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"MULTIMEDIA AUDIO AND VIDEO" filed May 4, 2006, and
assigned to the assignee hereof and hereby expressly
incorporated by reference herein. BACKGROUND Field
[0004] The present Application relates generally to
the distribution of content over a distribution
network, and more particularly, to methods and
apparatus for packetization of content for
distribution over a distribution network. Background
[0005] Data networks, such as wireless communication
networks, have to trade off between services
customized for a single terminal and services provided
to a large number of terminals. For example, the
distribution of multimedia content to a large number
of resource limited portable devices (subscribers) is
a complicated problem. Therefore, it is very important
for network administrators, content retailers, and
service providers to have a way to distribute content
and/or other network services in a fast and efficient
manner for presentation on networked devices. [0006]
hi current content delivery/media distribution
systems, real time and non real time services are
packed into a transmission frame and delivered to
devices on a network. For example, a communication
network may utilize Orthogonal Frequency 



Division Multiplexing (OFDM) to provide communications
between a network serverand one or more mobile
devices. This technology provides a transmission frame
having data slots that are packed with services to be
delivered and transmitted over a distribution network.
[0007] Unfortunately, conventional system may have
problems when transmitting packets over error-prone
multicast networks. For example, if packets are
damaged or lost during transmission, a receiving
device may not be able to recover the transmitted
content. Even if the content is received without
errors, conventional system may not be able to
efficiently synchronize its presentation. [0008]
Therefore, what is needed is a system to efficiently
transmit content over a data network that overcomes
the problems of conventional systems. The system
should operate to allow content to be delivered over
error-prone networks and provide a way to synchronize
its presentation. SUMMARY [0009] In one or more
embodiments, a packetization system, comprising
methods and apparatus, is provided that operates to
efficiently packetize one or more content flows for
transmission over error-prone networks. For example,
in an aspect, a fragmentation scheme and associated
error handling mechanism are provided to allow a
receiver to reassemble packets and to mark upper layer
packets as erroneous when the received blocks are
marked as erroneous. The system also provides time
indicators as a means of time synchronization between
pieces of media data. Thus, the system provides an
error resilient media synchronization mechanism.
[0010] In an aspect, a method is provided for
packetization of multimedia content for distribution
over a network. The method comprises generating one or
more content packets from the multimedia content,
wherein the content packets are associated with a time
reference. The method also comprises adding a sync
header to the one or more content packets to form one
or more application layer packets, respectively,
wherein the sync header comprises a time indicator
that indicates time relative to the time reference.
[0011] In an aspect, an apparatus is provided for
packetization of multimedia content for distribution
over a network. The apparatus comprises encoding logic



configured to generate one or more content packets
from the multimedia content, wherein the content
packets are associated with a time reference. The
apparatus also comprises packetization logic
configured to add a sync header to the one or
morecontent packets to form one or more application
layer packets, respectively, wherein the sync header
comprises a time indicator that indicates time
relative to the time reference. [0012] In an aspect,
an apparatus is provided for packetization of
multimedia content for distribution over a network.
The apparatus comprises means for generating one or
more content packets from the multimedia content,
wherein the content packets are associated with a time
reference. The apparatus also comprises means for
adding a sync header to the one or more content
packets to form one or more application layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to the time
reference. [0013] In an aspect, a computer-readable
medium is provided that has a computer program
comprising one or more instructions, which when
executed by at least one processor, operates to
provide packetization of multimedia content for
distribution over a network. The computer program
comprises instructions for generating one or more
content packets from the multimedia content, wherein
the content packets are associated with a time
reference. The computer program also comprises
instructions for adding a sync header to the one or
more content packets to form one or more application
layer packets, respectively, wherein the sync header
comprises a time indicator that indicates time
relative to the time reference. [0014] In an aspect,
at least one processor configured to perform a method
for packetization of multimedia content for
distribution over a network. The method comprises
generating one or more content packets from the
multimedia content, wherein the content packets are
associated with a time reference. The method also
comprises adding a sync header to the one or more
content packets to form one or more application layer
packets, respectively, wherein the sync header
comprises a time indicator that indicates time
relative to the time reference. [0015] In an aspect, a
method for packetization of multimedia content for
distribution over a network. The method comprises
processing one or more content 



blocks to produce one or more application layer
packets, and extracting a sync header from the one or
more application layer packets to produce one or more
content layer packets, respectively, wherein the sync
header comprises a time indicator that indicates time
relative to a time reference. The method also
comprises synchronizing the one or more content layer
packets based on the time indicator. [0016] In an
aspect, an apparatus is provided for packetization of
multimedia content for distribution over a network.
The apparatus comprises receiving logicconfigured to
process one or more content blocks to produce one or
more application layer packets. The apparatus also
comprises de-packetization logic configured to extract
a sync header from the one or more application layer
packets to produce one or more content layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to a time
reference, and to synchronize the one or more content
layer packets based on the time indicator. [0017] In
an aspect, an apparatus for packetization of
multimedia content for distribution over a network.
The apparatus comprises means for processing one or
more content blocks to produce one Or more application
layer packets, and means for extracting a sync header
from the one or more application layer packets to
produce one or more content layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to a time
reference. The apparatus also comprises means for
synchronizing the one or more content layer packets
based on the time indicator. [0018] In an aspect, a
computer-readable medium is provided that has a
computer program comprising instructions, which when
executed by at least one processor, operate to provide
packetization of multimedia content for distribution
over a network. The computer program comprises
instructions for processing one or more content blocks
to produce one or more application layer packets, and
instructions for extracting a sync header from the one
or more application layer packets to produce one or
more content layer packets, respectively, wherein the
sync header comprises a time indicator that indicates
time relative to a time reference. The computer
program also comprises instructions for synchronizing
the one or more content layer packets based on the
time 



indicator. [0019] In an aspect, at least one processor
is provided that is configured to perform a method for
packetization of multimedia content for distribution
over a network. The method comprises processing one or
more content blocks to produce one or more application
layer packets, and extracting a sync header from the
one or more application layer packets to produce one
or more content layer packets, respectively, wherein
the sync header comprises a time indicator that
indicates time relative to a time reference. The
method also comprises synchronizing the one or more
content layer packets based on the time indicator.
[0020] In an aspect, a method is provided for
packetization of multimedia content for distribution
over a network. The method comprises receiving one or
more contentblocks, wherein the one or more content
blocks comprises a frame header, and determining that
a selected content block includes an error. The method
also comprises assuming that a selected frame header
associated with the selected content block comprises
one or more selected values, and processing the one or
more content blocks to produce one or more application
layer packets. [0021] In an aspect, an apparatus is
provided for packetization of multimedia content for
distribution over a network. The apparatus comprises
input logic configured to receiving one or more
content blocks, wherein the one or more content blocks
comprises a frame header. The apparatus also comprises
de-packetization logic configured to determine that a
selected content block includes an error, assume that
a selected frame header associated with the selected
content block comprises one or more selected values,
and process the one or more content blocks to produce
one or more application layer packets. [0022] In an
aspect, an apparatus is provided for packetization of
multimedia content for distribution over a network.
The apparatus comprises means for receiving one or
more content blocks, wherein the one or more content
blocks comprises a frame header, and means for
determining that a selected content block includes an
error. The apparatus also comprises means for assuming
that a selected frame header associated with the
selected content block comprises one or more selected
values, and means for 



processing the one or more content blocks to produce
one or more application layer packets. [0023] In an
aspect, a computer-readable medium is provided that
has a computer program comprising instructions, which
when executed by at least one processor, operates to
provide packetization of multimedia content for
distribution over a network. The computer program
comprises instructions for receiving one or more
content blocks, wherein the one or more content blocks
comprises a frame header, and instructions for
determining that a selected content block includes an
error. The computer program also comprises
instructions for assuming that a selected frame header
associated with the selected content block comprises
one or more selected values, and instructions for
processing the one or more content blocks to produce
one or more application layer packets. [0024] In an
aspect, at least one processor is provided that is
configured to perform a method for packetization of
multimedia content for distribution over a network.
The method comprises receiving one or more content
blocks, wherein the one or morecontent blocks
comprises a frame header, and determining that a
selected content block includes an error. The method
also comprises assuming that a selected frame header
associated with the selected content block comprises
one or more selected values, and processing the one or
more content blocks to produce one or more application
layer packets. [0025] Other aspects of the embodiments
will become apparent after review of the hereinafter
set forth Brief Description of the Drawings,
Description, and the Claims. BRIEF DESCRIPTION OF THE
DRAWINGS [0026] The foregoing aspects of the
embodiments described herein will become more readily
apparent by reference to the following detailed
description when taken in conjunction with the
accompanying drawings wherein: [0027] FIG. 1 shows a
network that comprises an embodiment of a
packetization system; [0028] FIG. 2 shows an
embodiment of a server suitable for use in a
packetization system; 



[0029] FIG. 3 shows an embodiment of layers and
protocols for use in a packetization system; [0030]
FIG. 4 shows an embodiment of protocol architecture
for use in a packetization system; [0031] FIG. 5 shows
how an Application layer is divided into a real-time
Content layer and a Sync layer; [0032] FIG. 6 shows a
flow diagram that illustrates the data flow between
layers in an embodiment of a packetization system;
[0033] FIG. 7 illustrates how a Sync layer adds a Sync
layer header to real-time Content layer packets;
[0034] FIG. 8 shows a diagram that illustrates the
operation of the Stream, MAC, and Physical layers in a
packetization system; [0035] FIG. 9 shows a
fragmentation scheme for a single packet provided by
an embodiment of the Framing protocol; [0036] FIG. 10
illustrates how an embodiment of a Framing protocol
operates to fragment two packets;[0037] FIG. 11
illustrates how an embodiment of a Framing protocol
operates to fragment an upper layer packet of size 200
bytes into two parts; [0038] FIG. 12 shows an
embodiment of a method for providing a packetization
system; [0039] FIG. 13 shows a diagram that
illustrates real time service support for use in a
packetization system; [0040] FIG. 14 shows an
embodiment of a device for use in a packetization
system; [0041] FIG. 15 shows an example of data and
control flow at a receiving device for receiving a
real-time service in a packetization system; [0042]
FIG. 16 illustrates how an embodiment of a
packetization system operates at a device to process
three received blocks that contain two Application
layer packets; [0043] FIG. 17 shows the operation of a
packetization system where a Stream layer indicates
that a first received block has errors; [0044] FIG. 18
shows the operation of a packetization system where a
Stream layer 



indicates that a second received block is in error;
[0045] FIG. 19 shows the operation of a packetization
system where a Stream layer marks the last block of a
superframe to be in error; [0046] FIG. 20 shows the
operation of a packetization system where a Stream
layer delivers three blocks to the Transport layer;
[0047] FIG. 21 shows the operation of a packetization
system where Framing directory information is used at
a receiving device; [0048] FIG. 22 shows protocols
belonging to the Transport layer; [0049] FIG. 23 shows
how a Checksum protocol is provided on a server in a
packetization system; [0050] FIG. 24 illustrates
checksum processing at a receiving device in a
packetization system; [0051] FIG. 25 shows an
embodiment of a method for providing a packetization
system; [0052] FIG. 26 shows an embodiment of a
packetization system; [0053] FIG. 27 shows an
embodiment of a packetization system; and [0054] FIG.
28 shows an embodiment of a packetization
system.DETAILED DESCRIPTION [0055] In one or more
embodiments, a packetization system is provided that
operates to packetize multiplexed content flows into a
transmission frame for transmission over a data
network. For example, the multiplexed content flows
comprise a particular arrangement, sequence, mixing,
and/or selection of real-time and/or non real-time
services for transmission to a device. The system is
especially well suited for use in wireless network
environments, but may be used in any type of network
environment, including but not limited to,
communication networks, public networks, such as the
Internet, private networks, such as virtual private
networks (VPN), local area networks, wide area
networks, long haul networks, or any other type of
data network. [0056] For the purpose of this
description, one or more embodiments of a
packetization system are described herein with
reference to a communication network that utilizes
Orthogonal Frequency Division Multiplexing (OFDM) to
provide 



communications between a network server and one or
more mobile devices. For example, in an embodiment of
an OFDM system, a superframe is defined that comprises
time division multiplex (TDM) pilot signals, frequency
division multiplex (FDM) pilot signals, overhead
information symbols (OIS), and data symbols. A data
slot is defined that comprises a set of five hundred
data symbols that occur over one OFDM symbol time.
Additionally, an OFDM symbol time in the superframe
carries seven data slots. [0057] The following
definitions are used herein to describe one or more
embodiments of a packetization system. Flow An element
of a service, for example, a service may have two
flows - an audio flow and a video flow. Service A
media content that can have one or more flows. MLC A
media logical channel ("channel") used for data or
control information. Overhead Information Symbols
(OIS) Symbols in a superframe that carry information
about the location of various MLCs in the superframe.
Slot The smallest unit of bandwidth allocated to a MLC
over an OFDM symbol. [0058] FIG. 1 shows a network 100
that comprises an embodiment of a packetization
system. The network 100 comprises a mobile device 102,
a server 104, and a distribution network 106. For the
purpose of this description, it will be assumedthat
the network 106 operates to communicate with one or
more portable devices using OFDM technology; however,
embodiments of the packetization system are suitable
for use with other transmission technologies as well.
[0059] In an embodiment, the server 104 operates to
provide services that may be subscribed to by devices
in communication with the network 106. The server 104
is coupled to the network 106 through the
communication link 108. The communication link 108
comprises any suitable communication link, such as a
wired and/or wireless link that operates to allow the
server 104 to communicate with the network 106. The
network 106 comprises any combination of wired and/or
wireless networks that allows services to be delivered
from the server 104 to devices in communication with
the 



network 106, such as the device 102. In an embodiment,
the network 106 provides unicast, multicast, broadcast
or any other type of communication channels that may
be used by the server 104 to deliver information to
one or more devices. [0060] It should be noted that
the network 106 may provide communications with any
number and/or types of portable devices within the
scope of the embodiments. For example, other devices
suitable for use in embodiments of the packetization
system include, but are not limited to, a personal
digital assistant (PDA), email device, pager, a
notebook computer, mp3 player, video player, or a
desktop computer. The wireless link 110 comprises a
wireless communication link based on OFDM technology;
however, in other embodiments the wireless link may
comprise any suitable wireless technology that
operates to allow devices to communicate with the
network 106. [0061] The device 102 in this embodiment
comprises a mobile telephone that communicates with
the network 106 through the wireless link 110. The
device 102 takes part in an activation process that
allows the device 102 to subscribe to receive services
over the network 106. In an embodiment, the activation
process may be performed with the server 104; however,
the activation process may also be performed with
another server, service provider, content retailer, or
other network entity. For the purpose of this
description, it will be assumed that the device 102
performs the activation process with the server 104
and is now ready to subscribe and receive services
from the server 104. [0062] In an embodiment, the
server 104 is part of or communicates with a media
distribution system 112. For example, the distribution
system 112 may comprises other entities, such as real
time media servers (RTMS), non real time media server
(NRTMS), distribution servers, content providers,
and/or any other type of distribution systementity.
The media distribution system 112 operates to provide
content 114 for distribution to devices on the
distribution network 106. For example, the content
comprises multimedia content that includes news,
sports, weather, financial information, movies, and/or
applications, programs, scripts, or any other type of
suitable content or service. [0063] The server 104
also comprises packetization logic 116 that operates
to 



efficiently packetize the content 114 into packets 118
for distribution over the network 106. For example,
the packets 118 are transmitted over the network 106
to the device 102, as shown by the path 120. In an
embodiment, the packetization logic 116 operates to
generate Sync Headers, Framing Headers, and associated
presentation time stamps (PTS) that are included with
the packets 118 so that a receiving device is able to
synchronize how received content is rendered on the
device and errors are processed. A more detailed
description of the packetization logic 116 is provided
in another section of this document. As a result of
the operation of the packetization logic 116, the
content is optimally packetized and time stamped,
thereby efficiently utilizing the network bandwidth
and providing a way to synchronize the content at a
receiving device. [0064] In an embodiment, the device
102 comprises de-packetization logic 122 that operates
to reverse the process or packetization performed at
the server 104. Because the packetization logic 116
has packetized the content to include presentation
time stamps, the de-packetization logic 122 is able to
synchronize the content and render it at the device
102. [0065] Therefore, embodiments of the
packetization system operate to perform one or more of
the following functions to provide efficient
distribution and synchronization of content over a
distribution network. 1. Receive or gain access to
content comprising real time and/or non real time
services. 2. Packetize the content so that the packets
include presentation time stamps. 3. Distribute the
packetized content over a distribution network. 4.
De-packetize the content at a receiving device. 5. Use
the presentation time stamps to provide synchronized
rendering of the content. [0066] Therefore, in one or
more embodiments, a packetization system operates to
efficiently packetize and transmit content to devices
on a data network. It should benoted that the
packetization system is not limited to the
implementations described with reference to FIG. 1,
and that other implementations are possible within the
scope of the embodiments. 



System Overview and Features [0067] A packetization
system is provided that efficiently distributes
packetized content over wireless networks. In an
embodiment, a Forward Link Optimized (FLO(tm))
multicast network is used to deliver multimedia
content. Based on Orthogonal Frequency Division
Multiplexing (OFDM) technology, the FLO multicast
network is designed to efficiently deliver broadband
multimedia to large numbers of subscribers. [0068] The
system provides a broadband, wireless multicast
delivery service to mobile users on a subscription
basis. The individual multicast content channels are
referred to as services. There are three fundamental
types of services supported by the system as follows.
1. Non-real-time Service: A file distribution service
for delivery of, for example, media clips - also
referred to as a Clipcast service type. 2. Real-time
streaming service type 3. IP datacast service type
Non-Real-time Service [0069] The system delivers files
(e.g., media clips) as a non-real-time service (also
referred to as a Clipcast Service). The files may
comprise audio, audio and video, and/or other types of
data. Once the user has subscribed to the service, the
content is delivered to the user's mobile device in
the background, transparent to the user. The media is
stored on the device and may be accessed by the user
during a scheduled availability period. Real-time
Service [0070] The second fundamental service type
delivered is real-time service in which content is
streamed to the devices in real-time. The end-user can
"tune-in" to a real time service at any time and
receive current content. As with non-real-time
services, the user will typically need to subscribe to
the real-time service before gaining access. IP
Datacast Service [0071] The IP Datacast service is a
wireless IP multicast service to support a wide range
of applications. This service type allows a system
operator and/or third-parties tomulticast content
using Internet Engineering Task Force (IETF) protocols
over the 



distribution network. The distribution network
provides a range of Qualities of Service (QoS) for
delivering IP multicast streams in terms of loss rate
and delay jitter. Like the other service types, IP
Datacast services may be offered on a subscription
basis. [0072] FIG. 2 shows an embodiment of a server
200 suitable for use in a packetization system. For
example, the server 200 may be used as the server 104
in FIG. 1. The server 200 comprises packetization
logic 202, input logic 204, and output logic 206, all
coupled to a data bus 208. It should be noted that the
server 200 represents just one implementation and that
other implementations are possible within the scope of
the embodiments. For example, the server 200 may
comprise at least one processor configured to execute
one or more program instructions to provide the
functions of the packetization system described
herein. [0073] In one or more embodiments, the
packetization logic 202 comprises a CPU, processor,
gate array, hardware logic, memory elements, virtual
machine, software, and/or any combination of hardware
and software. Thus, the packetization logic 202
generally comprises logic to execute machine-readable
instructions and to control one or more other
functional elements of the server 200 via the data bus
208. [0074] The input logic 204 comprises hardware
and/or software that operate to allow the server 200
to receive content and/or other information from
distribution system entities through communication
channel 210. For example, in an embodiment, the
communication channel 210 comprises any suitable type
of communication link to allow the server 200 to
communicate directly with other servers or with one or
more data networks and/or devices coupled to those
data networks. Thus, the input logic 204 allows the
server 200 to receive content for distribution over a
distribution network. [0075] The output logic 206
comprises hardware and/or software that operate to
allow the server 200 to output packetized content
and/or other information to a distribution network for
distribution to one or more devices through
communication channel 212. For example, in an
embodiment, the communication channel 212 comprises
any suitable type of communication link to allow the
server 200 to communicate directly with a distribution
network and/or devices coupled to that 



network. For example, the communication channel 212
provides a unicast, multicast, broadcast, or any other
type of communication channel that allows the server
200 to deliver packetized content for distribution
over a distribution network.[0076] During operation of
an embodiment, content is received at the input logic
204 through input channel 210. The packetization logic
202 operates to provide protocol layers through which
the received content is packetized for transmission
over a distribution network. In one embodiment,
packetization logic 202 operates to provide one or
more protocol layers that are used to incorporate Sync
Headers, Frame Headers, presentation time stamps, and
checksums into the content. The protocol layers also
operate to fragment the content into blocks for
transmission over a distribution network using the
output logic 206 and communication channel 212. A more
detailed description of the packetization logic 202
and the functions performed by protocol layers is
provided in other sections of this document. [0077] In
an embodiment, the packetization system comprises a
computer program having one or more program
instructions ("instructions") stored on a
computer-readable medium, which when executed by at
least one processor, for instance, the packetization
logic 202, provides the functions of the packetization
system described herein. For example, instructions may
be loaded into the server 200 from a computer-readable
media, such as a floppy disk, CDROM, memory card,
FLASH memory device, RAM, ROM, or any other type of
memory device or computer-readable medium that
interfaces to the server 200. In another embodiment,
the instructions may be downloaded into the server 200
from an external device or network resource that
interfaces to the server 200. The instructions, when
executed by the packetization logic 202, provide one
or more embodiments of a packetization system as
described herein. [0078] Thus, the server 200 operates
to provide embodiments of a packetization system to
efficiently packetize multiplexed content flows for
distribution over a distribution network. [0079] FIG.
3 shows an embodiment of layers and protocols 300 for
use in a packetization system. For example, in an
embodiment, the packetization logic 202 shown in FIG.
2 operates to provide the layers and protocols 300
shown in FIG. 3. The 



lowest layer is the FLO Physical layer 302. This layer
operates to format and process FLO waveforms for
efficient delivery of multicast content over a
distribution network. The layer above the Physical
layer 302 is the Medium Access Control (MAC) layer
304. The key function of the MAC layer 304 is the
allocation of FLO Physical Layer resources to upper
layer streams. The MAC layer 304 also multiplexes the
Media Logical Channels (MLCs) onto the Physical layer
302. The upper layers 308 use the services of the
Stream layer 306 to deliver data to devices.[0080]
FIG. 4 shows an embodiment of protocol architecture
400 for use in a packetization system. For example, in
an embodiment, the packetization logic 202 shown in
FIG. 2 operates to provide the protocol architecture
400 shown in FIG. 4. On the server side, the flow of
content through the protocol architecture 400 is shown
by the direction arrow 414. On the device side, the
flow of content through the protocol architecture 400
is in the opposite direction. The Physical 402, MAC
404, and Stream 406 layers operate as described above
with reference to FIG. 3. The Conditional Access
Service (CAS) 408, Transport 410, and Application 412
layer protocols and messages operate as follows.
[0081] The CAS layer 408 implements encryption and
decryption of content. The CAS layer 408 is optional
for each service. For each service that implements
content encryption, the server generates a service
key. In an embodiment, the service key is delivered to
the device over a unicast connection. The CAS layer
408 is implemented for flows of these services, and
the server generates a working key for these flows.
This working key is used to encrypt the data being
sent over the flow. The working key is then encrypted
using the service key and delivered to the device.
Using the service key, the device can recover the
working key. The device can recover the flow data
using the working key. [0082] The Transport layer 410
provides packet service over the Stream layer 406. The
Stream layer 406 is described in detail in another
section of this document. The upper layers of the
architecture 400 deliver a sequence of octets to the
Stream layer 406 and the Stream layer 406 delivers
these octets (with possible errors) to the device.
However, typical applications need a packet-based
service. A key function of the 



Transport layer 410 is to provide this packet service
over the Stream layer 406. In addition, the Transport
layer 410 also has an optional Checksum protocol to
verify data integrity. A more detailed discussion of
the transport layer is provided in another section of
this document. [0083] The Application Layer 412 is
where the multimedia content is generated at the
server side and consumed at the device side. In an
embodiment, the Application layer 412 comprises a real
time Content sub-layer and a Sync sub-layer used for
achieving synchronization between video and audio
flows. A more detailed description of Application
layer 412 and its sub-layers is provided
below.Application Layer Sub-layers [0084] FIG. 5 shows
how an Application layer 500 is divided into two
sub-layers: namely, a real-time Content layer 502 and
a Sync layer 504. Real-time Content Layer [0085] The
real-time Content layer 502 is the layer that
generates/consumes real time content. This content can
be video, audio, text, closed captioning etc. Each
type of content is encoded and formatted
appropriately. For example, in an embodiment, video is
formatted using an industry standard H.264 format and
audio is formatted according to an industry standard
AAC+ format. Sync Layer [0086] The Sync Layer 504
operates to process Content layer packets from the
real time Content layer 502 to produce Sync layer
packets. The Sync layer 504 operates to process the
Content layer packets to include the following
information. 1. Time stamp and media frame number
information. 2. Information about Random Access Points
(RAP) in the continuous stream of data. This supports
acquisition of audio and video streams. 3. Information
needed for audio/video decoding that is not carried in
the raw bit stream or information that assists with
video/audio decoding. For example, Base or enhancement
flags, identifiers for reference/non-reference frames,
and Stream identifiers. 4. In addition, on the
receiving device side, the Sync layer fields allow the
device 



to determine missing/erroneous media frames and to
perform appropriate error handling. [0087] The Sync
layer 504 uses the Transport layer 404 to deliver
packets from the server to devices. [0088] FIG. 6
shows a flow diagram 600 that illustrates the data
flow between layers in an embodiment of a
packetization system. The real-time Content layer 602
on the server sends packets to the Sync layer 604. The
Sync layer 604 adds a Sync layer header and
presentation time stamps to the packets and sends them
to the Transport layer 606. The Transport layer 606
fragments the packets into blocks and sends them over
the network 608. [0089] A device that is "tuned" to
the real-time service receives these packets at the
Transport layer 610. The Transport layer 610 delivers
packets to the Sync layer 612.The Sync layer 612
removes the Sync layer header and delivers the packets
to the real time Content layer 614 to be decoded and
rendered at the presentation time using a media player
at the device. Sync Layer Header Specification [0090]
FIG. 7 illustrates how the Sync layer adds a Sync
layer header to each real time Content layer packet.
For example, Content layer packets 702 receive a Sync
layer header 704 to form sync layer packets 706. The
format of the Sync Layer Header is shown in Table 1 as
follows. Table 1 [0091] The following is a description
of the fields provided in the Sync layer header. It
should be noted that the fields provided in Table 1
represent just one implementation and that the
deletion, modification, or addition of fields are
possible within the scope of the embodiments.
MEDIAJTYPE [0092] The MEDIA_TYPE field identifies the
type of media to which the Sync layer packet belongs.
This information is useful in routing messages to the
appropriate media decoder within a receiving device.
The values for the MEDIAJTYPE field are listed in
Table 2 as follows. 



Table 2Presentation Time Stamp (PTS) [0093] The PTS
field provides a presentation time for the real-time
Content packet (or media frame). This field is
specified in units of milliseconds. The PTS field is
added to the superframe time (obtained from the OIS)
to get the actual time at which the packet is to be
presented. FRAME_ID [0094] The FRAME_ID field uniquely
identifies each media frame within a superframe. The
values for the FRAMEJD field are listed in Table 3 as
follows. Table 3 FRAME_NUMBER [0095] The FRAME_NUMBER
is the number of the current media frame within the
superframe. ENHANCEMENT_FLAG [0096] The
ENHANCEMENT_FLAG is a bit that indicates whether the
current media frame is for the Base or Enhancement
layer. If the current media frame is for the Base
layer, then the ENHANCEMENT_FLAG is set to 0. If the
current media frame is for the Enhancement layer, then
the ENHANCEMENT_FLAG is set to 1. If the MEDIAJTYPE is
set to Ol' (AUDIO), then the ENHANCEMENT_FLAG is set
to 0. If the MEDIAJTYPE is set to '10' (TIMED_TEXT),
then the ENHANCEMENT_FLAG is set to 0. RAP_FLAG [0097]
The RAP FLAG signals whether the current media frame
is a random access point. This is used during
reacquisition or channel switching at a receiving
device. If the current media frame is a random access
point, then the RAP_FLAG bit is set to 1. FRAME_RATE
[0098] The FRAME_RATE field represents the rate at
which media frames are being generated by the
transcoder. The values for the FRAME_RATE field are
listed in Table 4 below. However is should be noted
that the FRAME_RATE values are notlimited to those
shown in Table 4 and that other frame rate values are
possible within the scope of the embodiments- 



Table 4 [0099] In an embodiment, the FRAME_RATE field
is included if the MEDIAJTYPE field is set to OO'
(VIDEO). The media frame rate is the resulting rate in
frames per second when both the Base and Enhancement
layers data are completely decoded. RESERVED [00100]
The RESERVED bits (5-bits) are utilized to byte align
the Sync layer header. The RESERVED bits are included
if the MEDIA_TYPE field is set to OO' (VIDEO). If
included, all the RESERVED bits are set to 0. Thus,
For audio frames, the size of the Sync layer header is
3 bytes. For video frames, the size of the Sync layer
header is 4 bytes. [00101] In an embodiment, a
modification to the Sync layer header uses one-bit of
the 5 reserved bits for a reference flag
(REFERENCE_FLAG). With this modification, the format
of the Sync Layer Header is shown in Table 5 as
follows. Table 5REFERENCE FLAG [00102] The
REFERNCE_FLAG signals whether the current media frame
is a reference frame or not. This is used during
reacquisition or channel switching or trick play mode
at a receiving device. For example, the non-reference
frames can be skipped during decoding for various
reasons such as in fast forward or in throttling
decode complexity in low power and/or low end devices
with limited display or power capabilities. [00103]
Due to the addition of the REFERENCE_FLAG bit, the
RESERVED bits are now reduced to 4 as illustrated in
Table 5. Sync Layer Directories [00104] It is
desirable that real time services be resilient to
errors. To improve a device's ability to tolerate
errors, audio and video Sync layer directories are
sent to the receiving device. It should be noted that
the Sync layer directories are optional. When utilized
they may be transmitted as associated signaling
messages. The frequency of transmitting the Sync layer
directories can also be adapted to the nature of
errors in the 



communication system. The audio and video Sync layer
directory formats are different and they are described
below. Audio Sync Layer Directory [00105] The format
of the audio Sync layer directory is shown in Table 6
as follows. Table 6 [00106] The following is a
description of the fields provided in the audio Sync
layer directory. It should be noted that the fields
provided in Table 6 represent just one implementation
and that the deletion, modification, or addition of
fields are possible within the scope of the
embodiments.MESSAGEJO) [00107] The MESSAGEJD field
identifies the type of message to be sent. In an
embodiment, the value of the MESSAGEJD field is set to
AUDIO_SYNC_DIRECTORY (4). MEDIAJGYPE [00108] The
MEDIA_TYPE field identifies the stream type for which
the audio Sync layer directory is being sent. The
MEDIAJTYPE field to Ol' (AUDIO) for the audio Sync
layer directory message. FLOWJD [00109] The FLOWJD
identifies the flow for which the audio Sync layer
directory is being sent. One MLC can support up to two
audio flows. Therefore, the Stream 0 of that MLC can
carry two Sync layer directory structures. The FLOWJD
field identifies the flow whose Sync layer directory
information is being addressed. The audio Sync layer
directory message is specific to the flow specified by
FLOWJD. Since the message is associated with the flow,
this message only needs to be sent on the Stream 0 of
the MLC that supports the flow. Thus, the Audio Sync
layer directory message is sent on the Stream 0
associated with the flow specified by FLOWJD.
NUMJFRAMES [00110] The NlJMJFRAMES field is the number
of audio frames present in the superframe.
FIRSTJFRAMEJPTS 



[00111] The FIRSTJRRAMEJPTS is the PTS of the first
audio frame in the superframe. [00112] The
LASTJFRAMEJPTS is the PTS of the last audio frame in
the superframe. Thus, a receiving device knows the
rate of audio frames, and, based on these two time
stamps, it can interpolate all the PTS values of the
current superframe. RAPJFLAGJ8ITS [00113] The
RAPJFLAGJ3ITS are used to indicate whether a
particular audio frame is a random access point.
Therefore, there are NUMJ RAMES bits in the message.
The LSB corresponds to the first audio frame and the
MSB corresponds to the last audio frame. A bit is set
to 1 if the corresponding audio frame is a random
access point.RESERVED [00114] The RESERVED bits axe
added to byte align the message. The RESERVED bits of
the Audio Sync layer directory message are set to 0.
Video Sync Layer Directory [00115] The format of the
video Sync layer directory is shown in Table 7 as
follows. Table 7 [00116] The following is a
description of the fields provided in the video Sync
layer directory. It should be noted that the fields
provided in Table 7 represent just one implementation
and that the deletion, modification, or addition of
fields are possible within the scope of the
embodiments. MESSAGE_ID [00117] The MESSAGEJD field
identifies the type of message being sent over Stream
0. The value of the MESSAGE_ID field of the video Sync
directory message is set to VTDECLSYNCJDIRECTORY (5).
MEDIAJTYPE [00118] The MEDIAJTYPE field identifies the
stream for which the video Sync layer directory
information is being sent. The MEDIAJTYPE field is set
to OO' for video Sync layer directory messages.
NUM_VSL_RECORDS [00119] The number of VSLJRECORDs
present in the message is 



NUM_VSL_RECORDS + 1. In an embodiment, 2 VSL_RECORDS
can be sent in a video Sync Layer Directory message.
[00120] In another embodiment, NUM_VSL_RECORDS signals
whether the current VSL record is the last VSL record
or not. When NUM_VSL_RECORDS = 0, this indicates that
there are more VSL records that follow. When
NUM_VSL_RECORDS =1, this indicates that the current
record is the last of the VSL records carried in the
video sync directory. VSL_RECORD [00121] One
VSLJRECORD is sent in the message for each frame rate
used within a superframe. The format of the VSL_RECORD
is specified in Table 8 as follows. Table 8 FRAME_RATE
[00122] The FRAME_RATE field provides frame rate
information. Table 4 specifies the values for the
FRAMELRATE field. Video frames can be sent at multiple
frame rates within a superframe. These frame rate
values are specified in the VSLJRECORDS. NUM_FRAMES
[00123] The NUM FRAMES field indicates the number of
frames at the frame rate specified by the FRAME_RATE
field. FIRST_FRAME_PTS [00124] The FIRST_FRAME_PTS is
the PTS of the first video frame of the block of
frames at the frame rate specified by FRAME RATE.
LAST_FRAME_PTS [00125] The LAST_FRAME_PTS is the PTS
of the last video frame of the block of frames at the
frame rate specified by FRAME_RATE. RAP_FLAG_BITS
[00126] The video Sync directory message contains 60
RAP_FLAG_BITS corresponding to a maximum of 60 video
frames in a superframe. The length of the bit pattern
for RAP_FLAG_BITS corresponds to the largest frame
rate specified in the FPS field. A RAP bit of the
Video Sync layer directory message is set to 1 if the 



corresponding video frame is a random access point.
Otherwise, the bit is set to 0. TheLSB corresponds to
the first video frame and the MSB corresponds to the
last video frame. B_FRAME_FLAG_BITS [00127] The video
Sync directory message contains 60 B_FRAME_FLAG_BITS
corresponding to a maximum of 60 video frames in a
superframe. The length of the bit pattern for
RAP_FLAG_BITS corresponds to the largest frame rate
specified in the FPS field. The BJFRAME_FLAG_BIT of
the Video Sync layer directory message is set to 1 if
the corresponding video frame is a b-frame. Otherwise,
the bit is set to 0. The LSB corresponds to the first
video frame and the MSB corresponds to the last video
frame. RESERVED [00128] The RESERVED bits are used to
byte align the video Sync layer directory message. The
3 RESERVED bits of the video Sync layer directory
message are included when the NUM_VSL_RECORDS field is
set 1. If included, the RESERVED bits in the video
Sync layer directory message are set to 0. The video
Sync layer directory message is specific to the video
flow. Since the message is associated with the flow,
this message is sent on the Stream 0 of the MLC that
supports the flow. Thus, the video Sync layer
directory message is sent on the Stream 0 associated
with the flow on which video data is sent. Transport
Layer Protocols [00129] Many of the services provided
by the distribution system require the delivery of
"packets" from the server to the device. For example,
for real-time video, the server sends multiple video
frames in every superframe. These video frames can be
of different sizes. Therefore, it is desirable to have
a way to efficiently pack these upper layer packets
into a stream. A mechanism is also needed to determine
the boundaries of these packets in the presence of
errors. These functions are provided by the Transport
layer, which is described in the following sections.
Lower Layer Operation [00130] To better understand the
operation of the Transport layer, a brief description
of the operation of the lower layers (i.e., Stream,
MAC, and Physical layers) is 



provided. [00131] FIG. 8 shows a diagram that
illustrates the operation of the Stream, MAC, and
Physical layers in a packetization system. In an
embodiment, the upper layer protocols use the services
of the Stream layer. A major function of the Stream
layer isto multiplex data of flows onto MLCs. On the
server side, the upper layers 802 deliver a sequence
of bytes belonging to a flow to the Stream layer 804.
The Stream layer 804 sends this sequence of bytes to
the MAC layer 806. The MAC layer 806 breaks up the
sequence of bytes into MAC layer packets. There is a
one to one correspondence between a MAC layer packet
and a Physical layer packet. For example, Physical
layer packets (PLPs) are 122 bytes long. These PLPs
are sent to a device over the Physical layer. Framing
and Checksum Protocols [00132] In an embodiment, the
Transport layer comprises a Framing protocol and a
Checksum protocol. The protocols of the Transport
layer operate to provide one or more of the following
functions. 1. Provide a "packet" interface to the
Application layer: On the server side, the Framing
protocol fragments an Application layer packet (or
simply, packet) into smaller blocks that are sent over
the Stream layer. When these Stream layer blocks (or
simply, blocks) are received by a device, the Framing
protocol specifies rules for combining them to create
packets to be delivered to the upper layers at the
receiving device. 2. Handling Stream layer block
errors at the device: When the lower layers deliver
data to the Transport layer, the Checksum protocol
adds error indications if blocks are suspected to be
in error. The Framing protocol specifies rules for
handling block errors and the resulting behavior that
can be expected by the upper layers. 3. Provide an
interface to the lower layers including the CAS,
Stream, MAC, and Physical layers. Packet Fragmentation
[00133] On the server, the upper layer (i.e.,
Application layer) commands the 



Transport or Framing layer to send data over a
particular flow. The command contains the following
parameters. L The flow ID on which the data is to be
sent. 2. The number of packets to be sent. 3. For each
packet, the upper layer sends its length and along
with its contents. [00134] In each superframe, the MAC
layer determines the maximum number of MAC layer
packets that can be sent for each MLC in the system or
the number of MAClayer packets to be sent for each MLC
corresponding to the service (by means of for example
a scheduling algorithm). These MAC layer packets
correspond to the 122 byte PLPs. The Stream layer uses
this information to determine the maximum number of
Stream layer blocks that can be sent for each flow of
an MLC. Each Stream layer block corresponds to a MAC
layer packet and is also 122 bytes long. The Stream
layer sends an indication to the Transport layer
regarding the maximum number of Stream layer blocks
allowed to be sent in that superframe. Based on this
information, the Framing protocol of the Transport
layer operates to fragment the Application layer
packets into blocks and send them over the Stream
corresponding to the requested flow. [00135] FIG. 9
shows a fragmentation scheme for a single packet
provided by an embodiment of the Framing protocol. For
example, the packet 902 received from the upper layers
(i.e., Sync layer) has a size of 484 bytes. In an
embodiment, the packet 902 is fragmented into four
fragments 904 of 121 bytes each. A one-byte Framing
Header (FH) is added to each fragment and each
fragment is sent as a 122 byte Stream layer block to
the Stream layer. [00136] FIG. 10 illustrates how an
embodiment of a Framing protocol operates to fragment
two packets. The first packet is 200 bytes long and
the second packet is 283 bytes long. The first packet
is fragmented into two parts. The first fragment is
121 bytes long and a 1 byte header is added to create
a 122 byte Block 1002. The second fragment is 79 bytes
long. A 1 byte header is added to use up 80 bytes out
of the available 122 bytes of the second Stream layer
Block 1004. A fragment of size 4 1 bytes is taken from
the second packet and 1 byte header is added to this
fragment to generate 42 bytes of data. The 80 bytes of
the first packet and the 42 bytes of the second packet



are concatenated to form the 122 bytes of the second
Block 1004. The remaining 242 bytes of the second
packet are fragmented into two fragments of 121 bytes
each. As before, a 1 byte header is added to each of
these fragments to form 122 byte Blocks (1006 and
1008). [00137] FIG. 11 illustrates how an embodiment
of a Framing protocol operates to fragment an upper
layer packet of size 200 bytes into two parts. The
first part is 121 bytes long and the second is 79
bytes long. A 1 byte frame header is added to the
first fragment to produce a 122 byte Block 1102.
Another 1 byte header is added to the second fragment.
In addition, another 1 byte flag field and 41 padding
bytes are added to create the second block
1104.[00138] As described previously, a 1 byte Frame
Header is added before every fragment. The format of
the 1 byte frame header is described in the following
sections. Frame Header Format [00139] The format of
the Frame Header is specified in Table 9 as follows.
Table 9 LENGTH [00140] This field indicates the number
of bytes of the upper layer packet present in a
fragment. The range for the LENGTH field is 0 through
121 inclusive, (i.e., 7A and 7F hex). Other values are
reserved. LAST [00141] The LAST bit indicates whether
the current fragment is the last fragment of an upper
layer packet. The LAST bit is set to 1 to indicate
that the current fragment is the last fragment
belonging to a packet. The LAST bit is set 0 if the
current fragment is not the last fragment belonging to
a packet. [00142] Referring again to FIG. 9, the first
byte in each of the three blocks are the Frame
Headers. These Frame Headers will have the LENGTH
field set to 121 and the LAST bit set to 0. The first
byte of the fourth block is also a Frame Header whose
LENGTH field is set to 121 and the LAST bit set to 1.
[00143] Referring again to FIG. 10, the first byte of
the blocks 1 and 3 are Frame Headers with LENGTH field
set to 121 and the LAST bit set to 0. The first byte
of 



block 4 is also a Frame Header with LENGTH field set
to 121 and the LAST bit set to 1. The first byte of
block 2 is a Frame Header with LENGTH field set to 19
and the LAST bit set to 1. This indicates that a
second frame header is present in the block at an
offset of 80 bytes (79 bytes for the fragment plus one
byte for the Frame Header). This Frame Header will
have the LENGTH field set to 4 1 and the LAST bit set
to 0. Last Packet Indication [00144] Referring again
to FIG. 11, the 200 byte packet was fragmented into a
121 byte fragment and a 79 byte fragment. Adding the
Frame Header to the secondfragment uses 80 bytes out
of the 122 bytes of the block. Another 1 byte frame
header and 4 1 bytes of padding is added to fill out
the second block. [00145] The LAST bit is set to 1 and
the LENGTH field is set to 127 (7F hex) to indicate
that the rest of the bytes in a block are pad bytes.
The pad bytes of a block are set to a value of 0. If
the LAST bit is set to 0, the range of values for the
LENGTH field is 1 through 121. LENGTH = OCondition
[00146] Assuming that the Application layer has two
packets to be sent on a particular flow, and that the
size of the first packet is 120 bytes and the size of
the second packet is 100 bytes. When the first packet
is fragmented, the server adds a one byte Frame Header
and puts the 120 bytes of the first packet into the
block. Since the size of a block is 122 bytes, there
will be one byte remaining. In this case, the server
will add a Frame Header and set the LENGTH field to 0
and the LAST bit to 0 to indicate that there are no
bytes belonging to the second packet in the current
block. [00147] If a Frame Header is inserted into the
last byte of a block, the LENGTH field is set to 0. If
a Frame Header is inserted into a block and it is not
the last byte, the LENGTH field is set to 0 to
indicate that the byte immediately following it is
also a Frame Header. Fragmentation Mode [00148] For an
IP Datacast Service, upper layer packets can get
fragmented into blocks that appear in two different
superframes. For example, referring again to FIG. 10,
blocks 1 and 2 could be sent in one superframe and
block 3 and 4 could be sent in a 



subsequent superframe. Alternately, in order to reduce
the buffering requirements for real-time services,
only complete upper layer packets are sent in a
superframe. That is to say that fragmentation does not
occur across superframe boundaries. In an embodiment,
the Framing protocol can be configured to be in one of
the following two modes. Fragmentation Across
Superframe Boundaries Allowed [00149] In this mode,
the Framing protocol allows fragmentation to occur
across superframe boundaries. Fragmentation Across
Superframe Boundaries Not Allowed [00150] In this
mode, the Framing protocol does not allow
fragmentation to occur across superframe
boundaries.Handling Base and Enhancement Sub-flow
Padding [00151] Some flows in the system are
configured to support layered transmission mode over
the Physical layer. The two transmission layers are
called the Base layer and the Enhancement layer. From
the Transport layer point of view, such flows have two
sub-flows, the Base sub-flow and the Enhancement
sub-flow. In an embodiment, a restriction is imposed
by the Physical layer so that the number of blocks
sent in a superframe over the Base and Enhancement
sub-flows must be the same. In an embodiment, the
Framing protocol in the Transport layer implements
this restriction. [00152] It will be assumed that the
Application Layer sends different amounts of data over
the Base and Enhancement sub-flows and that they
fragment to a different number of blocks. In an
embodiment, the Framing protocol will add padding
blocks to the subflow which has the smaller number of
blocks to make the number of blocks of the two
sub-flows equal. [00153] If padding blocks are added
to a sub-flow, the LAST bit of the Frame Header of
each padding block is set to a value of 1. If padding
blocks are added to a sub-flow, the LENGTH field of
the Frame Header of each padding block is set to a
value of 127. If padding blocks are added to a
sub-flow, the value of the padding bytes of each
padding block is set to 0. [00154] FIG. 12 shows an
embodiment of a method 1200 for providing a 



packetization system. For example, the method 1200 is
suitable for use by the server 200 shown in FIG. 2.
For clarity the method 1200 will be discussed with
reference to the packetization protocols and layers
described above. [00155] At block 1202, content
packets are obtained for distribution on a
distribution network. For example, content is input to
a real time Content layer provided of an Application
layer. The Content layer operates to encode the
content and output the content packets. For example,
in an embodiment, the Content layer is the Content
layer 502 shown in FIG. 5. [00156] At block 1204, Sync
packets are produced. For example, in an embodiment,
the content packets are input to a Sync layer that
operates to insert a Sync Header to produce the Sync
packets. In an embodiment, the Sync layer is the Sync
layer 504 shown in FIG. 5 and operates according to
the description of the Sync layer provided with
reference to FIG. 7. [00157] At block 1206, the Sync
packets are fragmented into blocks and a Frame Header
is added. In an embodiment, the fragmentation is
performed by a Transportlayer. For example, the
Transport layer 410 operates to fragment the Sync
packets and add a Frame Header as described with
reference to FIG. 10. [00158] At block 1208, the
blocks are sent to lower layers. For example, the
blocks produced at block 1206 are sent to Stream, MAC,
and Physical layers as illustrated and described with
reference to FIG. 8. [00159] At block 1210, the blocks
are transmitted over a distribution network to one or
more receiving devices. For example, the PLPs derived
from the fragmented blocks are transmitted over a
Physical layer that comprises the distribution network
106. Devices, such as device 102, which are in
communication with the distribution network 106, may
then receive the PLPs. [00160] Thus, the method 1200
provides an embodiment of a packetization system for
distributing content over a distribution network. It
should be noted that the method 1200 represents just
one implementation and the changes, additions,
deletions, combinations or other modifications of the
method 1200 are possible within the scope of the
embodiments. 



DEVICE PROCESSING [00161] In an embodiment, a
receiving device represents a device that can be
activated to receive services over the network. The
device has an integrated receiver that allows it to
receive the FLO waveform and other features (e.g.,
audio and video quality, computational and storage
capacity) necessary to render high quality multimedia
content. In addition, the device is integrated into a
multifunctional mobile platform with wireless IP data
capability. This capability is used for transaction
oriented operations that can be performed over any
wireless IP connection (e.g., CDMA2000, Evolution Data
Optimized [IxEV-DO] or WCDMA). Service Discovery
[00162] System Information (SI) describes the list of
available real-time, non-real time, and IP Datacast
Services. It lists the available services and the
title and rating of shows available for viewing on
these Services. The SI also carries information about
the flows of each service and their media types
(video, audio, text etc). The receiving device can
discover the list of available services from the SI.
Delivery Concept [00163] The steps performed by a
device to receive a real-time service are as follows:
1. The user selects a service from the Program Guide
UI on the device.2. The device determines the flow IDs
associated with the selected service from the current
SI. 3. The device initiates the Protocol Stack and
configures it with the flow ID(s), the Service Keys,
and configuration information for the selected
service. 4. The Protocol Stack receives data over the
appropriate flow IDs and performs decryption and
de-framing (i.e., de-packetization). 5. The Protocol
Stack passes the received data to the audio or video
decoder. 6. The decoder processes the received data
and plays it using a selected media player. Real time
Service Support [00164] The packetization system
supports one or more real-time service content
providers who deliver continuous streams of content to
the server. 



[00165] FIG. 13 shows a diagram that illustrates real
time service support for use in a packetization
system. For example, a content provider may deliver
video and audio streams to the server 104 shown in
FIG. 1. The following functions are then performed. 1.
The server transcodes the received video and audio
streams into specific coding formats. 2. The server
multicasts these video and audio streams over the
network. 3. The receiving devices interested in a
real-time service "tune" to the appropriate flows and
play the received streams. [00166] FIG. 14 shows an
embodiment of a device 1400 suitable for use in a
packetization system. For example, the device 1400 may
be used as the device 102 in FIG. 1. The device 1400
comprises de-packetization logic 1402, input logic
1404, and rendering logic 1406, all coupled to a data
bus 1408. It should be noted that the device 1400
represents just one implementation and that other
implementations are possible within the scope of the
embodiments. For example, the device 1400 may comprise
at least one processor configured to execute one or
more program instructions to provide the functions of
the packetization system described herein. [00167] In
one or more embodiments, the de-packetization logic
1402 comprises a CPU, processor, gate array, hardware
logic, memory elements, virtual machine, software,
and/or any combination of hardware and software. Thus,
the de-packetization logic 1402 generally comprises
logic to execute machine-readable instructions and to
control one or more other functional elements of the
device 1400 via the data bus 1408.[00168] The input
logic 1404 comprises hardware and/or software that
operate to allow the device 1400 to receive packetized
content from a distribution network through
communication channel 1410. For example, in an
embodiment, the communication channel 1410 comprises
any suitable type of communication link to allow the
device 1400 to communicate directly with servers or
with one or more data networks and/or devices coupled
to those data networks. For example, the communication
channel 1410 provides a unicast, multicast, broadcast,
or any other type of communication channel that allows
the device 1400 to receive packetized content over a
distribution network. [00169] The rendering logic 1406
comprises hardware and/or software that operate to 



allow the device 1400 to render received content. For
example, in an embodiment, received packetized content
may represent audio or video information that can be
rendered by the rendering logic 1406. [00170] During
operation of an embodiment, packetized content is
received at the input logic 1404 through input channel
1410. The de-packetization logic 1402 operates to
provide protocol layers through which the received
packetized content is depacketized. In an embodiment,
the de-packetization logic 1402 operates to provide
one or more protocol layers that are used to process
Sync Headers, Frame Headers, presentation time stamps,
and checksums included in the packetized content. The
protocol layers operate to reverse a packetization
process to extract audio and video content from
received packets. A more detailed description of the
de-packetization logic 1402 and the functions
performed by protocol layers is provided in other
sections of this document. [00171] In an embodiment,
the packetization system comprises a computer program
having one or more program instructions
("instructions") stored on a computer-readable medium,
which when executed by at least one processor, for
instance, the depacketization logic 1402, provides the
functions of the packetization system described
herein. For example, instructions may be loaded into
the device 1400 from a computerreadable media, such as
a floppy disk, CDROM, memory card, FLASH memory
device, RAM, ROM, or any other type of memory device
or computer-readable medium that interfaces to the
device 1400. In another embodiment, the instructions
may be downloaded into the device 1400 from an
external device or network resource that interfaces to
the device 1400. The instructions, when executed by
the de-packetization logic 1402, provide one or more
embodiments of a packetization system as described
herein.[00172] Thus, the device 1400 operates to
provide embodiments of a packetization system to
efficiently de-packetize multiplexed content flows
received over a distribution network to obtain content
that is rendered at the device. [00173] FIG. 15 shows
an example of data and control flow at a receiving
device for receiving a real-time service in a
packetization system. Video and audio flows are 



received on two different MLCs. It is assumed that an
encrypted working key is delivered on Stream 0 of the
MLCs. The video and audio flows are processed by the
layers and protocols of a packetization system so that
the video and audio content can be rendered at the
device. For example, in an embodiment, the layers and
protocols are implemented by the de-packetization
logic 1402. Packet Reassembly at the Device [00174]
The Framing protocol of the Transport layer that is
implemented by the depacketization logic 1402 on the
device reassembles the Application layer packets from
the received Stream layer blocks. For each block
received, the device reads the first byte (the Framing
Header). The LENGTH field indicates the number of
bytes in the block belonging to the upper layer
packet. The LAST bit indicates whether the current
fragment is the last fragment of the upper layer
packet. If the LAST bit is set to 1, then all the
fragments of the packet have been received. The
Framing protocol can deliver the received bytes to the
upper layer as a complete packet. It can also deliver
information about the length of the reassembled packet
to the upper layers. [00175] FIG. 16 illustrates how
an embodiment of a packetization system operates at a
device to process three received blocks that contain
two Application layer packets. The 121 bytes of the
first block along with the 79 bytes of the second
block form the first packet 1602. The LAST bit of the
first frame header of the second block is set to 1 to
indicate that it is the last fragment of the packet.
The second Frame Header of the second block has the
LENGTH field set to 4 1 and the LAST bit set to 0.
This fragment is the beginning of the second packet
1604. The first frame header of the third block has
the LENGTH field set to 40 and the LAST bit set to 1.
The device can reassemble the 81 bytes of the second
packet from the second and third blocks. The second
frame header in the third block has the LENGTH field
set to 127 and the LAST bit set to 1 indicating that
the rest of the bytes are PAD bytes.Error Handling
[00176] An important task of the Transport layer is
handling erroneous PLPs. The underlying Stream layer
marks certain blocks as erroneous if the lower layer
CRC checks fail. This following describes the rules to
be followed by the Transport layer for 



processing these erroneous blocks. [00177] When the
Stream layer marks a block as erroneous, none of its
contents can be trusted. Therefore, the Transport
layer must assume some default value for the Frame
Header. The Transport layer on the device shall assume
that the Frame Header (the first byte) of an erroneous
block has the LAST bit set to 0 and the LENGTH field
set to 121. That is, the Transport layer assumes that
the block belongs to an upper layer packet already
being reassembled or if there is no such packet, the
first fragment of such a packet. The Transport layer
then continues to process the other blocks and
reassemble upper layer packets accordingly. In
addition, the Transport layer marks an upper layer
packet as "erroneous" if at least one fragment of that
packet was received in a block that was erroneous.
[00178] FIG. 17 shows the operation of a packetization
system where a Stream layer indicates that a first
received block has errors. In this case, the Transport
layer processes the blocks assuming that the first
Frame Header has the LAST bit set to 0 and the LENGTH
field set to 121. In this case, the default value
assumed by the Transport layer happens to be the
actual value. The Transport layer also marks the
reconstructed upper layer packet as erroneous. [00179]
FIG. 18 shows the operation of a packetization system
where a Stream layer indicates that a second received
block 1802 is in error. As described earlier, the
Transport layer assumes that the Frame Header of this
erroneous block has the LAST bit set to 0 and the
LENGTH field set to 121. It then continues processing
the rest of the blocks. The reconstructed upper layer
packet is marked as erroneous by the Transport layer.
As shown in FIG. 18, the second block 1802 actually
contains fragments of two upper layer packets.
However, the Transport layer only delivers one upper
layer packet containing both of them. In addition, the
second Frame Header in the second block will also be
present in the upper layer packet because the
Transport layer cannot find the packet boundaries and
detect this Frame Header.Handling Errors in the Last
Block of a Superframe [00180] FIG. 19 shows the
operation of a packetization system where a Stream
layer marks the last block of a superframe to be in
error. The behavior of the Transport layer 



on the device is different depending on the mode of
the Framing protocol. If the mode of the Framing
protocol allows fragmentation across superframe
boundaries, then the Transport layer on the device
will treat this in the same way as described
previously. That is, it assumes that the Frame Header
has the LAST bit set to 0 and the LENGTH field set to
121. The Transport layer will continue processing the
blocks received in subsequent superframes using this
assumption. In this case, the resulting behavior of
the Transport layer is similar to the case when an
error occurs in any other block. [00181] If the last
block of a superframe is marked to be in error and the
mode of the Framing protocol does not allow
fragmentation across superframe boundaries, the
Transport layer on the device assumes that the Frame
Header (the first byte) has the LAST bit set to 1 and
the LENGTH field set to 121. [00182] If the last block
of a superframe is marked to be in error and the mode
of the Framing protocol allows fragmentation across
superframe boundaries, the Transport layer on the
device shall assume that the Frame Header (the first
byte) has the LAST bit set to 0 and the LENGTH field
set to 121. [00183] The Transport layer will then
reconstruct the upper layer packet 1902 and mark it as
erroneous as shown in FIG. 19. In this case, the
reconstructed upper layer packet may contain
additional data including PAD bytes, Frame Headers,
and even complete packets. [00184] If the mode of the
Framing protocol allows fragmentation across
superframe boundaries, the Transport layer discards
the incomplete upper layer packet (if present) if the
rest of blocks are not received within a selected time
period (TFRAG) - Handling Illegal Values of LENGTH
Field [00185] If the LENGTH field of a Frame Header is
set to a value outside the valid range and the block
is not marked to be in error, the device shall regard
that block to be in error and .process it accordingly.
Framing Directory Protocol [00186] As described above,
the Framing protocol allows erroneous packets to be
delivered to the Application layer with an appropriate
error indication.[00187] FIG. 20 shows the operation
of a packetization system where a Stream layer 



delivers three blocks to the Transport layer. Of
these, the second block 2002 is marked to be
erroneous. The default processing by the Framing
protocol for erroneous blocks was described in the
previous section. The Framing Protocol will reassemble
the three blocks into one packet 2004 and mark it as
erroneous. Note that the resulting packet has the data
bytes from the second block as well as the middle
Frame Header present in the second block. [00188] In
an embodiment, a Transport layer Framing Directory
protocol message is provided by some extra signaling
information sent on Stream 0 to provide additional
error robustness at the device. The Transport layer
Framing Directory protocol message contains
information about packet boundaries that allows the
device to detect the extra Frame Header that was
inserted and remove it. The device can then deliver
two transport layer packets to the application and
mark both of them as erroneous. Structure of the
Framing Directory [00189] The format of the Framing
Directory protocol message is specified in Table 10 as
follows. Table 10 MESSAGEJD [00190] The MESSAGEJD
field is used to indicate that the message is a
Framing Directory message. For Framing Directory
messages, the MESSAGEJD field is set to
FRAMING_DIRECTORY (3). FLOWJD [00191] This field
represents the flow identifier for which the Framing
Directory message is being sent. The Framing Directory
message is specific to the flow specifiedby FLOW ID.
Since the message is associated with the flow, the
server sends this message only on the Stream Oof the
MLC that supports the flow. The server sends the
Framing Directory message on the Stream O associated
with the flow specified by FLOWJOD.
SIZE_OF_BLOCK_OFFSET [00192] This field represents the
size (in bits) of the BLOCK_OFFSET field used in the
message. The SIZE_OFJ3LOCK JDFFSET field is set to a
value between 1 and 15. 



NUMBER_OF_PACKETS [00193] This field indicates the
number of packets being sent in the current superframe
for the specified flow ID. DIRECTORY_RECORDS [00194]
There are NUMBERJDFJ ACKETS instances of
DIRECTORYJlECORDS. Each record indicates where
Application layer packets end. The format of the
DIRECTORYJRECORDS is specified in Table 11 as follows.
Table 11 BLOCK OFFSET [00195] For the first
DIRECTORY_RECORD in the message, the BLOCK_OFFSET
field is the number of blocks (from the beginning)
where the first packet end boundary is present. For
subsequent DIRECTORY_RECORDS, the BLOCK_OFFSET is the
number of blocks relative to the previous block where
a packet end boundary was present. The number of bits
of the BLOCKJDFFSET field is given by the
SIZE_OF_BLOCK_OFFSET field of the message. For
example, suppose SIZEJDF JBLOCKJDFFSET is set to 2.
This means that the number of bits used to represent
the BLOCKJDFFSET field is 2. Distances between Blocks
can range from 0 to 3. BYTE_OFFSET [00196] This field
is the number of bytes within the block where the
packet ends. The valid range of the BYTEJDFFSET field
is 1 through 121.RESERVED [00197] The RESERVED bits
are added to make the Framing Directory message byte
aligned. The RESERVED bits in the Framing Directory
message are set to 0. The Framing Directory mechanism
is used when the Framing protocol mode does not allow
fragmentation across superframe boundaries. An example
of the Framing Directory structure for the
fragmentation shown in FIG. 18 is provided in Table 12
as follows. Table 12 [00198] FIG. 21 shows the
operation of a packetization system where Framing
directory information is used at a receiving device to
detect that there is a packet 



boundary at byte 40 of a second block. The device can
then remove the Frame Header and deliver two Transport
layer packets marked as erroneous. [00199] If padding
blocks are added to the Base or Enhancement sub-flows,
the Framing Directory shall mark the last valid packet
end boundary and treat the rest of the bytes as a
padding packet. The padding packet recovered from a
sub-flow will be discarded by the Framing protocol.
[00200] Since similar information about packet sizes
can be obtained from the Framing Directory as well as
the packet fragments, the device may give precedence
to the information in the packet fragments and use the
Framing Directory only in the case of packet errors.
Checksum Protocol [00201] Consider a service whose
Framing Protocol uses the mode where fragmentation
across superframe boundaries is allowed. Now suppose
that a device starts receiving Stream layer blocks
from some superframe. The device will not know if
fragments of the first upper layer packet were sent in
previous superframes. Therefore, even if blocks are
received without error, the first upper layer packet
may be incomplete. The Framing protocol as specified
in the previous section does not treat this as a
special case. Similarly, incomplete or erroneous upper
layer packets may beproduced if the device misses
complete superframes (i.e., due to a degraded
transmission channel). A Checksum protocol is provided
to detect and avoid situations where the Framing
protocol may deliver incomplete packets to the upper
layer. This is an optional protocol that can be
implemented on a per-flow basis. The Checksum protocol
may also be used to provide an additional level of
integrity checking if the lower layer CRC check
declares a packet to be good even in the presence of
errors (false negatives). The following describes the
operation of a packetization system to incorporate
checksums at a server during the packetization
process. [00202] FIG. 22 shows protocols belonging to
the Transport layer. The Checksum protocol 2202 is
implemented on top of the Framing Protocol 2204.
[00203] FIG. 23 shows how a Checksum protocol is
provided on a server in a packetization system to add
a 16-bit CRC to each upper layer packet. The expanded 



packet is then given to the Framing Protocol for
fragmentation. [00204] In an embodiment, a 16-bit
field contains the Frame Checksum Sequence (FCS) for
the higher layer packet. The FCS is calculated using
an industry standard CRC-CClTT generator polynomial
expressed as follows. g{x) =xu +xu +x5 +1 [00205] The
following describes the operation of a packetization
system at a device to process checksums incorporated
into packetized content. The Framing protocol of the
packetization system operates on the device to
reconstruct upper layer packets. The Checksum protocol
at the device assumes that the last 2 bytes of a
reconstructed upper layer packet are the 16-bits FCS
(i.e., received CRC bits). The Checksum protocol on
the device computes a 16-bit CRC over the entire
packet (excluding the two bytes at the end) and
compares it with the received CRC bits. If there is a
mismatch, the packet is marked as being in error. The
Transport layer then removes the two CRC bytes of
every packet and delivers the packet, its length, and
any error indications to the upper layers. [00206]
FIG. 24 illustrates checksum processing at a receiving
device in a packetization system. When the received
CRC bits do not match the computed CRC bits the packet
is marked for errors. [00207] FIG. 25 shows an
embodiment of a method 2500 for providing a
packetization system at a device. For example, the
method 2500 is suitable for use bythe device 1400
shown in FIG. 14. For clarity the method 2500 will be
discussed with reference to the packetization
protocols and layers described above. [00208] At block
2502, Physical layer packets are received and
processed. For example, the packets are received at
the input logic 1404 of the device 1400 and processed
by lower layers provided by the de-packetization logic
1402 to produce content blocks. [00209] At block 2504,
error processing is performed. In an embodiment, one
or more content blocks may contain errors. For
example, checksum processing may be performed as
described above to determine content blocks with
errors. When a content block with errors is detected,
selected values in the corresponding Frame Headers are



assumed to be default values. For example, the assumed
or default values for the LENGTH and LAST parameters
in Frame Headers associated with error blocks are
described above. By assuming selected values the
de-packetization system may continue to process those
blocks to produce Application layer packets as
described above. In an embodiment, the Application
layer packets are marked to show that they contain
errors. Thus, the de-packetization system operates to
recover content even though some of the content may
contain errors. In an embodiment, the de-packetization
logic 1402 operates to perform error processing as
described herein. [00210] At block 2506, the content
blocks are de-framed. For example, the depacketization
logic 1402 operates to de-frame the content blocks to
produce Sync layer packets. For example, Frame Headers
associated with the content blocks are processed to
obtain the Sync layer packets. [00211] At block 2508,
the Sync Header of the Sync layer packets is extracted
to produce Content layer packets. For example, the
de-packetization logic 1402 operates to remove the
Sync Headers are described above. The Sync Headers
comprises presentation time stamps that are used to
synchronize the rendering of the content. [00212] At
block 2510, the Content layer packets are decoded. For
example, the depacketization logic 1402 operates to
decode audio and video content from the Content layer
packets. [00213] At block 2512, the content is
rendered on the device. For example, the rendering
logic 1406 operates to render the content on the
device according to the presentation time stamps.
[00214] Thus, the method 2500 provides an embodiment
of a packetization system for distributing content
over a distribution network. It should be noted that
the method2500 represents just one implementation and
the changes, additions, deletions, combinations or
other modifications of the method 2500 are possible
within the scope of the embodiments. [00215] FIG. 26
shows an embodiment of a packetization system 2600.
The packetization system 2600 comprises means (2602)
for generating for generating one or more content
packets, and means (2604) for adding a sync header. In
an embodiment, 



the means (2602-2604) are provided by at least one
processor executing a computer program to provide
embodiments of a packetization system as described
herein. [00216] FIG. 27 shows an embodiment of a
packetization system 2700. The packetization system
2700 comprises means (2702) for extracting, means
(2704) for processing, and means (2706) for
synchronizing. In an embodiment, the means (2702-
2706) are provided by at least one processor executing
a computer program to provide embodiments of a
packetization system as described herein. [00217] FIG.
28 shows an embodiment of a packetization system 2800.
The packetization system 2800 comprises means (2802)
for receiving, means (2804) for determining, means
(2806) for assuming, and means (2808) for processing.
In an embodiment, the means (2802-2808) are provided
by at least one processor executing a computer program
to provide embodiments of a packetization system as
described herein. [00218] Therefore various
illustrative logics, logical blocks, modules, and
circuits described in connection with the embodiments
disclosed herein may be implemented or performed with
a general purpose processor, a digital signal
processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but, in the alternative, the processor
may be any conventional processor, controller,
microcontroller, or state machine. A processor may
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. [00219] The steps of
a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly
in hardware, in a software module executed by a
processor, or in a combination of the two. A software
modulemay reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, a hard
disk, a removable disk, a CD-ROM, or any other 



form of storage medium known in the art. An exemplary
storage medium is coupled to the processor, such that
the processor can read information from, and write
information to, the storage medium. In the
alternative, the storage medium may be integral to the
processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the
storage medium may reside as discrete components in a
user terminal. [00220] The description of the
disclosed embodiments is provided to enable any person
skilled in the art to make or use the present
invention. Various modifications to these embodiments
may be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other embodiments, e.g., in an instant
messaging service or any general wireless data
communication applications, without departing from the
spirit or scope of the invention. Thus, the present
invention is not intended to be limited to the
embodiments shown herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein. The word "exemplary" is
used exclusively herein to mean "serving as an
example, instance, or illustration." Any embodiment
described herein as "exemplary" is not necessarily to
be construed as preferred or advantageous over other
embodiments. [00221] Accordingly, while embodiments of
a packetization system have been illustrated and
described herein, it will be appreciated that various
changes can be made to the embodiments without
departing from their spirit or essential
characteristics. Therefore, the disclosures and
descriptions herein are intended to be illustrative,
but not limiting, of the scope of the invention, which
is set forth in the following claims. WHAT IS CLAIMED
IS:CLAIMS 1. A method for packetization of multimedia
content for distribution over a network, the method
comprising: generating one or more content packets
from the multimedia content, wherein the content
packets are associated with a time reference; and
adding a sync header to the one or more content
packets to form one or more application layer packets,
respectively, wherein the sync header comprises a time



indicator that indicates time relative to the time
reference. 2. The method of claim 1, wherein said
generating comprises encoding the multimedia content
to produce the one or more content packets. 3. The
method of claim 1, further comprising generating the
sync header to comprise a random access point
identifier. 4. The method of claim 1, further
comprising generating the sync header to comprise a
frame rate indicator. 5. The method of claim 1,
further comprising generating the sync header to
comprise a component indicator, wherein the component
indicator indicates whether a selected application
layer packet is associated with a base or enhancement
layer. 6. The method of claim 1, further comprising
generating a sync layer directory. 7. The method of
claim 6, further comprising generating the sync layer
directory to comprise a video reference indicator that
indicates that a selected application layer packet is
associated with a selected type of video frame. 8.
Apparatus for packetization of multimedia content for
distribution over a network, the apparatus comprising:
encoding logic configured to generate one or more
content packets from the multimedia content, wherein
the content packets are associated with a time
reference; andpacketization logic configured to add a
sync header to the one or more content packets to form
one or more application layer packets, respectively,
wherein the sync header comprises a time indicator
that indicates time relative to the time reference. 9.
The apparatus of claim 8, wherein the packetization
logic further comprises logic configured to generate
the sync header to comprise a random access point
identifier. 10. The apparatus of claim 8, wherein the
packetization logic further comprises logic configured
to generate the sync header to comprise a frame rate
indicator. 11. The apparatus of claim 8, wherein the
packetization logic further 



comprises logic configured to generate the sync header
to comprise a component indicator, wherein the
component indicator indicates whether a selected
application layer packet is associated with a base or
enhancement layer. 12. The apparatus of claim 8,
wherein the packetization logic further comprises
logic configured to generate a sync layer directory.
13. The apparatus of claim 12, wherein the
packetization logic further comprises logic configured
to generate the sync layer directory to comprise a
video reference indicator that indicates that a
selected application layer packet is associated with a
selected type of video frame. 14. Apparatus for
packetization of multimedia content for distribution
over a network, the apparatus comprising: means for
generating one or more content packets from the
multimedia content, wherein the content packets are
associated with a time reference; and means for adding
a sync header to the one or more content packets to
form one or more application layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to the time
reference. 15. The apparatus of claim 14, wherein said
means for generating comprises means for encoding the
multimedia content to produce the one or more content
packets.16. The apparatus of claim 14, further
comprising means for generating the sync header to
comprise a random access point identifier. 17. The
apparatus of claim 14, further comprising means for
generating the sync header to comprise a frame rate
indicator. 18. The apparatus of claim 14, further
comprising means for generating the sync header to
comprise a component indicator, wherein the component
indicator indicates whether a selected application
layer packet is associated with a base or enhancement
layer. 19. The apparatus of claim 14, further
comprising means for generating a sync layer
directory. 20. The apparatus of claim 19, further
comprising means for generating the sync layer
directory to comprise a video reference indicator that
indicates that a selected 



application layer packet is associated with a selected
type of video frame. 21. A computer-readable medium
having a computer program comprising one or more
instructions, which when executed by at least one
processor, operates to provide packetization of
multimedia content for distribution over a network,
the computer program comprising: instructions for
generating one or more content packets from the
multimedia content, wherein the content packets are
associated with a time reference; and instructions for
adding a sync header to the one or more content
packets to form one or more application layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to the time
reference. 22. The computer program of claim 2 1,
wherein said instructions for generating comprise
instructions for encoding the multimedia content to
produce the one or more content packets. 23. The
computer program of claim 21, further comprising
instructions for generating the sync header to
comprise a random access point identifier.24. The
computer program of claim 21, further comprising
instructions for generating the sync header to
comprise a frame rate indicator. 25. The computer
program of claim 21, further comprising instructions
for generating the sync header to comprise a component
indicator, wherein the component indicator indicates
whether a selected application layer packet is
associated with a base or enhancement layer. 26. The
computer program of claim 21, further comprising
instructions for generating a sync layer directory.
27. The computer program of claim 26, further
comprising instructions for generating the sync layer
directory to comprise a video reference indicator that
indicates that a selected application layer packet is
associated with a selected type of video frame. 28. At
least one processor configured to perform a method for
packetization of multimedia content for distribution
over a network, the method comprising: generating one
or more content packets from the multimedia content,
wherein the content packets are associated with a time
reference; and 



adding a sync header to the one or more content
packets to form one or more application layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to the time
reference. 29. The method of claim 28, wherein said
generating comprises encoding the multimedia content
to produce the one or more content packets. 30. The
method of claim 28, further comprising generating the
sync header to comprise a random access point
identifier. 31. The method of claim 28, further
comprising generating the sync header to comprise a
frame rate indicator. 32. The method of claim 28,
further comprising generating the sync header to
comprise a component indicator, wherein the component
indicator indicates whether a selected application
layer packet is associated with a base or enhancement
layer.33. The method of claim 28, further comprising
generating a sync layer directory. 34. The method of
claim 33, further comprising generating the sync layer
directory to comprise a video reference indicator that
indicates that a selected application layer packet is
associated with a selected type of video frame. 35. A
method for packetization of multimedia content for
distribution over a network, the method comprising:
processing one or more content blocks to produce one
or more application layer packets; extracting a sync
header from the one or more application layer packets
to produce one or more content layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to a time
reference; and synchronizing the one or more content
layer packets based on the time indicator. 36. The
method of claim 35, further comprising extracting a
random access point identifier from the sync header.
37. The method of claim 35, further comprising
extracting a frame rate indicator from the sync
header. 38. The method of claim 35, further comprising
extracting a component 



indicator from the sync header, wherein the component
indicator indicates whether a selected application
layer packet is associated with a base or enhancement
layer. 39. The method of claim 35, further comprising
receiving a sync layer directory. 40. The method of
claim 39, further comprising extracting a video
reference indicator from the sync layer directory,
wherein the video reference indicator indicates that a
selected application layer packet is associated with a
selected type of video frame. 4 1. Apparatus for
packetization of multimedia content for distribution
over a network, the apparatus comprising:receiving
logic configured to process one or more content blocks
to produce one or more application layer packets; and
de-packetization logic configured to extract a sync
header from the one or more application layer packets
to produce one or more content layer packets,
respectively, wherein the sync header comprises a time
indicator that indicates time relative to a time
reference, and to synchronize the one or more content
layer packets based on the time indicator. 42. The
apparatus of claim 41, wherein the de-packetization
logic further comprises logic configured to extract a
random access point identifier from the sync header.
43. The apparatus of claim 41, wherein the
de-packetization logic further comprises logic
configured to extract a frame rate indicator from the
sync header. 44. The apparatus of claim 41, wherein
the de-packetization logic further comprises logic
configured to extract a component indicator from the
sync header, wherein the component indicator indicates
whether a selected application layer packet is
associated with a base or enhancement layer. 45. The
apparatus of claim 41, wherein the de-packetization
logic further comprises logic configured to receive a
sync layer directory. 46. The apparatus of claim 45,
wherein the de-packetization logic further comprises
logic configured to extract a video reference
indicator from the sync layer directory, wherein the
video reference indicator indicates that a selected
application 



layer packet is associated with a selected type of
video frame. 47. Apparatus for packetization of
multimedia content for distribution over a network,
the apparatus comprising: means for processing one or
more content blocks to produce one or more application
layer packets; means for extracting a sync header from
the one or more application layer packets to produce
one or more content layer packets, respectively,
wherein the sync header comprises a time indicator
that indicates time relative to a time reference;
andmeans for synchronizing the one or more content
layer packets based on the time indicator. 48. The
apparatus of claim 47, further comprising means for
extracting a random access point identifier from the
sync header. 49. The apparatus of claim 47, further
comprising means for extracting a frame rate indicator
from the sync header. 50. The apparatus of claim 47,
further comprising means for extracting a component
indicator from the sync header, wherein the component
indicator indicates whether a selected application
layer packet is associated with a base or enhancement
layer. 51. The apparatus of claim 47, further
comprising means for receiving a sync layer directory.
52. The apparatus of claim 51, further comprising
means for extracting a video reference indicator from
the sync layer directory, wherein the video reference
indicator indicates that a selected application layer
packet is associated with a selected type of video
frame. 53. A computer-readable medium having a
computer program comprising instructions, which when
executed by at least one processor, operate to provide
packetization of multimedia content for distribution
over a network, the computer program comprising:
instructions for processing one or more content blocks
to produce one or more application layer packets; 



instructions for extracting a sync header from the one
or more application layer packets to produce one or
more content layer packets, respectively, wherein the
sync header comprises a time indicator that indicates
time relative to a time reference; and instructions
for synchronizing the one or more content layer
packets based on the time indicator. 54. The computer
program of claim 53, further comprising instructions
for extracting a random access point identifier from
the sync header.55. The computer program of claim 53,
further comprising instructions for extracting a frame
rate indicator from the sync header. 56. The computer
program of claim 53, further comprising instructions
for extracting a component indicator from the sync
header, wherein the component indicator indicates
whether a selected application layer packet is
associated with a base or enhancement layer. 57. The
computer program of claim 53, further comprising
instructions for receiving a sync layer directory. 58.
The computer program of claim 57, further comprising
instructions for extracting a video reference
indicator from the sync layer directory, wherein the
video reference indicator indicates that a selected
application layer packet is associated with a selected
type of video frame. 59. At least one processor
configured to perform a method for packetization of
multimedia content for distribution over a network,
the method comprising: processing one or more content
blocks to produce one or more application layer
packets; extracting a sync header from the one or more
application layer packets to produce one or more
content layer packets, respectively, wherein the sync
header comprises a time indicator that indicates time
relative to a time reference; and synchronizing the
one or more content layer packets based on the time
indicator. 60. The method of claim 59, further
comprising extracting a random access point identifier
from the sync header. 61. The method of claim 59,
further comprising extracting a frame rate 



indicator from the sync header. 62. The method of
claim 59, further comprising extracting a component
indicator from the sync header, wherein the component
indicator indicates whether a selected application
layer packet is associated with a base or enhancement
layer.63. The method of claim 59, further comprising
receiving a sync layer directory. 64. The method of
claim 63, further comprising extracting a video
reference indicator from the sync layer directory,
wherein the video reference indicator indicates that a
selected application layer packet is associated with a
selected type of video frame. 65. A method for
packetization of multimedia content for distribution
over a network, the method comprising: receiving one
or more content blocks, wherein the one or more
content blocks comprises a frame header; determining
that a selected content block includes an error;
assuming that a selected frame header associated with
the selected content block comprises one or more
selected values; and processing the one or more
content blocks to produce one or more application
layer packets. 66. The method of claim 65, further
comprising receiving the one or more content blocks in
one or more physical layer packets. 67. The method of
claim 65, wherein said determining comprises
determining that the selected content block includes
the error by processing a checksum associated with the
selected content block. 68. The method of claim 65,
further comprising marking a selected application
packet associated with the selected block to indicate
an error condition. 69. The method of claim 65,
further comprising assuming the one or more selected
values indicate a selected length and selected
position of the selected content block. 70. Apparatus
for packetization of multimedia content for
distribution over a network, the apparatus comprising:



input logic configured to receiving one or more
content blocks, wherein the one or more content blocks
comprises a frame header; andde-packetization logic
configured to determine that a selected content block
includes an error, assume that a selected frame header
associated with the selected content block comprises
one or more selected values, and process the one or
more content blocks to produce one or more application
layer packets. 71. The apparatus of claim 70, wherein
said input logic is configured to receive the one or
more content blocks in one or more physical layer
packets. 72. The apparatus of claim 70, wherein said
de-packetization logic is configured to determine that
the selected content block includes the error by
processing a checksum associated with the selected
content block. 73. The apparatus of claim 70, wherein
said de-packetization logic is configured to mark a
selected application packet associated with the
selected block to indicate an error condition. 74. The
apparatus of claim 70, wherein said de-packetization
logic is configured to assume the one or more selected
values indicate a selected length and selected
position of the selected content block. 75. Apparatus
for packetization of multimedia content for
distribution over a network, the apparatus comprising:
means for receiving one or more content blocks,
wherein the one or more content blocks comprises a
frame header; means for determining that a selected
content block includes an error; means for assuming
that a selected frame header associated with the
selected content block comprises one or more selected
values; and means for processing the one or more
content blocks to produce one or more application
layer packets. 76. The apparatus of claim 75, further
comprising means for receiving the one or more content
blocks in one or more physical layer packets. 77. The
apparatus of claim 75, wherein said means for
determining comprises means for determining that the
selected content block includes the error by 



processing a checksum associated with the selected
content block.78. The apparatus of claim 75, further
comprising means for marking a selected application
packet associated with the selected block to indicate
an error condition. 79. The apparatus of claim 75,
further comprising means for assuming the one or more
selected values indicate a selected length and
selected position of the selected content block. 80. A
computer-readable medium having a computer program
comprising instructions, which when executed by at
least one processor, operates to provide packetization
of multimedia content for distribution over a network,
the computer program comprising: instructions for
receiving one or more content blocks, wherein the one
or more content blocks comprises a frame header;
instructions for determining that a selected content
block includes an error; instructions for assuming
that a selected frame header associated with the
selected content block comprises one or more selected
values; and instructions for processing the one or
more content blocks to produce one or more application
layer packets. 81. The computer program of claim 80,
further comprising instructions for receiving the one
or more content blocks in one or more physical layer
packets. 82. The computer program of claim 80, wherein
said instructions for determining comprise
instructions for determining that the selected content
block includes the error by processing a checksum
associated with the selected content block. 83. The
computer program of claim 80, further comprising
instructions for marking a selected application packet
associated with the selected block to indicate an
error condition. 84. The computer program of claim 80,
further comprising instructions for assuming the one
or more selected values indicate a selected length and
selected position of the selected content block.85. At
least one processor configured to perform a method for
packetization of multimedia content for distribution
over a network, the method comprising: 



receiving one or more content blocks, wherein the one
or more content blocks comprises a frame header;
determining that a selected content block includes an
error; assuming that a selected frame header
associated with the selected content block comprises
one or more selected values; and processing the one or
more content blocks to produce one or more application
layer packets. 86. The method of claim 85, further
comprising receiving the one or more content blocks in
one or more physical layer packets. 87. The method of
claim 85, wherein said determining comprises
determining that the selected content block includes
the error by processing a checksum associated with the
selected content block. 88. The method of claim 85,
further comprising marking a selected application
packet associated with the selected block to indicate
an error condition. 89. The method of claim 85,
further comprising assuming the one or more selected
values indicate a selected length and selected
position of the selected content block. 


