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SYSTEM, METHOD, AND COMPUTER PROGRAM FOR INTELLIGENT MUTING
MITIGATION

BACKGROUND

[0001] Presently, for Internet-connected telecommunications, a maximum bitrate
(MBR) for communication (e.g., through a dedicated bearer establishment) is preconfigured
by an application server based on service type (e.g., voice and/or data). Additionally bitrate
changes (e.g., for higher codec modes) require reconfiguration of the initially set MBR at the
packet gateway.

[0002] However, according to this current configuration, the Intemet-connected
telecommunication can exceed the preconfigured MBR. This can happen by way of stun ping
throughput spikes, for example by codec rate or mode changes at the application level. When
the Intermnet-connected telecommunication exceeds the preconfigured MBR, degraded user

experiences, packet loss and muting may result.

SUMMARY

[0003] According to an embodiment, a method of dynamically adapting a maximum
bitrate (MBR) configuration of an IP Multimedia Subsystem (IMS)/ Rich Communication
Services (RCS) application, may include receiving a signal from a client server having
initiated or terminated an Internet multimedia communication through the IMS/RCS
application, establishing at least one bearer channel for the Intemet multimedia
communication, the at least one bearer channel having an initial preconfigured MBR,
determining a codec used to transmit the Internet multimedia communication through the
IMS/RCS application, determining the bitrate used by the codec, modifying the MBR of the

at least one bearer channel based on the bitrate of the codec.
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[0004] The initial preconfigured MBR of the at least one bearer channel may be set
by a policy control and charging function (PCRF), which in turn may be set by the IMS/RCS
application.

[0005] The method may further include, after the at least one bearer channel is
established, configuring the at least one bearer channel to transmit at the initial preconfigured
MBR.

[0006] The method may further include adjusting the MBR, and following the
adjustment, determining and verifying whether packets losses are occurring with the adjusted
MBR.

[0007] The method may further include determining whether the bitrate for the
Internet multimedia communication is compliant with the MBR of the at least one bearer
channel.

[0008] The method may further include modifying the MBR of the at least one bearer
channel upon a determination that the bitrate for the Internet multimedia communication is
not compliant with the MBR of the at least one bearer channel.

[0009] The method may further include determining packet drop, e.g. at a packet
gateway (PGW) for both uplink and downlink tunnels of bearer channels.

[0010] According to another embodiment, a platform for dynamically adapting a
maximum bitrate (MBR) configuration of a computer-implemented IP multimedia subsystem
(IMS)/ Rich Communication Services (RCS) application may include a memory configured
to store instructions; and one or more processors configured to execute the instructions to:
receive a signal from a client server having initiated or terminated an Internet multimedia
communication through the IMS/RCS application, establish at least one bearer channel for
the Intemet multimedia communication, the at least one bearer channel having an initial

preconfigured MBR, determine a codec used to transmit the Internet multimedia
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communication through the IMS application, determine the bitrate used by the codec, and
modify the MBR of the at least one bearer channel based on the bitrate of the codec.

[0011] In the platform, the initial preconfigured MBR of the at least one bearer
channel may be set by a policy control and charging function (PCRF), which in turmn is set by
the IMS/RCS application.

[0012] The one or more processors of the platform may be further configured to
execute the instructions to configure the at least one bearer channel to transmit at the initial
preconfigured MBR.

[0013] The one or more processors of the platform may be further configured to
adjust the MBR, and following the adjustment, determine and verify whether packets losses
are occurring with the adjusted MBR.

[0014] The one or more processors of the platform may be further configured to
determine whether the bitrate for the Internet multimedia communication is compliant with
the MBR of the at least one bearer channel.

[0015] The one or more processors of the platform may be further configured to
modify the MBR of the at least one bearer channel upon a determination that the bitrate for
the Internet multimedia communication is not compliant with the MBR of the at least one
bearer channel.

[0016] The one or more processors of the platform may be further configured to
determine packet drop at a packet gateway (PGW) for both uplink and downlink tunnels of
bearer channels.

[0017] According to another embodiment, a non-transitory computer-readable
medium storing instructions may be provided, the instructions including: one or more
instructions that, when executed by one or more processors of a deployment platform for

managing at least one network element, cause the one or more processors to: receive a signal
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from a client server having initiated or terminated an Internet multimedia communication
through an IP Multimedia Subsystem (IMS)/ Rich Communication Services (RCS)
application, establish at least one bearer channel for the Intemet multimedia communication,
the at least one bearer channel having an initial preconfigured MBR, determine a codec used
to transmit the Internet multimedia communication through the IMS/RCS application,
determine the bitrate used by the codec, and modify the MBR of the at least one bearer
channel based on the bitrate of the codec.

[0018] The initial preconfigured MBR of the at least one bearer channel may be set
by a policy control and charging function (PCRF), which in turn may be set by the IMS?RCS
application.

[0019] The one or more instructions may further cause the one or more processors to
configure the at least one bearer channel to transmit at the initial preconfigured MBR.

[0020] The one or more instructions may further cause the one or more processors to
adjust the MBR, and following the adjustment, determine and verify whether packets losses
are occurring with the adjusted MBR.

[0021] The one or more instructions may further cause the one or more processors to
determine whether the bitrate for the Internet multimedia communication is compliant with
the MBR of the at least one bearer channel.

[0022] The one or more instructions may further cause the one or more processors to
determine packet drop at a packet gateway (PGW) for both uplink and downlink tunnels of

bearer channels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Fig. 11is a flow chart of an example process according to an embodiment.
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[0024] Fig. 2 is a diagram illustrating the establishment/creation of a dedicated bearer
for Internet telecommunications according an embodiment.

[0025] Fig. 3A is a diagram illustrating an overall flow diagram of Internet
telecommunications according to an embodiment.

[0026] Fig. 3B is a diagram illustrating an overall flow diagram of Internet
telecommunications according to an embodiment.

[0027] Fig. 4 depicts a calculation process of a bitrate for an RCS session according
to an embodiment.

[0028] Fig. 5A depicts capping of maximum bitrates of upload and download for an
Intemet Protocol Connectivity Access Network (IP-CAN) session according to an
embodiment.

[0029] Fig. 5B depicts capping of maximum bitrates of upload and download for an
Intemet Protocol Connectivity Access Network (IP-CAN) session according to an
embodiment.

[0030] Fig. 6A depicts packet gateway throughput where a maximum bitrate set by a
policy and charging rules function is less than a total bitrate from a transmitting application.
[0031] Fig. 6B depicts packet gateway throughput where a maximum bitrate set by a
policy and charging rules function is less than a total bitrate from a transmitting application.
[0032] Fig. 6C depicts packet gateway throughput where a maximum bitrate set by a
policy and charging rules function is less than a total bitrate from a transmitting application.
[0033] Fig. 6D depicts packet gateway throughput where a maximum bitrate set by a
policy and charging rules function is less than a total bitrate from a transmitting application.
[0034] Fig. 7A depicts packet gateway throughput where a maximum bitrate is
updated or set to be greater than a total bitrate calculated for a transmitting application,

according to an embodiment.
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[0035] Fig. 7B depicts packet gateway throughput where a maximum bitrate is
updated or set to be greater than a total bitrate calculated for a transmitting application,
according to an embodiment.

[0036] Fig. 7C depicts packet gateway throughput where a maximum bitrate is
updated or set to be greater than a total bitrate calculated for a transmitting application,
according to an embodiment.

[0037] Fig. 8 is a diagram of an Application Function (AF) (WRG/IMS) Initiated
Session Modification according to an embodiment.

[0038] Fig. 91is a call flow for Bearer Modification according to an embodiment.
[0039] Fig. 10 depicts a message content of an authorization/authentication request
(AAR) and/or an authorization/authentication answer (AAA) for a configuration of a
maximum bitrate prior to updating according to an embodiment.

[0040] Fig. 11 depicts a message content of an AAR and/or AAA for a configuration
of a maximum bitrate updated according to an embodiment.

[0041] Fig. 12 is a flow chart of a method of establishing a dedicated bearer channel

according to an embodiment.

DETAILED DESCRIPTION

[0042] The following detailed description of example embodiments refers to the
accompanying drawings. The same reference numbers in different drawings may identify the
same or similar elements.

[0043] The foregoing disclosure provides illustration and description, but is not
intended to be exhaustive or to limit the implementations to the precise form disclosed.
Modifications and variations are possible in light of the above disclosure or may be acquired

from practice of the implementations.
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[0044] It will be apparent that systems and/or methods, described herein, may be
implemented in different forms of hardware, firmware, or a combination of hardware and
software. The actual specialized control hardware or software code used to implement these
systems and/or methods is not limiting of the implementations. Thus, the operation and
behavior of the systems and/or methods are described herein without reference to specific
software code—it being understood that software and hardware may be designed to
implement the systems and/or methods based on the description herein.

[0045] Even though particular combinations of features are recited in the claims
and/or disclosed in the specification, these combinations are not intended to limit the
disclosure of possible implementations. In fact, many of these features may be combined in
ways not specifically recited in the claims and/or disclosed in the specification. Although
each dependent claim listed below may directly depend on only one claim, the disclosure of
possible implementations includes each dependent claim in combination with every other
claim in the claim set.

[0046] No element, act, or instruction used herein should be construed as critical or
essential unless explicitly described as such. Also, as used herein, the articles “a” and “an”
are intended to include one or more items, and may be used interchangeably with “one or
more.” Where only one item is intended, the term “one” or similar language is used. Also, as
used herein, the terms “has,” “have,” “having,” “include,” “including,” or the like are
intended to be open-ended terms. Further, the phrase “based on™ is intended to mean “based,
at least in part, on” unless explicitly stated otherwise.

[0047] As described above, in the current state of the art, a maximum bitrate (MBR)
for Intemet telecommunications is preconfigured by at least one of an application server and
user equipment (UE) based on, for example, service type (e.g., voice and/or data ). When the

bitrate for transfer is required to be changed, reconfiguration of the initially set MBR at the
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packet gateway is necessary. This approach is cumbersome, and may result in packet loss,
muting, and degraded user experiences. Additionally extraneous time, human, and
computational resources may be required to reconfigure the initially preconfigured MBR.
[0048] In other words, in the related art, there exists a problem that, since data
transmission is capped at a preconfigured MBR, if data over the MBR is transferred, packets
will be dropped. This may result in muting, one-way communication (e.g., one-way calls),
etc. Conventionally such a problem has arisen because, although data transfer is capped at the
gateway by the preconfigured MBR, applications can still transmit data at a higher rate.
[0049] Embodiments of the disclosure provide solutions to the above problems.
Specifically, embodiments of the disclosure are directed toward dynamic setting and adaption
of the MBR based on the codec of the telecommunication service/application. The dynamic
adaption of the MBR according to embodiments proactively prevents packet loss and muting
(e.g., of a user’s own network), which thereby improves a user’s experience. Further, the
dynamic adaption results in less downtime and the reduction of waste of human and
computational resources by way of fewer bitrate adjustments. Further, embodiments of the
disclosure may also enhance a user’s experience through better connectivity and better
response rate and time, and reduce interoperability issues.

[0050] Fig. 11is a flow chart of an example process 100 according to an embodiment.
Referring to Fig. 1, at operation 101, a UE sends/receives an originating or terminating call
trigger to/from another UE in response to an initiated/terminated VoLTE (voice over long
term evolution)/RCS (Rich Communication Service) call (e.g., over-the-top (OTT calls)).
[0051] At operation 102, a dedicated bearer channel for Internet
telecommunication/data transmission is established. This establishment of the dedicated

bearer channel is described in further detail below with reference to Figs. 2,3, and 12.
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[0052] Fig. 12 is a flow chart of a method of establishing a dedicated bearer channel
according to an embodiment.

[0053] Referring to FIG. 12, , an application server receives a 183 Session Progress
message from the called UE at operation 1201. For example, the application server may be
an IMS for VoLTE or WebRTC Gateway (WRG) (RCS). At operation 1202, the application
server sends an authorization/authentication request (AAR) to a policy and charging control
or rules function (PCRF), upon reception of 183 Session Progress from the called UE. At
operation 1203, the application server receives, from the PCRF, configured maximum bitrates
for the uplink and downlink for the requested bearer(s), per the service type (e.g., Video call
/VoLTE call). This operation is described in further detail with reference to Figs. 3A and 3B
below.

[0054] At operation 1204, the application server provides the configured maximum
bitrates to a network element or component and the dedicated bearer is activated. The
dedicated bearer is activated (e.g., bearer modification is initiated by Evolved Packet Core
(EPC) elements, the packet gateway (PGW) and/or the server gateway (SGW)) based on the
configured maximum bitrates provided by the application server. Thus, in operation 102,
bitrates of the bearer channel are modified and/or set to satisfy or correspond to the maximum
allowed bitrates.

[0055] This is further illustrated in Figs. SA and 5B, which depict capping of
maximum bitrates of upload and download for an IP-CAN session. In the example of Figs.
5A-5B, the MBR is capped at 30 kbps by a modify bearer request for Quality of Service
(QoS) class identifier (QCI) 1.

[0056] Next, in operation 103, for each call, it is determined whether (or confirmed
that) the bitrate transmitted is compliant with the maximum bitrate configured by the

application server during the bearer establishment for both the originating and terminating

9



WO 2023/086118 PCT/US2022/016070

ends of the call session (VoLTE/RCS). Specifically, the bitrate at which the application
transmits data packets in uplink towards the called party is determined based on the bitrate of
the negotiated codec during the call along with the IP overheads. According to embodiments,
operation 103 may be performed by a network element such as the PGW, which may have
access to both the actual application bitrate and preconfigured MBR set by the application
server. Altematively, or in addition, operation 103 may be performed by an external
monitoring entity that monitors both the PCRF and the Application Function (AF) of all
application(s) (e.g. VOLTE/RCS).

[0057] An example of the bitrate determination or calculation is illustrated in Fig. 4.
The example of Fig. 4 depicts a calculation process of a bitrate for an RCS session with an
audio codec bitrate of 12.65 Kbps (IPv4/v6). Specifically, Fig. 4 shows bitrate information
for a communication application using an Adaptive Multi-Rate Wideband (AMR-WB) codec
with IPv4 or IPv6 header types. However, this application/process is not limited to this an
Adaptive Multi-Rate (AMR) bitrate but may apply for all codec classes and corresponding
bitrates.

[0058] As illustrated, the total bitrate at which the application transmits data packets
is calculated as a sum of the codec bitrate, the transmission or IP overhead, Real-time
Transport Control (RTCP) overhead, and overhead for stun pings.

[0059] At operation 104, the maximum bitrate is updated at the application server
(IMS(VoLTE)YWRG(RCS)) if it is determined in operation 103 that the transmitted bitrate by
the UE (mobile originated (MQO) or mobile terminated (MT)) is higher than the configured
MBR for the IP-CAN session. For example, the maximum bitrate may be updated by the
application server upon receiving, from the network element (e.g., PGW) or external device,
an instruction to update the maximum bitrate or a message indicating that the transmitted

bitrate is higher than the configured MBR. Here, the updated maximum bitrate
10
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(MBR_NEW) is determined to be greater than or equal to the total application bitrate (e.g., as
calculated in Fig. 4). For example, Fig. 10 depicts a message content of an AAR and/or AAA
for a configuration of an initial maximum bitrate (e.g., initially requested maximum
bandwidth) for an application or application type (e.g., Voice, Video, etc.), and Fig. 11
depicts a message content of an AAR and/or AAA for a configuration of an updated
maximum bitrate (MBR_NEW).

[0060] Next, at operation 105, bearer modification is performed in accordance with
the updated maximum bitrate. According to an example embodiment, the application server
(IMS(VoLTE)WRG(RCS)) sends (e.g., on Diameter) an authorization/authentication request
(AAR) to update the policy and charging control (PCC) rules or Policy and Charging Rules
Function (PCRF), upon reception of a trigger (e.g., message indicating that the transmitted
bitrate is higher than configured MBR, or an instruction to set MBR_NEW). The
authorization/authentication request in turn triggers an update bearer request, e.g., to a packet
gateway or Packet Data Network (PDN) Gateway (PGW). This is further described with
reference to Fig. 8, which depicts an example embodiment of an application function
(WRG/IMS) initiated session modification.

[0061] Here, the bearer modification is triggered by the updated maximum bitrate
(MBR_NEW) and the IP connectivity access network session is aligned to the new bitrates.
This is further illustrated in Fig. 9, which depicts an example embodiment of a call flow for
bearer modification (e.g., for updating the MBR to MBR_NEW).

[0062] A comparative example is illustrated in Figs. 6A-6D, and 7A-7C. In Figs. 6A-
D, packet drops at the packet gateway are caused by the 30 kbps bitrate limited by the
charging rule from the PCRF. Since the MBR (30 kbps) is less than the total bitrate for the
transmitting application, packets are dropped at the packet gateway. Conversely, in Figs. 7A-

C, it can be seen that there are not packet drops at the packet gateway, as the MBR is updated
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or set to an MBR _NEW of 82 kbps (which is greater than the total bitrate for the transmitting
application).

[0063] As stated above, Fig. 2 is a diagram illustrating the establishment/creation of a
dedicated bearer(s) for Internet telecommunication, e.g., OTT voice/video conversation,
according to an example embodiment. Here, two channels may be established from the sever
gateway (UE/client) (201): one bearer channel for Intemet communication (202) and one
bearer channel for IMS communications (203). The bearer channel (202) for Internet
communication includes at least sub-channels (202)(1)-(ii1) for the default bearer (QCI9), the
dedicated bearer for voice media (RTP) (QCI1), and the dedicated bearer for video media
(QCI2), respectively. Likewise, the bearer channel for IMS communications (203) includes at
least sub-channels (203)(i)-(ii) for the default bearer for voice signaling (QCI5) and the
dedicated bearer for voice media (RTP) (QCI1). The bearer channel (202) and the bearer
channel (203) connect via the packet gateway (PGW) (204) and communicate by at least a
policy and charging rules function (205) to the network backbone (206), a vendor A RCS
core (207) and a vendor B IMS core (208).

[0064] Relatedly, Figs. 3A and 3B together provide a diagram illustrating an overall
flow diagram (300) of Internet telecommunications according to an example embodiment,
and architecture therefore. Figs. 3A and 3B together illustrate a voice/video call flow for
VoLTE and RCS, though it should be understand that embodiments are not limited thereto
and may be applied to any network communication in which a maximum bitrate is
configurable.

[0065] Referring to FIGs. 3A and 3B, at operation 301, the UE (3) is powered on, and
thereafter sends an attach request (IMSI) to the LTE Packet Core (31), which includes a
Mobility Management Entity (MME) (311), a Serving Gateway (SGW) (312), a PGW (313)

(which may be the same PGW as (204) in Fig. 2), and a PCRF (314). After the LTE Packet
12
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Core (31) receives the attach request (IMSI), which is usually sent to the MME (311), the
LTE Packet Core (31), and more specifically according to embodiments, the MME (311)
sends an update location request to the IMS/RCS Core (32). The IMS/RCS Core (32)
includes WRG (321), RCS Core (322), and a Home Subscriber Server (HSS) (323), and the
update location request may be received by the WRG (321). Next the IMS/RCS Core (32), by
way of the HSS (323), sends an update location answer to the LTE Packet Core (31), e.g., the
MME (311). The LTE Packet Core (31) then communicates via an EPS Connection
Management (ECM) Connection (for example, through the MME (311)) to the UE (3).
[0066] Next, at operation 302, a VoLTE Client Triggers IMS Registration and places
an outgoing call on the UE (3). More specifically, at least three default bearer channels/sub-
channels are established: the default bearer channel (202i) for Intemet communication
(QCI9), the default bearer channel (2031) for voice signaling (QCIS5), and the dedicated bearer
channel (203ii) for voice media (RTP) (QCI1).

[0067] At operation 303, the RCE client establishes a signaling path. According to an
embodiment, the bearer channel (202i) for Internet communication is used. In this operation,
HTTPS POST registration information is sent from the UE (3) to the IMS/RCS Core (32),
and more specifically to the WRG (321). The WRG (321) then sends SIP registration to the
RCS Core (322), which responds by sending SIP 200 OK back to the WRG (321). The WRG
(321) then responds to the UE (3) with 201 created. The UE (3) then sends HTTPS POST (V
voipSession Information [SDP Offer 1]) to the WRG (321), which in tum sends a SIP invite
to the RCS Core (322). The RCS Core (322) responds to the WRG (321) with SIP 183 [SDP
Answer]|. Then, the WRG (321) responds back to the UE (3) with SessionStatusNotification
[InProgress, 183, SDP]. The UE (3), in turn, sends an acknowledgment (ACK) to the WRG

(321).
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[0068] At operation 304, the dedicated bearers are requested for Internet
communications. Specifically, the WRG (321) sends an AAR (IP Flow classifier, etc.) to the
PCREF (314), which in tum responds with the Authentication/Authorization Answer (AAA).
The sending of the AAR provides at least configured maximum bitrates (MBRs) for uplink
and downlink for the relevant requested bearer(s) and per service type (e.g., Video call
/VoLTE call).

[0069] The PCRF (314) also sends RAR (PCC Rule for dedicated bearer
(QCI1/QCI2, TFT)) to the PGW (313). Then, the PGW (313) creates a bearer request
(Dedicated Bearer QoS = QCI1/QCI2) and sends that to the SGW (312). The SGW (312)
then sends the create bearer request (Dedicated Bearer QoS = QCI1/QCI2) to the MME
(311). The MME (311) then sends an instruction of activate dedicated EPS Bearer context
request (dedicated beater QoS = QCI1/QCI2) to the UE (3). Then, the UE (3) sends an
activate dedicated EPS Bearer Context accept request to the MME (311). The MME (311)
sends a create bearer response to the SGW (312), which in tumns sends the create bearer
request to the PGW (313). The PGW (313) then sends a Re-Authorization Answer (RAA) to
the PCRF (314).

[0070] According to embodiments, and following the above operations, a dedicated
bearer for voice media (RTP) (QCI1) (dedicated bearer for non-IMS services -> voice stream
(APN = Intemet, QCI1)) is established. This bearer channel may be equivalent to the channel
(202i1) described above with reference to Fig. 2. It is understood that this channel may differ
according to embodiments. Also, a dedicated bearer channel for video media (QCI2) (non-
IMS services -> video stream (APN = Internet, QCI2)) is also established. This bearer
channel may be equivalent to the channel (202iii1) described above with reference to Fig. 2. It

is understood that this channel may differ according to embodiments.
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[0071] Fig. 8 is a diagram of an Application Function (AF) (WRG/IMS) Initiated
Session Modification flow (800) according to an embodiment. Depicted in Fig. 8 are
operations of a gateway (GW) (8), a PCRF (81), which may be equivalent to the PCRF (314)
described above, and an AF (82) .

[0072] According to embodiments, following a trigger and implementation of defined
service information, the AF (82) sends a diameter AAR to the PCRF (81). Next, the PCRF
(81) stores the aforementioned service information and identifies affected IP-C AN session(s).
Then, the PCRF (81) sends diameter AAA to the AF (82).

[0073] Fig. 91is a call flow (900) diagram for bearer modification (e.g., for updating
MBR by MBR New) according to an embodiment. Depicted in Fig. 9 are operations of a UE
(9), which may or not be the same UE (3) as described above, an eNodeB (91), an MME (92),
which may or may not be the same MME (311) as described above, a SGW (93), which may
or may not be the same SGW (312) as described above, a PGW (94), which may or may not
be the same PGW (313) or PGW (204) as described above, and a PCRF (95), which may or
may not be the same PCRF (314) as described above.

[0074] According to embodiments, the PCRF (95) sends an IP-CAN session
modification to the PGW (94). The PGW (94) sends an update bearer request to the SGW
(93), and the SGW (93) sends an update bearer request to the MME (92). Next, the MME
(92) sends a bearer modify request/session management request to the eNodeB (91), and the
eNodeB (91) sends an RRC Connection reconfiguration the UE (9). The UE (9) then sends an
RRC connection reconfiguration complete indication to the eNodeB (91), which sends a
bearer modify request to the MME (92). Next, the UE (9) sends a direct transfer to the
eNodeB(91), which in tum sends a session management response to the MME (92). The

MME (92) then sends an update bearer response to the SGW (93), and the SGW (93) sends
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an update bearer response to the PGW (94). Finally, the PGW (94) sends an IP-CAN session
modification to the PCRF (95).

[0075] As explained above, according to embodiments, the calculation of the total
application bitrate and/or the updating of the MBR based on the total application bitrate may
occur after the establishment of the dedicated bearer channel.

[0076] According to embodiments, the afore-described system, method, and computer
program may be implemented by at least one of the following: incorporation at the PGW,
which has access to both actual application bit rate as well as configured MBR by the
application server, and through incorporation in an external monitoring entity that can
check/determine both the PCRF and AF of all application(s) -VoLTE/RCS.

[0077] The foregoing disclosure provides illustration and description, but is not
intended to be exhaustive or to limit the implementations to the precise form disclosed.
Modifications and variations are possible in light of the above disclosure or may be acquired
from practice of the implementations.

[0078] As used herein, the term component is intended to be broadly construed as
hardware, firmware, or a combination of hardware and software.

[0079] It will be apparent that systems and/or methods, described herein, may be
implemented in different forms of hardware, firmware, or a combination of hardware and
software. The actual specialized control hardware or software code used to implement these
systems and/or methods is not limiting of the implementations. Thus, the operation and
behavior of the systems and/or methods were described herein without reference to specific
software code—it being understood that software and hardware may be designed to
implement the systems and/or methods based on the description herein.

[0080] Even though particular combinations of features are recited in the claims

and/or disclosed in the specification, these combinations are not intended to limit the
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disclosure of possible implementations. In fact, many of these features may be combined in
ways not specifically recited in the claims and/or disclosed in the specification. Although
each dependent claim listed below may directly depend on only one claim, the disclosure of
possible implementations includes each dependent claim in combination with every other
claim in the claim set.

[0081] No element, act, or instruction used herein should be construed as critical or
essential unless explicitly described as such. Also, as used herein, the articles “a” and “an”
are intended to include one or more items, and may be used interchangeably with “one or
more.” Furthermore, as used herein, the term “set™ is intended to include one or more items
(e.g., related items, unrelated items, a combination of related and unrelated items, etc.), and
may be used interchangeably with “one or more.” Where only one item is intended, the term
“one” or similar language is used. Also, as used herein, the terms “has,” “have,” “having,” or
the like are intended to be open-ended terms. Further, the phrase “based on” is intended to
mean “based, at least in part, on” unless explicitly stated otherwise.

[0082]

17



WO 2023/086118 PCT/US2022/016070

What is Claimed is:

1. A method of dynamically adapting a maximum bitrate (MBR) configuration of
an [P Multimedia Subsystem (IMS)/ Rich Communication Services (RCS) application, the
method comprising:

receiving a signal from a client server having initiated or terminated an Internet
multimedia communication through the IMS/RCS application,

establishing at least one bearer channel for the Intemet multimedia communication,
the at least one bearer channel having an initial preconfigured MBR,

determining a codec used to transmit the Internet multimedia communication through
the IMS/RCS application,

determining the bitrate used by the codec,

modifying the MBR of the at least one bearer channel based on the bitrate of the

codec.

2. The method of claim 1, wherein the initial preconfigured MBR of the at least
one bearer channel is set by a policy control and charging function (PCRF), which in turn is

set by the IMS/RCS application.

3. The method of claim 1, further comprising, after the at least one bearer
channel is established, configuring the at least one bearer channel to transmit at the initial

preconfigured MBR.

4. The method of claim 1, further comprising adjusting the MBR, and following
the adjustment, determining and verifying whether packets losses are occurring with the

adjusted MBR.
18
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5. The method of claim 1, further comprising determining whether the bitrate for
the Internet multimedia communication is compliant with the MBR of the at least one bearer

channel.

6. The method of claim 5, further comprising modifying the MBR of the at least
one bearer channel upon a determination that the bitrate for the Intemet multimedia

communication is not compliant with the MBR of the at least one bearer channel.

7. The method of claim 1, further comprising determining packet drop.

8. A platform for dynamically adapting a maximum bitrate (MBR) configuration
of a computer-implemented IP multimedia subsystem (IMS)/ Rich Communication Services
(RCS) application, the platform comprising:

a memory configured to store instructions; and

one or more processors configured to execute the instructions to:

receive a signal from a client server having initiated or terminated an Internet
multimedia communication through the IMS/RCS application,

establish at least one bearer channel for the Internet multimedia
communication, the at least one bearer channel having an initial preconfigured MBR,

determine a codec used to transmit the Internet multimedia communication
through the IMS application,

determine the bitrate used by the codec, and

modify the MBR of the at least one bearer channel based on the bitrate of the

codec.

19
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9. The platform of claim 8, wherein the initial preconfigured MBR of the at least
one bearer channel is set by a policy control and charging function (PCRF), which in turn is

set by the IMS/RCS application.

10.  The platform of claim 8, wherein the one or more processors is further
configured to execute the instructions to configure the at least one bearer channel to transmit

at the initial preconfigured MBR.

11.  The platform of claim 8, wherein the one or more processors is further
configured to adjust the MBR, and following the adjustment, determine and verify whether

packets losses are occurring with the adjusted MBR.

12.  The platform of claim 8, wherein the one or more processors is further
configured to determine whether the bitrate for the Internet multimedia communication is

compliant with the MBR of the at least one bearer channel.

13.  The platform of claim 12, wherein the one or more processors is further
configured to modify the MBR of the at least one bearer channel upon a determination that
the bitrate for the Internet multimedia communication is not compliant with the MBR of the

at least one bearer channel.

14, The platform of claim 8, wherein the one or more processors is further

configured to determine packet drop.
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15. A non-transitory computer-readable medium storing instructions, the
instructions comprising: one or more instructions that, when executed by one or more
processors of a deployment platform for managing at least one network element, cause the
one or more processors to:

receive a signal from a client server having initiated or terminated an Internet
multimedia communication through an IP Multimedia Subsystem (IMS)/ Rich

Communication Services (RCS) application,

establish at least one bearer channel for the Internet multimedia
communication, the at least one bearer channel having an initial preconfigured MBR,

determine a codec used to transmit the Internet multimedia communication
through the IMS/RCS application,

determine the bitrate used by the codec, and

modify the MBR of the at least one bearer channel based on the bitrate of the

codec.

16. The non-transitory computer-readable medium of claim 15, wherein the initial
preconfigured MBR of the at least one bearer channel is set by a policy control and charging

function (PCRF), which in turn is set by the IMS?RCS application.

17.  The non-transitory computer-readable medium of claim 15, wherein the one or
more instructions further cause the one or more processors to configure the at least one bearer

channel to transmit at the initial preconfigured MBR.

18.  The non-transitory computer-readable medium of claim 15, wherein the one or

more instructions further cause the one or more processors to adjust the MBR, and following
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the adjustment, determine and verify whether packets losses are occurring with the adjusted

MBR.

19.  The non-transitory computer-readable medium of claim 15, wherein the one or
more instructions further cause the one or more processors to determine whether the bitrate
for the Intemet multimedia communication is compliant with the MBR of the at least one

bearer channel.

20.  The non-transitory computer-readable medium of claim 15, wherein the one or

more instructions further cause the one or more processors to determine packet drop.

22
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Dynamic Charging Rule Definition(s) \

Name Prior Content-Id
MT :AUDIO MCN:1 FN:0 Rule#:2 129
! Chérging rule from T
PCRF limits the bit rate 0 6B
to 30kbps(reason for J
modify bearer request)

FIG. 6A
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From
Fig. 6A

Configured:
Chrg-Type Rule Parameters
1000 Offline Gate Status:
QoS Class Identifier: 1
ARP Priority Level: 3

Reporting Level:Rating Grp

Allow All

Metering Method: Duration
Uplink MBR: 30000
| _..Downlink MBR: 30000
el Uplink GBR: 30000
Downlink GBR: 30000
Uplink PDR 1id: 0x000B
Uplink FAR 1d: 0x000B
Uplink QER id: 0x00000005
Dnlink PDR id: 0x000C
Dnlink FAR id: 0x000C
Dnlink QER id: 0x00000005
URR id: 0x00000022
URR id: 0x00000031
Filter 1:

To
Fig. 6C

FIG. 6B
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From
Fig. 6B

Input pkts dropped: 26

CF Buffered Uplink Packets: 0

CF Buffered Uplink Bytes: 0
Uplink Packets 1n Buffer: {

Buff Over - limit Uplink pkts: 0
DDN buffered pkts: 0

DDN buffered overflow drop pkts: 0
pk rate from user (bps): 9940

ave rate from user (bps): 6269
sust rate from uf ”
pk rate from use Yuser-33K0ps

ave rate from us
sust rate from u
ipv4 bad hdr:0
1pv4 fragments s
1pv4 bad length:*
Input pkts dropped (0 mbr: 0
ipv4 input acl drop: 0

....
””””
»»»
i
aaaaa
sor”
*

ipvb input acl drop: 0

1p source violations: 0
ipvo bad hdt: 0

ipv4 icmp packets dropped: 0

APN AMBR UPlink Pkts Drop: 0

APN AMBR UPlink Bytes Drop: 0

APN AMBR UPlink Pkts IP pref lowered: 0
APN AMBR UPlink Bytes IP pref lowered: 0
ITC Uplink Pkts Drop: 19

ITC Uplink Bytes Drop: 1577

ITC Uplink Pkts IP pref lowered: 0

ITC Uplink Bytes IP pref lowered: 0

ITC Terminated Flows: 0 = -

Flow Action Terminated Flow Packets getting
ToS marked Uplink Pkts: 0 dropped at PGW
ToS marked Uplink bytes: 0
OC Dropped Uplink Pkts: O
OC Dropped Uplink Pytes: 0
Uplink inflight Pkts: 24

FHE444 UK: 440110010003702 ###+4+4#
Subscriber Parameters:

FIG. 6C
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From
Fig. 6C

output pkts dropped: 1074

CF Buffered Downlink Packets: 0

CF Buffered Downlink Bytes: 0
Downlink Packets in Buffer: 0

Buff Over - limit Downlink Pkts: 0
DDN buffered bytes: 0

DDN buffer overflow drop bytes: 0
pk rate to user(bps): 35041

ave rate to user(ps): 34651

sust rate to user (bps): 34651

pk rate to user{pps): b1

ave rate to user(pps): 51

sust rate to user(pps): 51

1pvd ttl exceeded : 0

1pv4 could not fragment: 0

output pkts dropped (0 mbr): FOH0S
1ipv4 output acl drop: O

ipv6 output acl drop: O I

ipv4 output no-flow drop: O
1pve bad length trim: 0

APN AXBR Downlink Pkts Drop: 0O
APN AXBR Downlink Bytes Drop: O

APN AXBR Downlink Pkts IP pref lowered:

APN AXBR Downlink Bytes IP pref lowered:

ITC Downlink Bytes Drop: 1071

ITC Downlink Bytes Drop: 92981

ITC Downlink Pkts IP pref lowered: 0
ITC Downlink Bytes IP pref lowered: O
ITC Redirected Flow: 0

Flow Action Redirected Flows: 0

ToS marked Downlink Pkts: 5791

ToS marked Downlink Bytes: 325423069
CC Dropped Downlink Pkts: O

CC Dropped Downlink Bytes: 0
Downlink Inflight Pkts: 56

0

FIG. 6D
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Receive 183 Session Progress
message from called UE

v

Send authorization/authentication
request (AAR) to policy and
charging control or rules function

(PCRF)

Receive, from PCRF, configured
maximum bitrates for uplink and
downlink for requested bearer(s)

!

Provide configured maximum
bitrates to a network element or
component and activate dedicated
bearer
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