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(57) ABSTRACT 

The invention includes methods for converting between a 
plurality of unicast sessions and a multicast session. A 
method for converting from unicast sessions to a multicast 
session includes receiving a request for establishing a unicast 
session for delivering content to a first client device, gener 
ating a multicast session establishment message adapted for 
establishing a multicast session with the client device for 
delivering the content to the client device, and generating at 
least one multicast session join message for the other client 
devices, the at least one multicast session join message 
adapted for enabling the other client devices to join the mul 
ticast session. The multicast session establishment message is 
generated using a threshold number of unicast sessions. A 
method for converting from a multicast session to a unicast 
session is provided. A method for converting from a plurality 
of unicast sessions to a plurality of multicast sessions is 
provided. 

12 Claims, 5 Drawing Sheets 
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1. 

METHOD FOR CONVERTING BETWEEN 
UNICAST SESSIONS AND AMULTICAST 

SESSION 

FIELD OF THE INVENTION 5 

The invention relates to the field of communication net 
works and, more specifically, to management of unicast ses 
sions and multicast sessions. 

10 

BACKGROUND OF THE INVENTION 

In general, use of multiparty applications (e.g., live audio/ 
Video streaming) in existing networks may be supported 
using either multiple unicast connections or a multicast con- 15 
nection. For example, multiple parties may receive the same 
multiparty content using multiple respective unicast connec 
tions, respectively. Disadvantageously, however, use of uni 
cast connections results in Substantial bandwidth waste. 
Similarly, for example, multiple parties may receive the same 
multiparty content using a multicast connection. Disadvanta 
geously, however, use of multicast connections requires 
numerous multicast routers which may be expensive to pur 
chase, configure, and maintain. 

25 

SUMMARY OF THE INVENTION 

Various deficiencies in the prior art are addressed through 
the invention of a method for converting between a plurality 
of unicast sessions and a multicast session. 
A method for converting from unicast sessions to a multi 

cast session includes receiving a request for establishing a 
unicast session for delivering content to a first client device, 
generating a multicast session establishment message 
adapted for establishing a multicast session with the client 
device for delivering the content to the client device, and 
generating at least one multicast session join message for the 
other client devices, the at least one multicast session join 
message adapted for enabling the other client devices to join 
the multicast session. The multicast session establishment 
message is generated in response to a determination that a 
threshold number of other unicast sessions exist for deliver 
ing the content to a threshold number of other client devices. 
A method for converting from a multicast session to a 

unicast session includes receiving a message terminating an 
association of a first client device with the multicast session, 
and, in response to a determination that a threshold number of 
other client devices are associated with the multicast session, 
generating at least one unicast session join message for the 
other client devices, the at least one unicast session join 
message adapted for enabling the other client devices to 
establish respective unicast sessions. 

30 

35 

40 

45 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 55 

The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 depicts a high-level block diagram of a communi 
cations network architecture; 

FIG. 2 depicts a high-level block diagram of a portion of 
the communications network architecture 100 of FIG. 1 
according to one embodiment of the present invention; 

FIG. 3 depicts a high-level block diagram of a portion of 
the communications network architecture 100 of FIG. 1 
according to one embodiment of the present invention; 

60 

65 

2 
FIG. 4 depicts a high-level block diagram of a portion of 

the communications network architecture 100 of FIG. 1 
according to one embodiment of the present invention; and 

FIG. 5 depicts a high-level block diagram of a general 
purpose computer Suitable for use in performing the functions 
described herein. 
To facilitate understanding, identical reference numerals 

have been used, where possible, to designate identical ele 
ments that are common to the figures. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention enables conversion of individual 
unicast sessions into a multicast session (or, alternatively, 
conversion of a multicast session into individual unicast ses 
sions). The present invention maintains a unicast session 
threshold such that, when the unicast session threshold is 
satisfied (i.e., Nunicast sessions exists for particular content 
requested from a content provider), detection of another uni 
cast session request (i.e., for establishing an (N+1)th unicast 
session) triggers establishment of a multicast session, deter 
mination of the original unicast sessions established for the 
requested content, and conversion of the identified original 
unicast sessions to the multicast session (i.e., joining the 
identified original unicast sessions to the newly established 
multicast session). 

FIG. 1 depicts a high-level block diagram of a communi 
cation network 10 architecture. As depicted in FIG. 1, com 
munication network architecture 100 includes a plurality of 
SIP clients 101-101 and 101 (collectively, SIP clients 
101), a SIP proxy server 102, a content provider server 104, a 
multicast server 106, and a SIP application server 108. In 
general, SIP is a protocol for initiating, modifying, and ter 
minating interactive user sessions Supporting various combi 
nations of voice, video, instant messaging, presence informa 
tion, online games, and like multimedia content. As such, SIP 
clients 101 include any devices operable for receiving and 
presenting multimedia content from content provider server 
104 (e.g., SIP phones, computers, and the like). In one 
embodiment, SIP clients 101 comprise SIPUser Agents (SIP 
UAs). 

For purposes of clarity, SIP clients 101-101 are depicted 
herein as one SIP client 101 (where N is greater than or 
equal to one). As such, although single connections are 
depicted between SIP client 101 and other network 
elements of FIG. 1, those skilled in the art will appreciate that 
when SIP client 101 represents a plurality of SIP clients, 
each connection is repeated a corresponding plurality of 
times (i.e., N connections exist for N SIP clients). For 
example, those skilled in the art will appreciate that when SIP 
client 101 represents a plurality of SIP clients, the single 
unicast session (or single multicast session branch) depicted 
as being associated with SIP client 101 represents a 
corresponding plurality of unicast sessions (or a correspond 
ing plurality of multicast session branches). 
The SIP proxy server 102 enables SIP clients 101 to estab 

lish indirect network connections with network services (il 
lustratively, content provider server 104, multicast server 
106, SIP application server 108, and the like), thereby 
enabling messaging between SIP clients 101 and the network 
services. For example, SIP clients 101 may connect to SIP 
proxy server 102 for requesting sessions, information, or 
various other resources available on other servers (e.g., con 
tent provider server 102, multicast server 106, SIP application 
server 108, and the like). In one embodiment, SIP proxy 
server 102 may alter client requests or server responses for 
various purposes. 
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The content provider server 104 streams multimedia con 
tent (e.g., voice, video, instant messaging, presence informa 
tion, online games, and the like). The content provider server 
104 is operable for streaming multimedia content directly to 
SIP clients 101 using unicast sessions. In one embodiment, 
content provider server 104 streams multimedia content to 
multicast server 106 for distribution to SIP clients 101 using 
multicast sessions. The content provider server 104 responds 
to requests for content by establishing sessions with client 
devices for conveying content to the client devices. In one 
embodiment, content provider server 104 operates as a SIP 
UA adapted for establishing and running multiple SIP ses 
sions, and associated multimedia content streams, in parallel. 
The multicast server 106 is adapted for supporting a unicast 

session with content provider server 104 for receiving content 
from content provider server 104, and Supporting a multicast 
session with SIP clients 101 for multicasting the content to 
SIP clients 101. The multicast server 106 is adapted for being 
configured as a multicast Source. The SIP application server 
108 hosts and executes services for performing various func 
tions (e.g., responding to requests from SIP clients 101, SIP 
proxy server 102, content provider server 104, and like net 
work components). In one embodiment, for example, SIP 
application server 108 is adapted for generating, forwarding, 
and responding to SIP messages (e.g., SIPINVITE messages, 
SIPRE-INVITE messages, and the like). In one embodiment, 
for example, SIP application server 108 is adapted for using 
multicast server 106 as a multicast source Supporting mulit 
cast sessions with SIP clients 101. 
As depicted in FIG. 1, SIP clients 101 communicate with 

SIP proxy server using a plurality of paths 111 (collectively, 
paths 111), SIP proxy server 102 communicates with content 
provider server 104 using a path 112, content provider server 
104 communicates with SIP clients 101 using a plurality of 
paths 113 (collectively, paths 113), content provider server 
104 communicates with multicast server 106 using a path 
114, multicast server 106 communicates with SIP clients 101 
using a plurality of paths 115 (collectively, paths 115), SIP 
proxy server 102 communicates with SIP application server 
108 using a path 116, SIP application server 108 communi 
cates with content provider server 104 using a path 117, and 
SIP application server 108 communicates with multicast 
server 106 using a path 118. The paths 111-118 comprise 
communication paths for Supporting SIP signaling, data 
streaming, and like communications required for Supporting 
the present invention. 

In different embodiments of the present invention, combi 
nations of SIP clients 101, SIP proxy server 102, content 
provider server 104, a multicast server 106, and a SIP appli 
cation server 108 may be used for converting unicast sessions 
to one or more multicast sessions. Similarly, in different 
embodiments of the present invention, combinations of SIP 
clients 101, SIP proxy server 102, content provider server 
104, a multicast server 106, and a SIP application server 108 
may be used for converting a multicast session to a plurality of 
unicast sessions. Although depicted and described herein as 
supporting specific functions, SIP clients 101, SIP proxy 
server 102, content provider server 104, multicast server 106, 
and SIP application 108 may support various other functions 
for implementing different embodiments of the present 
invention. 

In one embodiment, the present invention utilizes a unicast 
session threshold (denoted as N) for determining whether a 
transition from a plurality of unicast sessions to a multicast 
session is performed. In one embodiment, at least one net 
work element maintains the unicast session threshold. In one 
embodiment, unicast session threshold is associated with par 
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4 
ticular content requested from content provider server 104. In 
one embodiment, the unicast session threshold is static. In 
another embodiment, unicast session threshold is dynamic. In 
one such embodiment, the unicast session threshold may be 
changed based on cost changes, resource availability, and the 
like. 
Upon receiving a session establishment request from a SIP 

client for establishing a session to that SIP client, a determi 
nation is made as to whether the unicast session threshold is 
satisfied. In one embodiment, depicted and described herein 
with respect to FIG. 2 and FIG.3, content provider server 104 
maintains the unicast session threshold. In one embodiment, 
depicted and described herein with respect to FIG. 4, SIP 
application server 108 maintains the unicast session thresh 
old. Although depicted and described as being maintained by 
content provider server 104 or SIP application server 108, the 
unicast session threshold may be maintained by various other 
network elements. 

In one embodiment of the present invention, if less than N 
SIP clients have established unicast sessions for the requested 
content, a unicast session is established with the SIP client 
(denoted as SIP client 101 ) in response to the session 
establishment request from SIP client 101 . If N SIP 
clients have established unicast sessions for the requested 
content, a multicast session is established with the SIP client 
(denoted as SIP client 101) in response to the session 
establishment request from SIP 101, and the Nunicast 
sessions associated with SIP client 101 are converted 
from respective unicast sessions to the established multicast 
session. 
As such, a session establishment request from an (N+1)th 

SIP client (where associated SIP clients 1 through Nhave N 
existing unicast sessions, respectively, with content provider 
server 104, where each of the existing unicast sessions is 
established for providing the same media content) requesting 
establishment of an (N+1)th unicast session triggers estab 
lishment of a multicast session to SIP client 101, as well as 
the join of each of the unicast sessions associated with SIP 
clients 101 to the multicast session. The operation of SIP 
clients 101, SIP proxy server 102, content provider server 
104, multicast server 106, and SIP application server 108 in 
converting unicast sessions into a multicast session is 
depicted and described with respect to FIG. 2, FIG. 3, and 
FIG. 4. 

FIG. 2 depicts a high-level block diagram of a portion of 
the communications network architecture 100 of FIG. 1 
according to one embodiment of the present invention. The 
signaling depicted and described with respect to FIG. 2 is 
performed in accordance with one embodiment of the present 
invention. As depicted in FIG. 2, SIP clients 101 and 
101, SIP proxy server 102, and content provider server 
104 cooperate for converting a plurality of unicast sessions 
into a multicast session. For purposes of clarity, SIPINVITE 
and RE-INVITE signaling messages are displayed while 
other SIP signaling messages (e.g., TRYING, RINGING, 200 
OK, ACK, and the like) are omitted. As depicted in FIG. 2, 
SIP signaling is represented using dashed-line connections, 
unicast session signaling is represented using single-line con 
nections, and multicast session signaling is represented using 
double-line connections. 
As depicted in FIG. 2, SIP client 101 sends SIP 

INVITE message 202 to SIP proxy server 102 indicating 
that SIP client 101 is requesting establishment of a 
unicast session from content provider server 104. The SIP 
proxy server 102 sends SIPINVITE message 204 (i.e., 
forwards SIPINVITE message 202) to content provider 
server 104.-Although depicted as individual SIP INVITE 
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messages (i.e., SIP INVITE message 202 and SIP 
INVITE message 204 ), separate SIPINVITE messages 
202-202 (represented herein as SIP INVITE message 
202 ) are generated by SIP clients 101-101 (repre 
sented herein as SIP client 101 ), and separate SIP 
INVITE messages 204-204 (represented herein as SIP 
INVITE message 204 ) are forward to content provider 
server 104 by SIP proxy server 102. 
Upon receiving SIPINVITE message 204 from SIP 

proxy server 102, content provider server 104 establishes 
UNICAST SESSION 206 with SIP client 101. The 
UNICAST SESSION 206 is adapted for delivering 
requested content from content provider server 104 to SIP 
client 101 v. Although depicted as one UNICAST SES 
SION 206 separate UNICAST SESSIONS 206-206 
(represented herein as UNICAST SESSION 206 ) are 
associated with corresponding SIP clients 101-101 (repre 
sented herein as SIP client 101 ), respectively. Although 
any content may be delivered from content provider server 
104 to SIP clients 101-101 using corresponding UNICAST 
SESSIONS 206-206, for purposes of clarity, UNICAST 
SESSIONS 206-206 depicted in FIG. 2 are assumed to 
deliver identical content to each of SIP clients 101-101, 
respectively. 
As depicted in FIG. 2, at a time at which UNICAST SES 

SION 206 exists between content provider server 104 
and SIP client 101, SIP client 101 sends SIPINVITE 
message 208 to proxy server 102, thereby indicating that SIP 
client 101 is requesting establishment of a unicast session 
from content provider server 104. The SIP proxy server 102 
sends SIP INVITE message 210 (i.e., forwards SIP INVITE 
message 208) to content provider server 104. Upon receiving 
SIPINVITE message 210, content provider server 104 deter 
mines whether the unicast session threshold (described herein 
with respect to FIG. 1) is satisfied for the content requested 
from content provider server 104. Since, as depicted in FIG. 
2, the unicast session threshold is satisfied (i.e., Nunicast 
sessions exist with SIP clients 101-101, respectively), con 
tent provider server 104 establishes a MULTICAST SES 
SION 212, having MULTICAST SESSION BRANCH 
218, with SIP client 101 for delivering requested con 
tent from content provider server 104 to SIP client 101. 

In one embodiment of the present invention, upon estab 
lishment of MULTICAST SESSION 212 with SIP client 
101, content provider server 104 identifies (for the content 
requested by SIP client 101) each SIP client having an 
existing unicast session with content provider server 104 
(illustratively, SIP client 101 having associated UNI 
CAST SESSION 206 ). The content provider server 104 
generates SIPRE-INVITE message 214 for SIP client 
101 v. The content provider server 104 sends SIP RE 
INVITE message 214 to SIP proxy server 102. The SIP 
proxy server 102 sends SIPRE-INVITE message 216 
(i.e., forwards SIP RE-INVITE message 241 ) to SIP 
client 101 v. Although depicted as one SIP RE-INVITE 
message (i.e., SIP RE-INVITE message 214 and SIP 
RE-INVITE message 216 ) separate SIP RE-INVITE 
messages 214-214 and 216 x are associated with SIP 
clients 101-101, respectively. 

In one embodiment of the present invention, SIP RE-IN 
VITE message 214 and associated SIP RE-INVITE 
message 216 y are adapted for inviting SIP client 
101 to join MULTICAST SESSION 212 established 
between content provider server 104 and SIP client 101 
(i.e., adapted for converting UNICAST SESSION 206 
established with SIP client 101 to corresponding mul 
ticast session branches of MULTICAST SESSION 212). 
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6 
Upon receiving SIPRE-INVITE MESSAGE 216 from 
SIP proxy server 102, SIP client 101 may join MULTI 
CAST SESSION 212 established between content provider 
server 104 and SIP client 101 using one of a plurality of 
multicast session join techniques. 

In one embodiment, SIP client 101 joins MULTI 
CAST SESSION BRANCH218 of MULTICAST SES 
SION 212 using standard multicast session join techniques as 
known in the art. In another embodiment, SIP client 
101 joins MULTICAST SESSION BRANCH218 
of MULTICAST SESSION 212 using SIP signaling. 
Although described with respect to standard multicast session 
join techniques and SIP signaling, various other multicast 
session join techniques may be used in accordance with vari 
ous embodiments of the present invention. Using Such mul 
ticast session join techniques, content provider server 104 
thereby forms MULTICAST SESSION BRANCH 218 
with SIP client 101 . The MULTICAST SESSION 
BRANCH 218 associated with SIP client 101 and 
MULTICAST SESSION BRANCH218, associated with 
SIP client 101 collectively form MULTICAST SES 
SION 212. 

FIG. 3 depicts a high-level block diagram of a portion of 
the communications network architecture 100 of FIG. 1 
according to one embodiment of the present invention. The 
signaling depicted and described with respect to FIG. 3 is 
performed in accordance with one embodiment of the present 
invention. As depicted in FIG. 3, SIP clients 101 and 
101, SIP proxy server 102, content provider server 104, 
and multicast server 106 cooperate for converting a plurality 
of unicast sessions into a multicast session. For purposes of 
clarity, SIPINVITE and RE-INVITE signaling messages are 
displayed while other SIP signaling messages (e.g., TRY 
ING, RINGING, 200 OK, ACK, and the like) are omitted. As 
depicted in FIG.3, SIP signaling is represented using dashed 
line connections, unicast session signaling is represented 
using single-line connections, and multicast session signaling 
is represented using double-line connections. 
As depicted in FIG. 3, SIP client 101 sends SIP 

INVITE message 302 to SIP proxy server 102 indicating 
that SIP client 101 is requesting establishment of a 
unicast session from content provider server 104. The SIP 
proxy server 102 sends SIPINVITE message 304 (i.e., 
forwards SIPINVITE message 302 ) to content provider 
server 104. Although depicted as individual SIP INVITE 
messages (i.e., SIP INVITE message 302 and SIP 
INVITE message 304 ), separate SIPINVITE messages 
302-302 (represented herein as SIP INVITE message 
302 ) are generated by SIP clients 101-101 (repre 
sented herein as SIP client 101 ), and separate SIP 
INVITE messages 304-304 (represented herein as SIP 
INVITE message 304 ) are forwarded to content provider 
server 104 by SIP proxy server 102. 
Upon receiving SIP INVITE message 304 from SIP 

proxy server 102, content provider server 104 establishes 
UNICAST SESSION306 with SIP client 101. The 
UNICAST SESSION 306, is adapted for delivering 
requested content from content provider server 104 to SIP 
client 101 v. Although depicted as one UNICAST SES 
SION306, separate UNICAST SESSIONS 306-306 
(represented herein as UNICAST SESSION 306 ) are 
associated with corresponding SIP clients 101-101 (repre 
sented herein as SIP client 101 ), respectively. Although 
any content may be delivered from content provider server 
104 to SIP clients 101-101 using corresponding UNICAST 
SESSIONS 306-306 for purposes of clarity, UNICAST 
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SESSIONS 306-306 depicted in FIG. 3 are assumed to 
deliver identical content to each of SIP clients 101-101, 
respectively. 
As depicted in FIG. 3, at a time at which UNICAST SES 

SION 306 exists between content provider server 104 
and SIP client 101, SIP client 101 sends SIPINVITE 
message 308 to proxy server 102, thereby indicating that SIP 
client 101 is requesting establishment of a unicast session 
from content provider server 104. The SIP proxy server 102 
sends SIP INVITE message 310 (i.e., forwards SIP INVITE 
message 308) to content provider server 104. Upon receiving 
SIPINVITE message 310, content provider server 104 deter 
mines whether the unicast session threshold (described herein 
with respect to FIG. 1) is satisfied for the content requested 
from content provider server 104. As depicted in FIG. 3, the 
unicast session threshold is satisfied (i.e., Nunicast sessions 
exist with SIP clients 101-101, respectively). 

Since, as depicted in FIG.3, the unicast session threshold is 
satisfied content provider server 104 sends CREATE MUL 
TICAST SOURCE message 312 to multicast server 106. As 
depicted in FIG. 3, CREATE MULTICAST SOURCE mes 
sage 312 is adapted for configuring multicast server 106 as the 
Source of a multicast session by which the requested content 
is provided to SIP client 101 (and, following conversion of 
UNICAST SESSION 306 to the multicast session, to 
SIP client 101). Upon receiving CREATE MULTICAST 
SOURCE message 312, multicast server 106 establishes a 
MULTICAST SESSION 316, having MULTICAST SES 
SION BRANCH322, with SIP client 101 for deliver 
ing requested content from content provider server 104 to SIP 
client 101. 

During generation and transmission of CREATE MULTI 
CAST SOURCE message 312 to multicast server 106, and 
processing of CREATE MULTICAST SOURCE message 
312 by multicast server 106 for establishing MULTICAST 
SESSION 316, content provider server 104 establishes a 
UNICAST SESSION 314 with multicast server 106. The 
content provider server 104 delivers requested content to 
multicast server 106 using UNICAST SESSION 314. The 
multicast server 106 forwards the requested content delivered 
by content provider server 104 to SIP client 101 using 
MULTICAST SESSION BRANCH322 of MULTICAST 
SESSION 316. As such, content provider server 104 is not 
configured as the multicast source for MULTICAST SES 
SION 316; rather, content provider server 104 configures 
multicast server 106 as the multicast source for MULTICAST 
SESSION316 using CREATE MULTICAST SOURCE mes 
sage 312. 

In one embodiment of the present invention, upon estab 
lishment of UNICAST SESSION 314 with multicast server 
106 (as well as establishment of MULTICAST SESSION316 
between multicast server 106 and SIP client 101) content 
provider server 104 identifies (for the content requested by 
SIP client 101) each SIP client having an existing unicast 
session with content provider server 104 (illustratively, SIP 
client 101 having associated UNICAST SESSION 
306 . . . ). The content provider server 104 generates SIP 
RE-INVITE message 318 for SIP client 101 . The 
content provider server 104 sends SIPRE-INVITE message 
318 to SIP proxy server 102. The SIP proxy server 102 
sends SIPRE-INVITE message 320 (i.e., forwards SIP 
RE-INVITE message 318 . . ) to SIP client 101 v. 
Although depicted as one SIPRE-INVITE message (i.e., SIP 
RE-INVITE message 318 and SIPRE-INVITE message 
320) separate SIPRE-INVITE messages 318-318 and 
320-320 are associated with SIP clients 101-101 respec 
tively. 
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8 
In one embodiment of the present invention, SIP RE-IN 

VITE message 318 , and associated SIP RE-INVITE 
message 320 y are adapted for inviting SIP client 
101 to join MULTICAST SESSION 316 established 
between multicast server 106 and SIP client 101 (i.e., 
adapted for converting UNICAST SESSION306 estab 
lished between content provider server 104 and SIP client 
101 to corresponding multicast session branches of 
MULTICAST SESSION 316 between multicast server 106 
and SIP client 101 ). Upon receiving SIP RE-INVITE 
MESSAGE 320 from SIP proxy server 102, SIP client 
101 may join MULTICAST SESSION316 established 
between multicast server 106 and SIP client 101 using one 
of a plurality of multicast session join techniques. 

In one embodiment, SIP client 101. Njoins MULTICAST 
SESSION BRANCH322, of MULTICAST SESSION 
316 using standard multicast session join techniques as 
known in the art. In another embodiment, SIP client 
101 joins MULTICAST SESSION BRANCH322 
of MULTICAST SESSION 316 using SIP signaling. 
Although described with respect to standard multicast session 
join techniques and SIP signaling, various other multicast 
session join techniques may be used in accordance with one 
embodiment of the present invention. Using Such multicast 
session join techniques, multicast server 106 thereby forms 
MULTICAST SESSION BRANCH322 with SIP client 
101 . The MULTICAST SESSION BRANCH 322 
associated with SIP client 101 and MULTICAST SES 
SION BRANCH 322 associated with SIP client 
101 collectively form MULTICAST SESSION316. 

FIG. 4 depicts a high-level block diagram of a portion of 
the communications network architecture 100 of FIG. 1 
according to one embodiment of the present invention. The 
signaling depicted and described with respect to FIG. 4 is 
performed in accordance with one embodiment of the present 
invention. As depicted in FIG. 4, SIP clients 101 and 
101, SIP proxy server 102, content provider server 104, 
multicast server 106, and SIP application server 108 cooper 
ate for converting a plurality of unicast sessions into a multi 
cast session. For purposes of clarity, SIP INVITE and RE 
INVITE signaling messages are displayed while other SIP 
signaling messages (e.g., TRYING, RINGING, 200 OK, 
ACK, and the like) are omitted. As depicted in FIG. 4, SIP 
signaling is represented using dashed-line connections, uni 
cast session signaling is represented using single-line connec 
tions, and multicast session signaling is represented using 
double-line connections. 
As depicted in FIG. 4, SIP client 101 sends SIP 

INVITE message 402 to SIP proxy server 102 indicating 
that SIP client 101 is requesting establishment of a 
unicast session from content provider server 104. The SIP 
proxy server 102 sends SIPINVITE message 404 (i.e., 
forwards SIPINVITE message 402 . . ) to SIP application 
server 108. The SIP application server 108 sends SIPINVITE 
message 406 (i.e., forwards SIP INVITE message 
404 ) to content provider server 104. Although depicted 
as individual SIP INVITE messages (i.e., SIP INVITE mes 
sage 402,404, and 406), separate SIPINVITE 
messages 402-402 are generated by SIP clients 101-101, 
separate SIP INVITE messages 404–404 are forwarded to 
SIP application server 108 by SIP proxy server 102, and 
separate SIP INVITE messages 304-304 are forward to 
content provider server 104 by SIP application server 108. 
Upon receiving SIP INVITE message 406 from SIP 

application server 108, content provider server 104 estab 
lishes UNICAST SESSION 408, with SIP client 
101. The UNICAST SESSION 408 is adapted for 
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delivering requested content from content provider server 
104 to SIP client 101 v. Although depicted as one UNI 
CAST SESSION 408, separate UNICAST SESSIONS 
408-408 (represented herein as UNICAST SESSION 
408 ) are associated with corresponding SIP clients 
101-101 (represented herein as SIP client 101 ), 
respectively. Although any content may be delivered from 
content provider server 104 to SIP clients 101-101 using 
corresponding UNICAST SESSIONS 408-408 for pur 
poses of clarity, UNICAST SESSIONS 408-408 depicted 
in FIG. 4 are assumed to deliver identical content to each of 
SIP clients 101-101 respectively. 
As depicted in FIG.4, at a time at which UNICAST SES 

SION 408 exists between content provider server 104 
and SIP client 101, SIP client 101 sends SIPINVITE 
message 410 to SIP proxy server 102, thereby indicating that 
SIP client 101 is requesting establishment of a unicast 
session from content provider server 104. The SIP proxy 
server 102 sends SIPINVITE message 412 (i.e., forwards SIP 
INVITE message 410) to SIP application server 108. Upon 
receiving SIP INVITE message 412, SIP application server 
108 determines whether the unicast session threshold (de 
scribed herein with respect to FIG. 1) is satisfied for the 
content requested from content provider server 104. As 
depicted in FIG. 4, the unicast session threshold is satisfied 
(i.e., Nunicast sessions exist with SIP clients 101-101. 
respectively). 

Since, as depicted in FIG.4, the unicast session threshold is 
satisfied, SIP application server 108 sends CREATE MUL 
TICAST SOURCE message 414 to multicast server 106. As 
depicted in FIG. 4, CREATE MULTICAST SOURCE mes 
sage 414 is adapted for configuring multicast server 106 as the 
Source of a multicast session by which the requested content 
is provided to SIP client 101 (and, following conversion of 
UNICAST SESSION 408 to the multicast session, to 
SIP client 101 ). During generation and transmission of 
CREATE MULTICAST SOURCE message 414 to multicast 
server 106, and processing of CREATE MULTICAST 
SOURCE message 414 by multicast server 106 for establish 
ing a multicast session (illustratively, MULTICAST SES 
SION 420), SIP application server 108 sends a SIP INVITE 
message 416 to content provider server 104. 
Upon receiving SIPINVITE message 416 from SIP appli 

cation server 108, content provider server 104 establishes a 
UNICAST SESSION 418 with multicast server 106. During 
generation and transmission of SIPINVITE message 416 to 
content provider server 104, and establishment of UNICAST 
SESSION 418 from content provider server 104 to multicast 
server 106, multicast server 106 establishes a MULTICAST 
SESSION 420, having MULTICAST SESSION BRANCH 
426, with SIP client 101 for delivering requested con 
tent from content provider server 104 to SIP client 101. In 
one embodiment, multicast server 106 generates MULTI 
CAST SESSION 420 in response to CREATE MULTICAST 
SOURCE message 414 and establishment of UNICAST 
SESSION 418 by content provider server 104. 
As depicted in FIG.4, content provider server 104 delivers 

requested content to multicast server 106 using UNICAST 
SESSION 418. The multicast server 106 forwards the 
requested content delivered by content provider server 104 to 
SIP client 101, using MULTICAST SESSION BRANCH 
426 of MULTICAST SESSION 420. As such, content 
provider server 104 is not configured as the multicast source 
for MULTICAST SESSION 420; rather, SIP application 
server 108 (in cooperation with content provider server 104) 
configures multicast server 106 as the multicast source for 
MULTICAST SESSION 420. As such, requested content 
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10 
intended for SIP client 101 is provided from content pro 
vider server 104 to SIP client 101 using UNICAST SES 
SION 418 and MULTICAST SESSION 420. 

In one embodiment of the present invention, upon estab 
lishment of UNICAST SESSION 418 with multicast server 
106 (as well as establishment of MULTICAST SESSION 420 
between multicast server 106 and SIP client 101) SIP 
application server 108 identifies (for the content requested by 
SIP client 101) each SIP client having an existing unicast 
session with content provider server 104 (illustratively, SIP 
client 101 having associated UNICAST SESSION 
408 ). The SIP application server 108 generates SIP 
RE-INVITE message 422 for SIP client 101 . The 
SIP application server 104 sends SIP RE-INVITE message 
422 to SIP proxy server 102. The SIP proxy server 102 
sends SIPRE-INVITE message 424 (i.e., forwards SIP 
RE-INVITE message 422 ) to SIP client 101 v. 
Although depicted as one SIPRE-INVITE message (i.e., SIP 
RE-INVITE message 422 and SIPRE-INVITE message 
424) separate SIPRE-INVITE messages 422,-422 and 
424-424 are associated with SIP clients 101-101 respec 
tively. 

In one embodiment of the present invention, SIP RE-IN 
VITE message 422 and associated SIP RE-INVITE 
message 424 y are adapted for inviting SIP client 
101 to join MULTICAST SESSION 420 established 
between multicast server 106 and SIP client 101 (i.e., 
adapted for converting UNICAST SESSION 408, estab 
lished between content provider server 104 and SIP client 
101 to corresponding multicast session branches of 
MULTICAST SESSION 420 between multicast server 106 
and SIP client 101 ). Upon receiving SIP RE-INVITE 
MESSAGE 424 from SIP proxy server 102, SIP client 
101 may join MULTICAST SESSION 420 established 
between multicast server 106 and SIP client 101 using one 
of a plurality of multicast session join techniques. 

In one embodiment, SIP client 101 joins MULTI 
CAST SESSION BRANCH426 of MULTICAST SES 
SION 420 using standard multicast session join techniques as 
known in the art. In another embodiment, SIP client 
101 joins MULTICAST SESSION BRANCH426 
of MULTICAST SESSION 420 using SIP signaling. 
Although described with respect to standard multicast session 
join techniques and SIP signaling, various other multicast 
session join techniques may be used in accordance with one 
embodiment of the present invention. Using Such multicast 
session join techniques, multicast server 106 thereby forms 
MULTICAST SESSION BRANCH426 with SIP client 
101 . The MULTICAST SESSION BRANCH 426 
associated with SIP client 101 and MULTICAST SES 
SION BRANCH 426 associated with SIP client 
101 collectively form MULTICAST SESSION 420. 

Although not depicted with respect to FIG. 4, receiving a 
SIP 200 OK message from SIP client 10 triggers a SIP 
BYE message from SIP application server 108 to content 
provider server 104. In one embodiment, a SIP BYE message 
from the (N+1)th SIP client 101 should not be forwarded 
to content provider server 104 since it would drop the multi 
cast stream. In this embodiment, the SIP BYE message from 
SIP client 101 may be cached (e.g., in SIP application 
server 108) until a condition is satisfied, at which point the 
SIP BYE message from SIP client 101 is delivered to 
content provider server 104. In this embodiment, the condi 
tion may comprise a determination that all SIP clients 101 
have sent associated SIP BYE messages for leaving the mul 
ticast session, until a decision is made to convert the multicast 
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session back to a plurality of unicast sessions, and the like, as 
well as various combinations thereof. 

FIG. 5 depicts a high-level block diagram of a general 
purpose computer Suitable for use in performing the functions 
described herein. As depicted in FIG. 4, system 500 com 
prises a processor element 502 (e.g., a CPU), a memory 504, 
e.g., random access memory (RAM) and/or read only 
memory (ROM), a SIP session conversion module 505, and 
various inpuVoutput devices 506 (e.g., storage devices, 
including but not limited to, a tape drive, a floppy drive, a hard 
disk drive or a compact disk drive, a receiver, a transmitter, a 
speaker, a display, an output port, and a user input device 
(such as a keyboard, a keypad, a mouse, and the like)). 

It should be noted that the present invention may be imple 
mented in Software and/or in a combination of Software and 
hardware, e.g., using application specific integrated circuits 
(ASIC), a general purpose computer or any other hardware 
equivalents. In one embodiment, the present SIP session con 
version module or process 505 can be loaded into memory 
504 and executed by processor 502 to implement the func 
tions as discussed above. As such, SIP session conversion 
process 505 (including associated data structures) of the 
present invention can be stored on a computer readable 
medium or carrier, e.g., RAM memory, magnetic or optical 
drive or diskette and the like. 

Although primarily described herein with respect to con 
version of a plurality of unicast sessions into one multicast 
session, in one embodiment of the present invention, a plu 
rality of unicast sessions may be converted into a plurality of 
multicast sessions. For example, in one embodiment, follow 
ing a determination that the unicast session threshold has 
been satisfied, the existing unicast sessions may be converted 
into two multicast sessions, three multicast session, and the 
like. In one Such embodiment, the number of multicast ses 
sions into which the plurality of unicast sessions is converted 
may depend upon the unicast session threshold. In one 
embodiment, following conversion of a plurality of unicast 
sessions into a multicast session, Subsequent requests for 
establishment of unicast requests for the content may be 
served through creation of additional unicast sessions, rather 
than joining the client devices to the existing multicast ses 
Sion. Upon satisfying the unicast session threshold, the client 
devices may then be converted to another multicast session. 

In another such embodiment, the number of multicast ses 
sions into which the plurality of unicast sessions is converted 
may depend upon the encoder-decoder (codec) types associ 
ated with each of the unicast sessions. In this embodiment, 
clients associated with the unicast session being converted 
into the multicast sessions may be grouped according to 
codec type. In one such embodiment, a multicast session may 
then be created for each codec type group (i.e., each codec 
type group has a different associated multicast session). In 
another Such embodiment, a multicast session may then be 
created for one or more codec type groups (i.e., codec type 
groups may be further grouped together such that clients 
associated with a plurality of codec type groups all belong to 
the same multicast session). 

Although primarily described herein with respect to con 
version of unicast sessions into a multicast session, in one 
embodiment of the present invention, a multicast session may 
be converted into a plurality of individual unicast sessions. In 
one embodiment, a method for converting a multicast session 
into a plurality of unicast sessions includes receiving a mes 
sage requesting termination of an association of a first client 
device with the multicast session, and, in response to a deter 
mination that a threshold number of other client devices are 
associated with the multicast session, generating at least one 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
unicast session join message for the other client devices, the 
at least one unicast session join message adapted for enabling 
the other client devices to establish respective unicast ses 
sions for receiving the requested content. 

In one embodiment, in which a multicast session is con 
Verted into a plurality of individual unicast sessions, a multi 
cast session threshold (denoted as M) may be used for con 
version of the multicast session into a plurality of unicast 
session. Upon detecting termination of a multicast branch of 
an existing multicast session, a determination is made as to 
whether the multicast session threshold is satisfied. If greater 
than M SIP clients belong to the multicast session after the 
termination of the multicast branch, the multicast session is 
maintained. If M SIP clients belong to the multicast session 
after the termination of the multicast branch, the multicast 
session is converted into Mindividual unicast sessions. 

Although primarily described herein with respect to spe 
cific configurations of SIP-enabled network elements, those 
skilled in the art will appreciate the methodologies of the 
present invention may be adapted for use with various other 
configurations of SIP-enabled network elements. Although 
primarily described herein with respect to SIP signaling, 
those skilled in the art will appreciate the methodologies of 
the present invention may be adapted for use with various 
other signaling protocols. Although primarily described 
herein with respect to signaling within an IP network, those 
skilled in the art will appreciate the methodologies of the 
present invention may be adapted for use with various other 
networks. As such, conversion of unicast sessions into a mul 
ticast session in accordance with various embodiments of the 
present invention is not intended to be limited by node con 
figuration, signaling protocol, network type, content type, or 
any other technology specific implementation. 

Although various embodiments which incorporate the 
teachings of the present invention have been shown and 
described in detail herein, those skilled in the art can readily 
devise many other varied embodiments that still incorporate 
these teachings. 
What is claimed is: 
1. A method for converting a plurality of unicast sessions to 

a multicast session using the Session Initiation Protocol 
(SIP), comprising: 

receiving, at an application server, a request by a user 
device for content available from a content server; 

in response to the request by the user device, determining 
whether a threshold number of unicast sessions exist for 
delivering the content to other user devices; and 

in response to a determination by the application server that 
a threshold number of other unicast sessions exist for the 
COntent: 

generating a multicast source establishment message 
adapted for causing a multicast server to operate as a 
multicast session source for delivering the content to 
the client devices using a multicast session, and 
propagating the multicast Source establishment mes 
sage toward the multicast server; 

generating a unicast session establishment message 
adapted for causing a unicast session to be established 
between the content server and the multicast server 
for delivering the content from the content server to 
the multicast server, and propagating the unicast ses 
sion establishment message toward at least one of the 
content server and the multicast server; and 

generating at least one multicast session join message 
adapted for enabling the other client devices to join 
the multicast session and propagating the at least one 
multicast session join message toward a SIP server 
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adapted for propagating the at least one multicast 
session join message toward the other client devices. 

2. The method of claim 1, further comprising: 
receiving the multicast Source establishment message at 

the multicast server, and 
establishing, in response to the multicast Source establish 
ment message, the multicast session adapted for deliv 
ering the content from the multicast server to the client 
devices. 

3. The method of claim 1, further comprising: 
propagating the unicast session establishment message to 

the content server; 
receiving the unicast session establishment message at the 

content server, and 
in response to the unicast session establishment message, 

establishing a unicast session between the content server 
and the multicast server for delivering the content from 
the content server to the multicast server. 

4. The method of claim 1, further comprising: 
receiving, at each of the other client devices, one of the at 

least one multicast session join message; and 
initiating, from each of the other client devices, signaling 

for enabling each of the other client devices to join the 
multicast session; 

wherein the signaling for enabling each of the other client 
device to join the multicast session terminates each of 
the other unicast sessions associated with each of the 
other client devices. 

5. The method of claim 1, further comprising: 
receiving, at the application server, a multicast session 

leave message associated with the client device; 
in response to the multicast session leave message, deter 

mining whether the multicast session should be main 
tained; 

when a determination is made that the multicast session 
should be maintained, delaying forwarding of the mul 
ticast session leave message toward the content server, 

when a determination is made that the multicast session 
should not be maintained, forwarding the multicast ses 
sion leave message toward the content server. 

6. The method of claim 1, wherein: 
the application server is a SIP application server; 
the request by the user device for content available from the 

content server is received at the SIP application server; 
the multicast Source establishment message is generated by 

the SIP application server and propagated from the SIP 
application server toward the multicast server, 

the unicast session establishment message is generated by 
the SIP application server and propagated from the SIP 
application server toward at least one of the content 
server and the multicast server, and 

the at least one multicast session join message is generated 
by the SIP application server and propagated from the 
SIP application server toward the SIP server adapted for 
propagating the at least one multicast session join mes 
Sage toward the other client devices. 

7. A non-transitory computer readable storage medium 
storing instructions which, when executed by a computer, 
cause the computer to perform a method for converting a 
plurality of unicast sessions to a multicast session using the 
Session Initiation Protocol (SIP), the method comprising: 

receiving, at an application server, a request by a user 
device for content available from a content server; 

in response to the request by the user device, determining 
whether a threshold number of unicast sessions exist for 
delivering the content to other user devices; and 
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14 
in response to a determination by the application server that 

a threshold number of other unicast sessions exist for the 
COntent: 

generating a multicast source establishment message 
adapted for causing a multicast server to operate as a 
multicast session source for delivering the content to 
the client devices using a multicast session, and 
propagating the multicast Source establishment mes 
sage toward the multicast server; 

generating a unicast session establishment message 
adapted for causing a unicast session to be established 
between the content server and the multicast server 
for delivering the content from the content server to 
the multicast server, and propagating the unicast ses 
sion establishment message toward at least one of the 
content server and the multicast server; and 

generating at least one multicast session join message 
adapted for enabling the other client devices to join 
the multicast session and propagating the at least one 
multicast session join message toward a SIP server 
adapted for propagating the at least one multicast 
session join message toward the other client devices. 

8. The non-transitory computer readable storage medium 
of claim 7, further comprising instructions for: 

receiving, at the application server, a multicast session 
leave message associated with the client device; 

in response to the multicast session leave message, deter 
mining whether the multicast session should be main 
tained; 

when a determination is made that the multicast session 
should be maintained, delaying forwarding of the mul 
ticast session leave message toward the content server; 

when a determination is made that the multicast session 
should not be maintained, forwarding the multicast ses 
sion leave message toward the content server. 

9. The non-transitory computer readable storage medium 
of claim 7, wherein: 

the application server is a SIP application server; 
the request by the user device for content available from the 

content server is received at the SIP application server; 
the multicast Source establishment message is generated by 

the SIP application server and propagated from the SIP 
application server toward the multicast server, 

the unicast session establishment message is generated by 
the SIP application server and propagated from the SIP 
application server toward at least one of the content 
server and the multicast server; and 

the at least one multicast session join message is generated 
by the SIP application server and propagated from the 
SIP application server toward the SIP server adapted for 
propagating the at least one multicast session join mes 
Sage toward the other client devices. 

10. An apparatus for converting a plurality of unicast ses 
sions to a multicast session using the Session Initiation Pro 
tocol (SIP), comprising: 

a processor configured for: 
receiving, at an application server, a request by a user 

device for content available from a content server; 
in response to the request by the user device, determin 

ing whether a threshold number of unicast sessions 
exist for delivering the content to other user devices: 
and 

in response to a determination by the application server 
that a threshold number of other unicast sessions exist 
for the content: 
generating a multicast source establishment message 

adapted for causing a multicast server to operate as 
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a multicast session source for delivering the con 
tent to the client devices using a multicast session, 
and propagating the multicast source establishment 
message toward the multicast server; 

generating a unicast session establishment message 
adapted for causing a unicast session to be estab 
lished between the content server and the multicast 
server for delivering the content from the content 
server to the multicast server, and propagating the 
unicast session establishment message toward at 
least one of the content server and the multicast 
server; and 

generating at least one multicast session join message 
adapted for enabling the other client devices to join 
the multicast session and propagating the at least 
one multicast session join message toward a SIP 
server adapted for propagating the at least one mul 
ticast session join message toward the other client 
devices. 

11. The apparatus of claim 10, wherein the processor is 
further configured for: 

receiving, at the application server, a multicast session 
leave message associated with the client device; 

in response to the multicast session leave message, deter 
mining whether the multicast session should be main 
tained; 
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when a determination is made that the multicast session 

should be maintained, delaying forwarding of the mul 
ticast session leave message toward the content server, 

when a determination is made that the multicast session 
should not be maintained, forwarding the multicast ses 
sion leave message toward the content server. 

12. The apparatus of claim 10, wherein: 
the application server is a SIP application server; 
the request by the user device for content available from the 

content server is received at the SIP application server; 
the multicast source establishment message is generated by 

the SIP application server and propagated from the SIP 
application server toward the multicast server, 

the unicast session establishment message is generated by 
the SIP application server and propagated from the SIP 
application server toward at least one of the content 
server and the multicast server; and 

the at least one multicast session join message is generated 
by the SIP application server and propagated from the 
SIP application server toward the SIP server adapted for 
propagating the at least one multicast session join mes 
sage toward the other client devices. 

ci: ck ck ck ck 
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