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RICH COMMUNICATION SERVICES
MULTICAST SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/265,744, entitled “RICH COMMUNICA-
TION SERVICES MULTICAST SYSTEM” and filed on
Feb. 1, 2019, issued as U.S. Pat. No. 11,128,485, the entirety
of which is hereby incorporated herein by reference.

BACKGROUND

A core network (also known as network core or backbone
network) is the central part of a telecommunications network
that provides various services to telecommunication devices,
often referred to as user equipment (“UE”), that are con-
nected by access network(s) of the telecommunications
network. For example, provided services can include short
message service (SMS), multimedia messaging service
(MMS), instant messaging, group chat, audio and/or video
conference calls, webcasts, live television streaming, mul-
tisource live streaming, and/or the like.

For some services, such as webcasts and/or live television
streaming, one UE may be a source of the content, and the
content may be distributed to a plurality of other UEs. For
other services, such as group chat, audio and video confer-
ence calls, and/or multisource live streaming, any of a first
plurality of UEs may be a source of the content, and the
content may be distributed to a second plurality of UEs. The
telecommunications network may operate well for these
services when the number of UEs that act as a source or
destination of the content is limited. However, performance
of the telecommunications network may begin to degrade as
the number of UEs that act as a source or destination of the
content begins to grow above a certain threshold.

BRIEF DESCRIPTION OF DRAWINGS

Throughout the drawings, reference numbers may be
re-used to indicate correspondence between referenced ele-
ments. The drawings are provided to illustrate example
embodiments described herein and are not intended to limit
the scope of the disclosure.

FIG. 1 is a block diagram of an illustrative multicast
environment in which a rich communication services (RCS)
server in a core network routes unicast and/or multicast
messages between UEs via an access network.

FIG. 2A is a block diagram of the multicast environment
of FIG. 1 illustrating the operations performed by the
components of the multicast environment of FIG. 1 to create
a multicast group, according to one embodiment.

FIG. 2B is a call flow diagram corresponding to the block
diagram of FIG. 2A, according to one embodiment.

FIG. 3A is a block diagram of the multicast environment
of FIG. 1 illustrating the operations performed by the
components of the multicast environment of FIG. 1 to
determine the capabilities of UEs and classify the UEs
accordingly, according to one embodiment.

FIG. 3B is a call flow diagram corresponding to the block
diagram of FIG. 3A, according to one embodiment.

FIG. 4A is a block diagram of the multicast environment
of FIG. 1 illustrating the operations performed by the
components of the multicast environment of FIG. 1 to invite
UEs to join the multicast group, according to one embodi-
ment.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 4B is a call flow diagram corresponding to the block
diagram of FIG. 4A, according to one embodiment.

FIGS. 5A-5B are block diagrams of the multicast envi-
ronment of FIG. 1 illustrating the operations performed by
the components of the multicast environment of FIG. 1 to
route a message originating from a multicast UE, according
to one embodiment.

FIGS. 6A-6B are block diagrams of the multicast envi-
ronment of FIG. 1 illustrating the operations performed by
the components of the multicast environment of FIG. 1 to
route a message originating from a unicast UE, according to
one embodiment.

FIG. 7 illustrates an example multicast group capabilities
state table, according to one embodiment.

FIG. 8 is a flow diagram depicting a multicast group
creation routine illustratively implemented by a RCS server,
according to one embodiment.

DETAILED DESCRIPTION

As described above, the telecommunications network
may operate well for certain services, such as webcasts, live
television streaming, group chat, audio and video conference
calls, and/or multisource live streaming, when the number of
UEs that act as a source or destination of the content is
limited. However, performance of the telecommunications
network may begin to degrade as the number of UEs that act
as a source or destination of the content begins to grow
above a certain threshold. This is partly due to the manner
in which communications are sent.

For example, the core network may include a rich com-
munication services (RCS) server. The RCS server may
enable some or all the services described above by routing
communications from one or more UEs to one or more UEs.
For 1-to-1 services (e.g., SMS), the typical RCS server
routes unicast messages between UEs given that one UE acts
as a source and one UE acts as a destination. However, even
for 1-to-N services (e.g., services like webcasts, live televi-
sion streaming, etc. where one UE is a source of content and
N UEs receive the content) and/or M-to-N services (e.g.,
services like group chat, audio and video conference calls,
multisource live streaming, etc. where any of M UEs can be
a source of content and N UEs receive the content), the
typical RCS server routes unicast messages between UEs.
The typical RCS server often uses unicast messages even for
1-to-N services and/or M-to-N services because the local
routers in the core and/or access networks with which UEs
communicate to send or receive messages may not be able
to handle non-unicast messages (e.g., multicast messages).
Furthermore, some UEs may not be equipped to handle
non-unicast messages (e.g., multicast messages).

Routing unicast messages between UEs when implement-
ing a 1-to-N or M-to-N service can be problematic. For
example, one UE may use a particular service to send a
message intended for N other UEs. To implement the
service, the typical RCS server replicates this message to
form N unicast messages, and then routes the N unicast
messages to the various N UEs. As the number N increases,
the number of unicast messages the typical RCS server has
to replicate and transmit and/or the local routers have to
transmit increases as well. The typical RCS server and the
local routers present in the access and/or core network have
a finite amount of processing power, and therefore can only
handle so many messages at one time. Thus, situations can
occur in which the number of unicast messages to be routed
by the typical RCS server and/or by a local router is greater
than the respective device’s capacity. Transmission delays
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can result, which can potentially affect the user experience
(e.g., for services that are time-sensitive, such as audio
conference calls, video conference calls, live television
streaming, multisource live streaming, etc.). The increased
network load caused by the replication and/or transmission
of these unicast messages can also delay the processing of
messages associated with other services offered by the
telecommunications network, thereby negatively affecting
the performance of these other services.

Accordingly, described herein is an improved telecom-
munications network that can reduce the network load on an
RCS server and/or local routers that implement 1-to-N
and/or M-to-N services. In particular, the improved telecom-
munications network may include an improved RCS server
that can route multicast messages instead of and/or in
addition to unicast messages. For example, the improved
RCS server can create a multicast group for a group of UEs
in response to a request from a UE to create a group of UEs.
Creation of the multicast group may include assigning a
group Internet protocol (IP) address to the multicast group.
The improved RCS server can then determine capabilities of
the UEs in the multicast group. For example, the improved
RCS server can determine which of the UEs is capable of
transmitting and/or receiving multicast messages and/or is
associated with a local router capable of transmitting and/or
receiving multicast messages.

When a first UE transmits a message to the multicast
group IP address, the improved RCS server can multicast the
message to the UEs capable of receiving multicast messages
and can unicast the message to the UEs not capable of
receiving multicast messages. For example, the improved
RCS server can replicate the message transmitted by the first
UE to form M unicast message(s), where M represents the
number of UEs in the multicast group that are incapable of
receiving multicast messages (e.g., where M can be any
integer 0 or above). The improved RCS server can then route
the M unicast message(s) to local router(s) such that each
UE in the multicast group incapable of receiving multicast
messages receives one of the M unicast message(s).

In addition, the improved RCS server can generate a
single multicast version of the message transmitted by the
first UE, and transmit that one multicast message to local
router(s) with which UEs capable of receiving multicast
message communicate. The local router(s) can then route the
one multicast message to each UE capable of receiving
multicast messages. As an illustrative example, if two UEs
capable of receiving multicast messages communicate with
the same local router, the improved RCS server may route a
single multicast message to the local router. The local router
may then route the one multicast message to both UEs. This
is in contrast to the typical RCS server that uses unicast
messaging. In the same situation, the typical RCS server
would route two unicast messages to the local router, and the
local router would then route one of the unicast messages to
one of the UEs and the other unicast message to the other
UE.

Accordingly, the improved RCS server can reduce the
number of messages transmitted over the core and/or access
network by using multicast messaging techniques. This can
help reduce the likelihood that the RCS server or a local
router is tasked with processing a larger number of messages
than can be handled at any one time, thereby reducing
transmission delays and improving the performance of ser-
vices offered in the telecommunications network.

The foregoing aspects and many of the attendant advan-
tages of this disclosure will become more readily appreci-
ated as the same become better understood by reference to
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the following detailed description, when taken in conjunc-
tion with the accompanying drawings.
Example Multicast Environment

FIG. 1 is a block diagram of an illustrative multicast
environment 100 in which a rich communication services
(RCS) server 130 in a core network 110 routes unicast and/or
multicast messages between UEs 102 via an access network
120. The access network 120 includes one or more multicast
routers 122 and/or one or more non-multicast routers 124.
The core network 110 includes a multicast router rendezvous
point 126. While not shown, the core network 110 may
optionally include one or more multicast routers and/or one
or more non-multicast routers, and the access network 120
may optionally include a multicast router rendezvous point.

The UE 102 can be any computing device, such as a
desktop, laptop or tablet computer, personal computer, wear-
able computer, server, personal digital assistant (PDA),
hybrid PDA/mobile phone, electronic book reader, appli-
ance (e.g., refrigerator, washing machine, dryer, dishwasher,
etc.), integrated component for inclusion in computing
devices, home electronics (e.g., television, set-top box,
receiver, etc.), vehicle, machinery, landline telephone, net-
work-based telephone (e.g., voice over Internet protocol
(“VoIP”)), cordless telephone, cellular telephone, smart
phone, modem, gaming device, media device, control sys-
tem (e.g., thermostat, light fixture, etc.), and/or any other
type of Internet of Things (IoT) device or equipment. In an
illustrative embodiment, the UE 102 includes a wide variety
of software and hardware components for establishing com-
munications over one or more communication networks,
including the access network 120, the core network 110,
and/or other private or public networks. For example, the
UE 102 may include a subscriber identification module
(SIM) card (e.g., an integrated circuit that stores data to
identify and authenticate a UE that communicates over a
telecommunications network) and/or other component(s)
that enable the UE 102 to communicate over the access
network 120, the core network 110, and/or other private or
public networks via a radio area network (RAN) and/or a
wireless local area network (WLAN). The SIM card may be
assigned to a particular user account.

The UEs 102 are communicatively connected to the core
network 110 via the access network 120, such as GSM
EDGE Radio Access Network (GRAN), GSM EDGE Radio
Access Network (GERAN), Universal Terrestrial Radio
Access Network (UTRAN), Evolved Universal Terrestrial
Radio Access (E-UTRAN), and/or the like. Illustratively, the
access network 120 is distributed over land areas called
cells, each served by at least one fixed-location transceiver,
known as a cell site or base station. The base station provides
the cell with the network coverage which can be used for
transmission of voice, messages, or other data. A cell might
use a different set of frequencies from neighboring cells, to
avoid interference and provide guaranteed service quality
within each cell. When joined together these cells provide
radio coverage over a wide geographic area. This enables a
large number of UEs 102 to communicate via the fixed-
location transceivers.

The multicast routers(s) 122 and/or the non-multicast
router(s) 124 may communicate with the cell site or base
station to communicatively connect the UEs 102 to the core
network 110. For example, the multicast routers(s) 122
and/or the non-multicast router(s) 124 may be located inside
or outside a cell. The multicast router(s) 122 may be
configured to route multicast messages to and/or from UEs
102 capable of sending and/or receiving multicast messages
and/or to and/or from the RCS server 130. A multicast router
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122 may be local to one or more UEs 102 capable of sending
and/or receiving multicast messages. For example, if a
multicast router 122 is local to a UE 102, the multicast router
122 is designated as the component that the UE 102 com-
municates with to send and/or receive multicast messages.
In addition, the UE 102 may send a message to its local
multicast router 122 to join a multicast group of which the
UE 102 is a member. The UE 102 and its local multicast
router 122 may optionally be in the same geographic region.

A multicast router 122 may also be local to the RCS server
130. For example, the multicast router 122 local to the RCS
server 130 may work with the RCS server 130 to create a
multicast group. The RCS server 130 may also send a
message to its local multicast router 122 to join a multicast
group created by the RCS server 130 and/or the local
multicast router 122.

The non-multicast router(s) 124 may not be capable of
routing multicast messages to and/or from UEs 102. Rather,
the non-multicast router(s) 124 may be configured to route
unicast messages to and/or from UEs 102. A non-multicast
router 124 may be local to one or more UEs 102 incapable
of sending and/or receiving multicast messages. For
example, if a non-multicast router 124 is local to a UE 102,
the non-multicast router 124 is designated as the component
that the UE 102 communicates with to send and/or receive
unicast messages. The UE 102 and its local non-multicast
router 124 may optionally be in the same geographic region.

The multicast router(s) 122, the non-multicast router(s)
124, and/or other routers in the access network 120 and/or
the core network 110 may form a tree of routers that route
messages from the RCS server 130 to the UEs 102 and from
a UE 102 to the RCS server 130. For example, some of the
multicast router(s) 122 and the non-multicast router(s) 124
(e.g., those routers local to a UE 102) may be leafs in the
router tree because these routers 122 and/or 124 communi-
cate messages to and/or from UEs 102. Other multicast
router(s) 122 and non-multicast router(s) 124 (e.g., those not
local to a UE 102) may be configured to route messages
between routers so that the messages ultimately reach a UE
102 or the RCS server 130. The multicast router rendezvous
point 126 may be a router at the root of the router tree, such
that all messages transmitted by a UE 102 arrive at the
multicast router rendezvous point 126 and all messages
transmitted by the RCS server 130 pass through the multi-
cast router rendezvous point 126 for distribution to one or
more of the multicast router(s) 122, the non-multicast
router(s) 124, and/or other router(s) in the access network
120 and/or the core network 110. The multicast router
rendezvous point 126 may send messages transmitted by a
UE 102 to the RCS server 130 and may receive messages
transmitted by the RCS server 130 for distribution to other
routers.

Although the access network 120 is illustrated as a single
network, one skilled in the relevant art will appreciate that
the access network can include any number of public or
private communication networks and/or network connec-
tions.

The core network 110 provides various services to UEs
102 that are connected via the access network 120. One of
the main functions of the core network 110 is to route
telephone calls, messages, and/or other data across a public
switched telephone network (PSTN) or Internet protocol
(IP) Multimedia Subsystem (IMS). For example, the core
network 110 may include a call routing system, which routes
telephone calls, messages, and/or other data across a PSTN
or IMS. The core network 110 may provide high capacity
communication facilities that connect various nodes imple-
mented on one or more computing devices, allowing the
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nodes to exchange information via various paths. As
described herein, the core network 110 can provide services
such as SMS, MMS, instant messaging, group chat, audio
and/or video conference calls, webcasts, live television
streaming, multisource live streaming, and/or the like.

In an embodiment, the RCS server 130 uses session
initiation protocol (SIP) for control plane messages and
application-specific protocols, such as real-time transport
protocol (RTP) and/or message session relay protocol
(MSRP), for media plane messages. Control plane messages
are generally unicast messages. Media plane messages can
be unicast or multicast messages.

As illustrated in FIG. 1, the RCS server 130 may include
several components, such as a multicast group creator 131,
a multicast capability detector 132, a group inviter 133, and
a message generator 134. In an embodiment, the multicast
group creator 131 is configured to create a multicast group
in response to a request from a UE 102 transmitted over the
control plane. For example, a UE 102 may send a SIP invite
to request the creation of a new group. The UE 102 may
request the creation of a new group when the UE 102 intends
to send a message to the group over the media plane. The
SIP invite may include an address corresponding to the RCS
server 130 in the destination field, an address (e.g., IP
address) of the UE 102 in the source field, and an indication
of UEs 102 that are to be members of the group (e.g., IP
addresses of the UEs 102 that are to be members of the
group, identifiers of the UEs 102 that are to be members of
the group, etc.) in an extensible markup language (XML)
resource list field. The multicast group creator 131 can
receive the request (e.g., the SIP invite) and validate that the
UESs 102 indicated in the request to be members of the group
are registered with the telecommunications network. For
example, the multicast group creator 131 can send informa-
tion identifying the UEs 102 indicated in the request to be
members of the group to an authentication service, not
shown, and the authentication service can return an indica-
tion of whether the UEs 102 are registered or not registered
with the telecommunications network.

If the UEs 102 are validated as being registered with the
telecommunications network, the multicast group creator
131 can create a multicast group and assign an address (e.g.,
an IP address) to the multicast group. Optionally, the mul-
ticast group creator 131 can send traffic to the multicast
group until members join the multicast group. The multicast
group creator 131 can then notify the multicast router 122
local to the RCS server 131 that a multicast group has been
created, and the local multicast router 122 can then inform
the multicast router rendezvous point 126 that the multicast
group has been created. For example, the local multicast
router 122 can transmit a protocol independent multicast
(PIM) register to the multicast router rendezvous point,
where the PIM register includes an indication of the multi-
cast group address. In response to receiving the message
(e.g., the PIM register) from the local multicast router 122,
the multicast router rendezvous point 126 can begin routing
multicast traffic to group members (if UEs 102 have already
joined the multicast group) and/or can transmit PIM register-
stop messages to multicast routers 122 and/or non-multicast
routers 124 until a UE 102 joins the multicast group.

Alternatively, the multicast group creator 131 may not
create the multicast group and assign an address to the
multicast group. Rather, once the UEs 102 are validated, the
multicast group creator 131 can instruct the local multicast
router 122 to create the multicast group and assign an
address to the multicast group. The local multicast router
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122 can then inform the multicast group creator 131 of the
address assigned to the multicast group.

The multicast group creator 131 can also transmit a
message to the local multicast router 122 instructing the
local multicast router 122 to join the multicast group. For
example, the multicast group creator 131 can transmit an
Internet group management protocol (IGMP) membership
report to the local multicast router 122, where the IGMP
membership report includes the multicast group address. In
response, the local multicast router 122 can join the multi-
cast group.

Once the multicast group has been created and the local
multicast router 122 and the multicast router rendezvous
point 126 have been contacted, the multicast group creator
131 can send an acknowledgment to the UE 102 that
requested creation of the group, where the acknowledgment
includes the multicast group address. For example, the
multicast group creator 131 can transmit a 200 OK message
to the UE 102, where the 200 OK message includes an
address of the UE 102 in the destination field, an address of
the RCS server 130 in the source field, and the multicast
group address in a session description protocol (SDP) field.

Now that the multicast group has been created, the
multicast capability detector 132 can determine the capa-
bilities of the UEs 102 that are to be members of the
multicast group. For example, the multicast capability detec-
tor 132 can probe the UEs 102 that are to be members of the
multicast group to determine whether each respective UE
102 is capable of receiving and/or sending multicast mes-
sages. A UE 102 may be capable of receiving and/or sending
multicast messages if the UE 102 is configured to handle
multicast messages (e.g., obtain, unpack, and/or process
multicast messages, generate and transmit multicast mes-
sages, etc.) and/or if the router(s) or other network compo-
nents in the access network 120 and/or core network 110
with which the UE 102 communicates are configured to
handle multicast messages (e.g., if the router 122 or 124
local to the UE 102 is configured to handle multicast
messages). As an illustrative example, the multicast capa-
bility detector 132 can transmit SIP option messages to the
UEs 102 to determine whether the UEs 102 are capable of
receiving and/or sending multicast messages. A SIP option
message can include an address of a UE 102 in the desti-
nation field, an address of the RCS server 130 in the source
field, and a contact parameter (e.g., a +IGMP parameter) in
a contact parameter field.

In response to receiving a probe from the multicast
capability detector 132, a UE 102 may return a message
indicating whether or not the UE 102 is capable of receiving
and/or sending multicast messages. For example, the UE
102 may return a message indicating that the UE 102 is
incapable of receiving and/or sending multicast messages if
the UE 102 is not configured to handle multicast messages
or if the router(s) or other components in the access network
120 and/or core network 110 with which the UE 102
communicates are not configured to handle multicast mes-
sages. As an illustrative example, the UE 102 can return a
200 OK message in response to the probe (e.g., the SIP
option message). The 200 OK message can include an
address of the UE 102 in the source field and an address of
the RCS server 130 in the destination field. If the UE 102 is
capable of receiving and/or sending multicast messages,
then the UE 102 can also include, in the contact parameter
field of the 200 OK message, the contact parameter origi-
nally included in the received SIP option message (e.g., the
+IGMP parameter). Otherwise, if the UE 102 is incapable of
receiving and/or sending multicast messages, then the UE
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102 can leave the contact parameter field in the 200 OK
message blank (e.g., without the +IGMP parameter) or insert
another value (e.g., another value other than the contact
parameter originally included in the received SIP option
message) in the contact parameter field in the 200 OK
message.

The multicast capability detector 132 can use the probe
responses to classify the UEs 102 designated as being
members of the multicast group. For example, the multicast
capability detector 132 can classify UEs 102 incapable of
receiving and/or sending multicast messages as unicast UEs
102, and can classify UEs 102 capable of receiving and/or
sending multicast messages as multicast UHEs 102. The
multicast capability detector 132 can optionally provide
these classifications to the group inviter 133.

The group inviter 133 can use the classifications to invite
UEs 102 to join the multicast group. For example, the group
inviter 133 can transmit one set of invitations to multicast
UEs 102 and another set of invitations to unicast UEs 102.
The invitations sent to the multicast UEs 102 may cause the
multicast UEs 102 to join the multicast group created by the
RCS server 130, and the invitations sent to the unicast UEs
102 may cause the unicast UEs 102 to provide an address for
receiving a unicast message when a message is sent to the
multicast group. As an illustrative example, an invitation
sent by the group inviter 133 to a multicast UE 102 may be
a SIP invite message. The SIP invite message may include
an address of the multicast UE 102 in the destination field,
an address of the RCS server 130 in the source field, and the
multicast group address in the SDP field. An invitation sent
by the group inviter 133 to a unicast UE 102 may also be a
SIP invite message. Here, the SIP invite message may
include an address of the unicast UE 102 in the destination
field, an address of the RCS server 130 in the source field,
and an address of the unicast UE 102 in the SDP field (e.g.,
an SDP unicast IP address).

In response to receiving an invitation from the group
inviter 133, a multicast UE 102 may invite a multicast router
122 local to the multicast UE 102 to join the multicast group.
For example, the multicast UE 102 may transmit an IGMP
membership report to the local multicast router 122, where
the IGMP membership report includes an indication of the
multicast group address. Receipt of the invitation to join the
multicast group may cause the local multicast router 122 to
join the multicast group. Furthermore, in response to receiv-
ing the invitation from the group inviter 133, the multicast
UE 102 may transmit an acknowledgment to the group
inviter 133. For example, the acknowledgment may be a 200
OK message that includes an address of the multicast UE
102 in the source field, an address of the RCS server 130 in
the destination field, and the multicast group address in the
SDP field.

In response to receiving an invitation from the group
inviter 133, a unicast UE 102 may transmit an acknowledg-
ment to the group inviter 133. For example, the acknowl-
edgment may be a 200 OK message that includes an address
of the unicast UE 102 in the source field, an address of the
RCS server 130 in the destination field, and the address of
the unicast UE 102 (e.g., an SDP unicast IP address) in the
SDP field.

The multicast capability detector 132 and/or the group
inviter 133 may use the probe results and/or received
acknowledgements to generate and maintain an internal
multicast group capabilities state table in which each UE
102 of a multicast group is classified as a unicast UE or a
multicast UE, and corresponding unicast or multicast
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addresses are provided. An example multicast group capa-
bilities state table is described below with respect to FIG. 7.

Once the multicast UEs 102 and/or the unicast UEs 102
have received the invitations and transmitted acknowledg-
ments, the UEs 102 may be members of the multicast group.
While the unicast UEs 102 that are members of the multicast
group may be incapable of sending and/or receiving multi-
cast messages, the unicast UEs 102 may receive unicast
messages when any UE 102 that is a member of the
multicast group sends a message to the multicast group.
Likewise, if a unicast UE 102 transmits a unicast message to
the multicast group, unicast UEs 102 that are members of the
multicast group may receive unicast messages and multicast
UEs 102 that are members of the multicast group may
receive multicast messages. This functionality may be
enabled by the message generator 134.

The message generator 134 may be configured to generate
a multicast message in response to receiving a message from
a UE 102 that is intended for the multicast group, and may
be configured to replicate a message received from a UE 102
that is intended for the multicast group to form one or more
unicast messages. For example, a message transmitted by a
UE 102 that is intended for a multicast group may initially
be forwarded to the RCS server 130 (e.g., the message
generator 134). The message generator 134 may query the
multicast group capabilities state table to determine if the
multicast group includes any unicast UEs 102. If the mul-
ticast group does not include any unicast UEs 102, then the
message generator 134 may generate a multicast message
using the message received from the UE 102 and forward the
multicast message to the multicast router rendezvous point
126. Alternatively, the message received from the UE 102
may already be a multicast message, in which case the
message generator 134 can simply forward the message
received from the UE 102 to the multicast router rendezvous
point 126. The multicast router rendezvous point 126 may
then distribute the multicast message for reception by one or
more multicast routers 122 that are local to the multicast
UEs 102 that are members of the multicast group. In
particular, each multicast router 122 may receive a single
multicast message regardless of the number of multicast
UEs 102 that are local to the multicast router 122. These
local multicast router(s) 122 may then transmit the multicast
message to the multicast UEs 102 to complete the message
transmission.

If the multicast group does include one or more unicast
UEs 102, then the message generator 134 can replicate the
message received from the UE 102 a number of times that
matches the number of unicast UEs 102 that are members of
the multicast group to form one or more unicast messages.
Thus, if there are X unicast UEs 102 that are members of the
multicast group, then the message generator 134 generates X
unicast messages. The message generator 134 also generates
a single multicast message using the message received from
the UE 102 if the message received from the UE 102 is not
otherwise a multicast message (in which case the message
generator 134 could use the message received from the UE
102 as a multicast message) and if one or more multicast
UEs 102 are members of the multicast group. The message
generator 134 can then transmit the unicast message(s) and
the single multicast message to the multicast router rendez-
vous point 126. The multicast router rendezvous point 126
may then distribute the one multicast message for reception
by one or more multicast routers 122 that are local to the
multicast UEs 102 that are members of the multicast group,
and distribute the unicast message(s) for reception by one or
more non-multicast routers 124 that are local to the unicast
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UEs 102 that are members of the multicast group. In
particular, each multicast router 122 may receive a single
multicast message regardless of the number of multicast
UEs 102 that are local to the multicast router 122. However,
each non-multicast router 124 may receive a number of
unicast messages that is equal to the number of unicast UEs
102 that are local to the non-multicast router 124. The local
multicast router(s) 122 may then transmit the multicast
message to the multicast UEs 102, and the local non-
multicast router(s) 124 may then transmit the unicast mes-
sage(s) to the unicast UEs 102 to complete the message
transmission.

The messages transmitted and/or received by the multi-
cast group creator 131, the multicast capability detector 132,
and/or the group inviter 133 may be over the control plane.
The messages transmitted and/or received by the message
generator 134 may be over the media plane.

In further embodiments, the capabilities of UEs 102 may
change over time. For example, a UE 102 may initially be
classified as a multicast UE 102. However, the functionality
of the UE 102 may change (e.g., the UE 102 no longer
supports multicasting, etc.) or network conditions may
change (e.g., the router local to the UE 102 is no longer
capable of handling multicast messages) such that the UE
102 is no longer capable of receiving and/or sending mul-
ticast messages. Likewise, a UE 102 may initially be clas-
sified as a unicast UE 102. However, the functionality of the
UE 102 may change (e.g., the UE 102 now supports mul-
ticasting, etc.) or network conditions may change (e.g., the
router local to the UE 102 is now capable of handling
multicast messages) such that the UE 102 is now capable of
receiving and/or sending multicast messages. The multicast
capability detector 132 can periodically probe UEs 102 that
are members of a multicast group to determine whether the
classification of any particular UE 102 should change (e.g.,
because the UE 102 no longer supports multicasting,
because the UE 102 now supports multicasting, because
network conditions have changed so that multicasting is now
supported, because network conditions have changed so that
multicasting is now not supported, etc.). For example, the
multicast capability detector 132 can periodically send capa-
bility requests to the UEs 102 (where the UEs 102 then
respond with an indication of the current UE 102 capabili-
ties). If the multicast capability detector 132 determines that
the classification of a UE 102 should change, the multicast
capability detector 132 and/or the group inviter 133 may
update the multicast group capabilities state table accord-
ingly. The multicast capability detector 132 may also
instruct the group inviter 133 to send a multicast group
invitation (e.g., a SIP invite message that includes an address
of the UE 102 in the destination field, an address of the RCS
server 130 in the source field, and the multicast group
address in the SDP field) to a UE 102 that the multicast
capability detector 132 determines should now be classified
as a multicast UE so that the UE 102 can join the multicast
group as a multicast UE.

Alternatively or in addition, the message generator 134
may identify that the classification of a UE 102 should
change. For example, a UE 102 may be classified as a
multicast UE 102. However, the message generator 134
transmits a multicast message to the multicast UE 102, and
the message generator 134 determines that the multicast
message was not received (e.g., because an acknowledge-
ment from the multicast UE 102 was not received within a
threshold period of time), then the message generator 134
may attempt to re-send the multicast message zero or more
times. If the message generator 134 still determines that the
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multicast message was not received, then the message
generator 134 determines that the multicast UE 102 is no
longer capable of receiving and/or sending multicast mes-
sages. The message generator 134 can then generate a
unicast version of the multicast message, and transmit the
unicast message to the UE 102. If the message generator 134
then determines that the unicast message was received, the
message generator 134 can update the multicast group
capabilities state table to indicate that this UE 102 is now a
unicast UE 102.

In still further embodiments, the multicast capability
detector 132 may not probe UEs 102 each time a new
multicast group is to be created. For example, the multicast
capability detector 132 may have previously probed a UE
102 in conjunction with the creation of a previous multicast
group, and capabilities information for that UE 102 is
already stored in a multicast group capabilities state table
associated with the previous multicast group. Thus, instead
of probing the UE 102 again, the multicast capability
detector 132 can use the capabilities information stored in
the multicast group capabilities state table associated with
the previous multicast group to classify the UE 102 for the
new multicast group. Optionally, the multicast capability
detector 132 may rely on capabilities information stored in
a multicast group capabilities state table associated with a
previous multicast group if the capabilities information was
determined within a threshold period of time.

The RCS server 130 may be a single computing device or
may include multiple distinct computing devices, such as
computer servers, logically or physically grouped together
to collectively operate as a server system. The components
of the RCS server 130 can each be implemented in appli-
cation-specific hardware (e.g., a server computing device
with one or more ASICs) such that no software is necessary,
or as a combination of hardware and software. In addition,
the modules and components of the RCS server 130 can be
combined on one server computing device or separated
individually or into groups on several server computing
devices. In some embodiments, the RCS server 130 may
include additional or fewer components than illustrated in
FIG. 1.

Example Block Diagram for Creating a Multicast Group

FIG. 2A is a block diagram of the multicast environment
100 of FIG. 1 illustrating the operations performed by the
components of the multicast environment 100 to create a
multicast group, according to one embodiment. As illus-
trated in FIG. 2A, a UE 102A may transmit a request to
create a multicast group at (1) to the multicast group creator
131. The request may be transmitted over the control plane.
As an example, the request may be a SIP invite message and
indicate that UEs 102A-C are to be members of the multicast
group.

In response to receiving the request, the multicast group
creator 131 can validate the request at (2). For example, the
multicast group creator 131 can determine whether the UEs
102 indicated in the request that are to be part of the new
multicast group are registered with the telecommunications
network. If the UEs 102 are validated, the multicast group
creator 131 can assign an IP address to the multicast group
at (3). The multicast group creator 131 may then transmit an
identification of the assigned multicast group IP address to
multicast router 122RCS at (4). For example, multicast
router 122RCS may be a multicast router that is local to the
RCS server 130 and may be located in the core network 110.

The multicast router 122RCS may transmit a multicast
register message to the multicast router rendezvous point
126 at (5). For example, the multicast register message may
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be a PIM register message that includes the multicast group
IP address. Before, during, or after the multicast router
122RCS transmits the multicast register message, the mul-
ticast group creator 131 transmits to the multicast router
122RCS a request to join the multicast group at (6). For
example, the request to join the multicast group may be an
IGMP membership report message and include the multicast
group IP address.

The multicast group creator 131 may transmit multicast
group information to the UE 102A at (7) to complete the
multicast group creation process. For example, the multicast
group information transmitted to the UE 102A may include
the multicast group IP address.

FIG. 2B is a call flow diagram corresponding to the block
diagram of FIG. 2A, according to one embodiment. For
example, FIG. 2B illustrates the operations performed by the
components of the multicast environment 100 to create a
multicast group. As illustrated in FIG. 2B, the UE 102A may
transmit a request to create a multicast group at (1) to the
RCS server 130. As an example, the request may be a SIP
invite message and indicate that UEs 102A-C are to be
members of the multicast group.

In response, the RCS server 130 can validate the request,
assign an P address to a multicast group, and/or transmit
traffic to the multicast group via the multicast router 122RCS
at (2) until the multicast group is created. For example, the
RCS server 130 may transmit an identification of the
assigned multicast group IP address to the multicast router
122RCS.

The multicast router 122RCS may transmit a multicast
register message to the multicast router rendezvous point
126 at (3). For example, the multicast register message may
be a PIM register message that includes the multicast group
IP address. Reception of the multicast register message may
cause the multicast router rendezvous point 126 to start
routing multicast traffic to multicast group members and/or
send a stop message (e.g., a PIM register-stop message) until
a multicast group member has joined the group.

Before, during, or after the multicast router 122RCS
transmits the multicast register message, the RCS server 130
transmits to the multicast router 122RCS a request to join the
multicast group at (4). For example, the request to join the
multicast group may be an IGMP membership report mes-
sage and include the multicast group IP address.

The RCS server 130 may transmit multicast group infor-
mation to the UE 102A at (5) to complete the multicast
group creation process. For example, the multicast group
information transmitted to the UE 102A may include the
multicast group IP address.

Example Block Diagram for Probing Capabilities of UEs
102

FIG. 3A is a block diagram of the multicast environment
100 of FIG. 1 illustrating the operations performed by the
components of the multicast environment 100 to determine
the capabilities of UEs 102A-C and classify the UEs
102A-C accordingly, according to one embodiment. As
illustrated in FIG. 3A, the multicast capability detector 132
can transmit a capability request to the UE 102A at (1A),
transmit a capability request to the UE 102B at (1B), and
transmit a capability request to the UE 102C at (1C). The
multicast capability detector 132 may transmit the capability
requests simultaneously, nearly simultaneously (e.g., the
transmission overlap in time), or in sequence. The capability
request may be a SIP option message.

In response to the capability requests, the UE 102A may
transmit to the multicast capability detector 132 capability
data at (2A), the UE 102B may transmit to the multicast
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capability detector 132 capability data at (2B), and the UE
102C may transmit to the multicast capability detector 132
capability data at (2C). The UEs 102A-C may transmit the
capability data simultaneously, nearly simultaneously, or in
sequence. As an example, the UEs 102A-C may transmit the
capability data in the form of a 200 OK message in which
the contact parameter field is blank if the UE 102A-C is
incapable of sending and/or receiving multicast messages
and includes a contact parameter if the UE 102A-C is
capable of sending and/or receiving multicast messages.

The multicast capability detector 132 can use the trans-
mitted capability data to classify each UE 102A-C as a
multicast UE or a unicast UE at (3). For example, if a UE
102A-C indicates a capability of sending and/or receiving
multicast messages, then the multicast capability detector
132 classifies that UE 102A-C as a multicast UE. Likewise,
if a UE 102A-C indicates the lack of a capability of sending
and/or receiving multicast messages, then the multicast
capability detector 132 classifies that UE 102A-C as a
unicast UE. The multicast capability detector 132 can then
transmit the UE 102A-C classification to the group inviter
133 at (4). Optionally, the multicast capability detector 132
can update a multicast group capabilities state table associ-
ated with the multicast group to reflect the UE 102A-C
classification.

FIG. 3B is a call flow diagram corresponding to the block
diagram of FIG. 3A, according to one embodiment. For
example, FIG. 3B illustrates the operations performed by the
components of the multicast environment 100 to determine
the capabilities of UEs 102A-C and classify the UEs
102A-C accordingly. As illustrated in FIG. 3B, the RCS
server 130 can transmit a capability request to the UE 102A
at (1A), transmit a capability request to the UE 102B at (1B),
and transmit a capability request to the UE 102C at (1C).
The RCS server 130 may transmit the capability requests
simultaneously, nearly simultaneously (e.g., the transmis-
sion overlap in time), or in sequence. The capability request
may be a SIP option message and include a contact param-
eter.

In response to the capability requests, the UE 102A may
transmit a response (e.g., transmit capability data) to the
RCS server 130 that includes the contact parameter at (2A),
the UE 102B may transmit a response to the RCS server 130
that includes the contact parameter at (2B), and the UE 102C
may transmit a response to the RCS server 130 that does not
include the contact parameter at (2C). The UEs 102A-C may
transmit the responses simultaneously, nearly simultane-
ously, or in sequence. As an example, the UEs 102A-C may
transmit the response in the form of a 200 OK message.
Including the contact parameter may indicate that the UE
102A-C is capable of sending and/or receiving multicast
messages and not including the contact parameter (e.g.,
leaving the contact parameter field blank) may indicate that
the UE 102A-C is incapable of sending and/or receiving
multicast messages. Thus, UEs 102A-B are capable and UE
102C is incapable of sending and/or receiving multicast
messages.

Example Block Diagram for Inviting UEs 102 to Join a
Multicast Group

FIG. 4A is a block diagram of the multicast environment
100 of FIG. 1 illustrating the operations performed by the
components of the multicast environment 100 to invite UEs
102A-C to join the multicast group, according to one
embodiment. FIG. 4A is illustrated to depict an embodiment
in which UE 102A and UE 102B indicated that they are
capable of sending and/or receiving multicast messages and
in which UE 102C indicated that it is incapable of sending
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and/or receiving multicast messages. As illustrated in FIG.
4A, the group inviter 133 can transmit a multicast group
invite to the UE 102A at (1A), transmit a multicast group
invite to the UE 102B at (1B), and transmit a unicast invite
to the UE 102C at (1C). The group inviter 133 may transmit
the invites in simultaneously, nearly simultaneously (e.g.,
the transmission overlap in time), or in sequence. The invites
may be SIP invite messages.

In response to the invites, the UE 102A transmits an invite
to join the multicast group to the multicast router 122A at
(2A), and the UE 102B transmits an invite to join the
multicast group to the multicast router 122B at (2B). The
multicast router 122A may be local to the UE 102A, and the
multicast router 122B may be local to the UE 102B. The
invites transmitted by the UEs 102A-B may include the
multicast group IP address. The multicast routers 122A-B
may then join the multicast group.

The UE 102A may then transmit to the group inviter 133
an invite response at (3A), the UE 102B may transmit to the
group inviter 133 an invite response at (3B), and the UE
102C may transmit to the group inviter 133 an invite
response at (3C). The UEs 102A-C may transmit the invite
responses simultaneously, nearly simultaneously, or in
sequence. The invite responses transmitted by the UEs
102A-B may include the multicast group IP address,
whereas the invite response transmitted by the UE 102C
may include the IP address of the UE 102C (such that
messages sent to the multicast group IP address are also sent
to the UE 102C IP address).

The group inviter 133 can then update the multicast group
capabilities state table at (4) using the information provided
by the invite responses. For example, the group inviter 133
can update the multicast group capabilities state table to
include the multicast group IP addresses and/or UE 102C IP
address included in the invite responses.

FIG. 4B is a call flow diagram corresponding to the block
diagram of FIG. 4A, according to one embodiment. For
example, FIG. 4B illustrates the operations performed by the
components of the multicast environment 100 to invite UEs
102A-C to join the multicast group. As illustrated in FIG.
4B, the RCS server 130 can transmit a multicast group invite
to the UE 102A at (1A), transmit a multicast group invite to
the UE 102B at (1B), and transmit a multicast group invite
to the UE 102C at (1C). Alternatively, the RCS server 130
can transmit a unicast invite to the UE 102C given that the
UE 102C has indicated that the UE 102C is incapable of
sending and/or receiving multicast messages. The RCS
server 130 may transmit the invites in simultaneously, nearly
simultaneously (e.g., the transmission overlap in time), or in
sequence. The invites may be SIP invite messages.

In response to the invites, the UE 102A transmits an invite
to join the multicast group to the multicast router 122A at
(2A), and the UE 102B transmits an invite to join the
multicast group to the multicast router 122B at (2B). The
invites transmitted by the UEs 102A-B may include the
multicast group IP address. The multicast routers 122A-B
may then join the multicast group.

The UE 102A may then transmit to the RCS server 130 a
response with the multicast group IP address at (3A), the UE
102B may transmit to the RCS server 130 a response with
the multicast group IP address at (3B), and the UE 102C may
transmit to the RCS server 130 a response with the unicast
IP address of the UE 102C at (3C). The UEs 102A-C may
transmit the responses simultaneously, nearly simultane-
ously, or in sequence.
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Example Block Diagrams for Routing a Message Originat-
ing from a Multicast UE

FIGS. 5A-5B are block diagrams of the multicast envi-
ronment 100 of FIG. 1 illustrating the operations performed
by the components of the multicast environment 100 to route
a message originating from a multicast UE 102A, according
to one embodiment. FIG. 5A is illustrated to depict an
embodiment in which UE 102B and UE 102C do not share
the same local router. Rather, multicast router 122B is local
to UE 102B and non-multicast router 124C is local to UE
102C. As illustrated in FIG. 5A, the UE 102A transmits a
multicast message to the multicast router 122A at (1). The
multicast router 122A may be local to the UE 102A. The
multicast router 122A may then forward the multicast mes-
sage to the message generator 134 at (2) via one or more
routers in the access network 120 and/or the core network
110 and via the multicast router rendezvous point 126, where
such intermediary transmissions are not shown for simplic-
ity.

The message generator 134 may receive the multicast
message transmitted by the UE 102A (e.g., via the multicast
router rendezvous point 126) and generate a unicast message
using the multicast message at (3). For example, the multi-
cast message transmitted by the UE 102A may include the
multicast group IP address for the multicast group created
with respect to FIG. 2A (e.g., in the destination field). The
message generator 134 may use this multicast group IP
address (or any other identifier of a corresponding multicast
group) to retrieve and query the multicast group capabilities
state table for the multicast group corresponding to the
multicast group IP address to determine whether any UEs
102 that are members of the multicast group are unicast UEs.
Here, the UE 102C is a unicast UE that is a member of the
multicast group. Thus, the message generator 134 replicates
the multicast message once to form the unicast message. If
other UEs 102 that are members of the multicast group are
also unicast UEs, then the message generator 134 may repeat
the replication a number of times equaling the number of
UEs 102 that are members of the multicast group and that
are unicast UEs.

The message generator 134 then transmits 1 multicast
message and 1 unicast message to the multicast router
122RCS at (4). The message generator 134 would transmit
1 multicast message even if there is more than one multicast
UE (not including the source UE 102A) that is a member of
the multicast group. The multicast router 122RCS then
transmits the 1 multicast message and the 1 unicast message
to the multicast router rendezvous point 126 at (5). Alter-
natively, the message generator 134 can transmit the 1
multicast message and the 1 unicast message directly to the
multicast router rendezvous point 126.

The multicast router rendezvous point 126 can then
transmit the 1 multicast message to the multicast router
122B at (6), optionally via one or more routers present in the
access network 120 and/or the core network 110. The
multicast router 122B then transmits the 1 multicast message
to the UE 102B at (7).

Before, during, or after transmitting the 1 multicast mes-
sage to the multicast router 122B, the multicast router
rendezvous point 126 transmits the 1 unicast message to the
non-multicast router 124C at (8), optionally via one or more
routers present in the access network 120 and/or the core
network 110. The non-multicast router 124C then transmits
the 1 unicast message to the UE 102C at (9).

In some embodiments, not shown, the multicast router
rendezvous point 126 also transmits the 1 multicast message
to the multicast router 122A, optionally via one or more
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routers present in the access network 120 and/or the core
network 110, so that the multicast router 122A can forward
the multicast message to the UE 102A (even though the UE
102A is the source of the communication).

FIG. 5B is illustrated to depict an embodiment in which
UE 102B and UE 102C do share the same local router. For
example, multicast router 122B may be local to UE 102B
and UE 102C. Here, UE 102C may be classified as a unicast
UE because the UE 102C is not capable of handling mul-
ticast messages. UE 102C may have been classified as a
multicast UE if the UE 102C could handle multicast mes-
sages given that the router local to the UE 102 is capable of
handling multicast messages. As illustrated in FIG. 5B, the
UE 102A transmits a multicast message to the multicast
router 122A at (1). The multicast router 122A may be local
to the UE 102A. The multicast router 122A may then
forward the multicast message to the message generator 134
at (2) via one or more routers in the access network 120
and/or the core network 110 and via the multicast router
rendezvous point 126, where such intermediary transmis-
sions are not shown for simplicity.

The message generator 134 may receive the multicast
message transmitted by the UE 102A (e.g., via the multicast
router rendezvous point 126) and generate a unicast message
using the multicast message at (3). For example, the multi-
cast message transmitted by the UE 102A may include the
multicast group 1P address for the multicast group created
with respect to FIG. 2A (e.g., in the destination field). The
message generator 134 may use this multicast group IP
address (or any other identifier of a corresponding multicast
group) to retrieve and query the multicast group capabilities
state table for the multicast group corresponding to the
multicast group IP address to determine whether any UEs
102 that are members of the multicast group are unicast UEs.
Here, the UE 102C is a unicast UE that is a member of the
multicast group. Thus, the message generator 134 replicates
the multicast message once to form the unicast message. If
other UEs 102 that are members of the multicast group are
also unicast UEs, then the message generator 134 may repeat
the replication a number of times equaling the number of
UEs 102 that are members of the multicast group and that
are unicast UEs.

The message generator 134 then transmits 1 multicast
message and 1 unicast message to the multicast router
122RCS at (4). The message generator 134 would transmit
1 multicast message even if there is more than one multicast
UE (not including the source UE 102A) that is a member of
the multicast group. The multicast router 122RCS then
transmits the 1 multicast message and the 1 unicast message
to the multicast router rendezvous point 126 at (5). Alter-
natively, the message generator 134 can transmit the 1
multicast message and the 1 unicast message directly to the
multicast router rendezvous point 126.

The multicast router rendezvous point 126 can then
transmit the 1 multicast message and the 1 unicast message
to the multicast router 122B at (6), optionally via one or
more routers present in the access network 120 and/or the
core network 110. The multicast router 122B then transmits
the 1 multicast message to the UE 102B at (7). Before,
during, or after transmitting the 1 multicast message to the
UE 102B, the multicast router 122B transmits the 1 unicast
message to the UE 102C at (8).

In some embodiments, not shown, the multicast router
rendezvous point 126 also transmits the 1 multicast message
to the multicast router 122A, optionally via one or more
routers present in the access network 120 and/or the core
network 110, so that the multicast router 122A can forward
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the multicast message to the UE 102A (even though the UE
102A is the source of the communication).
Example Block Diagrams for Routing a Message Originat-
ing from a Unicast UE

FIGS. 6A-6B are block diagrams of the multicast envi-
ronment 100 of FIG. 1 illustrating the operations performed
by the components of the multicast environment 100 to route
a message originating from a unicast UE 102C, according to
one embodiment. FIG. 6A is illustrated to depict an embodi-
ment in which UE 102A and UE 102B do not share the same
local router. Rather, multicast router 122A is local to UE
102A and multicast router 122B is local to UE 102B. As
illustrated in FIG. 6A, the UE 102C transmits a unicast
message to the non-multicast router 124C at (1). The non-
multicast router 124C may be local to the UE 102C. The
non-multicast router 124C may then forward the unicast
message to the message generator 134 at (2) via one or more
routers in the access network 120 and/or the core network
110 and via the multicast router rendezvous point 126, where
such intermediary transmissions are not shown for simplic-
ity.

The message generator 134 may receive the unicast
message transmitted by the UE 102C (e.g., via the multicast
router rendezvous point 126) and generate a multicast mes-
sage using the unicast message at (3). For example, the
unicast message may identify a multicast group (e.g., the
multicast group IP address), and the message generator 134
may use this information to retrieve and query the multicast
group capabilities state table for the corresponding multicast
group to determine whether any UEs 102 that are members
of the multicast group are unicast UEs. Here, the UE 102C
is a unicast UE that is a member of the multicast group.
However, the message generator 134 may not replicate the
unicast message because only one UE 102A-C in the mul-
ticast group is a unicast UE. The message generator 134 can
then optionally modify fields of the unicast message (e.g., to
change a source address) to generate the multicast message.

The message generator 134 then transmits 1 multicast
message and 1 unicast message to the multicast router
122RCS at (4). The message generator 134 transmits 1
multicast message even though two UEs, UE 102A and
102B, are multicast UEs that are intended recipients of the
message transmitted by the UE 102C. The multicast router
122RCS then transmits the 1 multicast message and the 1
unicast message to the multicast router rendezvous point 126
at (5). Alternatively, the message generator 134 can transmit
the 1 multicast message and the 1 unicast message directly
to the multicast router rendezvous point 126.

The multicast router rendezvous point 126 can then
transmit the 1 multicast message to the multicast router
122B at (6), optionally via one or more routers present in the
access network 120 and/or the core network 110. The
multicast router 122B then transmits the 1 multicast message
to the UE 102B at (7).

Before, during, or after transmitting the 1 multicast mes-
sage to the multicast router 122B, the multicast router
rendezvous point 126 also transmits the 1 multicast message
to the multicast router 122A at (8), optionally via one or
more routers present in the access network 120 and/or the
core network 110. The multicast router 122A then transmits
the 1 multicast message to the UE 102A at (9).

In some embodiments, not shown, the multicast router
rendezvous point 126 also transmits the 1 unicast message to
the non-multicast router 124C, optionally via one or more
routers present in the access network 120 and/or the core
network 110, so that the non-multicast router 124C can
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forward the unicast message to the UE 102C (even though
the UE 102C is the source of the communication).

FIG. 6B is illustrated to depict an embodiment in which
UE 102A and UE 102B do share the same local router. For
example, multicast router 122B may be local to UE 102A
and UE 102B. As illustrated in FIG. 6B, the UE 102C
transmits a unicast message to the non-multicast router 124C
at (1). The non-multicast router 124C may be local to the UE
102C. The non-multicast router 124C may then forward the
unicast message to the message generator 134 at (2) via one
or more routers in the access network 120 and/or the core
network 110 and via the multicast router rendezvous point
126, where such intermediary transmissions are not shown
for simplicity.

The message generator 134 may receive the unicast
message transmitted by the UE 102C (e.g., via the multicast
router rendezvous point 126) and generate a multicast mes-
sage using the unicast message at (3). For example, the
unicast message may identify a multicast group (e.g., the
multicast group IP address), and the message generator 134
may use this information to retrieve and query the multicast
group capabilities state table for the corresponding multicast
group to determine whether any UEs 102 that are members
of the multicast group are unicast UEs. Here, the UE 102C
is a unicast UE that is a member of the multicast group.
However, the message generator 134 may not replicate the
unicast message because only one UE 102A-C in the mul-
ticast group is a unicast UE. The message generator 134 can
then optionally modify fields of the unicast message (e.g., to
change a source address) to generate the multicast message.

The message generator 134 then transmits 1 multicast
message and 1 unicast message to the multicast router
122RCS at (4). The message generator 134 transmits 1
multicast message even though two UEs, UE 102A and
102B, are multicast UEs that are intended recipients of the
message transmitted by the UE 102C. The multicast router
122RCS then transmits the 1 multicast message and the 1
unicast message to the multicast router rendezvous point 126
at (5). Alternatively, the message generator 134 can transmit
the 1 multicast message and the 1 unicast message directly
to the multicast router rendezvous point 126.

The multicast router rendezvous point 126 can then
transmit the 1 multicast message to the multicast router
122B at (6), optionally via one or more routers present in the
access network 120 and/or the core network 110. The
multicast router 122B then transmits the 1 multicast message
to the UE 102B at (7). Before, during, or after transmitting
the 1 multicast message to the multicast router UE 102B, the
multicast router 122B transmits the 1 multicast message to
the UE 102A at (8). Thus, the message generator 134
transmits 1 multicast message even though two multicast
UEs are the intended recipients of the message. This is
unlike systems that rely on unicast messages, in which the
message generator 134 would have to transmit two inde-
pendent unicast messages (one intended for UE 102A and
one intended for UE 102B) to complete the message trans-
mission process. Thus, the techniques implemented by the
RCS server 130 can reduce the telecommunications network
(e.g., the core network 110 and/or the access network 120)
load, resulting in improved service performance, regardless
of the number of UEs that are members of a group.

In some embodiments, not shown, the multicast router
rendezvous point 126 also transmits the 1 unicast message to
the non-multicast router 124C, optionally via one or more
routers present in the access network 120 and/or the core
network 110, so that the non-multicast router 124C can
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forward the unicast message to the UE 102C (even though
the UE 102C is the source of the communication).
Example Multicast Group Capabilities State Table

FIG. 7 illustrates an example multicast group capabilities
state table 700, according to one embodiment. The table 700
may be created and/or updated by the multicast capabilities
detector 132, the group inviter 133, and/or the message
generator 134 as described herein. The table 700 may
correspond to a specific multicast group.

As illustrated in FIG. 7, the table 700 depicts the IDs of
UEs that are members of a particular multicast group. For
example, the table depicts the IDs of UEs 102A-C. The table
700 further depicts the multicast group IP address for the
UEs (e.g., UEs 102A-B) that are multicast UEs. The table
700 further depicts the unicast IP address for the UEs (e.g.
UE 102C) that are unicast UEs. As described herein, the
table 700 may be updated if the capabilities of the UEs
102A-C and/or the routers local to the UEs 102A-C change.
Example Multicast Group Creation Routine

FIG. 8 is a flow diagram depicting a multicast group
creation routine 800 illustratively implemented by a RCS
server, according to one embodiment. As an example, the
RCS server 130 of FIG. 1 can be configured to execute the
multicast group creation routine 800. The multicast group
creation routine 800 begins at block 802.

At block 804, a request from a first UE is received to
create a multicast group. The request may be received when
the first UE intends to send a message to a group of UEs. The
request may include a list of UEs that are to be members of
the group.

At block 806, a multicast group is created. For example,
a multicast group address may be assigned to a new multi-
cast group. The multicast group address may be assigned
once the UEs designated as being members of the group are
validated as being registered with the telecommunications
network.

At block 808, the UE multicast capabilities are probed.
For example, the UEs are probed to determine whether the
UEs are capable of sending and/or receiving multicast
messages. In response to the probes, the UEs may respond
with information indicating their respective multicast capa-
bilities.

At block 810, each UE is classified as being a multicast
UE or a unicast UE based on the probed capabilities. For
example, a UE is classified as a multicast UE if the UE is
capable of sending and/or receiving multicast messages
(e.g., the UE is capable of handling multicast messages and
one or more routers or other network components in com-
munication with the UE are capable of handling multicast
messages). A UE is classified as a unicast UE if the UE is
incapable of sending and/or receiving multicast messages
(e.g., the UE is incapable of handling multicast messages or
one or more routers or other network components in com-
munication with the UE are incapable of handling multicast
messages).

At block 812, unicast invites are transmitted to the unicast
UEs. For example, the unicast UEs may respond to the
invites with an acknowledgement that includes a unicast IP
address to which messages intended for the multicast group
should be sent.

At block 814, multicast group invites are transmitted to
the multicast UEs. For example, the multicast UEs may
respond to the invites with an acknowledgement that
includes the multicast group address. The multicast UEs
may also respond to the invites by inviting their respective
local routers to join the multicast group.
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Blocks 812 and 814 can be performed simultaneously,
nearly simultaneously, or in sequence. Once the invites are
transmitted and acknowledgements are received, the multi-
cast group creation routine 800 may be complete, as shown
at block 816.

Terminology

All of the methods and tasks described herein may be
performed and fully automated by a computer system. The
computer system may, in some cases, include multiple
distinct computers or computing devices (e.g., physical
servers, workstations, storage arrays, cloud computing
resources, etc.) that communicate and interoperate over a
network to perform the described functions. Each such
computing device typically includes a processor (or multiple
processors) that executes program instructions or modules
stored in a memory or other non-transitory computer-read-
able storage medium or device (e.g., solid state storage
devices, disk drives, etc.). The various functions disclosed
herein may be embodied in such program instructions, or
may be implemented in application-specific circuitry (e.g.,
ASICs or FPGAs) of the computer system. Where the
computer system includes multiple computing devices, these
devices may, but need not, be co-located. The results of the
disclosed methods and tasks may be persistently stored by
transforming physical storage devices, such as solid state
memory chips or magnetic disks, into a different state. In
some embodiments, the computer system may be a cloud-
based computing system whose processing resources are
shared by multiple distinct business entities or other users.

Depending on the embodiment, certain acts, events, or
functions of any of the processes or algorithms described
herein can be performed in a different sequence, can be
added, merged, or left out altogether (e.g., not all described
operations or events are necessary for the practice of the
algorithm). Moreover, in certain embodiments, operations or
events can be performed concurrently, e.g., through multi-
threaded processing, interrupt processing, or multiple pro-
cessors or processor cores or on other parallel architectures,
rather than sequentially.

The various illustrative logical blocks, modules, routines,
and algorithm steps described in connection with the
embodiments disclosed herein can be implemented as elec-
tronic hardware (e.g., ASICs or FPGA devices), computer
software that runs on computer hardware, or combinations
of'both. Moreover, the various illustrative logical blocks and
modules described in connection with the embodiments
disclosed herein can be implemented or performed by a
machine, such as a processor device, a digital signal pro-
cessor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof
designed to perform the functions described herein. A pro-
cessor device can be a microprocessor, but in the alternative,
the processor device can be a controller, microcontroller, or
state machine, combinations of the same, or the like. A
processor device can include electrical circuitry configured
to process computer-executable instructions. In another
embodiment, a processor device includes an FPGA or other
programmable device that performs logic operations without
processing computer-executable instructions. A processor
device can also be implemented as a combination of com-
puting devices, e.g., a combination of a DSP and a micro-
processor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any
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other such configuration. Although described herein primar-
ily with respect to digital technology, a processor device
may also include primarily analog components. For
example, some or all of the rendering techniques described
herein may be implemented in analog circuitry or mixed
analog and digital circuitry. A computing environment can
include any type of computer system, including, but not
limited to, a computer system based on a microprocessor, a
mainframe computer, a digital signal processor, a portable
computing device, a device controller, or a computational
engine within an appliance, to name a few.

The elements of a method, process, routine, or algorithm
described in connection with the embodiments disclosed
herein can be embodied directly in hardware, in a software
module executed by a processor device, or in a combination
of the two. A software module can reside in RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM,
or any other form of a non-transitory computer-readable
storage medium. An exemplary storage medium can be
coupled to the processor device such that the processor
device can read information from, and write information to,
the storage medium. In the alternative, the storage medium
can be integral to the processor device. The processor device
and the storage medium can reside in an ASIC. The ASIC
can reside in a user terminal. In the alternative, the processor
device and the storage medium can reside as discrete com-
ponents in a user terminal.

Conditional language used herein, such as, among others,
can,” “could,” “might,” “may,” “e.g.,” and the like, unless
specifically stated otherwise, or otherwise understood within
the context as used, is generally intended to convey that
certain embodiments include, while other embodiments do
not include, certain features, elements or steps. Thus, such
conditional language is not generally intended to imply that
features, elements or steps are in any way required for one
or more embodiments or that one or more embodiments
necessarily include logic for deciding, with or without other
input or prompting, whether these features, elements or steps
are included or are to be performed in any particular
embodiment. The terms “comprising,” “including,” “hav-
ing,” and the like are synonymous and are used inclusively,
in an open-ended fashion, and do not exclude additional
elements, features, acts, operations, and so forth. Also, the
term “or” is used in its inclusive sense (and not in its
exclusive sense) so that when used, for example, to connect
a list of elements, the term “or” means one, some, or all of
the elements in the list.

Disjunctive language such as the phrase “at least one of X,
Y, or Z,” unless specifically stated otherwise, is otherwise
understood with the context as used in general to present that
an item, term, etc., may be either X, Y, or Z, or any
combination thereof (e.g., X, Y, or Z). Thus, such disjunctive
language is not generally intended to, and should not, imply
that certain embodiments require at least one of X, at least
one of Y, and at least one of Z to each be present.

While the above detailed description has shown,
described, and pointed out novel features as applied to
various embodiments, it can be understood that various
omissions, substitutions, and changes in the form and details
of the devices or algorithms illustrated can be made without
departing from the spirit of the disclosure. As can be
recognized, certain embodiments described herein can be
embodied within a form that does not provide all of the
features and benefits set forth herein, as some features can
be used or practiced separately from others. The scope of
certain embodiments disclosed herein is indicated by the
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appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A computer-implemented method comprising:

obtaining, from a first user equipment (UE), a request to

create a multicast group, wherein the first UE is capable
of handling multicast messages;

transmitting a multicast invite message to the first UE,

wherein reception of the multicast invite message
causes the first UE to become a member of the multi-
cast group; and
transmitting a unicast invite message to a second UE
incapable of handling multicast messages, wherein
reception of the unicast invite message causes the
second UE to become a member of the multicast group;

wherein the computer-implemented method is imple-
mented by a computing system comprising physical
hardware and operating in a core network of the
telecommunications network.

2. The computer-implemented method of claim 1, further
comprising:

transmitting a first session initiation protocol (SIP) option

message to the first UE, wherein the first SIP option
message comprises first data; and

receiving, in response to the first SIP option message, a

first 200 OK message that comprises the first data.

3. The computer-implemented method of claim 1, further
comprising:

transmitting a session initiation protocol (SIP) option

message to the second UE, wherein the SIP option
message comprises first data; and

receiving, in response to the SIP option message, a 200

OK message that comprises data other than the first
data.

4. The computer-implemented method of claim 1, further
comprising:

receiving, from the first UE in response to the multicast

invite message, a first acknowledgement message that
comprises an address assigned to the multicast group;
and

receiving, from the second UE in response to the unicast

invite message, a second acknowledgement message
that comprises an address of the second UE.
5. The computer-implemented method of claim 1, further
comprising transmitting a second multicast invite message
to the second UE in response to the second UE becoming
capable of handling multicast messages.
6. Non-transitory, computer-readable storage media com-
prising computer-executable instructions, wherein the com-
puter-executable instructions, when executed by a computer
system, cause the computer system to:
obtain, from a multicast-capable first user equipment
(UE), a request to create a multicast group;

transmit a multicast invite message to the first UE,
wherein reception of the multicast invite message
causes the first UE to become a member of the multi-
cast group; and

transmit a unicast invite message to a unicast-capable

second UE, wherein reception of the unicast invite
message causes the second UE to become a member of
the multicast group.

7. The non-transitory, computer-readable storage media of
claim 6, wherein the computer-executable instructions fur-
ther cause the computer system to:
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transmit a first session initiation protocol (SIP) option
message to the first UE, wherein the first SIP option
message comprises first data; and

process a first 200 OK message received from the first UE

that comprises the first data.

8. The non-transitory, computer-readable storage media of
claim 6, wherein the computer-executable instructions fur-
ther cause the computer system to:

transmit a session initiation protocol (SIP) option message

to the second UE, wherein the SIP option message
comprises first data; and

process a 200 OK message received from the second UE

that comprises data other than the first data.
9. The non-transitory, computer-readable storage media of
claim 6, wherein the computer-executable instructions fur-
ther cause the computer system to:
process a first acknowledgement message received from
the first UE in response to the multicast invite message,
wherein the first acknowledgement message comprises
an address assigned to the multicast group; and

process a second acknowledgement message received
from the second UE in response to the unicast invite
message, wherein the second acknowledgement mes-
sage comprises an address of the second UE.

10. The non-transitory, computer-readable storage media
of claim 6, wherein the computer-executable instructions
further cause the computer system to transmit a second
multicast invite message to the second UE in response to the
second UE becoming capable of handling multicast mes-
sages.

11. The non-transitory, computer-readable storage media
of claim 6, wherein a first multicast router is local to the first
UE.

12. The non-transitory, computer-readable storage media
of claim 11, wherein the computer-executable instructions
further cause the computer system to:

process a message transmitted by the second UE, wherein

the message comprises an address of the multicast
group in a destination field;

generate a multicast message using the message transmit-

ted by the second UE; and

transmit a single copy of the multicast message for

reception by the first multicast router, wherein recep-
tion of the multicast message causes the first multicast
router to transmit the multicast message to the first UE.

13. The non-transitory, computer-readable storage media
of claim 11, wherein reception of the multicast invite mes-
sage causes the first UE to invite the first multicast router to
become a member of the multicast group.

14. A core network comprising:

a multicast router rendezvous point; and

a computing system comprising a processor in commu-

nication with the multicast router rendezvous point and

configured with specific computer-executable instruc-

tions to:

obtain, from a multicast-capable first user equipment
(UE), a request to create a multicast group;

cause the multicast router rendezvous point to join the
multicast group;
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transmit a multicast invite message to the first UE,
wherein reception of the multicast invite message
causes the first UE to become a member of the
multicast group; and

transmit a unicast invite message to a unicast-capable
second UE, wherein reception of the unicast invite
message causes the second UE to become a member
of the multicast group.

15. The core network of claim 14, wherein the computing
system is further configured with specific computer-execut-
able instructions to:

transmit a first session initiation protocol (SIP) option

message to the first UE, wherein the first SIP option
message comprises first data; and

process a first 200 OK message received from the first UE

that comprises the first data.

16. The core network of claim 14, wherein the computing
system is further configured with specific computer-execut-
able instructions to:

transmit a session initiation protocol (SIP) option message

to the second UE, wherein the SIP option message
comprises first data; and

process a 200 OK message received from the second UE

that comprises data other than the first data.
17. The core network of claim 14, wherein the computing
system is further configured with specific computer-execut-
able instructions to:
process a first acknowledgement message received from
the first UE in response to the multicast invite message,
wherein the first acknowledgement message comprises
an address assigned to the multicast group; and

process a second acknowledgement message received
from the second UE in response to the unicast invite
message, wherein the second acknowledgement mes-
sage comprises an address of the second UE.

18. The core network of claim 14, wherein the computing
system is further configured with specific computer-execut-
able instructions to transmit a second multicast invite mes-
sage to the second UE in response to the second UE
becoming capable of handling multicast messages.

19. The core network of claim 18, wherein a first multicast
router is local to the first UE.

20. The core network of claim 18, wherein the computing
system is further configured with specific computer-execut-
able instructions to:

process a message transmitted by the second UE via the

multicast router rendezvous point, wherein the message
comprises an address of the multicast group in a
destination field;

generate a multicast message using the message transmit-

ted by the second UE; and

transmit a single copy of the multicast message for

reception by the first multicast router via the multicast
router rendezvous point, wherein reception of the mul-
ticast message causes the first multicast router to trans-
mit the multicast message to the first UE.
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