOTAL_EC_THR@SH Serving Frequency total pilot Ec
threshold. |[If the nobile station is not to use the 5 neasurenent of total
Ec of the pilots in the Serving Frequency Active Set in the GSM

Frequenci es peri odi ¢ sear dhabjy i ediff@entdBimdAseusicat i on shall set this
field to '11111"; -Se; } is.field 10 to
Rio x |ogl0 (total }JMEJJDMC@ULFMQQCYQﬂtbeéimmgﬂ _ec_thresh is defined
by the followi ng fule: RACYDDI | e|spedifioation (imohutnberof S any DS
frequency if the total Ec of the pchigsy in the Serving Frequency Active

) O TN AL o 1 o _TLIDE o

Set i S 15 gr eat er nmaTi coutlt Al C\J_L mnmnpoeoiT. I I_\J'II_\I__I:\/_T*W_‘I T T\ Ser Vi ng

Frequency total pilot Ec/1® thresh¢td. B
01 256
10 2560
11 Reserved

CHIP_INTERVALS_1 DS Chip Intervals specifying the beginning of
5 the P-CPICH DS frame.

If DS_FDD_T_REF _INCL is set to ‘1", the base
station shall set this field to a value such that
CHIP_INTERVALS times half the value
corresponding to TIME_DIF_ACCURACY

10 (specified in Table 15 above) specifies the
time difference between the beginning of the
next P-CPICH DS frame from the end of the
current MC frame.

RESERVED_7 The mobile station shall add reserved bits as
15 needed in order to make the length of the
Mode-specific fields equal to an integer
number of octets. The mobile station shall set
each of these bits to ‘0’.

20 If SEARCH_MODE is equal to ‘0100’, the base station shall include the
following fields specified in Table 16:



If the nobile station is not to use the neasurenment of total Echo of the
pilots in the 20 Serving Frequency Active Set in the DS frequencies

peri odi c wear/eiispr ocedure, the WO 01/ 67788 PCT/ US01/ 07390PCT/USlATa%0st at i on
shall set this field to '11111'; otherw se, the base station shall set
this field to L-20 x 1ogl0O (total _ec_io thresli)J, where

total _ec io thresh is defined by the 5 @t ol | owi ng rule: The nobile station
is not to visit any, DS frequency if the total Ec/lo of the pilots in the
Servi ng Frequency Active Set is greater than total _ec_io_thresh.

CH P_RATE 2 The base station shall set @bk fdeld to a 10 nunber
correspondl ng to the DS chip rate specified in Table 13 above. QSEARCH 2
Quality Search Thrgshol d. TheFidde station ghal |Legtht(bits) field to the
UTRA carrier receiy Nl ot 1ﬁﬁﬁ=ﬁﬁf esenting a
threshol d the mbﬁ-ﬁhﬁfi@éﬁi on UMIS _neighbors (see 3GPP
TS25.331). If the pARIQTALL Be_HocBHRESKave |bnowl edge of the| m ni num RSSI
required for UMIS :@Hpﬁﬁmgegghbors it sTlolpj set all the bifs of this
field to V. SMN B § DS—cett—Setectagn—vatve—(+n—dB)- The base
station shall set (% EA@@H to the nmininmim’DS cell selectioh value for
whi ch 25 the nobi | Skt Pon is to include a8andidate frequepcy and to
send t he Candi dat e|{F C h Report ssage. The CelT| sel ection

val ue of the quan ﬁtg?ggcng?iﬁ 3PP "'Cg\é. 33— (FFSy—s—epnput ed by the

mobi | e station usi Y TDD_CHAN
NUM_DS_TDD_CHAN occurrences of the following
record:
DS_FREQ BAND_2 3
UARFCN_2 10
P_CCPCH_INFO 24
P_CCPCH_DL_TX_PWR 6
QOMIN_2 5
DS_TDD_T_REF_INCL 1
TIME_DIF_ACCURACY_2 Oor2
CHIP_INTERVALS_2 Oor 11
RESERVED_8 0-7

SF_TOTAL_EC_THRESH Serving Frequency total pilot E¢ threshold.

If the mobile station is not to use the
5 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 shall set this field

10 to[ (10 x log10 (total_ec_thresh) + 120)/ 2],
where total_ec_thresh is defined by the
following rule: The mobile station is not to
visit any DS frequency if the total Ec of the
pilots in the Serving Frequency Active Set is

15 greater than total_ec_thresh.

SF_TOTAL_EC_IO_THRESH  Serving Frequency total pilot E¢/Ig threshold.

If the mobile station is not to use the

measurement of total E¢/Ig of the pilots in the
20 Serving Frequency Active Set in the DS

frequencies periodic search procedure, the



30 the cell selection procedures defined in 3GPP TS25.304 (FFS).
REP_OBS TIME DI F Report QObserved Tine Difference. The base station may set
this fielvdoooerssif it wants the nobile station to reporpPCTH801363Wbser ved
time difference between the beginning of the 10 ns P-CCPCH DS franme and
the end of the 20 ns MC frame; otherwise it shall set this field to '0".
NUM DS_TDD CHAN Nunber of DS TDD Channelk. 40 The base station shal | set
this field to the nunber of DS ARF t ear 0 %’1 'lihe base
station shall include WD 01/67788 P 1 se it t’g‘g%g
occurrences of the follow ng ten-fi% %F"Ylé%é aﬁﬁ-,%taﬁeps nnel .

DS FREQBAND 2 The base station shal Ito @@nll@gso{homlcecu@_thm@hﬂs 5 Frequency
Band specified in Table 14. The corresE?r%d D aﬁrx%jﬂ%y ned in 3GPP
TS25. 105. UARFCN 2 UTRA Absol ute Ra ‘{ﬁ% 10 The
base stdtion shall set thlsfleldt m@?é ttd the
frequency it wants the nobile statldﬂﬁl’t@}’%aﬁ%le(f‘@yl /mOf-}’(IJEP
TS25.102). P_CCPCH | NFO Pri mary Corpilohs ﬁ)hhterﬁelrvﬂg)&leqaénmm Sdi5s

I nformation. The base station shal |gr§ﬁbr tHarstof orid_#igeshspeci fied in Table
17 (see 3GPP TS25.331). WO 01/67788 PCT/ US01/ 07390 73

CHIP_RATE 2 The base station shall set this field to a
10 number corresponding to the DS chip rate
specified in Table 13 above.
QSEARCH_2 Quality Search Threshold.

The base station shall set this field to the
UTRA carrier received signal strength

15 indicator (RSSI) representing a threshold the
mobile shall start to measure on UMTS
neighbors (see 3GPP T525.331).

If the base station doesn’t have knowledge of
the minimum RSSI required for UMTS cell
20 neighbors, it shall set all the bits of this field
to ‘0".
SMIN_2 Minimum DS cell Selection value (in dB).

The base station shall set this field to the
minimum DS cell selection value for which

25 the mobile station is to include a candidate
frequency and to send the Candidate Frequency
Search Report Message. The cell selection value
of the quantity specified in 3GPP TS25.331
(FFS) is computed by the mobile station using

30 the cell selection procedures defined in 3GPP
T525.304 (FFS).

REP_OBS_TIME_DIF Report Observed Time Difference.

The base station may set this field to ‘1" if it
wants the mobile station to report the

35 observed time difference between the
beginning of the 10 ms P-CCPCH DS frame
and the end of the 20 ms MC frame; otherwise
it shall set this field to "0’

NUM_DS_TDD CHAN  Number of DS TDD Channels.

40 The base station shall set this field to the
number of DS ARFCN to search in TDD
mode.

The base station shall include



Table 17 Field [ _Length (bits) TIME SLOT 4 REP PERIOD 3 OFFSET 6 REP
LENGTH 6 BL_STTD IND 1 RESERVED -9 4 TIME SLOT Tine slot of the TDD

P- CCPCH fwane6778REP PERI OD Repetition Period of the P- CCPBEIAUS@INE390 The
base station shall set this field to the 5 value such that repetition
period is equal to 2A(REP_PERIOD). If the repetition period is not known,
the base station shall set REP_ PER OD ¥4 0 (i. e. the repetition period of
1). 10 OFFSET The base station shal 5,@? CC)‘f set ined as
Syst em Frane Number (SFN) nodul o té\ﬁﬁ%&% + uflfenf‘ﬁse set is
not known, the base station shall PLOWIRS fers gdrteﬁmi éﬁ‘)ra‘i‘:ﬂciﬁg | ue of
0. 15 REP_LENGTH The base station si¥hpnnelet this field to the Ilength of
the allocation f it ion. base
station_shal | [9‘% P?ﬁf@‘r “tzE) i ts& basp%téﬁ}%ﬂl%éi%éﬁw Bl ock
STTD I ndicator. 20 P_ CCPCH DL CTX PREEHHS %“% Liisshin f3hle h%ei'nt Pouer

(in dB). The base station shall set corresPpfiang 19S brads gerwelinad iy
power of DS CPCCH 25 channel (see 3@R51825. 331). If t he downl i nk transm't

power of the DSIQEBE?Z@O' S not kn%At&gsotf asep st rg(?uésrpc%léhgneglall t he

bi t f this f
its o is fi Number.

10 The base station shall set this field to
UARFCN number corresponding to the

frequency it wants the mobile station to
search (as specified in 3GPP T525.102).

P_CCPCH_INFO Primary Common Control Physical Channel
15 Information.

The base station shall set this record as
specified in Table 17 (see 3GPP T525.331).



QM N 2 Mninmumrequired quality |evel
set this field to the

gqwedvi/6ysg speci fi ed by 3GPP TS25. 304
35 QM N is defined in 3GPP TS25.304. WD 01/67788

shal |
si gnal
operating in a DS

cell.

in the DS 30 cell.
mnimumrequired quality |evel
for cell

The base station
of
sel pCT/USOLY07Br

recei ved

PCT/ US01/ 07390 74 DS TDD T _REF INCL DS _TDD node Ti ne Reference |ncluded.
This field indicates whether a DS tine 3eference is included in the

nmessage or not. If DS time reference Iigf) jfied in this 5 nessage, the
base station shal | ~set—this—+ield+e herw-se—the—base station
shal |l set this f|EI dto'0 Fllﬁld'E Dl F AC&FMCY Izenﬁthébnﬁl‘fer bnce Accuracy.
The field specifie of accuracy In[,0 ternms of the punber of DS
chip time. If DS_ iﬂ}l\ﬁe‘%@ I-NCE—+s—set—to | the—base—stajion shall set
this field accordi PRREFFERDcor respondi ng M8l ue specified in| Table 15
above. If DS TDD T|®EFSENCL is set to '0', 1% the base statiop shall omt
this field. CH P_| RVALS 2 DSChiptmtervyals specnleIgIns begi nni ng of
the P-CPI CH DS fra;iﬁgls-rlji“vﬁIHE . T_REE_| NCL J§> set-to "1 thel base station
shal | set this fie|BLtSTEDMAIe such that 30 CHP_ INTER’VALS Limes hal f the
val ue correspondi ngREGERVND _9D| F ACCURACY (gpem fied in Tabl B 15 above)
specifies the begrHmnagof—themext—P-€CPEHBSfFramre—Ff+romthe end of the

current MC 20 nEIMEaSEORS5 RESERVEDTSméBbtradlhé 8D BtCGRCEhAheadd reserved
[ [ k he | h _of
bits as needed RLE?’_?’EEE{)DJ[ 0 make t ?{epgtqggn P%rlod of the P-CCPCH frame.

The base station shall set this field to the

5 value such that repetition period is equal to
2MREP_PERIOD). If the repetition period is
not known, the base station shall set
REP_PERIOD to 0 (i.e. the repetition period of
1).

The base station shall set this field to Offset
defined as System Frame Number (SFN)
modulo the repetition period. If the offset is
not known, the base station shall set this field
to its default value of 0.

The base station shall set this field to the
length of the allocation for each repetition. If
the length is no known, the base station shall
set the field to its default value of 1.

Block STTD Indicator.

10 OFFSET

15 REP_LENGTH

BL_STTD_IND
20

P_CCPCH_DL_TX_PWR Primary CCPCH Downlink Transmit Power

(in dB).

The base station shall set this field to the
downlink transmit power of DS CPCCH
channel (see 3GPP T525.331). If the downlink
transmit power of the DS neighbor is not
known, the base station shall set all the bits of
this field to ‘0"

Minimum required quality level in the DS
cell.

The base station shall set this field to the
minimum required quality level of received
signal quantity (specified by 3GPP T525.304
for cell selection) for operating in a DS cell.
QMIN is defined in 3GPP TS25.304.

25

QMIN_2
30

35



Mode-specific fields equal to an integer nunber of octets. The nobile
station shall set each of these bits to '0'. 30 Candi date Frequency Search
Report Mwé@age7788V5G TAG CFSRPM WO 01/ 67788 PCT/ US01/ 0739BCT/US01/0739 e 18
Field Length (bits) LAST_SRCH MSG 1 LAST_SRCH MSG SEQ 2 SEARCH MCDE 4
MODE- SPECI FI C-LEN 8 Mode-specific fields 8 MODE- SPECI FI G- LEN | f

SEARCH MODE is equal to '0010', the nmobf4e station shall include the

o o Oro Pvn AR Lt INGR! SrtPoR Rty SlEhdrfdblel?!
NUM _GSM CHAN occurrences of the fol [Thwg fieldriad@atss whkSiMeFRESS BAND 3 ARFCN 10

BSIC 6 GSMRXLEV 6 GSM FN_MXD_51 O r@ferdhce iRl tHeNbksBg@br hot. CSM
FRAME FRACT 0 or | RESERVED 4 0 - 7 igas needed) SF_TOTAL RX"PWR | ndi cat es

the total received power on the SerV B§timer#erapeeisspecified in this
5 message, the base station shall set this field to

‘1’; otherwise, the base station shall set this
field to ‘0’.
TIME_DIF_ACCURACY_2 Time Difference Accuracy.

The field specifies the unit of accuracy in
10 terms of the number of DS chip time. If
DS_TDD_T_REF_INCL is set to ‘1’, the base
station shall set this field according to the
corresponding value specified in Table 15
above. If DS_TDD_T_REF_INCL is set to ‘0/,
15 the base station shall omit this field.

CHIP_INTERVALS_2 DS Chip Intervals specifying the beginning of
the P-CPICH DS frame.

If DS_TDD_T REF_INCL is set to 1/, the base
station shall set this field to a value such that
20 CHIP_INTERVALS times half the value
corresponding to TIME_DIF_ACCURACY
(specified in Table 15 above) specifies the
beginning of the next P-CCPCH DS frame
from the end of the current MC 20 ms frame.

25 RESERVED _8 The mobile station shall add reserved bits as
needed in order to make the length of the
Mode-specific fields equal fo an integer
number of octets. The mobile station shall set
each of these bits to ‘0.

30
Candidate Frequency Search Report Message: MSG_TAG: CFSRPM



The nobile station shall set this field to mn (31, [(total _received_power
+ 110)/2), where total _received power is the nean input power received by
t he nobi Iveo st/et78Nn on the Serving 15 Frequency, in dBm 1. PGT/NE/079O

01/ 67788 PCT/ US01/ 07390 76 NUM GSM CHAN Nunber of GSM Channels. The nobile
station shall set this field to the nu r of GSM channels included in
this nessage. GSM T_REF INCL GSM Ti ne ference included. 5 The nobile
station shall set this field to "1" if Me td M ng information is included
for each reported GSM channel; otherw se the nobile station shall set

this field to 'ﬂ'FieIQD'VA TIME CDVA Tine. 105 ddoth@iggPM T_REF_INCL is set to
1", the nobile i } emTinme, in
units of 80 ns (|AAEN_SREAL, MS6 which the |IGSM FN_MOD 51 of eagh GSM channel
is referred. [f;t | IS Sef,t0 'O the nobile gtation 15
shall onmit this ‘&Aﬁdg@—&;ﬁéﬁg@ atiaon 2:h;:l | _include Nl M_G$SM CHAN
occurrences of tBBEARCHIM@RE four-field r&cord, one for each|GSM channel :
GSM FRED BAND GHNFFRF C The noblfe station snart sey this field
to the GSM 20 E Q@ﬂe@'@% !ﬁﬁ?_ﬂil}ghp repaffed ARECN — ARECN Alsol ute Radi o
Frequency Chann¢Mddevgsecifidfieldsobi | e stat|®m shall set this fileld to the
Absol ute Radio{Frequency Channel Nurmber p{IQ1DE $EROIfIEJILERSM|channel as
speci fied in Sectrom—2—ofGSMO5-—05—25BSHE Base—transcetvef Station

| dentity Code. The nobile station shall set this field to the Base o
transceiver Staff SEf‘AiéS@%ATEMUDE:@éjé‘q&JI tb PR 10ERAE Lishild MG RN InAsdsBRe ! T1 ed

in Section 4.3.2 o
following fields specified in Table 19:

5
Table 19

Field Length (bits)
SF_TOTAL_RX_PWR 5
NUM_GSM_CHAN 5
GSM_T_REF_INCL 1
CDMA_TIME Oor6
NUM_GSM_CHAN occurrences of the following record:
GSM_FREQ_BAND 3
ARFCN 10
BSIC 6
GSM_RXLEV 6
GSM_FN_MOD_51 Qor6
FRAME_FRACT_INCL Oor1l
GSM_FRAME_FRACT 0 or
RESERVED_4 0 -7 (as needed)

SF_TOTAL_RX_PWR Indicates the total received power on the Serving
10 Frequency.

The mobile statioﬁ shall set this field to
min (31, [ (total_received _power +110)/ 2_‘),

where total_received_power is the mean input power
received by the mobile station on the Serving
15 Frequency, in dBm/1.23 MHz.



03.03. 30 GSM RXLEV GSM RXLEV. The nobile station shall set this field to
the GSM RXLEV of the reported GSM channel as specified in Section 8.1.4
of GSM 0W081/6RESERVED 4 Reserved. 35 The nobil e stati onPehvakol/ e
reserved bits as needed in order to nake the |ength of the Mde-specific
fields equal to an integer nunber of octets. The nobile station shall set
each of these bits to '0'. GSM_FN_MOD_ 576GSM Frane nunber nodul o 51. WO

01/ 67788 P 7 1f th is set to "1, the
nobi | e stﬁjﬁ'ﬁé&ﬁg‘%ﬂth sl}lu '\%(-E?E%E@W?]Isarre nunber nodul o 51
valid at the time specified by T@%@Tébﬁubﬁshaﬂsmmémbﬁoth@mﬁation,

as 5 specified in Section 4.3. %qusmgéelggndhaegmm@g}ésga F_INCL field
is set to '0', the nobile station shall omt this field. FRAVME FRACT | NCL

GSM Fr ane &34t TOREF dNGUled. |fGSMén@$|\RafeRE@e|m@uded set to '1', t he
nobile 10 station shall set t s f| ﬁ VE_FRACT
f or thig channel is included etrﬂ8é;é%§t§ 8 S%u field
is set to'0' the nobile statl qn{smlg difgr cashvi FRACT

GSM Frame Fraction. 15 If the ﬂSMEhamengthecwmesthemobd@ataannsb@kl seb " 1',
the nobile station shall set thhis ffdléltad’@o the nunber of 1/2729 fractions

of a GSM frane [ he ti cified by COMA TIME in the GSM target
base stati on, \/\mMga-ﬂ@g[% to @ﬁ&lm‘%e 20yGSM frame duration is )
speci figgd in Section 4.3.1 of GHAMAMOZ REFZINERGYsét tol1’, Htemobile
FRAVE_FRACT_INCL field is not igpgldigfhialet isR1d to the CDMA System Time,
in units of 80 ms (modulo 64), to which the
GSM_FN_MOD_51 of each GSM channel is referred.

If the USE_TIME field is set to ‘0’ the mobile station
15 shall omit this field.

The mobile station shall include NUM_GSM_CHAN occurrences of the
following four-field record, one for each GSM channel:

GSM_FREQ_BAND GSM Frequency band.
The mobile station shall set this field to the GSM
20 Frequency Band of the reported ARFCN.
ARFCN Absolute Radio Frequency Channel Number.

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

25 BSIC Base transceiver Station Identity Code.

The mobile station shall set this field to the Base
transceiver Station Identity Code of the reported
GSM channel as specified in Section 4.3.2 of GSM
03.03.

30 GSM_RXLEV GSM RXLEV.

The mobile station shall set this field to the GSM
RXLEYV of the reported GSM channel as specified in
Section 8.1.4 of GSM 05.08.

RESERVED_4 Reserved.
35
The mobile station shall add reserved bits as needed in order to make the
length of the Mode-specific fields equal to an integer number of octets. The
mobile station shall set each of these bits to ‘0’.

GSM_FN_MOD_51 GSM Frame number modulo 51.



set to '0" the nobile station shall omt this field. 25 If SEARCH MODE is
equal to '0011, the nobile station shall include the following fields
speci fi eovonr/dakd e 20: WO 01/ 67788 PCT/ USO1/ 07390 78 TabCwUSQ/(F3® d
Length (bits) SF TOTAL_ RX PAR 5 NUM DS FDD CHAN 5 NUM DS FDD_ CHAN
occurrences of the followng record: DS FDD FREQBAND 3 UARFCN 1 10
PCPICHINFO9 P CPICHECIO6 P _CPICHRSCP INCL 1 P LOSS INCL 1

CELL IDINCL 1 TINE DI F_INCL THLOSS 0..or 7 CELL
IDO or 30 MCDS TINMEDIF O o%f?‘f% Egﬂgpangédssetfo M g’&
SF_TOTAL_RX_PWR | ndi cates the tH el fr?SmSé‘rLWlPﬁj

Frequency. The nobile station lﬂlos'iitvatlﬁ%tt p éinge plecifigchby 31,
r(total received_power + 110)/ZDMAWEME trothel GBSkl geidbapevmtionsag he nean

i nput  power received by the ngpetified iRbe@iorod33nsf ASMIS.0A. NG the equency, in
dBm' 1.23 MHz. NUM DS_FDD CHAN IRRE Ip@f@@lcgg%@p% 9y, thBendhilel | €

station shall set this field t%ta%%sﬂ&ﬂ@ﬁfttﬂfs fB%d DD channel's incl uded in
this nessage.

FRAME_FRACT_INCL  GSM Frame Fraction included.

If the GSM_T_REF_INCL is set to 1/, the mobile

10 station shall set this field to indicate that a
GSM_FRAME_FRACT for this channel is included
in the message. If the GSM_T_REF_INCL field is set
to ‘0’ the mobile station shall omit this field.

GSM_FRAME_FRACT GSM Frame Fraction.

15 If the FRAME_FRACT INCL is included and set to
“1’, the mobile station shall set this field to the
number of 1/2/9 fractions of a GSM frame valid at
the time specified by CDMA_TIME in the GSM
target base station, with range 0 to (29-1). The

20 GSM frame duration is specified in Section 4.3.1 of
GSM 05.02 as 24 /5200 s. If the
FRAME_FRACT_INCL field is not included or it is
set to ‘0’ the mobile station shall omit this field.

25 If SEARCH_MODE is equal to ‘0011’, the mobile station shall include the
following fields specified in Table 20:



15 The nobile station shall include NUM DS FDD CHAN occurrences of the
follow ng record, one for each reported DS FDD channel. DS FDD FREQBAND DS
FDD Freqweooyetisnnd. WO 01/ 67788 PCT/ US01/ 07390 79 The nobCT/@Setesoon shal |
set this field to the DS Frequency Band of the reported UARFCN as
specified Table 14 above. UARFCN 2 UTRA_ Absol ute Radi o Frequency Channel 5
Nunber. The mobile station shall set thi® field to the Absolute Radio
Frequency Channel Nunber of the report%}#%d:w channel as specified in
3GPP TS25.331. 10 P_CPICH I NFO Primary Pi |l ot Channel Information.
The nobil e statifga,ghall set this Trerd t L {rary Scrjanbl i ng Code of
the reported P- 1?14 DS channel (seea 3P éll@g ‘Eﬁ?im >l;ﬁ,c‘m,CH_EC IgO P- CPI CH

Ec/10. 15 The myBFl BOTtAdL iR¥ BNR | set th{s field to receijved Echo of the

P- CPI CH DS chanr B —fsee-TS25; —P—CPHCHRSEP—+NEE{P- CPI CH Recei ved
Si gnal Code Po WMM—C% he nobi % station shall gdet this flag to
1" if it has t hNIPVCPLCHEDIS CHANI@kclieefiesd th@flsilowewer measurenent ;

otherwise it shall-.gfis field to 0. P_LOSS INCL Pathloss Included. 25
The nobi |l e st at irpp—shat—set—t+his—+Hagto—+—+F—t+—has—tRe Pat hl oss

measur ement ; ot HEISWFEE (RREQHBAND hi s field to ' 0' . CELL ID INCL CELL ID
I ncl uded. The np éhgll on shall set thifgflag to "1" 1fjit 30 is able
to read t he CELL+D-dur+hgthe-search;

P_CPICH_INFO 9

P_CPICH_ECIO 6

P_CPICH_RSCP_INCL 1

P_LOSS_INCL 1

CELL_ID_INCL 1

TIME_DIF_INCL 1

P_CPICH_RSCP Oor8

PATHLOSS Qor7

CELL_ID 0 or 30

MC_DS_TIME_DIF Oor11

RESERVED_5 0 -7 (as needed)

SE_ TOTAL_RX_PWR Indicates the total received power on the
5 Serving Frequency.

The mobile station shall set this field to
min (31, r(total_received_power +110)/21),

where total_received_power is the mean input
power received by the mobile station on the
10 Serving Frequency, in dBm/1.23 MHz.

NUM_DS_FDD_CHAN Number of DS FDD Channels.

The mobile station shall set this field to the

number of DS FDD channels included in this
message.

15  The mobile station shall include NUM_DS_FDD_CHAN occurrences of the
following record, one for each reported DS FDD channel.

DS_FDD_FREQ_BAND DS FDD Frequency band.



otherwise it shall this field to '0'. TIME DIF INCL Tinme Difference

| ncl uded. The npbile station shall set this field to "1, if tine

di fferenaeobes1ieen MC frane and DS 35 CPICH frane is i ncPOb®d01/07390

P_CPI CH RSCP P-CPI CH Recei ved Signal Code Power. The nobil e station shal |
include this field only when P_CPICH RSCP INCL is set to "1'.

included, it shall set this field to thé? val ue 40 RSCP-40 (dBrr) (see

TS25.331). WO 01/67788 PCT/ US01/ 07390 8 P I I
Interference Ratio. The nobile statlon %ﬂ }:: Shg:f H&%lqoy when
PCPICHSIRINCL is set to '1'. i ncl gde rteqé’—ﬁ%‘FX esfePP‘ée

SIR+10 5 (dB) (see SGPP T825.331) PATHW%?W@ Ealalsééabwe m)bl le

station shall i S field (o] 19]%)4/@@,5% C@%j] :

i ncluded, it sha I set This fi Iﬁt e vadti}e%e hw%ﬁios }f& ?(]:18) (see
3GPP TS25.331). CELL_ID Cell P%i cation. The nobile station shall
include this field only when CELL_ I s, set

| N o, 1'. . included, it
shal | set this field to the 30 bit lile?f&ElH{HS%lPEéﬁﬁ%ﬂs%l%‘éeto %6

TS25.331). MC DS TIME D F MC and Dé@phmﬂada@r@r@qu@cmcﬁhmh
mobi |l e station shall include this fioélthleramlrged/\BSIFDH)klEa_meIaBNpkaﬁedset to
"1'. If included, the nobile statiomnS@a’lPlTSE%lhis 20 field to the tine

di fferepce betwee t he frane he beglnnlng of 10
ns P- CH DS f @ﬁ&iﬁ%@j i n uni &’ irgary Senyon ﬁi‘ Ciha{‘ﬁe IRt gEattaey of
40 DS chi ps. The mobile station shall set this field to the

Primary Scrambling Code of the reported P-
CPICH DS channel (see 3GPP T525.331).

P_CPICH_EC_IO P-CPICH Ec/To.

15 The mobile station shall set this field to
received Ec/Io of the P-CPICH DS channel
(dB) (see TS25.331).

P_CPICH_RSCP_INCL  P-CPICH Received Signal Code Power
Included.

20 The mobile station shall set this flag to “1” if it
has the P-CPICH DS channel received code
power measurement; otherwise it shall this
field to ‘0".

P_LOSS_INCL Pathloss Included.

25 The mobile station shall set this flag to ‘1" if it
has the Pathloss measurement; otherwise it
shall this field to “0’.

CELL_ID_INCL CELL ID Included.

The mobile station shall set this flag to “1” if it
30 is able to read the CELL ID during the search;
otherwise it shall this field to ‘0".

TIME_DIF_INCL Time Difference Included.

The mobile station shall set this field to ‘1’, if
time difference between MC frame and DS
35 CPICH frame is included.

P_CPICH_RSCP P-CPICH Received Signal Code Power.

The mobile station shall include this field
only when P_CPICH_RSCP_INCL is set to “1".

If included, it shall set this field to the value =
40 —RSCP-40 (dBm) (see TS25.331).



RESERVED 5 The nobile station shall add reserved bits as 25 needed in
order to nmake the length of the Mbde-specific fields equal to an integer
nunber ofw@eot/et788 The nobile station shall set each of thep®S@I/t7390t0 V. 30
| f SEARCH MODE is equal to '0100', the nobile station shall. include the
following fields specified in Table 21: W) 01/67788 PCT/US01/ 07390 81
Table 21 Field Length (bits) SF TOTAL ﬁQ(_PV\R 5 NUM DS TDD CHAN 5

NUM DS_TDD CHAN.Dg s of the fplbow : FREQ BAND 3
UARECN 2 16 . bt R RERSLOT 6 Pl aBir onar 9 Ther Rt cn T nor 1
TIME DIF INCL 1 PCCPCH RSCP 0 or 8 TheenbGild siytioRIshall indludé thiRESERVED- 6 10
- 7 (as needed) SF_TOTAL_RX_PWR Indiogﬁ%ehl’[e dmical gIRepyveds pawsrrion the
5 Serving Frequency. The nobile station shall set this fieldto mn (31,
r(total received power + 110)/21), Iinehudadsitshatlsebthisfielsbigs?IRH+40t he mean
i nput power received by the nobil e (dBp{seeBGRHP TR5.330).Ser vi ng Frequency, in
dBm 1. 23 MHz. ) CHAN Nunb of DS T Channel s. The nobile
station shal | si%%@gg?el dto the%%ﬂlé’gfpﬁ STDD channel s i ncluded in
this nessage. The mobile station shall include this field

only when P_LOSS_INCL is set to “1".

If included, it shall set this field to the value
10 Pathloss - 46 (dB) (see 3GPP TS25.331).

CELL_ID Cell Identification.

The mobile station shall include this field
only when CELL_ID_INCL is set to '1".

If included, it shall set this field to the 30 bit
15 Cell Identification (see 3GPP TS25.331).

MC_DS_TIME_DIF MC and DS CPICH frame time difference.

The mobile station shall include this field
only when TIME_DIF_INCL is set to ‘1.

If included, the mobile station shall set this

20 field to the time difference between the end of
the 20 ms MC frame and the beginning of 10
ms P-CPICH DS frame measured in units of
20 DS chips with an accuracy of 40 DS chips.

RESERVED 5 The mobile station shall add reserved bits as
25 needed in order to make the length of the
Mode-specific fields equal to an integer
number of octets. The mobile station shall set
each of these bits to ‘0.

30 If SEARCH_MODE is equal to ‘0100, the mobile station shall include the
tollowing fields specified in Table 21:



15 The nobil e station shall
follow ng record,

Frequencywoané788The nobil e station shall

one for each DS FDD channel .

I ncl ude NUM DS TDD CHAN occurrences of the

DS TDD FREQ BAND DS TDD
set this field tpPCT/801/DWO

Frequency Band of the reported UARFCN 20 as specified in Table 14. UARFCN

2 UTRA Absol ute Radi o Frequency Channel

Nunber. The nobil e station shall

set this field to the WD 01/ 67788 PCT/ USb1/ 07390 82 Absol ute Radio

Frequency Channel Nunber

in

of the reporteﬂl E&E DD channel as specified
3GPP TS25.331. P_CCPCH TI ME_SLOT Pri mary DS TDD channel time slot. 5

The nobile stati halT set this freldt e sT ot funber specified
in 3GPP TS25. 33 ﬁ]elﬁirttm 211 %MM& ity level. The
nmobi |l e station éBEITOS"@ILtRXSPWReI d to thgs 10 quality level of the
gquantity that t USEST o rconpute cett—setrgcti on val ue as
defined in 3GPP W%—Tﬁ—éﬁ% [ NCL. P- CCPCH [Recei ved Si gnal
Code Power | ncl d@MI_DSLEDIheCHRAN |0ec1$ﬁréﬁ¢ésfbf$h@fdllcﬁ/€1hgt his flag to ' i f
it has the P- CCP%Op& channel recei ved code _power neasurenent; ot herW| se
it shall this f T VE—BDH—HNGE—Fi-re—bi-f-efeneeq | ncl uded. 20 The
nobi | e station %JT%FRE@SBAWd to 13 if time diffefence between M
frame and DS TDg frame i1s 1ncl ud P_CCPCH_RSCP k- CCPCH Recei ved
Si gnal Code Power —+ebi-e—stat+en—~shpH—+nrelude—t-his—fi el d
P. CCPCH TIME_SLOT 6
P_CCPCH_QUALITY 6
P_CCPCH_RSCP_INCL 1
TIME_DIF_INCL 1
P_CCPCH_RSCP Oor8
MC_DS_TIME_DIF Oor1l
RESERVED_6 0 -7 (as needed)
SF_TOTAL_RX_PWR Indicates the total received power on the
5 Serving Frequency.
The mobile station shall set this field to
min (31, [ (total_received_power + 110)/21),
where total_received_power is the mean input
power received by the mobile station on the
10 Serving Frequency, in dBm/1.23 MHz.
NUM_DS_TDD_CHAN Number of DS TDD Channels.
The mobile station shall set this field to the
number of DS TDD channels included in this
message.
15  The mobile station shall include NUM_DS_TDD_CHAN occurrences of the
following record, one for each DS FDD channel.
DS_TDD_FREQ BAND DS TDD Frequency band.
The mobile station shall set this field to the
DS Frequency Band of the reported UARFCN
20 as specified in Table 14.

UARFCN_2

UTRA Absolute Radio Frequency Channel

Number.

The mobile station shall set this field to the



25 only when P CCPCH RSCP_INCL is set to '1'. |If included, it shall set
this field to the value = -RSCP-40 (dBm (see 3GPP TS25. 331).

MC DS TI MODI/67788C and DS CCPCH franme tinme difference. 30rTh@Semiyddoe
station shall include this field only when TIME_DIF INCL is set to "1". If
i ncluded, the nobile station shall set thls field to the time difference
between the end of the 20 nms MC frarre d t he begi nni ng of 10 35 ns

P- CCPCH DS TDD frane neasured in t uracy of
40 DS chips. RESERVED-6 The nobi | o %ﬁé‘i \é&she?‘\rx‘ggN%“i%e
needed in order to nake the |ength li“?\’éepé’@ %E ‘F’i‘%elfaisépﬁgl E}ual to
an integer nunber of octets. The nibPCEPSEESIM- shal |l set each of these

bits to '0'. / /0 V ved
met hod and appara‘t ?T@g%d%ﬁ??ngﬁ?ﬁ é@@% r%:rn %chlran% %‘gﬁ&
descri b&d. Those of Skl Il in the arTheanbbile Sationahsll asidthiéislditbehwar i ous

illustrative |ogical blocks, nodul e@m@glbgﬁhhﬁ)erg?&iﬁbg%ig,(;lmnfpgm1
described in connection with the emjpdiTgeitg1di scl osed herein may be

i npl enented as el ectroni c hardware, conputér software, or conbinations of
both. The vari oﬂ?sCﬂHGlﬁL@élAB/HYcorrpd?P@(iPﬁH Quad:tk)slembdul es, circuits, and

steps have been described generally.in t fu
Whet her the functionality is inpl englr'i'feé’d&é‘gsﬂﬁg‘a ﬁ%ﬁé‘? @‘&ﬁﬁlé@af gépends
upon t K@ particul ar application andyebigisvelpithe suantity thddbemabilene

overall system Skilled artisans rata@@mLZS@SMeompuéecﬂihmjeqmﬂvalyeas
hardware and software under these dlefmadrma@d?@ﬁsmmﬁﬁsbest to i npl ement

t he descri bed u i i h ul g exanpl es,

the various 15 }F&@F&gﬂ{%ﬁ I‘:al %bq:g?é'k ﬁﬁ% @ngr@i? %ﬁeﬂ’sow%{n

al gorithm steps described in conne &adlededd t h t he enbodi nents di scl osed

L) 18Ry be by eent ed of  Perf oriEthBildidbh Shimbe Rl R A°RSRC"

: PP P has the P-CCPCH DS channel received code
power measurement; otherwise it shall this
field to “0".
TIME_DIF_INCL Time Difference Included.

20 The mobile station shall set this field to ‘17, if
time difference between MC frame and DS
TDD P-CCPCH frame is included.

P_CCPCH_RSCP P-CCPCH Received Signal Code Power.

The mobile station shall include this field

25 only when P_CCPCH_RSCP_INCL is set to
“1°.
If included, it shall set this field to the value =
—RSCP-40 (dBm) (see 3GPP T525.331).

MC_DS_TIME_DIF MC and DS CCPCH frame time difference.

30 The mobile station shall include this field
only when TIME_DIF_INCL is set to ‘1".

If included, the mobile station shall set this
field to the time difference between the end of
the 20 ms MC frame and the beginning of 10

35 ms P-CCPCH DS TDD frame measured in
units of 20 DS chips with an accuracy of 40 DS
chips.

RESERVED_6 The mobile station shall add reserved bits as

needed in order to make the length of the

40 Mode-specific fields equal to an integer
number of octets. The mobile station shall set
each of these bits to “0".



integrated circuit (ASIC), a field programable gate array (FPGA) or other
programmabl e | ogi ¢ device, discrete gate or transistor |ogic, discrete

har dwar e WO overgonent s such as, e.g., registers and Fl FO rpar/psacgs®or
executing a set of firmvare instructions, any conventional programmuable
software nodul e and a processor, or any_ conbination thereof. The processor
may advant ageously be a mcroprocessor®but in the alternative, the
processor may be any conventional processor, controller, mcrocontroller,
or state machine. The software nodul e 25 could reside in RAM nenory, flash
menory, ROM nenory, EPROM nenory, EEPROM nenory, registers, hard disk, a
renovabl e disk, a CD-ROM or any other form of storage nmedi um known in the
art. Those of sHKihus, wonbuelf andhenproyeor sedthod amdtappaeatst for cosduditg ons,

Fof or enced MR RRIBGIB IR A nkbe buL iV J01osEedh a6uhadBaUat Hould
repr eseqt egtrotahd 35S i YLHBOL Tk S AL BIbENET e TBIEGH Geld ©! S

or particles, optica s or par r any cénbrl nation éreof. WO

01/ 67788 PeIgddhid £1é39des@ibed inh@umdlciine at gt @nbodim@its slisileseddsgeinbed
her ei nabove with reference to particular hybrid GSM CDVA systens and
hybrid DS/ KRy shet émplemenigd | adeelapipprici drasdwaret edrappier nspfimaseof ot he

(O i on. imlagely b i ed,.t ffect il e- i gted
Pandover s FarbtrbioRyeh Pofts' dhieviatull MGyl oo Motht iahduRs
al t hough 1 RRcRIiE B $€ps ﬁH@@QEéY?HE&r%E%Jr@Eﬁ%F{l?geéhﬁ cstR&elrifictldMbtyand

CDMA- based communi catl ons st andards, those s in the art wll
appr ecil@t e Whethet tike fosctioakditand iprplacieptest ad dsrdivaed absofevamy depaadbe

used in conjunction with other nethqds of data encodi ng and sj gnal

modul at i onYPPRENS RpECHiar ERplication @agrgesaméwﬁtﬁn&wwgs@% theoverlly the
conplete s 0 i i I ihed ! ve, ; but
oo vari ol Milied UFRANS SR HAE RREEHARRERINS oL HRFANARE U, )

as conbi nagofewardddet theseiiib@itaies, ANEHON bedtttoWinhplefiens the degRitre at ed
that the preferred enbodi ments described 15 above are cited by way of

exanpl e, afencatipmality | fosc epeh opartisslarnapplitation.s |Agiexathples| yhéyvarkeus
clai ™15 Mil%@a%ve%g?c%ﬂ %chi%, rpn%gulfgsq 1c/11pc21§tg,0 and algorithm steps described in
connection with the embodiments disclosed herein may be implemented or

performed with a digital signal processor (DSP), an application specific

integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware

20 components such as, e.g., registers and FIFO, a processor executing a set of
firmware instructions, any conventional programmable sofiware module and a

processor, or any combination thereof. The processor may advantageously be a
microprocessor, but in the alternative, the processor may be any conventional

processor, controller, microcontroller, or state machine. The software module

25  could reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any

other form of storage medium known in the art. Those of skill would further

appreciate that the data, instructions, commands, information, signals, bits,

symbols, and chips that may be referenced throughout the above description

30  are advantageously represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any combination

thereof.



85 CLAIMS 1. In a nobile wreless tel econmuni cati ons system which

i ncl udes base stations of a 2 first type operating according to a first
air intemMa@oes778hd base stations of a second type operati pQT/@scior7édong to a
second air interface, a nmethod for handing over a 4 nobile station in the
systemfroma first base station, which is of the first type, to a second
base station, whi ch is of the second ty%‘é, conprising: 6 (a) establishing a

conmruni cations |4 er r erf c e
station and the ll rs %bagltee?%tré#l %%ﬁ@?‘%&% eaé i ?F%g b\&kgfr}‘%r?l %\bgﬁg lr’%’t’) |l e
station regpRAGHE tb O?é‘rt&'umah ybEdeiGsM / ODNIRE sysielhd Qe Ayibeid y$viche
second air interface fromthe Second base stati on 10 substanti al I y

W t hout br sxktents, itheilt bamv@maa’aedrthat thﬂ(pmntlpletsmf thierpresdrdsievesticn nwy, 12
(c) handin on framthe o the, second_bas

t t fi
station g%ﬁ%}’vgetﬂ’ﬁ’ cét gyﬁ%tcéﬁ‘% “'t‘fﬁ‘ésrt%‘% Iisﬁﬁ*ﬁ‘é%‘f?éis 1R @alyert ?2§1tﬁ tting
tim h t
i InPoP?ra i onaf%ﬁa oﬁ?g?h-egg}gtee?:%’:ﬁd gag\fgﬂp o %h\'?[(%regﬁgg:] ﬂP\Oh ﬁantgg Eﬂefgn}; romthe

first base epitidinfenty hiekgrobifbrerstatibonsp e%lflcThe"DmtAhOdarﬂf dpim-basegher ei n
the timng information is relative tim ng 2 information about the first
and second chayBuRricatipon standardsi thasd skilded tinethepbrt willsappriegiate ghaththef | rst

b t at t f

el ecommunPusth s end TS s REEHRS gfwhﬁe”%z%ﬁ’?% Bieised! B ciitngrion iR, | ©
type whi ch gih@ns{Brhsded d88S®Rid fahds Elgﬁbg 'i'ﬁ(t?ul%.tl@ﬁc ofrdll negzoge & fid st
air interface; WO 01/67788 PCT/ US0I7 07390 a base stati of a

secondlﬂyp@rmumh ihvemison t snmndpasseel e aorﬂ;zcdhd siogmpalete 6systeasdiangl t o a

second air interface; and (c) a ,nobjle station, which receives the second
si gnal ovefORRBUBIEREARS RFocestes dessribad derpigabeve hisalse Marioyh IBRoYaiesecond

w th the pSREE Y Bits? syRRRR Aol s WAL b oribidlioft andlpd: 57 Fne

base st ati epnMindthshd thesdoft ype responsive to the second si gnal so that the
nobi l e station is handed over 12 fromthe first to the second base station
responsi ve to t hewilathasi be eppdedated that the preferred embodiments described

15  above are cited by way of example, and the full scope of the invention is limited

only by the claims.

WE CLAIM:



and which is configured to transmt timng information. 5. The apparatus of
Claim4, wherein the timng information is relative timng 2 information
about thevénret’seand second base stations and is transm ttRATAS0ATE90f i r St
base station. 6. A nmethod of facilitating intersystem handover of

communi cati ons between a 2 nobile statT%3 n and at | east one base station of
a first wireless conmmuni cati ons syste o the nobile station and at | east
one base station of a second wireless 4 conmmunication system the nethod
conprising the steps of: (a) transmtting a nmessage fromthe nobile station
to the at | east one base 6 station flAﬁg[érLrst W rel ess communi cati ons
system the nessage including tim n§' tion about the at |east one
base station of the second wireless 8 system and (b) determ ning relative
timng betveenIt henchile vamddss eieohmsmicitiahs oystend, vittieh fnchugles bake statiosd efas
communi gations ;system and. t he at. | east_one base station of the second
wireles commlﬁlir%émeo?&e@%taé?ﬁrd’é‘ﬁdo pirgair Eﬁtﬂfﬁcﬁé@é@éﬁﬁaﬂhﬁ’r}sé}f@s@wnd

comuni cat i ons i I i g ihaf i IS .GSM
Fmng i nf or matian ey o1 BTG b O gty T Berbie ERA ot T,
6, wher @i n t he nxbiontitinn irthesystenrfromiadasi base stetien,evhichs iscof the Hist eypte, to
sequence system and tbﬂhe tti m ng, I Bf.or tion i 3 di rect .sequence tim ng

i nformation. 82SCOREPRNSRION,¥hicERPIGe SHICaA LYRS: EPRPIBver of

comruni cati ons aSet vv?e{ghr], ﬁ 2 nobile station and at | east one base station of
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responsive to the data received therefrom; and

14 (d) transmitting timing information.

2. The method of Claim 1, wherein the timing information is about the second base

2 station and is transmitted from the first base station to the mobile station.

3. The method of Claim 1, wherein the timing information is relative timing
2 information about the first and second base stations transmitted from the mobile

station to the first base station.

4. A wireless communications apparatus, for use in a mobile telecommunications

2 system, comprising:

(a) a base station of a first type which transmits and receives a first signal

4 according to a first air interface;



2 a direct sequence systemand the timng information is direct sequence
timng
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(b) a base station of a second type which transmits and receives a second signal

6 "according to a second air interface; and

(¢) a mobile station, which receives the second signal over the second air

8 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

10 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

12 from the first to the second base station responsive to the transmitted data,

and which is configured to transmit timing information.

5. The apparatus of Claim 4, wherein the timing information is relative timing
2 information about the first and second base stations and is transmitted to the first

base station.

6. A method of facilitating intersystem handover of communications between a
2 mobile station and at least one base station of a first wireless communications
system to the mobile station and at least one base station of a second wireless

4 communication system, the method comprising the steps of:

(a) transmitting a message from the mobile station to the at least one base
6 station of the first wireless communications system, the message including
timing information about the at least one base station of the second wireless

3 system; and

(b) determining relative timing between the at least one base station of the first
10 wireless communications system and the at least one base station of the

second wireless communications system; and

12 wherein the second wireless communications system is a GSM system and

the timing information is GSM timing information.
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7. The method of Claim 6, wherein the second wireless communications system is a
2 direct sequence system and the timing information is direct sequence timing

information.

8. A method of performing intersystem handover of communications between a
2 mobile station and at least one base station of a first wireless communications
system to the mobile station and at least one base station of a second wireless

4 communication system, the method comprising the steps of:

(a) transmitting a message from the at least one base station of the first wireless
6 communications system to the mobile station, the message including timing
information about the at least one base station of the second wireless

8 system; and

(b) using the transmitted timing information to facilitate intersystem handover
10 of communications between the mobile station and the at least one base
station of the first wireless communications system to the mobile station and

12 the at Jeast one base station of the second wireless communication system.

9. The method of Claim §, wherein the second wireless communications system is

2 a direct sequence system and the timing information is direct sequence timing



