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(57) Abstract: In an embodiment, a user equipment (UE) determines
to originate a communication session, and the UE further determines
whether an access network serving the UE supports header compres-
sion. Based on the header compression determination, the UE estab-
lishes on a given bundling factor (BF). The UE transmits a first set of
media packets to a server during the communication session, the first
set of media packets each including a first number of media frames
based on the given BF. The server determines target BF(s) for target
UE(s) and determines whether to modify the given BF based on the
target BF(s). Based on these determinations, the server transmits a
second set of media packets either unmodified from the first stream of
data packets, or modified based on the target BF(s). The target UE(s)
receive the second stream of data packets and set a de-jitter buffer size
based on the associated BF.
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ADJUSTING A BUNDLING FACTOR AND DE-JITTER BUFFER SIZE

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

[0001] The present Application for Patent claims priority to Provisional Application
No. 61/560,002 entitled “ADJUSTING A BUNDLING FACTOR FOR A
COMMUNICATION SESSION BASED ON WHETHER A TARGET ACCESS
NETWORK SUPPORTS HEADER COMPRESSION?”, filed November 15, 2011, and

assigned to the assignee hereof and hereby expressly incorporated by reference herein.

BACKGROUND OF THE INVENTION
1 Field of the Invention

[0002] Embodiments of the invention relate to adjusting a bundling factor for a
communication session based on whether a target access network supports header

compression.

2. Description of the Related Art

[0003] Wireless communication systems have developed through various generations,
including a first-generation analog wireless phone service (1G), a second-generation
(2G) digital wireless phone service (including interim 2.5G and 2.75G networks) and a
third-generation (3G) high speed data, Internet-capable wireless service. There are
presently many different types of wireless communication systems in use, including
Cellular and Personal Communications Service (PCS) systems. Examples of known
cellular systems include the cellular Analog Advanced Mobile Phone System (AMPS),
and digital cellular systems based on Code Division Multiple Access (CDMA), Long
Term Evolution (LTE), Frequency Division Multiple Access (FDMA), Time Division
Multiple Access (TDMA), the Global System for Mobile access (GSM) variation of
TDMA, and newer hybrid digital communication systems using both TDMA and
CDMA technologies.
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SUMMARY

[0004] In an embodiment, a user equipment (UE) determines to originate a
communication session, and the UE further determines whether an access network
serving the UE supports header compression. Based on the header compression
determination, the UE establishes on a given bundling factor (BFF). The UE transmits a
first set of media packets to a server during the communication session, the first set of
media packets each including a first number of media frames based on the given BF.
The server determines target BF(s) for target UE(s) and determines whether to modify
the given BI based on the target BF(s). Based on these determinations, the server
transmits a second set of media packets either unmodified from the first stream of data
packets, or modified based on the target BF(s). The target UE(s) receive the second

stream of data packets and set a de-jitter buffer size based on the associated BF.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] A more complete appreciation of embodiments of the invention and many of the
attendant advantages thereof will be readily obtained as the same becomes better
understood by reference to the following detailed description when considered in
connection with the accompanying drawings which are presented solely for illustration

and not limitation of the invention, and in which:

[0006] FIG. 1 is an illustration of a user equipment (UE) in accordance with at least one

embodiment of the invention.

[0007] FIG. 2 illustrates a communication device that includes logic configured to

perform functionality.

[0008] FIG. 3 illustrates a process of setting up a communication session between an
originating UE and at least one target UE in accordance with an embodiment of the

invention.

[0009] FIG. 4 illustrates a continuation of the process of FIG. 3 in accordance with an

embodiment of the invention.

[0010] FIG. 5 illustrates a process of setting up a communication session between an
originating UE served by a first radio access network, a first set of target UEs served by

a second radio access network and a second set of target served by a third radio access
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network in accordance with an embodiment of the invention.

[0011] FIG. 6 illustrates a continuation of the process of FIG. 5 in accordance with an

embodiment of the invention.

[0012] FIG. 7 illustrates a process of setting up a communication session between an
originating UE and first and second sets of target UEs that are served by the same radio
access network with different levels of performance in accordance with an embodiment

of the invention.

[0013] FIG. 8 illustrates a continuation of the process of FIG. 5 in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION

[0014] Aspects of the invention are disclosed in the following description and related
drawings directed to specific embodiments of the invention. Alternate embodiments
may be devised without departing from the scope of the invention. Additionally, well-
known elements of the invention will not be described in detail or will be omitted so as

not to obscure the relevant details of the invention.

[0015] The words “exemplary” and/or “example” are used herein to mean “serving as
an example, instance, or illustration.” Any embodiment described herein as
“exemplary” and/or “example” is not necessarily to be construed as preferred or
advantageous over other embodiments. Likewise, the term “embodiments of the
invention” does not require that all embodiments of the invention include the discussed

feature, advantage or mode of operation.

[0016] Further, many embodiments are described in terms of sequences of actions to be
performed by, for example, elements of a computing device. It will be recognized that
various actions described herein can be performed by specific circuits (e.g., application
specific integrated circuits (ASICs)), by program instructions being executed by one or
more processors, or by a combination of both. Additionally, these sequence of actions
described herein can be considered to be embodied entirely within any form of
computer readable storage medium having stored therein a corresponding set of
computer instructions that upon execution would cause an associated processor to

perform the functionality described herein. Thus, the various aspects of the invention
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may be embodied in a number of different forms, all of which have been contemplated
to be within the scope of the claimed subject matter. In addition, for each of the
embodiments described herein, the corresponding form of any such embodiments may
be described herein as, for example, “logic configured to” perform the described action

(e.g., described in more detail below with respect to FIG. 2).

[0017] A High Data Rate (HDR) subscriber station, referred to herein as user equipment
(UE), may be mobile or stationary, and may communicate with one or more access
points (APs), which may be referred to as Node Bs. A UE transmits and receives data
packets through one or more of the Node Bs to a Radio Network Controller (RNC).

The Node Bs and RNC are parts of a network called a radio access network (RAN). A
radio access network can transport voice and data packets between multiple access

terminals.

[0018] The radio access network may be further connected to additional networks
outside the radio access network, such core network including specific carrier related
servers and devices and connectivity to other networks such as a corporate intranet, the
Internet, public switched telephone network (PSTN), a Serving General Packet Radio
Services (GPRS) Support Node (SGSN), a Gateway GPRS Support Node (GGSN), and
may transport voice and data packets between each UE and such networks. A UE that
has established an active traffic channel connection with one or more Node Bs may be
referred to as an active UE, and can be referred to as being in a traffic state. A UE that
is in the process of establishing an active traffic channel (TCH) connection with one or
more Node Bs can be referred to as being in a connection setup state. A UE may be any
data device that communicates through a wireless channel or through a wired channel.
A UE may further be any of a number of types of devices including but not limited to
PC card, compact flash device, external or internal modem, or wireless or wireline
phone. The communication link through which the UE sends signals to the Node B(s) is
called an uplink channel (e.g., a reverse traffic channel, a control channel, an access
channel, etc.). The communication link through which Node B(s) send signals to a UE
is called a downlink channel (e.g., a paging channel, a control channel, a broadcast
channel, a forward traffic channel, etc.). As used herein the term traffic channel (TCH)

can refer to either an uplink/reverse or downlink/forward traffic channel.

[0019] FIG. 1 illustrates a UE in accordance to an embodiment of the invention.

Referring to FIG. 1, a UE 200, (here a wireless device), such as a cellular telephone, has
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a platform 202 that can receive and execute software applications, data and/or
commands transmitted from an access network associated with a given radio access
technology (e.g., long term evolution (LTE), EV-DO, wideband code division multiple
access (W-CDMA), etc.) may ultimately come from a core network, the Internet and/or
other remote servers and networks. The platform 202 can include a transceiver 206
operably coupled to an application specific integrated circuit (“ASIC” 208), or other
processor, microprocessor, logic circuit, or other data processing device. The ASIC 208
or other processor executes the application programming interface (“API’) 210 layer
that interfaces with any resident programs in the memory 212 of the wireless device.
The memory 212 can be comprised of read-only or random-access memory (RAM and
ROM), EEPROM, flash cards, or any memory common to computer platforms. The
platform 202 also can include a local database 214 that can hold applications not
actively used in memory 212. The local database 214 is typically a flash memory cell,
but can be any secondary storage device as known in the art, such as magnetic media,
EEPROM, optical media, tape, soft or hard disk, or the like. The internal platform 202
components can also be operably coupled to external devices such as antenna 222,
display 224, push-to-talk button 228 and keypad 226 among other components, as is

known in the art.

[0020] Accordingly, an embodiment of the invention can include a UE including the
ability to perform the functions described herein. As will be appreciated by those
skilled in the art, the various logic elements can be embodied in discrete elements,
software modules executed on a processor or any combination of software and hardware
to achieve the functionality disclosed herein. For example, ASIC 208, memory 212,
API 210 and local database 214 may all be used cooperatively to load, store and execute
the various functions disclosed herein and thus the logic to perform these functions may
be distributed over various elements. Alternatively, the functionality could be
incorporated into one discrete component. Therefore, the features of the UE 200 in
FIG. 1 are to be considered merely illustrative and the invention is not limited to the

illustrated features or arrangement.

[0021] The wireless communication between the UE 200 and a serving access network
can be based on different radio access technologies, such as LTE, CDMA, W-CDMA,
time division multiple access (IDMA), frequency division multiple access (FDMA),

Orthogonal Frequency Division Multiplexing (OFDM), the Global System for Mobile
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Communications (GSM), or other protocols that may be used in a wireless
communications network or a data communications network. For example, in W-
CDMA, the data communication is typically between UE 200, one or more Node B(s),
and a radio network controller (RNC). The RNC can be connected to multiple data
networks such as the core network, PSTN, the Internet, a virtual private network, a
SGSN, a GGSN and the like, thus allowing UE 200 access to a broader communication
network. As discussed in the foregoing and known in the art, voice transmission and/or
data can be transmitted to the UEs from the RAN using a variety of networks and
configurations. Accordingly, the illustrations provided herein are not intended to limit
the embodiments of the invention and are merely to aid in the description of aspects of

embodiments of the invention.

[0022] FIG. 2 illustrates a communication device 400 that includes logic configured to
perform functionality. The communication device 400 can correspond to any of the
above-noted communication devices, including but not limited to UE 200, or a network
element (e.g., a server, a base station or Node B, a packet data network end-point (e.g.,
SGSN, GGSN, a Mobility Management Entity (MME) in Long Term Evolution (LTE),
etc.), etc. Thus, communication device 400 can correspond to any electronic device that
is configured to communicate with (or facilitate communication with) one or more other

entities over a network.

[0023] Referring to FIG. 2, the communication device 400 includes logic configured to
receive and/or transmit information 405. In an example, if the communication device
400 corresponds to a wireless communications device (e.g., UE 200, Node B or base
station, etc.), the logic configured to receive and/or transmit information 405 can
include a wireless communications interface (e.g., Bluetooth, WiFi, 2G, 3G, LTE, etc.)
such as a wireless transceiver and associated hardware (e.g., an RF antenna, a MODEM,
a modulator and/or demodulator, etc.). In another example, the logic configured to
receive and/or transmit information 405 can correspond to a wired communications
interface (e.g., a serial connection, a USB or Firewire connection, an Ethernet
connection through which the Internet can be accessed, etc.). Thus, if the
communication device 400 corresponds to some type of network-based server (e.g.,
SGSN, GGSN, an application server 170, etc.), the logic configured to receive and/or
transmit information 405 can correspond to an Ethernet card, in an example, that

connects the network-based server to other communication entities via an Ethernet
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protocol. In a further example, the logic configured to receive and/or transmit
information 405 can include sensory or measurement hardware by which the
communication device 400 can monitor its local environment (e.g., an accelerometer, a
temperature sensor, a light sensor, an antenna for monitoring local RF signals, etc.).

The logic configured to receive and/or transmit information 405 can also include
software that, when executed, permits the associated hardware of the logic configured to
receive and/or transmit information 405 to perform its reception and/or transmission
function(s). However, the logic configured to receive and/or transmit information 405
does not correspond to software alone, and the logic configured to receive and/or
transmit information 405 relies at least in part upon hardware to achieve its

functionality.

[0024] Referring to FIG. 2, the communication device 400 further includes logic
configured to process information 410. In an example, the logic configured to process
information 410 can include at least a processor. Example implementations of the type
of processing that can be performed by the logic configured to process information 410
includes but is not limited to performing determinations, establishing connections,
making selections between different information options, performing evaluations related
to data, interacting with sensors coupled to the communication device 400 to perform
measurement operations, converting information from one format to another (e.g.,
between different protocols such as .wmv to .avi, etc.), and so on. For example, the
processor included in the logic configured to process information 410 can correspond to
a general purpose processor, a digital signal processor (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 general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration. The logic configured to process information 410 can also
include software that, when executed, permits the associated hardware of the logic

configured to process information 410 to perform its processing function(s). However,
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the logic configured to process information 410 does not correspond to software alone,
and the logic configured to process information 410 relies at least in part upon hardware

to achieve its functionality.

[0025] Referring to FIG. 2, the communication device 400 further includes logic
configured to store information 415. In an example, the logic configured to store
information 415 can include at least a non-transitory memory and associated hardware
(e.g., a memory controller, etc.). For example, the non-transitory memory included in
the logic configured to store information 415 can correspond to RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known in the art.
The logic configured to store information 415 can also include software that, when
executed, permits the associated hardware of the logic configured to store information
415 to perform its storage function(s). However, the logic configured to store
information 415 does not correspond to software alone, and the logic configured to store

information 415 relies at least in part upon hardware to achieve its functionality.

[0026] Referring to FIG. 2, the communication device 400 further optionally includes
logic configured to present information 420. In an example, the logic configured to
display information 420 can include at least an output device and associated hardware.
For example, the output device can include a video output device (e.g., a display screen,
a port that can carry video information such as USB, HDMI, etc.), an audio output
device (e.g., speakers, a port that can carry audio information such as a microphone
jack, USB, HDMLI, etc.), a vibration device and/or any other device by which
information can be formatted for output or actually outputted by a user or operator of
the communication device 400. For example, if the communication device 400
corresponds to UE 200 as shown in FIG. 1, the logic configured to present information
420 can include the display 224. In a further example, the logic configured to present
information 420 can be omitted for certain communication devices, such as network
communication devices that do not have a local user (e.g., network switches or routers,
remote servers, etc.). The logic configured to present information 420 can also include
software that, when executed, permits the associated hardware of the logic configured to
present information 420 to perform its presentation function(s). However, the logic
configured to present information 420 does not correspond to software alone, and the

logic configured to present information 420 relies at least in part upon hardware to
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achieve its functionality.

[0027] Referring to FIG. 2, the communication device 400 further optionally includes
logic configured to receive local user input 425. In an example, the logic configured to
receive local user input 425 can include at least a user input device and associated
hardware. For example, the user input device can include buttons, a touch-screen
display, a keyboard, a camera, an audio input device (e.g., a microphone or a port that
can carry audio information such as a microphone jack, etc.), and/or any other device by
which information can be received from a user or operator of the communication device
400. For example, if the communication device 400 corresponds to UE 200 as shown in
FIG. 1, the logic configured to receive local user input 425 can include the display 224
(if implemented a touch-screen), keypad 226, etc. In a further example, the logic
configured to receive local user input 425 can be omitted for certain communication
devices, such as network communication devices that do not have a local user (e.g.,
network switches or routers, remote servers, etc.). The logic configured to receive local
user input 425 can also include software that, when executed, permits the associated
hardware of the logic configured to receive local user input 425 to perform its input
reception function(s). However, the logic configured to receive local user input 425
does not correspond to software alone, and the logic configured to receive local user

input 425 relies at least in part upon hardware to achieve its functionality.

[0028] Referring to FIG. 2, while the configured logics of 405 through 425 are shown
as separate or distinct blocks in FIG. 2, it will be appreciated that the hardware and/or
software by which the respective configured logic performs its functionality can overlap
in part. For example, any software used to facilitate the functionality of the configured
logics of 405 through 425 can be stored in the non-transitory memory associated with
the logic configured to store information 415, such that the configured logics of 405
through 425 each performs their functionality (i.e., in this case, software execution)
based in part upon the operation of software stored by the logic configured to store
information 405. Likewise, hardware that is directly associated with one of the
configured logics can be borrowed or used by other configured logics from time to time.
For example, the processor of the logic configured to process information 410 can
format data into an appropriate format before being transmitted by the logic configured
to receive and/or transmit information 405, such that the logic configured to receive

and/or transmit information 405 performs its functionality (i.e., in this case,
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transmission of data) based in part upon the operation of hardware (i.e., the processor)
associated with the logic configured to process information 410. Further, the configured
logics or “logic configured to” of 405 through 425 are not limited to specific logic gates
or elements, but generally refer to the ability to perform the functionality described
herein (either via hardware or a combination of hardware and software). Thus, the
configured logics or “logic configured to” of 405 through 425 are not necessarily
implemented as logic gates or logic elements despite sharing the word “logic”. Other
interactions or cooperation between the configured logics 405 through 425 will become
clear to one of ordinary skill in the art from a review of the embodiments described

below in more detail.

[0029] Robust Header Compression (RoHC) corresponds to compression of headers of
Internet packets, such as Internet Protocol (IP) Packets, User Datagram Protocol (UDP)
packets, Real-time Transport Protocol (RTP) packets, Transmission Control Protocol
(TCP) packets and so on. At a high-level, ROHC functions by replacing a relatively
long portion of a packet header with a much shorter compressor (e.g., a few bytes long)
when transmitting the compressed packet over a communication link. A receiving end
of the communication link receives the compressed packet and re-generates the original
packet header via a de-compressor (e.g., a previously established mapping or index
table). Thus, while some set-up is involved to ensure proper de-compression over a
particular communication link, less overhead data is required to be sent over the

communication link if RoHC is supported.

[0030] UEs can connect to serving networks supported by different radio access
technologies as noted above, such as W-CDMA, LTE, etc. Certain radio access
technologies, such as Evolution —Data Optimized (EV-DQO) networks and/or W-CDMA
networks, do not commercially support ROHC. This means that while ROHC support
can theoretically be used in EV-DO or W-CDMA networks, commercial
implementations typically do not actually include such support. Accordingly, RTP,
UDP, TCP and/or IP packets with full-sized headers are routed through typical EV-DO
and/or W-CDMA networks. As will be appreciated, this increases the proportion of
data traffic that is dedicated to overhead data. This overhead problem is mitigated
somewhat through packet bundling, whereby multiple voice frames, for example, are
bundled into a single packet with a single header so that fewer than N headers need to

be allocated to N voice frames. However, bundling packets can degrade call conditions
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by increasing jitter (e.g., because each frame is received further apart due to the
bundling), a media loss rate (e.g., because a single packet loss results in multiple lost
frames) and mouth-to-ear delay (e.g., because the transmitting UE waits to collect

multiple voice frames before bundling the multiple voice frames for transmission).

[0031] Networks operating in accordance with other radio access technologies, such as
LTE, commercially support RoOHC. In LTE, for example, ROHC without bundling is
typically used to avoid the performance degradation issues associated with bundling

while still achieving relatively high link efficiency due to the RoHC support.

[0032] For a typical Voice-over-IP (VolP) session, media packets are conventionally
transferred peer-to-peer without direct server arbitration. For other types of
communication sessions, such as Push-to-Talk (PTT) sessions or Push-to-Transfer
(PTX) sessions, the media for the communication session is mediated through a server,

but the server typically only acts as an application-layer router for the flow of media.

[0033] Accordingly, it is difficult for communication sessions between UEs connected
to radio networks associated with different radio access technologies (e.g., DO/W-
CDMA and LTE, etc.) to achieve a bundling factor (BI) that is appropriate for each
respective radio access technology. For example, a first UE connected to an L'TE
network may want to set-up a BIF of 1 (e.g., bundle one voice frame per packet) because
of its ROHC support, whereas a second UE connected to a DO/W-CDMA network may
want to set-up a BF of 6 (e.g., bundle six voice frames per packet) because of its lack of
RoHC support. In this example, each BF value that is desired for one of the radio

networks is inappropriate for the other radio network(s).

[0034] FIG. 3 illustrates a process of setting up a communication session between an
originating UE (i.e., UE 1) and at least one target UE (i.e., UEs 2...N) in accordance
with an embodiment of the invention. Referring to FIG. 3, an originating UE, or UE 1,
determines to establish a communication session with UEs 2...N, 600, whereby N =2
for a one-to-one or direct communication session and N > 2 for a group communication
session. UE 1 transmits a call request to its current serving network (“RAT1”)
operating in accordance with a first radio access technology, and RAT1 forwards the
call request to an application server 170 that is configured to arbitrate the
communication session, 605. The application server 170 identifies the target UEs for

the communication session (i.e., UEs 2...N), and announces the communication session
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to the target UEs 2...N over a network (“RAT2”) operating in accordance with a second

radio access technology, 610.

[0035] Referring to FIG. 3, RAT 1 and RAT 2 are used to denote the current serving
networks of UE 1 and UEs 2...N, respectively. For example, RAT1 can correspond to a
DO/W-CDMA network without ROHC support and RAT2 can correspond to an L.TE
network with RoHC support. Alternatively, RAT1 and RAT2 can both be associated
with the same radio access technology (e.g., DO/W-CDMA, LTE, etc.). As noted
above, in the event that RAT1 and RAT2 implement different radio access technologies,
RAT1 and RAT?2 may have different preferred or target Bl values for exchanging data
traffic over their respective networks to account for the support or non-support of
header compression. Also, as will be discussed below in more detail, even if RAT1 and
RAT?2 use the same radio access technology, other factors can affect the preferred or
target BI value for a particular network. In other words, the radio access technology by

itself need not dictate the target BIF value for the network.

[0036] Referring to FIG. 3, UEs 2...N determine BF-related information for RAT2,
615. In an example, the determination of 615 can correspond to a mere identification of
RAT?2’s radio access technology (e.g., LTE, EV-DO, W-CDMA, etc.). In this case, the
determination of 615 is similar to the determination of 635 at UE 1 (discussed below in
more detail) in the sense that information sufficient to calculate a BF value is
determined (e.g., so that the application server 170 can calculate the target BF value in
630, which is discussed below in more detail). In another example, the determination of
615 can include a determination of a specific target BF value for RAT2, such as BF =1,
BF = 6, etc. In this case, the determination of 615 is similar to the determinations of
both 635 and 640 at UE 1 (discussed below in more detail) in the sense that an actual
BF value is calculated at the UEs (e.g., instead of at the application server 170, so that
630 may correspond to a mere recognition of the reported BIF value from the target UEs,
discussed below in more detail). In any case, the BF-related information determined at
615 is sufficient for the application server 170 to determine a target BF value for

packets delivered to UEs 2....N within RAT?2.

[0037] UEs 2...N indicate their acceptance of the session announcement message and
also the BFIF-related information determined at 615 to the application server 170, 620. In
an example, the BF-related information can be included within an announce

acknowledgment message from UEs 2...N that indicates the acceptance of the
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communication session by UEs 2...N. Alternatively, the BF-related information can be
conveyed to the application server 170 via a registration message (e.g., which can be
transmitted before the process of FIG. 3 even begins) that is independent of the
announce acknowledgment message. Thus, the indication of call acceptance and the

BF-related information may or may not be contained in the same message at 620.

[0038] In a further example, the BF-related information need not be conveyed in
conjunction with call acceptance. For example, after the BF-related information is
transmitted at 620 of FIG. 3, one or more of UEs 2...N may transmit supplemental BI*-
related information for RAT?2 (or a portion of RAT?2) at a later point during the
communication session, which may prompt the application server 170 to update
RAT2BF (or generate a different target BF altogether for the UE(s) reporting the
supplemental BF-related information). For example, the supplemental BF-related
information may notify the application server 170 of a new requested target BI' for the
UE(s), the supplemental BIF-related information may notify the application server 170
of a transition or handoff of the UE(s) to a different RAT or to a different portion of the
same RAT-network that is associated with a different level of performance (e.g., a
different level of ROHC support), or any other type of information that may prompt the
application server 170 to adjust RAT2BF for the reporting UE(s).

[0039] Referring to FIG. 3, after receiving a call acceptance indication from at least one
of UEs 2...N, the application server 170 notifies UE 1 that the communication session
can begin, 625. For example, in the case of a half-duplex communication session, the
notification of 625 can correspond to a floor grant message. The application server 170
also evaluates the BIF-related information associated with RAT?2 to determine a target
BF for packets delivered to UEs 2...N within RAT2 for UEs 2...N (“RAT2BF”), 630.
For example, if the BF-related information indicates that RAT2 is an LTE network, then
RAT2BF = 1. In another example, if the BF-related information indicates that RAT2 is
a DO/W-CDMA network, then RAT2BF = 6. In another example, if the BF-related
information indicates that RAT2 is an LTE roaming network that is not capable of
implementing RoHC, then RAT2BF can be set to an intermediate value, such as 3.
Accordingly, the radio access technology of RAT2 can affect, but is not necessarily
determinative of, RAT2BF, and different BFs can be implemented for target UEs in the

same radio technology or even the same network (e.g., see FIGS. 7-8 below).

[0040] In a further example, referring to 630 of FIG. 3, RAT2BF is not necessarily
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optimized specifically for each of UEs 2...N. For example, assume N = 12, and the BI-
related information for UEs 2...6 indicates a lowest possible BF of 5, that the BF-
related information for UEs 7...11 indicate a lowest possible BF of 6, and that the BF-
related information for UE 12 indicate a lowest possible BIF of 4. Instead of
establishing target BIFs specific to each target UE’s lowest possible BF, the application
server 170 can group at least some UEs with different lowest possible BI's together with
a common BT that is compatible for each grouped UE. Tor example, a first UE with a
lowest possible BFF of 5 can accommodate a BF of 6 but a second UE with a lowest
possible BF of 6 cannot accommodate a BF of 5, so the first and second UEs could
obtain a common BF equal to 6. Thereby, if the application server 170 desires to
conserve resources (or overhead), the application server 170 can implement a common
BF for certain groupings of target UEs whereby the highest BFF from among the lowest

possible BFs of UEs to be grouped is selected as a common BF for the grouped UEs.

[0041] Referring to FIG. 3, UE 1 receives the call start notification from 625 and
determines whether ROHC is supported by RAT1, 635. Based on whether ROHC is
supported by RAT1, UE 1 sets the BF to a first value based on the RoHC support
determination from 625. For example, UE 1 may determine that RAT1 corresponds to
an L'TE network such that RoHC is supported in 635, and can then set the first BF value
to 1 in 640. In another example, UE 1 may determine that RAT1 corresponds to a
DO/W-CDMA network such that RoHC is not supported in 635, and can then set the
first BIF value to 6 in 640. In another example, UE 1 may determine that RAT1
corresponds to an L'TE network but may further determine that RAT1 is a roaming
network that does not support ROHC, and can then set the first BF value to an
intermediate value of 3 in 640. Conventionally, UE 1 would not evaluate RAT1 to
figure out the BF value but would instead simply load a fixed, default BF value

irrespective of the RoOHC support capabilities of its current serving network.

[0042] In 645, UE 1 begins buffering media and bundling frames into packets in
accordance with the first BF value from 640. UE 1 periodically transmits packets with
frames bundled in accordance with the first BFF value to the application server 170 over
RAT1, 650. The application server 170 receives the media packets and determines the
associated BT value of the received media packets, and then compares the determined
BF value (i.e., the first BF value set by UE 1 at 640) with a number based upon

RAT2BF, 655. In an embodiment, the number against which the application server 170
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compares the determined B value of the incoming media packets from UE 1 can
correspond to either (i) RAT2BF itself, or (ii) an offset version of RAT2BF whereby
RAT2BF is multiplied by an adjustment factor denoted as “A”. In an example, the
adjustment factor A satisfies the expression 0 < A <1, and can be configured based on a
tradeoff between re-bundling latency and packing efficiency. Accordingly, if the first
BF value is only slightly lower than RAT2BF, the overhead associated with re-bundling
packets at the application server 170 may cause the application server 170 to refrain

from the re-bundling based on the adjustment factor A functioning to lower RAT2BF.

[0043] In the embodiment of FIG. 3, assume that the application server 170 determines
that the first BF value is greater than RAT2BF and/or RAT2BF * A in 655. In this case,
the application server 170 simply forwards the received media packets from UE 1 to
UEs 2...N without any special re-bundling procedure, 660. Accordingly, the media
packets transmitted by the application server 170 at 660 have the same BF value as the
media packets transmitted by UE 1 to the application server 170 at 650, i.e., the first BF
value that is set at 640. Upon receiving the media packets in accordance with the first
BF value in 660, the target UEs 2...N set a de-jitter buffer size based on the first BF
value, 665. Generally, a higher de-jitter buffer size is established for higher BF values.

[0044] Turning back to UE 1, UE 1 continues to transmit media packets containing
frames in accordance with the first B value for a period of time during the
communication session. In a periodic or event-driven manner during the
communication session, UE 1 determines whether to change the current BF value, 670.
For example, the determination of 670 can occur each time UE 1 hands off to a different
network. In this case, UE 1 confirms whether or not its new network after the handoff
is associated with the same radio access technology as its old network, and if not,
determines to change its current Bl value. In any case, if UE 1 determines not to
change its BF value in 670, the process returns to 645 and UE 1 continues to bundle
frames within media packets in accordance with the first BF value during the
communication session. Otherwise, if UE 1 determines to change its BF value in 670,
the process advances to 700 of FIG. 4.  As will be discussed below in more detail with
respect to 715 of FIG. 4, one or more UEs 2...N may also hand off to a different RAT,
which can cause new BI-related information to be reported to the application server

170, which in turn can cause the application server 170 to update RAT2BF.

[0045] FIG. 4 illustrates a continuation of the process of FIG. 3 in accordance with an
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embodiment of the invention. Referring to FIG. 4, after determining to adjust its current
BF value in 670 of FIG. 3, UE 1 sets the BF to a second value, 700. For example,
assume that RAT1 was previously determined to correspond to DO/W-CDMA at 635 of
FIG. 3 such that the first BF value was set to 6 at 640 of FIG. 3. Next, assume that UE

1 hands off to an L'TE network, such that the serving network of UE 1, or RAT1,

becomes LTE. In this case, the second BF value may be set to 1.

[0046] After establishing the second BF value at 700, UE 1 begins buffering media and
bundling frames into packets in accordance with the second BF value, 705. UE 1
periodically transmits packets with frames bundled in accordance with the second B
value to the application server 170 over RAT1, 710. The application server 170
receives the media packets and determines the associated BIF value of the received
media packets (i.e., the second BF value), and then compares the determined BF value
(i.e., the second BF value set by UE 1 at 700) to a number based upon RAT2BF, 715.
In the embodiment of FIG. 4, it is assumed that, during 715 of FIG. 4, RAT2 has not
changed for UEs 2...N from 615 of FIG. 3. Accordingly, except for being compared
against the second BF value instead of the first BIF value, the comparison that occurs at
715 is otherwise similar to 655 of FIG. 3 and as such will not be discussed further for
the sake of brevity. However, it will be appreciated that if RAT2 had changed, such as
if one or more of UEs 2...N hands off to a different network with a different radio
access technology, then RAT2BF can also change based on a supplemental notification

provided from one or more of UEs 2...N (not shown).

[0047] In the embodiment of FIG. 4, unlike 655 of FIG. 3, assume that the application
server 170 determines that the second BF value is greater than RAT2BF and/or
RAT2BF * A in 715. In this case, instead of simply forwarding the received media
packets from UE 1 to UEs 2...N without any special re-bundling procedure, the
application server 170 begins to buffer the incoming media packets and the media
frames included within in a media buffer, 720. The application server 170 then
generates its own media packets based on RAT2BF from the buffered media for
transmission to UEs 2...N over RAT2, 725. For example, if the second BF value equals
1, then each incoming media packet from UE 1 includes one (1) media frame (e.g.,
voice frame). If RAT2BF equals 6, then the buffering step of 720 buffers at least six (6)
media frames from six (6) media packets received from UE 1. Then, at 725, the

application server 170 generates a bundled media packet that includes six (6) of the
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media frames. The application server 170 transmits a media packet in accordance with
RAT2BF at 730. Upon receiving the media packets in accordance with RAT2BF at
730, the target UEs 2...N update their de-jitter buffer size based on RAT2BF, 735. As
noted above, generally, a higher de-jitter buffer size is established for higher BF values.
Thus, the application server 170’s re-bundling of media frames to conform to RAT2BF
instead of the second BF value causes a higher de-jitter buffer size to be implemented at

UEs 2...N in the embodiment of FIG. 4.

[0048] Turning back to UE 1, UE 1 continues to transmit media packets containing
frames in accordance with the second BI value for a period of time during the
communication session, and the application server 170 continues to buffer and re-
bundle the media frames from these packets in accordance with RAT2BF. In a periodic
or event-driven manner during the communication session, UE 1 determines whether to
change the current BF value, 740, similar to 670 of FIG. 3. If UE 1 determines not to
change its BF value in 740, the process returns to 705 and UE 1 continues to bundle
frames within media packets in accordance with the second BF value during the
communication session. Otherwise, if UE 1 determines to change its BF value in 740
back to the first BF value, the process advances to 640 of FIG. 3, which is described

above.

[0049] In the embodiments of FIGS. 3 and 4, UEs 2...N are described as each being
served by the same access network RAT2. However, it is understood that group
communication sessions can be bridged between an originating UE and a plurality of
target UEs that are served by different access networks that are each associated with
different radio access technologies and/or different ROHC parameters. Accordingly,
FIGS. 5 and 6 illustrate a process of setting up a communication session between an
originating UE (i.e., UE 1) served by a first radio access network RAT1, a first set of
target UEs 2...5 served by a second radio access network RAT2 and a second set of
target UEs 6...N served by a third radio access network RAT3 in accordance with an
embodiment of the invention. In FIGS. 5 and 6, it is possible that RAT1 corresponds to
the same network as RAT2 or RAT3 (although this is not necessarily the case), but
RAT?2 and RAT3 correspond to radio access networks that use different radio access
technologies (e.g., LTE, DO/W-CDMA). Later, in FIGS. 7 and 8, an example
implementation is described with respect to UEs operating via the same radio access

technology associated with different levels of ROHC support (e.g., a home L'TE network
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that supports RoHC, a roaming L.TE network that does not support ROHC, etc.).

[0050] Referring to FIG. 5, an originating UE, or UE 1, determines to establish a
communication session with UEs 2...N, 800, whereby N > 6. UE 1 transmits a call
request to its current serving network (“RAT17) operating in accordance with a first
radio access technology, and RAT1 forwards the call request to an application server
170 that is configured to arbitrate the communication session, 805. The application
server 170 identifies the target UEs for the communication session (i.e., UEs 2...N) and
determines that UEs 2...5 are served by a network (“RAT?2”) operating in accordance
with a second radio access technology, and UEs 6...N are served by a network
(“RAT3”) operating in accordance with a third radio access technology. Again, either
of the second or third radio access technologies associated with RAT2 or RAT3 can be
the same as RATI, but RAT2 and RAT?3 are either associated with different radio
access technologies, or with the same radio access technology with different levels of
RoHC support. After identifying the locations of target UEs 2...N, the application
server 170 announces the communication session to the target UEs 2...5 over RAT?2,
810, and the application server 170 announces the communication session to the target

UEs 6...N over RAT3, 815.

[0051] Referring to FIG. 5, UEs 2...5 determine BF-related information for RAT2, 820
(e.g., similar to 615 of FIG. 3), and UEs 6...N determine BF-related information for
RAT3, 825. Similar to 615 of FIG. 3, in an example, the determinations of 820 and/or
825 can correspond to mere identifications of RAT2 or RAT3’s radio access technology
(e.g., LTE, EV-DO, W-CDMA, etc.). In another example, the determinations of 820
and/or 825 can include a determination of a specific target BI value for RAT2 and
RAT3, respectively, such as BF =1, BF = 6, etc. In any case, the BF-related
information determined at 820 and 825 is sufficient for the application server 170 to
determine target BF values for packets delivered to UEs 2....5 within RAT2 and UEs
6...N within RAT3, respectively.

[0052] UEs 2...N indicate their acceptance of the session announcement message and
also the BF-related information determined at 820 and 825 to the application server 170,
830 and 835. In an example, the BF-related information can be included within
announce acknowledgment messages from UEs 2...N that indicate their acceptance of
the communication session by UEs 2...N. Alternatively, the BF-related information can

be conveyed to the application server 170 via registration messages (e.g., which can be
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transmitted before the process of FIG. 5 even begins) that are independent of the
announce acknowledgment messages. Thus, the respective indications of call
acceptance and the BF-related information may or may not be contained in the same

message at 820 and/or 825.

[0053] Referring to FIG. 5, after receiving a call acceptance indication from at least one
of UEs 2...N, the application server 170 notifies UE 1 that the communication session
can begin, 840. For example, in the case of a half-duplex communication session, the
notification of 840 can correspond to a floor grant message. The application server 170
evaluates the BF-related information associated with RAT2 to determine a target BF for
packets delivered to UEs 2...5 within RAT2 (“RAT2BF), 845, and the application
further evaluates the BI-related information associated with RAT3 to determine a target
BF for packets delivered to UEs 6...N within RAT3 (“RAT3BF”), 850. In an example,
assume that the BF-related information from UEs 2...5 indicates that RAT2 is a DO/W-
CDMA network and that the BF-related information from UEs 6...N indicates that
RAT3 is an LTE network. In this example, RAT2BF may be set to 6 and RAT3BI may
be set to 1. In another example, if the BF-related information indicates that RAT2 or
RAT3 is an LTE roaming network that is not capable of implementing RoHC, then
RAT2BF or RAT3BF can be set to an intermediate value, such as 3. Accordingly, the
radio access technology of RAT2 or RAT3 can affect, but is not necessarily
determinative of, RAT2BF and RAT3BF. In a further example, 820, 830 and 845
and/or 825, 835 and/or 850 can repeat one or more times during the communication
session (e.g., responsive to one or more of UEs 2...N handing off to a different RAT),
which prompts the application server 170 to update the target BFs for the respective
UE(s).

[0054] FIG. 6 illustrates a continuation of the process of FIG. 5 in accordance with an
embodiment of the invention. Referring to FIG. 6, UE 1 periodically transmits packets
with frames bundled in accordance with a first B value to the application server 170
over RAT1, 900 (e.g., similar to 650 of FIG. 3). While not shown explicitly, the
transmission of 900 may be the result of an execution of blocks 625 through 645 as
shown in FIG. 3. These operations have been omitted from FIG. 6 for convenience of

explanation.

[0055] Referring to FIG. 6, the application server 170 receives the media packets from

UE 1 at 900 and determines the associated BF value of the received media packets, and



WO 2013/074841 PCT/US2012/065358

20

then compares the determined BF value (i.e., the first BF value) with a number based
upon RAT2BF, 905. The comparison of 905 is similar to the comparison that occurs at
655 of FIG. 3. Accordingly, in an embodiment, the number against which the
application server 170 compares the determined BF value of the incoming media
packets from UE 1 at 905 can correspond to either (i) RAT2BF itself, or (ii) an offset
version of RAT2BF whereby RAT2BF is multiplied by an adjustment factor denoted as

“A”, as discussed above with respect to 655.

[0056] In the embodiment of FIG. 6, assume that the application server 170 determines
that the first BF value is greater than RAT2BF and/or RAT2BF * A in 905. In this case,
the application server 170 simply forwards the received media packets from UE 1 to
UEs 2...5 without any special re-bundling procedure, 910. Accordingly, the media
packets transmitted by the application server 170 at 910 have the same BF value as the
media packets transmitted by UE 1 to the application server 170 at 900, i.e., the first BFF
value. Upon receiving the media packets in accordance with the first BF value in 910,

the target UEs 2...5 set a de-jitter buffer size based on the first BF value, 915.

[0057] Still referring to FIG. 6, the application server 170 also compares the determined
BF value (i.e., the first BF value) with another number that is based upon RAT3BF,
920). The comparison of 920 is similar to the comparison that occurs at 715 of FIG. 4.
Accordingly, in an embodiment, the number against which the application server 170
compares the determined BF value of the incoming media packets from UE 1 at 915 can
correspond to either (i) RAT3BF itself, or (ii) an offset version of RAT3BF whereby
RAT3BF is multiplied by an adjustment factor denoted as “A”. The adjustment factor
A that is used to offset RAT3BF at 920 need not be the same as the adjustment factor A
that is used to offset RAT2BF at 905, in an example.

[0058] In 920, unlike 905, assume that the application server 170 determines that the
first BF value is greater than RAT3BF and/or RAT3BF * A. In this case, instead of
simply forwarding the received media packets from UE 1 to UEs 6...N without any
special re-bundling procedure, the application server 170 begins to buffer the incoming
media packets and the media frames included within in a media buffer, 925. The
application server 170 then generates its own media packets based on RAT3BF from the
buffered media for transmission to UEs 6...N over RAT3, 930. For example, if the first
BF value equals 1, then each incoming media packet from UE 1 includes one (1) media

frame (e.g., voice frame). If RAT3BT equals 6, then the buffering step of 925 buffers at
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least six (6) media frames from six (6) media packets received from UE 1. Then, at

930), the application server 170 generates a bundled media packet that includes six (6) of
the media frames. The application server 170 transmits a media packet in accordance
with RAT3BF in 935. Upon receiving the media packets in accordance with RAT3BF
in 935, the target UEs 6...N update their de-jitter buffer size based on RAT3BF, 940.

As noted above, generally, a higher de-jitter buffer size is established for higher BF
values. Thus, the application server 170’s re-bundling of media frames to conform to
RAT3BF instead of the first B value causes a higher de-jitter buffer size to be
implemented at UEs 6...N at 940 as compared to UEs 2...5 at 915 in the embodiment of
FIG. 6.

[0059] Referring to FIG. 7, an originating UE, or UE 1, determines to establish a
communication session with UEs 2...N, 1000, whereby N > 6. UE 1 transmits a call
request to its current serving network (“RAT17) operating in accordance with a first
radio access technology, and RAT1 forwards the call request to an application server
170 that is configured to arbitrate the communication session, 1005. The application
server 170 identifies the target UEs for the communication session (i.e., UEs 2...N) and
determines that UEs 2...N are served by a network (“RAT2”) operating in accordance
with a second radio access technology. The second radio access technology associated
with RAT2 can be the same as RAT1. Further, RAT2 includes a first portion and a
second portion that are associated with different levels of performance. For example,
the first portion of RAT2 may support ROHC and the second portion of RAT2 may not
support ROHC. After identifying the locations of target UEs 2...N, the application
server 170 announces the communication session to the target UEs 2...N over RAT2 in

the first and second portions, 1010 and 1015.

[0060] Referring to FIG. 7, UEs 2...5 determine BF-related information for the first
portion of RAT2, 1020 (e.g., similar to 615 of FIG. 3), and UEs 6...N determine BF-
related information for the second portion of RAT2, 1025. Similar to 615 of FIG. 3, in
an example, the determinations of 1020 and/or 1025 can correspond to mere
identifications of RAT2’s radio access technology (e.g., LTE, EV-DO, W-CDMA, etc.).
In another example, the determinations of 1020 and/or 1025 can include a determination
of a specific target BF value for the first and second portions RAT2, respectively, such
as BF =1, BF = 6, etc. In any case, the BF-related information determined at 1020 and

1025 is sufficient for the application server 170 to determine target BIF values for
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packets delivered to UEs 2....5 within the first portion of RAT2 and UEs 6...N within
the second portion of RAT?2, respectively.

[0061] UEs 2...N indicate their acceptance of the session announcement message and
also the BF-related information determined at 1020 and 1025 to the application server
170, 1030 and 1035. In an example, the BF-related information can be included within
announce acknowledgment messages from UEs 2...N that indicate their acceptance of
the communication session by UEs 2...N. Alternatively, the BF-related information can
be conveyed to the application server 170 via registration messages (e.g., which can be
transmitted before the process of FIG. 7 even begins) that are independent of the
announce acknowledgment messages. Thus, the respective indications of call
acceptance and the BF-related information may or may not be contained in the same

message at 1020 and/or 1025.

[0062] Referring to FIG. 7, after receiving a call acceptance indication from at least one
of UEs 2...N, the application server 170 notifies UE 1 that the communication session
can begin, 1040. For example, in the case of a half-duplex communication session, the
notification of 1040 can correspond to a floor grant message. The application server
170 evaluates the BF-related information associated with the first portion of RAT2 to
determine a target BF for packets delivered to UEs 2...5 within the first portion of
RAT2 (“RAT2BF#17), 1045, and the application further evaluates the BF-related
information associated with the second portion of RAT2 to determine a target BF for
packets delivered to UEs 6...N within the second portion of RAT2 (“RAT2BF#27),
1050. In an example, assume that the BF-related information from UFEs 2...5 indicates
that the first portion of RAT2 does not support ROHC and that the BF-related
information from UEs 6...N indicates that the second portion of RAT2 supports RoHC.
In this example, RAT2BI#1 may be set to 6 and RAT2BI#2 may be set to 1. In
another example, if the BF-related information indicates that the first or second portions
of RAT2 is an L'TE roaming network that is not capable of implementing RoHC, then
RAT2BF#1 of RAT2BF#2 can be set to an intermediate value, such as 3. Accordingly,
the radio access technology and the performance level (e.g., such as the ROHC support
level) of the first and second portions of RAT? can affect, but are not necessarily
determinative of, RAT2BF#1 and RAT2BF#2. In a further example, 1020, 1030 and
1045 and/or 1025, 1035 and/or 1050 can repeat one or more times during the

communication session (e.g., responsive to one or more of UEs 2...N handing off to a
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different RAT, transitioning into a different portion of the same RAT with a different
RoHC support level, etc.), which prompts the application server 170 to update the target
BFs to the respective UE(s).

[0063] FIG. 8 illustrates a continuation of the process of FIG. 7 in accordance with an
embodiment of the invention. Referring to FIG. 8, UE 1 periodically transmits packets
with frames bundled in accordance with a first B value to the application server 170
over RAT1, 1100 (e.g., similar to 650 of FIG. 3). While not shown explicitly, the
transmission of 1100 may be the result of an execution of blocks 625 through 645 as
shown in FIG. 3. These operations have been omitted from FIG. 8 for convenience of

explanation.

[0064] Referring to FIG. 8, the application server 170 receives the media packets from
UE 1 at 1100 and determines the associated BF value of the received media packets, and
then compares the determined BF value (i.e., the first BF value) with a number based
upon RAT2BF#1, 1105. The comparison of 1105 is similar to the comparison that
occurs at 655 of FIG. 3. Accordingly, in an embodiment, the number against which the
application server 170 compares the determined BF value of the incoming media
packets from UE 1 at 1105 can correspond to either (i) RAT2BF#1 itself, or (ii) an
offset version of RAT2BF#1 whereby RAT2BF#1 is multiplied or otherwise modified
by an adjustment factor denoted as “A”, as discussed above with respect to 655 of FIG.

3.

[0065] In the embodiment of FIG. 8, assume that the application server 170 determines
that the first BF value is greater than RAT2BIF#1 and/or RAT2BF#1 * Ain 1105. In
this case, the application server 170 simply forwards the received media packets from
UE 1 to UEs 2...5 within the first portion of RAT2 without any special re-bundling
procedure, 1110. Accordingly, the media packets transmitted by the application server
170 at 1110 have the same BF value as the media packets transmitted by UE 1 to the
application server 170 at 1100, i.e., the first BI value. Upon receiving the media
packets in accordance with the first BF value in 1110, the target UEs 2...5 set a de-jitter
buffer size based on the first BF value, 1115.

[0066] Still referring to FIG. 8, the application server 170 also compares the determined
BF value (i.e., the first BF value) with another number that is based upon RAT2BF#2,

1120. The comparison of 1120 is similar to the comparison that occurs at 715 of FIG. 4.
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Accordingly, in an embodiment, the number against which the application server 170
compares the determined B value of the incoming media packets from UE 1 at 1115
can correspond to either (i) RAT2BF#2 itself, or (ii) an offset version of RAT2BF#2
whereby RAT2BF#2 is multiplied by an adjustment factor denoted as “A”. The
adjustment factor A that is used to offset RAT2BF#2 at 1120 need not be the same as
the adjustment factor A that is used to offset RAT2BI#1 at 1105, in an example.

[0067] In 1120, unlike 1105, assume that the application server 170 determines that the
first BF value is greater than RAT2BF#2 and/or RAT2BF#2 * A. In this case, instead
of simply forwarding the received media packets from UE 1 to UEs 6...N without any
special re-bundling procedure, the application server 170 begins to buffer the incoming
media packets and the media frames included within a media buffer, 1125. The
application server 170 then generates its own media packets based on RAT2BI#2 from
the buffered media for transmission to UEs 6...N over the second portion of RAT2,
1130. For example, if the first B value equals 1, then each incoming media packet
from UE 1 includes one (1) media frame (e.g., voice frame). If RAT2BF#2 equals 6,
then the buffering step of 1125 buffers at least six (6) media frames from six (6) media
packets received from UE 1. Then, at 1130, the application server 170 generates a
bundled media packet that includes six (6) of the media frames. The application server
170 transmits a media packet in accordance with RAT2BF#2 at 1135. Upon receiving
the media packets in accordance with RAT2BF#2 at 1135, the target UEs 6...N update
their de-jitter buffer size based on RAT2BF#2, 1140. As noted above, generally, a
higher de-jitter buffer size is established for higher BF values. Thus, the application
server 170’s re-bundling of media frames to conform to RAT2BI#2 instead of the first
BF value causes a higher de-jitter buffer size to be implemented at UEs 6...N at 1140 as
compared to UEs 2...5 at 1115 in the embodiment of FIG. 8.

[0068] Those of skill in the art will appreciate that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.

[0069] Further, those of skill in the art will appreciate that the various illustrative

logical blocks, modules, circuits, and algorithm steps described in connection with the
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embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from

the scope of the present invention.

[0070] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (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 general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any

other such configuration.

[0071] The methods, sequences and/or algorithms described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may 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 storage medium known in the art. An exemplary storage medium is coupled to
the processor such that the processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal (e.g., UE). In the alternative, the processor and the storage

medium may reside as discrete components in a user terminal.

[0072] In one or more exemplary embodiments, the functions described may be
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implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
computer. Also, any connection is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included

within the scope of computer-readable media.

[0073] While the foregoing disclosure shows illustrative embodiments of the invention,
it should be noted that various changes and modifications could be made herein without
departing from the scope of the invention as defined by the appended claims. The
functions, steps and/or actions of the method claims in accordance with the
embodiments of the invention described herein need not be performed in any particular
order. Furthermore, although elements of the invention may be described or claimed in
the singular, the plural is contemplated unless limitation to the singular is explicitly

stated.



WO 2013/074841 PCT/US2012/065358

27
CLAIMS
What is claimed is:
1. A method of operating a server configured to arbitrate a communication session

between a plurality of user equipments (UEs), comprising:

determining, for at least one target UE among the plurality of UEs, at least one
target bundling factor (BF) indicative of a target number of media frames per media
packet transmitted to the at least one target UL;

receiving, from a transmitting UE among the plurality of UEs during the
communication session, a set of media packets that each include a given number of
media frames for transmission to the at least one target UE, the given number based on
a given BF applied to the set of media packets;

determining whether to modify the given BF applied to the set of media packets
based on the at least one target BF; and

transmitting the media frames from the set of media packets to the at least one

target UE based on the modification determination.

2. The method of claim 1, wherein the at least one target BF includes a common
target B that is compatible with a plurality of target UEs and is used to determine

whether to modify the given BT for each of the plurality of target UEs.

3. The method of claim 2, wherein determining the at least one target BI includes:
determining, for each of the plurality of target UEs, a lowest BF with which the
target UE is compatible; and
establishing the common target BF based on a highest BF of the determined

lowest BFs.

4. The method of claim 3,
wherein the determined lowest BFs include two or more different BFs such that

establishing the common target BF reduces overhead at the server.

5. The method of claim 2, wherein a common buffer is used by the server to buffer

packets for delivery to the plurality of target UEs in accordance with the common target

BF.
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6. The method of claim 1, wherein the determining the at least one target BF step
includes:

receiving Bl-related information from the at least one target UE.

7. The method of claim 6, wherein the received BF-related information includes (i)
an indication of the at least one target BF, (ii) an indication of whether header
compression is supported at a current serving network of the at least one target UE
and/or (iii) an indication of whether header compression is supported at a subset of the

current serving network to which the at least one target UE is connected.

8. The method of claim 7, wherein the indication of whether header compression is
supported at the current serving network corresponds to an indication of a type of the

current serving network.

9. The method of claim 8, wherein the received BF-related information indicates
that header compression is supported by indicating that the type of the current serving

network is Long Term Evolution (LTE).

10. The method of claim 8, wherein the received BF-related information indicates
that header compression is not supported by indicating that the type of the current

serving network is W-CDMA and/or EV-DO.

11. The method of claim 7, wherein the indication of whether header compression is
supported at the subset of the current serving network corresponds to an indication of a

subset-specific performance level of the subset of the current serving network.

12. The method of claim 1, wherein the determining at least one target BI step
includes:

identifying a first BIF indicative of an acceptable target number of media frames
per media packet transmitted to one or more UEs of the at least one target UE; and

reducing the first BF based on an adjustment factor to produce a second BF,
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wherein the second B corresponds to the at least one target BI for the one or

more UEs.

13. The method of claim 12,

wherein the adjustment factor controls a degree to which the first BF is reduced,

wherein a higher reduction to the first BI' improves re-bundling latency for the
transmitted media frames and a lower reduction to the first BI' improves packing
efficiency for the transmitted media frame, and

wherein the adjustment factor is established as a tradeoff between the re-

bundling latency and the packing efficiency.

14. The method of claim 1, wherein the determining whether to modify step
includes:

comparing the given B with at least one number based on the at least one target

BF.
15. The method of claim 14, wherein the determining whether to modify step further
includes:

determining to modify the given BF if the comparison indicates that the given
BF is not greater than the at least one number; and
determining not to modify the given BF if the comparison indicates that the

given BT is greater than the at least one number.

16. The method of claim 15, wherein the at least one number corresponds to the at

least one target BIF or at least one offset version of the at least one target BF.

17. The method of claim 1, wherein the determining whether to modify step
determines to modify the given BT, further comprising:

buffering the set of media packets at the server; and

generating, based on the buffered set of media packets, a different set of media
packets based on the at least one target BF,

wherein the transmitting step transmits the different set of media packets to the

at least one target UE.
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18. The method of claim 1,

wherein the at least one target UE includes a first set of target UEs and a second
set of target UEs, and

wherein the determining at least one target BF step determines a first target BF

for the first set of target UEs and a second target BT for the second set of target UEs.

19. The method of claim 18, wherein the first set of target UEs and the second set of

target UEs are connected to serving networks of different types.

20. The method of claim 18, wherein the first set of target UEs and the second set of

target UEs are connected to serving networks of a same type.

21. The method of claim 20, wherein the first and second target UEs are connected
to different subsets of a same serving network that are associated with different

performance levels.

22. The method of claim 18, wherein the determining whether to modify determines
to modify the given BF for the first set of target UEs and determines not to modify the

given BF for the second set of target UESs.

23. The method of claim 18, wherein the determining whether to modify includes:
comparing the given BF with a first number based on the first target BIF and a

second number based on the second target BF.

24. The method of claim 23, wherein the determining whether to modify step further
includes:

determining to modify the given BF for the first set of target UEs if the
comparison indicates that the given BF is not greater than the first number;

determining not to modify the given BT for the first set of target UEs if the
comparison indicates that the given BFI is greater than the first number

determining to modify the given BF for the second set of target UEs if the

comparison indicates that the given BF is not greater than the second number; and
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determining not to modify the given BF for the second set of target UEs if the

comparison indicates that the given BFI is greater than the first number

25. The method of claim 24, wherein the first and second numbers correspond to the
first and second target BI's, respectively, or to first and second offset versions of the

first and second target BFs, respectively.

26. The method of claim 1, further comprising:

receiving, from the transmitting UE, another set of media packets that each
include another given number of media frames for transmission to the at least one target
UE, the another given number based on another given BF applied to the another set of
media packets,

wherein the determining whether to modify and the transmitting steps are

repeated based on the another given BF.

27. The method of claim 26, wherein the receiving another set of media packets step
occurs based on a transition of the transmitting UE (i) to a different serving network
with a different level of header compression support and/or performance, or (ii) to a
different portion of a same serving network with a different level of header compression

support and/or performance.

28. The method of claim 1, further comprising:
determining another at least one target BIF for the at least one target UE; and
repeating the receiving, determining whether to modify and transmitting steps

based on the determined another at least one target BF.

29. The method of claim 28, wherein the determining another at least one target BI
is based upon a transition of the at least one target UE (i) to a different serving network
with a different level of header compression support and/or performance, or (ii) to a
different portion of a same serving network with a different level of header compression

support and/or performance.
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30. A method of operating a user equipment (UE) participating in a communication
session between a plurality of UEs, comprising:

receiving, during the communication session, a first set of media packets that
each include a first number of media frames, the first number based on a first bundling
factor (BF) applied to the first set of media packets;

setting a de-jitter buffer size of the UE to a first level based on the first BF;

receiving, after setting the de-jitter buffer size of the UE to the first level and
during the communication session, a second set of media packets that each include a
second number of media frames, the second number based on a second BF applied to
the second set of media packets; and

transitioning the de-jitter buffer size of the UE to a second level based on the

second BF.

31. The method of claim 30, further comprising:
providing BFF-related information associated with the UE to a server that

provides the first and second number of media frames.

32. The method of claim 31, wherein the provided BF-related information includes
(i) an indication of at least one target BF that is compatible with the UE, (ii) an
indication of whether header compression is supported at a current serving network of
the UE and/or (iii) an indication of whether header compression is supported at a subset

of the current serving network to which the UE is connected.

33. The method of claim 32, wherein the indication of whether header compression
is supported at the current serving network corresponds to an indication of a type of the

current serving network.

34. The method of claim 33, wherein the provided BF-related information indicates
that header compression is supported by indicating that the type of the current serving

network is Long Term Evolution (LTE).
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35. The method of claim 33, wherein the provided BF-related information indicates
that header compression is not supported by indicating that the type of the current

serving network is W-CDMA and/or EV-DO.

36. The method of claim 32, wherein the indication of whether header compression
is supported at the subset of the current serving network corresponds to an indication of

a subset-specific performance level of the subset of the current serving network.

37. The method of claim 31, wherein the first and/or second number of media

frames is based at least in part upon the BF-related information provided to the server.

38. The method of claim 30, further comprising:
transitioning (i) to a different serving network with a different level of header
compression support and/or performance, or (ii) to a different portion of a same serving

network with a different level of header compression support and/or performance.

39. The method of claim 38, further comprising:
providing BlF-related information based on the transition to a server that

provides the first and second number of media frames.

40. The method of claim 39, wherein a change from receiving packets that each
include the first number of media frames to receiving packets that each include the
second number of media frames is triggered by the BF-related information provided to

the server based on the transition.

41. A method of operating a user equipment (UE), comprising:

determining to originate a communication session to be arbitrated by a server
with at least one target UE;

determining whether an access network serving the UE supports header
compression;

establishing, based on the header compression support determination, a first

bundling factor (BF) indicative of a first number of media frames per media packet; and
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transmitting a first set of media packets that each include the first number of
media frames to the server for transmission to the at least one target UE during the

communication session based on the first BF.

42. The method of claim 41, further comprising:

establishing a second BF indicative of a second number of media frames per
media packet; and

transmitting a second set of media packets that each include the second number
of media frames to the server for transmission to the at least one target UE during the

communication session based on the second BF.

43, The method of claim 42, wherein the second BF is established responsive to a
transition of the UE (i) to a different access network with a different level of header
compression support and/or performance, or (ii) to a different portion of the access

network with a different level of header compression support and/or performance.

44, The method of claim 41, wherein the determination of whether the access
network serving the UE supports header compression is based on a type of the access

network.

45. The method of claim 44, wherein the access network is determined to support

header compression if the type of the access network is Long Term Evolution (L'TE).

46. The method of claim 44, wherein the access network is determined not to
support header compression if the type of the access network is W-CDMA and/or EV-
DO.

47. The method of claim 41, wherein the determination of whether the access
network serving the UE supports header compression is based on a subset-specific

performance level of a subset of the access network.

48. A server configured to arbitrate a communication session between a plurality of

user equipments (UEs), comprising:
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means for determining, for at least one target UE among the plurality of ULs, at
least one target bundling factor (BI) indicative of a target number of media frames per
media packet transmitted to the at least one target UE;

means for receiving, from a transmitting UE among the plurality of UEs during
the communication session, a set of media packets that each include a given number of
media frames for transmission to the at least one target UE, the given number based on
a given BF applied to the set of media packets;

means for determining whether to modify the given BT applied to the set of
media packets based on the at least one target BF; and

means for transmitting the media frames from the set of media packets to the at

least one target UE based on the modification determination.

49. A user equipment (UE) configured to participate in a communication session
between a plurality of UEs, comprising:

means for receiving, during the communication session, a first set of media
packets that each include a first number of media frames, the first number based on a
first bundling factor (BF) applied to the first set of media packets;

means for setting a de-jitter buffer size of the UE to a first level based on the
first BF;

means for receiving, after setting the de-jitter buffer size of the UE to the first
level and during the communication session, a second set of media packets that each
include a second number of media frames, the second number based on a second BF
applied to the second set of media packets; and

means for transitioning the de-jitter buffer size of the UE to a second level based

on the second BF.

50. A user equipment (UE) configured to participate in a communication session
between a plurality of UEs, comprising:

means for determining to originate the communication session to be arbitrated
by a server with at least one target UL;

means for determining whether an access network serving the UE supports

header compression;
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means for establishing, based on the header compression support determination,
a first bundling factor (BF) indicative of a first number of media frames per media
packet; and

means for transmitting a first set of media packets that each include the first
number of media frames to the server for transmission to the at least one target UE

during the communication session based on the first BF.

51. A server configured to arbitrate a communication session between a plurality of
user equipments (UEs), comprising:

logic configured to determine, for at least one target UE among the plurality of
UEs, at least one target bundling factor (BF) indicative of a target number of media
frames per media packet transmitted to the at least one target UE;

logic configured to receive, from a transmitting UE among the plurality of UEs
during the communication session, a set of media packets that each include a given
number of media frames for transmission to the at least one target UE, the given number
based on a given BT applied to the set of media packets;

logic configured to determine whether to modify the given BI applied to the set
of media packets based on the at least one target BF; and

logic configured to transmit the media frames from the set of media packets to

the at least one target UE based on the modification determination.

52. A user equipment (UE) configured to participate in a communication session
between a plurality of UEs, comprising:

logic configured to receive, during the communication session, a first set of
media packets that each include a first number of media frames, the first number based
on a first bundling factor (BF) applied to the first set of media packets;

logic configured to set a de-jitter buffer size of the UE to a first level based on
the first BF;

logic configured to receive, after setting the de-jitter buffer size of the UE to the
first level and during the communication session, a second set of media packets that
each include a second number of media frames, the second number based on a second

BF applied to the second set of media packets; and
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logic configured to transition the de-jitter buffer size of the UE to a second level

based on the second BF.

53. A user equipment (UE) configured to participate in a communication session
between a plurality of UEs, comprising:

logic configured to determine to originate the communication session to be
arbitrated by a server with at least one target UE;

logic configured to determine whether an access network serving the UE
supports header compression;

logic configured to establish, based on the header compression support
determination, a first bundling factor (BF) indicative of a first number of media frames
per media packet; and

logic configured to transmit a first set of media packets that each include the first
number of media frames to the server for transmission to the at least one target UE

during the communication session based on the first BF.

54. A non-transitory computer-readable medium containing instructions stored
thereon, which, when executed by a server configured to arbitrate a communication
session between a plurality of user equipments (UEs), cause the server to perform
actions, the instructions comprising:

at least one instruction to determine, for at least one target UE among the
plurality of UEs, at least one target bundling factor (BF) indicative of a target number of
media frames per media packet transmitted to the at least one target UL;

at least one instruction to receive, from a transmitting UE among the plurality of
UESs during the communication session, a set of media packets that each include a given
number of media frames for transmission to the at least one target UE, the given number
based on a given BT applied to the set of media packets;

at least one instruction to determine whether to modify the given BF applied to
the set of media packets based on the at least one target BF; and

at least one instruction to transmit the media frames from the set of media

packets to the at least one target UE based on the modification determination.
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55. A non-transitory computer-readable medium containing instructions stored
thereon, which, when executed by a user equipment (UE) configured to participate in a
communication session between a plurality of UEs, cause the UE to perform actions, the
instructions comprising:

at least one instruction to receive, during the communication session, a first set
of media packets that each include a first number of media frames, the first number
based on a first bundling factor (BF) applied to the first set of media packets;

at least one instruction to set a de-jitter buffer size of the UE to a first level
based on the first BF;

at least one instruction to receive, after setting the de-jitter buffer size of the UE
to the first level and during the communication session, a second set of media packets
that each include a second number of media frames, the second number based on a
second BF applied to the second set of media packets; and

at least one instruction to transition the de-jitter buffer size of the UE to a second

level based on the second BF.

56. A non-transitory computer-readable medium containing instructions stored
thereon, which, when executed by a user equipment (UE) configured to participate in a
communication session between a plurality of UEs, cause the UE to perform actions, the
instructions comprising:

at least one instruction to determine to originate a communication session to be
arbitrated by a server with at least one target UE;

at least one instruction to determine whether an access network serving the UE
supports header compression;

at least one instruction to establish, based on the header compression support
determination, a first bundling factor (BF) indicative of a first number of media frames
per media packet; and

at least one instruction to transmit a first set of media packets that each include
the first number of media frames to the server for transmission to the at least one target

UE during the communication session based on the first BF.
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