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METHOD AND APPARATUS FOR SUPPORTING
VARIABLE BIT-RATE RESERVATIONS

TECHNICAL FIELD

[0001] This disclosure relates generally to communications systems. More particularly, this
disclosure relates to the efficient allocation of bandwidth to effectively ensure robust delivery

of voice, video, and presentation data without wasting significant bandwidth.

BACKGROUND

[0002] The Resource Reservation Protocol (RSVP) is a transport layer protocol which allows
resources to be reserved across a network. The resources are generally reserved for a flow.
Typically, a sender of a request will send an RSVP PATH message downstream to a receiver.
The receiver will send an RSVP reservation request (RESV) message upstream to the sender of
the request in response to the PATH message. Some hops in a path between the receiver and
the sender is arranged to create and maintain a reservation state that is associated with the
resources reserved for data packets which are to be sent from the sender.

[0003] Typically, a RESV message specifies a bandwidth request which effectively indicates
the amount of resources to be reserved for a flow. Each hop in a path associated with a
network that receives the RESV message ascertains whether it has sufficient resources to
accommodate the bandwidth request. If a hop is able to accommodate the bandwidth request,
the hop effectively reserves the appropriate amount of bandwidth for the flow. If the hop is
unable to accommodate the bandwidth request, the hop generates an RSVP reservation error
(RESVERR) message and sends the RESVERR message to the endpoint that is the source of the
RESV message.

[0004] When an endpoint that is the source of the RESV message receives the RESVERR
message, the endpoint may send a new RESV message which specifies a request for a smaller
amount of bandwidth. As will be appreciated by those skilled in the art, some applications are
only able to use certain bandwidths which match with the codecs supported by the
applications. Hence, a request for a smaller amount of bandwidth is generally a request for a
smaller amount of bandwidth which matches the appropriate codecs. In general, multiple RESV

messages may be sent by an endpoint in an effort to reserve resources for a flow. The sending
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and processing of multiple RESV messages may be relatively time consuming and, thus,

inefficient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The disclosure will be readily understood by the following detailed description in
conjunction with the accompanying drawings in which:

[0006] FIG. 1 is a diagrammatic representation of an object or a data structure that provides
information relating to a substantially minimum desired bandwidth and an interval that
specifies an amount by which bandwidth may be trimmed in accordance with an embodiment.
[0007] FIG. 2A is a diagrammatic representation of a bandwidth ranging object which
specifies a minimum desired bandwidth and an interval that specifies an amount by which
bandwidth may be trimmed in accordance with an embodiment.

[0008] FIG. 2B is a diagrammatic representation of a PATH message that includes a
bandwidth ranging object, e.g., bandwidth ranging object 212 of FIG. 2A, in accordance with an
embodiment.

[0009] FIG. 2C is a diagrammatic representation of a RESV message that includes a
bandwidth ranging object, e.g., bandwidth ranging object 212 of FIG. 2A, in accordance with an
embodiment.

[0010] FIG. 3A is a diagrammatic representation of a rangingSPEC object which specifies a
minimum desired bandwidth and an interval that specifies an amount by which bandwidth may
be trimmed in accordance with an embodiment.

[0011] FIG. 3B is a diagrammatic representation of a PATH message that includes a
rangingSPEC object, e.g., rangingSPEC object 328 of FIG. 3A, in accordance with an
embodiment.

[0012] FIG. 3C is a diagrammatic representation of a RESV message that includes a
rangingSPEC object, e.g., rangingSPEC object 328 of FIG. 3A, in accordance with an
embodiment.

[0013] FIG. 4A is a diagrammatic representation of a MULTI_TSPEC object that specifies an
upper bandwidth bound or limit and a lower bandwidth bound or limit in accordance with an
embodiment.

[0014] FIG. 4B is a diagrammatic representation of a MULTI_TSPEC ID in accordance with an

embodiment.
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[0015] FIG. 5 is a process flow diagram which illustrates one method of allocating
bandwidth in a system that supports variable bit-rate reservations in accordance with an
embodiment.

[0016] FIG. 6A is a diagrammatic representation of an overall arrangement that supports
variable bit-rate reservations in accordance with an embodiment.

[0017] FIG. 6B is a diagrammatic representation of a process of obtaining a bandwidth

allocation as a result of a request for bandwidth in accordance with an embodiment.

DESCRIPTION OF EXAMPLE EMBODIMENTS

GENERAL OVERVIEW

[0018] According to one aspect of the present invention, a method includes obtaining a first
message from an application, the application being associated with a variable bit-rate (VBR)
media flow such as a VBR codec, the first message including information that has at least an
approximately minimum bandwidth at which the VBR media flow may operate, and may
optionally include an amount by which a bandwidth of the VBR media flow may be trimmed.
The method also includes determining an amount of available bandwidth in a network, and
identifying the approximately minimum bandwidth at which the VBR media flow may operate
and the amount by which the bandwidth of the VBR media flow may be trimmed. Finally, the
method also includes identifying a bandwidth allocation, the bandwidth allocation being
identified based on the amount of available bandwidth in the network, the approximately
minimum bandwidth at which the VBR media flow may operate, and the amount by which the

bandwidth of the VBR media flow may be trimmed.

DESCRIPTION

[0019] In some situations, multiple Resource Reservation Protocol (RSVP) reservation
(RESV) request messages are sent along a path, or an accumulation of routers, between
endpoints before a bandwidth allocation may be reserved with respect to that path for a
desired flow. Sending multiple RESV requests messages may often be inefficient.

[0020] As will be appreciated by those skilled in the art, RSVP is generally used for
establishing a constant bit-rate reservation between two or more endpoints. Generally, RSVP

may be used to effectively ensure that a certain bandwidth of traffic has access to network
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resources between endpoints. When an endpoint transmits more than is allowed within a fixed
amount bandwidth reservation, routers may effectively police extra packets as being outside
the fixed amount bandwidth reservation. The extra packets are typically either dropped or
moved into a best effort or scavenger class towards the appropriate endpoint.

[0021] In one embodiment, a bandwidth reservation protocol allows multiple acceptable
bandwidths to be specified in conjunction with a bandwidth reservation request in realtime
communication applications. Upon obtaining a request that effectively specifies acceptable
amounts of bandwidth, a node associated with a network may determine how much bandwidth
to allocate to the request based on how much bandwidth is available and the acceptable
amounts of bandwidth. Acceptable amounts of bandwidth may be specified in an object or a
data structure. For example, a bandwidth ranging object that essentially specifies a range of
acceptable bandwidths may be created for use with variable bit-rate codecs, or codecs that
may operate at one of several different bit-rates. A variable bit-rate codec is generally
configured such that a bit-rate of the codec may be dynamically adapted. Many video
applications utilize variable bit-rate codes.

[0022] A network may dynamically change, or otherwise adapt, an amount of bandwidth
allocated to an application if the network is aware of the bandwidth that an application may
use. In one embodiment, when an application specifies a range of acceptable bandwidths, as
well as a rate at which bandwidth may be stepped down, a network may efficiently allocate
bandwidth to the application. Enabling a network to allocate a substantially maximum amount
of available bandwidth to an application which specifies that the application may accept
different amounts of bandwidth substantially without requiring multiple roundtrip negotiations
generally enables bandwidth to be allocated efficiently. Once a network allocates an amount of
bandwidth, the network may communicate with the application, e.g., via RSVP. When the
application is using a VBR codec, in one embodiment, the application may adapt the codec to
use the allocated bandwidth.

[0023] Referring initially to FIG. 1, an object or a data structure that provides information
relating to a plurality of acceptable bandwidths will be described in accordance with an
embodiment. An object 100 generally includes information elements 104, 108 that support a
variable bit-rate media flow, e.g., a variable bit-rate codec. Information element 104 is
associated with a parameter that substantially specifies a minimum desired bandwidth. In one

embodiment, minimum desired bandwidth 104 is effectively a minimum bandwidth at which an
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associated media flow such as a codec may operate properly. Information element 108 is
associated with a parameter that substantially specifies an interval 108 that is indicative of how
much bandwidth a network may trim from an associated codec while still allowing the
associated codec to operate. For example, a desired bandwidth for a codec may be a particular
value that may be trimmed by interval 108, while still allowing codec to operate properly. A
desired bandwidth may be provided in, but is not limited to being provided in, a TSPEC
associated with a PATH message or in a flowspec associated with a RESV message.

[0024] Information relating to a minimum desired bandwidth and an interval may be stored
in an object that may be included in an RSVP message such that a variable bit-rate codec may
be supported. For example, within a RSVP PATH or RESV message, values may be arranged to
represent traffic and requested quality of service parameters that enable service of a desired
quality to be established for a particular traffic flow. FIG. 2A is a diagrammatic representation
of a bandwidth ranging object which specifies a minimum desired bandwidth and an interval
that specifies an amount by which bandwidth may be trimmed in accordance with an
embodiment. A bandwidth ranging object 212 may specify a minimum desired bandwidth 204
and an interval 208.

[0025] It should be appreciated that bandwidth ranging object 212 may generally include
additional information 210. Additional information 210 may include, but is not limited to
including, information that allows bandwidth ranging object 208 to be substantially paired to a
specific TSPEC with which additional information 210 is associated.

[0026] Bandwidth ranging object 212 may be included in RSVP messages, as for example
RSVP PATH and RESV messages, such that the RSVP messages may effectively specify minimum
desired bandwidth 205 and interval 208. With reference to FIG. 2B, a PATH message that
includes a bandwidth ranging object, e.g., bandwidth ranging object 212 of FIG. 2A, will be
described in accordance with an embodiment. A PATH message 220 may generally include a
sender_descriptor object 216. Sender_descriptor 216 typically includes at least a
sender_template (not shown) and a sender_TSPEC (not shown). In the described embodiment,
sender_descriptor 216 also includes bandwidth ranging object 212.

[0027] FIG. 2C is a diagrammatic representation of a RESV message that includes a
bandwidth ranging object, e.g., bandwidth ranging object 212 of FIG. 2A, in accordance with an
embodiment. A RESV message 224 may include sender_descriptor 216. As discussed above,

sender_descriptor 216, which may be a flowspec, typically includes at least a sender_template
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(not shown) and a sender TSPEC (not shown). In the described embodiment,
sender_descriptor 216 also includes bandwidth ranging object 212.

[0028] A PATH message may include a sender TSPEC object and a RESV message may
include a receiver_TSPEC object. A sender TSPEC and a receiver TSPEC generally specify
parameters available for a traffic flow. A sender TSPEC may, for example, effectively carry a
traffic specification generated by each data source within a particular RSVP session.

[0029] In one embodiment, an object may be defined for use within a sender_TSPEC and/or
a receiver_TSPEC to specify a minimum desired bandwidth at which a code may operate
properly and an interval which indicates an amount by which a codec may be trimmed. For
purposes of illustration, such an object may be referred to as a “rangingSPEC” object, although
it should be appreciated that such an object is not limited to being referred to as a rangingSPEC
object. A rangingSPEC object may be included in a sender_descriptor object and/or a
FLOWSPEC object. As will be appreciated by those skilled in the art, a FLOWSPEC object may
carry reservation request information generated by data receivers, and may specify requested
quality of service parameters.

[0030] FIG. 3A is a diagrammatic representation of a rangingSPEC object which specifies a
minimum desired bandwidth and an interval that specifies an amount by which bandwidth may
be trimmed in accordance with an embodiment. A rangingSPEC object 328 specifies a
minimum acceptable bandwidth 304 and an interval 308. It should be appreciated that
rangingSPEC object 328 may generally also include information (not shown) that identifies a
parameter identifier for rangingSPEC object 328, as well as parameters that uniquely identify
the information contained in rangingSPEC object 328. In one embodiment, in the case of
rangingSPEC object 328, a minimum acceptable bandwidth and an interval are associated
within a TSPEC whether in a sender_descriptor or in a flowspec.

[0031] A rangingSPEC object may be included in a PATH message and/or in a RESV message.
Referring next to FIG. 3B, a PATH message that includes a rangingSPEC object, e.g., rangingSPEC
object 328 of FIG. 3A, will be described in accordance with an embodiment. A PATH message
332 includes a sender_TSPEC object 336. Within sender_TSPEC object 336, rangingSPEC object
328 is included.

[0032] FIG. 3C is a diagrammatic representation of a RESV message that a rangingSPEC

object, e.g., rangingSPEC object 328 of FIG. 3A, in accordance with an embodiment. A RESV
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message 332 includes sender TSPEC object 336, and sender TSPEC object 336 includes
rangingSPEC object 328.

[0033] As will be appreciated by those skilled in the art, a MULTI_TSPEC object is typically
arranged to specify multiple TSPECs. In one embodiment, a MULTI_TSPEC object may be
arranged to specify an upper bandwidth bound and a lower bandwidth bound. That is, a
MULTI_TSPEC object may effectively provide an indication of a range of bandwidths that a may
be utilized by an application. At least two TSPECS, e.g., a primary TSPEC and a TSPEC specified
in a MULTI_TSPEC object, may be used to substantially establish a bandwidth range as an upper
bound and a lower bound, and a network may select substantially any bandwidth within the
bandwidth range, e.g., routers along a path may select substantially any bandwidth within the
bandwidth range. The primary TSPEC may be a TSPEC that is already in existence. In another
embodiment, a MULTI_TSPEC object may include both a TSPEC that is an upper bandwidth
bound TSPEC and another TSPEC that is a lower bandwidth bound TSPEC.

[0034] FIG. 4A is a diagrammatic representation of a MULTI_TSPEC object that specifies an
upper bandwidth bound or limit and a lower bandwidth bound or limit in accordance with an
embodiment. A MULTI_TSPEC object 450 includes at least an upper bandwidth bound TSPEC
454 and a lower bandwidth bound TSPEC 458 which specify a substantially maximum amount of
bandwidth desired by an application and a substantially minimum amount of bandwidth
desired by the application, respectively. MULTI_TSPEC object 450 optionally specifies steps 462
that indicate bandwidth increments by which an upper bandwidth bound may be decremented
and/or a lower bandwidth bound may be incremented.

[0035] By way of example, for an upper bandwidth bound of approximately 5000 units and
a lower bandwidth bound of approximately 1000 units, steps 462 may indicate an increment of
approximately 100 units. Thus, a network may allocate substantially any available bandwidth
between approximately 1000 units and approximately 5000 units, in increments of
approximately 100 units. Hence, when a network has approximately 1500 available bandwidth
units, the network may allocate the approximately 1500 available bandwidth units. In general,
a network may effectively allocate a substantially maximum available bandwidth in a single
negotiation.

[0036] In one embodiment, one bandwidth bound, e.g., an upper bandwidth bound, may
be specified in an existing TSPEC, while another bandwidth bound, e.g., a lower bandwidth

bound, may be specified in an object such as a rangingSPEC object that is included in a
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MULTI_TSPEC object. In addition to specifying a bandwidth bound, a rangingSPEC object
included in a MULTI_TSPEC object may also specify steps or an increment. A rangingSPEC
object may be included in a MULTI_TSPEC ID of a MULTI_TSPEC object. FIG. 4B is a
diagrammatic representation of a MULTI_TSPEC ID in accordance with an embodiment. Within
a MULTI_TSPEC ID 462, a rangingSPEC 460 may be included substantially after an RSPEC 466
that describes a level of service.

[0037] Referring next to FIG. 5, one method of allocating bandwidth in a system that
supports variable bit-rate reservations will be described in accordance with an embodiment. A
process 501 of allocating bandwidth begins at step 505 in which a network, e.g., a node or
element within a network, obtains a request from an application for bandwidth. The request
may be associated with, but is not limited to being associated with, a PATH message or a RESV
message.

[0038] The network, upon obtaining the request for bandwidth, identifies bandwidth
ranging information associated with the request in step 509. As discussed above, the
bandwidth ranging information may be included in a PATH message or a RESV message. Once
the bandwidth ranging information, which may include at least a minimum desired bandwidth
specified by an application, is identified, the network determines an amount of bandwidth
available within the network in step 513.

[0039] After the network determines an amount of bandwidth available in the network, the
network picks an appropriate amount of bandwidth to allocate to the application in step 517.
In one embodiment, the appropriate amount of bandwidth to allocate may be determined
based on factors including, but not limited to including, the amount of bandwidth available in
the network and the bandwidth ranging information. For example, if an amount of bandwidth
available in the network is substantially equal to a minimum amount of bandwidth desired by
an application, the network may determined that the appropriate amount of bandwidth to
allocate is the minimum amount of bandwidth desired by the application. It should be
appreciated that if an amount of bandwidth available within the network is less than a
substantially optimal amount, e.g., a desired maximum amount, bandwidth ranging information
such as an interval or increment may be used to determine an appropriate amount of
bandwidth to allocate.

[0040] In step 521, the network allocates an appropriate amount of bandwidth to the

application. That is, the network effectively reserves the appropriate amount of bandwidth for
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use by the application. Typically, the amount of bandwidth allocated to the application is in a
range between a substantially optimal amount of bandwidth desired by the application and a
minimum amount of bandwidth desired by, or acceptable to, the application. Upon the
network allocating an appropriate amount of bandwidth to the application, the process of
allocating bandwidth is completed.

[0041] FIG. 6A is a diagrammatic representation of an overall arrangement that supports
variable bit-rate reservations in accordance with an embodiment. An overall arrangement
includes a network 670 that includes any number of network elements 672a-c, or nodes. A
node 684 is arranged to communicate with network 670 or, more specifically, network
elements 672a-c within network 670. It should be appreciated that although node 684 is
shown as being substantially external to network 670 but in communication with network 670,
node 684 may instead be included in network 670.

[0042] Network elements 672a-c are all generally configured to communicate with each
other within network 670. It should be appreciated that network elements 672a-c may be any
suitable elements arranged to operate within network 670. By way of example, network
elements 672a-c may be, but are not limited to being, routers, switches, and/or access points.
As shown, a network element 672a may generally include a processor 674, an input/output
(1/0) interface 676, and logic 678. 1/O interface 676 may include at least one port that may
obtain information, e.g., data packets, and/or transmit through network 670. Logic 678 may
include hardware and/or software logic, and processor 674 may generally execute software
logic.

[0043] Logic 678 may include bit-rate logic 680 that is generally configured to support RSVP,
to determine an amount of bandwidth to allocate and, further, to support codecs that may
operate at one of multiple different bit-rates. Bandwidth range logic 682, which is included in
bit-rate logic 682, is configured to obtain bandwidth range information, e.g., through a message
obtained from an application such as application 688 associated with node 684, that includes a
bandwidth ranging object, and to process bandwidth range information to determine an
amount of bandwidth to allocate to the application. Bandwidth range logic 682 is generally
configured to ascertain an amount of available bandwidth that may be supported within
network 670, e.g., by network element 672a, and to determine how much bandwidth to
allocate to an application based on the available bandwidth and information specified in

bandwidth range information provided by the application.
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[0044] Node 684, which may be any element or device that may communicate with
network 670, includes a processor 686, an I/O interface 696, application 668, and logic 690.
Application 668 may generally be any suitable application that utilizes reserved bandwidth, and
has associated codecs. Suitable applications may include, but are not limited to including, video
applications such as telepresence applications. Logic 690 may include hardware and/or
software logic, and generally includes bit-rate logic 692 is configured to support RSVP. Bit-rate
logic 692 is also configured to support codecs that may operate at one of multiple different bit-
rates. Bandwidth range logic 694, which is included in bit-rate logic 692, is configured to
identify bandwidth range information, and to provide bandwidth range information to network
670, as for example in a bandwidth ranging object. In general, bandwidth range logic 694 may
create and transmit a bandwidth ranging object through 1/O interface 696.

[0045] With reference to FIG. 6B, a process of a network, e.g., network 670 of FIG. 6A,
obtaining a bandwidth allocation as a result of a request for bandwidth from an application
associated with a node, e.g., application 688 of node 684, will be described in accordance with
an embodiment. At a time t1, node 684 provides a request for bandwidth that effectively
specifies a plurality of bandwidth amounts acceptable to application 688. The plurality of
bandwidth amounts may be specified, in one embodiment, as a minimum desired bandwidth,
or a lower bandwidth bound, and an interval such that the interval may be used in a
determination of acceptable amounts of bandwidth. In another embodiment, the plurality of
bandwidth amounts may be specified to include at least an upper bandwidth bound and a
lower bandwidth bound.

[0046] At a time t2, upon receiving or otherwise obtaining a request for bandwidth,
network 670, as for example through the use of network element 672a, may select an amount
of bandwidth to allocate to application 688 in response to the request. As previously discussed,
the amount of bandwidth allocated may be determined based upon the amount of bandwidth
available within network 670 and bandwidth information provided by application 688. A
selected amount of bandwidth is allocated by network 670 to application 688 at a time t3.
[0047] Although only a few embodiments of the present invention have been described, it
should be understood that the present invention may be embodied in many other specific
forms without departing from the spirit or the scope of the present disclosure. By way of
example, a network element has been described as determining an appropriate amount of

bandwidth to allocate. In the event that one network element in a path has the capacity to
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allocate more bandwidth than another network element in the path, the overall network may
determine that an appropriate amount of bandwidth to allocate is an amount that may be
supported by substantially all network elements in the path. That is, an amount of bandwidth
that is allocated in response to a request from an application is dependent upon the amount of
bandwidth available within an overall network.

[0048] A bandwidth ranging object may generally not specify a greater amount of
bandwidth, e.g., an upper bandwidth bound, than is specified by a primary TSPEC. It should be
appreciated, however, that if a bandwidth ranging object specifies an amount of bandwidth
that is greater than the amount specified in a primary TSPEC, the bandwidth ranging object may
effectively be ignored. In general, any objects that are not understood by a system may
essentially be ignored.

[0049] More than two TSPEC object may exist within a PATH message or within an RESV
message, e.g., a set of TSPEC objects may include more than two TSPEC objects. In one
embodiment, when there is a set of TSPEC objects associated with a message, a first TSPEC
object of such a set may specify a higher bandwidth bound and a last TSPEC object of the set
may specify a lower bandwidth bound. Thus, more than two TSPECS may be present, and such
TSPEC objects may be used for purposes other than, or in addition to, specifying bandwidth
bounds.

[0050] While multiple bandwidths have been described as being specified in a RESV
message through the use of TSPECs or TSPEC objects, the bandwidths are not limited to being
specified using TSPECs or TSPEC objects. Multiple bandwidths may generally be specified using
any suitable method.

[0051] In one embodiment, if none of the bandwidths specified in a RESV message may be
supported, no bandwidth may be allocated in response to the RESV message. It should be
appreciated, however, that some bandwidth may instead be allocated even if none of the
specified bandwidths may be supported. For example, if a RESV message specifies a lowest
desired bandwidth, if the lowest desired bandwidth may not be accommodated, rather than
allocating substantially no bandwidth in response to the RESV message, an amount of
bandwidth that is less than the lowest desired bandwidth may be allocated in some instances.
[0052] It should be appreciated that when an application secures a bandwidth reservation
that is less than a substantially maximum desired amount, e.g., a desired upper bandwidth

bound, packets marked at a relatively low priority within a class may be dropped. For instance,
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if an application marks its packets at a highest level and/or a lowest drop priority for a class for
approximately an entire amount of a reservation, although the application may still elect to
send additional traffic marked at lower levels, the traffic marked at lower levels may be
dropped.

[0053] In general, although the embodiments have been described in the context of RSVP,
it should be appreciated that the embodiments may be applied to other deterministic
reservation protocols. Other suitable reservation protocols may include, but are not limited to
including, a Next Steps in Signaling (NSIS) protocol and a Network Layer Signaling (NLS)
protocol.

[0054] It should be appreciated that while the embodiments generally refer to the use of
VBRs, any suitable application may generally reserve bandwidth in some range in particular
increments. Such suitable applications may generally include, but are not limited to including,
media flow such as codecs, electronic whiteboards, and/or application sharing, That is,
bandwidth may be reserved in a particular range in particular increments with respect to any
suitable construct.

[0055] The embodiments may be implemented as hardware and/or software logic embodied in
a tangible medium that, when executed, e.g., by a processing system associated with a host
device and/or a headset, is operable to perform the various methods and processes described
above. That is, the logic may be embodied as physical arrangements, modules, or components.
A tangible medium may be substantially any suitable physical, computer-readable medium that
is capable of storing logic which may be executed, e.g., by a processing system such as a
computer system, to perform methods and functions associated with the embodiments. Such
computer-readable media may include, but are not limited to including, physical storage and/or
memory devices. Executable logic may include code devices, computer program code, and/or
executable computer commands or instructions that may be embodied on computer-readable
media.

[0056] It should be appreciated that a computer-readable medium, or a machine-readable
medium, may include transitory embodiments and/or non-transitory embodiments, e.g., signals
or signals embodied in carrier waves. That is, a computer-readable medium may be associated
with non-transitory tangible media and transitory propagating signals.

[0057] The steps associated with the methods of the present invention may vary widely.

Steps may be added, removed, altered, combined, and reordered without departing from the
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spirit of the scope of the present disclosure. Therefore, the present examples are to be
considered as illustrative and not restrictive, and the invention is not to be limited to the details

given herein, but may be modified within the scope of the appended claims.
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WHAT IS CLAIMED 1S:

1. A method comprising:

obtaining a first message from an application, the application being associated with a
variable bit-rate media flow, the first message including information, the information including
at least an approximately minimum bandwidth at which the variable bit-rate media flow may
operate;

determining an amount of available bandwidth in a network;

determining an increment by which a bandwidth of the variable bit-rate media flow may
be trimmed;

identifying, from the first message, the approximately minimum bandwidth at which the
variable bit-rate media flow may operate; and

identifying a bandwidth allocation, the bandwidth allocation being identified based on
the amount of available bandwidth in the network, the approximately minimum bandwidth at
which the variable bit-rate media flow may operate, and the increment by which the bandwidth

of the variable bit-rate media flow may be trimmed.

2. The method of claim 1 wherein the increment by which a bandwidth of the variable bit-

rate media flow may be trimmed is included in the first message.

3. The method of claim 2 wherein the information is embodied in a bandwidth ranging

object associated with the first message.

4. The method of claim 3 wherein the first message is a resource reservation protocol
(RSVP) PATH message, and the bandwidth ranging object is used within a Sender_Descriptor of

the PATH message.

5. The method of claim 3 wherein the first message is a resource reservation protocol
(RSVP) RESV message, and the bandwidth ranging object is used in a FLOWSPEC of the RESV

message.
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6. The method of claim 2 wherein the first message is a resource reservation protocol

(RSVP) PATH message, and the information is included in a SENDER_TSPEC.

7. The method of claim 2 wherein the first message is a resource reservation protocol

(RSVP) RESV message, and the information is included in a RECEIVER_TSPEC.

8. The method of claim 2 wherein the approximately minimum bandwidth is a lower
bandwidth bound, and wherein the information further includes an upper bandwidth bound,
the upper bandwidth bound being specified in a first TSPEC object and the lower bandwidth

bound being specified in a second TSPEC object.

9. The method of claim 8 wherein the first TSPEC object is a first TSPEC object of more

than two TSPEC objects and the second TSPEC object is a last TSPEC object of the more than

two TSPEC objects.

10. The method of claim 1 further including allocating the bandwidth allocation to the
application.

11. The method of claim 1 wherein the variable bit-rate media flow has a desired

bandwidth, and wherein the amount by which the bandwidth of the variable bit-rate media
flow may be trimmed is the amount by which the desired bandwidth of the variable bit-rate

media flow may be trimmed.

12. The method of claim 1 wherein the variable bit-rate media flow is a variable bit-rate

codec.
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13. An apparatus comprising:

means for obtaining a first message from an application, the application being
associated with a variable bit-rate media flow, the first message including information, the
information including at least an approximately minimum bandwidth at which the variable bit-
rate media flow may operate;

means for determining an amount of available bandwidth in a network;

means for determining an increment by which a bandwidth of the variable bit-rate
media flow may be trimmed;

means for identifying, from the first message, the approximately minimum bandwidth at
which the variable bit-rate media flow may operate; and

means for identifying a bandwidth allocation, the bandwidth allocation being identified
based on the amount of available bandwidth in the network, the approximately minimum
bandwidth at which the variable bit-rate media flow may operate, and the increment by which

the bandwidth of the variable bit-rate media flow may be trimmed.

14. Logic encoded in one or more non-transitory, tangible media for execution and when
executed operable to:

obtain a first message from an application, the application being associated with a
variable bit-rate media flow, the first message including information, the information including
at least an approximately minimum bandwidth at which the variable bit-rate media flow may
operate;

determine an amount of available bandwidth in a network;

determine an increment by which a bandwidth of the variable bit-rate media flow may
be trimmed;

identify, from the first message, the approximately minimum bandwidth at which the
variable bit-rate media flow may operate; and

identify a bandwidth allocation, the bandwidth allocation being identified based on the
amount of available bandwidth in the network, the approximately minimum bandwidth at
which the variable bit-rate media flow may operate, and the increment by which the bandwidth

of the variable bit-rate media flow may be trimmed.
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15. The logic of claim 14 wherein the first message includes the increment by which a

bandwidth of the variable bit-rate media flow may be trimmed

16. The logic of claim 15 wherein the information is embodied in a bandwidth ranging

object associated with the first message.

17. The logic of claim 15 wherein the first message is a resource reservation protocol (RSVP)
PATH message, and the bandwidth ranging object is used within a Sender_Descriptor of the

PATH message.

18. The logic of claim 15 wherein the first message is a resource reservation protocol (RSVP)

RESV message, and the bandwidth ranging object is used in a FLOWSPEC of the RESV message.

19. The logic of claim 15 wherein the first message is a resource reservation protocol (RSVP)

PATH message, and the information is included in a SENDER_TSPEC.

20. The logic of claim 15 wherein the first message is a resource reservation protocol (RSVP)

RESV message, and the information is included in a RECEIVER_TSPEC.

21. The logic of claim 15 wherein the approximately minimum bandwidth is a lower
bandwidth bound, and wherein the information further includes an upper bandwidth bound,
the upper bandwidth bound being specified in a first TSPEC object and the lower bandwidth

bound being specified in a second TSPEC object.

22. The logic of claim 13 further operable to allocate the bandwidth allocation to the
application.
23. The logic of claim 13 wherein the variable bit-rate media flow has a desired bandwidth,

and wherein the amount by which the bandwidth of the variable bit-rate media flow may be
trimmed is the amount by which the desired bandwidth of the variable bit-rate media flow may

be trimmed.
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24. A method comprising:

obtaining a first message from an application, the application being associated with a
construct, the first message including information, the information including at least an
approximately minimum bandwidth at which a construct may operate;

determining an amount of available bandwidth in a network;

identifying, from the first message, the approximately minimum bandwidth at which the
construct may operate

identifying an increment by which a desired bandwidth of the construct may be
trimmed; and

identifying a bandwidth allocation, the bandwidth allocation being identified based on
the amount of available bandwidth in the network, the approximately minimum bandwidth at
which the construct may operate, and the increment by which the desired bandwidth of the

construct may be trimmed.



WO 2014/018245

100—¢

PCT/US2013/049495

MINIMUM DESIRED BANDWIDTH

L— 104

INTERVAL

— 108

FIG. 1



WO 2014/018245

212—¢

220—¢

PCT/US2013/049495

//204 //210
MINIMUM DESIRED BANDWIDTH
ADDITIONAL
INFORMATION
INTERVAL
\ BANDWIDTH RANGING OBJECT
208
BANDWIDTH 212
RANGING OBJECT // 216

SENDER_DESCRIPTOR

PATH

FIG. 2B



WO 2014/018245

2244

PCT/US2013/049495

BANDWIDTH

RANGING OBJECT

e

SENDER_DESCRIPTOR

RESV

— 212
L — 216

FIG. 2C

3284

— 304

[

MINIMUM ACCEPTABLE BANDWIDTH

INTERVAL

RANGINGSPEC

N

FIG. 3A

308



WO 2014/018245

332—4

PCT/US2013/049495

340—4

RANGINGSPEC
L— 336
/
SENDER _TSPEC
PATH
RANGINGSPEC
L— 344
/
RECEIVER _TSPEC

RESV

FIG. 3C



WO 2014/018245

450—¢

462—

PCT/US2013/049495

UPPER BANDWIDTH BOUND

LOWER BANDWIDTH BOUND

— 466 — 460

RSPEC

RANGINGSPEC

FIG. 4B



WO 2014/018245

501—¢

PCT/US2013/049495

NETWORK (ELEMENT) OBTAINS
REQUEST FROM APPLICATION FOR
BANDWIDTH

— 505

v

NETWORK (ELEMENT) IDENTIFIES
BANDWIDTH RANGING INFORMATION
(E.G., OBJECT) ASSOCIATED WITH
REQUEST

L— 509

v

NETWORK (ELEMENT) DETERMINES
AMOUNT OF BANDWIDTH AVAILABLE

— 513

v

NETWORK (ELEMENT) PICKS
APPROPRIATE AMOUNT OF BANDWIDTH
TO ALLOCATE BASED ON AMOUNT OF
BANDWIDTH AVAILABLE AND
BANDWIDTH RANGING INFORMATION

— 517

y

NETWORK (ELEMENT) ALLOCATES
APPROPRIATE AMOUNT OF BANDWIDTH
TO APPLICATION

| — 521

FIG. 5



672¢c

WO 2014/018245

PCT/US2013/049495

NETWORK

PROCESSOR

I/O INTERFACE

LOGIC

BIT RATE LOGIC

//—684

PROCESSOR [

APPLICATION [

LOGIC d

BIT RATE -
LOGIC

BANDWIDTH ([}~
RANGE
LOGIC

N

I/O INTERFACE [

BANDWIDTH
RANGE LOGIC

1 1

678

674
676

682




672¢c

WO 2014/018245

PCT/US2013/049495

674

PROCESSOR

676

I/O INTERFACE

NETWORK LOGIC

682

BIT RATE LOGIC

BANDWIDTH
RANGE LOGIC

BA

¢
!
’
;
/

{

!
H
H

PLU

-------- '

REQUEST FOR

NDWIDTH

(SPECIFIES A

RALITY OF

AMOUNTS)

~ 684

; ALLOCATE
SELECTED

PROCESSOR [

APPLICATION [

LOGIC

BIT RATE
LOGIC

BANDWIDTH
RANGE
LOGIC

N

AMOUNT OF
BANDWIDTH

I/O INTERFACE

SELECTION OF
AMOUNT OF
BANDWIDTH TO
ALLOCATE



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/049495

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4L12/913
ADD.

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

B. FIELDS SEARCHED

HOAL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

X JAMES POLK SUBHA DHESIKAN CISCO SYSTEMS:
"Integrated Services (IntServ) Extension

1-24

to Allow Signaling of Multiple Traffic
Specifications and Multiple Flow
Specifications in RSVPvl;
draft-ietf-tsvwg-intserv-multiple-tspec-01
JLxt",

INTEGRATED SERVICES (INTSERV) EXTENSION TO
ALLOW SIGNALING OF MULTIPLE TRAFFIC
SPECIFICATIONS AND MULTIPLE FLOW
SPECIFICATIONS IN RSVPV1;
DRAFT-IETF-TSYWG-INTSERV-MULTIPLE-TSPEC-01
.TXT, INTERNET ENGINEERING TASK FORCE,
TIETF; STANDARDWORKINGDRAFT, INT,

13 March 2012 (2012-03-13), pages 1-26,

XP015082032,

[retrieved on 2012-03-13]
abstract

figures 1, 2, 3, 4, 5

_/__

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

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

"E" earlier application or patent but published on or after the international
filing date

"L" 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)

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

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

"T" 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

"X" 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

"Y" 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

20 November 2013

Date of mailing of the international search report

27/11/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Clemente Lafuente, G

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/049495

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

with IETF Integrated Services;
rfc2210.txt",

19970901,

1 September 1997 (1997-09-01),
XP015007994,

ISSN: 0000-0003

abstract

Sections 1-3

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Sections 1-3
A WROCLAWSKI MIT LCS J: "The Use of RSVP 1-24

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




	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 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

