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DEVICE-INITIATED CODEC RATE CHANGE DURING A
VOICE CALL

FIELD OF THE DESCRIBED EMBODIMENTS

[0001] The described embodiments relate generally to communication technology
and more particularly to initiation of a codec rate change by a wireless
communication device during a voice over Internet Protocol (VoIP) call.
BACKGROUND

[0002] Wireless communication devices participating in a VolP call, such as a
voice over Long Term Evolution (VOLTE) call, can use an audio codec to encode and
decode audio data exchanged during the call. Audio codecs can have a codec rate,
which can define a bit rate used to encode audio data, and thus the size of an audio
data packet resulting from encoding an audio data sample (usually 20 milliseconds of
audio data in VoLTE calls) at the codec rate.

[0003] The amount of data that a wireless communication device can send and/or
receive over a radio link that can be used to support a VoIP call can depend on radio
frequency (RF) channel conditions. As such, the codec rate selected for use during
call establishment can be selected based on channel conditions existing at the outset
of the call. However, channel conditions can fluctuate over time, and a wireless
communication device can experience a wide range of condition during a
communication session. For example, a wireless communication device participating
in a call can enter an area with poor RF conditions during the call, and can be unable
to successfully send encapsulated vocoder packets encoded at the codec rate chosen
during the call establishment phase. This inability to successfully send encapsulated
vocoder packets can cause interruptions in the call and, in some instances, can even
cause the call to drop, thus negatively impacting user experience.

BRIEF SUMMARY OF SOME DISCLOSED EMBODIMENTS

[0004] Some embodiments disclosed herein provide for initiation of a codec rate
change by a wireless communication device during a VoIP call, such as a VoLTE call.
More particularly, a wireless communication device in accordance with some
example embodiments can request a codec rate change during a call in response to
determining that a channel quality observed by the wireless communication device
satisfies a defined threshold for requesting a codec rate change. For example, in some

embodiments, channel quality can be observed at a physical layer of a wireless
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communication device and, if an observed channel quality satisfies a threshold for
requesting a codec rate change, the device can request a codec rate change at a real-
time transport protocol (RTP) layer of the device. As such, if channel conditions
degrade during a call, the device can initiate a codec rate change to a lower codec rate
to enable successful transmission of encoded voice data in the degraded channel
conditions. Further, in some example embodiments, if channel conditions improve to
a point that a higher codec rate can be accommodated, a codec rate change to a higher
codec rate can be requested so that higher quality audio can be provided in the call.
Accordingly, user experience can be improved by reduced audio interruptions and call
drops. Further, in some embodiments, user experience can be improved in an instance
in which channel conditions improve during the call by switching to a higher codec
rate providing a higher audio quality.

[0005] In a first example embodiment, a method for initiating a codec rate change
during a VolP call by a wireless communication device is provided. The VolIP call
can, for example, be a VoLTE call. The method can include the wireless
communication device establishing a first codec rate for use in the VoIP call during a
call establishment phase; using the first codec rate to encode voice data for
transmission during a first portion of the VolP call; determining a channel quality
while using the first codec rate; determining that the channel quality satisfies a
threshold for requesting a codec rate change; requesting a codec rate change from the
first codec rate to a second codec rate in response to the channel quality satisfying the
threshold; and using the second codec rate to encode voice data for transmission
during a second portion of the VoIP call.

[0006] In some implementations of the first example embodiment, the wireless
communication device can include a physical layer and an RTP layer. In some such
implementations, the channel quality can be determined at the physical layer and the
codec rate change can be requested at the RTP layer in response to an indication being
provided to the RTP layer that the channel quality satisfies the threshold for
requesting a codec rate change.

[0007] In a second example embodiment, a wireless communication device
comprising a transceiver and processing circuitry coupled with the transceiver is
provided. The transceiver can be configured to transmit data and receive data via a
wireless network. In some implementations, the transceiver can be configured to

transmit data and receive data via a Long Term Evolution (LTE) network. The
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processing circuitry can be configured to control the wireless communication device
to establish a first codec rate for use in a VolP call during a call establishment phase.
The VolIP call can, for example, be a VOLTE call. The processing circuitry can be
further configured to control the wireless communication device to use the first codec
rate to encode voice data for transmission during a first portion of the VolP call;
determine a channel quality while using the first codec rate; determine that the
channel quality satisfies a threshold for requesting a codec rate change; request a
codec rate change from the first codec rate to a second codec rate in response to the
channel quality satisfying the threshold; and use the second codec rate to encode
voice data for transmission during a second portion of the VoIP call.

[0008] In some implementations of the second example embodiment, the wireless
communication device can include a physical layer and an RTP layer. In some such
implementations, the processing circuitry can be configured to further control the
wireless communication device to determine the channel quality at the physical layer;
provide an indication to the RTP layer that the channel quality satisfies the threshold;
and request the codec rate change at the RTP layer in response to the indication that
the channel quality satisfies the threshold.

[0009] In a third example embodiment, a computer program product for initiating
a codec rate change during a VoIP call by a wireless communication device is
provided. The VolIP call can, for example, be a VoLTE call. The computer program
product can include at least one non-transitory computer readable storage medium
having computer program code stored thereon. The computer program code of the
third example embodiment can include program code for establishing a first codec
rate for use in the VoIP call during a call establishment phase; program code for using
the first codec rate to encode voice data for transmission during a first portion of the
VolIP call; program code for determining a channel quality while using the first codec
rate; program code for determining that the channel quality satisfies a threshold for
requesting a codec rate change; program code for requesting a codec rate change from
the first codec rate to a second codec rate in response to the channel quality satisfying
the threshold; and program code for using the second codec rate to encode voice data
for transmission during a second portion of the VoIP call.

[0010] In some implementations of the third example embodiment, the wireless
communication device can include a physical layer and an RTP layer. In some such

implementations, the computer program code can include program code for
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determining the channel quality at the physical layer; program code for providing an
indication to the RTP layer that the channel quality satisfies the threshold; and
program code for requesting the codec rate change at the RTP layer in response to the
indication that the channel quality satisfies the threshold.

[0011] In a fourth example embodiment, an apparatus for initiating a codec rate
change during a VolIP call by a wireless communication device is provided. The
VolIP call can, for example, be a VoLTE call. The apparatus of the fourth example
embodiment can include means for establishing a first codec rate for use in the VolP
call during a call establishment phase; means for using the first codec rate to encode
voice data for transmission during a first portion of the VoIP call; means for
determining a channel quality while using the first codec rate; means for determining
that the channel quality satisfies a threshold for requesting a codec rate change; means
for requesting a codec rate change from the first codec rate to a second codec rate in
response to the channel quality satisfying the threshold; and means for using the
second codec rate to encode voice data for transmission during a second portion of the
VolIP call.

[0012] In some implementations of the fourth example embodiment, the wireless
communication device can include a physical layer and an RTP layer. In some such
implementations, the apparatus can include means for determining the channel quality
at the physical layer; means for providing an indication to the RTP layer that the
channel quality satisfies the threshold; and means for requesting the codec rate change
at the RTP layer in response to the indication that the channel quality satisfies the
threshold.

[0013] This Summary is provided merely for purposes of summarizing some
example embodiments so as to provide a basic understanding of some aspects of the
disclosure. Accordingly, it will be appreciated that the above described example
embodiments are merely examples and should not be construed to narrow the scope or
spirit of the disclosure in any way. Other embodiments, aspects, and advantages will
become apparent from the following detailed description taken in conjunction with
the accompanying drawings which illustrate, by way of example, the principles of the

described embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The described embodiments and the advantages thereof may best be
understood by reference to the following description taken in conjunction with the
accompanying drawings. These drawings in no way limit any changes in form and
detail that may be made to the described embodiments by one skilled in the art
without departing from the spirit and scope of the described embodiments.

[0015] FIG. 1 illustrates a wireless communication system in accordance with
some example embodiments.

[0016] FIG. 2 illustrates a block diagram of an apparatus that can be implemented
on a wireless communication device in accordance with some example embodiments.
[0017] FIG. 3 illustrates a system layer diagram of example system layers that can
be implemented on a wireless communication device in accordance with some
example embodiments.

[0018] FIG. 4 illustrates a flow chart according to an example method for
initiating a codec rate change during a voice over Internet Protocol VoIP call in
accordance with some example embodiments.

[0019] FIG. 5 illustrates a flow chart according to another example method for
initiating a codec rate change during a voice over Internet Protocol VoIP call in
accordance with some example embodiments.

[0020] FIG. 6 illustrates a flow chart according to an example method for
applying a hysteresis condition after switching codec rates during a call in accordance
with some example embodiments.

[0021] FIG. 7 illustrates a signaling diagram according to an example method for
initiating a codec rate change during a voice over Internet Protocol VoIP call in
accordance with some example embodiments.

[0022] FIG. 8 illustrates a signaling diagram according to another example
method for initiating a codec rate change during a voice over Internet Protocol VolP
call in accordance with some example embodiments.

DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[0023] Various example embodiments disclosed herein can enable a wireless
communication device to more readily adapt to changing channel conditions during a
VolIP call, such as a VoLTE call, thereby improving user experience. In this regard,
some example embodiments provide a wireless communication device configured to

request a codec rate change during a call in response to determining that a channel
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quality observed by the wireless communication device satisfies a defined threshold
for requesting a codec rate change. As such, if channel conditions degrade during a
call, the wireless communication device of some example embodiments can initiate a
codec rate change to a lower codec rate to enable successful transmission of encoded
voice data in the degraded channel conditions. Accordingly, user experience can be
improved by reduced audio interruptions and call drops. Further, in some example
embodiments, if channel conditions improve to a point that a higher codec rate can be
accommodated, a codec rate change to a higher codec rate can be requested so that
higher quality audio can be provided in the call, thereby improving user experience.
[0024] FIG. 1 illustrates a wireless communication system 100 in accordance with
some example embodiments. The wireless communication system 100 can include a
plurality of communication devices, including the wireless communication device 102
and second communication device 104.

[0025] The wireless communication device 102 can be any communication device
configured to wirelessly access a network, such as the network 106, via a radio access
technology (RAT) and engage in a communication session with another device over
the network. By way of non-limiting example, the wireless communication device
102 can be embodied as a cellular phone, such as a smart phone device, a tablet
computing device, a laptop computing device, or other computing device that can be
configured to wirelessly access a network.

[0026] As illustrated in FIG. 1, the wireless communication device 102 can
wirelessly access network 106 via the wireless network access point 108. The
wireless network access point 108 can be embodied as any access point that can be
configured to wirelessly provide network access to a wireless communication device,
such as wireless communication device 102. For example, in some embodiments,
wireless network access point 108 can be embodied as a cellular base station, such as,
by way of non-limiting example, a base transceiver station (BTS), node B, evolved
node B (eNB), femtocell, and/or other type of cellular base station. As a further
example, in some embodiments, wireless network access point 108 can be embodied
as a wireless local arca network (WLAN) access point, such as a wireless router,
wireless bridge, and/or other type of access point that can be used to access a WLAN.
It will be appreciated, however, that the foregoing example embodiments of the
wireless network access point 108 are non-limiting, and that the embodiment of the

wireless network access point 108 can vary depending on a type of RAT used for
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communication between the wireless communication device 102 and wireless
network access point 108.

[0027] Any present or future RAT capable of supporting a VoIP call can be used
for communication between wireless communication device 102 and wireless network
access point 108 within the scope of the disclosure. For example, in some
embodiments, such as in some embodiments in which wireless network access point
108 is embodied as a cellular base station, a cellular RAT supporting VolP
communication can be used for communication between wireless communication
device 102 and wireless network access point 108. For example, in some
embodiments in which a cellular RAT is used, a fourth generation (4G) RAT, such as
an Long Term Evolution (LTE) RAT capable of supporting VoLTE calls, including
LTE, LTE-Advanced (LTE-A), and/or the like can be used for communication
between wireless communication device 102 and wireless network access point 108.
It will be appreciated, however, that LTE and other 4G cellular RATs are provided by
way of example, and not by way of limitation. In this regard, other present or future
developed cellular RATSs, including various fifth generation (5G) RATs now in
development, that can support VolIP calls can be used for communication between
wireless communication device 102 and wireless network access point 108 within the
scope of the disclosure.

[0028] In some example embodiments, a non-cellular RAT can be used for
communication between wireless communication device 102 and wireless network
access point 108. For example, in some embodiments, such as some embodiments in
which wireless network access point 108 is embodied as a WLAN access point, a
WLAN RAT, such as an Institute of Electrical and Electronics Engineers (IEEE)
standardized Wi-Fi RAT (e.g., IEEE 802.11 a/b/g/n/ac/ad/etc.), can be used for
communication between wireless communication device 102 and wireless network
access point 108. In this regard, it will be appreciated that any RAT capable of
supporting VoIP calls can be used for communication between the wireless
communication device 102 and wireless network access point 108 within the scope of
the disclosure.

[0029] The second communication device 104 can be any communication device
that can be configured to participate in a voice call with one or more further
communication devices, such as wireless communication device 102. In some

example embodiments, the second communication device 104 can also be a wireless
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communication device, and thus can be embodied similarly to wireless
communication device 102 and can access the network 106 via a wireless connection
to a wireless network access point, such as a wireless network access point 108. In
such embodiments, the second communication device 104 can use any present or
future RAT, including, for example, one or more of the RATs described above with
respect to the wireless communication device 102 to access the network 106 and
engage in a voice call with the wireless communication device 102. It will be
appreciated, however, that in some embodiments, second communication device 104
can access the network 106 and participate in a communication session with wireless
communication device 102 via a wireline connection to the network 106.

[0030] In some example embodiments in which the second communication device
104 can wirelessly access the network 106 to engage in a voice call with wireless
communication device 102, the second communication device 104 can also usc a
VoIP connection to support the voice call, such that the voice call can be an end-to-
end VoIP call. For example in some example embodiments in which both the
wireless communication device 102 and second communication device 104 access a
network (or networks) using an LTE RAT, the wireless communication device 102
and second communication device 104 can engage in an end-to-end VoLTE call.
[0031] The network 106 can be embodied as any network or combination of
networks that can support a voice call and/or other communication between two or
more communication devices, such as wireless communication device 102 and second
communication device 104. By way of non-limiting example, the network 106 can
include one or more wireless networks (e.g., one or more cellular networks, one or
WLANS, and/or the like), one or more wireline networks, or some combination
thereof, and, in some example embodiments, can include the Internet. In some
example embodiments, the network 106 can be configured to support end-to-end
Internet Protocol (IP) communication such that a call between the wireless
communication device 102 and second communication device 104 can be supported
as an end-to-end VolP call. For example, in some example embodiments, the network
106 can include an IP Multimedia Subsystem (IMS) configured to support a VoLTE
and/or other VoIP call between the wireless communication device 102 and second

communication device 104.
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[0032] The wircless communication device 102 and second communication
device 104 can be configured to establish a voice call and/or other communication
session with each other via any technique that can be used to initiate and establish a
communication session. For example, in some embodiments, one of the wireless
communication device 102 and second communication device 104 (e.g., the calling
communication device) can place a call to the other of the wireless communication
device 102 and second communication device 104 (e.g., the called communication
device) to initiate a voice call.

[0033] FIG. 2 illustrates a block diagram of another example apparatus that can be
implemented on a communication device, such as wireless communication device 102
and/or second communication device 104, in accordance with some embodiments. In
this regard, FIG. 2 illustrates an apparatus 200 that can, when implemented on a
computing device, such as wireless communication device 102 and/or second
communication device 104, enable the computing device to operate within the system
100 in accordance with one or more example embodiments. It will be appreciated
that the components, devices or elements illustrated in and described with respect to
FIG. 2 below may not be mandatory and thus some may be omitted in certain
embodiments. Additionally, some embodiments can include further or different
components, devices or clements beyond those illustrated in and described with
respect to FIG. 2.

[0034] In some example embodiments, the apparatus 200 can include processing
circuitry 210 that is configurable to perform actions in accordance with one or more
example embodiments disclosed herein. In this regard, the processing circuitry 210
can be configured to perform and/or control performance of one or more
functionalities of a communication device in accordance with various example
embodiments, and thus can provide means for performing functionalities of a
communication device, such as wireless communication device 102 and/or second
communication device 104, in accordance with various example embodiments. The
processing circuitry 210 can be configured to perform data processing, application
execution and/or other processing and management services according to one or more
example embodiments.

[0035] In some embodiments, the apparatus 200 or a portion(s) or component(s)
thereof, such as the processing circuitry 210, can include one or more chipsets, which

can each include one or more chips. The processing circuitry 210 and/or one or more
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further components of the apparatus 200 can therefore, in some instances, be
configured to implement an embodiment on a single chip or chipset. In some
example embodiments in which one or more components of the apparatus 200 are
embodied as a chipset, the chipset can be capable of enabling a computing device to
operate in the system 100 when implemented on or otherwise operably coupled to the
computing device. For example, in some embodiments, one or more components of
the apparatus 200 can provide a physical layer interface chipset, such as a cellular
baseband chipset, that can be used to support communication with the wireless
network access point 108.

[0036] In some example embodiments, the processing circuitry 210 can include a
processor 212 and, in some embodiments, such as that illustrated in FIG. 2, can
further include memory 214. The processing circuitry 210 can be in communication
with or otherwise control a transceiver 216, channel quality measurement module
218, threshold evaluation module 220, and/or codec change request module 222.
[0037] The processor 212 can be embodied in a variety of forms. For example,
the processor 212 can be embodied as various hardware-based processing means such
as a microprocessor, a coprocessor, a controller or various other computing or
processing devices including integrated circuits such as, for example, an ASIC
(application specific integrated circuit), an FPGA (field programmable gate array),
some combination thereof, or the like. Although illustrated as a single processor, it
will be appreciated that the processor 212 can comprise a plurality of processors. The
plurality of processors can be in operative communication with each other and can be
collectively configured to perform one or more functionalities of a communication
device as described herein. In some example embodiments, the processor 212 can be
configured to execute instructions that can be stored in the memory 214 or that can be
otherwise accessible to the processor 212. As such, whether configured by hardware
or by a combination of hardware and software, the processor 212 capable of
performing operations according to various embodiments while configured
accordingly.

[0038] In some example embodiments, the memory 214 can include one or more
memory devices. Memory 214 can include fixed and/or removable memory devices.
In some embodiments, the memory 214 can provide a non-transitory computer-
readable storage medium that can store computer program instructions that can be

executed by the processor 212. In this regard, the memory 214 can be configured to
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store information, data, applications, instructions and/or the like for enabling the
apparatus 200 to carry out various functions in accordance with one or more example
embodiments. In some embodiments, the memory 214 can be in communication with
one or more of the processor 212, transceiver 216, channel quality measurement
module 218, threshold evaluation module 220, or codec change request module 222
via a bus (or buses) for passing information among components of the apparatus 200.
[0039] The apparatus 200 can further include a transceiver 216. The transceiver
216 can be configured to enable the apparatus 200 to send (e.g., transmit) wireless
signals to and receive signals from a wireless network via a connection to a wireless
network access point, such as the wireless network access point 108. As such, the
transceiver 216 can be configured to support any type of RAT that may be used to
support communication over a wireless channel between a communication device and
a network. Thus, for example, the transceiver 216 can be configured to support
communication via any type of RAT that can be used for communication between a
wireless communication device and a wireless network access point 108.

[0040] The apparatus 200 can further include the channel quality measurement
module 218. The channel quality measurement module 218 can be embodied as
various means, such as circuitry, hardware, a computer program product comprising a
computer readable medium (for example, the memory 214) storing computer readable
program instructions that are executable by a processing device (for example, the
processor 212), or some combination thercof. In some example embodiments, the
channel quality measurement module 218 can be at least partially implemented by a
physical layer of a wireless communication device, such as wireless communication
device 102.

[0041] The channel quality measurement module 218 can be configured to
measure and/or otherwise observe channel conditions during a VoIP call. In this
regard, the channel quality measurement module 218 can be configured to measure
and/or otherwise observe any metric that can be indicative of a channel condition
(e.g., an RF condition) of a channel used to support a VoIP call.

[0042] For example, in some embodiments, the channel quality measurement
module 218 can be configured to measure a signal quality of a channel. The
measured signal quality can, for example, include measurement of a reference signal
received power (RSRP), received signal strength indicator (RSSI), reference signal

received quality (RSRQ), and/or the like for the channel.
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[0043] As another example, the channel quality measurement module 218 of
some example embodiments can be configured to determine an error rate encountered
in a VoIP call on the uplink (UL) and/or on the downlink (DL). For example, the
channel quality measurement module 218 of some example embodiments can be
configured to determine an error rate based on Hybrid Automatic Repeat Request
(HARQ) processing for data received on the DL. Additionally or alternatively, the
channel quality measurement module 218 of some example embodiments can be
configured to determine an error rate for the UL based on a quantity of non-
acknowledgements (NACKSs) and/or acknowledgements (ACKs) received from the
network.

[0044] As yet a further example, the channel quality measurement module 218 of
some example embodiments can be configured to determine a resource grant and/or
other allocation by a serving network that can be indicative of a channel quality. For
example, in some embodiments, the channel quality measurement module 218 can be
configured to determine a modulation and coding scheme (MCS) allocation (e.g., a
past and/or present MCS allocation) allocated to a wireless communication device on
which the apparatus 200 is implemented.

[0045] The apparatus 200 can also include threshold evaluation module 220. The
threshold evaluation module 220 can be embodied as various means, such as circuitry,
hardware, a computer program product comprising a computer readable medium (for
example, the memory 214) storing computer readable program instructions that are
executable by a processing device (for example, the processor 212), or some
combination thereof.

[0046] The threshold evaluation module 220 can be configured to apply channel
quality thresholds for requesting a codec rate change in accordance with various
example embodiments. In this regard, in some example embodiments, a given codec
rate can have a defined association with one or more thresholds for requesting a codec
rate change. In some example embodiments, each respective codec rate that can be
used by a wireless communication device in a call can have an associated threshold(s)
for requesting a codec rate change. In this regard, as the codec rate can affect the size
of an encoded vocoder packet, each respective codec rate can have an associated
channel quality threshold(s) that can be defined based on the size of a vocoder packet
encoded at the codec rate. Thus, for example, a threshold channel quality can be

defined such that if channel conditions degrade below the threshold channel quality, a
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lower codec rate can be requested to improve the likelihood of successful
transmission of encoded audio data (e.g., encoded vocoder packets) at the given RF
conditions.

[0047] In some example embodiments, a codec rate can have a defined
association with both one or more good channel quality thresholds for requesting
codec rate increase (e.g., in good, or improving channel conditions) and one or more
poor channel quality thresholds for requesting a codec rate decrease (e.g., in poor, or
degrading channel conditions) such that the good channel quality threshold(s) and
poor channel quality threshold(s) can define a window of channel conditions in which
the codec rate is used. If channel conditions improve to exceed a good channel
quality threshold, a higher codec rate can be requested, as the channel can support
larger vocoder packets, which can provide higher audio quality. Similarly, if channel
conditions degrade below a poor channel quality threshold, a lower codec rate can be
requested to improve the likelihood of successful transmission of encoded audio data.
[0048] The threshold evaluation module 220 can accordingly be configured to
compare a channel quality measured by the channel quality measurement module 218
to a threshold associated with a codec rate being used to encode audio data for
transmission in a VoIP call to determine if a codec rate change should be requested.
For example, if the channel quality measurement module 218 measures a signal
quality, such as RSRP, RSSI, RSRQ, and/or the like, the threshold evaluation module
220 can be configured to compare the measured signal quality to a threshold signal
quality, such as a threshold RSRP, threshold RSSI, threshold RSRQ, and/or the like.
In this regard, if a measured signal quality is less than a threshold signal quality
indicative of a poor channel quality for the codec rate being used, a threshold for
requesting a lower codec rate can be satisfied. Similarly, for example, if a measured
signal quality is greater than a threshold signal quality indicative of good channel
quality, then a threshold for requesting a higher codec rate can be satisfied.

[0049] As a further example, if the channel quality measurement module 218
determines an error rate encountered in a VolP call, the threshold evaluation module
220 can be configured to compare the experienced error rate to a threshold error rate.
Thus, for example, if the error rate exceeds a threshold error rate indicative of a poor
channel quality for the codec rate being used, a threshold for requesting a lower codec

rate can be satisfied. Similarly, for example, if the error rate is less than a threshold
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signal quality indicative of good channel quality, then a threshold for requesting a
higher codec rate can be satisfied.

[0050] As yet another example, if the channel quality measurement module 218
determines a resource allocation, such as an MCS allocation, the threshold evaluation
module 220 can be configured to evaluate whether the allocated resource satisfies a
resource threshold sufficient to accommodate the size of a voice packet (e.g., a
vocoder packet) encoded at the current codec rate. For example, in some
embodiments, the threshold evaluation module 220 can be configured to determine
whether a voice packet encoded at the current voice packet will fit into a single
transmission time interval (TTI) given the MCS allocation. In this regard, the amount
of data that a wireless communication device can transmit on an UL in a single TTI
can be defined at least in part by an MCS allocation. Thus, for example, if the
threshold evaluation module 220 determines that a voice packet encoded at the
present codec rate is too large to transmit in a single TTI given the MCS allocation,
the threshold evaluation module 220 can determine that a threshold for requesting a
lower codec rate has been satisfied.

[0051] In some example embodiment, the threshold evaluation module 220 can be
configured to determine that a threshold for requesting a codec rate change has been
satisfied only if the channel quality has satisfied the threshold for more than a single
channel quality measurement. For example, in some example embodiments, the
threshold evaluation module 220 can be configured to determine that a threshold for
requesting a codec rate change has been satisfied if the channel quality has satisfied
the threshold for an amount of time exceeding some threshold period of time, such as
can be measured with a timer. As a further example, in some example embodiments,
the threshold evaluation module 220 can be configured to determine that a threshold
for requesting a codec rate change has been satisfied if there have been a defined
number, n, channel quality measurements that have satisfied the threshold. For
example, in some embodiments, the threshold evaluation module 220 can be
configured to determine that a codec rate change should be requested only if the last
consecutive channel quality measurements provided by the channel quality
measurement module 218 have satisfied the threshold. As another example, in some
embodiments, the threshold evaluation module 220 can be configured to determine
that a codec rate change should be requested only if # of the last m, where m is an

integer larger than », channel quality measurements provided by the channel quality
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measurement module 218 have satisfied the threshold. In this regard, the threshold
evaluation module 220 of some example embodiments can be configured to evaluate
whether a threshold has been satisfied over a period of time to avoid ping ponging
between codec rates in response to a transient channel condition.

[0052] The apparatus 200 can further include codec change request module 222.
The codec change request module 222 can be embodied as various means, such as
circuitry, hardware, a computer program product comprising a computer readable
medium (for example, the memory 214) storing computer readable program
instructions that are executable by a processing device (for example, the processor
212), or some combination thereof. In some example embodiments, the codec change
request module 222 can be at least partially implemented within an RTP layer of a
wireless communication device, such as wireless communication device 102.

[0053] In an instance in which a threshold for requesting a codec rate change is
determined to be satisfied by the threshold evaluation module 220, the threshold
evaluation module 220 can be configured to provide an indication that the channel
quality satisfies a threshold for requesting a codec rate change to the codec change
request module 222. In some example embodiments, the indication can include an
indication of whether a good channel quality threshold has been satisfied such that an
increased codec rate should be requested or whether a poor channel quality threshold
has been satisfied such that a lower codec rate should be requested. In some example
embodiments, the indication can specify a codec rate that should be requested.
However, in some example embodiments, the exact codec rate to be requested can be
understood based on predefined policy (e.g., one codec rate level higher than the
present codec rate or one codec rate lower than the present codec rate) or, in some
embodiments, can be left to the discretion of the codec change request module 222.
[0054] The codec change request module 222 can be configured to request a
codec rate change to another codec rate in response to the indication. For example, in
some embodiments, the codec change request module 222 can be configured to
format and send a codec mode request (CMR) message requesting a change in codec
rate.

[0055] In some example embodiments, a request to change codec rate, such as a
CMR message, can be sent to another device participating in the VolP call. For

example, in some embodiments, the wireless communication device 102 can be
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configured to send a request to change codec rate to the second communication device
104.

[0056] Additionally or alternatively, in some example embodiments, a request to
change codec rate, such as a CMR message, can be sent to a network entity that can
be responsible for arbitrating codec rate change requests. For example, in some
embodiments, a request to change the codec rate can be sent to wireless network
access point 108, a core network entity, or an IMS entity, such as a Multimedia
Telephony Service for IMS (MTSI) media gateway (MGW).

[0057] FIG. 3 illustrates a system layer diagram 300 of example system layers
that can be implemented on a wireless communication device, such as wireless
communication device 102, in accordance with some example embodiments. The
system layers can include an RTP layer 302. The RTP layer 302 can be a transport
layer (e.g., layer 4 in the Open Systems Interconnection model), which can be
responsible for providing end-to-end communication services for a VolP call. In
some example embodiments, the codec change request module 222 can be
implemented within and/or can be configured to control at least some functionality of
the RTP layer 302 such that a request for a codec rate change can be performed at the
RTP layer 302 in some example embodiments.

[0058] The system layers can further include physical layer 306, which can be the
physical (PHY) layer, or layer 1 in the Open Systems Interconnection model. The
physical layer 306 can include the networking hardware, such as transceiver 216 to
support communication with the wireless network access point 108 in support of a
VoIP call. In some example embodiments, the channel quality measurement module
218 can be implemented within and/or can be configured to control at least some
functionality of the physical layer 306 such that a channel quality can be determined
at the physical layer 306 in some example embodiments.

[0059] A threshold evaluation module layer 304 can function as an intermediary
between the RTP layer 302 and the physical layer 306. The threshold evaluation
module layer 304 can, for example, be an embodiment of threshold evaluation module
220. The threshold evaluation module layer 304 can be configured to evaluate a
channel quality determined at the physical layer 306 to determine if a threshold for
requesting a codec rate change has been satisfied. If a threshold for requesting a

codec rate change has been satisfied, the threshold evaluation module layer 304 can
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be configured to provide an indication to the RTP layer 302 to prompt the RTP layer
302 to request a codec rate change.

[0060] In some example embodiments, the threshold evaluation module layer 304
can be implemented within an intermediary layer disposed between the RTP layer 302
and physical layer 306 that is configured to interact with both the RTP layer 302 and
the physical layer 306, as illustrated in FIG. 3. However, in some example
embodiments, the threshold evaluation module layer 304 can be implemented at least
partially within the physical layer 306 such that evaluation of whether a threshold for
requesting a codec change has been satisfied can be performed within the physical
layer 306 of some example embodiments.  Alternatively, in some example
embodiments, the threshold evaluation module layer 304 can be implemented at least
partially within the physical layer 306 such that evaluation of whether a threshold for
requesting a codec change has been satisfied can be performed within the RTP layer
302 of some example embodiments.

[0061] It will be appreciated that the system layer diagram 300 is provided by
way of example, and not by way of limitation. In this regard, the system layer
diagram 300 is not to be taken as being comprehensive of all system layers that may
be implemented on a wireless communication device, such as wireless
communication device 102. For example, one or more intermediate layers can be
implemented between respective ones of the system layers 300 in accordance with
some example embodiments. As a further example, one or more layers can be
implemented above the RTP layer 302. Further, as described above, alternative
arrangements in which the threshold evaluation module layer 304 is integrated into
the RTP layer 302 or into the physical layer 306 are contemplated within the scope of
the disclosure.

[0062] FIG. 4 illustrates a flow chart according to an example method for
initiating a codec rate change during a VoIP call in accordance with some example
embodiments. In this regard, Fig. 4 illustrates operations that can be performed by a
wireless communication device, such as wircless communication device 102, in
accordance with some example embodiments. One or more of processing circuitry
210, processor 212, memory 214, transceiver 216, channel quality measurement
module 218, threshold evaluation module 220, or codec change request module 222
can, for example, provide means for performing the operations illustrated in and

described with respect to FIG. 4.
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[0063] At operation 400, a VoIP call can be initiated. The VoIP call can be
initiated by the wireless communication device 102, or can be initiated by another
party participating in the call, such as the second communication device 104. In
embodiments in which the wireless communication device 102 is accessing an LTE
network, the VoIP call can be a VOLTE call. In some example embodiments in which
the second communication device 104 is also participating in the call via an LTE
connection, the VoIP call can be an end-to-end VoLTE call.

[0064] Operation 410 can include the wireless communication device 102
establishing a first codec rate for use in the VoIP call during call establishment.
Establishment of the first codec rate can, for example, include negotiation between the
wireless communication 102 and the second communication device 104 in accordance
with a protocol that can be used by devices participating in a call to establish an initial
codec rate. In some example embodiments, the first codec rate can be selected based
at least in part on channel conditions observed at the time of establishment of the call.

[0065] In some example embodiments, the first codec rate can be a rate of an
adaptive multi-rate (AMR) audio codec that can be used to encode audio data in a
VolIP call. In this regard, some example embodiments can include switching between
codec rates for an AMR audio codec during a call in response to a change in channel
quality.

[0066] Operation 420 can include the wireless communication device 102 using
the first codec rate to encode voice data for transmission during a first portion of the
VolIP call.

[0067] Operation 430 can include the wireless communication device 102
determining a channel quality while using the first codec rate. Operation 430 can, for
example, be performed by the channel quality measurement module 218. As such,
operation 430 can include determining one or more of the channel quality metrics
discussed above, such as, by way of non-limiting example, a signal quality
measurement (e.g., RSRP, RSSI, RSRQ, and/or the like), an error rate experienced by
the wireless communication device 102, a resource allocation (e.g., an MCS
allocation) granted to the wireless communication device 102, and/or the like.

[0068] Operation 440 can include the wireless communication device 102
determining that the channel quality determined in operation 430 satisfies a threshold
for requesting a codec rate change. Operation 440 can, for example, be performed by

the threshold evaluation module 220.
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[0069] Operation 450 can include the wireless communication device 102
requesting a codec rate change from the first codec rate to a second codec rate in
response to the channel quality satisfying the threshold. Operation 450 can, for
example, be performed by the codec change request module 222. In some example
embodiments, operation 450 can include the wireless communication device 102
sending a CMR message.

[0070] Operation 460 can include the wireless communication device 102 using
the second codec rate to encode voice data for transmission during a second portion of
the VoIP call. In some example embodiments, operation 460 can be performed after
some defined delay period (e.g., to give the second communication device 104 time to
receive notice of the codec rate change) following requesting the codec rate change.
[0071] In some example embodiments, such as those illustrated in and described
with respect to the signaling diagrams of FIGs. 7 and 8, the wireless communication
device 102 can wait for a response permitting the wireless communication device 102
to switch to the second codec rate prior to using the second codec rate. For example,
the wireless communication device 102 can wait for a response from the second
communication device 104 and/or a response from a network entity that can be
responsible for arbitrating codec rate change requests. In such example embodiments,
the wireless communication device 102 can continue to use the first codec rate, and
operation 460 can be omitted, in an instance in which the wireless communication
device 102 receives a message denying the request and/or otherwise does not receive
a response permitting the wireless communication device 102 to switch to the second
codec rate. In some example embodiments, the wireless communication device 102
can submit another request to switch to the second codec rate in an instance in which
a response permitting the wireless communication device 102 to switch to the second
codec rate is not received.

[0072] In some example embodiments, the second communication device 104 can
also switch codec rates in response to the request such that audio data received by the
wireless communication device 102 can also be encoded at the new codec rate.

[0073] In some example embodiments, the codec rate can be switched multiple
times during a VolP call in response to changing conditions. In this regard, the
wireless communication device 102 can continue to determine channel quality and
request to change codec rates as channel conditions evolve during the course of the

call.
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[0074] FIG. 5 illustrates a flow chart according to another example method for
initiating a codec rate change during a VoIP call in accordance with some example
embodiments. More particularly, FIG. 5 illustrates an embodiment of the method of
FIG. 4 in which initiation of a codec rate change can be facilitated by an intermediary
between a physical layer and an RTP layer, such as in accordance with embodiments
described with respect to the system layer diagram 300. One or more of processing
circuitry 210, processor 212, memory 214, transceiver 216, channel quality
measurement module 218, threshold evaluation module 220, or codec change request
module 222 can, for example, provide means for performing the operations illustrated
in and described with respect to FIG. 5.

[0075] At operation 500, a VoIP call can be initiated. The VoIP call can be
initiated by the wireless communication device 102, or can be initiated by another
party participating in the call, such as the second communication device 104. In
embodiments in which the wireless communication device 102 is accessing an LTE
network, the VoIP call can be a VOLTE call. In some example embodiments in which
the second communication device 104 is also participating in the call via an LTE
connection, the VoIP call can be an end-to-end VoLTE call.

[0076] Operation 510 can include the wireless communication device 102
establishing a first codec rate for use in the VoIP call during call establishment. In
this regard, operation 510 can correspond to an embodiment of operation 410.
Operation 520 can include the wireless communication device 102 using the first
codec rate to encode voice data for transmission during a first portion of the VolP
call. Operation 520 can, for example, correspond to an embodiment of operation 420.
[0077] Operation 530 can include the wireless communication device 102
determining a channel quality at the physical layer (e.g., physical layer 302) while
using the first codec rate. Operation 530 can, for example, correspond to an
embodiment of operation 430.

[0078] Operation 540 can include the wireless communication device 102
determining that the channel quality satisfies a threshold for requesting a codec rate
change. In this regard, operation 540 can, for example, correspond to an embodiment
of operation 440.

[0079] Operation 550 can include the wireless communication device 102
providing an indication that the channel quality satisfies the threshold to the RTP

layer (e.g., the RTP layer 306). For example, in some embodiments, a layer disposed
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between the physical layer and the RTP layer, such as the threshold evaluation
module layer 304, can provide the indication to the RTP layer.

[0080] Operation 560 can include the wireless communication device 102
requesting, at the RTP layer, a codec rate change from the first codec rate to a second
codec rate in response to the indication provided to the RTP layer in operation 550.
In this regard, operation 560 can, for example, correspond to an embodiment of
operation 450.

[0081] Operation 570 can include the wireless communication device 102 using
the second codec rate to encode voice data for transmission during a second portion of
the VoIP call. Operation 570 can, for example, correspond to an embodiment of
operation 460.

[0082] As discussed above, in some example embodiments, a codec rate can be
switched multiple times during a VoIP call in response to further changes in channel
quality. In some such example embodiments, a hysteresis condition can be applied
prior to switching codec rates a second time to avoid ping ponging between two codec
rates. FIG. 6 illustrates a flow chart according to an example method for applying a
hysteresis condition after switching codec rates during a call in accordance with some
such example embodiments. In this regard, FIG. 6 illustrates operations that can be
performed by a wireless communication device, such as wireless communication
device 102, after switching from a first codec rate to a second codec rate, such as in
accordance with the method of FIG. 4 and/or the method of FIG. 5. One or more of
processing circuitry 210, processor 212, memory 214, transceiver 216, channel quality
measurement module 218, threshold evaluation module 220, or codec change request
module 222 can, for example, provide means for performing the operations illustrated
in and described with respect to FIG. 6.

[0083] At operation 600, the wireless communication device 102 can switch from
a first codec rate to a second codec rate. For example, operation 600 can correspond
to operation 460 and/or operation 570.

[0084] Operation 610 can include the wireless communication device 102
determining a channel quality while using the second codec rate. Operation 610 can,
for example, be performed by the channel quality measurement module 218.

[0085] Operation 620 can include the wireless communication device 102

determining that the channel quality determined in operation 610 satisfies a threshold
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for requesting a codec rate change to return to the first codec rate. Operation 620 can,
for example, be performed by the threshold evaluation module 220.

[0086] Operation 630 can include the wireless communication device 102
applying a hysteresis condition before requesting a codec rate change to return to the
first codec rate. The hysteresis condition can include determining whether the
channel quality satisfying the threshold persists for some period. For example,
operation 630 can include setting a timer to determine if the channel quality continues
to persist at expiration of the timer. As another example, in some example
embodiments, applying the hysteresis condition can include performing one or more
further channel quality measurements to verify that the channel quality is not
transient. For example, applying the hysteresis condition can include enforcing a
policy that a defined number, n, channel quality measurements satisfy the threshold
before requesting to return to the first codec rate. For example, in some
embodiments, applying the hysteresis condition can include determining whether at
least n consecutive channel quality measurements satisfy the threshold. As another
example, in some embodiments, applying the hysteresis condition can include
determining whether at least » of m sequential channel quality measurements, where
m 18 an integer larger than n, satisfy the threshold.

[0087] Operation 640 can include the wireless communication device 102
determining whether the hysteresis condition applied in operation 630 is satisfied. In
some example embodiments, the threshold evaluation module 220 can perform
operations 630 and 640.

[0088] In an instance in which it is determined at operation 640 that the hysteresis
condition is not satisfied, the method can proceed to operation 650, which can include
the wireless communication device 102 continuing to use the second codec rate. If,
however, it is determined at operation 640 that the hysteresis condition is satisfied, the
method can instead proceed to operation 660, which can include the wireless
communication device 102 requesting a codec rate change from the second codec rate
to the first codec rate.

[0089] FIG. 7 illustrates a signaling diagram according to an example method for
initiating a codec rate change during a voice over Internet Protocol VoIP call in
accordance with some example embodiments. In this regard, FIG. 7 illustrates
operations that can be performed by and signals that can be exchanged between a

wireless communication device 702, network 704, and second communication device
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706 in accordance with some example embodiments. The wireless communication
device 702 can be an embodiment of the wireless communication device 102, and the
second communication device 706 can be an embodiment of the second
communication device 104. As such, it will be appreciated that one or more of
processing circuitry 210, processor 212, memory 214, transceiver 216, channel quality
measurement module 218, threshold evaluation module 220, or codec change request
module 222 can, for example, provide means for performing the operations of the
wireless communication device 702 in accordance with some example embodiments.
[0090] The network 704 can include one or more networks and/or elements of one
or more networks, which can be configured to support a VoIP call, such as a VoLTE
call, between the wireless communication device 702 and second communication
device 706. For example, the network 704 can include one or more eclements of a
radio access network (RAN), such as the wireless network access point 108, to which
the wireless communication device 702 can be connected. In embodiments in which
the second communication device 706 is connected to a cellular network, the network
704 can further include one or more clements of a RAN to which the second
communication device 706 can be connected. The network 704 can additionally
include one or more clements of a core network, which can be interfaced with one or
more cellular RANs. In some example embodiments, the network 704 can include
one or more entities, such as an MTSI MGW, of an IMS that can be configured to
support a VoIP call.

[0091] Operation 710 can include the wireless communication device 702 and
second communication device 706 performing a call establishment phase attendant to
initiation of a VolP call, such as a VoLTE call. The call establishment phase can
include the wireless communication device 702 and second communication device
706 agreeing to a first codec rate to be used by the wireless communication device
702.

[0092] Operation 720 can include the wireless communication device 702
determining that a channel quality satisfies a threshold for requesting a codec rate
change. In this regard, operation 720 can, for example, correspond to an embodiment
of operation 440 and/or operation 540.

[0093] Operation 730 can include the wireless communication device 702 sending

a codec rate change request to the second communication device 706. The codec rate
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change request can, for example, be a CMR message. Operation 730 can, for
example, correspond to an embodiment of operation 450 and/or operation 560.

[0094] After sending the codec rage change request, the wireless communication
device 702 can wait for a codec rate change response from the second communication
device 702 before switching to the second codec rate. The wireless communication
device 702 can receive the codec rate change response, at operation 740. If the codec
rate change response permits the wireless communication device 702 to switch to the
second codec rate, the wireless communication device 702 can switch to the second
codec rate, at operation 750. If, however, the codec rate change response denies the
request to switch codec rates, the wireless communication device 702 can continue to
use the first codec rate. Operation 750 can, for example, correspond to an
embodiment of operation 460 and/or operation 570.

[0095] FIG. 8 illustrates a signaling diagram according to another example
method for initiating a codec rate change during a voice over Internet Protocol VolP
call in accordance with some example embodiments. More particularly, FIG. 8
illustrates an example embodiment in which a network entity can arbitrate a codec
rate change request and permit or deny the request. FIG. § illustrates operations that
can be performed by and signals that can be exchanged between a wireless
communication device 802, network 804, and second communication device 806 in
accordance with some example embodiments. The wireless communication device
802 can be an embodiment of the wireless communication device 102, and the second
communication device 806 can be an embodiment of the second communication
device 104. As such, it will be appreciated that one or more of processing circuitry
210, processor 212, memory 214, transceiver 216, channel quality measurement
module 218, threshold evaluation module 220, or codec change request module 222
can, for example, provide means for performing the operations of the wireless
communication device 802 in accordance with some example embodiments.

[0096] The network 804 can include one or more networks and/or elements of one
or more networks, which can be configured to support a VoIP call, such as a VoLTE
call, between the wireless communication device 802 and second communication
device 806. For example, the network 804 can include one or more elements of a
radio access network (RAN), such as the wireless network access point 108, to which
the wireless communication device 802 can be connected. In embodiments in which

the second communication device 806 is connected to a cellular network, the network
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804 can further include one or more clements of a RAN to which the second
communication device 806 can be connected. The network 804 can additionally
include one or more elements of a core network, which can be interfaced with one or
more cellular RANs. In some example embodiments, the network 804 can include
one or more entities, such as an MTSI MGW, of an IMS that can be configured to
support a VoIP call.

[0097] Operation 810 can include the wireless communication device 802 and
second communication device 806 performing a call establishment phase attendant to
initiation of a VolP call, such as a VoLTE call. The call establishment phase can
include the wireless communication device 802 and second communication device
806 agreeing to a first codec rate to be used by the wireless communication device
802.

[0098] Operation 820 can include the wireless communication device 802
determining that a channel quality satisfies a threshold for requesting a codec rate
change. In this regard, operation 820 can, for example, correspond to an embodiment
of operation 440 and/or operation 540.

[0099] Operation 830 can include the wireless communication device 802 sending
a codec rate change request to the network 804 and/or to the second communication
device 806. The codec rate change request can, for example, be a CMR message.
Operation 830 can, for example, correspond to an embodiment of operation 450
and/or operation 560.

[0100] After sending the codec rage change request, the wireless communication
device 802 can wait for a codec rate change response before switching to the second
codec rate. In the embodiment of FIG. &, a network entity of the network 804 can see
the codec rate change and can arbitrate the codec change request. The wireless
communication device 802 can receive a codec rate change response from the
network entity, at operation 840. If the codec rate change response permits the
wireless communication device 802 to switch to the second codec rate, the wireless
communication device 802 can switch to the second codec rate, at operation 850. If,
however, the codec rate change response denies the request to switch codec rates, the
wireless communication device 802 can continue to use the first codec rate.
Operation 850 can, for example, correspond to an embodiment of operation 460

and/or operation 570.
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[0101] The various aspects, embodiments, implementations or features of the
described embodiments can be used separately or in any combination. Various
aspects of the described embodiments can be implemented by software, hardware or a
combination of hardware and software. The described embodiments can also be
embodied as a computer readable medium (or mediums) storing computer readable
code including instructions that can be performed by one or more computing devices.
The computer readable medium may be associated with any data storage device that
can store data which can thereafter be read by a computer system. Examples of the
computer readable medium include read-only memory, random-access memory, CD-
ROMs, HDDs, DVDs, magnetic tape, and optical data storage devices. The computer
readable medium can also be distributed over network-coupled computer systems so
that the computer readable code may be stored and executed in a distributed fashion.
[0102] In the foregoing detailed description, reference was made to the
accompanying drawings, which form a part of the description and in which are
shown, by way of illustration, specific embodiments in accordance with the described
embodiments. Although these embodiments are described in sufficient detail to
enable one skilled in the art to practice the described embodiments, it is understood
that these examples are not limiting; such that other embodiments may be used, and
changes may be made without departing from the spirit and scope of the described
embodiments. For example, it will be appreciated that the ordering of operations
illustrated in the flowcharts is non-limiting, such that the ordering of two or more
operations illustrated in and described with respect to a flowchart can be changed in
accordance with some example embodiments. As another example, it will be
appreciated that in some embodiments, one or more operations illustrated in and
described with respect to a flowchart can be optional, and can be omitted.

[0103] Further, the foregoing description, for purposes of explanation, used
specific nomenclature to provide a thorough understanding of the described
embodiments. However, it will be apparent to one skilled in the art that the specific
details are not required in order to practice the described embodiments. Thus, the
foregoing descriptions of specific embodiments are presented for purposes of
illustration and description. The description of and examples disclosed with respect
to the embodiments presented in the foregoing description are provided solely to add
context and aid in the understanding of the described embodiments. The description

is not intended to be exhaustive or to limit the described embodiments to the precise
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forms disclosed. It will be apparent to one of ordinary skill in the art that many
modifications, alternative applications, and variations are possible in view of the
above teachings. In this regard, one of ordinary skill in the art will readily appreciate
that the described embodiments may be practiced without some or all of these specific
5  details. Further, in some instances, well known process steps have not been described

in detail in order to avoid unnecessarily obscuring the described embodiments.
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CLAIMS

What 1s claimed is:

1. A method for initiating a codec rate change during a voice over Long Term
Evolution (VoLTE) call by a wireless communication device including a physical
layer and a real-time transport protocol (RTP) layer, the method comprising the
wireless communication device:

establishing a first codec rate for use in the VoLTE call during a call
establishment phase;

using the first codec rate to encode voice data for transmission during a first
portion of the VoL TE call;

determining a channel quality at the physical layer while using the first codec
rate;

determining that the channel quality satisfies a threshold for requesting a
codec rate change;

providing an indication that the channel quality satisfies the threshold to the
RTP layer;

requesting, at the RTP layer, a codec rate change from the first codec rate to a
second codec rate in response to the indication that the channel quality satisfies the
threshold; and

using the second codec rate to encode voice data for transmission during a
second portion of the VoLTE call.
2. The method of claim 1, wherein:

determining the channel quality comprises determining a modulation and
coding scheme (MCS) allocation for the wireless communication device;

determining that the channel quality satisfies the threshold comprises
determining that a voice packet encoded using the first codec rate is too large to
transmit in a single transmission time interval (TTI) given the MCS allocation; and

requesting the codec rate change comprises requesting a codec rate change to a
lower bit rate than the first codec rate.
3. The method of claim 1, wherein:

determining the channel quality comprises measuring one or more of a
reference signal received power (RSRP), received signal strength indicator (RSSI), or

reference signal received quality (RSRQ); and
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determining that the channel quality satisfies the threshold comprises
determining that one or more of an RSRP threshold, RSSI threshold, or RSRQ
threshold is satisfied.
4, The method of claim 1, wherein:

determining the channel quality comprises determining an error rate; and

determining that the channel quality satisfies the threshold comprises
determining that the error rate satisfies a threshold error rate.
5. The method of any of claims 1 to 4, further comprising the wireless
communication device:

determining a second channel quality at the physical layer while using the
second codec rate;

determining that the second channel quality satisfies a threshold for requesting
a codec rate change to return to the first codec rate;

applying a hysteresis condition before requesting a codec rate change to return
to the first codec rate;

in an instance in which the hysteresis condition is satisfied:

providing an indication to the RTP layer that the threshold for
requesting a codec rate change to return to the first codec rate has been
satisfied; and
requesting, at the RTP layer, a codec rate change from the second

codec rate to the first codec rate in response to the indication that the threshold

for requesting a codec rate change to return to the first codec rate has been

satisfied; and

in an instance in which the hysteresis condition is not satisfied, continuing to
use the second codec rate.
6. The method of any of claims 1 to 4, wherein determining that the channel
quality satisfies the threshold and providing the indication to the RTP layer are
performed at a layer disposed between the physical layer and the RTP layer.
7. The method of any of claims 1 to 4, further comprising the wireless
communication device:

waiting for a response permitting the wireless communication device to switch

to the second codec rate prior to using the second codec rate;
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wherein in an instance in which the response permitting the wireless
communication device to switch to the second codec rate is not received, the wireless
communication device continues to use the first codec rate.
8. The method of any of claims 1 to 4, wherein requesting the codec rate change
comprises sending a codec mode request (CMR) message.
9. The method of any of claims 1 to 4, wherein the VoLTE call is an end-to-end
VoLTE call between the wireless communication device and a second wireless
communication device.
10. A wireless communication device comprising:
a transceiver configured to transmit data and receive data via a Long Term
Evolution (LTE) network; and
processing circuitry coupled with the transceiver, the processing circuitry
configured to control the wireless communication device to at least:
establish a first codec rate for use in a voice over LTE (VoLTE) call
during a call establishment phase;
use the first codec rate to encode voice data for transmission during a
first portion of the VoLTE call;
determine a channel quality while using the first codec rate;
determine that the channel quality satisfies a threshold for requesting a
codec rate change;
request a codec rate change from the first codec rate to a second codec
rate in response to the channel quality satisfying the threshold; and
use the second codec rate to encode voice data for transmission during
a second portion of the VoL TE call.
11. The wireless communication device of claim 10, wherein the wireless
communication device includes a physical layer and a real-time transport protocol
(RTP) layer, and wherein the processing circuitry is further configured to control the
wireless communication device to:
determine the channel quality at the physical layer;
provide an indication that the channel quality satisfies the threshold to the RTP
layer; and
request the codec rate change at the RTP layer in response to the indication

that the channel quality satisfies the threshold.
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12. The wireless communication device of claim 11, wherein the processing
circuitry is further configured to control the wireless communication device to:

determine that the channel quality satisfies the threshold at a layer disposed
between the physical layer and the RTP layer; and

provide the indication that the channel quality satisfies the threshold from the
layer disposed between the physical layer and the RTP layer to the RTP layer.
13.  The wireless communication device of claim 10, wherein the processing
circuitry is further configured to control the wireless communication device to:

determine the channel quality at least in part by controlling the wireless
communication device to determine a modulation and coding scheme (MCS)
allocation for the wireless communication device;

determine that the channel quality satisfies the threshold at least in part by
controlling the wireless communication device to determine that a voice packet
encoded using the first codec rate is too large to transmit in a single transmission time
interval (TTI) given the MCS allocation; and

request the codec rate change at least in part by controlling the wireless
communication device to request a codec rate change to a lower bit rate than the first
codec rate.
14. The wireless communication device of claim 10, wherein the processing
circuitry is further configured to control the wireless communication device to:

determine the channel quality at least in part by controlling the wireless
communication device to measure one or more of a reference signal received power
(RSRP), received signal strength indicator (RSSI), or reference signal received quality
(RSRQ); and

determine that the channel quality satisfies the threshold at least in part by
controlling the wireless communication device to determine that one or more of an
RSRP threshold, RSSI threshold, or RSRQ threshold is satisfied.
15.  The wireless communication device of claim 10, wherein the processing
circuitry is further configured to control the wireless communication device to:

determine the channel quality at least in part by controlling the wireless
communication device to determine an error rate; and

determine that the channel quality satisfies the threshold at least in part by
controlling the wireless communication device to determine that the error rate

satisfies a threshold error rate.
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16.  The wireless communication device of any of claims 10 to 15, wherein the
processing circuitry is further configured to control the wireless communication
device to:

determine a second channel quality while using the second codec rate;

determine that the second channel quality satisfies a threshold for requesting a
codec rate change to return to the first codec rate;

apply a hysteresis condition before requesting a codec rate change to return to
the first codec rate;

request a codec rate change from the second codec rate to the first codec rate
in an instance in which the hysteresis condition is satisfied; and

continue to use the second codec rate in an instance in which the hysteresis
condition is not satisfied.
17. A computer program product for initiating a codec rate change during a voice
over Internet Protocol (VoIP) call by a wireless communication device, the computer
program product
comprising at least one non-transitory computer readable storage medium having
computer
program code stored thereon, the computer program code comprising:

program code for establishing a first codec rate for use in the VoIP call during
a call establishment phase, wherein the VolP call is supported over a wireless
connection between the wireless communication device and a wireless network access
point;

program code for using the first codec rate to encode voice data for
transmission during a first portion of the VolP call;

program code for determining a channel quality while using the first codec
rate;

program code for determining that the channel quality satisfies a threshold for
requesting a codec rate change;

program code for requesting a codec rate change from the first codec rate to a
second codec rate in response to the channel quality satisfying the threshold; and

program code for using the second codec rate to encode voice data for

transmission during a second portion of the VoIP call.
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18.  The computer program product of claim 17, wherein the wireless
communication device includes a physical layer and a real-time transport protocol
(RTP) layer, and wherein the computer program code further comprises:

program code for determining the channel quality at the physical layer;

program code for providing an indication that the channel quality satisfies the
threshold to the RTP layer; and

program code for requesting the codec rate change at the RTP layer in

response to the indication that the channel quality satisfies the threshold.

19.  The computer program product of claim 17, wherein the VoIP call is a voice
over LTE (VoLTE) call.
20. The computer program product of claim 17, wherein:

the program code for determining the channel quality comprises program code
for determining a modulation and coding scheme (MCS) allocation for the wireless
communication device;

the program code for determining that the channel quality satisfies the
threshold comprises program code for determining that a voice packet encoded using
the first codec rate is too large to transmit in a single transmission time interval (TTI)
given the MCS allocation; and

the program code for requesting the codec rate change comprises program
code for requesting a codec rate change to a lower bit rate than the first codec rate.
21.  The computer program product of claim 17, wherein

the program code for determining the channel quality comprises program code
for measuring one or more of a reference signal received power (RSRP), received
signal strength indicator (RSSI), or reference signal received quality (RSRQ); and

the program code for determining that the channel quality satisfies the
threshold comprises program code for determining that one or more of an RSRP
threshold, RSSI threshold, or RSRQ threshold is satisfied.
22.  The computer program product of claim 17, wherein

the program code for determining the channel quality comprises program code
for determining an error rate; and

the program code for determining that the channel quality satisfies the
threshold comprises program code for determining that the error rate satisfies a

threshold error rate.
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23. The computer program product of any of claims 17 to 22, wherein the
computer program code further comprises:

program code for determining a second channel quality while using the second
codec rate;

program code for determining that the second channel quality satisfies a
threshold for requesting a codec rate change to return to the first codec rate;

program code for applying a hysteresis condition before requesting the codec
rate change to return to the first codec rate;

program code for requesting the codec rate change from the second codec rate

to the first codec rate in an instance in which the hysteresis condition is

satisfied; and

program code for continuing to use the second codec rate in an instance in
which the hysteresis condition is not satisfied.
24. The computer program product of any of claims 17 to 22, wherein the
computer program code further comprises:

program code for waiting for a response permitting the wireless
communication device to switch to the second codec rate prior to using the second
codec rate; and

program code for causing the wireless communication device to continue to
use the first codec rate in an instance in which the response permitting the wireless
communication device to switch to the second codec rate is not received.
25. The computer program product of any of claims 17 to 22, wherein the program
code for requesting the codec rate change comprises program code for sending a
codec mode request (CMR) message.
26. The computer program product of any of claims 17 to 22, wherein the VoIP
call is an end-to-end VoL TE call between the wireless communication device and a
second wireless communication device.
27.  An apparatus for initiating a codec rate change during a voice over Internet
Protocol (VoIP) call by a wireless communication device, the apparatus comprising:

means for establishing a first codec rate for use in the VolIP call during a call
establishment phase, wherein the VolIP call is supported over a wireless connection
between the wireless communication device and a wireless network access point;

means for using the first codec rate to encode voice data for transmission

during a first portion of the VolP call;
34



WO 2015/047537 PCT/US2014/049029

10

15

20

25

30

means for determining a channel quality while using the first codec rate;

means for determining that the channel quality satisfies a threshold for
requesting a codec rate change;

means for requesting a codec rate change from the first codec rate to a second
codec rate in response to the channel quality satisfying the threshold; and

means for using the second codec rate to encode voice data for transmission
during a second portion of the VoIP call.
28.  The apparatus of claim 27, wherein the wireless communication device
includes a physical layer and a real-time transport protocol (RTP) layer, and wherein
the apparatus further comprises:

means for determining the channel quality at the physical layer;

means for providing an indication that the channel quality satisfies the
threshold to the RTP layer; and

means for requesting the codec rate change at the RTP layer in response to the

indication that the channel quality satisfies the threshold.

29. The apparatus of claim 27, wherein the VolIP call is a voice over LTE
(VOLTE) call.
30. The apparatus of claim 27, wherein:

the means for determining the channel quality comprises means for
determining a modulation and coding scheme (MCS) allocation for the wireless
communication device;

the means for determining that the channel quality satisfies the threshold
comprises means for determining that a voice packet encoded using the first codec
rate is too large to transmit in a single transmission time interval (TTI) given the MCS
allocation; and

the means for requesting the codec rate change comprises means for
requesting a codec rate change to a lower bit rate than the first codec rate.
31. The apparatus of claim 27, wherein

the means for determining the channel quality comprises means for measuring
one or more of a reference signal received power (RSRP), received signal strength
indicator (RSSI), or reference signal received quality (RSRQ); and

the means for determining that the channel quality satisfies the threshold
comprises means for determining that one or more of an RSRP threshold, RSSI

threshold, or RSRQ threshold is satisfied.
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the means for determining the channel quality comprises means for
determining an error rate; and

the means for determining that the channel quality satisfies the threshold
comprises means for determining that the error rate satisfies a threshold error rate.
33.  The apparatus of any of claims 27 to 32 further comprising:

means for determining a second channel quality while using the second codec
rate;

means for determining that the second channel quality satisfies a threshold for
requesting a codec rate change to return to the first codec rate;

means for applying a hysteresis condition before requesting the codec rate
change to return to the first codec rate;

means for requesting the codec rate change from the second codec rate to the
first codec rate in an instance in which the hysteresis condition is satisfied; and

means for continuing to use the second codec rate in an instance in which the
hysteresis condition is not satisfied.
34.  The apparatus of any of claims 27 to 32 further comprising:

means for waiting for a response permitting the wireless communication
device to switch to the second codec rate prior to using the second codec rate; and

means for causing the wireless communication device to continue to use the
first codec rate in an instance in which the response permitting the wireless
communication device to switch to the second codec rate is not received.
35. The apparatus of any of claims 27 to 32, wherein the means for requesting the
codec rate change comprises means for sending a codec mode request (CMR)
message.
36. The apparatus of any of claims 27 to 32, wherein the VolP call is an end-to-
end VoLTE call between the wireless communication device and a second wireless

communication device.

36



PCT/US2014/049029

WO 2015/047537

1/8

701
8oIne(Q
uonesIuNWWo)
puo2sg

- ———

901

}JomisN

L Old

JUI04 SS800Y
YJOMIBN SS8I8JIM
801

801A8(Q

UONE2IUNWWOYD

00l

SSO|aIpN
40]"



WO 2015/047537 PCT/US2014/049029

2/8
200 \
Codec Change
Request Module
222
Channel Quality
Measurement —_——— -
Module r '
218 |
II Processor Memory
Lo 212 214
Threshold : . o
Evaluation Module le— ' Processing Circuitry
220 C o _lL____=20____,
Transceiver
216

FIG. 2



WO 2015/047537

300
~

3/8

PCT/US2014/049029

RTP Layer
302

Threshold Evaluation Module Layer
304

Physical Layer
306

FIG. 3



WO 2015/047537 PCT/US2014/049029

4/8

VolIP call initiated
(400)

l

Establishing a first codec rate for use in the VoIP call
during call establishment
(410)

Y

Using the first codec rate to encode voice data for
transmission during a first portion of the VoIP call
(420)

Y

Determining a channel quality while using the first codec
rate
(430)

l

Determining that the channel quality satisfies a threshold
for requesting a codec rate change
(440)

Y

Requesting a codec rate change from the first codec rate to
a second codec rate in response to the channel quality
satisfying the threshold
(450)

Y

Using the second codec rate to encode voice data for
transmission during a second portion of the VoIP call
(460)

FIG. 4



WO 2015/047537 PCT/US2014/049029

5/8

(500)

l

Establishing a first codec rate for use in the VolP call
during call establishment
(510)

l

Using the first codec rate to encode voice data for
transmission during a first portion of the VolP call
(520)

'

Determining a channel quality at the physical layer while
using the first codec rate
(530)

l

Determining that the channel quality satisfies a threshold
for requesting a codec rate change
(540)

'

Providing an indication that the channel quality satisfies
the threshold to the RTP layer
(550)

'

Requesting, at the RTP layer, a codec rate change from the
first codec rate to a second codec rate in response to the
indication that the channel quality satisfies the threshold

(560)

l

Using the second codec rate to encode voice data for
transmission during a second portion of the VoIP call
(570)

VolIP call initiated J

FIG. 5



WO 2015/047537 PCT/US2014/049029

6/8

Switching from a first codec rate to a second codec rate
(600)

l

Determining a channel quality while using the second
codec rate
(610)

l

Determining that the channel quality satisfies a threshold
for requesting a codec rate change to return to the first
codec rate
(620)

l

Applying a hysteresis condition
(630)

!

Hysteresis condition
satisfied?
(640)

Requesting a codec rate change from the
second codec rate to the first codec rate
(660)

Continuing to use the second codec rate
(650)

FIG. 6



WO 2015/047537

720 —/\

PCT/US2014/049029
7/8
Wireless Second
Communication Network Communication
Device 704 Device
702 706
| |
[ [
. [
Call establishment phase: |
710 agree to first codec rate
— >
[ [
[ [
| [
Determine that a :
channel quality |
satisfies a threshold |
for requesting a |
codec rate change |
[
[
[
[
Codec rate change request |

730

Mmﬁ4<

Codec rate change response

750 T\

Switch to second
codec rate if
response permits
codec rate change

FIG. 7

N



WO 2015/047537

Wireless
Communication
Device
802

Call establishment phase:
810 N< agree to first codec rate

8/8

Network
804

PCT/US2014/049029

Second
Communication
Device
806

820 —\

Determine that a
channel quality

satisfies a threshold

for requesting a
codec rate change

830

840

Codec rate
change request

Network entity
evaluates
codec rate

change request

I
I
I
>:
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Codec rate change response
from network entity

850 7\

Switch to second
codec rate if
response permits
codec rate change

FIG. 8

>




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2014/049029

A.
HO04W 76/02(2009.01)i, HO4W 24/00(2009.01)i, HO4W 80/06(2009.01)i, HO4L 1/00(2006.01)i, HO4L 29/06(2006.01)i

CLASSIFICATION OF SUBJECT MATTER

According to International Patent Classification (IPC) or to both national classification and [PC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 76/02; HO4L 1/00; HO4B 7/02; HO4B 17/00; HO4L 27/28; HO4L 12/66; HO4W 84/02; HO4L 5/12; HO4W 24/00; HO4W 80/006;
HO04L 29/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: VoLTE, change, codec rate, channel state, and similar terms.

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2011-0122786 Al (KI-JONG KOO et al.) 26 May 2011 1,5-12,16-19,23-29
See paragraphs [0023]-[0055]; figures 4-5; and claims 9, 15. ,33-36

Y 2-4,13-15,20-22

,30-32

Y WO 2012-075387 A1 (INTERDIGITAL PATENT HOLDINGS, INC.) 07 June 2012 2,13,20,30
See paragraph [0023].

Y US 2012-0307922 A1 (ARNE SIMONSSON et al.) 06 December 2012 3,14,21,31
See paragraph [0024].

Y US 2011-0280296 A1 (YI-PIN ERIC WANG et al.) 17 November 2011 4,15,22,32
See paragraph [0017]; and claim 1.

A US 2008-0013528 A1l (JAMES M. MILLER et al.) 17 January 2008 1-36

See paragraphs [0027]-[0045]; and figure 3.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

*

nAn

g

o

o

"pr

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

e

'

myn

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

10 November 2014 (10.11.2014)

Date of mailing of the international search report

11 November 2014 (11.11.2014)

Name and mailing address of the [ISA/KR

International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer
BYUN, Sung Cheal

Telephone No. +82-42-481-8262

Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/049029
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0122786 Al 26/05/2011 CN 101946421 A 12/01/2011
EP 2225836 Al 08/09/2010
EP 2225836 A4 30/10/2013
JP 05123397 B2 23/01/2013
JP 2011-509007 A 17/03/2011
KR 10-0948840 Bl 22/03/2010
KR 10-2009-0065251 A 22/06/2009
WO 2009-078524 Al 25/06/2009
WO 2012-075387 Al 07/06/2012 CN 103503352 A 08/01/2014
EP 2647149 Al 09/10/2013
JP 2014-500673 A 09/01/2014
KR 10-2013-0132517 A 04/12/2013
US 2013-0343215 Al 26/12/2013
US 2012-0307922 Al 06/12/2012 CN 103563433 A 05/02/2014
EP 2719216 Al 16/04/2014
WO 2012-169949 Al 13/12/2012
US 2011-0280296 Al 17/11/2011 EP 2569891 Al 20/03/2013
US 2013-329570 Al 12/12/2013
US 8537936 B2 17/09/2013
WO 2011-141839 Al 17/11/2011
US 2008-0013528 Al 17/01/2008 AR 060799 Al 16/07/2008
AR 073510 A2 10/11/2010
AT 450124 T 15/12/2009
AU 2007-238202 Al 25/10/2007
AU 2007-238202 B2 06/05/2010
CA 2649408 Al 25/10/2007
CA 2649408 C 25/10/2011
CN 101422061 A 29/04/2009
CN 101422061 B 10/08/2011
DE 602007003465 D1 07/01/2010
DK 2011288 T3 22/03/2010
EP 2011288 Al 07/01/2009
EP 2011288 Bl 25/11/2009
EP 2139273 Al 30/12/2009
ES 2336848 T3 16/04/2010
HK 1130604 Al 04/05/2012
JP 2009-533967 A 17/09/2009
KR 10-1015178 Bl 17/02/2011
KR 10-2009-0006180 A 14/01/2009
KR 10-2009-0007465 A 16/01/2009
MX 2008013064 A 17/12/2008
RU 2008144586 A 20/05/2010
RU 2010134241 A 27/02/2012
RU 2400937 C2 27/09/2010
TW 201108689 A 01/03/2011

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/049029
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2007-121163 Al 25/10/2007

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report

