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CALL TRANSFER WITHIN CELLULAR
COMMUNICATIONS SYSTEMS

BACKGROUND OF THE INVENTION
5 Field of the Invention
The present invention relates to call handling
within cellular radio communication systems and, more
particularly, to the transfer and redirection of calls
within said systems.
10 History of the Prior Art
Call handling within telecommunications systems
has, in recent years, become increasingly
sophisticated. For example, subscribers have greater
numbers of call handling features available to them as
15 a result of the implementation of more sophisticated

software within modern stored-program control-switching

systems. Features such as call forwarding, call

waiting, and selective call blocking are now commonly

incorporated into a ‘'"service profile® of each
20 subscriber.

Cellular radio telecommunications systems have
also offered increasing numbers of special subscriber
features. These features are commonly provided by an
operator of the cellular system. In general, each

25 mobile telephone subscriber in a cellular system is
associated with a specific "home location" to which
calls for that subscriber are normally routed by the
telecommunications network, based upon the directory
number assigned to that subscriber. Each subscriber's

30 home location is further associated with a particular
mobile switching center (MSC) and/or a home location
register (HLR) which contains a database of information
about the subscriber. The database includes the
service profile of that subscriber, including a list of

35 all of the special service features to which _the
subscriber subscribes as well as 1nf@rmatlon conceénlng

the mwmost likely current location of the mobile
\
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Call handling,within tel econmunications systens has, In recent years,
becone i ncreasingly sophisticated. For exanpl e, subscri bers have
greater nunbers of call handling features available to themas a
result of the inplenentation 15 of nore sophisticated software within
nmoder n st or ed- program control-smﬁtggtng systens. Features such
as call forwarding, call waiting, &and selective call blocking are
now commonly incorporated into a "service profile" of each
subscriber. 20 gupscrinCPlbilidfn Tl AetGLEROMMUNLERLELNSSHS MR e 2l so
of fered increasing nunbers of speclal subscriber features. = ese
features are coffoRLR prowierElfiedeagieraine af caht is recgdyed for
sylslt elm ! nt geﬂﬁémsub@@ﬁ{beﬂpb?ha z£21gé epaane i?. royﬁ:%@sot:fd) b%thdt@l'gart
cellular systemis associated.w a specjfic one | ocation 0
which call's foﬂ?ﬁﬁfl?ﬁbsﬁ’f"fzgép the n%\?‘téoﬁgr el | PR utRR byl ase
t el ecommuBbi cat i dndipateer kthdaselie subscrijlsdrt e diweesdmr)y nUdkeitedssi gned
to that subscrigggéwgggg subscriber's honme location is further
associated with )

All of the systems operating within a cellular

radio telecommunications network use specific and
common procedures to handle calls so that the systems
10 can communicate with one another and behave in a
uniform fashion. These call-handling procedures are
set forth in so-called “Standards" which must be
complied with by the manufacturers and operators of
cellular network infrastructure equipment in order to

15 provide commonality and compatibility within the
network. One such Standard used in North America is
entitled *Cellular Radio-telecommunications
Intersystems Operation" established by the
Telecommunications Industries Association (TIA), and is

20 often referred to as IS-41. IS-41 1is hereby
incorporated by reference. IS-41 provides standards

through which a calling party (a so-called "A-number")
is connected to a called party (a so-called "B-
number"). IS-41 also provides a call-handling feature
25 which forwards calls to a second telephone number (a
so-called "C-number") in the event a call is directed
to a mobile station B-number which is busy or does not
answer. A "Transfer-to-Number Request! message
forwards the call to a number which is pre-selected by
30 the subscriber as a number where the call can most
likely be completed. If, however, the forwarded call
arrives at the C-number and goes unanswered, no further

options are available, and the attempted connection

fails. It would be much more desirable if the call
35 could continue to be forwarded to a series of C-numbers
i




particular nobile switching center (MSC) and/or a honme 30 | ocati on
register (HLR) which contains a database of I nformati on about

t he subscriber. The database includes the service profile of that
subscriber, including a l|istuof all of the special service features
t0 which the subscri ber ' subscribes:§s wel | as information concerning
the nost likely 35 current location of*the nobile subscriber wthin

t he networ k. A subscriber's honme MSC or HLR i s consul ted each

time a call is Leis mﬁgﬂi *hgoﬁ PéféaberTﬁgg &Eh%d%ﬂ éé&ble undrOUted

t o anot her Iocatlon e ne
the present procedures.

In U.S. Patent No. 3,736,382 to Braun et al., a

memory device is disclosed for use in a call forwarding

5 arrangement wherein a connection directed to a station

may be completed to another station arbitrarily

preselected by the first station. However, there is no

mention of multiple call-forwarded cases, and the

invention does not, in fact, support such a technique.

10 U.S. Patent No. 4,876,707 to Hashimoto discloses

a telephone call-forwarding device which receives a

call (or multiple calls serially) and records the

calling party number(s). The device interacts with a

paging system to inform the called party that calls are

15 being received. The called party returns a call to the

device which results in connection to either an

incoming call which has waited, or places an outgoing

call via a dial-back maneuver. However, the device is

limited in that the stored numbers must be stored in

20 the same device that accesses them, and the numbers

must be accessed serially. A device is needed which
overcomes each of these limitations.

U.S. Patent No. 4,942,598 to Davis discloses a

telephone answering machine which receives a call and

25 uses the received automatic number identification (ANI)

to perform several actions which may include call

forwarding. The Davis wmachine must receive ANI

information to perform its functions, and the patent is

- specifically limited to the use of such information.

30 The machine is limited to single incoming calls, and

again must store the forwarding numbers in the same

device as has need to access them. A device is needed

which overcomes each of these limitations and does not
require ANI information to function.
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- 2- dat abase i ndicates that the subscriber is currently |ocated

el sewher e. Al of the systens operating within a cellular radio
t el econmuni cati ons network wuse specific and comon 5 procedures to
handle calls so that the systens can comuni cate with one

anot her and behave in a uniform fashi on. These call-handling
procedures are set fbrth in so-cal l ed "Standards" which nust be
conplied with by the manuf act urers and operators of ceIIuIa&
network 10 infra SUH HTRALE ef £t rauk de Lty an
conpatibility mﬁthi?ﬁ?ﬁgﬁﬁéﬁaork. Cnekgsgﬁgggaégagggugé%g fBQQH?QQhkbrth

Arerica is EftbiredinderefPuthrie Rheiaddition of| acehnuArktari ons
Intersystens Oppfidéx Orpafghater Shasl bhe TrankferlebefumBul CREGABSE

I ndustries Assotgéggégg_(ﬂ ’lb’?nisarl:dec;hsnique is illustrated in FIG. 1
5 wherein an illustrative call arrives at an MSC 11 for
"Bob" from "Sam", and is sequentially forwarded by the

MSC 11 to multiple C-numbers. The call arrives for Bob

from Sam at step 12, and the MSC 11 specifies an index
parameter at step 13 that directs an HLR 14 to retrieve

10 a first C-number for Bob from the C-number list in its
subscriber database. This number is returned to the

MSC 11 at step 15, and an attempt is made to forward

the call. It can be seen that when an attempt to
forward the call to the first C-number for Bob fails at

15 step 16, the MSC 11 changes the index parameter to
fetch a second C-number for Bob at step 17. The second
C-number for Bob is returned to the MSC 11 at step 18,

and at step 19 another attempt is made to forward the

call. This sequence is repeated at step 20 until
20 either the call is completed or the C-number list is
exhausted.

Although such a solution is technically feasible
within the current signalling protocol, this approach
has several disadvantages. First, this configuration

25 would not allow the HLR 14 alone to coordinate multiple
calls to the same number, but would require the
intervention of the MSC 11 through which the call was
being routed. The MSC 11, therefore, would have to
maintain additional state information about a call in

30 progress, that is, data concerning which C-number is
being requested. This would require additional
software in multiple MSCs 11, thereby making it more
difficult and expensive to implement. Second, the
addition of an 1index parameter into the 1IS-41

35 signalling protocol would introduce formal state
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15 often referred to as fﬁﬁﬁiﬁ. | S-41 is hereby incorporated by

ref erence. | S-41 provides standards through which a calling party
(a so-called "A-nunber") is connected to a =xGall ed party (a so-called
"B-nunber"). 1S-41 al so provides a caII-hand]#Wg feature which
férwards calls to a second Z8f tel ephoneS nunber (a so-called "C nunber")
in the event a call is directed to™a nobile station B-nunber which
i s busy or does not answer. A "Transfer- to Nunber Request" nessage

forwards the Ca'hf%%g%t%%%b%. ig@-%stggﬁsagkg ggéggya protocol .

subscri ber as a"nu ere the call can nost conpl et ed.
| f, however, th&uchr aamgdifieation riqdhia JtlrﬂélStrY St@@ﬂﬁﬁ)é’?"% Bpes

unanswered, no chth%‘ire?Qithsaﬁ’dewould recfﬁ/ﬂé a:t&r@sl&é%ﬁlk@ @irﬁ@fﬁli&d
connection fails. It woul d be nor e desirabl e the aJ coul d
continue to be €Xpense or\Eé’rde(ftt‘“@Ya se‘rtrses (ﬁOf@"fﬁﬁ?ﬁe ﬁﬁﬁ 9y

conpl eteds 30 cohli¥etnichcee! apes Ydile @mvam&mmmlmmmﬂmas

U S, Fatent Mookl 20,962 0 Sl lon IR Vo otmr RIS
calls come into a cellular group, where some mobile
phones are "busy", "idle", "inactive', or providing "no
answer", the index technique is wholly inadequate to

10 handle the resulting call-forwarding scenarios.
Finally, it is only possible to implement the index
technique when the MSC is a single node; the index
technique will not work when several MSCs are
networked.

15 FIG. 2 illustrates the situation in which the
index technique is used to forward two calls which
arrive near simultaneously for "Bob" from both "Sam"
and "Tom". At step 21 a call arrives for Bob from Sam,
and the MSC 11 specifies an index parameter at step 22

20 that directs the HLR 14 to retrieve the first C-number
for Bob from its subscriber database. Before that C-
number can be returned to Sam, however, another call
arrives for Bob from Tom at step 23. Once again, the
MSC specifies the index parameter at step 24 that

25 directs the HLR 14 to retrieve the first C-number for
Bob from its subscriber database. Thereafter, at step
25, the first number on the C-number list is returned
to the MSC 11 which, in this illustration, fails in its
attempt to forward the call for Sam at step 26. Near

30 simultaneously, the first number on the C-number list
is also returned at step 27 to the MSC 11 in response
to the call from Tom. The MSC 11 attempts to forward
this call at step 28, but this attempt will always fail
since the call from Sam was forwarded to the same C-

35 number only moments before.
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wherein a connection directed to a station nmay be conpl et ed to
another station arbitrarily preselected by the first 35 station.
However, there is no nmention of multiple call- f orwar ded cases,
the invention does not, in fact, support such a techni que.

-3

u. S Patent No. 4,876, 707 to Hashi noto di scl oses a

t el ephone call-formardlng devi ce mhlch rec&ves a call (or

10

15

20

25

30

35

Steps 29 and 31 illustrate that if both attempts
to forward calls to the first C-number fail, then the
MSC 11 will send two messages to the HLR 14 specifying
the index parameter that retrieves the second C-number
for Bob from its subscriber database. In steps 32 and
33, the second C-number is sent to the MSC 11 once for
the call from Sam and once for the call from Tom. 1In
steps 34 and 35, the MSC 11 attempts to forward both
the call from Sam and the call from Tom to the second
C-number. Since the calls are being transacted nearly
simultaneously, the specific order of the messages
illustrated could vary, but the end result is the same:
only one of these calls can be successfuliy completed.
As shown at step 36, this process may be repeated until
the C-number list is exhausted. Therefore, when the
index-parameter technique is used to forward multiple
incoming calls, there is a waste of time and network
resources since the MSC 11 attempts to forward multiple
calls to the same C-number.

A more serious problem arises when features are
implemented which allow a high number of near
simultaneous calls to occur, and these calls arrive on
numerous "gateway" MSCs. Since multiple MSCs may be
attached to a single HLR (FIG. 4), more than one MSC
may be transacting calls to the same party. Therefore,
effective call-forwarding coordination cannot be
performed by utilizing index parameters in the MSCs.
Call-forwarding coordination must take place in the
HLR.

Thus, a need still exists to provide a means for
allowing call transfer to a sequence of numbers on a C-
number list, totally under the control of the HLR, and
without involving additional parameter storage or
switching action by the MSC. With the current system,
if a second Transfer-to-Number Request message 1is
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multiple calls serially) and records the calling party

nunber (s).

The device interacts with a paging systemto 5 informthe called party
that calls are being received. The called party returns a call to
t he device which results in connection to either an incom ng cal
whi ch has waited, or places an outgoing call via a dial-back
maneuver. However, the device is limted in that the stored nunbers
nmust be 10 stored in the sanme device that accesses them and the

nunbers nust be acgesgednsetnadl lptr A Q%XgC%P | %iﬁgli@_edc‘m&rﬁﬂer may OBEr COMes

each of these limtations. at en

- No. 4
di scl oses a acqesissshonAdgiSdenrhgSHRRATRe HAF CAXABRS

942,598 to Davis
fved gOBBFRNENJ

uses 15 the nieRGRINiGE FohOtRbiversMHEDEr 1ingedtlfdtCHf ennumbrl, &8

perform several actions which . include call forwarding. , The Davi s
machi ne must raﬂﬁ%é@ NI in%ﬁdﬁg%?ﬂ#io ﬁ%gFﬂ?ﬁ? °Veﬁhégﬁtnﬁﬁioﬂg?tand
the patentsis speffiifdieaitly kiddetedtt @hehHLR rathdsethénsiinhalbf 6Engaheon.
and.again st store

The machine is | Io:ﬁ)i!t ?eg stvﬁt%:ihrigllgecégtersi raﬁgg]SP.g qﬂ{el Spr

t he forwarding M

esent

nvencion

uses a pre-existing Billing ID number to uniquely

identify calls arriving at the MSC.

This unigue

identifier is passed to the HLR where it is translated

10 into a pointer for sequentially forwarding calls to the

numbers on a C-number list until

the

successfully completed or the C-number

exhausted.

15 SUMMARY OF THE INVENTION

call is
list is

In one aspect, the present invention includes a

method for providing multiple sequential call-

forwarding transfers to a sequence of C-numbers within

a conventional cellular radio communications system by

20 providing a unique identifier for each call and

enabling a home location register (HLR) to coordinate

multiple calls made to the same mobile station, and

forward each call to the optimum call-forwarding C-

number for completion of the call.

25 The HLR stores, within a subscriber database, a

sequence of C-numbers on a call-forwarding priority

list to which calls are to be forwarded in the event a

call cannot be completed to the mobile station. When

an incoming call is received at an originating mobile

30 switching center (MSC), a Transfer-to-Number Request

message is transmitted from the MSC to the HLR

containing the subscriber database. The Transfer-to-

Number Request message contains a unique number, such

as a Billing ID number, identifying the request

35 message.
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in the sane device as has need to access them A device is needed

which overconmes each of these I|mtat|ons and does not require AN
information to function. T~y One suggested nodification of the call
forwarding 25 feature under 1S-41 is the addition of a character or

I ndex parameter to the Transfer-to-Nunber Request nessage. This
technique is illustrated in FIG 1 wherein8an i Il'ustrative cal |
arrives at an MsC 11 for "Bob" from"Sanf, and is sequent ially

forwarded by the MSC pl e rrbes .arniv for -
. Bob from Samat step 'ﬁ mj}P‘Pl‘é B Cehe pﬁ"ls?btécﬁfnlve§1%§°% ndex péir%%rreter
at step 13 that pirogeammidng the HLIR té tamar]etze ea e Txabhsfer -Condindexs or .

Bob fromthe C gueatsﬁ %égjll"% hés éﬁb [ D8 1 ({?tapp&e of 'gglli nunber

S retur ne%e an at s nade 3
forward the cal |forwardangb@us@ara. aandmeﬂ &ﬁaaﬁtnéﬁptto the M@Cfoitﬁ&rd the

call to the first,GawmtenieBardiithe driority 1ieR ¥or HeapYetibh
changes the |nde>?paraneter to fetch a

he call. The MSC then attempts to complete the
call to that C-number. If the call cannot be
completed, the MSC transmits a second Transfer-to-
Number Request message to the HLR containing the same

10 unique number, which the HLR uses to identify the
request message as the second request for this call.
In response, the HLR transmits to the MSC, the C-number
from the call-forwarding priority list which is the
next most likely number to result in call completion.

15 The MSC then attempts to complete the call to the
second C-number. The HLR continues to retrieve C-
numbers from the call-forwarding priority list, and the
MSC attempts to complete the call to the sequence of C-
numbers, until the call is completed, the call is

20 terminated, or the call-forwarding priority list is
exhausted.

In another aspect, the present invention is a
system for forwarding a telephone call for a mobile
station to a sequence of call-forwarding numbers within

25 a conventional cellular radio telephone system. The
system comprises a home 1location register (HLR)
which is associated with the mobile station, and which
stores the sequence of call-forwarding numbers in a

database. The system also includes a means for
30 transmitting a request message to the HLR requesting a
call-forwarding number. The request message is

identified by means of a unique identifying number.
The HLR includes means for retrieving and forwarding
the next highest priority call-forwarding number each
a5 time a request message is received, thereby enabling
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second C-nunber for Bob at step 17. The second C nunber for Bob is

returned to the MBC 11 at step 18, and at step 19 anot her att enpt

S

made to forward the call. This sequence is repeated at step 20 until

ei ther the cal

Al t hough such a solution is technically feasible wthin

is conpleted 5 or the G nunber list is exhausted.

signal | ing signaling protocol, this approaéh has severa

di sadvant ages.

10

15

20

25

30

35

First, this configuration would not

the HLR to retrieve and forward a sequence of call-
forwarding numbers to a single calling party.

BRIEF DESCRIPTION OF THE DRAWING

For a more complete understanding of the present
invention and for further objects and advantages
thereof, reference may now be had to the following
description taken in conjunction with the accompanying
drawings in which:

FIG. 1 (Prior Art) is a simplified flow diagram
illustrating the steps performed by an existing call-
forwarding system in which a mobile switching center
uses an index-parameter method of forwarding a single
call to a sequence of C-numbers retrieved from a
subscriber database;

FIG. 2 (Prior Art) is a simplified flow diagram
illustrating the steps performed by an existing call-
forwarding system in which a mobile switching center
uses an index-parameter method of forwarding two near-
simultaneous calls to a sequence of C-numbers retrieved
from a subscriber database;

FIG. 3 (Prior Art) is a pictorial representation
of a cellular radio communications system including a
mobile switching center, a plurality of base stations,
and a plurality of mobile stations;

FIG. 4 (Prior Art) is a pictorial block diagram
illustrating in more detail the inter-connection of
various MSCs, HLRs, and VLRs within a cellular radio
network within which the present invention may be
practiced;

FIG. 5 is a simplified flow diagram illustrating
the steps performed by the present invention in which
a home location register coordinates the forwarding of
near-simultaneous calls to a sequence of C-numbers
retrieved from a subscriber database;
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allow the HLR 14 alone to coordinate nultiple calls to the 10 sane

nunber, but would require the intervention of the MSC 11 t hrough
which the call was being routed. The MSC 11, therefore, would have
to mamintain additional state i nformati on about a call in
progress, that is, data concer ni ng r)\,hl ch C nunber is being
requested. This would 15 require addi tPonal software in multi pl e MSCs

11, thereby making it nore difficult and expensive to inplenent.

Second, the addition of, an. UGk QALAIPLEL AL dbealS4lr1ow aiagtgfal |ing

5|gnaI|ng protocol I nt’ro I nf or mat | on |nto
this transacti onldniscrasdngr thcéltgn@héhlwlved aln e f FeEPleMLoR Lt hi s

industry standgy dgy dcal®, togetHedNtwOMErthal foaR@drdiuad dfeqthae
consi derable tinme _an éxpense tQ stuydy its potentlal far%e%[ghl ng

consequences an@all to tyg ﬁuﬁﬁﬁ?%‘éﬁa FrRy 5 Jdb ARTGRPTE ¥
Third, 5 Wegibdd igtento | affreh o fprsd svritt aiveerst ioab ! s cone into a cell uI ar

'?i5nact i 8;9?pbr ;Tg;?$%® wbzlsc\lalérmpt Oﬂgél nx‘grfl]t.ugﬁfé(tive if'uifcatlon
of a standard Location Request message sent from a
mobile switching center to a home location register in
a cellular telephone network;

10 FIG. 8 (Prior Art) is an illustrative indication
of a standard Routing Request message sent from an
originating mobile switching center or a home location
register to a serving mobile switching center in a
cellular telephone network;

15 FIG. 9 {(Prior Art) is an illustrative indication
of a standard Redirection Request message sent from a
serving mobile switching center to an originating
mobile switching center in a cellular telephone
network;

20 FIG. 10 (Prior Art) is an illustrative indication
of a standard Transfer-to-Number Reguest message sent
from a mobile switching center to a home location
register in a cellular telephone network;

FIG. 11 illustrates in more detail a flow diagram

25 illustrating the signals involved in the completion of
two near-simultaneous calls, together with the
forwarding of those calls to two successive C-numbers
in accordance with one embodiment of the present
invention;

30 FIG. 12 is an illustrative indication of a Billing
ID message in one embodiment of the present invention;

FIG. 13 is a logic flow diagram of actions taken
by an originating mobile switching center (MSC) upon
receipt of a Redirection Request Invoke message in

35 order to invoke a Transfer-to-Number request;
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I's wholly inadequate to handle the resulting call-forwarding

scenarios. Finally, it is only possible to inplenent the I ndex

t echni que when the MSC is a single node; the index 30 techni que wi |l

not work when several MSCs are networked. FIG 2 illustrates
the situation in which the index technique is used to forward two
calls which arrive near S|nultaneoU%}y for "Bob" from both "Sant and
"Tonml'. At step 21 a call arrives for Bob fron1San1 and the MsC 11

SBeCl (165,32 1 2" AR PR AP o e P
Bef ore that C nubbemancdlBheupetrurgeeipt $fna Location Request Invoke
message in accordance with the teachings of the present
invention; and
5 FIG. 15 is a logic flow diagram of actions taken
by an HLR upon receipt of a Transfer-to-Number Request
Invoke showing one use of a Billing ID to traverse a C-
number list in accordance with the teachings of the
present invention.
10
DETAILED DESCRIPTION
FIG. 3 illustrates a conventional cellular radio
communications system of the type to which the present
invention generally pertains. 1In FIG. 3, an arbitrary
15 geographical area may be divided into a plurality of
contiguous radio coverage areas, or cells C1-Cl0.
While the system of FIG. 3 is illustratively shown to
include only 10 cells, it should be clearly understood
that in practice the number of cells may be much
20 largerx.
Associated with and located within each of the
cells C1-Cl0 is a base station designated as a
corresponding one of a plurality of base stations Bl-
B10O. Each of the base stations B1-B1l0 includes a
25 transmitter, receiver, and base station controller as
are well known in the art. In FIG. 3, the base
stations B1l-B1l0 are illustratively located in the
center of each of the cells Cl1-C10, respectively, and
are equipped with omni-directional antennas. However,
30 in other configurations of a cellular radio system, the
base stations B1-B10 may be located near the periphery
or otherwise away from the centers of the cells C1-Cl0
and may illuminate the cells C1-Cl1l0 with radio signals
omni-directionally or directionally. Therefore, the
35 representation of the cellulaf radio system of FIG. 3
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however, another call arrives for Bob from Tom at step 23. Once

again, the MSC specifies the index paraneter at step 24 that directs
the HLR 14 to retrieve the first C number for Bob fromits subscriber
dat abase. Thereafter, at step 5 25, the first nunber on the C nunber
list is returned to the MSC 11 which, in this illustration, fails in
its attenpt to forward the call foridam at step 26. Near

si mul t aneousl y, the first nunber on the C nunber list is also

returned at 27.to the response to th I Tom
e 100" “hee 175 o BUFBoPBRTE (hLiRFRORRR S Al ponl by [ 8B
attenpt will alwmﬁﬁddﬂd siase the cdlimiftadrhc®am was the fopessieleto the
same C-nunber %@H@%&P@ﬁ&r& the cellulab€Ragdd adhdh iditsinate

that if boH1att ts to .
which the system of the present invention 1is

5 implemented.

With continuing reference to FIG. 3, a plurality
of mobile stations M1-M10 may be found within the cells
C1-C10. Again, only 10 mobile stations are shown in
FIG. 3, but it should be understood that the actual

10 number of mobile stations may be much larger in
practice and will invariably greatly exceed the number
of base stations. Moreover, while none of the mobile
stations M1-M10 may be found in some of the cells Ci-
C10, the presence or absence of the mobile stations Mil-

15 M10 in a particular one of the cells C1-Cl10 should be
understood to depend, in practice, on the individual
desires of the operators of mobile stations M1-M1i0 who
may roam from one location in a cell to another, or
from one cell to an adjacent or neighboring cell, and

20 even from one cellular radio system served by a mobile
switching center (MSC) to another such system.

Each of the mobile stations M1-M10 is capable of
initiating or receiving a telephone call through one or
more of the base stations B1-Bl0 at an MSC. The MSC is

25 connected by communication links, e.g., cables, to each
of the illustrative base stations B1-B10 and to the
fixed public switch telephone network (PSTN) (not
shown), or to a similar fixed network which may include
an integrated services digital network (ISDN) facility.

30 The relevant connections between the mobile switching
center MSC and the base stations B1-B10, or between the
mobile switching center MSC and the PSTN or ISDN, are
not completely shown in FIG. 3, but are well known to
those of ordinary skill in the art. Similarly, it is

35 also known to include more than one mobile switching
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forward calls to the first Cnunber fail, then the MSC 11 15 wll send
twe nessages to the HLR 14 specifying the index paranet er that
retrieves the second C nunber for Bob from its subscriber database.
In steps 32 and 33, the second C nunber is sent to the MSC 11 once
for the call from Sam and once for the call fromTom In steps 34 and
35, the MBC 11 20 attenpts to forward-Béth the call from Sam and the
call from Tomto the second C nunber. Si nce the caI | s are being
transacted nearly si rruIIaneou t he specific order of th ﬁsages
il lustrated coul L ig R febleiRr re_dte systae and tosﬁﬂ’@ne‘:toﬁ?? one
of these call add::an.orm mobddes swittidd cenwpicstaedilffe&&nshgmupt step

36, Lhis Process, iy e o arion:BEA' B UOLLL LOB: Conupbernlhs! chirere

exhausted. Therefore ex-parane er n| gque 1s used to
forward mNyia m@blmc@mrﬁgdmllmkshere is a waste of tine and
network regources si %@s&ﬂ%ﬂ\@cﬂ%hai:héméilﬁfl?a;.*oi&’éig 39stem"BE! FRLE calls
to the same C nunber. nore serious problemarises when
features are 3, there are also one or more home location registers

(HLR) which store information concerning each of the
mobile stations M1-M10 which may be associated with
that particular HLR. Additionally, the system may

10 include one or more visiting location registers (VLR)
which store information concerning mobile stations
which are associated with other home locations, but
which have roamed into the geographic area served by
that cellular system.

15 Each of the cells C1-Cl10 is allocated a plurality
of voice or speech channels and at least one access or
control channel, such as a forward control channel
({FOCC). The control channel is used to control or
supervise the operation of mobile stations by means of

20 information transmitted to and received from those
units. Such information is particularly useful when a
mobile station travels out of the radio coverage of one
cell into the radio coverage of another cell, and may
include incoming call signals, outgoing call signals,

25 page signals, page Yresponse signals, location
redirection signals, voice channel assignments, and
maintenance instructions. The contxrol or voice
channels may operate either in analog or digital mode
or a combination thereof. Additionally, control

30 signals are sent between each of the MSCs, HLRs, VLRs,
and PSTNs connected within a network in order to route
and complete telephone calls to and from the mobile
stations M1-M10 1located within the cellular radio
system shown in FIG. 3.

T




I mpl enent ed which allow a high nunber of near sinultaneous calls to

ocecur, and these calls arrive on nunerous "gateway" MSCs. Since
multiple MSCs may be attached to a single HLR 35 (FIG 4), nore than
one MSC may be transacting calls to the sane party. Ther ef or e,
effective cal | -forwardi ng coordin%hjon cannot be performed by

utilizing index - 6-

FIG. 4 illustrates in more detail a hierarchial
implementation of the various IS-41 functional entities
that may comprise a cellular telephone network. Actual
implementations may vary with respect to the manner in

5 which functional entities are distributed among various
physical units. In cases where functional entities are
combined in the same physical equipment, the interfaces
become internal and need not adhere to interface
standards.

10 In FIG. 4, an HLR 4la and its associated
authentication center (AC) 41b may interface with a
plurality of VLRs such as VLR 42a and VLR 42b covering
different geographic regions. An AC is a functional
entity which may manage encryption for an individual

15 subscriber, if encryption functions are provided within
a particular cellular network. Each VLR may, in turn,
interface with one or more MSCs 43a-c. VLR 42a, for
example, may interface with a single MSC 43a while VLR
42b may interface with MSCs 43b and 43¢, or more. Each

20 MSC 43a-c is associated with an equipment identity
register (EIR) 44a-c¢ which maintains records of
subscriber equipment. At the next level, each MSC
interfaces with one or more base stations (BSs) 45a-d.
Each BS, in turn, may interface with zero, one, or a

25 plurality of cellular subscriber stations (CSSs) 46a-c.
The CSS is the interface equipment used to terminate a
radio path at the user side of a transmission. It
provides the user with the capability to access network
services. Finally, each MSC 43a-c interfaces with the

30 Public Switched Telephone Network (PSTN) and Integrated
Services Digital Network (ISDN) 47 which are defined in
accordance with their applicable ANSI T1 standards.

FIG. 5 is a simplified flow diagram illustrating
the steps performed by the present invention in which

35 a home location register coordinates the forwarding of
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paraneters in the M5Cs. Call-forwardi ng coordi nati on nust t ake pl ace

i n.the HLR Thus, a need still exists to provide a neans for
allowing call transfer to a sequence of nunbers on a G 5 nunber i st,
totally under the control of the HLR, and wi t hout i nvol vi ng
addi ti onal paraneter storage or swtching action by the MsC. Wth the
current system if a second Tr ansf et-0- Nunber Request nessage is

i ssued in the HLR only a single C nunber nay be accessed. Additional

support, 10 for exaﬁ ﬁ a counti mechani sm f or tra\é/ﬂ;r S| ng a |linked
list of C number®S3¥ sSHERUEZCAUR; S £8f thaf EIBTRFfie UMPET Ry 5t
efficiently addetetatidted HR-omt har shbscribell efatabase.the nbbEle 5

swi t chi ng Centfﬁfn§&£%%a e;T§bl%§§§f§fi§§efég how $38% PoPhEr8ihal!nog

Billing I D nunber to un;gye s arriving
Thi s uni que i derits thandliesl bys&be present:oltm%nnwmertélei tsh@aﬂ:liéﬁspﬁt ed

into a poigiter fpfg, 2 msema%t ieqid ycamré/vaéldfme CRé4S LOmhifl€anHBhgNy ON a

C nunber S R DS oBhin " eanTosag it COMRLCLEdLS" 51 "En
52, calls arrive at the MSC 11 near simultanecusly for
Bob from Sam and Tom, respectively. At steps 53 and
54, the MSC 11 forwards requests to the HLR 14 to
10 retrieve a C-number-for-Bob, for Sam, and a C-number-
for-Bob, for Tom. Software in the HLR 14 may decide at
step 55 that the first C-number is appropriate for Sam
while the second C-number is appropriate for Tom.
Thereafter, at steps 56 and 57, the first C-number is
15 returned to the MSC 11 for Sam, and the second C-number
is returned for Tom. The MSC 11 then attempts to
forward the two calls to the two different C-numbers.
Although several different outcomes are possible
in this scenario, the remainder of this illustration
20 assumes that, for example, the attempt to forward the
call for Sam to the first C-number fails at step 58,
and the attempt to forward the call for Tom to the
second C-number is successful at step 59. Thereafter,
at step 61, the MSC 11 again forwards a request to the
25 HLR 14 to retrieve a C-number-for-Bob, for Sam. At
step 62, the HLR 14 may decide to skip to the third C-
number since the second C-number was just used for Tom.
At step 63, the third C-number is returned to the MSC
11 for the second attempt to forward Sam's call, which
30 occurs at step 64. This process is repeated at step 65
until the call is completed, the call is terminated, or

the C-number list is exhausted.
Thus, it can be seen that the present invention
provides for the efficient use of C-numbers in call
35 forwarding. The HLR 14 is the central point of
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nunber list is exhausted. 20 SUMVARY OF THE | NVENTI ON I n

one aspect, the present invention includes a nethod for providing
mul ti ple sequential call-forwarding transfers to a sequence of
C-nunbers within a conventional cellular 25 radi o comuni cati ons system
by providing a unique identifier for each call and enabling a hone

| ocation register (HLR) to coordind®e nultiple calls made to the
sanme nobile station, and forward each call to the optinmmcall -

forwardi ng C nunber_for conpletion of the call. 30 . The,  HLR. stores,
whin  aosuboc e tiatighye and St 'Pcffevaniang aigsmibiresh &
cal | - f or war di ng rumbenist yalsiedt onointelliget ¢ hresl 4tsimgr detcd sienbor witheed i n

the event a calls GANO! two-ca110&HAMM £12d189u509aFBH | £, Skaki o Ygen an

i ncom ng cal | Is recerved at an originating nobile sw tching center

(MSC), 35 a haasdes: wishrukbbhe REpeEEicheneigre ofs athears existdngr om t he
MSC to the HLR gadgddid sy dtemd BReT dW aha s fRa@S€aneodBy forward two

calls to the same C-number. More complex scenarios may
involve features which allow a high number of near
simultaneous calls to arrive on numerous "gateway"
MSCs. Multiple MSCs may be attached to a single HLR
10 (FIG. 4), and more than one MSC may be transacting
calls to the same party. The present invention allows
efficient coordination of such calls to take place in
the HLR.
FIG. 6 illustrates in more detail a signalling
15 diagram illustrating the completion of a call together
with the forwarding of that call to two successive C-
numbers in accordance with one embodiment of the
present invention. A call origination and directory
number of the mobile station for which the call is
20 intended is sent from a PSTN network 71 to an
originating MSC 72. Next, the originating MSC 72 sends
a Location Request Invoke message 73 containing a
unique number to the mobile station's HLR 74. The
unigque number selected for - use 1in the preferred
25 embodiment of the present invention is a Billing ID
number which is a number unique to each call which is
used in existing cellular radio networks in accordance
with IS-41 to collect information for billing purposes
on the length of each call and the services provided.
30 The Location Request Invoke 73 requests information
concerning the current location of the specified mobile
station and asks for routing instructions.
In response to the Location Request Invoke 73, the
HLR 74 constructs a Route Request Invoke message 75,
35 and sends it to a VLR 76 that last provided a
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Transfer-to- Nunber Request nessage contains a uni que nunber,

-7~ such as a Billing I D nunber, identifying the request

nmessage. The method of the present invention includes
programm ng the HLR to anal yze a Transfer-to-Nunber Request 5 al ong
with the HLR s priority list of call-forwarding nunbers, and to

transmit to the MSC, the optimum G nunmber-17-

registration notification for the mobile station for
which the call is intended. The Route Request Invoke
inquires as to the preferred method of routing pending
calls to a visiting mobile station. The VLR 76
5 forwards the Route Request Invoke 75 to a serving MSC
78 covering the geographic location where the mobile
station is currently found. 1In response to the Route
Request Invoke 75, the serving MSC 78 checks its
internal data structures and may, for example,
10 determine that the mobile station is currently idle.
The MSC 78 then allocates a temporary local directory
number (TLDN) and returns this information to the VLR
76 in a Route Request Return Result message 79. The
VLR 76, in turn, forwards the Route Request Return
15 Result to the HLR 74 at 81. The HLR 74 adds location
information to the message and returns a Location-
Request Return Result message 82 to the originating MSC
72 which originally sent the Location Request Invoke
73. The call is set up at 83 in the conventional
20 ménner.

In the event the call set up at 83 cannot be
completed because of either lack of a page response by
the mobile station or time-out due to no answer by the
mobile station at 84, the serving MSC 78 determines

25 from the subscriber profile whether the mobile station
has call forwarding activated. If the mobile station
has call forwarding activated, the serving MSC 78
returns to the originating MSC 72, a Redirection
Request Invoke message 85 indicating that the call is
30 being redirected due to a no answer condition. If the
originating MSC 72 is able to redirect the call, it
transmits a Transfer-to-Number Request Invoke message
86 to the HLR 74 indicating that there was no answer,
including the Billing ID, and requesting the C-number
35 from the HLR's database to which the call should be
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fromthe priority list for conpletion of the call. The MSC t hen
attenpts to conplete the call to that G nunber. If the call cannot be
conpleted, the MSC transmits a second 10 Tr ansf er-to- Nunber Request
nmessage to the HLR containing the sanme uni que nunber, which the HLR
uses to identify the request nessage as the second request for this
call. In response, the HLR transmts®to the MSC, the C nunber from

t he caII-formarding priority list which is the next nost 15 likely

nunber to result C ]$§¥& h t1 epnt sy _
conpl ete the calf’ ’f"é ¥a+1e second[L oﬁlr%?ér% he R4 rﬁ'_ gE)Inétl nues éte%
retri eve C nunbets- NumherhﬁeqaestfaﬁmarulRgsult megsiegei By IGoRtaigdad he

MEC attenpts to %%ﬂé&ecsh@ QBH«IaEang numbl® FEAHERER &-nbmberbarist until
the call is conpleted 20 call s term nated, or .the call-formardlng

priority Ilist i sstored ipnhkhet dgtabase of the HLR,Fssociated withhdh& esent
invention s a sysbeMe statiof ffumakdiirt athel epabhe weed | drdigimalilyt | e

iéﬁagﬁ?iéﬁa? 1ntengegncef£ C8'|nu é%ﬁﬁg'“ 3gggK3§oMnEEEn&%tabase
based on a the Billing ID, an associated time stamp,
and on preprogrammed logic instructions in the HLR
which are programmed to select the C-number most likely
10 to result in a successful connection. Simple logic
instructions may, for example, provide a higher
priority to certain C-numbers at different times of the
day or on different days of the week. In response to
the message containing the first call forwarding number
15 87, the originating MSC 72 sends a Redirection Request
Return Result message 88, ending the connection to the
serving MSC 78, and at the same time, initiates call

forwarding to the specified C-number at 89.
It should be noted that if the serving MSC 78 is
20 able to redirect the call, then it is not necessary to
send the Redirection Request Invoke 85 to the
originating MSC 72. 1Instead, the serving MSC 78 sends
a Transfer-to-Number Request Invoke directly to the HLR
74 which, in turn, returns the C-number to the serving
25 MSC 78. This situation requires that the originating
MSC 72 remain connected to the serving MSC 78 until the

end of the call.

If the originating MSC 72 is attempting to forward
the call, and again, the call cannot be completed due
30 to the lack of a page response by the mobile station,
or an answer time-out at 91, the originating MSC 72
sends to the HLR 74, a second Transfer-to-Number
Request Invoke 92 indicating that there was no answer,
including the Billing ID, and requesting another C-
35 number from the HLR's database to which the call should

This Sheet Has Been Re

(0w iy i



25 cellular radio tel ephone system The system conprise a honme

| ocation register (HLR) which is associated with the nobi | e station,
and which stores the sequence of call - forwardi ng nunbers in a

dat abase. The system al so incl udes a neans for transmtting a request
nmessage to the HLR 30 requesting a call-forwardi ng nunber. The request
nmessage Is identified by neans of a'&ﬁrque I denti fyi ng nunber. The
HLR i ncl udes neans for retrieving and forwardi ng the next hi ghest
priority call-forwardi er | a } ge.i
received, thereb#%naxﬂlgﬁgg he Eﬁgﬁggéé£§#1egé§@{?§ 74aﬁ5a9§§%§?dga g%ﬁuence
of call-forwardi mrigimesingt MSG 72, a s¢eond Trdndiey -por-iipmber Request

Return Result 93 containing a second call forwarding

number comprising the C-number which is the next most

5 likely C-number to result in a successful connection,
consistent with the Billing ID and the preprogrammed
logic instructions in the HLR. Thereafter, another
call forward setup is performed at 94, followed by an
answer by that party at 95.

10 Thus, it can be seen how the use of an arbitrary
number such as the Billing ID associated with each
Transfer-to-Number Request Invoke to the HLR 74 enables
that HLR to continue to respond locally to transfer-to-
number requests. A sequence of numbers to which the

15 call is to be forwarded can be retrieved from the HIR's
database, enabling the HLR to maintain local control as
well as to provide a record of the specific number to
which the call was forwarded, for call management
purposes.

20 FIG. 7 is an illustrative indication of the
standard message format £from 1IS-41 of a Location
Request message sent from an MSC to an HLR (Invoke),
and from the HLR back to the MSC (Return Result).
Within the "invoke parameters", two parameters are of

25 significance to the present invention: "Digits
(dialled)" and "Billing ID". Digits (dialled) reflects
the B-number or called party. Billing ID is a unique
number which identifies a particular call and collects
all information relative to call length and services

30 provided to facilitate the billing of the subscriber.

FIG. 8 1is an illustrative indication of the
standard message format from IS-41 of a Route Request
message sent from an MSC or an HLR to the serving MSC
{Invoke), and from the serving MSC back to the HLR or

35 originating MSC (Return Result}. The routing request
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- 8- BRI EF DESCRI PTI ON OF THE DRAW NG For a nore conplete
under st andi ng of the present I nvention and for further objects and
advant ages t her eof ref erence may now be had to the foll ow ng
description taken 5 in conjunction with the acconpanying drawings in
wht ch: FIG 1 (Prior Art) is a_gégplified fl ow di agram
illustrating the steps perfornmed by an exisSting call- f orwar di ng
systemin which a nobile switching center uses an i ndex- par amet er
method of forvar gbBgagesiaolecailkl taqhikd as WHALHY HirdmiiiMifithod
retrieved froma su ber FI.G, 2 (Prior Art |s a
sinplified flow 8fagohing a PPP@%PGaﬁ%%}tWR&§t¥5§1§épﬂbﬁH§FQKF

existing call- within the "invoke parameters", two parameters are of
significance to the present invention: "Mobile
5 Identification Number" and "Billing ID". The Mobile

Identification Number reflects the B-number or called
party. The B-number, which was carried by the "Digits
(dialled) " parameter of the Location Request Invoke, is
mapped over to the Mobile Identification Number in the

10 Route Request Invoke. The Billing ID parameter once
again is the unique number necessary to gather all
billing information on a particular call.

FIG. 9 is an illustrative indication of the
standard message format from IS-41 of a Redirection

15 Request message sent from the serving MSC to the
originating MSC (Invoke), and from the originating MSC
back to the serving MSC (Return Result). The Mobile
Identification Number (B-number) and the Billing ID are
once again carried forward in the invoke parameters of

20 the Redirection Request message.

FIG. 10 is an illustrative indication of the
standard message format from IS-41 of a Transfer-to-
Number kequest message sent from an MSC to the HLR
serving the specified mobile station (Invoke), and from

25 the HLR to the MSC (Return Result). The Mobile
Identification Number (B-number) is once again carried
forward in the invoke parameters of the Redirection
Request message. The Billing ID, however, is not
carried forward in the IS-41 format of the Transfer-to-

30 Number Request message. The Billing ID is not included
in this message because the action which this message
invokes, the providing of a call-forwarding C-number by
the HLR, is not a billable event. Therefore, the
Billing ID, which has historically been used only to
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forwardi ng systemin which a nobile switching center uses an

| ndex-paranmeter mnmethod of forwarding two near- 15 si nul t aneous
calls to a sequence of C-nunbers retrieved from a subscri ber

dat abase; FIG 3 (Prior Art) is a pictorial representation of a
cetlular radi o comuni cations systemincluding a nobile swi t chi ng
center, a plurality of base stations, arfd-a 20 plurality of nobile
stations; FIG 4 (Prior Art) is a pictorial bl ock di agram

HLRs: and VORs iTHCS BeHa PIHESnaree o Brel “Lhéacg, 1p PRE™
presént i nvent i @asmy be practlced 25 FIG 5is a sinplified fl ow

di agramillustrating e resen@tfﬁﬁéﬁfiéﬁrﬁﬁdsbﬂhéhﬁlpifﬁﬁniD'Egeehéon in
whi ch a hone Iocatlon regi ster_coordi nates the for '”ﬂ near -
Q%Sﬁﬁ eque

si nul t aneous cal PAVeke aPeEgBEREESofofC Rifhdransherdrsd gt
subscri bers dat abissiag#) shown in FILG. 16.1 | Asusaragesitp oheeBilelahyg a@pfl ow

di agram is carried forward by each of the messages required to
set up a call, redirect a call, and retrieve a C-number
for call forwarding, i.e., the Location Request message
(FIG. 7), the Route Request message (FIG. 8), the

10 Redirection Request message (FIG. 9), and the Transfer-
to-Number Request message (FIG. 10).

It should be noted that while the B-number
undergoes changes in nomenclature as a call passes
through the phases of call forwarding and connection,

is the Billing ID is carried forward through this process
unchanged. This characteristic makes the Billing ID an
excellent parameter for use in the present invention to
deliver call-forwarding messages to the various
components of the cellular radio network, and to

20 correlate responses back to a single call.

FIG. 11 illustrates in more detail a flow diagram
illustrating the signals involved in the completion of
two near-simultaneous calls, together with the
forwarding of those calls to two successive C-numbers

25 in accordance with one embodiment of the present
invention. As illustrated in FIG. 11, a PSTN network
100 provides a first call origination *A" 101 and a
second call origination "B" 121 to the originating MSC
72, In response to call origination "A" 101, the

30 originating MSC 72 sends a Location Request Invoke 102
to the mobile station's HLR 74 which constructs a Route
Request Invoke 103 and forwards it to the VLR 76 with
which the mobile station being called is currently
associated. The Route Request Invoke is, in turn,

35 forwarded at 104 to the serving MSC 78 covering the
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Illustrating the signals involved in the conpletion of a single call,

together with the forwarding of that call to two successive C nunbers
i n accordance with one enbodi nent of the present invention; 35

FIG 7 (Prior Art) is an illustrative indication of a standard
Locati on Request nessage sent froma nobile

-9- swtching center to a hone | ocat#on register in a cellular

geographic location where the mobile station is

currently found. The serving MSC 78 checks its

internal data structures and may determine, for

example, that the mobile station is idle. The serving

5 MSC 78 allocates a TLDN and returns this information to

the VLR 76 in a Route Request Return Result 105, which

is then forwarded to the HLR 74 at 106. The HLR 74, in

turn, adds location information to the message and

forwards a Location Request Return Result 107 to the

10 originating MSC 72. Call "A" is set up at 108 in the
conventional manner.

In the event of a failure to complete the call due
to the failure of the mobile station to answer the
page, or due to a no-answer time-out at 109, the

15 serving MSC 78 returns a Redirection Request Invoke 111
to the originating MSC 72 indicating that the call is
being redirected due to a no answer condition. If the
originating MSC 72 is able to redirect the call, it
sends to the HLR 74, a Transfer-to-Number Request

20 Invoke 112 indicating that there was no answer,
including a Billing ID "A", and requesting a call-
forwarding C-number. The HLR 74 returns to the
originating MSC 72, an optimum call forwarding C-number
in a Transfer-to-Number Requést Return Result 113-.. The

25 originating MSC 72 sends a Redirection Request Return
Result 11la to the serving MSC 78 to close the
communications with the serving MSC 78. The

originating MSC 72 then attempts to forward the call to
the retrieved C-number in a call forward setup "A" at
30 114.
If again, Call "A" cannot be completed due to the
failure of the called party to answer a page, or due to
a no-answer time-out at 115, the originating MSC 72
sends a second Transfer-to-Number Request Invoke 116 to
35 the HLR 74. Meséage 116 indicates that there was no
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t el ephone network; FIG 8 (Prior Art) is an illustrative

indication of a ~standard Routing Request nessage sent from an
originating 5 nobi | e switching center or a hone |ocation register to a
serving nobile switching center in a cellular tel ephone net wor k;
-10-

_23_

answer, and once again includes Billing ID "A" since
Call "A" has not yet been completed. In response, the
HLR 74 sends a second Transfer-to-Number Request Return
Result 117 containing a second call forwarding C-number

5 to the originating MSC 72, and the originating MSC 72
again attempts to complete Call "A".

Meanwhile, during the attempts to complete Call
"A", a second call origination "B" 121, directed to the
same B-number, may be provided from'the PSTN network

10 100 to the originating MSC 72. A second Location
Request Invoke 122 is sent to the HLR 74 which
constructs a Route Request Invoke 123 and forwards it
to the VLR 76 with which the mobile station being
called is currently associated. The Routing Request

i5 Invoke is, in turn, forwarded at 124 to the serving MSC
78 covering the geographic location where the mobile
station is currently found. The serving MSC 78 checks
its internal data structures and may determine, for
example, that the mobile station is idle. The serving

20 MSC 78 allocates a TLDN and returns this information to
the VLR 76 in a Route Request Return Result 125, which
is then forwarded to the HLR 74 at 126. The HLR 74, in
turn, adds location information to the message and
forwards a Location Request Return Result 127 to the

25 originating MSC 72. Call "B" is set up at 128 in the
conventional manner.

In the event of a failure to complete the call due
to the failure of the mobile station to answer the
page, or due to a no-answer time-out at 129, the

30 serving MSC 78 returns a Redirection Request Invoke 131
to the originating MSC 72 indicating that the call is
being redirected due to a no-answer condition. If the
originating MSC 72 is able to redirect the call, it
sends to the HLR 74, a Transfer-to-Number Request

35 Invoke 132 indicating that there was no answer,
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FIG 9 (Prior Art) is an illustrative indication of a st andard

Redi recti on Request nessage sent froma serving nobi |l e swi tching
center to an originating nobile swtching center in a cellular

t el ephone network; 5 FIG 10 (Prior Art) is an illustrative

I ndi cation of a standard Transfer-to-Nunber Request nessage sent from
a nobil e swtching center to a home~£8cat i on register in a

cellul ar tel ephone network; FIG 11 illustrates in nore detail a

fl ow di agram 10 ._ jil ragi he signal,sqi NV ed in onpl et4-pn of
t wo near-silrrrllﬁlldé%%go‘{lsgc%gllgmlgoge herﬁ Wi t%‘%/hge#%?\%\g?%gngp o%if
those calls to tworsasrddsg vE-cunbeters iThecddRlafde wethrns toorighe

embodi nent of { N@-LeRRREnGMSE! V2N an optimm calllCfokdaraing clhufbdal | ve
i ng

i ndication of a Bil 15 nessage i n one enbodi ment t he present
i nventi on; in a Tgppsfen-tQ-Nunhgy RequsFtyiRerum desittt ohd3 t akEh by
an ol gi nadetertihihg Siét St gt CHAIMKdBO)tMPHLR eLLipdldds on @

Redirection Requggy J0uake JESSa0R1 b Aadf cdfel fVPKCe8r example, the

fact that a certain C-number was nearly simultaneously
forwarded in response to Call "YA". The originating MSC
72 sends a Redirection Request Return Result 13la to

10 the serving MSC 78 ending communications with the
serving MSC 78. The originating MSC 72 then attempts
to forward the call to the retrieved C-number in a call
forward setup "B" (not shown). In the manner described
above for Call "A", the present invention will continue

i5 to forward Call "B" to additional call forwarding
numbers. In this manner, multiple calls for the same
mobile station are effectively transferred and
redirected through a sequence of C-numbers by the
present invention.

20 Referring next to FIG. 12, there is shown an
illustrative indication of a Billing ID message
illustrating that the ID message may be formatted into
seven octets of data comprising the switch ID (SWID),
the Billing ID number itself, and a segment count.

25 Octets 1 and 2 of the message comprise the anchor SID
number, while octet 3 contains the anchor switch
number. Octets 4 and 5 are the Billing ID number
itself, and octet 7 comprises the segment count. Bits
1-7 of the segment count indicate the number of inter-

30 system handoffs which have been accomplished in a
particular sequence. Bit 8 indicates the serving MSC
upon call disconnect. As can be understood, other
random numbers might be used in the present invention
to identify particular requests for the forwarding of

This Sheet Has Been Rzﬂlaced
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Transfer-to-Nunber request; 20 FIG 14 is a logic flow di agram of

actions taken by an HLR upon recei pt of a Location Request |nvoke
nmessage in accordance with the teachings of the present invention;
and FIG 15 is a logic flow diagramof actions taken by an

HLR upon recei pt of a Transfer-to-Nunber Request | nvoke 25 show ng one
use of a Billing IDto traverse a C- nunb&r>ri st I n accordance with
thgi tgaclh: ngs of the present invention. DETAI LED DESCRI PTI ON

FI | ustrate a conv nt | I II d C QAR

system of the ty élt t\'/p\()?'ng g%ﬁ?le% %é%lié Jseatgg% i on ‘gener a Iy
pertains. I n RiGling &P e thearlseadlly adppigpdpinr dthig danesier-. di vi ded

into a plurality of g1q, 1?‘1’3'.—9“&&1&@1&0@1’ PR Sf CaStidh C@éké
G -Cl10. Wiile the syst em of G, | %Jstratlvelyl y "

i ncl ude only 10%35 an ‘E’é’{-fﬂ"sna?%n% hBaP§LiBe SM%&HW%&?&F&%OW&ﬁ%t u?ﬂn

practice tghe receipt of a Redirection Request Invoke message in
order to invoke a Transfer-to-Number request. At step
141, an originating MSC receives a Redirection Request
Invoke from a serving MSC. At step 142, the program
determines whether or not the call is still in
10 progress. If the call is not in progress, the
originating MSC sends a Redirection Request Return
Result to the serving MSC and exits the routine at step
143. If the call is still in progress, then the
program moves to step 144 where the originating MSC
15 sends a Transfer-to-Number Reguest Invoke to the HLR
serving the mobile station to which the call is
addressed. The Transfer-to-Number Request Invoke
includes a Billing ID and requests the C-number from
the HLR's database to which the call should be
20 forwarded. At step 145, the originating MSC receives
a Transfer-to-Number Request Return Result from the HLR
which includes a first call-forwarding number from the
C-number list. At step 146, the originating MSC
initiates call forwarding to the specified C-number.
25 At step 147, the program determines whether or not the
call-forwarding attempt was successful. If the attempt
was successful, the originating MSC sends a Redirection
Request Return Result to the serving MSC and exits the
routine at step 148. If the attempt was not
30 successful, the program returns to step 142 where it
determines once again whether or not the call is still
in progress. The program will continue to retrieve C-
numbers and attempt to forward the call in this manner
until the call is connected, the call is terminated, or

35 the C-number list is exhausted.
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nunber of cells may be nuch | arger.

-11- Associated with and | ocated within each of the cells
Cl-Cl0 is a base station desi gnated as a correspondi ng one of a
plurality of base stations Bl-B10. Each of the base stations Bl-BI O
includes a transmtter, receiver, and base 5 station controller as are
well known in the art. In FIG -26-

FIG. 14 is a logic flow diagram of actions taken
by an HLR upon receipt of a Location Request Invoke
message in accordance with the teachings of the present
invention. At step 151, the HLR receives a Location

5 Request Invoke from an originating MSC, which includes
the parameters "Digits (dialled)" (the so-called B-
number) and the "Billing ID". At step 152, the HLR
sends a Route Request Invoke to the VLR or serving MSC
where the called mobile station may be found. The

10 Route Request Invoke includes a Mobile Identification
Number (the so-called B-number) and the Billing ID. At
step 153, the HLR receives a Route Request Return
Result from the serving MSC and sends a Location
Request Return Result to the originating MSC at 154.

i5 At step 155, the HLR records the Billing ID associated
with this call. The program then exits the routine at
step 156.

FIG. 15 is a logic flow diagram of actions taken

by an HLR upon receipt of a Transfer-to-Number Request

20 Invoke showing one use of a Billing ID to traverse a C-
number list. The C-number list may be, for example, a
database of C-numbers, each associated with paired sets

of Billing IDs and "time stamps". A time stamp may
indicate the time at which a particular C-number was

25 retrieved for a particular Billing ID, thereby
providing a historical record of the times that each C-
number was most recently used in association with each
Billing 1ID. As used in the present invention, the
Transfer-to-Number Request Invoke includes a Billing ID

30 number and a Mobile Identification Number which is the
number of the called mobile station. Since the Billing

ID is associated with a particular calling party, the

HLR uses the Billing ID to track which C-numbers have

been requested for a particular party. Since the
35 Mobile Identification Number is associated with a
D



3, the base stations B1-BlO are illustratively located in the center
of .each of the cells O -C10, respectively, and are equi pped with
ommi -di recti onal antennas. However, in ot her configurations of a
cellular radio system the base 10 stations B1-B10 may be | ocated near
t he periphery or ot herw se away fromthe centers of the cells -0
and may illumnate the cells Cl-Cl0O"®Wth radio signals omi -
directionally or directionally. Ther ef or e, t he

of
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i nvari ably

10

15

20

25

30

35

multlplgt%ngy%SPaééﬁing a éég & fn pgggtbgeﬂ%¥é\%él
those parties.

At step 161, the HLR receives a Transfer-to-Number
Request Invoke from an originating MSC, which includes
the Billing ID associated with a particular calling
party. At step 162, the HLR retrieves a C-number from
the C-number list in the HLR's subscriber database. To
accomplish this, the HLR inspects the C-number list for
all C-numbers which have not been previously used to
forward a call for this particular Billing ID. The HLR
further refines this selection based on criteria such
as associated time stamps, and thereby selects C-
numbers which are most likely not already in wuse.
Other priority criteria may include the identity of the
calling party, the time of day or day of the week, etc.
At step 163, the HILR sends a Transfer-to-Number Request
Return Result to the originating MSC, which includes
the C-number retrieved. At step 164, the HLR updates
the C-number list to reflect -C-numbers used by the
Billing ID, by updating the associated time stamps.
The HLR then exits the routine at step 165.

If the originating MSC is unsuccessful in
forwarding the call to the first C-number retrieved, it
sends another Transfer-to-Number Request Invoke to the
HLR. The HLR recognizes the same Billing ID and uses
the updated sets of unique identification numbers and
time stamps with the programmable logic instructions to
retrieve the C-number with the next highest priority.
This process continues until the call is connected, the
call is terminated, or the C-number list is exhausted.
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greatly exceed the nunber of base stations. Mreover, while 25 none of
the nobile stations ML.-MLO may be found in sone of the cells d-d0,
t he presence or absence of the nobile stations M-MLO in a
particul ar one of the cells Ci1-C10 shoul d be understood to depend,

I n-practice, on the I ndi vi dual desires of the operators of nobile
stations M- 30 MLO who may roam from of® | ocation in a cell to another,
or fromone cell to an adjacent or neighboring cell, and even

fromone cell ul ar radhg %5§ §M S§L gdé@gm rﬁmnl OY%ed%ggnggtngfloﬁg nt er

(MsSC) to another such's
ML- MLO i s capabIErgﬁeBE 1nVﬂntLan|nglb©W$eGEUneiiui¢mlepmmm@xn§ﬁ1QWwough

one or nore setemth?ob@n%ev&hat Iapnéeééeﬁég Y aétﬁ\(ﬁ&e@etys‘aﬂlﬁzh
connect ed g connunlcatlon | inks, "e,g., .cables, to each
ls may be forwarded in the event a call to a

5 particular mobile station cannot be completed. These
call forwarding C-numbers may be sequentially executed
under control of only the HLR and without incorporating
additional data into the call 'control information
within the MSC attempting to complete the call.

10 It is believed that the operation and construction
of the present invention will be apparent from the
foregoing description and, while the method and
apparatus shown and described has been characterized as
being preferred, obvious changes and modifications may

15 be made therein without departing from the spirit and
scope of the invention as defined in the following
claims.
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-12- ~ illustrative base stations Bl-B10 and to the fixed public

swi,tch te PSTN) (not shown), or to a simlar fixed
net wor k mjmmmmmmml l" an integrated services di gital network
(1SDN) faci*lify.® THe rfel &vant connections 5 bet ween the nobile
swtching center MSC and the base stations B1-B10, or between the

nobi |l e swtching center NMSC and the 3TN or |1 SDN, are not conpletely
shown in FIG 3, but are well known to those of ordinary skill in the

art. Sim Iﬁﬁﬁ{ I%e?%ylg#g?%%nom to include nore than one nobile 10

swi tching center o systemand to connect

1. A method of forwarding a telephone call for

a mobile station to a sequence of call-forwarding
numbers within a conventional cellular radio telephone
system, said method comprising the steps of:

associating said mobile station with a home
location register (HLR) ;

storing said sequence of call-forwarding
numbers in a database in said HLR;

W @ 3 6 U1 » W N R

transmitting a request message to said HLR

[y
Q

requesting a call-forwarding number; and

[
=

identifying said request message with a

jary
N

unique identifying number, thereby enabling the HLR to

[
W

retrieve and forward a sequence call-forwarding numbers

[
1<

to a single calling party.

2. The method of claim 1 further comprising the
step of programming the HLR to retrieve and forward the
next in a sequence of call-forwarding numbers each time

N P S

a request message is received by said HLR.

3. The method of claim 2 wherein the step of
programming the HLR includes associating each of said
call-forwarding numbers with sets of unique
identification numbers and corresponding time stamps
reflecting the most recent time each of said call-
forwarding numbers was retrieved in association with

SN I WV ) B SV S

each of said unique identification numbers.

4. The method of claim 3 wherein the step of
programming the HLR includes instructing the HLR to
retrieve a call-forwarding number with the highest
probability of completing the call from said HLR

o Wy

database utilizing said sequence. of call-forwarding

i




each addi t?ohél

o IR MREIUIRRIAN 57 e ST Vadio systomor Fia s i

stati
i nks.

nobile switching center to a different group of base

there are al<o 8ne*or" nor e *home | ocation regi sters (HLR) whi ch store

I nf ormati on concerni ng each of the nobile
be associated with that particul ar . Additionally, the system

stations M- MLO whi ch may

may include one or nore visiting location registers (VLR vvhich store

e e

area served by tHaR.cellul ar system

ot her

Each of the cells Cl Cl0 is

allocated a plurality of voi ce or speech channels and at | east one
access or control 25 channel , such as a forward control channel (FOCO) .
The Lcontrol chinnel The TRERPd i@ Yofughhery CopprRsing the
operation pf rmba'stepr&t la(tlﬂ:%ni@&tlﬁﬁgaﬂﬁ: aforrwied n@&i@ntelephonéraasm ttioed to
and receiged fégl% grlevegl ll—fo§y¢g£1ding number .

1 6. The method of claim 5 further comprising the

2 step of updating said sets of unique identification

3 numbers and time stamps for each attempt to forward

4 said telephone call.

1 7. The method of claim 6 further comprising the

2 step of sequentially retrieving a next highest priority

3 call-forwarding number from said HLR database utilizing

4 said updated sets of unique identification numbers and

5 time stamps and said programmable logic instructions.

1 8. The method of claim 7 further comprising

2 repeating the steps of sequentially retrieving said

3 call-forwarding numbers and attempting to forward said

4 telephone call until said call is completed, said call

5 is terminated, or said sequence of call-forwarding

6 numbers is exhausted.

1 9. A method of forwarding telephone calls to a

2 sequence of C-numbers on a call-forwarding priority

3 list for a mobile station within a conventional

4 cellular radio communications system having a mobile

5 switching center (MSC) in communication with a home

6 location register (HLR) associated with said mobile

7 station, said method comprising the steps of:

8 storing in said home location register, a

9 sequence of C-numbers to which calls are to be

This Sheet Has Been RT
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I nformation i | eful when a nobile station 30 travel s out
of ,the radio 'mﬂmai ﬂ[l ?ﬂﬁ} |1 into the radio cover age of another
cell, and may- ' ical | signals, outgoing call signals,

page signals, page response ' signals, location redirection signals,
voi ce channel assi gnnent s, and_naLg;gpance instructions. The control
or 35 voi ce channel s may operate ei t her>¥m anal og or digital node
or a conbination thereof. Additionally, control signals are sent
bet ween epgh of EHeNBERG HR he/lRent?Y £ Scannot be completed to

11 said mobile station;

12 transmitting a transfer-to-number request

13 message from said MSC to said HLR;

14 identifying said transfer-to-number request

15 message with a unique number;

16 analyzing within said HLR, said transfer-to-

17 number request message and said call-forwarding

i8 priority list, to determine the optimum C-number to

19 complete the call; and

20 transmitting from said HLR to said MSC, the

21 optimum C-number from said call-forwarding priority

22 list in response to said request message.

1 10. The method of claim 9 further comprising the

step of attempting to complete said call from said MSC
to said optimum C-number.

11. The method of claim 10 further comprising the
step of sequentially retrieving said C-numbers from
said call-forwarding priority list, and attempting to
complete said call, until said call is completed, said
call is terminated, or said call-forwarding priority

o oA W NP

list is exhausted.

12. The method of claim 11 wherein said step of
identifying said transfer-to-number request message
with a unique number includee identifying said request

R CR

message with a Billing ID number.

13. A system for forwarding a telephone call for
a mobile station to a sequence of call-forwarding
numbers within a conventional cellular radio telephone

B W N

system, said system comprising:
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- 13- “ml Bljrr network in order to route and conplete

t el,ephone call Iﬂn I I““H m)bi |e stations ML-M O | ocated within
the cellular radio® syStéh1§hoWn in FIG 3. FIG 4 illustrates in
nore detail a hierarchial 5 i npl ementation of the various |1S-41
functional entities that may conprise a cellular telephone

net wor K. Act ual i npl ementations may vary with respect to the
manner in which functional entities are distributed anbng vari ous
physi cal units. In cgs e | ? ti r gg@a&%giin 10
t he sane pﬁy5| cal equi prren? ﬁﬁ%ﬁg}l% CL ggc;ésq% orretgl nt(lgrr?'%gl 3 and need
not adhereéto |nWétha@élétaﬂbalésstatlon: In FIG 4, an HLR 4la and its

associ at edyaut henti cati on peans CEHM ClstoAShd? 18a 1Y dedfRRCEop tdh1a -
plurality of VL such _, VLR, 42a and "VLR 42b coyeri di fferent
geogr aphi c815 R§?E§?Bﬂ¥‘9 nﬁﬁgﬁ‘@sl in,a; GALEPERE léln?F"tlé \W\‘%ch may nanage

9 means for transmitting a request message to
10 said HLR requesting a call-forwarding number; and
11 means for identifying said request message
12 .+ with a unique identifying number, thereby enabling the
13 HLR to retrieve and forward a sequence of call-
14 forwarding numbers to a single calling party.
1 14. The system of claim 13 wherein said means for
2 storing said sequence of call-forwarding numbers in a
3 database in said HLR includes means for storing sets of
4 unique identification numbers and time stamps
5 associated with each of said call-forwarding numbers.
1 15. The system of claim 14 wherein said HLR
2 includes means for retrieving and forwarding the next
3 in a sequence of call-forwarding numbers each time a
4 request message is received.
1 16. The system of claim 15 wherein the means for
2 retrieving and forwarding includes means for
3 associating each of said call-forwarding numbers with
4 sets of unique identification numbers and corresponding
5 time stamps reflecting the most recent time each of
6 said call-forwarding numbers was retrieved 1in
7 association with each of said unique identification
8 numbers.
1 17. The system of claim 16 wherein the means for
2 retrieving and forwarding includes programmable logic
3 instructions which utilize said sequence of call-
4 forwarding numbers to direct the HLR to retrieve a

This Sheet Has Been Reilace
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encryption for an individual s ﬂ

' ' ryption functions are
provided within a particular c ilgml ﬂ“" !EI“J Each VLR may, in turn,
* - L M .

interface with one or nore M5 *VLR 42a, for exanpie, may
interface with a single MSC 20 43a while VLR 42b may interface with MSCs

43b and 43c, or ‘nor e. Each MSC 43a-c is associated wth an

equi pnent identity register (EIR) 4733t which maintains records of
subscri ber equi prent. At the next Ilevel, each MsC i nterfaces
wi th one or nore e-stations (BSs) 45a-d. ch .2 BS, .i.n.turn y
'\t or { ace 5 2eFbr Eoeratsfity ifHer Mien Rl Righegt, BRopaindey o
stations (€SSs) dempitetThg €88 rsll. the interface equi pnent used to
termnate a radio path at the user side of a transmission. It

provi des the user with the capability to access network servyices.

Finally, ehch 30 MsB- 43%be isuahamthced wleA™ e’ phiprtResncomrEd ste%phone

Network (2STN) meads | fibe gitedeagbtIalgy itee Fodwairidalsaliet welllephone calliSBY) 47

whi ch are gefined (g ageo(dange st N ebISla;ng nunBRl 0401 € ANSI TL

19. The system of claim 18 further comprising
means for updating said sets of unique identification
numbers and time stamps for each attempt to forward

> WO

said telephone call.

20. The system of claim 19 wherein said means for
retrieving and forwarding includes means for
sequentially retrieving a next highest priority call-
forwarding number from said HLR database utilizing said
updated sets of unique identification numbers and time

A U1 B W N

stamps and said programmable logic instructions.

21. The system of claim 20 wherein said means for
retrieving and forwarding includes means for repeating
the steps of sequentially retrieving said call-
forwarding numbers and attempting to forward said
telephone call until said call is completed, said call

is terminated, or said sequence of call-forwarding

N0 Bk N R

numbers is exhausted.

22. A system for forwarding telephone calls to a
sequence of C-numbers on a call-forwarding priority
list for a mobile station within a conventional
cellular radio communications system having a mobile
switching center (MSC) in communication with a home
location register (HLR) associated with said mobile

S oo W N

station, said system comprising:
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FIG 5 is asinplified flow di the 35 steps perforned
by the present invention in vmaﬁlm“ rlmﬂml “ Iml ocation register
coordinates the forwarding of near-¢ L * &jntl t:aneous calls to a sequence

of G nunbers retrieved from -14-
a subscri ber database. FIG 5 illustrates in sinplified fashi on how
call forwarding is handl ed by the present”

means for storing in said home location
register, a sequence of C-numbers to which calls are to

10 be forwarded in the event a call cannot be completed to
11 said mobile station;
12 means for transmitting a transfer-to-number
13 request message from said MSC to said HLR, said
14 transfer-to-number request message containing a unique
15 number identifying said request message;
16 means for analyzing within said HLR, said
17 transfer-to-number request message and said call-
18 forwarding priority list, to determine the optimum C-
19 number to complete the call; and
20 means for transmitting from said HLR to said
21 MSC, the optimum C-number from said call-forwarding
22 priority list in response to said request message.
1 23. The system of claim 22 wherein the means for
2 storing in said home location register, a sequence of
3 C-numbers to which calls are to be forwarded in the
4 event a call cannot be completed to said mobile station
5 includes means for storing sets of unique
6 identification numbers and time stamps associated with
7 each of said call-forwarding numbers.

1 24. The system of claim 23 further comprising
means for attempting to complete said call from said
MSC to said optimum C-number.
1 25. The system of c¢laim 24 further comprising
2 means for sequentially retrieving said C-numbers from
3 said call-forwarding priority list, and attempting to
4 complete said call, until said call is completed, said
5 call is terminated, or said call-forwarding priority
6 list is exhausted.
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invention in the situation of FIG 2 in which two calls arrive near
si qul t aneousl|y f?ﬂl'lﬁﬂu m H)tl "Sam' and 5 "Tom'. At steps 51 and
52, calls arrive simul t aneously for Bob from Sam

and Tom respectlvely At steps 53 and 54, the MSC 11 forwards
requests to the HLR 14 to retrieve a C nunber-for-Bob, for Sam and a
C- nunber-for - Bob, for Tom Software®?h the HLR 14 may deci de at step

55 10 that the first C nunber is appropriate for Sam whil e the

second C nyunber is appgopr e . _Tom Th re t ps. 56 and
57, the fI‘II’L'jSt C—nunbe?gl S Jrr'g B(%gfefno c{fne % ‘%?Lfg%n sgf} g‘ﬁ‘@uﬁwe
second C- n2nber idenbitﬁmeulmrnmmher is a BhdlNBg ID nm;tbea‘tterrpts to

forward the two calls to the two 15 di fferent C numnbers.

Al t hough several different outcomes are possible in this scenari o,
the remainder of this illustration assunes that, for exanple, the
attenpt to forward the call for Sam to the first G nunber fails at

step 58, and the attenpt to 20 forward the call for Tom to the
second GC-nunber is

This Sheet Has Been Reilac
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successful at step 59. Thereafter, at step 61, the MSC 11 again

forwards a request to the HLR 14 to retrieve a G nunber - f or - Bob, for
Sam At step 62, the HLR 14 nmy deci de to skip to the third C nunber
since the second C nunber was 25 just used for Tom At step 63, the
third G nunber is returned to the NBC 11 for the second attenpt to

f orward Sam's call, which occurs at3%tep 64. This process is
repeated at step 65 until the call is conpleted, the call S

term nated, or t?@ggﬁﬁﬁgbﬁ #?%tniﬁcﬁ%ﬂﬁﬂﬁged 30 Thus, it can be

seen that the p rovides for the eff|C|ent use of
C- nunbers in cal CALL TRANSEFERaWITHIN CELPHéAMERMMWICﬁEIONﬁe SYSTEMS, |

poi nt  of coorgi g 't%ﬂ\ et o Y x@b‘iﬁiég‘% 't&tﬂleblgéqilékmﬁ)ers
based on intelligent, re eci sions. The sinple two- cal |
situation |IIustF=§t1édﬁ°i¥“la|IG1nE i ransRe wtﬂoﬁﬁqpﬁece of C-nunbers

i nefficiencies otuehhﬁr £XeshiveatebnhlopasEd 145t ed8ivhidcdmmunicat i6tys

si mul t
aneogsl y fo-&""% V}Pp&%Vl%ltn% tah%nsiec‘;umae cz:.cf'enr{;nefrler for each call

and enabling a home location register (HLR) (14) to

coordinate and disseminate multiple calls made to the
same mobile station. The HLR (14) stores, within a
subscriber database, a sequence of C-numbers on a call-
10 forwarding priority 1list to which calls are to be
forwarded in the event a call cannot be completed to
the mobile station. Each C-number is associated with
sets of unique identification numbers and time stamps.
When an incoming call is received at an originating
15 mobile switching center (MSC) (11), a transfer-to-
number request message (86), containing a unique number
identifying the request, is transmitted from the MSC
(11) to the HLR (14) containing the subscriber
database. In response, the HLR (14) analyzes the
20 request, searches the C-number priority 1list, and
transmits to the MSC (11), the optimum C-number for
completing the call. The HLR (14) then updates the
time stamp associated with that particular C-number and
unique identifier. The MSC (11) then attempts to
25 complete the call. If the call cannot be completed,
the process is repeated until the call is cowmpleted,
the call is terminated, or the call-forwarding priority
list is exhausted.

{Figure 5)
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- 15- More conpl ex scenari os may involve features which allow a

hi gh nunber of near sinultaneous calls to arrive on nunerous

"gateway" MsSCs. Multiple MSCs may be attached to a si ngl e HLR (FI G
4), and nore than one MSC may be transactypg, galls to the sane party.
The present invention allows efficient coor di nat ion of such calls to
take place in the HLR ‘________Elﬁ,ﬁ_l_lj_us‘Lr_aLeas_l_n_@ngg ail a
signal l'i ng di agram 1
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il lustrating the conpletion of a call together with the f orwar di ng

of that call to two successive C-nunbers in 10 accordance with one
errbodi ment of the present invention. A call origination and directory
nunber of the npbile station for Wh the call is intended is sent
froma PSTN network 71 to an origi (Qg MSC 72. Next, the

originati ngr-“""'lvsc-'rz-sen'd's—a-ro'cawere'quesr-rmrok'e-msa'gE%——-—1
contai ni ng 4% a unique nunmber to the nobile station's HLR 74. The |

uni que 'Erwgnber sel ecte the preferret f the :
present inv 5@ IS Billyng I D hunber whi ch I's a hunber } n| que t oy
each call FEs used in existing cellular di o wor ks

|
accor dance B 1S 410 cdMl ect iVfornhtion fd? 20 N bi I IYng pl}fposes ony
the | ength bf" each caf\l and\the sefvi ce:’; roviged. The ocation |

Request  In e--T*S--;\eques,(-s--— -Hﬁ\pfm?or}\-cmgﬁrng-{,he-m{,rm—-J
d

| ocation of tihe spec=Hm=d | T-&Tat i 0 U tpobig
i nstructionsv I n resdonetothe _&ctlocg eq est] | pfvofe 73,
g h
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it to a VLR 76 that |ast provided a registration notification for

the nobile station for which the call is I ntended. The Route
Request Invoke inquires as to the preferred nmethod of routing
pending calls to a visiting 30 nobi l e station. The VLR 76 forwards the
Rout e Request | nvoke 75 to a servi8gMBC 78 covering the geographic

| ocati on where the nobile station is currently found. In response to
t he Route Request |nvoke 75, the serving MSC 78 checks its internal
data structures and may, for exanple, 35 determ ne that the nobile
station is currently idle. The MSC 78 then allocates a tenporary

| ocal directory nunber (TLDN) and returns this information to the VLR

76 in a Route

FIG. 3
(PRIOR ART) V%
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ortginally sent the Location

at 83 in the conventi onal
set up at 83 cannot be conpleted
response by the nobile 10
nobil e station at 84,
subscri ber

Request Return Result nessage 79.
forwards the Route Request Return Result to the HLR 74 at
74 adds | ocation information to the nessage and
Request Return Result nessage 82 to the 5

Requesd Afi@oke 73.
manner .

profile whether the nobile

The VLR 76, in turn,

81. The HLR
returns a Location
originating MSC 72 which
The call is set up
In the event the cal

becausgjpf eithegihack of a page

5 HAR

mh f or war di ng

station or tine-oyt due to po answer by the
the serving MSC f8-de erm'flromthe

s A€al] |

420'\_ VLR 42b"\_ VLR e o o
440 43 4b  43b /m\\
\ \ \ \ \
EIR MSC | EIR MSC EIR MSC | -
43¢ /
45q--1 BS 45p—] BS B8S 8S
e \ \
43¢ 4%
46q— CSS €SS [css| «\ee
) \
46b  46¢
471 PSTN/ISDN
FIG. 4

(PRIOR ART)

INFORMATION ELEMENT CONTENTS LENGTH
BILLING 1D SWID + ID NO. + SEGMENT COUNT | 7 OCTETS
WHERE:
OCTETS 1-2 = ANCHOR SID
OCTET 3 ANCHOR SWITCH NUMBER
OCTETS 4-6 = ID NUMBER
OCTET 7 = SEGMENT COUNTER
BITS 7-1 = NUMBER OF INTERSYSTEM HANDOFFS
BIT 8 = 1 INDICATES THE SERVING MSC UPON CALL

FIG.

DISCONNECT

12




activated. If the nobile station has call forwarding activated, the
serV| ng MSC 78 returns to the originating MSC 15 72, a Redirection

Reduest |nvoke nessage 85 indicating that the call is being
redirected due to a no answer condition. If the originating MSC 72 is
.,able to redirect the call, it transti?-i/éoa Transf er-to- Nunber Request
| nvoke message 86 to e MLR7ZT AT Tar Ty~ Char THeT e as— mo—answer- -

i ncluding 2 m..ut he Billing D anmd Teguestt ug he C—nunber fromthe HLR si

dat abase tolalri@@_:r thejcall | should be fo ‘% repponse, !

the HLR 74 rﬁg@ a Tlansfer-to-Nunber Re est eturn Resu¥t nessag

87 containi rlgggf"rst fal | #drwardi ng VnunlYer fromthe C nuer |i st

stored in th'eﬂdat abase:\\of tlj\é 25 HLR asbci alMed wit B the nobil¥ station

for which the -?H——- —-ma-g\-orrgrn-&khﬁHWng,-iFhe—Q—nu{#Qer—hs &/30864m J
<d

fromthe at abs o] g anmassoci at e Yime
stanp, and on"preprogra | g&%tnmios I n§t he|] HL whifjch gre
programed to sel ect %Ie cgr Fogt )i kel ¥ le PO %lasgt in_Ja
successful connecti qi¥ FE g TE odi ¢=] 1S ca U=
- % o Z=F & = =2 ]||&
o | 2 2 LS&d o) Sl &3 2
\ o =| el | = 2 |{ o |«
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CALL ARRIVES FOR BOB FROM SAM
CALL ARRIVES FOR BOB FROM TOM
FAILED ATTEMPT TO FORWARD CALL FOR SAM
SECOND ATTEMPT TO FORWARD CALL FOR SAM

SUCCESSFUL ATTEMPT TO FORWARD CALL FOR TOM
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at the sanme tine, initiates call forwarding to the specified C- nunber
at 89. It should be noted that if the serving MSC 78 is able
to’redirect the call, then it is not necessary to send the 5 Redi rection

Request I nvoke 85 to the originating MSC 72. I nstead, the serving MSC
78- sends a Transfer-to-Nunber Reque;z}/jlowoke di rectly to the HLR 74
whi Ch, in turng ettrns—thre—Crnunber—to—t+h Serve—Mse—8—Fhi-s
si tuation OP%MQNés LopationRequest i gi nati ng MsQ TIHER:e i AREonnect ed t g
the 10 ser T tnhe end of tnejcart H—th
originating NBCJ%KEM% Fﬁbl ng to forward thd REFERENQEI , apd t he
call cannot belp mpl(%@éy due to the | ach of a resppnse \py tre
nobi |l e stationj gq? (Dr%fh% ? time-out af rlglnatin MBC {72
sends to the H ransfer t ¢- Nunb qguest [ I nvgke 93
I ndi cating ilm er?od @vﬁ@ nsvver, i ngl udi n ég Bill{ng LD, ard
requesti ng anof per fr e HLR s dat dbase % i ch t he
call should be Zﬁ N qrnﬁ%_s(gonse. the HIR 74 3\41 0
RETURN RESULT PARAMETERS REFERENCE TYPE
MSCID (Serving MSC or VLR) 0.2.20 M
MobileldentificationNumber 0.2.6 M
MobileSerialNumber 0.2.7 M
AccessDeniedReason 0.2.18 0
Digits §destination/routing) 0.2.19 0
Digits {carrier) 0.2.19 0
PC_SSN (Serving MSC or VLR) 0.2.31 0
RETURN ERROR CODE REFERENCE
Error Code 0.1.13
RETURN ERROR PARAMETERS REFERENCE TYPE
FoultyParometer 0.2.25 0
FIG. 7  (PRIOR ART)
OPERATION:  RoutingRequest TIMER: RRT
INVOKE PARAMETERS REFERENCE TYPE
MSCID (Originating) 0.2.20 M
SystemMyTypeCode (Originating) 0.2.21 M
MobileldentificationNumber 0.2.6 M
MobileSerialNumber 0.2.7 M
BillinglD 0.2.1 M
PC_SSN (MSC-N or MSC-G) 0.2.31 0
LocationAreald 0.2.32 0
RETURN RESULT PARAMETERS REFERENCE TYPE
MSCID (Serving) 0.2.20~ M
AccessDeniedReason 0.2.18 0
Digits (destination/routing) 0.2.19 0
PC_SSN (Serving MSC) 0.2.31 0
RETURN ERROR CODE REFERENCE
Error Code 0.1.1.3
RETURN ERROR PARAMETERS REFERENCE TYPE
FoultyParameter 0.2.25 0
FIG. 8 (PRIOR ART)



transmts to the originating MSC 72, a second Transfer-to-

Request Return Result 93 containing a second call

cofrpri sing the
result in a su

C-nunber which is the next
ccessful connection,

20 Nunmber

f orwar di ng nunber
nost |ikely C nunber to
consistent with the Billing ID

and the preprogrammed | ogic I nstru é/ s in the HLR Thereafter,
anot her call forward 25 setup is perf at 94, followed by an answer
by t hat party at 95. Thus, it can be seen how the use of

an arbitrary n

unber

such as the Billing I D associated with each

Transfer-to- Re ue t voke o the Zen S that HLH to
30 conti nue PBEWW?%’ ransfer-to- l_hgg r rewgirs. A
f t h I I is to be|f
e 01 ¢ ol NVORE) PARADES mfpcam'hf. b o oy PREFERENCE | | Saebe
| ocal control aMob@ldenhﬁcdtnonhﬁmherde a record of 0.2.6he spe,ifiddnuntxer
to which the chMbbileSerididuimbarded, for 35 calll manggkident pujposed.
FIG 7 is an i| Fefttirefdentifferi Ndi cati on of the stgndardQ.2.17 M
| BillingID 0.21 M
RETURN RESULT PARAMETERS REFERENCE TYPE
Empty
RETURN ERROR CODE REFERENCE
Error Code 0.1.1.3
RETURN ERROR PARAMETERS REFERENCE TYPE
FaultyParameter 0.2.25 0
FIG. 9
(PRIOR ART)
OPERATION:  TransferToNumberRequest TIMER: TINRT
INVOKE PARAMETERS REFERENCE TYPE
MobileldentificationNumber 0.2.6 M
MobileSeriaiNumber 0.2.7 M
SystemMyTypeCode (MSC) 0.2.21 M
Featureldentifier 0.2.17 M
RETURN RESULT PARAMETERS REFERENCE TYPE
Digits (destination) 0.2.19 M
Digits {carrier) 0.2.19 0
RETURN ERROR CODE REFERENCE
Error Code 0.1.1.3
RETURN ERROR PARAMETERS REFERENCE TYPE
FaultyPorameter 0.2.25 0

FIG. 10
(PRIOR ART)



par anet ers
or

‘3

(dialed)"

"Digits
reflects the B-nunber

t wo

and fromthe HLR back to the
(digy1ed)

IDis a unique nunber which identifies a

i nventi on:

5

Wthin the "invoke paraneters”,
Digits

Billing

froman MSC to an HLR (I nvoke),
| D".

MS€ (Return Result).

message format fromIS-41 of a Location Request nessage sent
"Billing

are of significance to the present

and
cal l ed party.
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collects all inggrnation relative to call length and services
provided to facilitate the billing of the subscri ber. 10

FI& 8 is an illustrative indication of the standard nmessage for nat
froml1S-41 of a Route Request nessage sent froman MSC or an HLR to
the serving MSC (Invoke), and from )%i serving MsSC back to the HLR
or originating MSC (Return Rethﬁo ﬁ% routing request nessage is

used to enquiréeRm"iﬁOF RE[ﬂR ({IWOHPr ri%?d met hod of routing a pend| ng call
hi

to a i sit the "invoke paraneters”, two

paramet ers ane—of—sigol -f‘a.n.c.e o fhe prese vent, "Mobil e
nd "Billing ID". ]\dﬂefg‘| | dentification

I dentifi cat

Nunber refllects the B- per or 49al | ed party 20 The B-nunber, which was
Di e paranmeter of the Location Request

| nvoke, is jmappe NGe Mobile | degpgification Nunber in the

Rout e Requept I11Ting | D par;imet er once agal nis the

uni que nunb : t o gatrt ND%EDIRﬁCﬂdN’ g information on a
REQUEST RETURN

carried by fthe "

MSC SENDS TRANSFER—TO— | LRESULT AND EXIT
NUMBER REQUEST INVOKE
!
MSC RECEIVES TRANSFER-
TO—-NUMBER REQUEST 151~ RECEIPT OF LOCATION
RETURN RESULT INCLUDING |14 ™ " REQUEST INVOKE
OPTIMUM C—~NUMBER T
v 159~ HLR SENDS ROUTE
CALL FORWARDING ATTEMPTED _146 REQUEST INVOKE
!
147 HLR RECEIVES ROUTE

CALL

FORWARDING

SUCCESSFUL
?

153~  REQUEST RETURN
RESULT FROM MSC

y
HLR SENDS LOCATION
154 1 REQUEST RETURN
RESULT TO MSC

SEND REDIRECTION REQUEST

RETURN RESULT AND EXIT | -148 T
RECORD BILLING

1551 [D NUMBER

RECEIPT OF TRANSFER-T0- | 161 /ﬁ

NUMBER REQUEST INVOKE [~ 156-~(_EXIT_J
y FIG. 14

RETRIEVE C—NUMBER FROM | ~162
SUBSCRIBER DATABASE

y

HLR SENDS TRANSFER-TO-
NUMBER REQUEST RETURN |_163
RESULT INCLUDING C-NUMBER

‘ '{ - : r,
UPDATE TIME STAMPS . Co
IN C-NUMBER LIST ~-164

155 FIG. 15
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i ndi cation of the standard nmessage rmat from TS 4T or g it -
Transfer-to- Nunber Request 35 nmessage sent froman MSC to the HLR

serving the gpegaRbBRD op THROBNEN®TeNi on (I nvoke), and fromthe HLR to

the MSC (Return . % II) The Egblle | dentification Nunber--
(B-nunBer) is
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Servi

cellular radio communication systems and, more particularly,
to the transfer and redirection of calls within said
systems.

10 History of the Prior Art

Call handling within telecommunications systems has,

in recent years, become increasingly sophisticated. For
example, subscribers have greater numbers of call handling
features available to them as a result of the implementation

15 of more sophisticated software within modern stored-program
control-switching systems. Features such as call
forwarding, call waiting, and selective call blocking are
now commonly incorporated into a "service profile" of each
subscriber.

20 Cellular radio telecommunications systems have also
offered increasing numbers of special subscriber features.
These features are commonly provided by an operator of the
cellular system. In general, each mobile telephone
subscriber in a cellular system is associated with a

25 specific "home location" to which calls for that subscriber
are normally routed by the telecommunications network, based
upon the directory number assigned to that subscriber. Each
subscriber's home location is further associated with a
particular mobile switching center (MSC) and/or a home

30 location register (HLR) which 'contains a database of
information about the subscriber. The database includes the
service profile of that subscriber, including a list of all
of the special service featured to which the subscriber
subscribes as well as information concerning the most likely

35 current location of the mobile subscriber within the
network. A subscriber's home MSC or HLR is consulted each
time a call is received for the subscriber, and the call is

routed to another location within the network if the HLR

[ AmMENDED _SHEET




-19- once again carried forward in the inv BEPLACENQ@£E§ Tthe

Redi recti on Request nessage. The Billing I D, howevler}, 1Is not{ darri ed
forward in the 1S-41 format of the Transfer-to- Mgy WRugst
nmessage. The Billing IDis not included in 5 t hy st message becausq t he
action which this nessage invokes, t he provigi mg~of~a <call -1 orjwar di ng
C-number by the HLR is not a bill-&2 e event}i Therefore, the Billing
I D, which has historically been used only to collect billable eyents,
has nodatakase rigidig@desn téﬁé phst subgcriber is TgerpeRtlYit lPReERdi on

adds the Biliiggeh&4&0 the invoke paraneters of the

Tr ansf er -t o- Nunber . Request nessage shown
All gf the systéms operating within a cellular radio

telecommunications network use specific and common
5 procedures to handle calls so that the systems can
communicate with one another and behave in a uniform
fashion. These call-handling procedures are set ‘fbrth in
so-called "Standards" which must be complied with by the
manufacturers and operators of cellular network
10 infrastructure equipment in order to provide commonality and
compatibility within the network. One such Standard used
in North America is entitled “"Cellular Radio-
telecommunications Intersystems Operation" established by
the Telecommunications Industries Association (TIA), and is
15 often referred to as IS-41. 1IS-41 is hereby incorporated
by reference. IS-41 provides standards through which a
calling party (a so-called "A-number") is connected to a
called party (a so-called "B-number"). IS-41 also provides
a call-handling feature which forwards calls to a second
20 telephone number (a so-called "C-number") in the event a
call is directed to a mobile station B-number which is busy
or does not answer. A "Transfer-to-Number Request" message
forwards the call to a number which is pre-selected by the
subscriber as a number where the call can most likely be
25 completed. If, however, the forwarded call arrives at the
C-number and goes unanswered, no further options are
available, and the attempted connection fails. It would be
much more desirable if the call could continue to be
forwarded to a series of C-numbers until finally completed.
30 This is not possible under the present procedures.

In U.S. Patent No. 3,736,382 to Braun et al., a memory
device is disclosed for use in a call forwarding arrangement
wherein a connection directed to a station may be completed
to another station arbitrarily preselected by the first

35 station. However, there is no mention of multiple call-
forwarded cases, and the invention does not, in fact,

support such a technique.

AMENDED SHEET




in FIG 10. As a result, the Billing IDis carri

torward each of
the nmessages required to set up a call, redirect and| retrieve
a Gnunber for call forwarding, i.e., 15 t he _o:a11%ﬁ0&§ghgst ssage
(FIG 7), the Route Request message (FI G ~Lhe Rediroct Request
message (FIG 9), and the Transfer-to-Nunb Request nessage] (FI G
10) . It should be noted that-3hile t! es
changes in nonmenclature as a call passes through the phases_20 of cal

forwardi ng and cofnéct i AterheNB;| [4R74.09% Ear lHiaé*éIll‘“Oto disFhafest B ough
this processtumebnagedcaImLSoehata@hgr getliee which ﬁ!‘é&éivbbeaBlcb|lllnqer an

excel | ent paranpet.er, for e I n pr.esent ntio o deliv
cal | -forvvardf“Hg%r}é)g‘seag(ég 9 tﬁ%ﬁlﬁly) 93% oﬁ?scocrdrﬁ)oﬁg n']r]t'lfl?‘% ?@Ir | ar
radi o net wor kumded (tsd .25 The devxeéauateeapbss@&tmack,pagznglag59emawb

FIG 1% illust
signals invo

g.rrﬁsthﬁ ggifetfiﬁﬂléx El':fﬂcaltOWaq.tLQgéég] being rie!c!e'i%ter at ' elt ge

In the co taneous ca

t oget her wit ﬁaMédf BREAVJrR§usns a calli kesEheafpyice whdchuresyditee in
C nunbers i nca3aaerdaBaety bAther an incoming call which has waited, or

10

15

20

25

30

35

places an outgoing call via a dial-back maneuver. However,
the device is limited in that the stored numbers must be
stored in the sgame device that accesses them, and the
numbers must be accessed serially. A device is needed which
overcomes each of these limitations.

" U.S. Patent No. 4,942,598 to Davis discloses a
telephone answering machine which receives a call and uses
the received automatic number idéentification (ANI) to
perform several actions which may include call forwarding.
The Davis machine must receive ANI information to perform
its functions, and the patent is specifically limited to the
use of such information. The machine is limited to single
incoming calls, and again must stoxre the forwarding numbers
in the same device as has need to access them. A device is
needed which overcomes each of these limitations and does
not require ANI information to function.

One suggested modification of the call forwarding
feature under IS-41 is the addition of a character or index
parameter to the Transfer-to-Number Request message. This
technique is illustrated in FIG. 1 wherein an illustrative
call arrives at an MSC 11 for "Bob" from "Sam", and is
sequentially forwarded by the MSC 11 to multiple C-numbers.
The call arrives for Bob from Sam at step 12, and the MSC
11 specifies an index parameter at step 13 that directs an
HLR 14 to retrieve a first C-number for Bob from the C-
number list in its subscriber database. This number is
returned to the MSC 11 at step 15, and an attempt is made
to forward the call. It can be seen that when an attempt
to forward the call to the first C-number for Bob fails at
step 16, the MSC 11 changes the index parameter to fetch a




FIG 11, a PSTN™n
101 and a second
In response to ca

30° one enbong%% 0, he present invention. As tustrated in
" Ffdes a first call 1 9B@HIAL i gni” A"
ﬁ on "B" 121 t the orlglnatlnc C 72.
"A" 101, t or-gtrratimg—VEC 72

REPLACEMEM LEL

sends a Location Request 35 | nvoke 102 to the bile station' s HUIR 74

whi ch constructs

VLR 76
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with which the nobil e statlon be|n call ed |s cu entI
second C-number for Bob at step 1 f%e second C fgr

Bob is returned to the MSC 11 at step 18, and at step 19
another attempt is made to forward the call. This sequence
is repeated at step 20 until either the call is completed
or the C-number list is exhausted.

Although such a solution is technically feasible within
the current signaling protocol, this approach has ‘several
disadvantages. First, this configuration would not allow
the HLR 14 alone to coordinate multiple calls ‘to the same
number, but would require the intervention of the MSC 11
through which the call was being routed. The MSC 11,
therefore, would have to maintain additional state
information about a call in progress, that 1is, data
concerning which C-number is being requested. This would
require additional software in multiple MSCs 11, thereby

making it more difficult and expensive to implement.

a Rout e Request ~Bnvoke 103 amd—forwards it to the

Second, the addition of an index parameter into the IS-41

signaling protocol would introduce formal state information -

into this transaction oriented protocol. Such a
modification to this industry standard would Dbe
controversial, and would require considerable time and
expense to study its potential far-reaching consequences and
gain approval from various standards committees. Third,
when high volumes of simultaneous calls come into a cellular
group, where some mobile phones are ' "busy", "idle",
vjnactive", or providing "no answer", the index technique
is wholly inadequate to handle the resulting call-forwarding
scenarios. Finally, it is only possible to implement the
index technique when the MSC is a single node; the index
technique will not work when several MSCs are networked.
FIG. 2 illustrates the situation in which the index
technique is used to forward two calls which arrive near
simultaneously for "Bob® from both "Sam" and "Tom". At step
21 a call arrives for Bob from Sam, and the MSC 11 specifies
an index parameter at step 22 that directs the HLR 14 to
retrieve the first C-number for Bob from its subscriber
database. Before that C-number can be returned to Sam,
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- 20- associ ated. The Route Request Invoke is,}ifpi turn, forwariddgd

at 104 to the serving MSC 78 covering the geographif 19 NOvCee? on ere
theynobile station is currently found. The ser vy ng C 78 chegcHKs its
i nternal data structures and may 5 determ ne, fof . th
nobile station is idle. The serving MSC 78 al focates a TLDN a
returns this information to the VLI®76 in a ROUTe Request Return
Resul t 105, which is then_forwarded to the HLR 74 at 106. The HLR

74, in turn, hQUg¥eFocanPrbhernralkarsnves £RE Bebshgemadgmist stepr@drds a
Locati on Requask Behuh) ResuMsc ldpedifidie the indéx ghaRshs8gedOEL73tep Cal |

"A" is set up,at.1Q08 i.n the vent i onal _manne . I n the
event of a fgfll &F‘é& (é’tr(ﬁﬁiﬁsettg‘% Hgﬁgg}g e Forieve E{lﬁeff‘ﬁﬁFuFén Efe
nmobi | e st ati §prt BobnEwem fihe pubecribbedudatsbaset o FThaveafiter, ttnmetept at

109, the serying {Est ShuthRs thedcREGhEEFT1 q_e% - to
t he orlggi natlﬁng C J2 | ndioélat |hﬁg ?ﬁat the ]g%t[ F’Leél]s el r]i%\&r)g: i ﬁa%t ed
due to a no MSC 11 which, in this illustration, fails in its attempt to

forward the call for Sam at step 26. Near simultadéously,
the first number on the C-number list is also returned at
step 27 to the MSC 11 in response to the call from Tom. The
10 MSC 11 attempts to forward this call at step 28, but this
attempt will always fail since the call from Sam was
forwarded to the same C-number only momenté before.

Steps 29 and 31 illustrate that if both attempts to

forward calls to the first C-number fail, then the MSC 11
15 will send two messages to the HLR 14 specifying the index
parameter that retrieves the second C-number for Bob from
its subscriber database. In steps 32 and 33, the second C-
number is sent to the MSC 11 once for the call from Sam and
once for the call from Tom. In steps 34 and 35, the MSC 11
20 attempts to forward both the call from Sam and the call from
Tom to the second C-number. Since the calls are being
transacted nearly simultaneously, the specific order of the
messages illustrated could vary, but the end result is the
same: only one of these calls can be successfully
25 completed. As shown at step 36, this process may be
repeated until the C-number list is exhausted. Therefore,
when the index-parameter technique is used to forward
multiple incoming calls, there is a waste of time and
network resources since the MSC 11 attempts to forward
30 multiple calls to the same C-number.

A more serious problem arises when features are
implemented which allow a high number of near simultaneous
calls to occur, and these calls arrive on numerous "gateway"
MSCs. Since multiple MSCs may be attached to a single HLR

35 (FIG. 4), more than one MSC may be transacting calls to the
same  party. Therefore, effective call-forwarding
coordination cannot be performed by wutilizing index

Boogra iy

SHEET I/

T e g



|REPLACEM:T
(0]

answer condition. |If the originating MSC 72 is a ct the
call, it sends to the HLR 74, a Transfer-to- 20 voke
112 indicating that there was no answer, ingl ?ﬁg a Billin D"A",
and requesting a call - forwardi ng C nunber. to the
originating MSC 72, an optimum call forwardijng C nunber

Tr ansf er - t o- Nunber Request Returné6Result 113- originating MSC 25
72 sends a Redirection Request Return Result Illa to the serving MsC
78 to cl ose pdvamEnmiioatihmMSha h Ged lsdhopwarding coqush e iomdnust
originating g%?&lgg@q@tgmm.t o forward the call to the
retrieved Cnu '

. er In acall forwgrd setup "A" .at 114. 30 |
again, Call "A" CHMMt Be BoHDI @tté'&qdu%x{'gt? hé&© prov1$¢5i 1%r Be8PSt HeP%al | ed
pa_rty t?_ anﬁl\%lo'?%ﬁggealQr timdfera to a senoeacswsrf tnumbens enh BISC-t he
originating ends d, Jran =& - Nenher . Regest L pvoke
116 to the HE lsg' %ﬁgfggd@ iﬁég?né¥%3t€é§§ﬁ%? %ﬁ%re %ﬁgﬁﬁB éﬁ%aer,
and once 35 witlagsi rinvedividgsa8ditional Payemefien stouage O sl tehiget

action by the MSC. With the current system, if a* second

Transfer-to-Number Request message is issued in the HIR,
only a single C-number may be accessed. Additional support,

10 for example, a counting mechanism for traversing a linked
list of C-numbers, is needed. Additional software overhead
is most efficiently added at the HLR rather than in all of
the mobile switching centers (MSCs). The present invention
uses a pre-existing Billing ID number to uniquely identify

15 calls arriving at the MSC. This unique identifier is passed
to the HLR where it is translated into a pointer for
sequentially forwarding calls to the numbers on a C-number
list until the call is successfully completed or the C-
number list is exhausted.

20
SUMMARY OF THE INVENTION

In one aspect, the present invention includes a method
for providing multiple sequential call-forwarding transfers
to a sequence of C-numbers within a conventional cellular

25 radio communications system by providing a unique identifier
for each call and enabling a home location register (HLR)
to coordinate multiple calls made to the same mobile
station, and forward each call to the optimum call-
forwarding C-number for completion of the call.

30 The HLR stores, within a subscriber database, a
sequence of C-numbers on a call-forwarding priority list to
which calls are to be forwarded‘ln the event a call cannot
be completed to the mobile station. When an incoming call
is received at an originating mobile switching center (MSC),

35 a Transfer-to-Number Request message is transmitted from the
MSC to the HLR containing the subscriber database. The
Transfer-to-Number Request message contains a unique number,
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been conpleted. In response, the HLR 74 sends a se¢o
Transfer-to-Number Request Return Result 117 contai i hg f ggrl*xﬂ
-21; second call forwarding C nunber to thelofig ﬂ 1'ng MSCL7
and the originating MSC 72 again attenpts to conpl etje {Call A"
Meanwhi |l e, during the attenpts to conplete Call "A",
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such as a Billing ID number, identifying the request
message.

The method of the present invention includes
programming the HLR to analyze a Transfer-to-Number Request
along with the HLR's priority 1list of call-forwarding
numbers, and to transmit to the MSC, the optimum C-number
from the priority list for completion of the call. = *rhe MSC
then attempts to complete the call to that C-number. If the
call cannot be completed, the MSC transmits a second
Transfer-to-Number Request message to the HLR containing the
same unique number, which the HLR uses to identify the
request message as the second request for this call. 1In
response, the HLR transmits to the MSC, the C-number from
the call-forwarding priority list which is the next most
likely number to result in call completion. The MSC then
attempts to complete the call to the second C-number. The
HLR continues to retrieve C-numbers from the call-forwarding
priority list, and the MSC attempts to complete the call to
the sequence of C-numbers, until the call is completed, the
call is terminated, or the call-forwarding priority list is
exhausted.

In another aspect, the present invention is a system
for forwarding a telephone call for a mobile station to a
sequence of call-forwarding numbers within a conventional
cellular radio telephone system. The system comprises
home location register (HLR) which is associated with the
mobile station, and which stores the sequence of call-
forwarding numbers in a database. The system also includes
a means for transmitting a request message to the HLR
requesting a call-forwarding number. The request message
is identified by means of a unique identifying number. The
HLR includes means for retrievi;g and forwarding the next
highest priority call-forwarding number each time a request
message is received, thereby enabling the HIR to retrieve
and forward a sequence of call-forwarding numbers to a
single calling party. ‘
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5 ~ a second call origination "B" 121, directed t
nunber, may be provided fromthe PSTN network 100
MSC, 72. A second Locati on Request |nvroke 122

ori gi pating
§gmo\t W¥hel HkR 74

whi ch constructs a Route Request | nvoke 123 forwards it tioithe
VLR 76 wth which the 10 nobil e station being call

associ ated. The Routi ng Request I|+48+0ke is, | , at 124
to the serving MsSC 78 covering the geographic I on where the

mobi | e st at i BRIEE DBSCRAPTFONOQRJITHE DRAWINEvi ng MSC 78 checks its
internal data st rPBicur£5n§‘:l1‘1a MBYmpeEeem ﬁ‘ﬁdefé’ﬁaﬁéln SEMphe T%Qatsehee
nobil e station is idle. he serving MSC 78 ocates a

ret urns th|slPﬁFBF#QPI&HQ(;QHH§“HHber ObJQQquﬁ%gFEQW%P?é%%%SP REEBER

Result 125, nbfeheméetﬁﬁylnow be b@ﬂwnbdeﬁetﬁolhﬁwtﬁé?aésﬁilﬁﬁﬁon threhlR
74, in_turn, ,adds | oc at{:%n%hn or mat
e

18 . SE0Bhy n_oto tae rnassageznan%l glr'wards a
Locatidn 20 ﬁ%ﬁ?ﬂé%‘f B Ft 2599 % YHEI o QY AREP g™ MSE 72! cal |
"B" is set up at E26.inlthePwionveAritonaismemneimplified flown dhegeaant of
a failure to;epgRteheihle G| Hfpd Operformed by an existing call-

forwarding system in which a mobile switching center uses

an index-parameter method of forwarding a single call to a

10 sequence of C-numbers retrieved from a subscriber database;

FIG. 2 (Prior Art) is a simplified £flow diagram
illustrating the steps performed by an existing call-
forwarding system in which a mobile switching center uses
an index-parameter method of forwarding two near-

15 simultaneous calls to a sequence of C-numbers retrieved from
a subscriber database;

FIG. 3 (Prior Art) is a pictorial representation of a
cellular radio communications system including a wmobile
switching center, a plurality of base stations, and a

20 plurality of mobile stations;

FIG. 4 (Prior Art) is a pictorial block diagram
illustrating in more detail the inter-connection of wvarious
MSCs, HLRs, and VIRs within a cellular radio network within
which the present invention may be practiced;

25 FIG. 5 is a simplified flow diagram illustrating the
steps performed by the present invention in which a home
location register coordinates the forwarding of near-
simultaneous calls to a sequence of C-numbers retrieved from
a subscriber database;

30 FIG. 6 illustrates in more detail a flow diagram
illustrating the signals involved in the completion of a
single call, together with the %orwarding of that call to
two successive C-numbers in accordance with one embodiment
of the present invention;

35 FIG. 7 (Prior Art) is an illustrative indication of a
standard Location Request message sent from a mobile
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the failure of the nobile station to answer the p
no- answer tine-out at 129, the- serving MSC 78 ret
Request I nvoke 131 to the originating MSC 72

is being redirected due to a no- answer condgt

originating MSC 72 is able to redirect the cdll, i

74, a Transfer-to- Nunmber Request 4%hvoke 132 Y-meitati ng that there

was no 30 answer, including a Billing ID "B", and requesting a_call -

f orwar di ng CSwikebing Cm@tﬂERCQMrbﬂl?ngoF%t%ﬁ’é BegyFhari g @ cellygeryo,

an optinmm cgghe%g{,ﬂ@rggegogkpunber in a Transfer- t o- Nunber Request
Return Result 133._ In_determnin LR 74

t he .1 0Pt num C nunber, .t he
relies on internaFfogPc fhteh égg) 1ﬁa§ncb?1yil§%?$g?’8? éﬁ‘gbﬁﬁ?g,lofl@ f 8ct
that a certabBafidamd@®outing Rerfiersamesssigalldenteolnsdy &oremigédatang
E:Zggg eRL?uﬁﬁk&léAéwitchiﬁy“%éﬁﬂégr@%'gghy§g 12381%h S pUEECILgN,

serving mobile switching center in a cellular telephone
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the serving MSC 78. The originating MSC 72 then atjt

t he call
shown) . —
I nvention wll continue to forward Call "B" I tional

forwardi ng nunbers. In this mannek0-nul ti pl e sane

nobil e station are effectively transferred and redirected through a

sequence

next

to
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to the retrieved C-nunber in a cal
In the manner described 5 above for " AL ; nt

Result 131a to the serving MSC 78 en.

oFIG nuntRFtobAxhe ¥ edentllvgieftbre fgdication @gfarring
Fl &anddrd RBEH®ectIonSMAMuest message sent from a serving

mobile switching center to an originating mobile switching
center in a cellular telephone network; )

FIG. 10 {(Prior Art) is an illustrative indication of
a standard Transfer-to-Number Request message sent from a
mobile switching center to a home location registér in a
cellular telephone network;

FIG. 11 illustrates in more detail a flow diagram
illustrating the signals involved in the completion of two
near-simultaneous calls, together with the forwarding of
those calls to two successive C-numbers in accordance with
one embodiment of the present invention;

FIG. 12 is an illustrative indication of a Billing ID
message in one embodiment of the present invention;

FIG. 13 is a logic flow diagram of actions taken by an
originating mobile switching center (MSC) upon receipt of
a Redirection Request Invoke message in order to invoke a
Transfer-to-Number request;

FIG. 14 is a logic flow diagram of actions taken by an
HLR upon receipt of a Location Request Invoke message in
accordance with the teachings of the present invention; and

FIG. 15 is a logic flow diagram of actions taken by an
HLR upon receipt of a Transfer-to-Number Request Invoke
showing one use of a Billing ID to traverse a C-number list
in accordance with the teachings of the present invention.

DETAILED DESCRIPTION

FIG. 3 illustrates a conventional cellular radio
communications system of the type to which the present
invention generally pertains. In FIG. 3, an arbitrary
geographical area may be divided into a plurality of
contiguous radio coverage areas, or cells C1-Cl0. While the
system of FIG. 3 is illustratively shown to include only 10
cells, it should be clearly understood that in practice the

number of cells may be much larger.
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the 1D nmessage may be formatted into seven octets

the switch ID (SWD), the Billing ID nunber sef9 NOY nt
count. Cctets 1 and 2 of the nessage 15 conpris¢ the anch ¥ npnber ,
while octet 3 contains the anchor swi tch nu are

the Billing ID nunber itself, and-bktet 7 co
count . Bits 1-7 of the segnment count indicate er-

C > ,cate the nunper of i
syst em handof f s whseachavedpwdkhagBgnprrafked M%%l&aﬁ%‘%hl?? ke cefls
sequence. Bl 1cHo | 1¢li £ B£Se t Hea BN | dgs Mptatpdnas aa | correspohdtngnensd. As

can be understood, _ot her, random nunbers . m.ght be,used in re t

i nvention t o°fd@énPipyality °%a 'S&Isgﬁ%ﬁé’(ﬁ’ﬁeﬁls—%q@r‘ tﬁ”‘ﬂea or%r%%%%?eigrl s
to a patat DotharBIwRi 6 eisthides. a Hoveveni ttée, Bréd¢eiger D ang bases
readi | adapéggt£8£ %gggr%§mg%'gg'areoﬂell kndwrCinl $HS &t 091 £n ' EEW,

di agram of actrons t ginating nobile swtching center

(MSC) upon r2ecekpe bhse statiorediBledlilomuRediieStsrRtokeEeestaRted sRder

to invoke a the center of each of the cells C1-Cl10, respectively, and
are equipped with omni-directional antennas. However, in
other configurations of a cellular radio system, the base
10 stations B1-B10 may be located near the periphery or
otherwise away from the centers of the cells C1-Cl0 and may
illuminate the cells C1-Cl10 with radio signals omni-
directionally or directionally. Therefore, the
representation of the cellular radio system of FIG. 3 is for
15 purposes of illustration only and is not intended as a
limitation on the possible implementations of the cellular
radio system within which the system of the present
invention is implemented.

With continuing reference to FIG. 3, a plurality of
20 mobile stations M1-M10 may be found within the cells C1-Cl10.
Again, only 10 mobile stations are shown in FIG. 3, but it
should be understood that the actual number of mobile
stations may be much larger in practice and will invariably
greatly exceed the number of base stations. Moreover, while
25 none of the mobile stations M1-M10 may be found in some of
the cells Cl-Cl0, the presence or absence of the mobile
stations M1-M10 in a particular one of the cells C1-C10
should be understood to depend, in practice, on the
individual desires of the operators of mobile stations Mi-
30 M10 who may roam from one location in a cell to another, or
from one cell to an adjacent or neighboring cell, and even
from one cellular radio system served by a mobile switching

center (MSC) to another such systemn.
Each of the mobile stations M1-M10 is capable of
35 initiating or receiving a telephone call through one or more
of the base stations B1-B10 at an MSC. The MSC is connected

by communication 1links, e.g., cables, to each of the
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Transfer-to-Nunber request. At step 141, an orig ecei ves

a Redirection Request Invoke froma serving NMSC. 121 the
program det erm nes whether or not the call [ ress. |f
the call is not in progress, the originati et a Redijrection

Request Return Result to the serving MSC an{d exits the_r at
step 143. If 35 the call is still in-p2oegress, € program noves to
step 144 where the originating MSC sends a Transfer-to- Nunber
Request | nvoktlustrativeRbaseyistgtipasnddi-Bdos@and & the fixed public

switch telephone network (PSTN) (not shown), or to a similar

fixed network which may include an integrated services
digital network (ISDN) facility. The relevant connections
S between the mobile switching center MSC and the base
stations B1-B10, or between the mobile switching center MSC
and the PSTN or ISDN, are not completely shown in FIG. 3,
but are well known to those of ordinary skill in the art.
Similarly, it is also known to include more than one mobile
10 switching center in a cellular radio system and to connect
each additional mobile switching center to a different group
of base stations and to other mobile switching centers via
cable or radio links.
Associated with the cellular radio system of FIG. 3,
15 there are also one or more hoﬁe location registers (HLR)
which store information concerning each of the mobile
stations M1-M10 which may be associated with that particular
HLR. Additionally, the system may include one or more
visiting location registers (VLR) which store information
20 concerning mobile stations which are associated with other
home locations, but which have roamed into the geographic
area served by that cellular system.
Each of the cells C1-Cl1l0 is allocated a plurality of
voice or speech channels and at least one access or control
25 channel, such as a forward control channel (FOCC). The
control channel is used to control or supervise the
operation of mobile stations by means of information
transmitted to and received from those wunits. Such
information is particularly useful when a mobile station
30 travels out of the radio coverage of one cell into the radio
coverage of another cell, and may include incoming call
signals, outgoing call signals, éége signals, page response
signals, location redirection signals, voice channel
assignments, and maintenance instructions. The control or
35 voice channels may operate either in analog or digital mode
or a combination thereof. Additionally, control signals are
sent between each of the MSCs, HLRs, VLRs, and PSTNs
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to 'which the call is addressed. The Transfer-to-Nu CEMF‘NT"‘S

I nvoke includes a Billing ID and requests the G
HLR s dat abase to which the call should be f ojwe
the originating MSC receives a 5 Transf er -t o- Nunijer
Result fromthe HLR which I ncludes a first cal} -
fromthe G nunber list. At step-136, the orig|natingMe—ntrt]

cal |

.\\,qu
number fr

r d¢ 8 NOWA te

Request

or war di ng nunbd
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hé

forwarding to the specified C nunber. At step 147, the

pr ogr am det ecommestedevhthior anoetwhekcadhnl ofrderartdi mputee anct t:@mplet«as

successful .

sends a Redirect

éie#ﬂgn U EMRls Was %H:Eiceffcgﬂl ’thtehemoblle REitdiRad | 19-bE
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L es

seryin
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this manner may comprise a cellular telephone network. Actual
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implementations may vary with respect to the manner in which
functional entities are distributed among various physical
units. In cases where functional entities are combined in
the same physical equipment, the interfaces become internal
and need not adhere to interface standards.

In FIG. 4, an HLR 41a and its associated authentication
center (AC) 41b may interface with a plurality of VLRs such
as VLR 42a and VLR 42b covering different geographic
regions. An AC is a functional entity which may manage
encryption for an individual subscriber, if encryption
functions are provided within a particular cellular network.
Each VIR may, in turn, interface with one or more MSCs 43a-
c. VLR 42a, for example, may interface with a single MSC
43a while VIR 42b may interface with MSCs 43b and 43¢, or
more. Each MSC 43a-c is associated with an equipment
identity register (EIR) 44a-c which maintains records of
subscriber equipment. At the next 1level, each MSC
interfaces with one or more base stations (BSs) 45a-d. Each
BS, in turn, may interface with zero, one, or a plurality
of cellular subscriber stations (CSSs) 46a-c. The CSS is
the interface equipment used to terminate a radio path at
the user side of a transmission. It provides the user with
the capability to access network services. Finally, each
MSC 43a-c¢ interfaces with the Public Switched Telephone
Network (PSTN) and Integratedu.Services Digital Network
(ISDN) 47 which are defined in accordance with their
applicable ANSI T1 standards.

FIG. 5 is a simplified flow diagram illustrating the
steps performed by the present invention in which a home
location register coordinates the forwarding of near-
simultaneous calls to a sequence of C-numbers retrieved from

- —
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unt’il the call is connected, the call is term nat *EP NT SHE'ETlC-nurrber
list is exhausted. FIG 14 is a logiclfltow diagramof} afcti ons
taken by an 20 HLR upon recei pt of a Location Requetd NOWIRE spage in
accordance with the teachings of the present invenftifon. At step 151,
the HLR receives a Location Request Invoke from =—an originatifhg NMSC,
whi ch includes the paranmeters "Digits -14- (dialled)" (the so~ecatied
B- nunber) and the "Billing 25 ID'". At step 152, the HLR sends a Route
Request Invod(es’ubscrlbert Idat%ﬂbﬁs@r SeF1G ng5VEBC lniseratielse ionl $buphbbied

station na '
Identlflcaglon unﬁ he so C€§¥¢%#§§h%@qgﬁsﬁah§ygﬁe15nckgg@s fe%@HFEF At
step 153, t h¥>1’11'=EIJZl‘—P-ét,ie|21>I1est1'33ia reiteaRtenesf FJCG- Reitr whriedy twe r‘éﬁ?%ﬁe

serving NBC:§9Q1§§nﬁﬁa§ %@ﬁﬂmﬂaﬁeously RespeegoiRet EirBmRepHH tSadheand
originating MSC at 154.

associated w rop"- Attﬁﬁ%? éﬂlan?hésprﬁﬁfﬁ t%?k;%élégggéﬁeM%gu}fhélé?gslgL
156. simuHtdhedisly for @l frow Shmgamadn Démactespsct ikehyby ah
steps 53 and 54, the MSC 11 forwards requests to'théﬁHLR 14
to retrieve a C-number-for-Bob, for Sam, and a C-number-for-
Bob, for Tom. Software in the HLR 14 may decide at step 55

10 that the first C-number is appropriate for Sam while the

l’"—'

second C-number is appropriate for Tom. Thereafter, at
steps 56 and 57, the first C-number is returned to the MSC
11 for Sam, and the second C-number is returned for Tom.
The MSC 11 then attempts to forward the two calls to the two

15 different C-numbers.

Although several different outcomes are possible in
this scenario, the remainder of this illustration assumes
that, for example, the attempt to forward the call for Sam '
to the first C-number fails at step 58, and the attempt to

20 forward the call for Tom to the second C-number is
successful at step 59. Thereafter, at step 61, the MSC 11
again forwards a request to the HLR 14 to retrieve a C-
number-for-Bob, for Sam. At step 62, the HLR 14 may decide
to skip to the third C-number since the second C-number was

25 just used for Tom. At step 63, the third C-number is
returned to the MSC 11 for the second attempt to forward
Sam's call, which occurs at step 64. This process is
repeated at step 65 until the call is completed, the call
is terminated, or the C-number list is exhausted.

30 Thus, it can be seen that the present invention
provides for the efficient use of C-numbers in call
forwarding. The HLR 14 i; the central point of
coordination, and it retrieves and distributes C-numbers
based on intelligent, real-time decisions. The simple two-

35 call situation illustrated in FIG. 5 is handled without the
inefficiencies of other existing or proposed systems which
may simultaneously forward two calls to the same C-number.
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More complex scenarios may involve features which allow a
high number of near simultaneous calls to arrive on numerous
"gateway" MSCs. Multiple MSCs may be attached to a single
HLR (FIG. 4), and more than one MSC may be transacting calls
to the same party. The present invention allows efficient
coordination of such calls to take place in the HLR.

FIG. 6 illustrates in more detail a signalling'ﬁiagram
illustrating the completion of a call together with the
forwarding of that call to two successive C-numbers in
accordance with one embodiment of the present invention.
A call origination and directory number of the mobile
station for which the call is intended is sent from a PSTN
network 71 to an originating MSC 72. Next, the originating
MSC 72 sends a Location Request Invoke message 73 containing
a unique number to the mobile station's HLR 74. The unique
number selected for use in the preferred embodiment of the
present invention is a Billing ID number which is a number
unique to each call which is used in existing cellular radio
networks in accordance with IS-41 to collect information for
billing purposes on the length of each call and the services
provided. The Location Request Invoke 73 requests
information concerning the current location of the specified
mobile station and asks for routing instructions.

In response to the Location Request Invoke 73, the HLR
74 constructs a Route Request Invoke message 75, and sends
it to a VLR 76 that last provided a registration
notification for the mobile station for which the call is
intended. The Route Request Invoke inquires as to the
preferred method of routing pending calls to a visiting
mobile station. The VLR 76 forwards the Route Request
Invoke 75 to a serving MSC 78 covering the geographic
location where the mobile stati;n is currently found. 1In
response to the Route Request Invoke 75, the serving MSC 78
checks its internal data structures and may, for example,
determine that the mobile station is currently idle. The
MSC 78 then allocates a temporary local directory number
(TLDN) and returns this information to the VLR 76 in a Route

s let—Bi+mTDs &nd
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I ncludes theégonyentional manner.

In the event the call set up at 83 cannot be completed

because of either lack of a page response by the mobile

10 station or time-out due to no answer by the mobile station

at 84, the serving MSC 78 determines from the subscriber

profile whether the mobile station has call forwarding

activated. If the mobile station has call forwarding

activated, the serving MSC 78 returns to the originating MSC

15 72, a Redirection Request Invoke message 85 indicating that

the call is being redirected due to a no answer condition.

If the originating MSC 72 is able to redirect the call, it
transmits a Transfer-to-Number Request Invoke message 86 to '

the HLR 74 indicating that there was no answer, including

20 the Billing ID, and requesting the C-number from the HLR's

database to which the call should be forwarded. In

response, the HLR 74 returns a Transfer-to-Number Request

Return Result message 87 containing a first call forwarding

number from the C-number list stored in the database of the

25 HLR associated with the mobile station for which the call

was originally intended. The C-number is chosen from the

database based on a the Billing ID, an associated time

stamp, and on preprogrammed logic instructions in the HLR

which are programmed to select the C-number most likely to

30 result in a successful connection. Simple logic

instructions may, for example, provide a higher priority to

certain C-numbers at differenﬁ- times of the day or on

different days of the week. In response to the message

containing the first call forwarding number 87, the

35 originating MSC 72 sends a Redirection Request Return Result

message 88, ending the connection to the serving MSC 78, and
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Instead, the serv1ng MSC 78 sends a Transfer-to-Number

Request Invoke directly to the HLR 74 which, in turn,

returns the C-number to the serving MSC 78. This situation

requires that the originating MSC 72 remain connected to the
10 serving MSC 78 until the end of the call.

If the originating MSC 72 is attempting to forward the
call, and again, the call cannot be completed due to the
lack of a page response by the mobile statidh} Oor an answer
time-out at 91, the originating MSC 72 sends to the HLR 74,

15 a second Transfer-to-Number Request Invoke 92 indicating
that there was no answer, including the Billing ID, and
requesting another C-number from the HLR's database to which
the call should be forwarded. In response, the HLR 74
transmits to the origimnating MSC 72, a second Transfer-to-

20 Number Request Return Result 93 containing a second call
forwarding number comprising the C-number which is the next
most likely C-number to result in a successful connection,
consistent with the Billing ID and the preprogrammed logic
instructions in the HLR. Thereafter, another call forward

25 setup is performed at 94, followed by an answer by that
party at 95,

Thus, it can be seen how the use of an arbitrary number
such as the Billing ID associated with each Transfer-to-
Number Request Invoke to the HLR 74 enables that HLR to

30 continue to respond locally to transfer-to-number requests.
A sequence of numbers to which the call is to be forwarded
can be retrieved from the HLR's.hatabase, enabling the HLR
to maintain local control as well as to provide a record of
the specific number to which the call was forwarded, for

35 call management purposes.

FIG. 7 is an illustrative indication of the standard

message format from IS-41 of a Location Request message sent
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t he sane Blll!ng e updated sets of 5 :

nunbers and time stanps mnth t he pr ogr anmabl ogic instructiohs to

retrieve the C nunber wi th the nexi8hi ghest pri process

conti nues until the call is connected, the call is ternlnated or the
from an MSC to an HLR (Invoke), and from the HLR back to the
MSC {Return Result). Within the "invoke parameters", two
parameters are of significance to the present invention:
"Digits (dialed)* and "Billing ID". Digits (dialled)

5 reflects the B-number or called party. Billing ID is a

unique number which identifies a particular call and
collects all information relative to call 1eﬁ§£h and
services provided to facilitate the billing of the
subscriber.

10 FIG. 8 is an illustrative indication of the standard
message format from IS-41 of a Route Request message sent
from an MSC or an HLR to the serving MSC (Invoke}, and from
the serving MSC back to the HLR or originating MSC (Return
Result). The routing request message is used to enquire as

15 ‘to the preferred method of routing a pending call to a
visiting subscriber. Within the "invoke parameters", two
parameters are of significance to the present invention:
"Mobile Identification Number" and "Billing ID". The Mobile ‘
Identification Number reflects the B-number or called party.

20 The B-number, which was carried by the "Digits (dialled)"
parameter of the Location Request Invoke, is mapped over to
the Mobile Identification Number in the Route Request
Invoke. The Billing ID parameter once again is the unique
number necessary to gather all billing information on a

25 particular call.

FIG. 9 is an illustrative indication of the standard
message format from IS-41 of a Redirection Request message
sent from the serving MSC to the originating MSC {(Invoke),
and from the originating MSC back to the serving MSC (Return

30 Result). The Mobile Identification Number (B-number) and
the Billing ID are once again carried forward in the invoke
parameters of the Redirection Réquest message.

FIG. 10 is an illustrative indication of the standard
message format from IS-41 of a Transfer-to-Number Request

3s message sent from an MSC to the HLR serving the specified
mobile station (Invoke), and from the HLR to the MSC (Return
Result). The Mobile Identification Number (B-number) is
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C-nunber list is exhausted. 10 As can be sde
.description, the present I nvention allows a
systemto provide a sequence of C-nunbers to
forwarded in the event a call to a particularjng
be conpl et ed. These <call forwarding C ntnbers nm
sequential |y executed under control of emby the HLR W t hout
i ncorporating additional data into the call control i nformati on

vviht hin the MSficatéagaphi agrriedofipreardt e the| invoke parametersjefpbheeved
that the ope ls ad_.Cc ti r i ' il be
appar ent fro%??%ggfgggno?%gh%%%_h%%gg%FFptﬁgézgiflfﬁﬁfﬁPiE%@ﬁ%vﬁgam%%d
appar at us shbeh aarried foxpmxd ilﬁ’e&hﬁa§sbéénf‘éﬁ‘5?’éc‘?grF}i‘%dTﬁgnﬁg?ﬁgto'

preferred, oRuihBEE Reques€hmBgssgand 1hEi BiTRingnEDNMBy het nbdeltubtiedeiin
withoul o pdeParling fromthe sRi LkksBR0AERRls" REL0YEM h00KES,
the providing of a call-forwarding C-number by the HLR, is
not a billable event. Therefore, the Billing ID, wHich has

historically been used only to collect billable events, has

not been included in the past.

10 The present invention adds the Billing ID to the invoke
parameters of the Transfer-to-Number Request message shown
in FIG. 10. As a result, the Billing ID is carried forward
by each of the messages required to set up a call, redirect
a call, and retrieve a C-number for call forwarding, i.e.,

i5 the Location Request message (FIG. 7), the Route Request
message (FIG. 8), the Redirection Request message (FIG. 9),
and the Transfer-to-Number Request message (FIG. 10). '

It should be noted that while the B-number undergoes
changes in nomenclature as a call passes through the phases

20 of call forwarding and connection, the Billing ID is carried
forward through this process unchanged. This characteristic
makes the Billing ID an excellent parameter for use in the
present invention to deliver call-forwarding messages to the
various components of the cellular radio network, and to

25 correlate responses back to a single call.

FIG. 11 illustrates in more detail a flow diagram
illustrating the signals involved in the completion of two
near-simultaneous calls, together with the forwarding of
those calls to two successive C-numbers in accordance with

30 one embodiment of the present invention. As illustrated in
FIG. 11, a PSTN network 100 provides a first call
origination "A" 101 and a second call origination "B" 121
to the originating MSC 72. In response to call origination
sapn" 101, the originating MSC 72 sends a Location Request

35 Invoke 102 to the mobile station's HLR 74 which constructs
a Route Request Invoke 103 and forwards it to the VLR 76
with which the mobile station being called is currently
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plurality of incomng tel ephone calls froma

parties for a nobile station to a sequence of c
wi thin a conventional cellular radio tel ephone syste
t el ephone calls arriving with a tine inter
| ess than the tinme required to return ondo0-
nunbers to one of said plurality of calling parti al d met hod

conprising tAesectpbedf  The Route Requegti Enwekegiar HohdUBbatiosmWaregist er
(HLR) for said mpPil &5t @hkONgerving MSC 78 covering the geographic

location where the mobile station is currently found. The

serving MSC 78 checks its internal data structures and may
5 determine, for example, that the mobile station is idle.
The serving MSC 78 allocates a TLDN and returns this
information to the VLR 76 in a Route Request Retufﬂ;Result
105, which is then forwarded to the HLR 74 at 106. The HLR
74, in turn, adds location information to the message and

10 forwards a Location Request Return Result 107 to the
originating MSC 72. Call "A" is set up at 108 in the
conventional manner.

In the event of a failure to complete the call due to
the failure of the mobile station to answer the page, or due

15 to a no-answer time-out at 109, the serving MSC 78 returns
a Redirection Request Invoke 111 to the originating MSC 72
indicating that the call is being redirected due to a no
answer condition. If the originating MSC 72 is able to
redirect the call, it sends to the HLR 74, a Transfer-to-

20 Number Request Invoke 112 indicating that there was no
answer, including a Billing ID "A", and requesting a call-
forwarding C-number. The HLR 74 returns to the originating
MSC 72, an optimum call forwarding C-number in a Transfer-
to-Number Request Return Result 113. The originating MSC

25 72 sends a Redirection Request Return Result 1llla to the
serving MSC 78 to close the communications with the serving
MSC 78. The originating MSC 72 then attempts to forward the
call to the retrieved C-number in a call forward setup "A"
at 114.

30 If again, Call "A" cannot be completed due to the
failure of the called party to answer a page, or due to a
no-answer time-out at 115, the originating MSC 72 sends a
second Transfer-to-Number Request Invoke 116 to the HLR 74.
Message 116 indicates that there was no answer, and once

35 again includes Billing ID "A" since Call "“A" has not yet
been completed. In response, the HLR 74 sends a second
Transfer-to-Number Request Return Result 117 containing a
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cal | - f or war dimg@okarbez3 wahl tHegwRirghkesit peobahel MR of6 with which the

10 mobile station being called is currently associated. The

Routing Request Invoke is, in turn, forwarded at 124 to the

serving MSC 78 covering the geographic location where the

mobile station is currently found. The serving MSC 78

checks its internal data structures and may determine, for

15 example, that the mobile station is idle. The serving MSC

78 allocates a TLDN and returns this information to the VLR

76 in a Route Request Return Result 125, which is then
forwarded to the HLR 74 at 126. The HLR 74, in turn, adds

location information to the message and forwards a Location

20 Request Return Result 127 to the originating MSC 72. Call

"B" is set up at 128 in the conventional manner. '

In the event of a failure to complete the call due to

the failure of the mobile station to answer the page, or due

to a no-answer time-out at 129, the serving MSC 78 returns

25 a Redirection Request Invoke 131 to the originating MSC 72

indicating that the call is being redirected due to a no-

answer condition. If the originating MSC 72 is able to

redirect the call, it sends to the HLR 74, a Transfer-to-

Number Request Invoke 132 indicating that there was no

30 answer, including a Billing ID "B", and requesting a call-

forwarding C-number. The HLR 74 returns to the originating

MSC 72, an optimum call forwarding C-number in a Transfer-

to-Number Request Return Result 133. In determining the

optimum C-number, the HLR 74 relies on internal logic which

35 may consider, for example, the fact that a certain C-number

was nearly simultaneously forwarded in response to Call "A".

The originating MSC 72 sends a Redirection Request Return




conﬁleting the call corresponding to the received
utilizing said sequence of call-forwarding n
programuabl e | ogi c instructions stored wthi

3. The nethod of claim2 wherein the step of ma
i ncl udes identifying each of said call-forwarding n
of uni que call I dentification nunb@2s and cor
reflecting the nost recent tine . each of said call-forwarding nunbers
was retrieve®ergdteddhacko skl samriag MpCoff8canding communications with
27 PakheCSserving MSC 78. The originating MSC 72 then attempts
to forward the call to the retrieved C-number in a call
forward setup "B" (not shown). In the manner described
5 above for Call "A", the present invention will continue to

forward Call "B" to additional call forwarding numbers. 1In
this manner, multiple calls for the same mobile statlion are
effectively transferred and redirected through a sequence
of C-numbers by the present invention.

10 Referring mnext to FIG. 12, there is shown an
illustrative indication of a Billing ID message illustrating
that the ID message may be formatted into seven octets of
data comprising the switch ID (SWID), the Billing ID number
itself, and a segment count. Octets 1 and 2 of the message

15 comprise the anchor SID number, while octet 3 contains the
anchor switch number. Octets 4 and 5 are the Billing ID
number itself, and octet 7 comprises the segment count.
Bits 1-7 of the segment count indicate the number of inter-
system handoffs which have been accomplished in a particular

20 sequence. Bit 8 indicates the serving MSC upon call
disconnect. As can be understood, other random numbers
might be used in the present invention to identify
particular requests for the forwarding of calls to a
particular mobile station. However, the Billing ID may be

25 readily adapted for this function.

FIG. 13 is a logic flow diagram of actions taken by an
originating mobile switching center (MSC) upon receipt of
a Redirection Request Invoke message in order to invoke a
Transfer-to-Number request. At step 141, an originating MSC

30 receives a Redirection Request Invoke from a serving MSC.
At step 142, the program determines whether or not the call
is still in progress. If the c;ll is not in progress, the
originating MSC sends a Redirection Request Return Result
to the serving MSC and exits the routine at step 143. If

35 the call is still in progress, then the program moves to
step 144 where the originating MSC sends a Transfer-to-
Number Request Invoke to the HLR serving the mobile station
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list. At step 146, the originating MSC initiatés call
forwarding to the specified C-number. At step 147, the
program determines whether or not the call-forwarding
10 attempt was successful. If the attempt was successful, the
originating MSC sends a Redirection Request Return Result
to the serving MSC and exits the routine at step 148. 1If
the attempt was not successful, the program returns to step
142 where it determines once again whether or not the call
15 is still in progress. The program will continue to retrieve
C-numbers and attempt to forward the call in this manner
until the call is connected, the call is terminated, or the
C-number list is exhausted.
FIG. 14 is a logic flow diagram of actions taken by an
20 HLR upon receipt of a Location Request Invoke message in
accordance with the teachings of the present invention. At
step 151, the HLR receives a Location Request Invoke from
an originating MSC, which includes the parametexrs "Digits
{(dialed)* (the so-called B-number) and the "Billing ID".
25 At step 152, the HLR sends a Route Request Invoke to the VLR
or serving MSC where the called mobile station may be found.
The Route Request Invoke includes a Mobile Identification
Number (the so-called B-number) and the Billing ID. At step
153, the HLR receives a Route Request Return Result from the
30 sexrving MSC and sends a Location Request Return Result to
the originating MSC at 154. At step 155, the HLR records
the Billing ID associated with tﬂis call. The program then
exits the routine at step 156.
FIG. 15 is a logic flow diagram of actions taken by an
35 HLR upon receipt of a Transfer-to-Number Request Invoke
showing one use of a Billing ID to traverse a C-number list.
The C-number list may be, for example, a database of C-




7. ° The nethod of claim6 further conprising the s
cal | - forwardi ng nunber fromsaid HLR dat abase
nunber having the next hi ghest probability of
corresponding to the received request 20 nmessage b
updated paired sets of unique call identification nu
stanps and said set of programmmabl e | ogrg4rnstructions.
The nmethod of claim7 further conprising repeating the steps of
sequenti al | ynnebereyierch ssbasdlaitefomibhdbatred rts ofh @idiiag tIDsgand

forward eachwpf@5stamfd®, PlAald Brafp R&PMiAL; LeLephRACLEAR! SeuRhiikbhsai d
calls are conpleted , said calls are . termnated, or, said sequence of
cal | - f or war dRnBaRthBelar | & rampbersWag, retrieved for a particusay 3189

fCOf Wan{)di ng arpl Utlliiéi:éb‘y QPrdvictitign@ bekephooalcabtsricof the timeguehae of
50" CBnvent PRRGT CERMEEE, ARl BoR O maEr BV oNEed bR hEE RSB R "
swi t chi ng ceateh BillingMBO) in Asnmseidcdm drhenipyesembninvenhionn tbgi ster
(HLR) associ ab.g6 ¥l t32hdmber Request Invoke includes a Biiiing ID
number and a Mobile Identification Number which is the
number of the called mobile station. Since the Billing ID
10 is associated with a particular calling party, the HLR uses

the Billing ID to track which C-numbers have been requested
for a particular party. Since the Mobile Identification
Number is associated with a particular called wobile
station, the HIR uses the Mobile Identification Number to

15 track how many calling parties are attempting to call the
same mobile station. The HLR is thus able to retrieve the
optimum C-number under complex scenarios of multiple calling
parties and multiple call-forwarding attempts for one or '
more of those parties.

20 At step 161, the HLR receives a Transfer-to-Number
Request Invoke from an originating MSC, which includes the
Billing ID associated with a particular calling party. At
step 162, the HLR retrieves a C-number from the C-number
list in the HLR's subscriber database. To accomplish this,

25 the HLR inspects the C-number list for all C-numbers which
have not been previously used to forward a call for this
particular Billing ID. The HLR further refines this
gelection based on criteria such as associated time stamps,
and thereby selects C-numbers which are most likely not

30 already in use. Other priority criteria may include the
identity of the calling party, the time of day or day of the
week, etc. At step 163, the HLR-éends a Transfer-to-Number
Request Return Result to the originating MSC, which includes
the C-number retrieved. At step 164, the HLR updates the

35 C-number list to reflect C-numbers used by the Billing ID,
by updating the associated time stamps. The HLR then exits
the routine at step 165.




mobil e station, said incomng tel ephone calls arrivRESLAﬁENﬁQn%§HEb41terva
bet ween cal | s that is less than the tinme reqyired to retrieve one of
said Cnunbers fromsaid HLR said met hod corfprii sk NG9t eps | of :
28 storing in said HLR, a sequence of {Cfinunbers to whiich each
of said plurality of I ncom ng tel ephone call s i*s—to~be™~Tor war d¢d i n
the event a call cannot be conpleted to-25- said jobil e station;

transnmitting a single transfer-to-nunber request nessage fromsaid MSC to
said 5 HLR for IfadtheofosiginatinaI MG b3 waswaragstel epRoherwardingsai d

transfer-to- Ruabek11 to thBCEYELBICanuMba¥eredrieveant iti gahdenanether:
Transfer-to-Number Request Invoke to the HLR. The HLR
recognizes the same Billing ID and uses the updated sets of

5 unique identification numbers and time stamps with the
programmable logic instructions to retrieve the C-number

with the next highest priority. This process &dntinues

until the call is connected, the call is terminated, or the

C-number list is exhausted.

10 As can be seen from the above description, the present
invention allows a cellular communication system to provide

a sequence of C-numbers to which calls may be forwarded in

the event a call to a particular mobile station cannot be
completed. These call forwarding C-numbers may be

15 sequentially executed under control of only the HLR and
without incorporating additional data into the call control
information within the MSC attempting to complete the call.
It is believed that the operation and construction of

the present invention will be apparent from the foregoing

20 description and, while the method and apparatus shown and
described has been characterized as being preferred, obvious
changes and modifications may be made therein without
departing from the spirit and scope of the invention as

defined in the following claims.
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said call -for i list, to determ Mt h
t he; hi ghest probabili Eﬂ!ﬂ[ r",, npl eting each o aiﬂ?gg Htylo

i ncom ng tel ephone c ; transmtting flro q%l LR {o}said
M5C, the C-nunber fromsaid call-forwarding qr itoud ' =t hlt he

hi ghest probability of conpleting each e2ésaid plurlality of incom ng
tel ephone calls in response to each of said request-messages; and
mai nt ai ni ng WHABCESACHAIMERNI8ai d unique call identification number and
sai d sequence of G- nunbers to mark those certain ones of said
sequence of G nunbers that 15 have been_tiransnitted _for each,one of said
plurality of requdst nBs&e§dedaRf tFerRritrg a Pluraldly fbksiBFORLPg
sequlencle o; €eDuphene vhillb fawve Baotplueer] ittyardsiriddldd randoadt tés for aare
avai laple for transm.tti.ng in response to a_ subsequent ejv est
nessagg. moglie Stat%é# EbTﬁbEﬁ%?ﬁgag%foglé%ﬁﬁgq?ﬁ$%ﬁéﬁgg%n§gWé$%§ t he
step of attewpthimg a c@trenttomallecelduthroradid dtplephoneyspstenl | safidom
said MSC to saldnfnBunteledde t BE1RLINSSEiving wRERPAR ldilme ofneappheting

each cal l

between calls that is less than the time required to return
one of said call forwarding numbers to one of said plurality

10 of calling parties, said method comprising the steps of:

designating a home location register (HLR) for
said mobile station;

storing said sequence of call-forwarding numbers
in a database in said HLR;

15 transmitting, for each of said plurality of
incoming telephone calls from a plurality of calling
parties, a corresponding request message to said HLR
requesting a call-forwarding number from said sequence of '
call-forwarding numbers, said corresponding request message

20 including a unique call identification numbex;

retrieving and forwarding a different one of said
sequence of call-forwarding numbers for each one of said
plurality of incoming telephone calls; and

maintaining a record between said unique call

25 identification number and said sequence of call forwarding
numbers to mark those certain ones of said sequence of call-
forwarding numbers that have been retrieved for each one of
said plurality of request messages and to identify those
ones of said sequence of forward-to-numbers which have not

30 been retrieved and which are available for retrieval in

response to a subsequently received request message.

2. The method of claim 1 further comprising the step

of;
35 programming the HLR to retrieve from said HLR database,
in response to each request message received, a call-
forwarding number with the highest probability of completing
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retrieving said C-nu
attenpting to 25 I
calls are conpleted

iRl ly
call-formardln prio ahd

said plurality!of 'é{’IN{sdQ Jﬂ#ﬁ? shi d
term nat ¢dl_qr..sai.d.

cal |l -forwardi ng prlorlty Ilst I s exhaust ed. 12. Thej met hod
of claim 1l wherein said step of transn-27+ng each -of—sai-¢
transfer-to-nunmber request nmessages wth said unique call identification

nunber 30 thel gadd wccamsspondigqoedsh tdfe seackivethstequest nngdeageehyest

messages “‘tﬁtﬁlg%iﬁ%rﬁhlé)sequencgugbe&all forwardlng numgérs afasuskem for
forwardi ng a Elurall I ncom ng. tel ephopne calls fro plurality

of calling paftPESIramabkenipgic: 1RpbRUEHIGNE etivTiEd B%tEéPISFb@mHFﬁlng
nunber s

5 3. The method of claim 2 wherein the step of
maintaining said record includes identifying each of said
call-forwarding numbers with paired sets of uniqﬁe call
identification numbers and corresponding time stamps
reflecting the most recent time each of said call-forwarding

10 numbers was retrieved for each of said plurality of calling
parties.

4. The method of claim 3 wherein the step of
maintaining said record includes instructing the HLR to
15 forward, each time a request message is received by sgaid
HLR, said call-forwarding number with the highest
probability of completing the call corresponding to the
received request message, said call-forwarding number being
forwarded to the calling party identified by said unique
20 call identification number.

5. The method of claim 4 further comprising the step
of attempting to forward each of said plurality of incoming
telephone calls to the retrieved call-forwarding number

25 having the highest probability of completing each of said

calls.

6. The method of c¢laim 5 further comprising the step
of updating said paired sets of unique call identification
30 numbers and time stamps for each attempt to forward each of

said plurality of incoming telephone calls.

7. The method of claim 6 further comprising the step

of retrieving a call-forwarding number from said HLR

35 database, said call-forwarding number having the mnext
highest probability of completing the call corresponding to

the received request message by utilizing said updated
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within a convention di o t el ephone networlk,}j sard rijving
V\nthatlmemtervaﬂ s t hat islessthantr ?prﬂn\]mrvdto
return one rding nunbers to gngq of said pluralifty

of calling parties, said system conprising: 5 a 1o
| ocation register (HLR) designated for sa@Bd nobile stjation;

means for storlng sai d sequence of call-forwarding nunbers In a database in
said HLR ~ Paired sets ﬁgaﬁ§1ﬂﬁﬁ frahsifenthficabioraphmbersarndptamal ity

of inconm ng ksekepBoaadcaklisd EeeNbf programmable logic instructions.

8. The method of claim 7 further comprising repeating

S the steps of sequentially retrieving said call-forwarding

numbers and attempting to forward each of said plurality of

incoming telephone calls until said calls are cdﬁ%leted,

said calls are terminated, or said sequence of call-
forwarding numbers is exhausted.

10

9. A method of forwarding a plurality of incoming
telephone calls to a sequence of C-numbers on a call-
forwarding priority list for a mobile station within a
conventional cellular radio communications system having a

15 mobile switching center (MSC) in communication with a home
location register (HLR) associated with said mobile station,
said incoming telephone calls arriving with a time interval
between calls that is less than the time required to '
retrieve one of said C-numbers from said HLR, said method

20 comprising the steps of:

storing in said HLR, a sequence of C-numbers to
which each of said plurality of incoming telephone calls is
to be forwarded in the event a call cannot be completed to
said mobile station;

25 transmitting a single transfer-to-number request
message from said MSC to said HLR for each of said plurality
of incoming telephone calls, said transfer-to-number
including a unique call identification number;

analyzing within said HLR, said transfer-to-number

30 request messages and said call-forwarding priority list, to
determine the C-number with the highest probability of
completing each of said plurailty of incoming telephone
calls;

transmitting from said HLR to said MSC, the C-

35 number from said call-forwarding priority list with the

highest probability of completing each of said plurality of

| AACAD YO0
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i dentification nunber;

REPLACEMENT bHEET
a plurality of call | TH: dpedk HbSfeen Repabddl €spondi ng 1 gq

nber from sai g
M{;WH}I%MF nmessade miﬁ%ﬁny‘:’g uhi gue cal |

means for retrl_e.m.ng...and-i%fva ding a

5ai d HLR

different one of said sequence of call- forvwardi ng nunbers fof each

one of said plurality of incom ng tel eph@%e calls;

nmeans

for maintaining a record between said unique call identification nunber 15
and sai d seqd@®cernipg talephenacsalilsy inumesponse harkaehosk said ateguesss of
sai d sereeReR 0l amd | - forwardi ng nunbers that have been retrieved for

each one of said l.ural,ity of request S es and to identify _those
ones of said sequence 3%%%5%&%%% 2 I'corq{ﬁﬁ ge sedit
retri eved anddehnitdiiiaatian antmiixe a’m& stasitir segaénca ofsPanmbers to hark
Subsequent |y chBGe! K80 ehiliBakbaBEBAe Bauence of copymbdrs AT RAELEM Of

claim 13 wherein sai

ThhiSCHSh NR1ASE

means for st &eengtpansedtseds for epeh S?P&np§ éﬁddsl?ﬂ-uraﬂllqureqfamequest
identificati | fessages QHHD%E:S laehli;@%poeﬁb@a baegaok ahigakd ksl YR di ng

nunbers.

stem of claim14 wherei'n said

i ncl udes rreaﬁélmlb&rsr eY’]fl?‘Ebl ﬁ&ve no been transmitted and whlch are
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available for transmission in response to a subsequently
received request message.

10. The method of claim 9 further comprising the step
of attempting to complete each of said plurality of calls
from said MSC to said C-number with the highest probability
of completing each call.

11. The method of claim 10 further comprising the step
of sequentially retrieving said C-numbers from said call-
forwarding priority list, and attempting to complete each
of said plurality of calls, until said calls are completed,
said calls are terminated, or said call-forwarding priority

list is exhausted.

12. The method of claim 11 wherein said step of
transmitting each of said transfer-to-number request
messages with said unique call identification number
includes transmitting each of said transfer-to-number
request messages with a Billing ID number.

13. A system for forwarding a plurality of incoming
telephone calls from a plurality of calling parties for a
mobile station to a sequence of call-forwarding numbers
within a conventional cellular radio telephone network, said
incoming telephone calls arriving with a time interval
between calls that is less than the time required to return
one of said call forwarding numbers to one of said plurality
of calling parties, said system comprising'
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from said HLR dat abagegpedt fad Bes PRGBSt O €ach request age received,

cal | - f or war di t he hi ghest proba iIitxq}ﬁovmet' g
t he;call correspondi Eﬂm 'ml:m }a recei ved request sage. 30
16. The system of n the nmeans for mal nta+ptng—sard record

I ncl udes neans for associating each of said call-forwardi ng nunber
sai d paired sets of unique call idéftification I S and
corresponding tinme stanps reflecting the nost recent tinme each of

sai d cal | -forwardi ng nanbers lpcation iregistedr (HhRh designated for gajdal ity

of calling pabblige station;
means for storing said sequence of call-forwarding

-

numbers in a database in said HLR; ~
5 means for transmitting, for each of said plurality
of incoming telephone calls from a plurality of calling
parties, a corresponding request message to gdid HLR
requesting a call-forwarding number from said sequence of
call-forwarding numbers, said request message ‘including a
10 unigque call identification number;
means for retrieving and forwarding a different
one of said sequence of call-forwarding numbers for each one
of said plurality of incoming telephone calls; and
means for maintaining a record between said unique
15 call identification number and said sequence of call
forwarding numbers to mark those certain ones of said
sequence of call-forwarding-numbers that have been retrieved
for each one of said plurality of request messages and to
identify those ones of said sequence of forward-to-numbers
20 which have not been retrieved and which are available for
retrieval in response to a subsequently received request

message.

14. The system of claim 13 wherein said means for

25 maintaining said record includes means for storing paired
sets of time stamps and said unique call identification
numbers corresponding to each of said call-forwarding

numbers.

30 15. The system of claim 14 wherein said HLR includes
means for retrieving from said HLR database, in response to
each request message received, a-Eall—forwarding number with
the highest probability of completing the call corresponding
to the received request message.

35

16. The system of claim 15 wherein the means for

maintaining said record includes means for associating each
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retrieving includes bl e | ogi c instirycti ons mq
sai g sequence of cadmuﬂm unbers 5 todi redtgmﬂ\é
retrieve a call-for havi ng the hi ghest} prob
conpleting the call corresponding to the received fequest nessage.

18. The system of claim 17 further conmpai-si ng neans.f-or—attenptTNg to
forward each of said plurality of incomng tel ephone calls to the retrieved
cal | - f orwar diofg sltid eabbeforwarding hsunbghes wipholssdid ipayiloédceﬁpbet:ifng
each of saidealdue call identificatilch nuﬁﬁ€%§yéﬁénbggrﬁkﬁbﬂHlﬁgf%

conprising nmeans for updating said pai red, sets of unlque cal l
i denti ficati SY3FPFo& %%ﬂf¥ﬂ§n§hﬁeﬁﬁﬁﬁf%ﬁcﬁﬁﬁﬁF%ﬁ?eﬁﬁ?htﬁ said call-

forwarding numbers was retrieved for each of said plurality

R tio

5 of calling parties.

17. The system of claim 16 wherein the medns for
maintaining said recoxrd includes programmable logic
instructions which utilize said sequence of call-forwarding

10 numbers to direct the HLR to retrieve a call-forwarding
number having the highest probability of completing the call
corresponding to the received request message.

18. The system of claim 17 further comprising means
15 for attempting to forward each of said plurality of incoming
telephone calls to the retrieved call-forwarding number
having the highest probability of completing each of said
calls.

20 19. The system of claim 18 further comprising means
for updating said paired sets of unique call identification
numbers and time stamps for each attempt to forward each of
said plurality of incoming telephone calls.

25 20. The system of claim 19 wherein said means for
retrieving includes means for retrieving a call-forwarding
number from said HLR database, said call-forwarding number
having the next highest probability of completing the call
corresponding to the received request message by utilizing

30 said updated paired sets of unique call identification
numbers and time stamps and- said programmable logic

instructions.

21. The system of claim 20 wherein said means for

35 retrieving includes means for repeatedly retrieving said
call-forwarding numbers and attempting to forward each of

said plurality of incoming telephone calls until said calls
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means o daAne#H Al didly neivibes o5 disd esdauste@ar di ng nunbers and
attenpting to forward each of said plurality of incomng tel ephone
calls until said calls are conpleted, said calls are 2 5 term nated, or

sai d sequence of QalI-monypguhmmfdmn&mm@ardlmghauplaﬂallty of incoming??.

A systen1for
sequence of

‘ﬁ\o%engcglfl uqual [ Ly sof | d15 m n % nxesf cgl l's tﬁaﬁ-&
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a mobile switching center (MSC) in communication with a home
location register (HLR) associated with said mobile station,
said incoming telephone calls arriving with a time interval
between calls that is less than the time required to return
one of said call forwarding numbers to one of said plurality
of calling parties, said system comprising:

means for storing in said HLR, a sequence of C-
numbers to which each of said plurality of incoming
telephone calls is to be forwarded in the event a call
cannot be completed to said mobile station;

means for transmitting a single transfer-to-number
request message from said MSC to said HLR for each of said
plurality of incoming telephone calls, said transfer-to-
number request message <containing a unique call
identification number identifying said request message and
said calling party on a per-call basis;

means for analyzing within said HLR, said
transfer-to-number request messages and said call-forwarding
priority list, to determine the C-number with the highest
probability of completing each of said plurality of incoming
telephone calls;

means for transmitting from said HLR to said MSC,
the C-number from said call-forwarding priority list with
the highest probability of completing each of said plurality
of incoming telephone calls in'response to each of said
request messages; and

means for maintaining a record between said unique
call identification number and said sequence of C-numbers
to mark those certain ones of said sequence of C-numbers
that have been transmltted for each one of sald plurallty
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wth said I tation, said inconing tel ephone calls areivirgjwith
atjinme int
return one of sal

—

calls that is |ess than} the g N®Vregli ried to

forwardi ng nunbers to one of said plurglijty
of calling parties, said system conpri sing: feans for storii ng
in said HLR, a sequence of C-nunbers to-%3tch each ofisaid
31 plurality of incomng tel ephone calls is to be forwarded in the

event a cal |°EaResiuess messagempraded oidanbifpbithoss aphea; of said

means for traagiehbengracsnifberk #hsl Ha¥re HHL b SAUESInSRESREE SHQM

sai d which are available for transmission in response to a
subsequently received request message. )

23. The system of claim 22 wherein the means for
maintaining said record includes means for storingépaired
sets of time stamps and said unique identification numbers
associated with each of said call-forwarding numbers.

10

24. The system of claim 23 further comprising wmeans
for attempting to complete each of said plurality of calls
from said MSC to said C-number with the highest probability
of completing each call.

15

25. The system of claim 24 further comprising means
for sequentially retrieving said C-numbers from said call-
forwarding priority list, and attempting to complete each
of said plurality of calls, until said calls are completed,

20 said calls are terminated, or said call-forwarding priority
list is exhausted.

26. The system of claim 25 wherein said unique
identification number is a Billing ID number.
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numbers on a call-forwarding priority list to which calls
are to be forwarded in the event a call cannot be completed
to the mobile station. Each C-number is associated with
sets of unique identification numbers and time stamps. When
an incoming call is received at an originating mobile
switching center (MSC), a transfer-to-number request
message, containing a unique number identifying the request,
is transmitted from the MSC to the HLR containing the
subscriber database. In response, the HLR analyzes the
request, searches the C-number priority list, and transmits
to the MSC, the optimum C-number for completing the call.
The HLR then updates the time stamp associated with that
particular C-number and unique identifier. The MSC then
attempts to complete the call. If the call cannot be
completed, the process is repeated until the call is
completed, the call is terminated, or the call-forwarding
priority list is exhausted.

(Figure 5}
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Although such a solution is technically feasible within
the current sigﬁaiiing gignaling protocol, this approach has
several disadvantages. First, this configuration would not
allow the HLR 14 alone to coordinate multiple calls to the
10 same number, but would require the intervention of the MSC
11 through which the call was being routed. The MSC 11,
therefore, ~ would have to maintain additional state
information about a call in progress, that is, data
concerning which C-number is being requested. This would
15 require additional software in multiple MSCs 11, thereby
making it more difficult and expensive to implement.
Second, the addition of an index parameter into the IS-41
signatting signaling protocol would introduce formal state
information into this transaction oriented protocol. Such
20 - a modification to this industry standard would be
controversial, and would require considerable time and
expense to study its potential far-reaching consequences and
gain approval from various standards committees. Third,
when high volumes of simultaneous calls come into a cellular
25 group, where some mobile phones are T'"busy", "idle",
"inactive", oxr providing "no answer", the index technique
is wholly inadequate to handle the resulting call-forwarding
scenarios. Finally, it is only possible to implement the
index technique when the MSC is a single node; the index
30 technique will not work when several MSCs are networked.
FIG. 2 illustrates the situation in which the index
technique is used to forward two calls which arrive near
simultaneously for "Bob" from both "Sam" and "Tom". At step
21 a call arrives for Bob from Sam, and the MSC 11 specifies
35 an index parameter at step 22 that directs the HLR 14 to
retrieve the first C-number for Bob from its subscriber
database. Before that C-number can be returned to Sam,
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, IIs are termnated, or said sequence of
&ﬁbﬁﬂngéfs i § exhaust ed. 22. A system for
f

L.

plurality incomng 5 tel ephone calls to a sequence of
C-nunberls on a call - - forwarding prigrity |ist for a nobile station
bUchﬂtiS&&l cel lul ar radi o conmuni cati ons network havi ng

frem an MSC to an HLR {(Invoke), and from the HLR back to the
MSC (Return Result). Within the "invoke parameters”, two
parameters are of significance to the present invention:
"Digits fdtaited)({dialed)"” and "Billing ID". Digits

5 {dialled) reflects the B-number or called party. Billing
ID is a unique number which identifies a particular call and
collects all information relative to call 1length and
services provided to facilitate the billing of the
subscriber.

i0 FIG. 8 is an illustrative indication of the standard
message format from IS-41 of a Route Request message sent
from an MSC or an HLR to the serving MSC (Invoke), and from
the serving MSC back to the HLR or originating MSC (Return

Result). The routing request message is used to enquire as
15 to the preferred method of routing a pending call to a
visiting subscriber. Within the "invoke parameters”, two

parameters are of significance to the present invention:
"Mobile Identification Number” and "Billing ID". The Mobile
Identification Number reflects the B-number or called party.
20 The B-number, which was carried by the "Digits (dialled)*
parameter of the Location Request Invoke, is mapped over to
the Mobile Identification Number in the Route Request
Invoke. The Billing ID parameter once again is the unique
number necessary to gather all billing information on a
25 particular call.

FIG. 9 is an illustrative indication of the standard
message format from IS-41 of a Redirection Request message
sent from the serving MSC to the originating MSC (Invoke),
and from the originating MSC back to the serving MSC (Return

30 Result). The Mobile Identification Number (B-number) and
the Billing ID are once again carried forward in the invoke
parameters of the Redirection Request message.

FIG. 10 is an illustrative indication of the standard
message format from IS-41 of a Transfer-to-Number Reqﬁest

35 message sent from an MSC to the HLR serving the specified
mobile station (Invoke), and from the HLR to the MSC (Return
Result) . The Mobile Identification Number- {B-number) is
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| ocaji pn regl ster ( L associated with said nobile station, 10 sai d
incon ugg I Ils arriving with a tine interval bet ween call s
t hat '> Iess an t e jtime required to return one of said cal

f or wir | ne of said plurality,_ of calling parties, said
systgm conpri si ng: means for storing in said HLR, a
sequence of Ct&5wh1c@1urm%scam whi %&P&&&ﬁ Sarr?e pi’i:'éﬁéféi‘ 8L Number

i ncom ng tel ephone calls 1s to be forwarded 1n the event a cal i

cannot be comﬁ%ﬁ%ﬁﬁ?oI§XPHEWBEQL¥49%n§cﬁﬁlllng ID and requfshis e C
transmtting amgibey efﬁdirﬁirlﬂi@l’H]LI@‘@lﬁdﬁbase to WBQ@BSthGE§§BQ€sB6QBESBéd

MSC to said H for §a h of salﬁ aIitx of 'nconh% t el ephone
call's, said t renTRFIrs: afnass | alimertofhat S5 MR HEFEVEE
uni que 5 cal |l Transfeaxdni-Numbeti 8egqnasbeRefvemtRésuhy Saow tlkguUBBR wkishge
and Sm(&ﬁéﬂﬁﬁ%g Ea%E¥sgn HeEa?warifﬁﬁfﬁumb from the C- H&ﬂﬂérfor

anal yzing within sai trans request nessages
and sai d cal | -¥ittar difdg step 146, the originating MSC 1n1t1ates call

forwarding to the specified C-number. At step 147, the

program determines whether or not the call-forwarding

10 attempt was successful. If the attempt was successful, the

originating MSC sends a Redirection Request Return Result

to the ser&ing MSC and exits the routine at step 148. If

the attempt was not successful, the program returns to step

142 where it determines once again whether or not the call

15 is still in progress. The program will continue to retrieve

C-numbers and attempt to forward the call in this manner

until the call is connected, the call is terminated, or the
C-number list is exhausted.

FIG. 14 is a logic flow diagram of actions taken by an

20 HLR upon receipt of a Location Request Invoke message in

accordance with the teachings of the present invention. At

step 151, the HLR receives a Location Request Invoke from

an originating MSC, which includes the parameters "Digits

‘dtattedir(dialed) " (the so-called B-number) and the "Billing

25 ID". At step 152, the HLR sends a Route Request Invoke to
the VLR or serving MSC where the called mobile station may
be found. The Route Request Invoke includes a Mobile

Identification Number (the so-called B-number) and the
Billing ID. At step 153, the HLR receives a Route Request

30 Return Result from the serving MSC and sends a Location
Request Return Result to the originating MSC at 154. At

step 155, the HLR records the Billing ID associated with

this call. The program then exits the routine at step 156.

FIG. 15 is a logic flow diagram of actions taken by an

35 HLR upon receipt of a Transfer-to-Number Reguest Invoke
showing one use of a Billing ID to traverse a C-number list.

The C-number list may be, for example, a database of C-
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nmeans for Transhitting fromsaid HLRR to said MSC, 3¢

said call-forwarding priority list with t he

conpl eting each of said plurality 2@f incomn

response to f i ] request nessages; and

for maintai ﬁ&ﬁéfééigeé@@b& ween said uni que 35

nunber and sai d sequence of C- nunbers to mark those certain ones of
sai d sequence of G- nunbers that have been transmtted for each one
of said plurality- A method of forwarding a plurality of incoming telephone calls from a

plurality of calling parties for a mobile station to a sequence of call-forwarding nhumbers
5 within a conventional celiular radio-telephone system, said incoming telephone calls
arriving with a time interval between calls that is less than the time required to return one
of said call forwarding numbers to one of said plurality of calling parties, said method
comprising the steps of:
designating a home location register (HLR) for said mobile station;
10 storing said sequence of call-forwarding numbers in a database in said HLR;
transmitting, for each of said plurality of incoming telephone calls from a plurality
of calling parties, a corresponding request message to said HLR requesting a call-
forwarding number from said sequence of call-forwarding numbers, said corresponding
request message including a unique call identification number;
15 retrieving and forwarding a different one of said sequence of call-forwarding
numbers for each one of said plurality of incoming telephone calls; and
maintaining a record between said unique call identification number and said
sequence of call forwarding numbers to mark those certain ones of said sequence of
call-forwarding numbers that have been retrieved for each one of said plurality of
20 request messages and to identify those ones of said sequence of forward-to-numbers
which have not been retrieved and which are available for retrieval in response to a

subsequently received request message.

2. The method of claim 1 further comprising the step of:

25 programming the HLR to retrieve from said HLR database, in response to each
request message received, a call-forwarding number with the highest probability of
completing the call corresponding to the received request message by utilizing said
sequence of call-forwarding numbers and a set of programmable logic instructions
stored within said HLR.

30

3. The method of claim 2 wherein the step of maintaining said record
includes identifying each of said call-forwarding numbers with paired sets of unique call
identification numbers and corresponding time stamps reflecting the most recent time
each of said call-forwarding numbers was retrieved for each of said plurality of calling
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claim 23 further conprising neans for attenpting to conplete each of
said plurality of4cal | s

The method of claim 3 wherein the step of maintaining said record
includes instructing the HLR to forward, each time a request message is received by

5 said HLR, said call-forwarding number with the highest probability of completing the call
corresponding to the received request message, said call-forwarding number being
forwarded to the calling party identified by said unique call identification number.

5. The method of claim 4 further comprising the step of attempting to
10 forward each of said plurality of incoming telephone calls to the retrieved call-forwarding
number having the highest probability of completing each of said calls.

6. The method of claim 5 further comprising the step of updating said paired
sets of unique call identification numbers and time stamps for each attempt to forward
15  each of said plurality of incoming telephone calls.

7. The method of claim 6 further comprising the step of retrieving a call-
forwarding number from said HLR database, said cali-forwarding number having the
next highest probability of completing the call comresponding to the received request

20 message by utilizing said updated paired sets of unique call identification numbers and
time stamps and said set of programmable logic instructions.

8. The method of claim 7 further comprising repeating the steps of
sequentially retrieving said call-forwarding numbers and attempting to forward each of
25 said plurality of incoming telephone calls until said calls are completed , said calls are

terminated, or said sequence of call-forwarding numbers is exhausted.

9. A method of forwarding a plurality of incoming telephone calis to a

sequence of C-numbers on a call-forwarding priority list for a mobile station within a

30 conventional cellular radio communications system having a mobile switching center

(MSC) in communication with a home location register (HLR) associated with said

mobile station, said incoming telephone calls arriving with a time interval between calls

that is less than the time required to retrieve one of said C-numbers from said HLR, said
method comprising the steps of:
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i denti fi cat ijiomimyTiefiphbe alldiis kd Bé fdriWariedth€ the event a call cannot be completed to
said mobile station;
transmitting a single transfer-to-number request message from said MSC to said
5 HLR for each of said plurality of incoming telephone calls, said transfer-to-number
including a unique call identification number;
analyzing within said HLR, said transfer-to-number request messages and said
call-forwarding priority list, to determine the C-number with the highest probability of
completing each of said plurality of incoming telephone calls;

10 transmitting from said HLR to said MSC, the C-number from said call-forwarding
priority list with the highest probability of completing each of said plurality of incoming
telephone calls in response o each of said request messages; and

maintaining a record between said unique call identification number and said
sequence of C-numbers to mark those certain ones of said sequence of C-numbers that

15 have been fransmitted for each one of said plurality of request messages and to identify
those ones of said sequence of C-numbers which have not been fransmitted and which
are available for transmitting in response to a subsequently received request message.

10. The method of claim 9 further comprising the step of attempting to
20 complete each of said plurality of calls from said MSC to said C-number with the highest
probability of completing each call.

11.  The method of claim 10 further comprising the step of sequentially
retrieving said C-numbers from said call-forwarding priority list, and attempting to
25 complete each of said plurality of calls, until said calls are completed, said calls are

terminated, or said call-forwarding priority list is exhausted.

12. The method of claim 11 wherein said step of transmitting each of said
transfer-to-number request messages with said unique call identification number
30 includes transmitting each of said transfer-to-number request messages with a Billing ID

number.

13. A system for forwarding a plurality of incoming telephone calls from a
plurality of calling parties for a mobile station to a sequence of call-forwarding numbers
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within a conventional cellular radio telephone network, said F\E&fﬁl‘ﬂ‘g‘@l@pﬁom“caﬂsj

arriving with a time interval between calls that is less than the time required to return one

of said call forwarding numbers to one of said plurality of calling parties, said system
comprising:

a home location register (HLR) designated for said mobile station;

means for storing said sequence of call-forwarding numbers in a database in
said HLR;

means for transmitting, for each of said plurality of incoming telephone calls from
a plurality of calling parties, a corresponding request message to said HLR requesting a
call-forwarding number from said sequence of call-forwarding numbers, said request
message including a unique call identification number;

means for refrieving and forwarding a different one of said sequence of call-
forwarding numbers for each one of said plurality of incoming telephone calls; and

means for maintaining a record between said unique call identification number
and said sequence of call forwarding numbers to mark those certain ones of said
sequence of call-forwarding numbers that have been retrieved for each one of said
plurality of request messages and to identify those ones of said sequence of forward-to-
numbers which have not been retrieved and which are available for retrieval in response
to a subsequently received request message.

14.  The system of claim 13 wherein said means for maintaining said record
includes means for storing paired sets of time stamps and said unique call identification
numbers corresponding to each of said call-forwarding numbers.

15.  The system of claim 14 wherein said HLR includes means for retrieving
from said HLR database, in response {o each request message received, a call-
forwarding number with the highest probability of completing the call corresponding to
the received request message.

16.  The system of claim 15 wherein the means for maintaining said record
includes means for associating each of said call-forwarding numbers with said paired
sets of unique call identification numbers and corresponding time stamps reflecting the
most recent time each of said call-forwarding numbers was retrieved for each of said

~ plurality of calling parties.
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17.  The system of claim 16 wherein the means for retrieving includes
programmable logic instructions which utilize said sequence of call-forwarding numbers
to direct the HLR to retrieve a call-forwarding number having the highest probability of
completing the call corresponding to the received request message.

18. The system of claim 17 further comprising means for attempting to
forward each of said plurality of incoming telephone calls to the retrieved call-forwarding
number having the highest probability of completing each of said calls.

19.  The system of claim 18 further comprising means for updating said
paired sets of unique call identification numbers and time stamps for each attempt to
forward each of said plurality of incoming telephone calls.

20.  The system of claim 19 wherein said means for retrieving includes means
for retrieving a call-forwarding number from said HLR database, said call-forwarding
number having the next highest probability of completing the call corresponding to the
received request message by utilizing said updated paired sets of unique call
identification numbers and time stamps and said programmable logic instructions.

21.  The system of claim 20 wherein said means for retrieving includes means
for repeatedly retrieving said call-forwarding numbers and attempting to forward each of
said plurality of incoming telephone calls until said calls are completed, said calls are
terminated, or said sequence of call-forwarding numbers is exhausted.

22. A system for forwarding a plurality of incoming telephone calls to a
sequence of C-numbers on a call-forwarding priority list for a mobile station within a
conventional cellular radioc communications network having a mobile switching center
(MSC) in communication with a home location register (HLR) associated with said
mobile station, said incoming telephone calls arriving with a time interval between calls
that is less than the time required to return one of said call forwarding numbers to one of
said plurality of calling parties, said system comprising:

means for storing in said HLR, a sequence of C-numbers to which each of said
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plurality of incoming telephone calls is to be forwarded in the ot be
completed to said mobile station;

means for transmitting a single transfer-to-number request message from said
MSC to said HLR for each of said plurality of incoming telephone calls, said transfer-to-
number request message containing a unique call identification number identifying said
request message and said calling party on a per-call basis;

means for analyzing within said HLR, said transfer-to-number request messages
and said call-forwarding priority list, to determine the C-number with the highest
probability of completing each of said plurality of incoming telephone calls;

means for transmitting from said HLR to said MSC, the C-number from said call-
forwarding priority list with the highest probability of completing each of said plurality of
incoming telephone calls in response to each of said request messages; and

means for maintaining a record between said unique call identification number
and said sequence of C-numbers to mark those certain ones of said sequence of C-
numbers that have been determined with the highest probability of completion for each
one of said plurality of request messages and to identify those ones of said sequence of
C-numbers which have not been determined and which are available for determining in

response to a subsequently received request message.

23.  The system of claim 22 wherein the means for maintaining said record
includes means for storing paired sets of time stamps and said unique identification

numbers associated with each of said call-forwarding numbers.

24. The system of claim 23 further comprising means for attempting to
complete each of said plurality of calls from said MSC to said C-number with the highest
probability of completing each call.

25. The system of claim 24 further comprising means for sequentially
retrieving said C-numbers from said call-forwarding priority list, and attempting to
complete each of said plurality of calls, until said calls are completed, said calls are
terminated, or said call-forwarding priority list is exhausted.

26.  The system of claim 25 wherein said unique identification number is a
Billing ID number.
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