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SYSTEMAND METHOD OF ROUTING 
VOICE COMMUNICATIONS VAPEERING 

NETWORKS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation of and 
claims priority to U.S. patent application Ser. No. 11/954, 
142, filed on Dec. 11, 2007, now U.S. Pat. No. 8,411,665 
which is hereby incorporated by reference in its entirety. 

FIELD OF THE DISCLOSURE 

0002 The present disclosure generally relates to commu 
nication networks, and more particularly relates to routing 
Voice communications via peering networks. 

BACKGROUND 

0003 Internet Protocol (IP) multimedia carriers can pro 
vide voice communication services and other services via IP 
Multimedia Subsystem (IMS) networks. One IP multimedia 
carrier may have multiple IP peering relationships with other 
carriers, in order to connect calls between originating and 
terminating devices via different carrier networks. In the 
event of congestion or other problems in one or more peering 
carrier networks, a call may fail to reach its terminating 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. It will be appreciated that for simplicity and clarity 
of illustration, elements illustrated in the Figures have not 
necessarily been drawn to scale. For example, the dimensions 
of some of the elements are exaggerated relative to other 
elements. Embodiments incorporating teachings of the 
present disclosure are shown and described with respect to the 
drawings presented herein, in which: 
0005 FIG. 1 is a block diagram illustrating a particular 
embodiment of a system to route voice communications via 
peering networks; 
0006 FIG. 2 is a block diagram illustrating a second par 

ticular embodiment of a system to route voice communica 
tions via peering networks; 
0007 FIG. 3 is a flow diagram illustrating a particular 
embodiment of a method of routing voice communications 
via peering networks; 
0008 FIG. 4 is a flow diagram illustrating a second par 

ticular embodiment of a method of routing Voice communi 
cations via peering networks: 
0009 FIG. 5 is a block diagram illustrating examples of 
naming authority pointer (NAPTR) records; and 
0010 FIG. 6 is a block diagram illustrating a particular 
embodiment of a general computer system. 
0011. The use of the same reference symbols in different 
drawings indicates similar or identical items. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0012. The numerous innovative teachings of the present 
application will be described with particular reference to the 
presently preferred exemplary embodiments. However, it 
should be understood that this class of embodiments provides 
only a few examples of the many advantageous uses of the 
innovative teachings herein. In general, statements made in 
the specification of the present application do not necessarily 
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delimit any of the claimed systems, methods or computer 
readable media. Moreover, Some statements may apply to 
some disclosed features but not to others. 
0013 FIG. 1 illustrates a particular embodiment of a sys 
tem 100 to route voice communications via peering networks. 
The system 100 includes a plurality of peering Voice-over 
Internet Protocol (VoIP) carrier networks. For example, the 
plurality of peering carrier networks include a Carrier A net 
work 102 that communicates with a Carrier B network 112, a 
Carrier C network 122 and a Carrier D network 132. While 
four peering carrier networks are illustrated, the plurality of 
peering carrier networks can include fewer than or more than 
four networks. In addition, the Carrier A network 102 com 
municates with a first VoIP access network 142, while the 
Carrier B network 112, the Carrier C network 122 and the 
Carrier D network 132 each communicate with a second VoIP 
access network 152. 

0014 Each of the carrier networks includes at least one 
peering border element (PBE). For example, the Carrier A 
network 102 includes a first peering border element (PBEA) 
108, the Carrier B network 112 includes a second peering 
border element (PBE B) 118, the Carrier C network 122 
includes a third peering border element (PBEC) 128, and the 
Carrier D network 132 includes a fourth peering border ele 
ment (PBED) 138. In one embodiment, each carrier network 
includes elements of an IP Multimedia Subsystem (IMS). For 
instance, the Carrier A network 102 includes a telephone 
number mapping (ENUM) server 104 that stores naming 
authority pointer (NAPTR) records related to various sub 
scriber devices, and a serving call session control function 
(S-CSCF) network element 106 that functions as a session 
initiation protocol (SIP) server to allow subscriber devices to 
register with the Carrier A network 102. Each carrier network 
can include at least one S-CSCF, at least one proxy CSCF 
(P-CSCF), at least one interrogating CSCF (I-CSCF), at least 
one home subscriber server (HSS), at least one application 
server, at least one ENUM server, or any combination thereof. 
(0015 The S-CSCF 106 is adapted to receive a call con 
nection request originating from the caller VoIP phone 140 
via the first VoIP access network 142. The connection request 
includes an E. 164 number associated with a destination 
device, such as the called VoIP phone 150. In an illustrative 
embodiment, the connection request can be received at the 
S-CSCF 106 via an originating P-CSCF (not shown) that 
serves as a first point of contact between the Carrier A net 
work 102 and the caller VoIP phone 140. The S-CSCF 106 is 
adapted to translate the E. 164 number to a fully qualified 
domain name (FQDN). For example, the S-CSCF 106 can 
translate the telephone number +1-512-222-5485 into the 
FQDN 5.8.4.5.2.2.2.2.1.5.1.e164.arpa. 
(0016. Further, the terminating S-CSCF 106 is adapted to 
send a request to the ENUM server 104 for NAPTR records 
related to the FQDN. The S-CSCF106 is adapted to receive a 
plurality of NAPTR records related to the called VoIP phone 
150 from the ENUM server 104 in response to the request. 
The S-CSCF 106 is adapted to send a SIP INVITE commu 
nication to the called VoIP phone 150 via one of the switches 
PBE B118, PBEC 128 or PBED 138, based on information 
in the NAPTR records received from the ENUM server 104. 

0017. The NAPTR records received from the ENUM 
server 104 include a plurality of NAPTR records related to the 
switches PBE B 118, PBE C 128 and PBE D 138. Each 
NAPTR record in this plurality includes a SIP address of one 
of the switches, as well as an order field value and a prefer 
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ence field value that can be used by the S-CSCF 106 to 
determine whether the switch is to be used to route the call 
from the caller VoIP phone 140 to the called VoIP phone 150. 
Examples of NAPTR records are illustrated in FIG. 5. 
0018. In an illustrative embodiment, the S-CSCF 106 is 
adapted to route a call to a SIP address of a PBE that is 
associated with the lowest combination of order field and 
preference field values. For instance, if order field and pref 
erence field values in a NAPTR record having a SIP address 
of PBE B 118 are 100,10), and order field and preference 
field values in NAPTR records having SIP addresses of PBE 
C128 and PBED 138 are 100.20 and 100.3.0, respectively, 
the combination of the order field value and preference field 
value associated with the SIP address of PBE B118 is lower 
(110) than the combinations associated with SIP addresses of 
PBE C 128 and PBE D 138 (120 and 130, respectively). 
Hence, the S-CSCF 106 can be adapted to route a call bound 
for the called VoIP phone 150 via PBE B118. In an alternative 
embodiment, a call can be routed to the SIP address of a PBE 
associated with a lowest combination of order field and pref 
erence field values, where the preference field values are 
constant and the order field values vary. In yet another 
embodiment, a call can be routed to the SIP address of a PBE 
associated with a lowest combination of order field and pref 
erence field values, the order field and preference field values 
may both vary. 
0019. The ENUM server 104 is adapted to periodically 
extract network event data from PBE B118, PBEC 128, and 
PBE D 138. The network event data can relate to network 
congestion, the function of network elements, the function of 
Software applications, other indicia of a network health sta 
tus, or a combination thereof. Examples of network event data 
can include delays in call setup, dropped calls, packet loss, 
and other indicia. The ENUM server 104 is adapted to deter 
mine, based on the network event data, whether each of the 
Carrier B network 112, the Carrier C network 122, and the 
Carrier D network 132 is operating within pre-defined param 
eters. Such parameters can be received at the ENUM server 
104 from a network administrator or other user. 

0020. The ENUM server 104 is adapted to determine 
weights associated with the Carrier B network 112, the Car 
rier C network 122, and the Carrier D network 132, based on 
the network event data. In one embodiment, the ENUM server 
104 is adapted to determine network weights that reflect a 
proportion of calls that can be routed to each of the Carrier B 
network 112, the Carrier C network 122, and the Carrier D 
network 132, such that congestion or delay within each of 
Carrier B network 112, the Carrier C network 122, and the 
Carrier D network 132 is equal or approximately equal, given 
the presence or severity of any problems in the Carrier B 
network 112, the Carrier C network 122, the Carrier D net 
work 132, or any combination thereof. 
0021 For instance, when the Carrier B network 112, the 
Carrier C network 122 and the Carrier D network 132 are 
operating within pre-defined parameters, the ENUM server 
140 can determine equal or approximately equal network 
weights for Carrier B network 112, the Carrier C network 122 
and the Carrier D network 132 (e.g., one-third each, or 0.333, 
0.333 and 0.334). In another example, where the Carrier B 
network 112 is operating within pre-defined parameters, but 
the Carrier C network 122 and the Carrier D network 132 are 
not, the ENUM server 104 can determine different weights 
for the Carrier B network 112, the Carrier C network 122 and 
the Carrier D network 132 (e.g., 0.85, 0.10 and 0.05). 
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(0022. In addition, the ENUM server 104 is adapted to 
configure naming authority pointer (NAPTR) records that 
include session initiation protocol (SIP) addresses of PBE B 
118, PBE C 128 and PBE D 138, based on the network 
weights. In one embodiment, the ENUM server 104 can 
dynamically assign order field values and preference field 
values within each of the NAPTR records, such that the 
S-CSCF 106 will route each call to a PBE associated with a 
least congested one of the Carrier B network 112, the Carrier 
C network 122, and the Carrier D network 132, while taking 
into account one or more communication networks that may 
not be operating within the pre-defined parameters. For 
instance, the ENUM server 104 can be adapted to dynami 
cally assign a lowest combination of order field and prefer 
ence field values to the least congested one of the Carrier B 
network 112, the Carrier C network 122, and the Carrier D 
network 132. 

(0023. Inaparticularembodiment, the ENUM server 104 is 
adapted to receive a NAPTR record request from the S-CSCF 
106. The NAPTR record request can include a FQDN or other 
indicator of a destination device, such as the called VoIP 
phone 150. The ENUM server 104 is adapted to retrieve 
NAPTR records related to the FQDN or other indicator iden 
tified by the NAPTR record request and to send the retrieved 
NAPTR records to the S-CSCF 106. The ENUM server 104 
can then re-assign order field values, preference field values, 
or any combination thereof, in the NAPTR records based on 
the previously determined network weights, such that the 
S-CSCF 106 will route a next call via the least congested one 
of the Carrier B network 112, the Carrier C network 122, and 
the Carrier D network 132, taking into account the network 
used to route the call placed to the VoIP phone 150. The 
ENUM server 104 can continue dynamically assigning the 
order field values, preference field values, or any combination 
thereof, until new network weights are determined, until a 
new network event sample period ends, or a combination 
thereof. 

0024. In an illustrative embodiment, if the Carrier B net 
work 112, the Carrier C network 122, and the Carrier D 
network 132 are operating within pre-defined parameters, the 
ENUM server 104 can be adapted to determine equal or 
approximately equal weights for each of the networks, such 
that calls will be distributed evenly among the Carrier B 
network 112, the Carrier C network 122, and the Carrier D 
network 132, in a round-robin fashion. The ENUM server 104 
can dynamically assign order field values, preference field 
values, or any combination thereof, in the NAPTR records, 
such that calls are routed evenly from the Carrier A network 
102 via PBE B118, PBEC 128 and PBE D138. For instance, 
the ENUM server 104 can dynamically assign a lowest com 
bination of order field and preference field values to a NAPTR 
record including a SIP address of PBE B118 for one-third of 
calls; to a NAPTR record including a SIP address of PBEC 
128 for another one-third of calls; and to a NAPTR record 
including a SIP address of PBE D 138 for an additional 
one-third of calls. 

(0025. Accordingly, the ENUM server 104 can be adapted 
to send NAPTR records having a lowest combination of order 
field and preference field values associated with a SIP address 
of PBE B118 to the S-CSCF 106 in response to one-third of 
NAPTR record requests; to send NAPTR records having a 
lowest combination of order field and preference field values 
associated with a SIP address of PBEC 128 to the S-CSCF 
106 in response to one-third of NAPTR record requests; and 
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to send NAPTR records having a lowest combination of order 
field and preference field values associated with a SIP address 
of PBED 138 to the S-CSCF 106 in response to one-third of 
NAPTR record requests. 
0026. In another example, the Carrier B network 112 can 
be operating within pre-defined parameters; the Carrier C 
network 122 can be experiencing a certain degree of conges 
tion; and the Carrier D network 132 can be experiencing a 
greater degree of congestion. The ENUM server can deter 
mine that, due to the congestion in the Carrier C network 122 
and the Carrier D network 132, routing eighty-five percent of 
calls via the Carrier B network 112, routing ten percent of 
calls via the Carrier C network 122, and routing five percent 
of calls via the Carrier D network 132, will result in similar or 
equal congestion or delay among the Carrier B network 112, 
the Carrier C network 122, and the Carrier D network 132 for 
calls routed by the S-CSCF 106. 
0027. The ENUM server 104 can be adapted to determine 
different weights for each of the networks, such that eighty 
five percent of calls will be routed via the Carrier B network 
112: ten percent of calls will be routed via the Carrier C 
network 122; and five percent of calls will be routed via the 
Carrier D network 132. The ENUM server 104 can dynami 
cally assign order field values, preference field values, or any 
combination thereof, in the NAPTR records to match the 
network weights. For instance, the ENUM server 104 can 
dynamically assign a lowest combination of order field and 
preference field values to a NAPTR record including a SIP 
address of PBE B 118 for eighty-five percent of calls; to a 
NAPTR record including a SIP address of PBEC 128 for ten 
percent of calls; and to a NAPTR record including a SIP 
address of PBED 138 for five percent of calls. 
0028. Accordingly, the ENUM server 104 can be adapted 
to send NAPTR records having a lowest combination of order 
field and preference field values associated with a SIP address 
of PBE B118 to the S-CSCF 106 in response to eighty-five 
percent of NAPTR record requests; to send NAPTR records 
having a lowest combination of order field and preference 
field values associated with a SIP address of PBEC 128 to the 
S-CSCF 106 in response to ten percent of NAPTR record 
requests; and to send NAPTR records having a lowest com 
bination of order field and preference field values associated 
with a SIP address of PBE D 138 to the S-CSCF 106 in 
response to five percent of NAPTR record requests. 
0029 FIG. 2 illustrates a second particular embodiment of 
a system 200 to route voice communications via peering 
networks. The system 200 includes a serving call session 
control function (S-CSCF) network element 202 coupled to a 
telephone number mapping (ENUM) server 252. The 
S-CSCF 202 and the ENUM server 252 also communicate 
with a switch, such as a peering border element (PBE) 270. 
The S-CSCF 202, the ENUM server 252 and the PBE 270 are 
associated with a first carrier communication network, and 
the PBE 270 is adapted to communicate with PBEs of a 
plurality of communication networks peering with the first 
carrier communication network. 

0030. The S-CSCF 202 includes processing logic 204 and 
memory 206 accessible to the processing logic 204. The 
processing logic 204 can be coupled to one or more network 
interfaces 208 that are adapted to facilitate communication 
between the S-CSCF 202 and the ENUM server 252, and to 
facilitate communication between the S-CSCF 202 and the 
PBE 270. The memory 206 includes a plurality of modules 
224, 226 and 228 that are adapted to enable the S-CSCF 202 
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to provide a plurality of functions with respect to routing 
Voice communications via peering networks. In one embodi 
ment, the modules 224, 226 and 228 include instructions that 
are readable and executable by the processing logic 204. Such 
as aspects of one or more software applications, operating 
systems or other computer programs In other embodiments, 
the modules 224, 226 and 228 can include software instruc 
tions, hardware logic, or a combination thereof. 
0031. The memory 206 includes a request module 224 that 

is executable by the processing logic 204 to receive a call 
connection request from an originating device. Such as a 
caller VoIP phone. The connection request includes an E. 164 
number associated with a destination device, Such as a called 
party VoIP phone communicating with one of the peering 
communication networks. The request module 224 is execut 
able by the processing logic 204 to translate the E.164 number 
to a fully qualified domain name (FQDN). The memory 206 
also includes an ENUM module 226 that is executable by the 
processing logic 204 to send a NAPTR record request includ 
ing the FQDN associated with the E. 164 number of the des 
tination device to the ENUM server 252. The ENUM module 
226 is executable by the processing logic 204 to receive the 
requested NAPTR records from the ENUM server 252. 
0032. In addition, the memory 206 includes a PBE module 
228 that is executable by the processing logic 204 to select 
one of a plurality of Switches communicating with the desti 
nation device. Such as one of a plurality of peering border 
elements (PBEs) communicating with the PBE 270, based on 
the NAPTR records received from the ENUM server 252. The 
PBE module 228 is executable by the processing logic 204 to 
select a switch based on a value included in a preference field 
of each NAPTR record that includes a SIP address of one of 
the PBEs communicating with the PBE 270. The PBE module 
228 can be executable by the processing logic 204 to route the 
call associated with the connection request via the selected 
PBE. 

0033. The ENUM server 252 includes processing logic 
254 and memory 256 accessible to the processing logic 254. 
The processing logic 254 can be coupled to one or more 
network interfaces 258 that are adapted to facilitate commu 
nication between the ENUM server 252 and the S-CSCF 202, 
and to facilitate communication between the ENUM server 
252 and the PBE 270. The memory 256 includes a plurality of 
modules 260-266 that are adapted to enable the ENUM server 
252 to provide a plurality of functions with respect to routing 
Voice communications via peering networks. In one embodi 
ment, the modules 260-266 include instructions that are read 
able and executable by the processing logic 254. Such as 
aspects of one or more software applications, operating sys 
tems or other computer programs. In other embodiments, the 
modules 260-266 can include software instructions, hard 
ware logic, or a combination thereof. 
0034. The memory 256 includes a records module 260 to 
store a plurality of naming authority pointer (NAPTR) 
records. Examples of NAPTR records are illustrated in FIG. 
5. In a particular embodiment, each of the NAPTR records is 
associated with a fully qualified domain name (FQDN) 
related to a subscriber device. A plurality of the NAPTR 
records associated with a FODN of a subscriber device can 
each include a SIP address associated with one of a plurality 
of PBEs communicating with the PBE 270 and with the 
subscriber device. In addition, each such NAPTR record 
includes an order field value and a preference field value that 
can be used by the S-CSCF 202 to determine which of the 



US 2013/0223435 A1 

plurality of PBEs communicating with the PBE 270 is to be 
used to route calls from originating devices communicating 
with the S-CSCF 202 to destination devices communicating 
with peering communication networks that include the PBES 
communicating with the PBE 270. 
0035. The memory 256 also includes a network event 
module 262 that is executable by the processing logic 254 to 
periodically extract network event data from the plurality of 
PBEs communicating with the PBE 270. The network event 
data can relate to indicia of networkhealth status related to the 
peering communication networks that include the plurality of 
PBEs. The network event module 262 is executable by the 
processing logic 254 to determine, based on the network 
event data, whether each of the peering communication net 
works is operating within pre-defined parameters. A network 
administrator or other user may configure Such parameters. 
0036. The memory 256 includes an automatic configura 
tion (Auto Config) module 264 that is executable by the 
processing logic 254 to determine weights associated with the 
peering communication networks, based on the network 
event data. For example, one or more of the peering commu 
nication networks may not be operating within pre-defined 
parameters due to network congestion, hardware or Software 
malfunction, or a combination thereof. The Auto Config mod 
ule 264 is executable by the processing logic 254 to determine 
network weights that reflect intended routing of calls among 
the peering communication networks, given a presence and 
severity of one or more problems in the peering communica 
tion networks. 

0037. In addition, the Auto Config module 264 is execut 
able by the processing logic 254 to configure naming author 
ity pointer (NAPTR) records that include session initiation 
protocol (SIP) addresses of the PBEs of the peering commu 
nication networks, based on the network weights. The Auto 
Config module 264 can be executable by the processing logic 
254 to alteran order field value, a preference field value, or a 
combination thereof, within each of the NAPTR records, such 
that calls will be routed to a PBE associated with a least 
congested one of the peering communication networks, while 
taking into account one or more communication networks 
that may not be operating within the pre-defined parameters. 
0038. The memory 256 includes a CSCF module 266 that 

is executable by the processing logic 254 to receive a NAPTR 
record request from the S-CSCF 202. The NAPTR record 
request can include a FODN or other indicator of a destination 
device associated with a first call. The CSCF module 266 is 
executable by the processing logic 254 to retrieve NAPTR 
records related to the FQDN or other indicator identified by 
the NAPTR record request and to send the retrieved NAPTR 
records to the S-CSCF 202. The Auto Config module 264 can 
be executable by the processing logic 254 to re-configure the 
NAPTR records based on the previously determined network 
weights, such that the S-CSCF 202 will route a next call via a 
least congested one of the peering communication networks, 
taking into account the network used to route the call placed 
to the destination device associated with the first call. 

0039 For example, when the peering communication net 
works are operating within pre-defined parameters, the Auto 
Config module 264 can be executable by the processing logic 
254 to determine equal weights for each of the peering com 
munication networks, such that calls will be distributed 
evenly among the peering communication networks, in a 
round-robin fashion. Further, the Auto Config module 264 
can be executable by the processing logic 254 to dynamically 
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assign order field values, preference field values, or any com 
bination thereof, in NAPTR records that include SIP 
addresses of the peering border elements included in the 
peering communication networks, such that the S-CSCF 202 
routes calls evenly via the peering border elements. In one 
embodiment, the Auto Config module 264 can be executable 
by the processing logic 254 to dynamically assign a lowest 
combination of order field and preference field values to a 
NAPTR record including a SIP address of a first PBE com 
municating with the PBE 270 for one-third of calls; to a 
NAPTR record including a SIP address of a second PBE 
communicating with the PBE 270 for one-third of calls; and 
to a NAPTR record including a SIP address of a third PBE 
communicating with the PBE 270 for an additional one-third 
of calls. 

0040. Accordingly, the CSCF module 266 can be execut 
able by the processing logic 254 to send NAPTR records 
having a lowest combination of order field and preference 
field values associated with a SIP address of the first PBE 
communicating with the PBE 270 to the S-CSCF 202 in 
response to one-third of NAPTR record requests; to send 
NAPTR records having a lowest combination of order field 
and preference field values associated with a SIP address of 
the second PBE communicating with the PBE 270 to the 
S-CSCF 202 in response to one-third of NAPTR record 
requests; and to send NAPTR records having a lowest com 
bination of order field and preference field values associated 
with a SIP address of the third PBE communicating with the 
PBE 270 to the S-CSCF 202 in response to one-third of 
NAPTR record requests. 
0041. In another example, a first one of the peering com 
munication networks can be operating within pre-defined 
parameters; a second one of the peering communication net 
works can be experiencing a certain degree of congestion; and 
a third one of the peering communication networks can be 
experiencing a greater degree of congestion. The Auto Config 
module 264 can be executable by the processing logic 254 to 
determine that, due to the congestion in the second and third 
peering communication networks, seventy-five percent of 
calls are to be routed via the first peering communication 
network, seventeen percent of calls via the second peering 
communication network, and eight percent of calls via the 
third peering communication network. 
0042. The Auto Config module 264 can be executable by 
the processing logic 254 to determine different weights for 
each of the networks, such as a weight of 0.75 for the first 
peering communication network, 0.17 for the second peering 
communication network; and 0.08 for the third peering com 
munication network. Further, the Auto Config module 264 
can be executable by the processing logic 254 to dynamically 
assign order field values, preference field values, or any com 
bination thereof, in the NAPTR records, such that the 
S-CSCF 202 routes calls via the peering border elements 
according to the network weights. For instance, the Auto 
Config module 264 can be executable by the processing logic 
254 to dynamically assign a lowest combination of order field 
and preference field values to a NAPTR record including a 
SIP address of a first PBE communicating with the PBE 270 
for seventy-five percent of calls; to a NAPTR record includ 
ing a SIP address of a second PBE communicating with the 
PBE 270 for seventeen percent of calls; and to a NAPTR 
record including a SIP address of a third PBE communicating 
with the PBE 270 for eight percent of calls. 
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0043. Accordingly, the CSCF module 266 can be execut 
able by the processing logic 254 to send NAPTR records 
having a lowest combination of order field and preference 
field values associated with a SIP address of the first PBE 
communicating with the PBE 270 to the S-CSCF 202 in 
response to seventy-five percent of NAPTR record requests: 
to send NAPTR records having a lowest combination of order 
field and preference field values associated with a SIP address 
of the second PBE communicating with the PBE 270 to the 
S-CSCF 202 in response to seventeen percent of NAPTR 
record requests; and to send NAPTR records having a lowest 
combination of order field and preference field values asso 
ciated with a SIP address of the third PBE communicating 
with the PBE 270 to the S-CSCF 202 in response to eight 
percent of NAPTR record requests. 
0044 FIG. 3 illustrates a particular embodiment of a 
method of routing Voice communications via peering net 
works. At block 300, a telephone number mapping (ENUM) 
server associated with an originating communication net 
work detects that a network event sampling period has ended. 
Moving to block 302, the ENUM server extracts network 
event data from a plurality of peering border elements 
(PBEs), where each of the PBEs is associated with a commu 
nication network that peers with the originating communica 
tion network. 

0045 Proceeding to block 304, the ENUM server deter 
mines weights to be applied to each of the other communica 
tion networks based on the network event data. Further, the 
ENUM server configures a plurality of naming authority 
pointer (NAPTR) records that include session initiation pro 
tocol (SIP) addresses of the PBEs, based on the network 
weights. Continuing to block 306, the ENUM server receives 
a NAPTR record request from a serving call session control 
function (S-CSCF) network element associated with the 
originating communication network. Advancing to block 
308, the ENUM server retrieves NAPTR records related to an 
indicator of a destination device identified by the NAPTR 
record request. At block 310, the ENUM server sends the 
retrieved NAPTR records to the requesting S-CSCF. 
0046 Moving to decision node 312, the ENUM server 
determines whether a new network event sampling period has 
ended. If a new network event sampling period has ended, the 
method returns to block302. Conversely, if the ENUM server 
determines that a new network event sampling period has not 
ended, the method proceeds to decision node 314, and the 
ENUM server determines whether it is to re-configure the 
NAPTR records based on the previously determined network 
weights. For example, a lowest combination of order field and 
preference field values in a plurality of NAPTR records asso 
ciated with a destination device may be associated with a 
peering border element of a first peering communication net 
work. If network weights are equal. Such that calls are to be 
routed evenly, or if the ENUM server otherwise determines 
that a next call should be routed via another peering commu 
nication network, the ENUM server may determine that it is 
to re-assign order field values, preference field values, or any 
combination thereof, such that the lowest combination of 
order field and preference field values is associated with a 
peering border element of another peering communication 
network before responding to a next NAPTR record request. 
0047. If the ENUM server determines that it is to re-con 
figure the NAPTR records, the method proceeds to block 316, 
and the ENUM server re-assigns preference field values asso 
ciated with the NAPTR records based on the previously deter 
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mined network weights. Continuing to decision node 318, the 
ENUM server determines whether it has received a new 
NAPTR record request. If the ENUM server has not received 
a new NAPTR record request, the method returns to decision 
node 312. Whereas, if the ENUM server has received a new 
NAPTR record request, the method returns to block 308, and 
the ENUM server retrieves the most recently configured 
NAPTR records related to the destination device identified in 
the new NAPTR record request. 
0048 FIG. 4 illustrates a second particular embodiment of 
a method of routing Voice communications via peering net 
works. At block 400, a serving call session control function 
(S-CSCF) network element associated with an originating 
communications network receives a connection request from 
a caller device. In an illustrative embodiment, the S-CSCF 
can receive the connection request from the caller device via 
a proxy CSCF (P-CSCF) associated with the originating com 
munications network. The connection request can be a ses 
sion initiation protocol (SIP) INVITE communication or 
other connection request that identifies a destination device 
and requests a call setup between the caller device and the 
destination device. 
0049 Moving to block 402, the S-CSCF sends a request 
for NAPTR records associated with the destination device to 
a telephone number mapping (ENUM) server associated with 
the originating communications network. In an illustrative 
embodiment, the S-CSCF can translate an E. 164 number of 
the destination device, which can be received with the con 
nection request, to a fully qualified domain name (FQDN) of 
the destination device and can request NAPTR records asso 
ciated with the FQDN from the ENUM server. Proceeding to 
block 404, the S-CSCF receives the requested NAPTR 
records from the ENUM server. 
0050 Continuing to block 406, the S-CSCF selects a 
switch, such as a peering border element (PBE), associated 
with one of a plurality of terminating communications net 
works that communicate with the destination device. The 
S-CSCF selects the switch associated with a lowest combi 
nation of order field and preference field values in the NAPTR 
records, where the order field values, preference field values, 
or any combination thereof, are dynamically configured by 
the ENUM server based on network weights. Advancing to 
block 408, the S-CSCF routes the call via the selected switch. 
For instance, the S-CSCF can send a SIPINVITE communi 
cation to the destination device via a second S-CSCF associ 
ated with one of the plurality of terminating networks. The 
method terminates at 410. 
0051 FIG. 5 illustrates examples of naming authority 
pointer (NAPTR) records. A telephone number mapping 
(ENUM) server can return such NAPTR records in response 
to a NAPTR record request received from a serving call 
session control function (S-CSCF) server or similar network 
element of an IP multimedia subsystem (IMS). Each NAPTR 
record can relate to a fully qualified domain name (FQDN) 
502 of a destination device. Further, each NAPTR record 
includes a uniform resource indicator (URI) 510 associated 
with a service 518. 

0052 For example, a first NAPTR record 504 includes a 
session initiation protocol (SIP) URI 512 associated with a 
SIP service designated as “E2U+sip.” The SIP URI 518 is an 
address of a Switch, Such as a peering border element associ 
ated with a Carrier B network (PBE B). A second NAPTR 
record 506 can include a second SIP URI 514 of a switch, 
Such as a peering border element associated with a Carrier C 



US 2013/0223435 A1 

network (PBEC). A third NAPTR record 508 can include a 
third SIP URI 516 of a switch, such as a peering border 
element associated with a Carrier D network (PBED). 
0053. In addition, each NAPTR record includes an order 
field 512 and a preference field 514. The order field 512 
defines an order in which the NAPTR records are to be 
selected for a particular service. The preference field 514 
indicates a sequence in which NAPTR records are to be 
applied to a call in the course of providing each service. For 
instance, in the first set of NAPTR records 500, the SIP URI 
512 is associated with order field and preference field values 
of 100,10, whereas the SIP URIs 514 and 516 are associated 
with order field and preference field values of 100.20 and 
100.3.0, respectively. An S-CSCF can route a call via PBEB 
based on its lowest combination of order field and preference 
field values. In the second set of NAPTR records 530, the SIP 
URI 514 is associated with a preference field value of 10, 
whereas the SIP URIs 516 and 512 are associated with pref 
erence field values of 20 and 30, respectively. An S-CSCF can 
route a call via PBE C based on its lowest combination of 
order field and preference field values. Further, in the third set 
of NAPTR records 540, the SIP URI 516 is associated with a 
preference field value of 10, whereas the SIP URIs 512 and 
514 are associated with preference field values of 20 and 30, 
respectively. The S-CSCF can route a call via PBED based on 
its lowest combination of order field and preference field 
values. 

0054 The ENUM server dynamically assigns order field 
values, preference field values, or any combination thereof, in 
the NAPTR records to match weights associated with peering 
communication networks. For example, if the ENUM server 
is adapted to assign the order field and preference field values 
according to the first set of NAPTR records 500 for one-third 
of calls routed by the S-CSCF; to assign the preference field 
values according to the second set of NAPTR records 530 for 
one-third of calls routed by the S-CSCF; and to assign the 
preference field values according to the third set of NAPTR 
records 540 for one-third of calls routed by the S-CSCF. 
Accordingly, the ENUM server can return the first set of 
NAPTR records 500 for one-third of NAPTR record requests 
received from the S-CSCF; the second set of NAPTR records 
530 for one-third of NAPTR record requests received from 
the S-CSCF; and the third set of NAPTR records 540 for 
one-third of the NAPTR record requests received from the 
S-CSCF. 

0055. In another example, the Carrier B communication 
network can be operating within pre-defined parameters; the 
Carrier C communication network is experiencing a certain 
degree of congestion; and the Carrier D communication net 
work is experiencing a greater degree of congestion. The 
ENUM server can determine that, due to the congestion in the 
Carrier C and Carrier D communication networks, routing 
eighty-five percent of calls via the Carrier B communication 
network, routing ten percent of calls via the Carrier C com 
munication network, and routing five percent of calls via the 
Carrier D communication network, will result in similar or 
equal congestion or delay among the Carrier B communica 
tion network, the Carrier C communication network, and the 
Carrier D communication network for calls routed by the 
S-CSCF. 

0056. The ENUM server is adapted to dynamically assign 
order field and preference field values according to the first set 
of NAPTR records 500 for eighty-five percent of calls routed 
by the S-CSCF; to assign order field and preference field 
values according to the second set of NAPTR records 530 for 
ten percent of calls routed by the S-CSCF; and to assign order 
field and preference field values according to the third set of 
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NAPTR records 540 for five percent of calls routed by the 
S-CSCF. Accordingly, the ENUM server can return the first 
set of NAPTR records 500 for eighty-five percent of NAPTR 
record requests received from the S-CSCF; the second set of 
NAPTR records 530 for ten percent of NAPTR record 
requests received from the S-CSCF; and the third set of 
NAPTR records 540 for five percent of the NAPTR record 
requests received from the S-CSCF. 
0057 FIG. 6 shows an illustrative embodiment of agen 
eral computer system 600 including a set of instructions that 
can be executed to cause the computer system to performany 
one or more of the methods or computer based functions 
disclosed herein. The computer system 600 may operate as a 
standalone device or may be connected, e.g., using a network, 
to other computer systems or peripheral devices. In an illus 
trative embodiment, such standalone and peripheral devices 
can include, for example, session initiation protocol (SIP) 
servers, telephone number mapping (ENUM) servers, caller 
devices, destination devices, peering border elements 
(PBEs), other network elements associated with one or more 
IP multimedia subsystems (IMSs) or other carrier networks, 
or any combination thereof, as illustrated in FIGS. 1-2. 
0058. In a networked deployment, the computer system 
may operate in the capacity of a server or as a client user 
computer in a server-client user network environment, or as a 
peer computer system in a peer-to-peer (or distributed) net 
work environment. The computer system 600 can also be 
implemented as or incorporated into various devices, such as 
a personal computer (PC), a tablet PC, a personal digital 
assistant (PDA), a mobile device, a palmtop computer, a 
laptop computer, a desktop computer, a communications 
device, a wireless telephone, a land-line telephone, a control 
system, a camera, a scanner, a facsimile machine, a printer, a 
pager, a personal trusted device, a web appliance, a network 
router, Switch or bridge, or any other machine capable of 
executing a set of instructions (sequential or otherwise) that 
specify actions to be taken by that machine. In a particular 
embodiment, the computer system 600 can be implemented 
using electronic devices that provide Voice, video or data 
communication. Further, while a single computer system 600 
is illustrated, the term "system’ shall also be taken to include 
any collection of systems or Sub-systems that individually or 
jointly execute a set, or multiple sets, of instructions to per 
form one or more computer functions. 
0059. The computer system 600 may include a processor 
602, e.g., a central processing unit (CPU), a graphics process 
ing unit (GPU), or both. Moreover, the computer system 600 
can include a main memory 604 and a static memory 606 that 
can communicate with each other via abus 608. As shown, the 
computer system 600 may further include a video display unit 
610. Such as a liquid crystal display (LCD), an organic light 
emitting diode (OLED), a flat panel display, a solid state 
display, or a cathode ray tube (CRT). Additionally, the com 
puter system 600 may include an input device 612, such as a 
keyboard, and a cursor control device 614. Such as a mouse. 
The computer system 600 can also include a disk drive unit 
616, a signal generation device 618. Such as a speaker or 
remote control, and a network interface device 620. 
0060. In a particular embodiment as depicted in FIG. 6, the 
disk drive unit 616 may include a computer-readable medium 
622 in which one or more sets of instructions 624, e.g. soft 
ware, can be embedded. Further, the instructions 624 may 
embody one or more of the methods or logic as described 
herein. In a particular embodiment, the instructions 624 may 
reside completely, or at least partially, within the main 
memory 604, the static memory 606, and/or within the pro 
cessor 602 during execution by the computer system 600. The 
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main memory 604 and the processor 602 also may include 
computer-readable media. The network interface device 620 
can provide connectivity to a network 626, e.g., a wide area 
network (WAN), a local area network (LAN), or other net 
work. 
0061. In an alternative embodiment, dedicated hardware 
implementations, such as application specific integrated cir 
cuits, programmable logic arrays and otherhardware devices, 
can be constructed to implement one or more of the methods 
described herein. Applications that may include the apparatus 
and systems of various embodiments can broadly include a 
variety of electronic and computer systems. One or more 
embodiments described herein may implement functions 
using two or more specific interconnected hardware modules 
or devices with related control and data signals that can be 
communicated between and through the modules, or as por 
tions of an application-specific integrated circuit. Accord 
ingly, the present system encompasses software, firmware, 
and hardware implementations. 
0062. In accordance with various embodiments of the 
present disclosure, the methods described herein may be 
implemented by Software programs executable by a computer 
system. Further, in an exemplary, non-limited embodiment, 
implementations can include distributed processing, compo 
nent/object distributed processing, and parallel processing. 
Alternatively, virtual computer system processing can be 
constructed to implement one or more of the methods or 
functionality as described herein. 
0063. The present disclosure contemplates a computer 
readable medium that includes instructions 624 or receives 
and executes instructions 624 responsive to a propagated 
signal, so that a device connected to a network 626 can com 
municate voice, video or data over the network 626. Further, 
the instructions 624 may be transmitted or received over the 
network 626 via the network interface device 620. 
0064. While the computer-readable medium is shown to 
be a single medium, the term “computer-readable medium’ 
includes a single medium or multiple media, such as a cen 
tralized or distributed database, and/or associated caches and 
servers that store one or more sets of instructions. The term 
“computer-readable medium’ shall also include any medium 
that is capable of storing, encoding or carrying a set of instruc 
tions for execution by a processor or that cause a computer 
system to perform any one or more of the methods or opera 
tions disclosed herein. 
0065. In a particular non-limiting, exemplary embodi 
ment, the computer-readable medium can include a solid 
state memory Such as a memory card or other package that 
houses one or more non-volatile read-only memories. Fur 
ther, the computer-readable medium can be a random access 
memory or other volatile re-writable memory. Additionally, 
the computer-readable medium can include a magneto-opti 
cal or optical medium, Such as a disk or tapes or other storage 
device to capture carrier wave signals such as a signal com 
municated over a transmission medium. A digital file attach 
ment to an e-mail or other self-contained informationarchive 
or set of archives may be considered a distribution medium 
that is equivalent to a tangible storage medium. Accordingly, 
the disclosure is considered to include any one or more of a 
computer-readable medium or a distribution medium and 
other equivalents and Successor media, in which data or 
instructions may be stored. 
0066 Although the present specification describes com 
ponents and functions that may be implemented in particular 
embodiments with reference to particular standards and pro 
tocols, the invention is not limited to Such standards and 
protocols. For example, standards for Internet and other 
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packet switched network transmission (e.g., TCP/IP, UDP/IP. 
HTML, HTTP) represent examples of the state of the art. 
Such standards are periodically superseded by faster or more 
efficient equivalents having essentially the same functions. 
Accordingly, replacement standards and protocols having the 
same or similar functions as those disclosed herein are con 
sidered equivalents thereof. 
0067. The illustrations of the embodiments described 
herein are intended to provide a general understanding of the 
structure of the various embodiments. The illustrations are 
not intended to serve as a complete description of all of the 
elements and features of apparatus and systems that utilize 
the structures or methods described herein. Many other 
embodiments may be apparent to those of skill in the art upon 
reviewing the disclosure. Other embodiments may be utilized 
and derived from the disclosure, such that structural and 
logical Substitutions and changes may be made without 
departing from the scope of the disclosure. Additionally, the 
illustrations are merely representational and may not be 
drawn to scale. Certain proportions within the illustrations 
may be exaggerated, while other proportions may be mini 
mized Accordingly, the disclosure and the FIGS. are to be 
regarded as illustrative rather than restrictive. 
0068. The Abstract of the Disclosure is provided to com 
ply with 37 C.F.R.S 1.72(b) and is submitted with the under 
standing that it will not be used to interpret or limit the scope 
or meaning of the claims. In addition, in the foregoing 
Detailed Description of the Drawings, various features may 
be grouped together or described in a single embodiment for 
the purpose of streamlining the disclosure. This disclosure is 
not to be interpreted as reflecting an intention that the claimed 
embodiments require more features than are expressly recited 
in each claim. Rather, as the following claims reflect, inven 
tive subject matter may be directed to less than all of the 
features of any of the disclosed embodiments. Thus, the fol 
lowing claims are incorporated into the Detailed Description 
of the Drawings, with each claim standing on its own as 
defining separately claimed Subject matter. 
0069. The above disclosed subject matter is to be consid 
ered illustrative, and not restrictive, and the appended claims 
are intended to cover all Such modifications, enhancements, 
and other embodiments which fall within the true spirit and 
scope of the present disclosed subject matter. Thus, to the 
maximum extent allowed by law, the Scope of the present 
disclosed subject matter is to be determined by the broadest 
permissible interpretation of the following claims and their 
equivalents, and shall not be restricted or limited by the fore 
going detailed description. 
What is claimed is: 
1. A system for routing Voice communications, the system 

compr1S1ng: 
a memory that stores instructions; 
a processor that executes the instructions to perform opera 

tions, the operations comprising: 
receiving network event data from a Switch associated 

with a peering communication network; 
determining a network weight for the peering commu 

nication network based on the network event data; and 
assigning an order field value and a preference field 

value within a naming authority pointer record to a 
session initiation protocol address of the switch based 
on routing calls to the peering communication net 
work associated with the switch in a proportion deter 
mined for the peering communication network, 
wherein the proportion is based on the network 
weight. 
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2. The system of claim 1, wherein the network weight 
reflects the proportion of the calls that are to be routed to the 
peering communication network. 

3. The system of claim 1, wherein the operations further 
comprise reconfiguring the naming authority pointer record 
when the network weight is changed. 

4. The system of claim 1, wherein the operations further 
comprise adjusting the network weight for the peering com 
munication when additional network event data is received. 

5. The system of claim 1, wherein the operations further 
comprise routing the calls to the peering communication net 
work from an origination network. 

6. The system of claim 1, wherein the operations further 
comprise receiving a request from a serving call session con 
trol function network element for the naming authority 
pointer record, wherein the request identifies a destination 
device communicating with the peering communication net 
work based on a fully qualified domain name. 

7. The system of claim 6, wherein the operations further 
comprise transmitting the naming authority pointer record to 
the serving call session control function network element 
based on the request. 

8. The system of claim 1, wherein the peering communi 
cation network is a least congested peering communication 
network of a plurality of peering communication networks. 

9. The system of claim 1, wherein the order field value and 
the preference field value within the naming authority pointer 
record is a lowest combination of order field and preference 
field values associated with the session initiation protocol 
address of the switch. 

10. The system of claim 1, wherein the operations further 
comprise halting receipt of the network event data when a 
network event sampling period has terminated. 

11. The system of claim 1, wherein the operations further 
comprise determining that the peering communication net 
work is operating within a pre-defined parameter associated 
with a network health status. 

12. A method for routing Voice communications, the 
method comprising: 

receiving network event data from a Switch associated with 
a peering communication network; 

determining, by utilizing instructions from memory that 
are executed by a processor, a network weight for the 
peering communication network based on the network 
event data; and 

assigning an order field value and a preference field value 
within a naming authority pointer record to a session 
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initiation protocoladdress of the Switch based on routing 
calls to the peering communication network associated 
with the switch in a proportion determined for the peer 
ing communication network, wherein the proportion is 
based on the network weight. 

13. The method of claim 12, further comprising adjusting 
the network weight for the peering communication when 
additional network event data is received. 

14. The method of claim 12, further comprising reconfig 
uring the naming authority pointer record when the network 
weight is altered. 

15. The method of claim 12, further comprising halting 
receipt of the network event data when a network event sam 
pling period has ended. 

16. The method of claim 12, further comprising receiving 
a request the naming authority pointer record that identifies a 
destination device communicating with the peering commu 
nication network based on a fully qualified domain name. 

17. The method of claim 16, further comprising transmit 
ting the naming authority pointer record to a serving call 
session control function network element based on the 
request. 

18. The method of claim 12, further comprising determin 
ing that the peering communication network is operating 
within a pre-defined parameter associated with a network 
health status. 

19. A computer-readable device comprising instructions, 
which when loaded and executed by a processor, cause the 
processor to perform operations, the operations comprising: 

receiving network event data from a switch associated with 
a peering communication network; 

determining a network weight for the peering communica 
tion network based on the network event data; and 

assigning an order field value and a preference field value 
within a naming authority pointer record to a session 
initiation protocoladdress of the Switch based on routing 
calls to the peering communication network associated 
with the switch in a proportion determined for the peer 
ing communication network, wherein the proportion is 
based on the network weight. 

20. The computer-readable device of claim 19, wherein the 
operations further comprise adjusting the network weight for 
the peering communication when additional network event 
data is received. 


