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I:NTER- SYSTEM CALLI NG SUPPORTI NG | NTER- SYSTEM

SOFT HANDOFF BACKGROUND OF THE | NVENTION 5 - . Field
of the Invention The present invention relates topMiSiRNsa

t el ecomuni catTBRE4  \pre particularly, the present i nvent?’g)n relates-to
a novel and inproved 10 nethod and apparatus for perform ng conducting

t el ephone calls or other comuni cati ons between wirel ess
t el econmuni cati ons systens that supports_inter-system soft handoff.
1. Description of the Related Art 15 1 FIG 1 is a diagramof a

ceflul ar tel ephone DVEERFSYSTEMICALLING SURRORTING INTER Y SIEM

code division nultiple access (CDVA) @—]ﬁ uency (RF) signal
processi ng techni ques. To conduct a tse ep g—;}él%];(??ﬂ or ot her

communi cation, a subscriber unit 18 interfaces with one or nore 20 base
stations 12 using COMA nodul BASKGROIINI2 QE I ESINVENTIQIN whi ch

both traffic amd signaling data are exchanged. Each interface

i ncl udes a forwarg (] il nnel transmtted within a forward |ink
RF si gnal fromthfei'ﬁtl)gggogs gtlﬁg%‘ti‘g‘?' and a reverse link traffic channel

nal fromtl _ _ traffic channel =
Leing the data exchangilt Breetitcmeneforty Hetid, U8, WG BAR i ppltlchuide.

numer ous ot her typlose prrigdadysthp presgnt dnventien gelatesole @ pavelopne imprege
10 including pobl hetiyd bedaBphrired RSerRHMAE koh 85ty tfeptitthefalls or other

communications between wireless telecommunications systems that
supports inter-system soft handoff.

15 II. Description of the Related Art

FIG. 1 is a diagram of a cellular telephone system configured in
accordance with the use of code division muitiple access (CDMA) radio
frequency (RF) signal processing techniques. To conduct a telephone call
or other communication, a subscriber unit 18 interfaces with one or more

20  base stations 12 using CDMA modulated radio frequency signals over
which both traffic and signaling data are exchanged. Each interface
includes a forward link traffic channel transmitted within a forward link
RF signal from the base station 12, and a reverse link traffic channel
transmitted within a reverse link RF signal from the subscriber unit 18.

25 Using the data exchanged, a subscriber unit 18 communicates with
numerous other types of systems by way of base station controllers (BSC)
10 including public switched telephone network (PSTN) 19 and any
systems coupled thereto. Typically, BSC's 10 are coupled to PSTN 19 and
to base stations 12 via wire line links including, for example, T1 or El

30 links, the use of which is well known in the art.

The 1595 CDMA over the air interface standard (1S-95) promulgated
by the Telecommunications Industry Association (TIA) is set of standards
for providing wireless telephone service via CDMA modulated RF signals.
In accordance with the IS-95 standard, the forward and reverse link traffic

35 channels are created by direct sequence modulating the data being
transmitted with forward and reverse link traffic channel codes known to



systens coupled thereto. Typically, BSC's 10 are coupled to PSTN 19 and
to base stations 12 via wire line links including, for exanple, Tl or E1 30

| i nks, the use of which is well known in the art. The 1S-95 CDVA
over the air interface standard (IS-95) pronul gated ' cfpﬁ"

Tel ecomuni caPPoRé1%Rdust ry Association (TIA) is set of stan Ay oS o741z
providing wireless tel ephone service via CDVA nodul ated RF signals. I n

accordance with the |1S-95 standard, the forward and reverse link traffic 35
channel s are created by direct sequence nodul ating the data being
transmtted with forward and reverse link tr&affic channel codes known to
WD 97/ 41698 both the subscriber unit 18 and base stat:on 12. AdditionaMNy]/datl Wabe' 412
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stations 12 and subscriber unit 18 in 20 milliseconds (ms) frames. To

15 facilitate the even distribution of all the data being transmitted, the
transmission time of each frame is set to one of sixteen frame offsets
which occur some multiple of 1.25 ms after a frame edge. The frame offset
is the amount of time the subscriber unit 18 delays transmission of a frame
after a frame edge. The frame edge timing is provided to each subscriber

20  unit 18 via synchronization information transmitted to each subscriber
unit 18 using a synchronization channel transmitted within the forward
link signal, and the frame offset for a particular communication is
determined at the beginning of each communication which will remain
the same throughout the call.

25 In accordance with the IS-95 standard, data is transmitted at one of
four rates during each 20ms frame, with the four rates being referred to as
full rate, half rate, quarter rate and eighth rate. Cellular networks
operating at full rates of either 9.6 kilo-bits per second or 14.4 kilo-bits per

. second are known, with the lower rates for each configuration being

30 approximately equal to the next higher rate divided by a factor of two. The
four data rates associated with a full rate of 9.6 kilo-bits per second are
referred to as Rate Set One, and the four data rates associated with a full
rate of 14.4 kilo-bits per second are referred to as Rate Set Two. To
facilitate understanding of the exemplary embodiment of the invention

35 described below, the number of bits transmitted at each frame rate for Rate
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transm ssion tine of each frane is set to one of sixteen frame offsets

whi ch occur sonme nmultiple of 1.25 ns after a frane edge. The frane offset
is the amount of time the subscriber unit 18 delays transm ssion of a frane
after a frane Mm];pe frame edge timng is provided to eachpsin@gtisber 20
unit 18 via syncHronization information transmtted to each subscriber ~
unit 18 using a synchronization channel transmtted within the forward

link signal, and the frane offset for a particular conmunication is

determ ned at the beginning of each conmunicgtion which will remain

t he sanme throughout the call. 25 I n &accordance with the |1S-95
standard, data i s Set Bmersnd:Rate Set Twe ae shown fm Jrablestleandgllrespectixely, 2lhng

frame, with the fQqus, rtﬁéﬁsaggﬁéi@ﬁdrﬁf&ﬁbﬁﬂyt& @ansmission!|durlrdt &, typalal vioddee,
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four data rat e? asgocéqgt ed vvlﬁthna full rate of 9.6 kilo-bits per second are
referred to as Rate Set One, and the four data rates associated with a full
rate of 14.4 kilo-bits per second are referred to as Rate Set Two. To

facilitate understandi ng of thErameechppenl Framebdenotbnt Probabitity iinventi on 35
descri bed bel ow, the nunmber o | {8 rate for Rate
WO 97/ 41698 Full Rate 256 0.291 PCT/ US97/ 07412
3 Set One and Rate Set TWhiARaeSNOMi1541 1abl €S| poasd 1T rlespectively,

al ong with their associ at S ”‘Lgﬁu% . LSSI uring a

typi cal voice conver sat i Opr—hReweert—Re—partetH et is
necessary to practice the Eighth Rate | 96 0.598

Table I. 9.6 Kbps Rate Set Frames

Frame Type | Frame Length] Probability .
(Bits)
Full Rate 352 0.291
Half Rate 208 0.029
Fourth Rate 136 0.072
Eighth Rate 104 0.598
10 Table II. 14.4 Kbps Rate Set Frames

Still referring to FIG. 1, sections of three CDMA cellular systems

(which are also referred to as CDMA Cellular Land Networks - CCLN) are
shown, each of which is comprised of a BSC 10 and the set of base stations

15 12 to which it is coupled. Each base station 12 interfaces with a set of the
subscriber units 18 located within the corresponding coverage area 15.
Most coverage areas 15 are divided into sectors 17 which correspond to
separate antenna and RF signal processing systems within each base
station 12 that are normally configured in a direction specific manner.

20 Coverage area 15A is shown as a single sector 20 which generally
corresponds to one or more omnidirectional antennas and RF signal
processing systems. Billing, subscription and call routing functionality are



I nvention, although the rates set described are preferred because they 5

cofply with known standards. Frame Type Frane
Length Probability (Bits)

Full Rate 2 0.291 Hal f Rat

0. 029 Woonmes 0B e 120 0 o7z Fersshifu
Eighth Rate 96 0. 598 Table I. 9.6
Kbps Rate Set Franes Frame Type Franme Length
Probability ) , (Bits)

Full, Rate = 352 0. 291 4 Hal f Rate 208
0.029 typically provided hwithineBSA'8d0, or via the us@ of Bther systems coupled
Ei ghth Rate 104 i, BsC's 10 vwhieR&ire nb? shown. Sep?]rate CDMA celhit} %Y%tgﬂtsslé{é

Kbps Rate Set Franes . Sti. referr to.FIG 1, sec )
three CDMVA cel | ul engiallysused either Pmﬂ\l Rrex SeryiceProudaTs oor bthesampervice
Cel lul ar Land Net yarokiler witdri\jheamitember of bisevataticracte nécesddirg o iservicyTan iazed

of a BSC 10 and tr}:%ﬁée%fs thf%gaégyvgﬁtf?%ﬁ%@gg’éo]’fo 12 to which 1t is coupl ed.

Each base station i nter 5 t he subscri ber_ units 18
| ocated within the corAssghavam dg By d subecribez anits18C is intepfaging ovish syysingleas
15darR E di vi dfad ir(r;tckﬁasé saitioh s 2while sabsceiber &ﬁﬁo’mh ESJinterfac;?gB/?i&Htrﬁi\éﬂiﬁlg%&F .
normal 1y conf i gur i Tareots TAEBPtiok el RREE MfGpulunge bath sBugi 1831 43
is shown as a si ngamestimeois wierned ¢o asg;gﬁtehmdqff. Soft handoff can be contrasted
10 with hard handoff during which a subscriber unit drops a first interface
with a base station before establishing a second interface with another base
station. Soft handoff increases the diversity of signal source for a
corresponding subscriber unit since multiple connections are maintained
at all times during the communication. Because of this increased diversity
15 of signal source, soft handoff is typically considered superior to hard
handoff. Hard handoff is nonetheless performed in most non-CDMA
wireless cellular systems because each adjacent base station employs a
different range of RF frequencies to conduct telephone calls, and most
subscriber units can only operate at a single frequency band at any given
20 time. :

To perform soft handoff within a CDMA cellular system in
accordance with the IS-95 standard, various functions must be performed
by each BSC 10. These functions include selecting a best instance of
reverse link data from a set of instances of reverse link data received (data-

25 selection), as well as generating multiple instances of forward link data for
transmission to the subscriber unit 18 (data-broadcasting). The multiple
instances of the reverse link data are generated during a soft handoff by
the set of base stations 12 with which the subscriber unit 18 has established
an interface. Conversely, each instance of the forward link data generated

30 s for transmission to one of the same set of base stations 12. A description
of the procedures associated with one method for performing a soft
handoff is set forth in US Patent 5,267,261 entitled "MOBILE ASSISTED
SOFT HANDOFF IN A CDMA CELLULAR COMMUNICATIONS
SYSTEM" assigned to the assignee of the present invention and

35 incorporated herein by reference. Additionally, each BSC 10 performs



corresponds to one or nore omnidirectional antennas and RF signal
processi ng systens. Billing, subscription and call routing functionality
are WD 97/ 41698

PCT/ US97/ 07412 Mﬁ’dﬂiﬁhhy
provi ded withi WBE4¥810 or via the use of other systems cou Fi' -

BSC s 10 which are not shown. Separate CDMA cellular systems are
generally used either by different service providers, or by the sane
service provi der when the nunber of base Stations 12 necessary to
service an area 5 exceeds the capacity of a single BSC 10. As
shon in FIG 1 subatoushpowenicontt8Copsrations: heressaqy wp tthe ;propeoperationpak a

station 12 while sgpjghl ﬁhléfnﬂeiegl-\%ﬁe'%s&é?ﬁ %Efsé‘tcfo?ﬂ\ W\ tme lobi stheddrasend a

stations 12. The state o

mul t i t
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for a corres poﬁgﬁ-ﬁﬁmg uﬁ?sﬂg%‘id:ﬁ?e theAssignee Oédlﬁﬁé’é'g eaﬁgngfegnon
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a single frequency P orm so
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standard, various tumbirednwithitsthessogiafed i station 12, and the resulting single set

of reverse link data is transmitted to the associated BSC 10. Similarly, any
15  duplication of forward link data to be transmitted from each sector to the

subscriber unit 18 in softer handoff is performed within the associated base
station 12.

As shown in FIG. 1, subscriber unit 18C is located between the

coverage areas 15 of two base stations 12 that are coupled to different BSC's

20 10, and therefore at the edge of two CDMA cellular systems. To provide
complete mobility within a metropolitan region it is desirable to allow
subscriber unit 18C to transitions into the second CDMA cellular system
while continuing the call, as many metropolitan areas and other regions
are large enough to require multiple CDMA cellular systems for complete

25 coverage. While the BSC 10 processing the call could be switched as
subscriber unit 18C moved from the first CDMA cellular system to the
second CDMA cellular system, switching BSC's 10 would preclude the use
of conventional soft handoff techniques as no single BSC 10 would have
access to all the information generated by the first and second base station

30 that would be necessary to perform data-selection and data-broadcast
during the transition.

Without data-selection and data-broadcast soft handoff cannot be
performed in the normal manner. While a hard handoff similar to that
performed in non-CDMA cellular telephone systems may be employed

35 during which the BSC 10 processing the call is switched, hard handoff is



by each BSC 10. These functions include selecting a best instance of
reverse link data froma set of instances of reverse |ink data received
(data- 25 selection), as well as generating nmultiple instances of forward
| ink data for ransm ssion to the subscriber unit 18

(dat a- broadcég??'%lf;s The nul tiple I nstances of the renggjgs?7(°ﬁ?32dafa
are generated during a soft handoff by the set of base stations 12
wi t:h whi ch the subscriber unit 18 has established an interface.
Conversely, each.instance of the forward |ink data generated 30 is for
transnission to one of the sane set of basebstations 12. A description
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Anot her featd®e enployed in CDVA cellul ar tel ephone systens is softer
handof f. Softer handOTﬁe preséﬂtexxstem&mnohssé Movieknend! Sinypriovbar haethod 4Ad

e e S SO
across CD A cellular telephone systems that supports performing an
inter-CDMA cellular system soft handoff. In accordance with the present

15 invention, when a subscriber unit crosses from a first CDMA cellular
system to a second CDMA cellular system, a base station controller
determines if sufficient network resources are available to conduct an
inter-system soft handoff. If so, the base station controller generates a set
of signaling messages that cause call processing resource to be allocated

20  and for the call to be processed at the second CDMA cellular system. The
base station controller then perform data-selection and data-broadcast for
the call by transmitting data to the subscriber unit by way of the second
CDMA cellular system as well as via one or more base stations to which
the base station controller is directly coupled. The determination as to

25 whether sufficient network resources are available to conduct the inter-
system soft handoff is based on the type of connection that exists between
the first CDMA cellular system and the second CDMA cellular system, the
number of inter-system calls being conducted, and the frame offset of the
call currently being processed.

30
BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will

become more apparent from the detailed description set forth below when

- 35 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:



RF signal received froma subscriber unit 18B in softer handoff are
conbined within the associ ated base station 12, and the resulting single
set of reverse link data is transmtted to the associ ated BSC 10.
Simlarly, anyy, 51/4&9:?' ication of forward link data to be tr @egrisbhedizl r om
each sector to the subscriber unit 18 in softer handoff is perforned
wi thin the associ ated base station 12. As shown in FIG 1,
subscriber unit 18C is |ocated between the coverage areas 15 of two
base stations 12 that are coupled to differegt BSC s 20 10, and therefore
at the edge of two CDVA cel | ul ar _systens. To'provide conpl eé_e mobi lity
within a metropolitan Figibrisia diagraesiofadiset 1of esllulay systemsyisopkignred iR ¢
18C to transiti ongcédgagngehmtﬁ%@pﬁom cel lular system whi | e
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coverage. Wil e t hecad@anceowithonesembgdimentcaf thecinyentipe seavicinga supscriber
subscriber unit 1§GinRveshidusomdcitighst i rst COMA cel lular systemto the

second CDMA cellular s swi tching..BSC s. 10, woul d precl ude. .t he, use
of conventional soft hﬁéﬁﬂs‘1%Wn?nlﬁggﬁﬁgaﬁlggsﬁhﬁgﬁlé?sé%éﬁfg‘%fﬁ’ feﬁ%%me
access to all the whdthemsufficierge irsrertopaietty resoairéasr ate andilalde otrd condect an
station 30 that ml._@¥ggmn§gp§§ﬁaa(ff.to perform data-selection and

du 7. .

ot

dat a- br oadcast lng. the transition. . Wthaqut . .
dat a- sel ecti on and dat gl‘ﬁT%&Oﬁ:'&é‘Fﬁﬁﬁmﬁhﬂﬁﬁfqﬂs‘éﬁm 5‘3’“‘%” eigared dni n
t he normal manter .acWridhacawitdr dnd ambotiimentnof tre inyentian; performed in

non- COVA cel [ ul ar tel epfeng ;S%Shedds gg.ly Snteﬂﬁl ﬂéﬁ 3 ﬁlllégé'a%g v edin it daq
BSC 10 processing {he ca 1_§i‘s: SWitche aé%r asn ogg |§1se SV\l? 97/141698
PCT/ US97/ 07412 during an inter-system soft handoff setup procedure gshen performed in

accordance with one embodiment of the invention;
FIG. 6 is a message diagram illustrating the messages transmitted
15  during an inter-system soft handoff teardown procedure when performed
in accordance with one embodiment of the invention;

FIG. 7 is a message diagram illustrating the messages transmitied
during an inter-system softer handoff setup procedure when performed in
accordance with one embodiment of the invention; and

20 FIG. 8 is a message diagram illustrating the messages transmitted
during an inter-system softer handoff teardown procedure when
performed in accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
25 EMBODIMENTS

A method and apparatus for processing a wireless telephone call or
other communication across CDMA cellular telephone systems that
supports performing an inter-CDMA cellular system soft handoff is

30 described. In the following description, the invention is set forth in the
context of a radio frequency signal interface operating in accordance with
physical signal modulation techniques of the IS-95 CDMA over-the-air
protocol. While the described invention is especially suited for use with
such signal modulation techniques, the use of other wireless

35 telecommunications protocols is consistent with the practice of the present



| ess desirable than soft handoff as noted above, and perform ng hard
handoff within a CDVA cel lul ar tel ephone systemis especially difficult
because use of sanme frequency in adjacent base stations creates

i nterference present in the non-CDVA systens. Ther ef, sefloaSt em
and net hod 5 wPorﬂRh CDIW

owng a call to be processed across cellular -
systens that supports soft ‘handoff across CDMA cel | ul ar system boarders
is :highly desirable. The present invention is directed to such a system
and net hod. SUMMARY CE THE | NVENTI ON 10
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conductive connections or via the use of electromagnetic signals, or both.
In other instances throughout the application, various well known
20 systems are described in block form. This is done to avoid unnecessarily

obscuring the disclosure of the present invention. _

FIG. 2A is a block diagram of a cellular telephone system configured
in accordance with one embodiment of the invention. Base stations 22 are
coupled to base station controllers (BSC) 20. BSC's 20 are in turn coupled

25 to public switched telephone network (PSTN) 19. Subscriber unit 28 is
located within a coverage areas 25. As can be seen, the configuration of
the cellular telephone system is similar to that shown in FIG. 1 except for
the direct connections between the BSC's 20 shown. Using these direct
connections, information will be exchanged between BSC's 20 that will

30 allow an inter-system soft handoff to take place. In the preferred
embodiment of the invention these connections are comprised of one or
more T1 or El links configured to transmit data in frames. In one
embodiment of the invention, frames are indicated via the use of leading
and trailing flags in accordance with, for example, the HDLC protocol the

35 use of which is well known in the art. Various other methods of
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Y/ FIG 1 is a diagramof a set of cellular systens configured in
accordance with the prior art; FIGS. 2A -D are diagrans of a set

of cellular sy‘ﬁégﬂg‘s&onfigur ed in accordance with one enyegnirsaf t_he

I nvention servi a subscriber 5 wunit at various |ocations;

FIG 3 is aflowchart illustrating the steps perfornmed to determ ne

whet her sufficient interconnect resources are available to conduct an

i nter-system soft handoff; FIG 4 is a block diagramof a base
station controller configured in 10 ac,cordaﬁce w th one enbodi nent of the
i nventi on; proviging a frame basgd dniegtace will beranparentt e anerkiletin fhesaries

transmtted AHA 418 RRsisin® wRdSTRMSObE thapdadcht 38T eI Oh O CAthilee othen
performed in accaor dance ¥\n i.nvent j

FIG 6 is a nessa§Stadigents o Itﬁgti?‘g{g?ﬁggf %i?r}r,eng 'Bg‘%e‘té*n% YRR ?t %?fh’i‘gdions
during an i nter - spetwears BSC'sI28n thef inventionl isnesperiai dlesigneti dar pee mithhed'1 or
imr; ag'cgr ganC?‘ % t | l%f\n@étmgﬂil{“éﬁmseo(tf e AvaiBBlic ,{‘étagility and low EdsE I fh&, @
s a0 b 3 A orL om0 B v
accordance with ornke esbofliar®Bnor E1 cohpedtivrsnisi one; ofathe &bvantages of the(preBents a
nmessage di agram i lihyﬁﬂﬁgﬁi ng the nessages transmtted during an
i nter-system softer handoff teardown procedyre when Aerformed i
accordance with one en‘é‘éd!%tabe'f’eftﬁgﬁ)?m&e?ﬁﬁ . System or Cbma 5@14&65361“1
DESCRI PTI ON OR0THINEROFERRETLN) is defined as a BSC 20 and the set of base stations 22 to
which it is coupled. In FIG. 2, subscriber unit 28 is shown at the boarder of
two CDMA cellular systems. The solid double arrow line indicates that
subscriber unit 28 has established an RF interface with a first base station
22 and therefore with the associated CDMA cellular system. In the
15 preferred embodiment of the invention the RF signals used to establish
this interface are processed in accordance with CDMA techniques. For
purposes of this application, the CDMA cellular system with which
subscriber unit 28 is shown presently interfacing is the CDMA cellular
system with which it first established a radio communication, and will be
20 referred to as the anchor-CDMA cellular system. Additionally, any
subsystem associated with the anchor-CDMA cellular system may be
indicated as such via the use of the prefix "anchor-" and the system name,
for example "anchor-BSC" and "anchor-base station”. Similarly, any other
CDMA cellular system involved in the inter-system soft handoff may be
25 referred to as a target-CDMA cellular system, and any subsystem associated
with a target-CDMA cellular system indicated as such via the use of the
prefix "target-" and the system name, for example "target-BSC" and
"target-base station".
In accordance with the present invention, as subscriber unit 28
30 moves to the target-CDMA cellular system located to the right and below
the anchor-CDMA cellular system, the anchor-BSC 20 initiates an inter-
system soft handoff by generating a set of signaling messages directed to
the target-BSC 20 associated with of the first target-CDMA cellular system.
These signaling messages are transmitted to the target-BSC 20 associated
35  with the target-CDMA cellular system, and request information about the



25 EMBODI MENTS A nmet hod and appar at us

for processing a wireless tel ephone call or ot her conmmuni cati on across
CDMA cel lul ar tel ephone systens that supports perform ng an inter-CDVA
cellular systemsoft handoff is 30 described. In the foll ow

descri ption, PRS- nt i on is set forth in the cont extv%%sﬂlgﬁuo -
frequency signal interface operating in accordance with physi cal

si gnal nodul ati on techni ques of the I S-95 CDVA over-the-air prot ocol .
Wil e the described invention is especially suited for use with such

si gnal modul ation techni ques, the use of ot A@r wireless 35
t el ecommuni cat i omsingiseat of iriter-systemnsofs thentioffi tillst berrpntdy thetwg ebntlhetedrigsent

WD 97/ 41698 L1 2] 412
: : w that CDMA cellul m, . - ]
8 I nvention I nlg?ladlt%ag r():r ot OCQC sut atsyst}?l [ zghecd@hgeélBESr?al préoS §§éé n

t echni ques or ot KEANSPHBING: & signAling Jnessagp el themnshotyBin40 wrvidingdte
functionality. FueqstetirformhitiGioln thdprefated ehitvdimeat of e WRA6Bh the

! onality. f o S f . .
et udi ng bot R vorddete infbRgaloh! ek tnd WAEY, RAxbRETH AR 2
during whi ch di gianghorgdad thefirst denget-6dPMAr eglhdar systemiand hareingvibiecanchor-

transmtted. CDMA celllilapghtent ab faetaggmlc'lgmA QBllEIAE sySRnBNchtédorIRHl B ON
of various ty e

Sl gnal i g messagdlrns (r6F CHRG B 1B SRHEPEL o i intee RPRRRHORY &
constituted by elssbsariher emit withiretheetaegrtdt DM cdiulahsysterat bubfed whighahang
messages t hatjpar uegipefL@st ¥ gresently i ehd!SRcIMr-CDRA T deflutdt ERdm. MOlHATe
potenc el o oL AL B SIS 8 Ruepion TS b UL SElsmation
: internally within an inter-system call database, described in greater detail
below. Using this information, as well as information maintained
internally, the anchor-BSC 20 determines if sufficient network resources
15 are available to conduct the inter-system call.

The process associated with determining if sufficient network
capacity exists to perform an inter-system call is illustrated by the flow
chart shown in FIG. 3. At step 30, predetermined maximums N and
N_FO are set based on the capacity of the connection between the anchor-

20  BSC 20 and the target-BSC 20. At step 31 the anchor-BSC 20 determines the
total number of inter-system calls being processed by way of the
connection between the anchor-BSC 20 and the target-BSC 20 in both
directions (TOT). That is, anchor-BSC 20 calculates the total number of
inter-system calls either anchored at anchor-BSC 20 and targeted to target-

25 BSC 20, or anchored at target-BSC 20 and targeted to anchor-BSC 20. At
step 32 it is determined if this total number of calls is greater than or equal
to a predetermined maximum N, and if so the inter-system call is rejected
at step 33. Otherwise, the total number of inter-system calls being
processed by way of the connection between the anchor-BSC 20 and the

30 target-BSC 20 in either direction and associated with the frame offset
(FO_TOT) of the call being processed is calculated at step 34. At step 35 it is
determined if this total number is greater than a predetermined
maximum N_FO, and if so the inter-system call is rejected at step 36.
Otherwise the inter-system call is accepted at step 37. Values for N (Max.



reference to various systens for responding to, as well as manipul ating 15
and generating of, such information. In the preferred enbodi nent of the

i nvention, such systens are inplenented via the use of digital and anal og
I ntegr at ed Se"kv o%;ﬂg%;,or circuits coupled to one another via yafdRvs7412
conductive con or via the use of electromagnetic signals, or both.
I n other instances throughout the application, various well known 20
systens are described in block form This is done to avoid unnecessarily

obscuring the disclosure of the present mveriil on. FIG 2Ais a
bl ock di agram of a cellul ar teI hone s Eﬁt em-confi gured i n_accordance
wi t-h one embodi meriNo.ogf Carsied rpd N g3 dMaxglNpopE Call per Frame Offsgthrader o

base station cont r‘mr{(ﬁjsscoﬁlaﬁgngﬂ-e profideddbelewe in turn coupled 25 to

public switched tel eph netvvork (PST ubsgr. ber unit, 28 is

| ocated within a coverggez A 288! tﬂsﬁ% béts gﬁﬁcmﬁen#wﬁrkgmsgpr%eﬁ 8¢

the cel l ul ar tel ephvailebleyanchoriBSG ﬂmgeaﬁrattes 2 Isett of hdditional EigBalingemesyages or

tcgﬁnglc{ eg'ﬁl Conﬁgﬁmgﬂ%gﬁf‘é wlecl.%m EH&::@Q&b@QS&BﬁW&? Watvagkrt fﬂﬁéear?hSﬁGDMA

ions, i W

allow an inter- sysﬁngH'}a’sséthFnh%‘gﬁaFgatm&bﬁ?ﬁﬁyﬂ (rf’ﬁ way é FPBBeCt“’“

embodi ment of the between itbe tWoe€®MANredsdarosystems; arainfor sstdblishingearoninter-

more T1 or El li nk@s&%‘csbﬂ‘i{a?\ oi’fousﬁﬂ R5i9ichl Qﬂ&ﬁnﬂ%ft{:ﬁigﬁ-ﬁ) n é?@‘?. riber. unit
VY use feacfl

enbodi nent of the I'nv rel |cate

and trailing fl ags‘“F‘hﬁ?fc}é’@F éﬁi’ﬁ%‘e cefly are%Yé?‘FBP e, i‘?ﬁérﬂqbl?é Greseonds
35 wuse of whith Hshevmaltlofl@ngmﬂmgnmdssa@stby aodating cﬁlhplrodessxhgdﬁes@ﬁrces for

5 "' broviding a TARE i aspociated pih el and by generating siegi Ffugt,
the art, and athat eayvse ‘?Sleﬁfocﬁﬁ'l‘g feRougSs t&?f % ﬁ %.?ﬁtt he hpsp sragien 22

Wi | e ot her providing the interface for the coverage area 25 into which subscriber unit

28 is entering. Using these call processing resources, the base station 22 in

15  the first target-CDMA cellular system (target-base station 22) acquires and

begins to process the reverse link channel generated by subscriber unit 28,

and also transmits a forward link channel for detection and processing by

subscriber unit 28 as indicated by the dashed double arrow line.

Anchor-BSC 20 continues to perform data-broadcast and data-

20 selection for the call, with the dashed lines illustrating the path taken by

the various instances of forward and reverse link data during the course of

this data processing. For the forward link daté, an additional instance is

sent to the target-BSC 20 by way of the call channel established between the

anchor and target BSC's 20. Using the internally allocated signal

25 processing resources, target-BSC 20 forwards the data received from
anchor-BSC 20 to the target-base station 22, which in turn transmits that

data via the forward link channel allocated for to the call as shown.

Forward link data continues to be transmitted to the subscriber unit 28 by

way of the anchor-base station 22 originally interfacing with subscriber

30 unit 28. The selection is performed by anchor-BSC 20 in similar fashion

to that of intra-system soft handoff, except the selection is performed using

reverse link data provided from both the original base station 22 and the

base station 22 in the second CDMA cellular system provided by way of

target-BSC 20. Thus, an inter-system soft handoff is established whereby

35  subscriber unit 28 is engaged in bidirectional RF interfaces with two base



enbodi nents of the invention may utilize other types of connections
bet ween BSC s 20, the invention is especially designed for use with a T1 or
5 E1 connections because of their availability, stability and |low cost. In

fact, th lahdokY tO provide soft hand off capability bgt .l\rz@@q Rt s 20
coupl ed via %&p’k‘k@use of a T1 or E1 connections is one of t I3vant ages
of the present I nventi on. As noted above, a CDMA cel l ul ar
systemor "CDVA Cellular Land 10 Network" (CCLN) is defined as a BSC 20
and the set of base stations 22 to which it is coupled. In FIG 2,
subscriber unit 28 is shown at the boarder df two CDMVA cel | ul ar

systems. The sol i stationh22frany diffdremie COMAetlutart dystem’s, and dotesélediorumid 28

has established ag,ibrbii@LE 9&‘3 Mdrthed Withid ﬂh?&fch%?iﬁs@fh Once Ke @5!@' has
therefore with ”e]bq assoc

sfem re erred
enbodi nent of t hePSey EAtep ?P%ea@%(ﬁ?ﬁﬂ%s@% élg%amt?rsﬁal ta'?iwpsgy
interface are proinessanehting ahe autisbareofrintdr-syBidin tcalld beingesondrated with the

pur poses of t é@“ %M% L 1 VSR

subscri ber uni Z%E?At S oﬁp%e]%&elggn I%I?etir\ afg"u{“rﬂ‘g 'S ?]ha\e%%gﬂ 4 call
system wi t h which ‘F‘f‘gl’F‘PC@FSeéstabl i shed a radi o conmuni cation, and wi I I be
20 referred to as theAanabsuribeDvhit @8l ¢otaiues YR emove Adeb tthenwrget-CBMA

subsystem associ a I S
I ndi cated as such'E \?/lféxéé’ﬁ#&eﬂ?u&?ﬁﬁg % e, %ﬁ%ﬁi € %’r%&‘ig]at Clgsvé':sltvgrtr}f rgg(r:re
for exanpl e "anchw¥rchesbase piationida dhe m@ésxqtamu &?ﬁ-hasdﬁﬁfllartpvmrmsddmf en

CDVA cel | ul ar 13y streraven (e Hﬁdlﬂknbét%ehftheﬁuﬁséﬁb@ﬂhﬁﬂf% diﬂnﬂ@f inm-@mv%
referred to as a t

st em.associ at ed
with a target- CDME {é‘gﬁ f?fsg‘?’“éﬁ?%‘mdgwé‘r ca%}égi‘%gvgﬁcﬁg Y pf’#o a%'F e
prefix "target-" sirstemn malisthat énmﬁme beingr candareside completely sttbmaﬂw target-
"target-base statCPpMA cellular teleg R agsehdangR ‘MMrH%cD&@&&BE luweaﬂmon
?m

as subscriber unit 28 30 . np tﬁ% M%&W&Cﬁééﬁk‘%ﬁ?n‘%ﬁ anc%gr_ BSC

to the right and BEls
20 initiates &¥n ithegprget-BSC %@/Staefhf-ﬁﬂtcmaﬁ@’oﬁ'fhlﬂjﬁhgdnéﬁ shawin hytb@td@hed
si gnal i ng rressageﬁnsllxhemtsdst ODurmg e t&'ﬁ-BGﬁIn' BS&eaglasmunghsld ptbdeBsiAf

e a2 G A e oo AL B BT 3008
cel lular system #idreeessidgtothar eallfat i on about the

FIG. 2C shows the data paths used to process the forward and

20 reverse link data as subscriber unit 28 enters the coverage area 25 of a
second target-base station 22 that is part of the same CDMA cellular
network as the first target-base station 22, which in this case is coverage
area 25A. While subscriber unit 28 is located at the boarder of the two
coverage area 25, and intra-system soft handoff is performed during which

25 data-broadcast and data-selection are performed by anchor-BSC 20 with the
forward and reverse link data traveling the paths shown by the dashed
lines. Thus, the inter-system call continues to be performed, with an
intra-system soft handoff being conducted within the target-CDMA
cellular system using of the anchor-BSC 20 to perform the call-broadcast

30 and call-selection.

Referring again to FIG. 2A, if subscriber unit 28 alternatively
proceeds into the third CDMA cellular system shown above and to the
right of the anchor-CDMA cellular system, a second inter-CDMA cellular
system soft handoff is established simultaneously with, and in similar

35 fashion to, the first. That is, upon receiving indication from subscriber
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10 nunber of inter-system soft handoff calls currently being conducted
by within that CDVA cellular system The target-BSC 20 responds by
transmtting a‘ﬁé?ﬂ%ﬁhﬂg nmessage to the anchor-BSC 20 provi di pgrive@nnrsz
requested infor In the preferred enbodi mrent of the invention the 5
requested information includes the total nunber of inter-system calls
anchored at the first target-CDVA cellular system and having the anchor-
CDMA cel lul'ar systemas a target-CDVA cel |ul ﬁé system categorized by
frame offset. That is, the nunber of calls thdt were originated by
subscriber unit wiwhitR8tthat apilgschangl frem albase statipa 2 assecipigel ‘Mﬁhcﬂwﬂt‘%t

10 f Subsgr ! Prte)r dum tm;f\rt?ﬁﬁﬁmsys&eitnmstuéﬁ@f@méd@we @qh{[eﬁbt%im&]}/ﬁ efteshold, he
preferred e 0|nre 0 tore LS 0f ormt i on
internally within ?’Pﬁ*‘é’?%ﬁ%“@ﬁf cpefterd’éltnﬁf)dgg nepvet ﬁ?é\a\ef“o%ré%ﬁg Fg the
detail bel ow. sddend datget-EDMAcrelisdararetwark, wekl| if so, wires thet assaciated BSC
mai nt ai ned 51 NSELORY {he nJrhsexaaphﬁéf-Eﬁ%rﬁ QaflehRkeHtEBeinf c%uaht@ue Wpon
networ k resources 15 ar e E‘V | e..to con UC? (IELL& l,hter.- %stem fa "
The process associ Hcept\gittha QFWFHPﬂgaF‘F PP Hher, defgsmynes it suffigient,
exi sts to perform aetwmke:ap&y’qt enstsad: comdudt thes gtterasysterbwallhand fifose generates
chart shown in Fi ?ﬁe c g Sﬁgé &Il Euled ”?e?ébHH’niﬁhéy é}@f@m call B BO

are set based on connection

BSC 20 and the t ar §dabl S‘WB asgaih channel created 4 SGWEHB?%%tWQE" the

total nunber of0i narthayBS@20 andlthe bmong tprget -GB§§H0 Iﬁgrwar;i avid telrerse link data

connecti on between;,t E‘ﬁ!é%l&) :
directions (TOT). hg]i% a?nvé Stczg?%ttjﬁé ggfsd t@ﬁ@d&%ellflla@%ﬁ%&em,g}( ith

i nter-system cal | sthg flﬂ@rp%fhéﬁé?%&t%‘% Vé‘ﬁ‘&ﬁHF BS(EWZUW&Md skt g OWIY dRt -
25 BSC 20, or anflGrHU As chmbgseterBistimAhe alashddhlinest s seroadahwr-@S@xﬁ(&anAt

Lo 32 11 1S et it ﬁbﬁn&%ﬂ% (IR kbl AEUGELIPRSE,
rgj ect ed 15 P system soft handoff to occur involving three CDMA cellular systems.
Once ond inter-s 1l is established, anchor-BSC 20 updates the

i wi d target-CDMA cellular system at the
lar frame offset associa dw't the call.

20 As subscriber unit 28 continues to move into the second target-
CDMA cellular system, and out of the coverage area associated with the
first target-CDMA cellular system, the first inter-system call is terminated.
Upon termination of the first inter-system call, anchor BSC 20 updates the
inter-system call database by decrementing the number of inter-system call

25 being conducted with the first target-CDMA cellular system at the
particular frame offset associate with the call. If subscriber unit 28
continues to moves back into the coverage area of a base station 22
associated with the anchor-CDMA cellular system the second inter-system
call is terminated. Upon termination of the second inter-system call,

30 anchor-BSC 20 decrements the number of inter-system call being
conducted with the second target-CDMA cellular system at the particular
frame offset associate with the call. As can be seen, although the target-
CDMA cellular system may change during a particular phone call or other
communication, the anchor-CDMA cellular system remains the same.



at step 33. O herwise, the total nunber of inter-systemcalls being
processed by way of the connection between the anchor-BSC 20 and the 30
target-BSC 20 in either direction and associated with the frame of fset

(FO_TOT) of t% bel ng processed is calculated at step Sfermdoratsp 35
it is determne if this total nunber is greater than a predeterm red
maxi mum N_FO, and if so the inter-systemcall is rejected at step 36.

Gt herwi se the inter-systemcall is accepted at step 37. Values for N (Max.
WO 97/ 41698 ) i

PCT/ US97/ 07412 No. of Carried cal | 3¢ and N FO (Max. No. of Call

per ‘Frame Offset) unddn anothey sembedimsidiof | Bigs inyentionoyan citesesysigm  soft
Referring again tlQaerdEf bétwédn CUMACEdRilaneyseils RBSAY BSS' sam that are not

avai |l abl e anchor enerat es_a_sgt I.t,i onal in sages 5
t hat cause a cal I 6( J ﬁ’ oggtagﬁﬁ}e %H?g‘&‘%gﬁe f%‘glgﬂﬁoﬁ%ﬁ tird
cel lular system alm\demmcgae mw,delcbmemplatpdt efhp pseaf suth aitechniqneds inot
g;; \tNgrennSE) pte L\gr)] dgwfeﬁé‘d 'Mv%ve?,\c’ﬁéc%ﬁge tl‘i’é‘gllef rmtﬁ%d@;e{eati #2 Bhnd 30 across
ot T SO b ot pitees S 2brderacdan hé daiormance ok fbmssadiaed dflsBhoRSeaIb BY
responds to 10 tdre weiccetablegmmbing mbs gegtsuldy, @l isodkabivg that 1a pfertn;esrfl ng
resources for suﬁsﬂi}&iaﬁg H3kA tAER %D%ﬂﬂsé@bhﬁs ienétilehblea tﬂw s@%&ﬁ@éy' ng

si gnal i ng nessag ea cause cal §e33| r esouf ces
al I ocated by the BAHBE &g n22°°m’ersab‘P Vi f e?‘fﬂ“é’r"ﬁaﬁ'sn?bpr‘?‘f?ésmg

coverage areal®5 that is alkdadly reodsary toeperform a CDMR&on'&nantcatmng indisffieient
these call pr Ocesgamohﬁfeme%ﬁmm%gm RidireOthyfeh Wit of el BR's 20

target-CDVA cel lular s acquir

statl
begi ns to processWithe é\‘ﬁgﬁéb ei ‘g@aﬁh;ﬁﬁéll‘er&qfér aff‘@dcod?roéuﬁ%‘ir‘i%g’fgqfﬁpfm28
and al so transm t fies$a@y war perfornk stlthnarelinfesssystetre gbftohardutf [is cubstintiallyy

greater than that associated with a dual BSC inter-system soft handoff.

15 Thus, the preferred embodiment of the invention provides for the most
efficient use of resources by not allowing an inter-system soft hand to take
place if the only connection between the BSC's 20 of the target and anchor-
CDMA cellular systems is by way of another intermediate BSC 20. Because
of this, it is desirable to provide inter-system connections between as many

20 pairs of BSC's 20 that a subscriber unit 28 may travel between as possible,
especially pairs of BSC's 20 servicing the same region or market.

FIG. 4 is an illustration of a base station controller 20 when
configured in accordance with one embodiment of the invention and
coupled to a set of base stations 22. Each base station 22 as well as selector

25 subsystem 40 and call control processor (CCP) 42 are coupled to CDMA
interconnect subsystem (CIS) 50. Additionally, CIS 50 is coupled to one or
more CDMA cellular land network (CCLN) gateways 46 which in the
preferred embodiment of the invention are coupled to other BSC's 20 as
shown in FIG., 2. Data services subsystem 44 is coupled to selector

30 subsystem 40 and to PSTN interface 46. CCP 42 is also coupled to PSTN
interface 48. PSTN interface 48 provides switching functionality and in
some embodiments of the invention provides billing and subscription
information. In other embodiments of the invention PSTN interface 48 is
located outside BSC 20, and billing or subscription information is provided

35 by one or more additional systems that are not shown.



subscriber unit 28 as indicated by the dashed double arrow |ine.

Anchor - BSC 20 continues to perform dat a-broadcast and data- 20 selection
for the call, with the dashed lines illustrating the path taken by t he
various insta ” orward and reverse |ink data during thecnsyaeras
this data processing. For the forward |ink data, an additional instance is
sent to the target-BSC 20 by way of the call channel established between

t he anchor and target BSC s 20. Using the internally allocated
signal 25 processi ng resources, target-BSC io forwards the data received
from anchor-BSC 20 to the target-base sil tion 22, which [n turn

transmits that daDaringsoperation (S 30 perfprmsdatadrame (Bames souting usinge
CaLl a_SbS hown. , 8a e typeforlr | bilﬂﬁdiﬁ'ﬁés @Mthhidwgint&chefﬁa_ Er&}.lsrzﬂrt &_Hél_[it@fefrfuﬂ
subscri ber unit , y.of. t he,.anchor - e.statjon i Qi .
htert ot ng w t h cridingat Sime' imyeRudgc NeaReest e 8?49&1%%2;&%?%3%{%&“
anchor - BSC 20 i n siddrésaspacesiviagiocated totapytparticelar BHG 30,swhichins daen Rssigh f
fexcep_; Eﬂet ﬁ el ect Imrééeﬁﬁaﬁpp{tteguyﬁztga the set 6!32{%16\%}3 Isyalénﬁaét trai_ BéézéVét_ﬁlﬁtS!?sh

rom bo e origjinal.base stati an, e ase station in.the
Cboon O gl | i wairbaE fomi st AR Ry fhiine, a rapgniuRb sty Plagpbthe o
i nter-system soft adamessf fofi shesredeivingedysienr eby B&souscehswithinr thei tfr@dei s

engaged in bi di reci igdhaly, iR bAtetedictbddiMeRRSE the inven¥iBnd Ab4dA
PCT/ US97/ 07412 ) 12 st %gl on
fromdifferent coMetwesn thesubssts of allacated addrepsesds pllowed hetiween two B5C's 20
dat a- br oadcast1ar ethpeafeotaupdedtdgetitert Horbitkling oB&la@pingQaddreshigpara lbetwesn
been establ i shed, nﬁaﬁﬁ%ﬁf g?é@ Q@iwﬁﬁétlﬂﬁnﬁé}ﬁr &6 A8/ dostiBl erﬁles bein

i ncrenmenting the I nter-system cal I s _bel ng.condqucted wth the
t ar get - CDMA cel | ul Eansgyitied hetiyesry, the (o sysiems dp a&s'g‘S‘E‘FtSt 8ORi th the call

bei ng processed. A frame can contain various types of data including traffic data and
signaling data. Traffic data includes the voice and data information being

22

15 transmitted by the subscriber, and signaling data includes the signaling
messages exchanged by the various systems in order to properly
orchestrate the processing of each call and the overall operation of the
cellular network. A complete signaling message may be transmitted via
the use of one or more frames. Data services subsystem 44 performs any

20 necessary signal processing on the data received including vocoding or
devocoding, converting to and from pulse code modulated (PCM) data
format, or modulating and demodulated digital data to and from audio
tones in accordance with standard FAX and digital modem signal
processing. CCP 42 performs call set up and tear down by allocating and

25 releasing the resources within BSC 20 including the selector resource
within selection subsystem 40 and signal processing resources both within
data services subsystem 44 and base stations 22. CCLN gateways 46
perform frame filtering using the address range or ranges associated with
the CCLN for which they provide an interface.

30 - For each telephone call or other communication processed by BSC
20 a selector resource (not shown) is allocated within selector subsystem 40
for performing data-broadcast and data-selection as described above. In
order to perform the data-broadcast and data-selection, the selector
resource maintains a list of the set of base stations 22 with which the

35 subscriber unit 28 involved in the call is interfacing at any particular time



As subscriber unit 28 continues to nove into the target-CDVA cel lul ar
system such that it | eaves the coverage area 25 associated with the
anchor - base station 22, the inter-systemsoft-handoff is term nated when 10
t he over the 'rg,,“ between the subscriber unit 28 and th TaPVA
cel lul ar syst R rn down, with the over the air portion of the inter-
systemcall that renmains being conducted conpletely within the target-

CDMA cel lul ar tel ephone system The forward and reverse |ink data
associated with the call continues to be routed fromthe anchor-BSC 20 to
15 the target- BSC 20 via the call channel &tablished, as shown by the

dashed l'ineand HieG @BMAurelindart rsysﬁeaar\dnbm“ﬂnciteﬂlak ebasehetagiognd2 is
processi ng SSRGS ﬂnh'taet e@maorenbaﬁﬁn@mt 0PN 628 BV, NOie
call are rel easeé or. proc ot her shows

the data paths udRf@rmatippde lered fa thO R OF éﬁ?fsﬁ gtatiop, ). ﬂ?t‘t"PHk Séfeés
subscri ber unit 28clebiserstatidie22; andraaB8C dDefar 2aclobase station 22c djging ahg ebhscbas e

station 22 that s?atﬁ)gtzhs th& Iﬂkeéle%ﬁ:ﬁe &QM‘% Cahbﬂkeﬁés and f&Wa‘P@g iEia@as E%R%r st

target - base stati
subscri ber unit 2B>msddt%)é%!t"wsaﬁt‘lb§}‘ﬁéefﬂcﬁrmacbquﬁﬁétéws 22 m‘tsdveqi afeths ea
25, and intra- SY%th&r&DEéleé'tﬁfaCﬁrﬁélelfSarﬂerdeTam@ﬁ'dﬁUfthélgnm ipld) f2fmes received

dat a- br oadcast a i.0 I c he
forward and reve ﬁkseggfggi r%?/tz Eff%})%%@‘@ﬁ% QQ{) Pe?ﬁlcg %em 4t4
lines. Thus, the Adﬂlélpne%t seleation S@bﬁYﬁtﬁDeQ trpaipdaips ma datgbase GAD

i ntra-syst emigof twieRdedres Bed ﬁﬂotcmuéu%xeéhcw debio? fidiR dath Osake GaMBn and the

cellular system u5| g, t he anchoys B per. al 30
and cal | -sel ecti &> é base Stalgﬁgfg‘?r %ﬁg g rrlf 8&%?g éqzﬁfeﬁ ?é {?qgigaqu%
unit 28 al t er nat iindicgting the pﬁBb’b‘tz@Slluhtrcﬁytbm twiith gwiiohithes biage statiops22 s

showndabozle and ta@sdd’&ed In theOpteféired RenBodifim COME ¢hi-éttddn Sthid TDMA
second I nter-

second | et COMS 5y ol SPARAL bt Ao AT e e

upon receivi g i rdinoberi ofrurfiguenpilob offpetp der a system conﬁgured in accordance thh

the 1S-95 standard is 512, thus in simple PDB only 512 sectors can be stored.

Where it is necessary for the PDB to store more than 512 sectors, the base

station and associated sectors are also correlated with the pilot offsets of

the bordering base stations 22 in one embodiment of the invention, which

20 canbe used to compare with other base stations 22 having the same pilot

_ offset so as to uniquely identify each base station 22 and any associated
sectors.

CCP 42 maintains the inter-system call data database described above

that tracks various parameters about the BSC 20 in which it is located and

25 the associated CDMA cellular system. These parameters include each

inter-system call being conducted via the BSC 20 and the associated frame

offset of that call, as well as the set of BSC's 20 and associated CDMA

cellular systems to which a direct connection exists for the BSC 20.

Additionally, the inter-system call database stores the capacity of each

30 direct connection to another CDMA cellular system which is based on the

number of T1 or El links, or both, that make up the connection. The

inter-system call database also stores the total number of inter-system calls

anchored at the BSC 20 in which it is located. The total number of inter-

system calls are subtotaled by the target-BSC 20 involved in the inter-

35 system soft handoff, as well as the frame offset associated with the call,
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13 unit 28 that a pilot channel froma base station 22 associated with
athird CDMA cel lular systemis being received above a predetermn ned

t hreshol d, ukf5h4 hor-BSC 20 first determnes if a netmpr*tfnﬁgmgpﬁioq
exists to the second target-CDVA cel lular network, and if so, quires
the associated BSC 5 20 as to the nunber of inter-systemcall presently
bei ng conducted. Upon recei pt of that information, anchor-BSC 20 t hen
determines if sufficient net wor k capaciiy exi sts to conduct the
inter-systemcall, and if so generates

set a signali nmessages t hat
cause in second i ryieldingaseiof call totals afizn) wheregigs dhe "%}'ﬁéHBS‘CJé’%HQ dex @gfl|n is

channel created i phé¢ RANTOHHRSE ihdek. bet ween the 10 anchor-BSC 20 and the
second target-BSC 20, forward and verse |ink dafa xchan

base stations 22 in the" ARTFHARSEK! Ee‘m Fglrb gﬁlfn of the er“n% r}ﬂ %;.Szgte\%
pat hs associ at ed whoWrs esthange t variousy tymsf of irafnumtlosh@m the use of Bl &t oD
As can be seensfrg r{a'ﬁﬁgd%%@sl%ésl f}SS F e&ﬁf&@sé ruezrer h@mcﬁﬁl lor other S

done whil e maintai i nt al | thu usin i nter -
15 system soft h&ﬁ&H%F“FB“BEcur th%l o ¥ “W"Ee‘t‘% g‘? Fg?é’tr\‘-ﬂrst 18

Once the second i mdnaxgesdmng:amomssczdhpmsshgqbroc&duhesrarBSﬁo% mpEHESSS ¢ he
nter-system cal | glagaoang Q.E EAYs" SHB0AT RIFIGS, SUBDEE éafch'agg&aaéasavﬁm ! the

call's being conducte se o d target - I ste
particul ar frame SYF&EEYL! ga‘ ‘P‘hattq%'é R ot eafg iie.” sEﬁ"’PB’er

unit 28 contirdes ruanirgy detwden vaeﬂmahdmeangétcates the @thnebf dlsignaling
Pl et conm ool | ombdiEed BLRKAGE dY %as&%a%e&'s?g%sw "Hirde 8dvances’ EOH top to

target-CDVA cel lulars |nt stem cal |
Upon ternination dPtiomd $9 F}S@t hygheg up ror “esaﬁ@ﬁﬁ'r qﬁ@@ QIS’ Eﬁtfbﬁ'@é"t?he
i nter-system cal | litasabatal tby/vdeiumirenttha a‘ghe 'Whber aGingle tntessayes isepassed |

25 being conduct eiBfB'B%sJ étraﬁfmtﬁ[] t(}% ﬁ@% aﬁee%}i&w&“foﬂﬁ %Hheaheéghg

particular franme off socl at e t

bscri uni t
continues to n:’os\/esA‘B‘é’é’IQnP YowheEe o5le PR§ARENER ¥t taég%;:?ée staiono?? sshown,
associ ated with t hauhiplbbaseEhonse22 magrbesydistiratetaf fracongbtemt soft Byrsdaffnis

call is term nat ec{akn#%%?aéet %%%@&w{m&@%nﬁg o al.ps er-systemcal I, 30

anchor-BSC 20 decre ystem call being
conducted with the secdhd $ehof@eseagn shrngesy ’é?’égéﬁ‘r @tterr%t%rswfc‘aﬂ’adoff
setup is shown in FIG. 5. The inter-system soft handoff begins when

20  subscriber unit (SU) 28 generates a Pilot Strength Measurement Report 60
indicating the signal strength of a pilot channel from a base station
associated with a second CDMA cellular system is being received by the
subscriber unit 28 above a predetermined level. In the preferred
embodiment of the invention this information is provided in the form of

25 a set of pilot strength measurements and the corresponding set of pilot
offsets. Pilot Strength Measurement Report 60 is received by the selector
resource (A-SS) within selection subsystems 40. Selection subsystem 40
first determines if a particular pilot channel has been received above a
predetermined threshold for a predetermined period of time. If so, the

30 selection subsystem 40 further determines if the pilot channel is from a
base station associated with a CDMA cellular system with which no
interface to the subscriber unit 18 has been established using the PDB. If
so, selection subsystem 40 initiates an intersystem call and soft handoff
with the base station 22 associated with that pilot channel by transmitting

35 the BSC ID of the target BSC 12 to CCP 44 (A-CCP) via CATRLM_ISSHO



frame offset associate with the call. As can be seen, although the target-
CDMVA cel lul ar system may change during a particular phone call or other

comuni cation, the anchor-CDVA cellular systemrenmains the sane. WO
97/ 41698 PCTL M5 2
14 ‘Y%”éﬂf?tsher enbodi mrent of the invention an mter-sy%Jt@r;ﬁﬂ%of-t

handof f between CDMA cel | ul ar systens having BSC s 20 that are not

directly coupled to one another, but which are coupled by way of a third

i ntermedi ate BSC 20, is contenplated. The use of such a technique is not 5
preferred, however, because the del ay i nt r odiced by the transport across
three BSC s 20 de3ptapRequiest 6 radlangravite thé sessioradBoideatifung ehe platinand: ghé¢ by
an unaccept abl e aﬂ?ﬂﬂ@tofféeg 696” *&%Rﬁ maltion! SoraRUY Rx]ﬁ‘%A?RE%i QSSLgb Setup
substantially nore than | Sec qa I's noticeab scrlb
during a tel ephonBequsst 62 isshoyrn gl he extensive signal processing 10
that is already necessary to performa CDVMA communi cation, insufficient
additional tinme remains to allow routing through three of nore BSC s 20

wi t hout noti ceabl E Ur T Ner Jro The conurol arattom
necessary to perf Ptk 'egn inte -gggfem sof t hando ?&ﬂmscg stantlal |y
greater than that FESSOCEatet W t 112 ooat =BSCT)iIret=— STt e

Thus, the preferr of L THE2 PN ant i g ,'
efficient use of M#nd8Riyng an P%f"éifmg @P%ﬂ'“'ﬁand to
eysi felfersy o el oo

t ake pl ace i Et i on bet wee
and anchor - A . S—ry—ery
BSC 20. Because “éarﬂa'gfyr abl e
connections bet weep—as—feaRy—26—pat+s—of—B5E-—S a—stser+her—ur-t 28
may travel betdween as possibl e, especially pairs of BSC s 20 servicing
the sane region or narket. Table 1I1. CATRLM_ISSHO Setup Request

CCP 44 responds by determining whether a direct connections exists

to the BSC 20 associated with that CDMA cellular system by searching for

10  an entry for that CDMA cellular system within the CDMA cellular system
database. If no entry is found, the inter-system soft handoff request is
rejected via a response signaling message transmitted back to the selector
resource described below. Indication that no direct connection exists to the
target CDMA cellular system is also provided by placing an entry for the

15 target CDMA cellular system in the CDMA cellular system database with
the capacity of the connection equal to zero.

If a direct connection does exists, CCP 44 further determines
whether sufficient network resources exist to allow the inter-system call to
take place. This determination begins by transmitting CALCAL_ISL

20 Loading Inquiry Request 64 which queries the target-CDMA cellular
system about the number of inter-system calls it is processing having the
anchor-CDMA cellular system for the present call as the target-CDMA
cellular system. The information contained in CALCAL_ISL Loading
Inquiry Request 64 is shown in Table IV.



FIG 4 is an illustration of a base station controller 20 when
configured in accordance with one enbodi nent of the invention and
coupled to a set of base stations 22. Each base station 22 as well as

sel ector 25 S'ﬁ?&ﬁeﬁ?ﬁ‘ 40 and call control processor (CCP) 42permesemaqzed

to CDVA I nt er connect subsystem (CI'S) 50. Additionally, CIS 50 is
coupled to one or nore CDVA cel lul ar | and network (CCLN) gateways 46
which in the preferred enbodi nent of the invention are coupled to
other BSCs 20 as . shown in FIG 2. Data vi ces subsystem 44 is
coupled to sel'ector 30 subsystem 40 and to N interface 46. CCP 42 is
al so coupled to PSTN I nterface 48. PSTN interface 48 provides

swi t ching functiongtd rn Sﬂrﬁg EMDOUNITENT S Gl Chgusgventron
provides billing a I:w?ag,@rl ption nf or rrat ion. In St her enbodi ment s fof
t he i nventi on PSTNE -~--—~~~~-—--?~~"f—~f ------------- ySAmsames ; j—--j*—"-—— ------------ ng

or subscription in
systens that are n MEI‘@WY41698

ldentlfy the anchor-CDMA cellular

PCT/ US97/ 07412 system and BSCﬂf-)mter-system
DJI’I ng Operatl On, Nt A fr A SO“ h§nd°ﬁ +i nﬂ .“—.

twenty four bit ad fﬂ ai ned |ﬁé§dér@ﬁfrawé id ”W"fh é“’g%%lger% am
bi t

enbodi ment of the |nvent|on a subet of the aveiﬁ

address space is al y ye-iﬁ——-v'dm—c-lﬁ-n—t-u-r-n—ass-l-gfs
5 addresses fromthis subset to the set of I nternal systens and base
stations 22 which it conTakledV. TALQAINISL Loadingdnguirg Reguesin tti ng
system pl aces t he address of the receiving systemor resource within

t he frane. Additionally, in the preferred enbodi nent of t he invention
no overl ap Bet ween TThe JangebEDMA Hellylagt cwystemyr desponds s by | sapemitting

between two BSC s ZTALOAL! 1S4 Ladding dnfliny Rexpehbens tbaCOP ddi The OMEblapiong
address space betWegpiained in CALCAL_ISL Loading Inquiry Response 66 is shown in Table
V, and includes the number of inter-system calls for each frame offset for
which the target-CDMA cellular system is an anchor-CDMA cellular
10  system and for which the anchor-CDMA cellular system of the present call
is the target-CDMA cellular system. That is, for an anchor-BSC 20 with a
BSC ID equal to 1. the target-BSC 20 will return the vector (], 1..16) stored

internally.
Parameter Type Description
Name
m‘ _Q
CaliD Mandatory Sent for reference in CCP.
Anchor-BSC ID Mandatory Identify the anchor-CDMA cellular
system of inter-system handoff.
Target BSC ID Mandatory Identify the target CDMA celiutar
system of inter-system handoff.
Traffic Loading of Mandatory Indicate the number of calls for
Frame Offset #1 frame offset #1 on the inter-
system link between the anchor-
BSC and the target COMA cellutar
system, anchored at the target
CDMA cellular system of inter-
system handoffs.




adjacent BSC s 20 in this manner reduces the possibility of frames being
transmtted between the two systens in an infinite |oop. A frane
can contain various types of data including traffic data and si gnal i ng
data. Traffic _data includes the voice and data information bﬁ&?ﬁs&vfh‘r 12
transmtted bQ“?Wé“?ﬁbscri ber, and signaling data includes the signaling
nmessages exchanged by the various systens in order to properly

orchestrate the processing of each call and the overall operation of the
cel lular network. A conplete signaling massage may be transmitted via

the use of one or nore frames. Data serviced@ subsystem 44 perforns any 20
necéssary signal |ot#easading®ion t hievghaataryr ecel ¥ gdicatd e dimbeg obcalisleh Ng or
devocodi ng, convgrirameOftset #16id fr pul se code | fradeibisbeils pP@R)intatat a
format, or nodul gti i gi eaﬂtnésbetwaemh@ancwdio

. E%Eﬁ'@mfz N acg?gT':g andj} 25

dAehdnd fﬁCt OI’ resource

processing. CCP 42 perforns call jget up and t
rel easing the regources within BYC 20 incl udi
Wi thin selection S 0 P 0

data services subsystem 44 and base stations 22. CCLN gat eways 46
performframe filtering usTapletWheCAUGAIsISE hoadingdnguinydtespensci at ed wit h

the CCLN for which they provide an interface. 30 For each t el ephone
cal | or other communi G@gnerin RO ERER A Unbiment ofzﬁxeam%@hﬁ& ur1§1_e
(not shown) is_al]oc sel ect su stem 4 or

dat a- br oadcast® an]ooadg E%‘I“él’:t €§RORE &gscef‘?ab‘é% ﬂé%d%mb?r of intery HB’P‘t

perform the dat a-beingdoadtcted dorderch-tine effsetpother misadiewnds of the ineentione
maintains a |ist anfay gﬁisﬂﬁl tR4t i §tf)|@ﬂ' £6°% fﬁrﬂ@bﬁ&tt&th%all b 1n$

subscri ber unit ol.ve rfacing an ticu
tinme WO 97pPmosessed as welf‘| as the total num%er 0! ?ntersystem calls b%mpg conducted.

PCT/ US97/ 07412 In this case, CATRLM_ISSHO Setup Request 62 will also contain the

10 frame offset of the call being processed. Also, in the preferred

embodiment of the invention the target CDMA cellular system will track

and store this information within the target-BSC 20 in an internally

located CCP 44, although the target-BSC 20 need not be configured as the

anchor-BSC 20. Using the data received in CALCAL_ISL Loading Inquiry

15 Résponse 66 as well as the data stored internally as described above, CCP 44

calculates the total number of calls using the link between the anchor and

target-CDMA cellular system in both direction, as well as the total number

of calls using the frame offset of the call being processed in both directions.

CCP 44 then compares these results with predetermined maximums that

20  are set as a function of the rate set of the anchor-CDMA cellular system as

well as the number of T1 or El connections used to link the anchor-and
target CDMA cellular systems.

The maximums used in the preferred embodiment of the
invention for rate sets one and two, as well as for various numbers T1 and
E1l links are listed in Tables VI - IX. In calculating these values it is
assumed that 35% of the inter-system calls will be in intra-system soft
hand-off within the target CDMA cellular system, which each intra-system
soft handoff generating additional cross network traffic. Table VI lists the
maximum values for various numbers of T1 links at Rate Set One. Table

5

- 30 VII lists the maximum values for various numbers of El links at Rate Set



16 and the CDVA cellular systemw th which that base station 22 is
associated. In the preferred enbodinent of the invention, this
information is stored in the formof a base station ID, network address for
each base sta%g%ﬁgm and a BSC I D for each base station 22. p&eiy§enbdie base
5 station list, sel ector resource duplicates and forwards data

recei ved - fromdata services subsystem 44 to each base stations 22

i nvol ved in the call, and selects a single frane of data fromthe

mul tiple franmes received fromthe set % base stations 22 for
forwarding to data service_system 44. ditionally, selection

subsyst em 40 nai rione. nsrabIQJVﬂﬁtllﬁhﬁbﬁaMl{mDB) valges \far daripusr aymbges §if| bt

of fset for each spgtOat RaenS@apRobagabkt B lieR @ROmakBEnum vahs&Otdrav&dotase

DN <61 1 ul ar - sy<PURPRFLH i pike AnBrepseicubo iEbbatly, cach W€ FEICIRE T,

CDMA -cel | ul ar sys‘P
the preferred enbibei maximein thlesnfﬂerﬁ%calgnahng gaifit and 108elsignatingstraffiom
information is Com{e'tﬁéi-d A i@/o dtr?i*?i‘év‘%alufeh%h@nrild nH@b@JedOEs

uni que pil ot offs ts tem conf ure ance, W t

a E}IS 8
| S-95 standard is %tilim“leﬂus e’é‘?‘?fﬂf‘ﬁ“fg onfa 51‘2‘ setleRFd SR b@‘estS’FaéEf
Where it is necesbaplenfentatidre %tmﬁxspmanﬁmsmdteah Wit eselt BSG,20t h€atlase

station and assoc S 3 S
of t he bor defrdl% %fgl(o)afgée;fg g‘gtlﬁ%&nas? Z%H} El?lgfr}g L%hgﬂ Mha& Q#@%Srﬁl\?éeﬁt% ?gn
whi ch 20 can be W§ BhEE &twi th other base stations 22 having the

sane pil ot 10 offset so as to uniquely identify each base station 22 and

any associ at ed sectors. CCP 42 maintains the inter-system
cal | data databdSe desc 5.,@eggagg,\ée°ve,hea&ﬁat T G,Iﬁs;, @dﬂaﬂHé @@g,ﬁ;gg ers
about the BSC 2¢ in whi E ‘
cel lular system n% ng
conducted via th gﬂgl |,
as well as the g systens Jto
which a direct (RMES bg L NE

I nt er - syst em calj—tgtabpse—stot +Hhe—ecapatHty- each—3 cH+ee
connection to an f’:’ tAR col ) 2 LS. ahicH 3% hased®Pn the [148

number of T1 or [EMreeiTik$33%or botld2 that bd#de up 36 connddPion. TIRS?

i nt er - syst em cal|lFoutattabhsst al so {$Ror es t ha7 ot al | 426nber ¢69i nt er - E36St em
calls anchqredTat {6m BSC 4071 n whi ez t | s|dagcat ed.|74he t ot pdzanunbgr
of inter- J¥REeM CpkdA ar € |gybt ot al PghdY Tﬂ'egsgargeﬁgpc Z0 Tg ved [in
the inter- 35 systenrsuft—tandof—as—wetrt—as—theframe offset—assocrat<ed

with the call,

Table VI. T-1 Links for Rate Set One

15

5% Signaling Overhead 10% Signaling Overhead
Configu- | Max. No. | Max. No. |Eriang Max. No. |Max. No. |Erlang
ration of Carried| of Calls Capacity | of Carried | of Calls Capacity

Calls per Frame Calls per Frame

Offset Offset

—
Single E-1 | 154 12 51 148 11 44
Two E-1 331 39 274 316 37 261
Three E-1 | 487 65 428 474 62 407
Four E-1 666 90 587 636 86 559

Table VII, E-1 Links for Rate Set One
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index and n is

yielding a set of call
the frame offset
one enbodi nent_ of the invention,
types of infoM8%3via the use of a set of 5
properly process a tel ephone call

t he systens

or

signaling nessages used to performthis
processing procedures are shown in FIGS. 5 -
shown in FIGS. 5 - 8 are each associated wi 24 the

ot her

totals c(i,n) where i
i ndex.

communi cati on.
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Is the target-BSC 20

I n accordance with

shown exchapgﬂuyﬁ;u%@ys )

si gnal i ng nessages

The set of

exchange during various call
8. The verti cal
systemidentified in

i nes

the-box at the top of each line. A horizontal arrow 10 running between two

vertical lines j s—-Re—exchange—ef—a—stgraghRe————RRSssage—between
the associatoed bystens. | 5K ienalipa OVerhesd, | oo 1] 10%° Signajing ONorkead: 1.
hi gher up hori zpéwfigu-i [Mex. ONe LdfMbef Noe [Brbag hgmMaxonlal | Max. Nbi netdngcated
| oner down on t[katignge.|Ganded 3] af Galie Byi|of pGawied | of Cally,y Wiapaoity 3
base station 22| two arr|{f®sare vse';’l"tfr t he sarf®8ssag Pef"'lg';a"‘e
Addi tional ly, ' '
mul ti pl e base s}Sind®oRd |B® nay be7substitlit?ed if |i66t ra- sy$6em sof t] Handof f
S t aki ng prwces durizag theleal | pro I ng jpsacedur ¢17 g4 The
set of nessagesf 0 3N T NLEf 790y ST Eogal | gorT 190CTUpP i s
shown in FIG 5 FoT'r‘r-1 . ﬁa-ayst 6ouft tr quff TSy m;%e——scﬁ;sﬂ—ber
unit (SU) 28 geaef—’a.e&a Ri--ot—stergth %@E—R@pe.? 50-
i ndi cating the I 3 385, A nndl43Pr om alf%se st ;ltﬁsﬁn
associ ated w t h| 8ix¥dconidb4eDVA ceFful ar_ s m_i d H8i ng r ¢¢2i ved bi#4Bhe
subscri ber unit|8&ealavissa prede¢ser m ned{ssvel . |dia t he pseferredsss
enbodi nent of the Tnventron this Ttnformatron 1s provided tn the form of
Table VIII. T-1 Links for Rate Set Two
5 .
5% Signaling Overhead 1 10% Signaling Overhead
Configu- | Max. No. | Max. No. |Eriang Max. No. ] Max. No. |Erlang
ration of Carried} of Calls Capacity | of Carried | of Calls Capacity
Calls per Frame Calis per Frame
Offset Otffset
Single E-1 {119 8 23 114 7 117
Two E-1 | 260 22 143 248 21 133
Three E-1 | 391 48 330 373 46 313
FourE-1 |528 70 457 504 87 435
Five E-1 666 91 587 636 87 559
Table IX. E-1 Links for Rate Set Two
If the calculated call totals are greater than the corresponding
10  maximum call totals in Tables VI - IX, CCP 44 denies the inter-system soft
handoff in the response signaling message to the selector resource
described below. In this case a hard handoff is substituted or the call is
dropped. If the calculated call total are less than the corresponding
maximum call totals in tables I - IV, CCP 44 initiates the inter-system soft
15 handoff by transmitting CATRLM_ISSHO Setup Response 68. The



25 a set of pilot strength neasurenents and the correspondi ng set of pilot
offsets. Pilot Strength Measurenent Report 60 is received by the selector
resource (A-SS) vvithi n sel ecti on subsystens 40. Sel ection subsystem 40
first determn @Fparticul ar pilot channel has been recei reriusshomez a _
predet erm ned t resh d for a predeterm ned period of tine. If so, the 30
sel ection subsystem 40 further determnes if the pilot channel is froma
base station associated with a CDVA cellular systemw th which no
interface to the subscriber unit 18 has been stabl i shed using the PDB.

so, selection-subsystem40 initjates an_n tem cal] and soft. han off
with the base stat %‘é@r%lﬂﬁs%ﬁwgdﬁf\ﬁﬂﬁﬂséﬁ(bge% sonse 68, i5sehiqrih ng
35 the BSC I D of infRadlaxget BSC 12 to CCP 44 (A-CCP) via CATRLM | SSHO
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18 Set up Request 62 al ong W|th the se55| on ID |dent|fy| ng the caII and
t he frame offsg : S

Request 62 is sho

Description e Sbegiogn LD 1 o MNondatory o Soht
in all nessage to ngPID Tar ge} M&E@otyD SentNeivelrification purpose by | dent i |y
the target CDVA cellular Selector Subsystem. syst ém
for inter-system cpiSHO#ackpt Mandatory Indicate if an inter-system handoff s Of {
handof f . Frap$a@gfset 1D Mandatory |isacceptedentjify the frame

of fset of the
5 Table X. CATRLM_ISSHO Setup Response

Rejection or acceptance of the inter-system soft handoff is indicated
with the ISHO Accept Status field. The selector resource responds to an
acceptance by transmitting CRMRLM_CRM Resource Request 70 to the

10  target base station 22. If the soft handoff is accepted, the target-base station
22 responds by assigning a traffic channel to the call. Once resources for
processing the call are allocated, target-base station 22 transmits
CRMRLM_CRM Resource Response 72 to the selector resource identifying
the new traffic channel element and its address. The selector resource

15 responds by transmitting TCERLM_TCE Connect Request 74 to the call
processing resource within target base station 22 to establish the
connection, and the call processing resource acknowledges receipt by
transmitting TCERLM_TCE Connect Response 76. The selector resource
then begins supplying forward link frames 79 associated with the call to

20 the call processing resource, and indicates such by transmitting
TCERLM_RLM Begin Forward Traffic Command 80.

The selector resource then transmits TCERLM_RLM Traffic Link
Count Indicator 81 to the target base station 22 and each base station 22
within the anchor-CDMA cellular system to adjust the power control

25 I'Jarameters. A method for performing power control that is used in
conjunction with performing inter-system soft handoff is described in co-
pending US Patent application filed on March 13, 1996 serial number
08/614,652 entitled "METHOD AND APPARATUS FOR PROVIDING
CENTRALIZED POWER CONTROL ADMINISTRATION FOR A SET OF



handoff call. 5 Table I11. CATRLM SSHO Set up Request

CCP 44 responds by determ ning whether a direct connections exists to
t he BSC 20 associ at ed with that CDVA cellul ar system by searching for 10
an entry for th COMA cel lular systemw thin the COVA cel | YlaimsdYgheM

dat abase. |f W ’ﬁfﬁ’?f Is found, the inter-systemsoft handoff request is
rejected via a response signaling nessage transmtted back to the sel ector
resource described below. Indication that no direct connection exists to

t he target CDMA cel lular systemis also provided by placing an entry
for the 15 target CDVA cellular systemin the CDMVA cel | ul ar system
dat'abase with BASB]STAHB@NS"yab(D assignesh bon et assigreeguef| the ppresemd. invention

If a direct conngg b Ao §te9xhéxteﬁ1 bg@fé}énééﬂaghsén dstia’ Md'8bov desm?erdher
suf ficient networ reso S exist t e inter-systemca al |
take place. Thi  POMGE: FRTHER) BAtBEYi n uerraé s mhet PRIGCIORKEEPYISE ﬁbansmlts
Loadi ng | nquiry Ragdefftdipdctivn 8hta)ther suemctiber nwit @8twhiokvkeontaihk therforward
system about the q;'&"t}srﬁ@éhahggﬁ befbSi iR Haflget blseldi266R Szzn@ g%f\gggtﬁéﬁe

anchor - CDVA cél |l u present
cel lul ar system <3} esl"#@ﬂ#ﬁtqfﬁh 28 seRPANAE Y Wogﬁé@ﬁ_ﬂ&fq{mﬂﬂg‘k channel
| nqui ry Request GéorhS tledCtabgelt Nbakabstatibl. 22, and onddOthe/ &8l is processed

PCT/US97/ 07412 successfully by transmitting handoff completion 84 to the base stations 22
in the anchor-CDMA cellular system. The target base station 22 also begins
10 searching for the reverse link signal from subscriber unit 28 and upon
successful detection transmits TCERLM_RLM Begin Reverse Link Traffic
Indication 86 to the selector resource along with reverse link frames
(mobile frames) 88. The selector resource then begins selection using the
reverse link frames from the target base station 22. At this point the inter-
15 system soft handoff has been established, and CCP 44 updates the CDMA
cellular system database to indicate an additional inter-system call is being
conducting with target-BSC 20 using the frame offset associated with the

call.

As intra-sysetm soft handoffs occur within the target-CDMA

20  cellular system as subscriber unit 28 moves in the coverage area of other

base stations 22, a set of signaling messages similar to that shown in FIG. 5

are exchanged except for messages 62 - 68. Messages 62 - 68 are not

exchanged because it is not necessary to determine whether additional

network capacity exists, as this was already accounted for in the calculation

25 of maximum number of carried calls and maximum number of calls per

frame offset values used during the setup of the inter-system call and
inter-system soft handoff.

FIG. 6 is a timing diagram illustrating the signaling messages

exchanged during the course of a soft handoff teardown when performed

30  in accordance with one embodiment of the invention. The teardown

begins when subscriber unit 28 transmits a pilot strength measurement

report 200 indicating the pilot channel from a base station 22 is being

received below a predetermined level to selection subsystem 40. The

selector resource within selection subsystem 40 responds by transmitting

35 TCERLM_RLM Traffic Link Count Indication Command 202 to the set of



Par anet er Type Description Nane

Cal ID Mandat ory Sent for reference in CCP.
Anchor-BSC | D Mandat ory I dentify the anchor-CDVA cel | ul ar
system and BSGygfey, “}#@r-system PCT/US97/07412
soft handof f. rget BSC ID Mandat ory I dentify the
target CDVA cel | ul ar ' system
and BSC of inter-system

soft handof f. : Table LV. ?§ALCAL | SL Loading | an| ry
Request 5° The tar et - cel st e res
transmitting bage stations 3_20 iﬁ 1§ maﬂ@/ ‘R@Qg’&ﬁsé&/‘ﬁ% ‘FS t(ﬁ@g R‘ye

i nformation pomeziconttol p aﬁ%&étsl Seléatiadi suhsystemi ﬁuythaestpmmtsﬁﬁarsioff

shown in Table I?JBec’ho?\%tl Vﬁgcg%g?ﬁbérhﬁnp 'i%éh b%tee{taﬁéﬁ? tﬁ”l'nﬁ?éalnﬁgf fHe

each frame of fset
anchor - CDVMA cel | ulhandeff Wlﬁy§h%rﬁaéﬁd5t¥'é‘?nvﬁ in theetaggetrfel Nf%l\% ladar) gystem
system of the pr e%ﬁaﬁldcaiel termmatesi t hgubstripet lﬁﬂMﬁQs:e:btpdrﬁrs b Sf&ﬁ‘smﬂlﬁ{gg

is, for an anchor é‘@f‘g ?fo i%tlo 06 t[oBtﬁ%‘ Gsepec?oqur%s?&r%ﬁ YJPEJ?\G CINe = SIOATAY

wWill return the v
Par anet er TCERﬂMp@CE End Forward Traffic C(D‘gg}ﬁﬂ(btzpﬁ rand TCERLM_T(Ene

Call 1D Dlsconﬂtéamie&l@ésy 210 to the bS&nétaﬁQﬁ znea‘eﬁ{ge aeq:pera (EﬂBs The
Anchor-BSC | D

s el | ul
system of inter-s Bﬂ?‘k&’% f“?at}l‘m 22 rengp%% g%ﬂ] Gk CH2" S traNﬁW&?ff u N

ldentify the tl8r geforv@DMAhn]eltrajhgrframes to the subscriber unit 28 and by transmlttmg
system of i nter- systEenRrdef lblsconnect Redparidel 2110 3HE BeleBlor resouYBd)d@hRhYin

.:: Pglrr;aéfe f tsgte 2‘;_”2 ! Of caI 3 by transm1tt1ng él@[Uﬁ{Lngéﬁ}vI %source Release request

system | i nk bet we@ﬂtthetharh,dsgrstatmn 22. After releasing the resources associated with
processing the call, the dropped base station 22 transmits CRMRLM_CRM
15 Resource Release Response 216 to the selector resource. If selection
subsystem 40 also determines that the CDMA cellular system associated
with the dropped base station 22 has no other interface with the subscriber
unit 18 it notifies CCP 42 the inter-system call has been terminated by
transmitting CATRLM_ISSHO Teardown Indication 218. The
20 information contained in CATRLM_ISSHO Teardown Indication 218 is
set forth in Table XI.

Parameter Type Description
Name
Session 1D Mandatory Sent in all message to CCP.
Target BSC ID Mandatory Identify the target CDMA cellular

system with which all air interfaces
have been terminated.

Frame Offset ID Mandatory Identify the frame offset of the
inter-system soft handoff call.

Table XI. CATRLM_ISSHOT Teardown Indication.
25
In the preferred embodiment of the invention, the determination
that the CDMA cellular system associated with the dropped base station 22
has no other interface with the subscriber unit 18 is performed by selection



BSC and the target CDMVA cel |l ul ar
system anchored at the target
CDMA cel lular system of inter-

syst em handof f s. WO 97/ 41698

PCT/ US97/ 07410 97/41698 20 FOVRINTE -
Loadi ng of Mandat ory I ndi cate the nunber of calls for Frane
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syst em handof f . Sl anon tﬁ&’ da ecreageﬁs -}IleSL 0Laola lé‘gi)ernaw'?gr
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enbodi nents of th AR mey transmt that i nformati on only for

the frame offset of tﬁéGcal 45 Be?‘ﬁ@al messaging cdiagwem sillystating the signaling
nunber of i nter syféssageadchamg duofterlhandoff sétﬂi) forﬁorﬁ&;&lemthmabase

CATRLMLI SSHO Set up, E5gugst, Q%ayggt'g; R BRI Gotie 18 pbEATSRRlL sebofl: the

cal | belng processe erre sf2 R
i nvention the tarhaadoffisp hasdoff W@%ﬁ%ﬂﬁ?ﬁﬁn gspodiated RWlth the same base station

10 22. The softer handoff begins when subscriber unit 28 transmits Pilot
Strength Measurement Report 130 to the selector resource processing the
call within selection subsystem 44 indicating the pilot channel associated
with a new sector is being received above a predetermined threshold and
identifying the sector via a sector ID. The selector resource responds by

15 transmitting CRMRLM_CRM Resource Request 132 to the base station 22.
The base station 22 responds by transmitting CRMRLM_CRM Resource
Response 133 which causes the selector resource to transmit
TCERLM_RLM Connect Request 134. The base station 22 responds by
transmitting TCERLM_RLM Connect Response 135 which cause the

20 selector resource to transmit TCERLM_RLM Begin Forward Traffic
Channel 137 while also transmitting forward link frames 136 to the base
station 22. Upon receipt of TCERLM_RLM Begin Forward Traffic Channel
137 the base station 22 begins transmitting the forward link traffic channel
in the new sector and transmits Handoff Direction 139 instructing the

25 subscriber unit 28 to begin processing the forward link traffic channel in
the new sector. Once subscriber unit 25 begins processing the forward link
traffic channel from the new sector it transmits Handoff Completion 140
to selector resource. Additionally, the base station 22 begins to process the
reverse link signal from subscriber unit 28 within the new sector and

30 transmits TCERLM Begin Reverse Traffic Indicator 142 indicating the
reverse traffic is now being processed using data received via the two
sectors.

FIG. 8 is a signal messaging diagram illustrating the signaling
messages exchanged during a softer handoff teardown of a intersystem call

35 performed within a base station 22 in a target CDMA cellular system. The



and store this information within the target-BSC 20 in an internally
located CCP 44, although the target-BSC 20 need not be configured as the
anchor-BSC 20. Using the data received in CALCAL | SL Loading Inquiry 15

Response 66 ak&gﬁi‘fﬁ’ the data stored internally as descri bedrasewd412CCP
e

44 cal cul total nunber of calls using the Iink between the
anchor and target - CDVA cel lul ar systemin both direction, as well as
the total nunber of calls using the frame offset of the call being
processed in both_directions. CCP 44. then conpares these results wth

pr edet er m ned maxi rrums t hat__20 are, set as cti.on of. the rate.se f
t he anchor - CDVA cé&pfter Hﬁng‘gfétté‘?ﬁdﬁyn beg‘“ﬁéﬂ‘“h?“‘pffélh?ﬁ Hf tr‘?’l‘s%'}é ildt

connections used tSerenigik Méusuemnérw Repart 150 totthe geleclobviesaurice (praressingt tes .
The maxi mums used 'go&{“ mpéeQ% gfb%??@.ﬂ{ BB Y dilStirjd he ?ﬂot ICRAYRAGY Qﬁof:i‘afed

rate sets one and F ari ous, nu
are |listed in Tablwith gnew segtor|ip bé’é]ﬁc!ﬁcﬁ‘l"ﬁﬁig‘ ée?refi?fa@gmeg ﬁ?'ges}‘ollz& gt
assuned that 33% Qglebhe lreécﬁfrcéy Ffmdal bg \tﬂalnlsmbemgn Handeffs yBirectiorof 152

hand- of f V\nthlnthetar h
soft handof f generﬂtf fg) 4 ona ‘%I#%?ss ?%t Sw ?\?nﬁéﬁ t%ﬁ%&@nsyls?ﬁésg
eroml

t he maxi num \sabser éﬁl"GE@lfrﬂi%é?@CQ?FmBlOf ﬂPﬂ(SPﬂéPtt ‘Fb«i‘t“@e}sécfm@ng‘e

;g?l eS30 VI T st Sse&tbg RHnEINHs VhHESE fCUmpRtioAUTSAoher seletortresbitrtes Hie
PCT/e USSt7 /07412 Vggle%tér rgs%%rce then responds by transmitting Z'E_LCERLM TCE _IErbq o

VI11 lists theloraxforward dTraffic Command ods6é pleng vsithhf TEERLM_ RIPMkleaforR@Fte
Set Two. Table IX rh t 151t IS BRdEsHAl0HER2. f BiseVanlion 22 stops tiapemsttidig EHe

o et ot TR UL, SRR iy O e AL
transmits TCERLM_RLM Disconnect Response 160 to the selector resource
which then transmits CRMRLM_CRM Resource Release Request 250

15  instructing the base station 22 to release the resources previously allocated
for processing the call. Upon receipt of CRMRLM_CRM Resource Release
Request 164 the inter-system softer handoff teardown has been completed.

By providing inter-system soft handoff capability, the above
described invention allows a CDMA subscriber unit 28 to cross CDMA

20  cellular systems while maintaining at least one RF interface with a base
station 22 at all times. This in turn allows CDMA cellular telephone
service to be provided over given service area or region via the use of
multiple CDMA cellular systems, which is useful because often large
metropolitan areas require the use of multiple base station controller 20 to

25 service the necessary number of base stations 22. Additionally, by first
determining the number of inter-system calls being conducted between
the anchor-CDMA cellular system and the target-CDMA cellular system at
a particular frame offset, the above described invention allows multiple
inter-system calls to be conducted via the use of a single T1 connection

30 between two CDMA cellular system's in a orderly fashion, and in an
efficient manner. Allowing inter-system calls and soft handoff to be
conducted via a Tl connection in turn reduces the cost and complexity
associated with providing inter-system soft handoff, while also increasing
the likelihood that such a connection can be established because of the

35 high prevalence and availability of such interconnections. Furthermore,



5 \Wether the 5% or 10% signaling traffic value should be used is
determ ned by experinentation and will depend on the exact
i npl ementation and traffic patterns associated with each BSC 20. Each

row al so |ist ter- syst em Erl ang capacity provided, a Wg,wt
wel | known i na’t J:}El r’? 5% Si gnal i ng Over hea -

10% Signaling Q/er head Configu- Max. No. Max. No. Erlang Max. No.
Max: No. Erlang ration of Carried of Calls Capacity of Carried
of .Calls Capacity Calls é)er Frame Calls

per Frane : O fset O fset

Single T-1 98 by conducting an integgystem call and soft handgff via intercopdections

TwoT-1 218 betweeidBSC's 20, ratﬂé:?than by waP&f MSC's 26%¥ PSTN 19, thk%Sresent
Three T-1 331

42 16 2 .
Four T-1 444 invergipn uses the gr El interggnnects more,sgfﬂaently by wing
Five T-1 571 sharifg of the intercot@igct resourédby the multiple calls in intdiz8ystem Si x

T-1 687T- 5. éft qandoga SRQ%Q using p&itgt based intéi€onnects bﬁt%ZZn al}SC s 20

Tabl e VI.

Over head eliminafes s‘i\gﬁm ﬁ‘gcm%%rﬁélaej traffic dafariny, angrom ﬁva;z\atho
Erl ang Max. Nehe plocessNof wiiitlingauses sabstaritial degrmtﬂbne(bfofthélah\hmo
Capacity of Car rﬁfﬁgmgiloga&lk&nateﬁaﬁ%a&cxd Call's per Frane
Cal I's per Ofset . .

O f set Si ngI e E- 1Thg§,4a method sand apparatusfor performimg an inter-sygtem call

44 Two E10 tRatlsupports m&Q—system soft Rarfdoff has békhbdescribed. The exemplary261
Three E-1 497 (é . . . 7

Four E-1 666 embo xg\ent prov:de ove is toéé le any pergén skilled in é-gegart to

make or use the present invention. Various modifications consistent
with the use of the invention will be readily apparent to those skilled in
the art, and the generic principles defined herein may be applied to other

15 embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the principles and
novel features disclosed herein.

20 I(WE)CLAIM:



Table VI1. E-1 Links for Rate Set One WO 97/ 41698

PCT/ US97/ 07412 22

5% Si gnal i ng Over head _ 10% Si gnal i ng Over head Confi gu- Max. No.
of Max. : ErI p Max. No. Max. No. FErlang rati on pebRkiho9siz

of Calls Capg% %‘“ %t Carried of Calls Capacity Calls -~
per Frane Calls per Frane O f set

O fset Single T- 69 7 17 66 6 1
1 TwoT- 1 172 . 18 103 . 164 17 94
Three T-1 260 33 210 248 32 199  Four
T-1- 352 50 294 336 48 279 Five T-1
451 63 385 430 CIAIMS 366 Six T-1 542
76 470 518 72 448 Seven T-1 641 88

557 . 612 84 Tabl e V| 1.
T-1 Links for Rate Set lTwo B mEthOd for conductifg angintarrsygtany esofichandoff of a

10% Si gnal i ng 20vedalladste by Seibsceiber Mhi . beiwreen bfiest dellulaFbYstegh and WRcond.
Mex. No. Erlang ... system comprising the steps of:

4 a) notifying the first cellular system that the subscriber unit is
entering the second cellular system;
6 b} determining if sufficient network capacity exists in an

interconnection between the first cellular system and the second cellular
8 system to conduct the inter-system soft handoff;
<) establishing a call channel between the first cellular system
10  and the second cellular system if sufficient network capacity exists; and
d) transmitting a first instance of forward link data received at
12 said first cellular system to the subscriber unit by way of a first radio
frequency signal interface between the subscriber unit and the first cellular
14 system, and transmitting a second instance of forward link data to the
subscriber unit by way of the second cellular telephone system and a
16 second radio frequency interface between the subscriber unit and the
second cellular system.

2. The method as set forth in claim 1 further comprising the
2 step of receiving a first instance of reverse link data via said first radio
frequency signal interface, and receiving a second instance of reverse link

4 data by way of a second radio frequency interface and the second cellular
system.

3. The method as set forth in claim 1 wherein step a) is
2  comprised of the steps of:
transmitting a pilot strength measurement report from the
4 subscriber unit to the first cellular system via said first radio frequency
interface; and
6 determining that a pilot channel from said second cellular system is
being received above a predetermined level.

I
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Table I X E-1 Links for Rate Set Two I f the cal cul ated call
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Tables VI - |IX CCP 44 derfites néthodnhersesyfstthminsofhim 1 wheagitlofstep b) tise
response signali Qsé;hs sel ector resource descri bed bel ow.
In this case a har Hﬁgndo IS sui)stltut ed or the call is dropped. If
the cal cul ated cal | thihal obteininga firpk totahaumber af jotersytem callshpsqustingcal |

total s in tabdesbétweeh\éaidXifdt 4dllulat bysterasaridisaid Beewndsaelubinsystein; Badhandof

E%ZT} ng?;nogiigg CATRLM Smrﬁ?hﬂpg ﬁes%z?ﬁéléﬁt r@e%WoIp%apacué( exnél\Q bez 26 %ﬁ%ﬁgﬁﬁ on

cont ai ned i n CATHESW Mbarseystpmprang ovaid ssgond aellularopystem based traba eojal
Par amet er capatitp@nd said total number of Ie&Cdyisitinh 04lls.

8

5. The method as set forth in claim 4 wherein step b.1) is
2 comprised of the steps of:
querying said second cellular system via a query message; and
4 receiving a second total number of inter-system calls from said
second cellular systems indicated a number of calls anchored at said
6 second cellular system and having said first cellular system as a target
cellular system; and
8 summing said second total with a third total of inter-system calls
anchored at said first cellular system and having said second cellular
10  system as the target cellular system.

6. The method as set forth in claim 5 wherein step b.2) is
2  comprised of the steps of:

comparing said total number of inter-system calls to a first value if
4  said first cellular system is operating at a first rate set; and

comparing said total number of inter-system calls to a second value
6  if said first cellular system is operating at a second rate set.

7. The method as set forth in claim 1 wherein step b) is
2 comprised of the step of:
b.1) obtaining a first total number of inter-system calls occurring
4 between said first cellular system and said second cellular system, and a
first set of subtotals of said first total corresponding to a set of frame offsets
6 over which each inter-system call is being conducted; and
b.2) determining if sufficient network capacity exists between said
8 first cellular system and said second cellular system based on a total

* c L ] S *



Narre. Call ID Mandat ory Sent for verification purpose

by Sel ector Subsystem | SHO
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on March 13, 1296 adrsaid franmbeffset capadity/ depenbch avitethdrethe" fifsT ideilaANRstem
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10.  The method as set forth in claim 8 wherein said total capacity
2 depends on how many T1 and E1 links are present between said first
cellular system and said second cellular system.

11.  The method as set forth in claim 8 wherein cellular system
2 operates at Rate Set One, signaling overhead is approximately 5%, and said
frame offset capacity is equal to: |
4 10 if said interconnection is comprised of one T1 link;
23 if said interconnection is comprised of two T1 links;

6 42 if said interconnection is comprised of three T1 links;
62 if said interconnection is comprised of four T1 links;
8 77 if said interconnection is comprised of five T1 links; and

97 if said interconnection is comprised of six T1 links.

12. The method as set forth in claim 8 wherein cellular system
2  operates at Rate Set One, signaling overhead is approximately 10%, and
said frame offset capacity is equal to:
4 9 if said interconnection is comprised of one T1 link;
22 if said interconnection is comprised of two T1 links;
6 40 if said interconnection is comprised of three T1 links;
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20 cellular system &8 if svidcinteyeonnestion 28comprised af twie Tddindssage area of

oLher | g%g st at i 33§ s#id m?er&&inééﬁoﬁhga@hpﬁgedfaﬁﬂ%@q‘lslhﬁ%%ar NLO t hat 62
shown in e ssages
- 68 are not excﬁlﬁﬁ gclﬂgegg%lrgcﬁﬁﬁﬁ%c%%énﬁ%%gggo ﬁtzgnh%t erm ne
whet her addi t§ onal 63 if seidwintercennesipryis sxmprised af fztva§ Ligdes: al r eady
acgount ed for i nrTb t he mlfeﬁuamtam&@cnaﬁ 1%5}4?@@1 aﬂmlem mﬁkscagah ed cal 'ﬁ
and maxi mum , aunber a of f set .val ue uring the
setup of the nt er - s%gt@ a’I“IQ wanectloIl ?%’5‘?“&? gﬁ?‘ée& ?1 E’i‘%ﬁoff
FIG 6 is atimng diagramillustrating the S|gnal I Nng messages
14. The method as set forth in claim 8 wherein cellular system
2 operates at Rate Set Two, signaling overhead is approximately 10%, and
said frame offset capacity is equal to:

4 6 if said interconnection is comprised of one T1 link;
17 if said interconnection is comprised of two T1 links;
6 32 if said interconnection is comprised of three T1 links;
48 if said interconnection is comprised of four T1 links;
8 60 if said interconnection is comprised of five T1 links;

72 if said interconnection is comprised of six T1 links; and
10 84 if said interconnection is comprised of seven T1 links.

15. The method as set forth in claim 8 wherein the cellular

2 system operates at Rate Set One, signaling overhead is approximately 5%,
and said frame offset capacity is equal to:
4 : 12 if said interconnection is comprised of one E1 link;
39 if said interconnection is comprised of two E1 links;
6 65 if said interconnection is comprised of three E1 links; and

90 if said interconnection is comprised of four E1 links.

.



exchanged during the course of a soft handoff teardown when perfornmed 30
I.n accordance with one enbodi nent of the invention. The teardown

begi ns when subscri ber unit 28 transmits a pilot strength measurenent
report 200 indj the pilot channel from a base station ZTIVGSINGMIYy _
recei ved bel ow pre eterm ned |level to selection subsystem 40. The

sel ector resource within selection subsystem 40 responds by transmtting 35

TCERLMRLM Traffic Link Count |Indication Command 202 to the set of WO
97/ 41698 _ PCT/ US97/ 07412

25 base stations 22 that will remain i vo ved cal | '

t he power contr ol [lér ambhemsethod) @s tsep fodt bg'yéxn%‘ %”%}FéFmt rtg ciii[
Handof f Di rectgyor ﬁaﬂessalﬂtl&@é S&e@nu,mtgna'lﬂng\n\a:rheadﬁ1sb@pqaosmteb'n1@@,

i ndi cating the wi t n 22 in the target-CDVA
cellul ar system 5 3" 8“153 Ofpsg $riagﬁg35 E&%Ellg(gcrl b unbi%\g responds by
7

transmtting 4 handoflﬂ it said linterennneoion és ¢qrppEEads ce, which in
turn transmts TCERYN J#3E ifeecdrievaion isTeomprisedCofmven Bl 2idksand

TCERLM TCE Il sconnegt.. Re t 210 h J dr opped
(D-BS). The dr oppe Eﬂgﬁaég %ﬁoéweﬁég? 5 gocgrl?n%ﬁ E:b?&?{ﬂrr %Egg mlRE é]ﬁi
transnission of 10 fodéaf dalﬂlmtcrcmtl@nﬁﬂrmsn% 9h@1§lﬁis‘(&flﬂfsoer unit 28
and by transmtting TCERLMICE Di sconnect Response 212 to the selector

resource, which in turg,respands by tr mittj e
Rel ease request 214 to Pﬁe"‘%ﬁ%%c?sﬁsa?ﬁttoﬁr om A?l?gn e e%%?r?gﬁ‘{eRgaRHEP
resources assocd at sydtem bperates atRate Ses Twy, sigmabing loverheaddisopreaxizaately 5%,
station 22 transm 4§ %Wfé@éca g@q@all?gl ease Response 216 to the

e L R
no other interface w t R2ifisaiglilbtconrection is comprised of two El links;
6 48 if said interconnection is comprised of three E1 links;
70 if said interconnection is comprised of four E1 links; and
8 91 if said interconnection is comprised of five E1 links.

18. The method as set forth in claim 8 wherein the cellular
2  system operates at Rate Set Two, signaling overhead is approximately 10%,
and said frame offset capacity is equal to:

4 7 if said interconnection is comprised of one E1 link;
" 21 if said interconnection is comprised of two E1 links;
6 46 if said interconnection is comprised of three E1 links;

67 if said interconnection is comprised of four E1 links; and
8 87 if said interconnection is comprised of five E1 links.

19. A cellular telephone system for performing a soft handoff of
2 a subscriber unit comprising:
first base station controller for transmitting forward link data to said
4  subscriber unit and to a call channel; and
second base station controller for receiving data forward link data from
6 said first system and transmitting said forward link data to said subscriber
unit.
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unit 18 it notifies CCP 42 the inter-systemcall has been term nated by

transmtting CATRLM|SSHO Tear down I ndi cation 218. The 20

i nformati on contained in CATRLM | SSHO Tear down | ndi cation 218 is set
forth in Tabl I Par anet er Type

Descri ption %o>§7}41698 Nanme Session ID Manda PC'l;/IUSQ‘TIOMlZ Sent
in all nmessage to CCP. Target BSC I D Mandat ory | dentify
the-target CDVA cel |l ul ar system
with which all air interfaces

have been term nat ed. Frame O fset | D% Mandat ory I dentify the

frafe offset of the 20. The cellular telephone system as set forth inj rdadm sipst em
sof t handoff eal hyherein said first base statidAbbsht¥8lierCoARMM revsldONirIe HALD be

I ndi cation. 25 referr odi nent .of the invent
determination  Progessgd f"rfg‘eétﬁﬁ"@éﬁ‘?ﬁ%ﬁ"gﬁlggmeﬁ’é@él {ax @@Yvﬁ’p B fi’ﬁte%ase
dropped base 4t astation2@nd fromheverse bhkedata meerived dywivap df henid sbsmrd base

unit 18 is perfor 1Rt 1 on WO 97/ 41698
PCT/ US97/ 07412 SR Yorh FOIR! 26 subsyst em 40
using the base station list. Upon recei pt of CATRLM SSHO Tear down

| ndi cation 218 CCP 4221lecr Eas eslhilinesytstémlasrsetrberth oh clabinel®- whereisyst em cal | s
between the apchor - COMY @t Bhél sratSh SBrdrifiel Ar88s SR total of inter-system
calls anchored at said first base station controller and having said second
4 base station controller as a target base station controller, and a set of subsets
of said first total corresponding to how many soft handoff are being
6 conducted using each frame offset, and
said second base station controller tracks a second total of inter-
8 system soft handoffs anchored at said first base station controller and how
many of said inter-system soft handoffs are using each frame offset.

22. The method as set forth in claim 21 wherein,
2 said first base station controller queries said second base station
controller for said second total and said second set of subtotals when
4 notification that the subscriber unit is moving into a coverage area
associated with said second base station controller, and
6 said first base station controller determines whether a soft handoff
should take place by summing said first total and said second total to yield
8 a third total and comparing said third total to a predetermined maximum,
and by summing a first subtotal associated with the present frame offset
10 from said first set of frame offsets with a second subtotal associated with a
frame offset being processed to yield a third subtotal and comparing said
12 third subtotal with a second frame offset maximum.

23. A base station controller for soft handing off a telephone call
2 from a first base station controlled by the base station controller to a second
base station controlled by a second base station controller, said telephone

4 call having an associated frame offset, comprising:

_——/__’
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cellular system anchored at the anchor-CDVA cel lul ar system and having 5

the associated franme offset. FIG 7 is a signal nessaging diagram
illustrating the si gnal i ng nmessages exchanged during a softer handof f
setup perfor rreg,d/\% & a base station 22 in a target CDVPp@ERUsSo o2
system A note ove a softer handof f is a handoff between sectors”
associated with the sane base station 10 22. The softer handoff begins
when subscriber unit 28 transmts Pil ot Strength Measur enent Report 130
to the selector resource processing the ggl Wi thin sel ection subsystem

44 indicating the pilot channel associ at ed with a new sector is being
recei ved above a predeaarlicontrol ipreegsepudifogtracking  detal imupbey phintersygemyi a

a sector ID. The sgftanAbffs BAESKUIES at e&aom,s skifiohband h Y88tk tal iotsls A YCHRM
Resour ce Request 13ﬁ ?o thﬁ 5base E%théc‘l) The base station 22
responds by transifft¥ fH @?ﬁ urce Response 133 whi ch causes
t he sel ector rdsource Bdettpalsgh:’o}tsfem for pefpmRianGelention aRdqcadbhandaff aride

base station 22 rggpqpfs x'ﬂ)é said cdlf %Bﬁt?o!t?f&es@@?@vi‘@km}@%ﬁﬁnﬁ?sﬁﬁﬁs%
135 whi ch cause the 20 % ector resource

smt |
Forward Traffild enter%ﬂ ReYerage afgd; assodpied WP‘rAag?rF?CPPﬁg’E %P%‘PH l‘”?ﬁge
frames 136 to the basesaid callktaitralnpRitessdposbtaimsea plecior FCkRaIMVcalls\Vidie gach

Forward Traff 'ﬁqu?{a}flglcgfse frolﬁ@aﬁﬁ'%e@@ﬁ& 8 dtQore 2oNEYIRF M&‘%‘i@xﬁ&ée@ga

the forward Ii c &anew ect oh ang cgnsm S
Handof f Direction SES@‘qFPé‘%r‘HHf‘P‘FFg"ft%QS?S‘ 3 fiame piiest callitptaheanc, capisgs anter-
processi ng t hel4f orsyateth safhkandaff td take lpdaredf sdid second tdtal mewber of ealls Snless
subscri ber unit 2 or A3 rafif C; I
fromthe new sect 3}191??4 P%&%@%&ﬁﬁﬁ%ﬂﬂa&?ﬁ %6 M?‘etgalgnﬂﬁs offset Cg(% ‘]é’gal‘e%?‘%%e
resource. AddiYd orfhrnp frame offseb madmugy 22 beg| ns to process the

reverse link signal from subscriber unit 28 within the new sector and 30

transmts TCERLM Begi ByRevefgg,dd Qtfatl éoﬂ%ﬁg}sosret% Sh b0 0l ?xﬁtisr%ﬁEﬂ?n said

reverse traffic is now ei ng rocesse usi n cei ve

sect or s. 2 callprentrgl P§°°§S%qrg stermwagt e foxeraes are irter hish the
signal i ng e Ssibg@Eibet xatin g edteding ixyassosiatedewithan dabé statiohdeomtralfcrato

i ntersystem calyg %ﬁgxﬂ%&ﬂé&%@%&t@k&h&&%ﬁ%&éﬂ0“ 22 in a target CDVA

cel lular system

25. The base station controller as set forth in claim 23 wherein
said second total number of calls is calculated by summing said first total
number of calls with said vector of total calls for each frame offset.

8]

26. The base station controller as set forth in claim 23 further
2 comprising:

a cellular system gateway for interfacing the base station controller
4 to said second base station controller using a packet based connection; and

an interconnect subsystem for routing frames among said selector
6 subsystem, said call control processor, and said cellular system gateway.

27.  The base station controller as set forth in claim 26 wherein
2 said packet based connection is formed using at least one T1 link.

28.  The base station controller as set forth in claim 26 wherein
2 said packet based connection is formed using at least one E1 link.

NN
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27 softer handoff teardown begi ns when subscriber unit 28 transmts
Pilot Strength Measurenent Report 150 to the sel ector resource
processing the call within selection subsystem 44 indi ¢atjueshdhe p| | ot

channel assoCYQPEYese with a new sector is being recei ved el ow a
predeterm ned threshold. The 5 selector resource responds by transmitting

Handof f Direction - 152 i nstructing subscriber unit 28 to begin soft
handof f teardown. Once subscriber unit 28 term nates processing of
the pilot channel fromthe sector, it ¥ ansnits Handof f Conpl eti on 154

to the selector resoe. Theemethod 9s|set farth rinsdains 26 wharein syith gelegtion
transmtting CERLBL‘%&GE. Eﬂlﬂué& f?il%r&tifa@é fdoﬁtéiamgradha@@f%aegstmla&
TCERLMRLM Di sconne f?sues 58 tQ t$e bas gg 21?;1 Base station
22 stops transni ?ﬁsPﬂQtefih%‘l"to rAFSPPAUPE MetYR IW}H Sarbask stPBAR: he
call fromthat sicsabd lisnof base stattroam'bmom§ TCERLM RLM Di sconnect Response 160

to the sel ector resource whi ch then transmts CRVMRLMCRM Resource
Rel ease Request 250 Hﬁ%&ﬁka ”&rtﬁlﬁf&ﬁﬁﬁ S&:{"Rﬁt%{l ggte}xﬁolséf?l?%"i\ 36t Bfa
resources previously a Ioca or on recej pt

of CRVRLM CRM Rilefthone mallle hsgween a’ReQH@SQf'H*EWOFhe qrﬁft e - Wg?terﬁeébﬂfbr
handof f teardovmcd;taFrﬁg @the® seafed By providing inter-system

soft handof f gapability, th ve r i n (;;DI\/A
subscriber unft 28 to )cro ?’(@ﬂ% R ang}é?'{jg%% Stgp‘g?er’r\é‘?\ﬂile?r}h?r{al n\ﬁg’ls%l’bng at
| east one RF i nt vnitds entering thegarget networlk atj on 22 at all tines. This in

turn all ows GOVA cel |b)| ar és&ib@ﬁhmgea call ch&fiali sewieen e RiRKbE A& agven
service area or B'é Vrga? hlggle of mul tiple CDVA cellul ar systens,
whi ch is useful Yeh™ 2 ge metropolitan areas require the use
“of nultiple bBse st at¢)on establishing arpnterfacecbetweew ithe tanget netweoskaand midber

of base stati Onssé’é’smﬂéduhito IWay ob)éafcil &&11 channel GtiRf Mdih%/ﬁe angirb@r of

et o aoa THE iteete et RS ARG ASRRr, and sald'SBRERRL wi™ PeL Ul

of fset, the above described invention allows nmultiple
31. The method as set forth in claim 30 wherein step b) is

2  approximately the steps of:
b.1) obtaining a first total number of inter network soft handoffs
4  being conducted by said target network;
b.2) establishing said call channel if said first total number plus a
6 second total number of soft handoffs being conducted at said anchor-base
station is less than a maximum amount; and
8 b.3) rejecting said soft handoff if said first total number plus a
second total number of soft handoffs being conducted at said anchor-base
10  station is greater than or equal to a maximum amount.

32. The method as set forth in claim 30 wherein said telephone
2 call remains anchored at said anchor-network for its duration.

33. The method as set forth in claim 30 wherein said target-
2 network and said anchor-network have non-overlapping address space.

34. The method as set forth in claim 30 wherein said anchor-
2 network includes a pilot database having a list of pilot channel offsets,

| O R



intér-systen1cal|s to be conducted via the use of a single Tl connection 30
het ween two CDVA cellular systems in a orderly fashion, and in an
efficient manner. Allowing inter-systemcalls and soft handoff to be
conduct ed vi a‘ﬁo';%ﬂg&rmecti on in turn reduces the cost and cecpisswoiz
associated wth providing inter-systemsoft handoff, while al so increasing
the likelihood that such a connection can be established because of the 35
hi gh preval ence and availability of such interconnections. Furthernore,

WD 97/ 41698 . i PCT/ US97/ 07412
28 by conducting an inter-system cal |l ar’?g soft{ h ndoff%%{(i a, ficati
i nt-er connect i ons associgtadaehage psigtign 2dD's, qaRd aF‘FREI‘F‘E@ REgveRk Mgentifisatign

PSTN 19, the pgesefformationnventi on uses the T1 or El1 interconnects nore
efficiently by allow ng sharing of the interconnect resource by the
multi-ple calls in inter-system5 soft handoff. Al so,_using packet baseg

i nterconnects between $8C sThrpmethod gsj 6t faxthsin plaim e wheTeipnsald (netyeor
traffic data iptojdngifica@on RCrhp¥ise of a base dthBopeemteserdD. whi ch causes
substanti al degradation of the audio information ultimtely produced.
Thus, a nethod and apparatus for performng an inter-systemcall 10 that
supports inter-system 3®ft MAanetbbfl foapestssming scteatdavn T areintarsysien call
embodi ment  proyi dgdynahavie hichop ceIdial Sysem ReT & Urgekidlhagk bystéRecomipridiag
make or use the present ipvention. Various nodifications consistent

with the use of tl‘i]ée?tﬁ%ﬂgi on will be readily apparent to those skilled in
the art, and tHe generak prdetedtige shatehpnpidohahennelndyome saidptarget wcellvlarer

15 enbodi ment s V"isxp(@}htistb@ﬁl e@bd hbévd NHENthNEhOIABY & ¥ubsERBEr uhite Present
I nvention 1I's not

intended t0 be imted to the enbadi'nents own herein
but is to be afcorded Phe V\ﬁeﬂ‘é‘é‘fat%ﬁgh%%§%‘t’eéhtsa\%i fq{g?thgelﬁ{q?rngy%tprgs saifly
subscriber unit; and
8 c) decrementing a number of calls being conducted between said

anchor cellular system and said target cellular system.

37. The method as set forth in claim 36 wherein step ¢) is
2 comprised of the steps of:

b.1) signaling to said subscriber unit to stop processing the
4  forward link traffic channel from said target cellular system;

b.2) terminating transmission of said forward link traffic channel
6 from said target cellular system; and

b.3) releasing resources within said target cellular network used
8 for generating said forward link traffic channel.

38. The method as set forth in claim 36 wherein step c is
2 comprised of the step of decrementing a number of calls being conducted
between said anchor cellular system and said target cellular system at a

4  frame offset associated with said intersystem call.
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novel features disclosed herein. 201 (W) CLA M WO 97/ 41698

PCT/ US97/ 07412 29

CLAI M5 1. A nmet hod for conducting an inter-system soft
handof f of a 2 de by a subscriber unit between a fir L ar
system and a ség8%?“ﬂdnicellular syst gy gonpri sing the stepsi’%?&gﬁhﬁdi -
a) notifying the first cellular systemthat the subscriber unit is
entering the second cellular system 6 b) determining if
sufficient network . capacity exists in an i nt erconnecti on between
the first cellular systemand the second cellular 8 systemto conduct the
i nter-system soft handoff; c) establishing a call channe
between the first cellular system 10 and the second cellular systemif
sufficient network capacity exists; and d  transmtting
first instance of forward link data received at 12 said first cellular,
system to the subscriber unit by way of a first radio frequency
signal interface between the subscriber unit and the first cellular 14{:
system and transmtting a second instance of forward |ink data to the
subscriber unit by way of the second cellulsar tel ephone systemand a 16
second radi o frequency interface between tfe subsgriber unit and the

second cel lul ar system
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2. The nethod as set forth in claim 1 further conprising the 2 step
of- receiving a first instance of reverse link data via said first radio
frequency signal interface, and receiving a second instance of reverse link
4 data by wayy@brndeggecond radi o frequency interface and thepsppeifrsrz

cel lul ar system 3. The nethod as set forth in clainr
1 wherein step a) is 2 conprised of the steps of:

transmtting a pilot strength neasurenent seport fromthe 4 subscri ber
unit to the first cellular systemvia said.first radio frequency

interface; and 6 determ ning that a pilot channel from said second
cellular systemis bei ng recei ved above a predeterm ned | evel.

WD 97/ 41698

PCT/ US97/ 07412 30 4.
The méethod as set forth in claim 1 wherein step b) is 2 conpri sed<Df
the step of: b.1) obtaining a first total number of intersy®em
calls occurring 4 bet ween said first cellular systemand said second (5
cellular system and b.2) determning if sufficient networks
capacity exists between said 6 first cellular system and said second

cel lular system based on a total capachgy and said total nunber of
inter-systemcalls. 8 5. The RS set forth in claim

4 wherein step b.1) is 2 conprised of the s
N
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guerying said second cellular systemvia a query nessage; and 4

receiving a second total nunber of inter-system calls from said

second cel lul ar systens indicated a nunber of calls anchored at said 6
second cel | ul §fo8yaksdm and having said first cellular systegcr@soiriar get

cellular system and 8 summ ng said second total with a third total
of inter-system calls anchored at said first cellular system and

havi ng said second cel lular 10 system as the target cellular system

6. The method -as set forth in claim & Mmherein step b.2) is 2

conpri sed of the steps of: conparing said total nunber of
inter-systemcalls to a first value if 4 said first cellular systemis
operating at a first rate set; and conparing said total nunber
of inter-systemcalls to a second value 6 if said first cellular system
is operating at a second rate set. 7. The nethod as s&B

forth in claim 1 wherein step b) is 2 conprised of the step of: N
b.1) obtaining a first total nunber of inter-system calls occurring
between said first cellular systemand said second cellular system angga
first set of subtotals of said first total correspondi ng to a set of frane
offsets 6 over which each inter-systemcakd is being conducted; and
b.2) determning if sufficient network capa@f ~ists between said 8
first cellular system and said second chI ul g s_based on a total
WD 97/ 41698 '
PCT/ US97/ 07412 )?.
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capacity and a frame offset capacity, and said first total nunber of inter-

10 system soft handoffs and said first set of subtotals. 8.
The nethod as set forth in claim 7 wherein step b.2) is 2 conpri si ng of
the steps of: oomatees dJdetermning.if said total capacity i pcanR8idiz han

said first total 4 nunber of inter-system soft handoffs; and
determning if a subtotal fromsaid set of subtotals correspondlng to 6
the: frame of fset of the call being processed is greater than said franme

of f set capacity. _ 9. The nethod as set forth in claim8
wherein said total capacity 2 and said frane offset capacity depend on
whet her the first cellular system operates at a first rate set or a
second rate set. 10. The met hod as set forth in claim8
wherein said total capacity 2 depends on how many T1 and E1 li-nks are
present between said first cellular system and said second cel |l ul ar
system 11. The nmethod as set forth in claim8 wherein
cellular system 2 operates at Rate Set One, signaling overhead is %3
approximately 5% and said frame offset capacity is equal to: 4 .
10 if said interconnection is conprised of one T1 |ink; 23 i (D
said interconnection is conprised of two T1 links; 6 42 if said g
i nterconnection is conprised of three T1 |inks; 62 if said

i nterconnection is conprised of four T1 |links; w8 77 if said

i nterconnection is conprised of five T1 |inks; 97 if said

i nterconnection is conprised of six T1 |links. 12. The net hod
as set forth in claim8 whereil cellular syS{g > at Rate Set
One, signaling overhead IS aRBFOXIHBte|y 10%] and rame of f set
capacity is equal 9 if said |n‘erco geet’l on i conpri sed of

one T1 I|ink; iff said interconnect] sed of two T1
links; 6 I nterconnection §s conp ised of Jthree T1
l i nks;

19

%)

<)
“

[ &~
' &
[«)]
s R
1
) ) | /@\
S S S
| «
~ ™ .
. | | <
uN’ H | |8 g
[/

BSC
N2
BSC

SUBSTITUTE SHEET (RULE 26)



WD 97/ 41698

PCT/ US97/ 07412 32 59
if said interconnection is conprised of four T1 links; 8 74 if said
i nterconnect i ogd eysg@gPrised of five T1 links; and rcusotAap d
i nterconnection is conprised of six T1 |inks. 13. The met hod
as set forth in claim8 wherein cellular system 2 operates at Rate Set
Two, signaling overhead is approximatel y6/9% and said frame of fset
capacity is equal .to: 4 7 if said interconnection is conprised of
one T1 link; ° 18 if said interconnection is conprised of two T1
links; 6 33 if said interconnection is conprised of three T1 |i nks;
50 if said interconnection is conprised of four T1 links; 8 63 if
said interconnection is conprised of five T1 |inks; 76 if sai@®
i nterconnection is conprised of six T1 |inks; and 10 88 if said®™N
i nterconnection is conprised of seven T1 |inks 14. The .
nmet hod as set forth in claim8 wherein cellular system?2 oper at es at Igte
Set Two, signaling overhead is approximately 10% and said frane U=
of fset capacity is equal to: 4 6 if idinterconnection is
conprised of one T1 |ink; 17 if sawg ipterconnection is
conprised of two Tl links; 6 i i Megnnection is
conprised of three T1 |inks; 48~ # sai d i nteMsgnnection is
conprised of four T1 |inks; i bction is
conprised of five Tl |inks, ection is
conprised of six Tl links; 4nd 10 onnection is
conprised of seven T1 Iin%.
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15. The nethod as set forth in claim 8 wherein the cellular 2 system

operates at Rate Set One, signaling overhead is approximately 5% and
said frane offset capacity is equal to: 4 12 if said
i nt erconnect i agolba41eeyTPr i sed of one E1 |i nk; 39 ptTARYAD7412
i nterconnection is conprised of two E1 links; 6 65 if said -
i nterconnection is conprised of three E1 |inks; and 90 if said
i nterconnection is conprised of four El1 |inks. WO 97/ 41698
PCT/ US97/ 07412 . 33 16.
The nmethod as set forth in claim 8 wherein the cellular 2 syst em oper at es
at Rate Set One, signaling overhead is approgfifately 10% and said
frame offset capacity is equal to: 4 11 if said interconnection is
conprised of one El1 |ink; 37 if said interconnection is
conprised of two E1 links; 6 62 if said interconnection is
conprised of three El Iinks and 30 86 if said interconnection is
conprised of four ks 17. The nethod as set forth in
claim 8 wherein th <§¢ NI DI\?F@S em operates at Rate Set Two, signaling
over head i s appr oxi INTER-2d said frame offset capacity is equal
to: 4 8 if sal Nmﬁknnec ion is conprised of one El I|ink;
22 if said interconnectcoNNECRON | $ed of two E1 links; 6 48 if
said interconnection_is conprised of|]three E1 |inks; 70 if said
i nterconnection is conpri seg of four E1 links; and 8 91 if said
i nterconnection is conprised of five #31i nks.
TOT = TOTAL NUMBER
OF CALLS CONDUCTED
OVER INTERNETWORK
CONNECTION
33
32 -
NO REJECT INTER-
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SOFT HANDOFF
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34
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36
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18. The nethod as set forth in claim 8 wherein the cellular 2 system

operates at Rate Set Two, signaling overhead is approximately 10% and
said frane offset capacity is equal to: 4 7 if said

i nt erconnect i oiwd s741688pr i sed of one E1 | i nk; 21 | bebrksshoTaz
interconnection is conprised of two El |inkgiqq 6 46 if said -

i nterconnection is conprised of three E1 |inks; 67 if said

i nterconnection is conprised of four E1 links; and 8 87 if said

i nterconnection is comg@ed of five E1 |inks. 19. A

cellular tel ephone systeffifor performng a soft handoff of 2 a subscriber
unit conpri sing: first base station controller for transmtting
forward |ink data to sai 4 subscriber unit and to a call channel; and
second base station contjroller for receiving data forward |ink data from 6

said first syster said
subscri ber WO 97/ 41698
PCT/ US97/ 07412 o 34 20.
The cellular tel g ystemr as set forth in claim 19 4 wherein said
first base stati g everse link data to bdg processed
further fromrevgrsef link datgreceivel by way of a first bade 4 station
and fromreversellink data Egei ved by{way of said second bade station
controller. 21. ;wXThe cell ylar systemas set fortlh in claim19
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2 said first base station controller tracks a first total of

inter-system calls anchored at said first base station controller and
havi ng sai d second 4 base station controller as a target base station

controller, of subsets of said first total corpggrRRMA7IE tO
how many soft anda$ are being 6 conducted using each frane offset, and~

sai d second base station controller tracks g@ypecond total of inter- 8
system soft handoffs anchored at said first base station controller and how
many of said inter-systemsoft handoffs are using each franme offset.

22. The net’hod as set forth in claim21l wherein, 2 said first
base station controller queries said second base station controller
for said second total and said second set of subtotals when 4 notification
that the subscriber unit is noving into a coverage area. associ at ed
w th -said second base station controller, and 6 said first base
station controller determ nes whether a soft handoff shoul d t ake pl ace
by sunming said first total and said second total to yield 8 a third total
and conparing said third total to a predeterm ned maxi mum and by
summ ng a first subtotal sociated with the present franme offset 10 from
said first set of |fgane o f§ets with a second subtotal associated with a
frame of fset being Bra s-to—ytetd—athird—subtotat—=amd—Tonpari ng said
12 third subtotal (wetil a §kgpnd franme of fset maxi mum 23. A
base station controller fgfz t handing off a tel ephone call 2 froma
first base station controlllef by the base station controller to a second
base station contralled by|3| second base station controller, said tel ephone
4 call having an dsgodi ag&@isgr ane of fset, conprising: WO 97/ 41698
PCT/ US97/ 07412 H
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35 a call control processor for tracking a total nunber of
inter-system®6 soft handoffs anchored at said base station and a vector a
total s nunmber of - calls for each frane offset; and 8 sel ect or
subsystem for ReydRigy data-sel ection and call-handoff and 1(1@"7/07412
notifying said call control processor when the subscri ber unlt -
entering a coverage area associated wth the second base statlon mhereln
said call control processor obtains a vector of total calls for each 12
frame of fset from. said second base statigpqcontroller and calculates a
second total nunmber of calls and a frane offset call total, and causes
inter- 14 system soft handoff to take place if said second total nunber
of calls is |ess than a predeterm ned nmaxi rum and said frame of fset
call total is less 16 than a frame offset nmaxi mum 24. The
base 'station controllers set forth in claim23 wherein said 2 cal
control processor determnes if the coverage are into which the

subscriber unit is entering is associated with a base station controller to

4 which a direct n kK connection exists. 25. The base
station controller ag $etiforth in clajim 23 L0 sai d second total
nunmber of calls is ¢ IGuIPted by summ ng said first t®efal nunber of
calls with said vect total calls for each frane §ffset.
26. The base station controller as set forth in cIa£11 23 further 2
conpri si ng: a cellular systemgateway for ghterfacing the base
station controller 4 to said second base station c9~§§oller using a
packet based connecti.an._and ~ 3z <al interzonnegy ~subsystem for
routing frames anong|sggd|sel ectdr /% g ﬁpsysf%§1 §agd call control
processor, and said (eﬁfu ar ST E]T Ot _ A = = 27. The base
station controller a4 _setjfonfhfinjclpi 2 effeifl 2 said packet based
connection is formed using atjj | easfl opes|[T1z|ipk.2| £ 28. The base
station controller as set fgfthlinficlpigp 2 egleidl 2 said packet based
connection 1is forned u5|ﬁQ‘at | egst ? q?. E‘l 0
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36 29. The nmethod as set forth in claim26 wherein said
selection 2 subsystemincludes a pilot database containing a |ist of base
stations, o onu1e9sed pil ot of fsets, and associated netmorgcﬂﬁﬂﬁﬁaﬁg
each base station 4 in said |list of base station bel ongs. 0.-

A nethod for performng an inter-system soft handoff of a 2 tel ephone

cal-l between an anchor-network and a target network conprising the
steps of: 4 . a) notifying an anchor-base station controller that a
subscri ber " unit is entering the target"%%&wnrk; 6 b)
establishing a call channel between the anchor-network and the target
network; and 8 c) establishing an interface between the target
network and said subscri ber unit by way of said call channel while
mai nttaining a direct 10 interface between the anchor-network and said
subscri ber unit. 31. The method as set forth in claim 30
wherein step b) is 2 approximately the steps of: b. 1)
obtaining a first total nunber of inter network soft handoffs 4 being
conducted by said target network; b.2) establishing said cal
channel if said first total nunber plus a 6 second total nunber of soft
handoffs bei ng cong d at saig ancher-kase o ~ station is less than a
maxi mum anount ; an T\ RLB) QE{ bt(d@ said soft handoff if said
first total nunber S
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second total nunber of soft handoffs bei ng conducted at sai d anchor-base 10

station is greater than or equal to a maxi num anount. 32. The
met hod as set forth in claim30 wherein said tel ephone 2 call remains
anchored at b enakgghor -network for its duration. PCTAB97/07412he _
method as set torth in claim 30 wherein said target- 2 network and said
anchor - net work have non-overl appi ng address space. 34. The
nmet hod as set forth in claim30 wherein Sy Z ﬁnchor network includes a
pi | ot database having a list of pilot chan H ] of f sets, WD 97/ 41698
PCT/ US97/ 07412 37 associ at ed
base station ID s, and associated network identification 4 information.
35. The met hod as set forth in claim 34 wherein said network 2
identification is conprised of a base station controller 1ID.
36. - A nethod for performng a teardown of an intersystem call 2 between
an anchor cellular systemand a target cellular system conprising - the
steps of: 4 a) detecting that no pilot channel from said target
cel lul ar systemis being detected above a first threshold by a
subscriber unit; 6 b) termnating a |link between said target
cellular system said subscri ber unit; and
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8 - ) c) decrenenting a nunber of calls being conducted betweenpggad y
anchor cellular systemand said target cellular system 37.

The nmethod as set forth in claim 36 wherein step c) is 2 co ed of

the steps of: b.1) signaling to said subscriber uni stop
processing the 4 rd link (AR ooty RS RL6 t ar get @ lar -
system i,Q;',fg) termw%gl’t%i'ng tip L lalaiggn-o sgﬁd forward |ink

traffic chanmeRNATIONACMAPPRICATION PEBLISEED UNBER IHEPATENZCOOPERATION TREATYIPCT)

rel easir
generati
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decr ene
cel lul ar
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ed with said intersystemcall.
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(57) Abstract

A novel and improved method and apparatus for performing an inter-system soft handoff is described. In accordance with the present
invention, when a subscriber unit crosses from a first cellular system to a second cellular system, a base station controller (20) determines
if sqfﬁcie.nt network resources are available to conduct an inter-system soft handoff. If so, the base station controller (20) gencrates a set
of signaling messages that causc a call processing resource to be allocated, and for the call to be processed at the second cellular system,
‘The base station controller (20) then perform data-selection and data-broadcast for the call by ransmitting data to the subscriber unit (28)
by way of the second cellular system as well as via one or more base stations to which the base station controller (20) is directly coupled.
‘The determination as to whether sufficient network resources are available to conduct the inter-system soft handoff is based on the type of
connection that exists between the first cellular system and the second cellular system, the number of inter-system calls being conducted,

and the frame offset of the call currently being processed.




