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Figure 1 (PRIOR ART)
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Figure 2 (PRIOR ART)
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Figure 3
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Figure 5
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for placing a call to home PBX (304-1)
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'
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the PBX selected at task 502, depending on the outcome of task 502
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Wireless telecommunications terminal 301 receives signal from called PBX
in accordance with profile for corresponding on-premises terminal (103-1-y)
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EMULATION OF PRIVATE BRANCH
EXCHANGE BEHAVIOR

FIELD OF THE INVENTION

[0001] The present invention relates to telecommunica-
tions in general, and, more particularly, to emulating the
behavior of a private branch exchange at a second private
branch exchange.

BACKGROUND OF THE INVENTION

[0002] An organizationthat desires to provide employees at
one location with telephones has, in general, two options.
First, the organization can acquire one telephone and one
telephone line per employee from the telephone company.
Second, the organization can acquire one telephone per
employee, a small number of telephone lines from the tele-
phone company, and a piece of equipment that enables the
employee’s telephones to share the small number of tele-
phone lines. In general, the second option is substantially less
expensive than the first option, and the piece of equipment
that enables the employees’ telephones to share the small
number of telephone lines is called a “private-branch
exchange” or “PBX.” In addition, private-branch exchanges
typically provide a variety of useful telecommunications fea-
tures to their users, such as call forwarding, three-way con-
ferencing, and so forth.

[0003] FIG. 1 depicts a schematic diagram of telecommu-
nications system 100 in the prior art. Telecommunications
system 100 comprises affiliated off-premises telecommuni-
cations terminals 101-1 through 101-X, wherein X is a posi-
tive integer; unaffiliated off-premises telecommunications
terminal 102; affiliated on-premises telecommunications ter-
minals 103-1 through 103-X; private branch exchange tele-
phone system 104; and telecommunications network 105,
interconnected as shown.

[0004] The terms “affiliated” and “unaffiliated,” as they
apply to the off-premises terminals, refer to whether an oft-
premises terminal is affiliated with an on-premises terminal
(i.e., a terminal served by private branch exchange 104). The
relationship of an on-premises terminal (e.g., terminal 103-1,
etc.) with an affiliated off-premises terminal (e.g., terminal
101-1, etc.) is described below and with respect to FIG. 2,
with regards to extending a received call to one or both ter-
minals.

[0005] Private branch exchange 104 is capable of switching
incoming calls from telecommunications network 105 (e.g.,
the Public Switched Telephone Network, etc.) via one or
more transmission lines to any of on-premises terminals
103-1 through 103-N. Private branch exchange 104 is also
capable of handling outgoing calls from any of on-premises
terminals 103-1 through 103-N to telecommunications net-
work 105 via one or more transmission lines that connect
private branch exchange 104 to telecommunications network
105.

[0006] Private branch exchange 104 is capable of also
extending an incoming call to a telephone number in telecom-
munications network 105, in addition to switching the incom-
ing call to on-premises terminal 103-7, wherein n is an integer
between 1 and N, inclusive. The telephone number that is
extended-to in telecommunications network 105 corresponds
to an affiliated terminal 101-7.

[0007] In addition, private branch exchange 104 is capable
of'providing telecommunications features that enable the for-
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warding of calls, the transferring of calls, conferencing, etc.
Typically each user of an on-premises terminal 103-» can
create a customized profile that is stored at private branch
exchange 104 and indicates to private branch exchange 104
how to present information to and respond to signal from
on-premises terminal 103-» and its affiliated terminal 101-7.
A customized profile might include information such as
defaults for various settings and options, what language to use
for voice prompts, what menu items to present, how to asso-
ciate number keys to menu items, and so forth.

[0008] FIG. 1 also depicts the address spaces that are rel-
evantto telecommunications network 100 in the prior art. The
term “address space” refers to an addressable region of tele-
phone service. Address space 111 represents the addressable
region served by telecommunications network 105. Address
space 112 represents the addressable region served by private
branch exchange 104.

[0009] Private branch exchange 104 acts as a “bridge”
between address space 111 and address space 112. When a
calling party places a call to someone served by private
branch exchange 104, the calling party uses a dialing
sequence that includes a telephone number that belongs to
telecommunications network 105 and residing in address
space 111. As part of the dialing sequence, the calling party
also uses an extension number that allows access to one of the
on-premises telecommunications terminals that reside within
address space 112.

[0010] Thus an on-premises telephone number is one that
exists within the address space of the private branch
exchange, and an off-premises telephone number is one that
exists within the address space of the Public Switched Tele-
phone Network.

[0011] Some private branch exchanges enable the user of
an on-premises terminal to associate an off-premises termi-
nal’s telephone number (e.g., the user’s cell phone number,
etc.) with the on-premises terminal’s telephone number for
features such as automatic call forwarding. In such instances
the off-premises terminal’s telephone number is said to be
mapped to the on-premises terminal’s telephone number.
Typically a private branch exchange that provides such a
mapping feature stores the mappings in a table, such as the
one shown in FIG. 2.

SUMMARY OF THE INVENTION

[0012] The present invention is applicable to organizations
that have private branch exchanges (PBXs) at two or more
different sites, and pertains to calls from an affiliated oft-
premises terminal (typically, an employee’s cell phone) to its
“home” private branch exchange. For example, an employee
who works atan organization’s New York branch office might
call the New York office’s PBX to invoke a feature such as
setting up call forwarding, canceling call forwarding, retriev-
ing voice mail, and so forth.

[0013] In accordance with the illustrative embodiment,
when an employee places such a call, the call might be auto-
matically and transparently directed to another PBX of the
organization when it is advantageous to do so. Re-directing a
call to another private branch exchange might be advanta-
geous for a number of reasons, such as for the purposes of
security, for reducing toll charges, because of unavailability
of'a particular private branch exchange (perhaps based in part
on the time zones in which the PBXs are located), etc. Fur-
thermore, the issue of whether or not it is advantageous to
re-direct a call, as well as which PBX would be advantageous
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for the re-direction, might depend on factors such as the day
and time at which the call is placed, the network that the
affiliated terminal is currently connected to (e.g., Verizon
Wireless U.S., Vodafone U.K., etc.), and so forth.

[0014] In accordance with the illustrative embodiment,
when a call to an employee’s home private branch exchange is
re-directed to a different private branch exchange, the re-
direction is done automatically and transparently in such a
manner that the user is unaware of its occurrence. In addition,
the present invention enables the “non-home” private branch
exchange to interact with the user in the same manner as the
home private branch exchange (e.g., with the same default
values, preferred language, etc.). As a result, the re-directed
call appears no different to the user than a call to his or her
home private branch exchange.

[0015] In the illustrative embodiment the desired function-
ality is provided via software on the organization’s private
branch exchanges and on the affiliated terminals (i.e.,
employees’ cell phones). In addition, the illustrative embodi-
ment employs a profile database that stores the private branch
exchange profiles for each of the organization’s employees,
as well as an authentication server for authenticating calls to
any of the organization’s private branch exchanges, and a
centralized voice mail server for storing employees’ voice
mail.

[0016] The illustrative embodiment comprises: (a) receiv-
ing at a telecommunications terminal an input for placing a
first call to a first private branch exchange, wherein the tele-
phone number M of the telecommunications terminal (i) is
not in the address space of the first private branch exchange,
and (i) is mapped to a telephone number N in the address
space of the first private branch exchange; (b) placing, in
response to the input, a second call from the telecommunica-
tions terminal to a second private branch exchange whose
address space does not contain M and does not contain a
telephone number to which M is mapped; and (¢) receiving at
the telecommunications terminal, in response to the second
call, a signal from the second private branch exchange in
accordance with a profile associated with the telephone num-
ber N.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 depicts a schematic diagram of telecommu-
nications system 100, in accordance with the prior art.
[0018] FIG. 2 depicts an illustrative table that maps oft-
premises telephone numbers to on-premises telephone num-
bers, in accordance with the prior art.

[0019] FIG. 3 depicts a schematic diagram of telecommu-
nications system 300, in accordance with the illustrative
embodiment of the present invention.

[0020] FIG. 4 depicts illustrative table 400 that is stored at
affiliated wireless telecommunications terminal 301, in
accordance with the illustrative embodiment of the present
invention.

[0021] FIG. 5 depicts a flowchart of the salient tasks of
affiliated telecommunications terminal 301, as shown in FIG.
3, in accordance with the illustrative embodiment of the
present invention.

[0022] FIG. 6 depicts a flowchart of the salient tasks of
private branch exchange 304-%, in accordance with the illus-
trative embodiment of the present invention.

Sep. 18, 2008

DETAILED DESCRIPTION

[0023] FIG. 3 depicts a schematic diagram of telecommu-
nications system 300, in accordance with an illustrative
embodiment of the present invention. Telecommunications
system 300 comprises telecommunications network 105, pri-
vate branch exchange 304-1, on-premises terminals 103-1-1
through 103-1-Y, private branch exchange 304-2, on-pre-
mises terminals 103-2-1 through 103-2-Z, authentication
server 320, profile database 330, voicemail server 340, and
off-premises wireless telecommunications terminal 301,
interconnected as shown.

[0024] Private branch exchanges 304-1 and 304-2 provide
all the functionality of private branch exchange 104 of the
prior art, and are also capable of performing the tasks of F1G.
6, described below.

[0025] On-premises terminals 103-1-1 through 103-1-Y
are the same as on-premises terminals 103 of the prior art, and
are associated with private branch exchange 304-1. As shown
in FIG. 3, the telephone numbers of on-premises terminals
103-1-1 through 103-1-Y exist in address space 112-1.
[0026] On-premises terminals 103-2-1 through 103-2-Z
are the same as on-premises terminals 103 of the prior art, and
are associated with private branch exchange 304-2. As shown
in FIG. 3, the telephone numbers of on-premises terminals
103-2-1 through 103-2-Z exist in address space 112-2.
[0027] Authentication server 320 is a server that is capable
of presenting authentication challenges to telecommunica-
tions terminals, of receiving responses from challenged ter-
minals, and of determining the correctness of responses, as is
well-known in the art. The manner in which authentication
server 320 performs its authentication functions in accor-
dance with the illustrative embodiment is described below
and with respect to FIG. 6.

[0028] As will be appreciated by those skilled in the art, in
some other embodiments of the present invention, authenti-
cation might be performed by an entity other than a central-
ized authentication server—such as a user’s home private
branch exchange, or a “local” authentication server attached
to the home PBX, or perhaps the private branch exchange to
which a call is re-directed—and it will be clear to those skilled
in the art, after reading this specification, how to make and use
such embodiments.

[0029] Profile database 330 is a database of PBX profiles
for every on-premises telephone number of the organization
(in the illustrative embodiment, the telephone numbers of
terminals 103-1-1 through 103-1-Y and terminals 103-2-1
through 103-2-7). The profiles stored in profile database 330
contain individualized information about a user’s preferences
when interacting with its home private branch exchange 304,
such as the user’s preferred language, preferred timeout dura-
tions, customized menus, etc., as is well-known in the art.
[0030] Inaccordance with the illustrative embodiment, the
profile for a particular on-premises telephone number is
stored at the home private branch exchange 304 for that
telephone number in addition to profile database 330. It will
be clear to those skilled in the art, after reading this specifi-
cation, how to make and use other embodiments of the present
invention in which profiles might be stored only at profile
database 330, or only at the home private branch exchange
304, or at one or more “non-home” private branch exchanges
in addition to the home PBX. Furthermore, the tradeoffs
involved in fault-tolerance, consistency, and read-vs.-write
performance for each possible implementation are well-un-
derstood by those skilled in the art.



US 2008/0227439 Al

[0031] Voicemail server 340 is a server that stores voice-
mail for all of the on-premises telephone numbers of the
organization (in the illustrative embodiment, the telephone
numbers of terminals 103-1-1 through 103-1-Y and terminals
103-2-1 through 103-2-7). As will be appreciated by those
skilled in the art, in some embodiments of the present inven-
tion, voicemail might be stored “locally” at each private
branch exchange 304 instead of at a centralized server, and it
will be clea, how to make and use such embodiments after
reading this specification.

[0032] Off-premises wireless telecommunications termi-
nal 301 is a wireless telecommunications terminal (e.g., cell
phone, etc.) that is affiliated with one of the on-premises
terminals 103 of private branch exchange 304-1 (say 103-1-y,
where y is an integer between 1 and Y, inclusive). In accor-
dance with the illustrative embodiment, wireless telecommu-
nications terminal 301 is capable of storing a table of the
organization’s private branch exchanges and related informa-
tion, such as illustrative table 400 shown in FIG. 4, and of
performing the tasks of FIG. 5, described below.

[0033] As will be appreciated by those skilled in the art, for
the purposes of simplicity telecommunications system 300 of
the illustrative embodiment has only two private branch
exchanges 304-1 and 304-2. However, it will be clear to those
skilled in the art, after reading this specification, how to make
and use embodiments of the present invention for organiza-
tions that have P private branch exchanges, where P is an
integer greater than two.

[0034] FIG. 5 depicts a flowchart of the salient tasks of
wireless telecommunications terminal 301, in accordance
with the illustrative embodiment of the present invention. It
will be clear to those skilled in the art which tasks depicted in
FIG. 5 canbe performed simultaneously or in a different order
than that depicted.

[0035] At task 501, wireless telecommunications terminal
301 receives an input from its user for placing a call to his or
her home private branch exchange (i.e., the private branch
exchange 304 whose address space contains a telephone
number to which wireless terminal 301’s telephone number is
mapped). In the illustrative embodiment, wireless terminal
301’s home private branch exchange is 304-1 because wire-
less terminal 301 is affiliated with on-premises terminal 103-
1-y.

[0036] At task 502, wireless telecommunications terminal
301 determines if it is advantageous to direct the call to a
different private branch exchange, and if so, selects which
private branch exchange to direct the call to (in the illustrative
embodiment, the only choice is 304-2). As discussed above,
the determination of whether it is advantageous to direct a call
to a different PBX could be based on a number of factors such
as security, toll charges, PBX availability, etc.; similarly, the
selection of a particular private branch exchange for the re-
directed call could be based on factors such as the day and
time of the call, the network that wireless terminal 301 is
currently connected to, etc.

[0037] At task 503, wireless telecommunications terminal
301 places a call to either the home private branch exchange
or the private branch exchange selected at task 502, depend-
ing on the outcome of task 502.

[0038] At task 504, wireless telecommunications terminal
301 is authenticated, in well-known fashion. In accordance
with the illustrative embodiment, wireless terminal 301 is
authenticated by authentication server 320 via a challenge/
response mechanism, in well-known fashion. As will be
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appreciated by those skilled in the art, in some embodiments
of the present invention the challenge/response mechanism
might require input from the user of terminal 301 (e.g., a
username and password, etc.), while in some other embodi-
ments, wireless terminal 301 might be authenticated without
any user input—and perhaps, without the user’s awareness.
As described above, it will be clear to those skilled in the art
how to make use alternative embodiments of the present
invention in which task 504 is performed by one or more
entities other than authentication server 320.

[0039] If the authentication of task 504 is successful,
execution continues at task 505, otherwise execution of the
method of FIG. 5 terminates.

[0040] At task 505, wireless telecommunications terminal
301 receives a signal from called private branch exchange
304-% in accordance with the appropriate profile (i.e., the
profile for on-premises terminal 103-1-y with which wireless
terminal 301 is affiliated.) After task 505, the method of FIG.
5 terminates.

[0041] FIG. 6 depicts a flowchart of the salient tasks of
private branch exchange 304-%, where k is an integer from 1 to
P, inclusive, and P is the number of private branch exchanges
in the organization (two in the illustrative embodiment). It
will be clear to those skilled in the art which tasks depicted in
FIG. 6 canbe performed simultaneously or in a different order
than that depicted.

[0042] At task 601, private branch exchange 304-% checks
whether the appropriate user profile (i.e., the profile for on-
premises terminal 103-1-y with which wireless terminal 301
is affiliated) is stored at private branch exchange 304-. In
accordance with the illustrative embodiment, this profile is
stored only at its home PBX and in profile database 330.
However, as discussed above, in some other embodiments of
the present invention a profile might be stored at one or more
other private branch exchanges 304—perhaps cached at a
particular PBX during a previous call from wireless terminal
301, or perhaps replicated for fault-tolerance or performance
issues.

[0043] If the profile is stored at private branch exchange
304-%, execution continues at task 603, otherwise execution
proceeds to task 502.

[0044] Attask 602, private branch exchange 304-% obtains
the profile from the appropriate node (e.g., profile database
330, the home private branch exchange, etc.) in well-known
fashion.

[0045] At task 603, private branch exchange 304-% trans-
mits a response to wireless telecommunications terminal 301
in accordance with the profile, in well-known fashion.
[0046] After task 603, the method of FIG. 6 terminates.
[0047] It is to be understood that the above-described
embodiments are merely illustrative of the present invention
and that many variations of the above-described embodi-
ments can be devised by those skilled in the art without
departing from the scope of the invention. For example, in this
Specification, numerous specific details are provided in order
to provide a thorough description and understanding of the
illustrative embodiments of the present invention. Those
skilled in the art will recognize, however, that the invention
can be practiced without one or more of those details, or with
other methods, materials, components, etc.

[0048] Furthermore, in some instances, well-known struc-
tures, materials, or operations are not shown or described in
detail to avoid obscuring aspects of the illustrative embodi-
ments. It is understood that the various embodiments shown
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in the Figures are illustrative, and are not necessarily drawn to
scale. Reference throughout the specification to “one
embodiment” or “an embodiment” or “some embodiments”
means that a particular feature, structure, material, or charac-
teristic described in connection with the embodiment(s) is
included in at least one embodiment of the present invention,
but not necessarily all embodiments. Consequently, the
appearances of the phrase “in one embodiment,” “in an
embodiment,” or “in some embodiments” in various places
throughout the Specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-
tures, structures, materials, or characteristics can be com-
bined in any suitable manner in one or more embodiments. It
is therefore intended that such variations be included within
the scope of the following claims and their equivalents.

What is claimed is:

1. A method comprising:

(a) receiving at a telecommunications terminal an input for
placing a first call to a first private branch exchange,
wherein the telephone number M of said telecommuni-
cations terminal
(1) is not in the address space of said first private branch

exchange, and
(ii) is mapped to a telephone number N in the address
space of said first private branch exchange;

(b) placing, in response to said input, a second call from
said telecommunications terminal to a second private
branch exchange whose address space does not contain
M and does not contain a telephone number to which M
is mapped; and

(c) receiving at said telecommunications terminal, in
response to said second call, a signal from said second
private branch exchange in accordance with a profile
associated with said telephone number N.

2. The method of claim 1 wherein said second private
branch exchange is selected from a plurality of private branch
exchanges based on the network to which said telecommuni-
cations terminal is connected.

3. The method of claim 1 wherein said profile is kept in
persistent storage only at said first private branch exchange.

4. The method of claim 1 wherein said profile is kept in
persistent storage only at one or more nodes that are not
private branch exchanges.

5. The method of claim 1 wherein said profile is not stored
at said second private branch exchange prior to said telecom-
munications terminal’s first call to said second private branch
exchange.

6. A method comprising:

(a) receiving at a telecommunications terminal, at time t;,

a first input for placing a call to a first private branch

exchange, wherein the telephone number M of said tele-

communications terminal

(1) is not in the address space of said first private branch
exchange, and

(ii) is mapped to a telephone number N in the address
space of said first private branch exchange;

(b) placing a call C, from said telecommunications termi-
nal to said first private branch exchange in response to
said first input;

(c) receiving at said telecommunications terminal, in
response to said call C,, a signal from said first private
branch exchange in accordance with a profile associated
with said telephone number N;
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(d) receiving at said telecommunications terminal, at time
t,, a second input for placing a call to said first private
branch exchange;

(e) placing, in response to said second input, a call C, from
said telecommunications terminal to a second private
branch exchange whose address space does not contain
M and does not contain a telephone number to which M
is mapped; and

() receiving at said telecommunications terminal, in
response to said call C,, a signal from said second pri-
vate branch exchange in accordance with said profile.

7. The method of claim 6 wherein said second private
branch exchange is selected from a plurality of private branch
exchanges based on the network to which said telecommuni-
cations terminal is connected at said time t,.

8. The method of claim 6 wherein said profile is kept in
persistent storage only at said first private branch exchange.

9. The method of claim 6 wherein said profile is kept in
persistent storage only at one or more nodes that are not
private branch exchanges.

10. The method of claim 6 wherein said profile is not stored
at said second private branch exchange prior to said telecom-
munications terminal’s first call to said second private branch
exchange.

11. A method comprising:

(a) receiving at a first private branch exchange a first signal
that is transmitted by a wireless telecommunications
terminal at time t;, wherein said first signal is transmit-
ted in response to an input at said wireless telecommu-
nications terminal for placing a call to a telephone num-
ber D that is in the address space of said first private
branch exchange, and wherein the telephone number M
of said wireless telecommunications terminal
(1) is not in the address space of said first private branch

exchange, and
(ii) is mapped to a telephone number N in the address
space of said first private branch exchange; and

(b) receiving at a second private branch exchange a second
signal that is transmitted by said wireless telecommuni-
cations terminal at time t,, wherein said second signal is
transmitted in response to an input at said wireless tele-
communications terminal for placing a call to said tele-
phone number D, and wherein D is not in the address
space of said second private branch exchange.

12. The method of claim 11 further comprising:

(c) transmitting from said first private branch exchange a
third signal to said wireless telecommunications termi-
nal in response to said first signal, wherein said third
signal is in accordance with a profile that is associated
with said telephone number N; and

(d) transmitting from said second private branch exchange
a fourth signal to said wireless telecommunications ter-
minal in response to said second signal, wherein said
fourth signal is in accordance with said profile.

13. The method of claim 12 wherein said profile is kept in

persistent storage only at said first private branch exchange.

14. The method of claim 12 wherein said profile is kept in
persistent storage only at one or more nodes that are not
private branch exchanges.

15. The method of claim 12 wherein said profile is not
stored at said second private branch exchange prior to the first
time said wireless telecommunications terminal transmits a
signal to said second private branch exchange.
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16. The method of claim 11 wherein said telephone number
D is associated with a feature offered by said first private
branch exchange.

17. The method of claim 11 further comprising:

(c) initiating a first execution of an authentication proce-
dure in response to said first signal to authenticate said
wireless telecommunications terminal; and

(d) initiating a second execution of said authentication
procedure in response to said third signal to authenticate
said wireless telecommunications terminal.

18. The method of claim 17 further comprising:

(e) transmitting from said first private branch exchange to
said wireless telecommunications terminal, only after
said first execution of said authentication procedure is
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successful, a third signal that is in accordance with a
profile associated with said telephone number N; and

(D) transmitting from said second private branch exchange

to said wireless telecommunications terminal, only after
said second execution of said authentication procedure
is successful, a fourth signal that is in accordance with
said profile.

19. The method of claim 17 wherein at least one of said first
execution and said second execution of said authentication
procedure is conducted by a node that is not a private branch
exchange.

20. The method of claim 17 wherein said first execution
and said second execution of said authentication procedure
are both conducted by said first private branch exchange.
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