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SHARING MULTI DESCRIPTION CODED CONTENT UTILIZING
PROXIMATE HELPERS

BACKGROUND

Field

The instant disclosure relates generally to wireless communications, and more
particularly, to streaming media content on a wireless network.
Background

Wireless communication systems are widely deployed to provide various
telecommunication services such as telephony, video, data, messaging, and broadcasts.
In modern wireless access terminals, increased functionality including highly capable
processors, large memory capacities, and increasing numbers of sources of multimedia
input (e.g., video cameras, WLAN transceivers, and the like) creates the possibility to
generate large amounts of content, which the user of the access terminal may wish to
share utilizing the wireless network. However, in a wireless network, an upload of a
stream from an access terminal to one or more access terminals or to a server in the
cloud is typically constrained by the limited bandwidth of the reverse link (i.e., the
uplink at the uploading access terminal).

Thus, improvements in the capability to stream large files and media content
from a mobile device onto a network are highly desirable.

SUMMARY

An apparatus, system, and method utilizing multi-description coding (MDC) and
one or more cooperative helper nodes to send streaming content on an uplink to a client
over multiple paths. Utilizing multiple descriptions of content and sending the
respective descriptions to proximate helper nodes, e.g., utilizing an out-of-band link
such as Wi-Fi, provides both improved robustness and improved bandwidth. That is,
even if one of the uplinks fails, the entire content can be recovered from any one of the
multiple descriptions, as a virtue of the encoding utilized in MDC. Further, the
simultaneous streaming of the descriptions over the multiple paths provides a bandwidth
multiplier enabling quicker streaming of large media files to a remote client. The client
receives the multiple descriptions and aggregates them together to ideally obtain the

original content at its original quality; however, if one or more of the descriptions is lost
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in the transmission, then the entire content can be generated from the remaining one or
more descriptions that did arrive successfully, albeit potentially at a different quality.

In an aspect of the disclosure, a method of sending content includes generating a
plurality of descriptions related to the content that are different from one another but
related to one another. The method further includes transmitting a first one of the
plurality of descriptions utilizing an uplink, and sharing a second one of the plurality of
descriptions with a first helper node capable of transmitting the second one of the
plurality of descriptions on a second uplink.

In another aspect of the disclosure, an apparatus for wireless communication
includes a processor and a memory coupled to the processor. Further, the apparatus
includes an encoder coupled to the processor, for encoding content to generate a
plurality of descriptions related to the content that are different from one another but
related to one another, a first transmitter coupled to the processor, for transmitting a first
one of the plurality of descriptions utilizing an uplink, and a second transmitter coupled
to the processor, for transmitting a second one of the plurality of descriptions to a first
helper node capable of transmitting the second one of the plurality of descriptions on a
second uplink.

In another aspect of the disclosure, a method of wireless communication
includes receiving a request from a content server to help the server send content to a
client node, receiving, over a first interface, one of a plurality of descriptions of the
content from the content server, and transmitting, over a second interface, the one of the
plurality of descriptions of the content to the client node.

In another aspect of the disclosure, a method of wireless communication
includes receiving a first description of content from a content server, receiving a
second description of the content from a helper node proximate to the content server,
and selectively combining at least a portion of the first description with at least a portion
of the second description to obtain the content having a higher quality, as a whole, than
either the first description or the second description taken alone.

In another aspect of the disclosure, a computer program product includes a
computer-readable medium having code for generating a plurality of descriptions
related to the content that are different from one another but related to one another, code
for transmitting a first one of the plurality of descriptions utilizing an uplink, and code
for sharing a second one of the plurality of descriptions with a first helper node capable

of transmitting the second one of the plurality of descriptions on a second uplink.
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In another aspect of the disclosure, a computer program product includes a
computer-readable medium having code for receiving a request from a content server to
help the server send content to a client node, code for receiving, over a first interface,
one of a plurality of descriptions of the content from the content server, and code for
transmitting, over a second interface, the one of the plurality of descriptions of the
content to the client node.

In another aspect of the disclosure, a computer program product includes a
computer-readable medium having code for receiving a first description of content from
a content server, code for receiving a second description of the content from a helper
node proximate to the content server, and code for selectively combining at least a
portion of the first description with at least a portion of the second description to obtain
the content having a higher quality, as a whole, than either the first description or the
second description taken alone.

In another aspect of the disclosure, an apparatus for wireless communication
includes means for generating a plurality of descriptions related to the content that are
different from one another but related to one another, means for transmitting a first one
of the plurality of descriptions utilizing an uplink, and means for sharing a second one
of the plurality of descriptions with a first helper node capable of transmitting the
second one of the plurality of descriptions on a second uplink.

In another aspect of the disclosure, an apparatus for wireless communication
includes means for receiving a request from a content server to help the server send
content to a client node, means for receiving, over a first interface, one of a plurality of
descriptions of the content from the content server, and means for transmitting, over a
second interface, the one of the plurality of descriptions of the content to the client node.

In another aspect of the disclosure, an apparatus for wireless communication
includes means for receiving a first description of content from a content server, means
for receiving a second description of the content from a helper node proximate to the
content server, and means for selectively combining at least a portion of the first
description with at least a portion of the second description to obtain the content having
a higher quality, as a whole, than either the first description or the second description
taken alone.

In another aspect of the disclosure, an apparatus for wireless communication
includes a processor and a memory coupled to the processor. Here, the processor is

configured to receive a request from a content server to help the server send content to a
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client node, to receive, over a first interface, one of a plurality of descriptions of the
content from the content server, and to transmit over a second interface, the one of the
plurality of descriptions of the content to the client node.

In another aspect of the disclosure, an apparatus for wireless communication
includes a processor and a memory coupled to the processor. Here, the processor is
configured to receive a first description of content from a content server, to receive a
second description of the content from a helper node proximate to the content server,
and to selectively combine at least a portion of the first description with at least a
portion of the second description to obtain the content having a higher quality, as a
whole, than either the first description or the second description taken alone.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an example of a hardware implementation for an
apparatus employing a processing system.

FIG. 2 is a simplified block diagram illustrating a mobile server apparatus (or a
helper node) in accordance with some aspects of the disclosure.

FIG. 3 is a simplified block diagram illustrating a client node in accordance with
some aspects of the disclosure.

FIG. 4 is a schematic diagram illustrating a particular scheme utilizing Reverse
MDC in accordance with one aspect of the disclosure.

FIG. 5 is a schematic diagram illustrating some examples of MDC to further
illustrate some aspects of the disclosure.

FIG. 6 is a schematic diagram illustrating additional details of one example of
MDC to further illustrate some aspects of the disclosure.

FIG. 7 is a flow chart illustrating various processes of wireless communication
in accordance with some aspects of the disclosure.

FIG. 8 is a flow chart illustrating a process for a helper node for helping send a
description of the content in accordance with some aspects of the disclosure.

FIG. 9 is a flow chart illustrating a process for a client node for receiving
multiple descriptions of content in accordance with some aspects of the disclosure.

DETAILED DESCRIPTION

The detailed description set forth below in connection with the appended
drawings is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be

practiced. The detailed description includes specific details for the purpose of providing
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a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well known structures and components are shown in block diagram
form in order to avoid obscuring such concepts.

Several aspects of telecommunication systems will now be presented with
reference to various apparatus and methods. These apparatus and methods will be
described in the following detailed description and illustrated in the accompanying
drawing by various blocks, modules, components, circuits, steps, processes, algorithms,
etc. (collectively referred to as “elements”). These elements may be implemented using
clectronic hardware, computer software, or any combination thereof. Whether such
elements are implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system.

By way of example, an element, or any portion of an element, or any
combination of elements may be implemented with a “processing system” that includes
one or more Processors. Examples of processors include microprocessors,
microcontrollers, digital signal processors (DSPs), field programmable gate arrays
(FPGAs), programmable logic devices (PLDs), state machines, gated logic, discrete
hardware circuits, and other suitable hardware configured to perform the various
functionality described throughout this disclosure. One or more processors in the
processing system may execute software. Software shall be construed broadly to mean
instructions, instruction sets, code, code segments, program code, programs,
subprograms, software modules, applications, software applications, software packages,
routines, subroutines, objects, executables, threads of execution, procedures, functions,
etc., whether referred to as software, firmware, middleware, microcode, hardware
description language, or otherwise. The software may reside on a computer-readable
medium. The computer-readable medium may be a non-transitory computer-readable
medium. A non-transitory computer-readable medium include, by way of example, a
magnetic storage device (e.g., hard disk, floppy disk, magnetic strip), an optical disk
(e.g., compact disk (CD), digital versatile disk (DVD)), a smart card, a flash memory
device (e.g., card, stick, key drive), random access memory (RAM), read only memory
(ROM), programmable ROM (PROM), erasable PROM (EPROM), electrically erasable
PROM (EEPROM), a register, a removable disk, and any other suitable medium for
storing software and/or instructions that may be accessed and read by a computer. The

computer-readable medium may be resident in the processing system, external to the
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processing system, or distributed across multiple entities including the processing
system. The computer-readable medium may be embodied in a computer-program
product. By way of example, a computer-program product may include a computer-
readable medium in packaging materials. Those skilled in the art will recognize how
best to implement the described functionality presented throughout this disclosure
depending on the particular application and the overall design constraints imposed on
the overall system.

FIG. 1 is a conceptual diagram illustrating an example of a hardware
implementation for an apparatus 100 employing a processing system 114. In this
example, the processing system 114 may be implemented with a bus architecture,
represented generally by the bus 102. The bus 102 may include any number of
interconnecting buses and bridges depending on the specific application of the
processing system 114 and the overall design constraints. The bus 102 links together
various circuits including one or more processors, represented generally by the
processor 104, and computer-readable media, represented generally by the computer-
readable medium 106. The bus 102 may also link various other circuits such as timing
sources, peripherals, voltage regulators, and power management circuits, which are well
known in the art, and therefore, will not be described any further. A bus interface 108
provides an interface between the bus 102 and a transceiver 110. The transceiver 110
provides a means for communicating with various other apparatus over a transmission
medium. Depending upon the nature of the apparatus, a user interface 112 (e.g.,
keypad, display, speaker, microphone, joystick) may also be provided.

The processor 104 is responsible for managing the bus 102 and general
processing, including the execution of software stored on the computer-readable
medium 106. The software, when executed by the processor 104, causes the processing
system 114 to perform the various functions described infira for any particular apparatus.
The computer-readable medium 106 may also be used for storing data that is
manipulated by the processor 104 when executing software.

Multi-Description Coding (MDC) is a coding technique for fragmenting content,
such as a media stream, into multiple substreams, referred to as descriptions. Upon
genecration, each of the descriptions can be routed to a client device, which may
aggregate the descriptions to recover the content. In MDC, the descriptions are different
from one another, but related to one another. That is, the encoding of the descriptions is

generally such that any individual one of the descriptions can be decoded to recover the
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entire content, although a degradation in the quality may be realized if one or more of
the descriptions fails to reach the client. Thus, even if one of the streams fails to arrive
at its destination, the receiver should still be able to recover the entire content, although
some or all of the content may be at a relatively low quality.

MDC can be utilized to increase redundancy, e.g., for sending large files,
typically utilizing a protocol such as FTP over a single link, or on a plurality of wireless
channels from a single device. Utilization of MDC in this fashion reduces the amount
of bandwidth required to send the content, since not all of the streams are necessary to
be received to recover the content. Further, MDC provides improved robustness, since
even if one of the streams is lost, the receiver may still recover the entire content,
although some portions of it may be at a reduced quality.

In accordance with an aspect of the disclosure, a UE may dynamically encode
the same content into multiple descriptions as the content is streamed to a client.
Further, the UE may discover and manage one or more helpers to help the UE establish
multiple links or paths from the UE to the client.

Here, the client may receive one or more of the streams. When the client
receives a plurality of the streams, it may aggregate the streams together to recover the
content, ideally at the original quality prior to fragmentation and MDC encoding.

FIG. 2 is a simplified block diagram illustrating a mobile server apparatus 200 in
accordance with some aspects of the disclosure. The mobile server includes a processor
202. Here, the processor 202 may be the processor 104 illustrated in FIG. 1, or any
other suitable processor or processing system. The processor 202 is coupled to a
memory 204. The memory may be any suitable storage space capable of providing to
the processor 202 a non-random aggregation of data, irrespective of its mode of storage
or presentation.

The mobile server 200 further includes a wireless wide area network (WWAN)
transceiver 206 for transmitting and receiving data over a suitable WWAN air interface
utilizing an antenna 208. The WWAN air interface may follow any suitable protocol for
wireless communication, such as but not limited to CDMA, TDMA, GSM, UMTS,
c¢dma2000, LTE, WiMAX, etc.

The mobile server 200 further includes a wireless local area network (WLAN) or
wireless personal area network (WPAN) transceiver 210, for transmitting and receiving
data over a suitable WLAN or WPAN air interface utilizing an antenna 212. The

WLAN/WPAN air interface may follow any suitable protocol for wireless
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communication, such as but not limited to IEEE 802.11, 802.15, Bluetooth™, Zigbee,
etc. Here, communication utilizing the WLAN/WPAN air interface may be referred to
as an out-of-band link, describing that the link may utilize a different band than that or
those utilized by the WWAN transceiver 206.

The mobile server 200 further includes a content source 214. In some aspects,
the content source 214 may be the same as the memory 204; that is, content may be
stored in memory 204. In other aspects, the content source 214 may be one of the
transceivers 206 or 210; that is, content may be received utilizing a respective air
interface. In still other aspects, the content source 214 may be a still or video camera, a
microphone, a sensor, or any other source of content that a user of the mobile server 200
may wish to share.

The mobile server 200 further includes an encoder 216 coupled to the processor
202. The encoder 216 is configured to perform the multi-description coding (MDC) of
the content, e.g., to generate a plurality of descriptions of the content from the content
source 214.

Further, the mobile server 200 includes a helper node manager 218 coupled to
the processor 202 for discovering and managing one or more cooperative helper nodes.
Here, the helper node manager 218 may utilize the WLAN/WPAN transceiver 210 to
communicate with one or more helper nodes in a suitably located proximity to the
mobile server 200 to coordinate the cooperative transmission of the multiple
descriptions over respective uplinks to a network node.

In some aspects of the disclosure, a helper node may include many of the same
components as those illustrated for the mobile server 200 illustrated in FIG. 2. That is,
in some aspects of the disclosure each of the mobile server 200 and the helper node may
be a conventional user equipment (UE) such as a mobile cellular telephone, wherein an
MDC application may be software installed onto the device, such that the respective
device may be configured to act as a mobile server 200 or a helper node, as necessary.
Further, in some aspects of the disclosure, a helper node may be a source helper node, in
which the helper node receives a description from a proximate content server, and
provides the description on an uplink channel. In other aspects of the disclosure, the
helper node may be a receiver helper node, in which the helper node receives a
description over a WWAN air interface from a wide-area network, and provides the

description to the client node utilizing the WLAN/WPAN air interface. That is, in
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various implementations, the helper node may be proximate to the content source or the
client node.

FIG. 3 is a simplified block diagram illustrating a client node 300 in accordance
with some aspects of the disclosure. The client node 300 includes a processor 302.
Here, the processor 302 may be the processor 104 illustrated in FIG. 1, or any other
suitable processor or processing system. The processor 302 is coupled to a memory
304. The memory may be any suitable storage space capable of providing to the
processor 302 a non-random aggregation of data, irrespective of its mode of storage or
presentation.

The client node 300 further includes a WWAN transceiver 306 for transmitting
and receiving data over a suitable WWAN air interface utilizing an antenna 308. The
WWAN air interface may follow any suitable protocol for wireless communication,
such as but not limited to CDMA, TDMA, GSM, UMTS, c¢cdma2000, LTE, WiMAX,
etc.

The client node 300 may further include a wireless local area network (WLAN)
or wireless personal area network (WPAN) transceiver 310, for transmitting and
receiving data over a suitable WLAN or WPAN air interface utilizing an antenna 312.
The WLAN/WPAN air interface may follow any suitable protocol for wireless
communication.

The client node 300 further includes a decoder 316 coupled to the processor 302.
The decoder 316 is configured to decode the MDC-encoded content received from the
mobile server 200 utilizing the WWAN transceiver 306, e.g., to aggregate the received
description(s) to generate a version of the content. The client node 300 may further
include a user interface 318 such as a display device, speaker, etc., so that the decoded
content may be enjoyed by the user of the client node 300.

FIG. 4 is a schematic diagram illustrating a particular scheme utilizing Reverse
MDC in accordance with one aspect of the disclosure. Here, a mobile server 402 (e.g.,
the mobile server 200 illustrated in FIG. 2) and a cooperative helper node 404 (e.g.,
including the same components as the mobile server 200 illustrated in FIG. 2) may
cooperate to provide multiple descriptions D1, and D2 of content to a client node 408
(e.g., the client node 300 illustrated in FIG. 3). Here, after discovering and selecting the
helper node 404, and generating the multiple descriptions D1 and D2, the mobile server
402 may transmit a first description D1 over an uplink. The mobile server 402 may

share the second description D2 with the helper node 404, e.g., by way of an out-of-
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band link, such that the helper node 404 may then transmit the second description D2
over a corresponding uplink.

The cloud 406 represents the WWAN, and may include base stations, servers,
and other nodes for routing the descriptions D1 and D2 to the client node 300. For
example, the cloud 406 may include the Internet. Here, the cloud 406 provides the
multiple descriptions D1 and D2 to the client node, e.g., on a downlink. Thus, the client
node 408 may selectively combine the multiple descriptions D1 and D2 to obtain a
version of the original content from the mobile server 402.

FIG. § illustrates some examples of MDC to further illustrate some aspects of
the disclosure. Here, the content that a user may wish to stream to a client node may
include an image 502. Here, the image may be a still image or a motion picture, and
may include metadata, audio data, or any other associated data. In an aspect of the
disclosure, the encoder 216 of a mobile server 200 may generate multiple descriptions
504 and 506 by encoding different combinations of different portions of the content at
different qualities. Here, each description 504 and 506 may have a different encoding
quality for a different portion of the content. However, each of the descriptions contains
the whole content, with different portions having different qualities.

For example, in multiple descriptions 504 and 506, different portions of the
content are different portions of an image frame. For example, in the first description
504, the upper half of the image may be encoded at a fine quality, while the lower half
of the image may be encoded at a coarse quality. In the second description, the upper
half of the image may be encoded at a coarse quality, while the lower half of the image
may be encoded at a fine quality. In this way, reception of either one of the descriptions
504 or 506 alone would enable viewing of the entire image, albeit with half of the image
being at a coarse quality. However, if both descriptions 504 and 506 are successfully
received at a client node, the bottom half of the first description 504 and the top half of
the second description 506 may be discarded, such that the top half of the first
description 504 may be combined with the bottom half of the second description 506 to
obtain a full image at fine quality.

Of course, this concept may be extended to greater than two descriptions. For
example, N descriptions of content may be generated such that, in each description, a
partition equal to 1/N of the content may be encoded at a first quality, while the
remaining (N—1)/N of the content may be encoded at a second quality, with each of the

N descriptions including a different partition being encoded at the first quality. Here, in



WO 2012/174165 PCT/US2012/042320

[0051]

[0052]

[0053]

[0054]

11

accordance with an aspect of the disclosure, each of the partitions is mutually exclusive
of each of the other partition(s), and all of the partitions considered together make up
the entire content. Further, the content may be divided into equal partitions, or unequal
partitions, if desired.

In an aspect of the disclosure, the number of descriptions may correspond to the
number of helper nodes available to assist in the transmission of the descriptions. That
is, if M helper nodes are discovered and are available to transmit a respective
description, then the mobile server may generate M+1 descriptions: one for each of the
helper nodes, and one to be transmitted by the mobile server. Of course, allocation of
descriptions amongst helper nodes may correspond to feedback from the respective
helper nodes, relating to their bandwidth, processing capabilities, etc. That is, some
nodes among the mobile server and the helper nodes may provide more than one
description each if its respective capabilities support it.

In a further aspect of the disclosure, downsampling of content may be utilized to
generate multiple descriptions. In FIG. 5, the image 502 has been downsampled to
generate four descriptions S08A, 508B, 508C, and 508D.

For example, when content is an image (e.g., a still or moving image),
downsampling of the image can mean dividing the image into S sub-images. For
example, referring now to FIG. 6, assume that an image 602 includes L lines, each of
the lines including P pixels. Here, the image includes PL pixels. When this image is
equally divided into S sub-images 608, each of the S sub-images includes PL/S pixels.
In one example, each of the S sub-images may be generated by taking every S™ pixel of
each line in the original image. Of course, uniformly taking the st pixel from each line
is not necessary, and offsets in pixel alignment from line to line might be utilized, and
the exact alignment of which pixels from the original image result in a particular sub-
image can vary in a particular implementation.

In FIG. 6, the pixels 604 from the original image 602 are mapped one-to-one to
four sub-images 606A, 606B, 606C, and 606D, corresponding to the respective multiple
descriptions of the content. That is, each of the sub-images 606A, 606B, 606C, and
606D is a downsampled version of the entire original image 602, each including
different ones of the pixels from the original image 602. In this way, the downsampled
sub-images can each represent a lesser-quality version of the full image. That is, a
single one of the sub-images 606D may appear as a coarse resolution version 608 of the

original image 602.
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Of course, the sub-images 606A, 606B, 606C, and 606D may be adapted such
that the pixels can be mapped back into the original image. That is, when each of the
sub-images 606A, 606B, 606C, and 606D is received, the receiver may combine the
pixels together to result in the original, higher quality of image.

Further, if more than two sub-images are utilized, a client receiving less than all
of the sub-images may be capable of combining the received subset of the sub-images to
achieve an intermediate quality image. For example, if an image is divided into four
sub-images, and only two sub-images are received, then those two sub-images may be
combined to result in a combined image with half the quality or resolution of the
original image, but double the quality or resolution of either one of the original images.
Similarly, three of the four sub-images may be combined to achieve a three-fourths
quality or resolution version of the original image.

Of course, those skilled in the art will comprehend that the term
“downsampling” may have other meanings, generally referring to the conversion of
content having one quality into a description of that content having a second quality,
lesser than the first quality.

FIG. 7 is a flow chart illustrating a process of wireless communication in
accordance with some aspects of the disclosure. In a process 700A, in block 704, a
mobile server may receive a request for content, ¢.g., from a client node. In block 706,
the mobile server may optionally discover proximate helper node(s). Here, the mobile
server may determine that the one or more helpers are in a suitable proximity for their
use of the out-of-band link, e.g., by determining a relationship between an IP address of
the helper node and an IP address of the mobile server; by determining a relationship
between a user profile of the helper node and a user profile of the mobile server; by
determining a relationship between a P2P network setup for the helper node and a P2P
network setup for the mobile server; or any other suitable method for determining that
the out-of-band link is suitable for the sharing of the descriptions with the selected
helper nodes. In block 708, the mobile server may select a number N of helper nodes.

In block 710, the mobile server may generate N+1 descriptions related to the
content to be sent to the client. Here, the multiple descriptions may be generated as
described above. For example, process 700B illustrates an exemplary process for
generating the N+1 descriptions. Here, in block 716, the process partitions an image
into N+1 partitions. The separation of the partitions may be accomplished in various

ways, such as spatially, temporally, using region of interest (ROI), using a combination
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of spatial, temporal, and ROI, or any other suitable partitioning of the still or motion
image. In block 718, the process encodes a first partition of the image in a fine, high-
quality encoding; and in block 720, the process encodes the remaining N partitions into
a low, coarse quality. For example, the first partition and the remaining N partitions
may be complementary, such that together they partition the whole image. Of course,
the high-quality versus low, coarse quality distinction is only one example: in other
examples, the encoding of the first partition may generally be any first suitable process
of encoding, and the encoding of the remaining N partitions may be any suitable second
process of encoding. Further, there may be more than two process of encoding, and a
particular description may include partitions having any suitable number of types of
encoding. In block 722, the first partition is combined with the remaining N partitions
to generate the first description. The blocks 716-722 may be repeated for each of the
N+1 descriptions, with a different partition being encoded into the fine, high-quality
encoding in each of the descriptions, as described above.

Process 700C illustrates another exemplary process for generating the N+1
descriptions. Here, in block 724, the process downsamples the content, e.g., by
distributing every 1/(N+1)th pixel from the original image into each of N+1 sub-images,
cach of the N+1 sub-images corresponding to a respective description. In block 726, the
content is divided into the N+1 descriptions. It is noted that the downsampling of the
content may be accomplished in various ways, such as spatially, temporally, using ROI,
using a combination of spatial, temporal, and ROI, or any other suitable handling of the
still or motion image.

Returning to process 700A, in block 712, the process shares N of the N+I
descriptions with the N selected helper node(s), to be transmitted on respective uplinks.
In block 714, the mobile server transmits the first description utilizing its uplink.

FIG. 8 is a flow chart illustrating a process for a helper node for helping send a
description of the content. In block 804, the helper node may receive a request from the
mobile server to help serve the content, and in block 806, the helper node may reply
with an acknowledgment of its availability, and in some aspects of the disclosure,
information about its capabilities. In block 808, the helper node may receive a
respective description of the content from the mobile server; and in block 810, the
helper node may transmit the description over an uplink interface to a WWAN.

FIG. 9 is a flow chart illustrating a process for a client node for receiving

multiple descriptions of content. In block 904, the client node may send a request for
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content to a mobile content server. In block 906, the client node may receive multiple
descriptions of the content, e.g., including a first description, a second description, etc.,
corresponding to the content server and the respective helper node(s). In block 908, the
client node may selective combine the descriptions to regenerate the content to have a
higher quality, as a whole, than any of the individual descriptions taken alone.

Referring to FIG. 1 and FIG. 2, in one configuration, the apparatus 100 for
wireless communication includes means for generating a plurality of descriptions
related to the content that are different from one another but related to one another;
means for transmitting a first one of the plurality of descriptions utilizing an uplink;
means for sharing a second one of the plurality of descriptions with a first helper node
capable of transmitting the second one of the plurality of descriptions on a second
uplink; means for encoding a first portion of the image to a first quality; means for
encoding a second portion of the image to a second quality; means for combining the
first portion encoded to the first quality and the second portion encoded to the second
quality to provide the first one of the plurality of descriptions; means for partitioning the
image into the first portion, the second portion, and at least a third portion; means for
encoding the third portion to the first quality; means for combining the third portion
encoded to the first quality, and at least the first portion and the second portion encoded
to the second quality to provide a third one of the plurality of descriptions; means for
downsampling the content into a plurality of lesser quality versions of the content;
means for dividing the content into n parts that are substantially distributed about the
content; means for selecting at least one helper node, including the first helper node, to
establish the second uplink for transmit diversity and to help in the sending of the
content; means for sending a request to the at least one helper node to help in the
sending of the content; means for transmitting the second one of the plurality of
descriptions to the first helper node over an out-of-band link; and/or means for
determining a proximity of the at least one helper node suitable for utilization of an out-
of-band link. In another configuration, the apparatus 100 for wireless communication
includes means for receiving a request from a content server to help the server send
content to a client node; means for receiving, over a first interface, one of a plurality of
descriptions of the content from the content server; and means for transmitting, over a
second interface, the one of the plurality of descriptions of the content to the client node.
The aforementioned means may be the processing system 114 configured to perform the

functions recited by the aforementioned means. As described supra, the processing
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system 114 may include the processor 202, the encoder 216, the helper node manager
218, and the memory 204. As such, in one configuration, the aforementioned means
may be the processor 202, the encoder 216, the helper node manager 218, the memory
204, the WWAN transceiver 206, and the WLAN/WPAN transceiver 210 configured to
perform the functions recited by the aforementioned means.

In another configuration, referring to FIG. 1 and FIG. 3, the apparatus 100 for
wireless communication includes means for means for receiving a first description of
content from a content server; means for receiving a second description of the content
from a helper node proximate to the content server; and means for selectively
combining at least a portion of the first description with at least a portion of the second
description to obtain the content having a higher quality, as a whole, than either the first
description or the second description taken alone. The aforementioned means may be
the processing system 114 configured to perform the functions recited by the
aforementioned means. As described supra, the processing system 114 may include the
processor 302, the decoder 310, and the memory 304. As such, in one configuration,
the aforementioned means may be the processor 302, the decoder 310, the memory 304,
the WWAN transceiver 306, and the WLAN/WPAN transceiver 310 configured to
perform the functions recited by the aforementioned means.

It is understood that the specific order or hierarchy of steps in the processes
disclosed is an illustration of exemplary approaches. Based upon design preferences, it
is understood that the specific order or hierarchy of steps in the processes may be
rearranged. The accompanying method claims present elements of the various steps in a
sample order, and are not meant to be limited to the specific order or hierarchy
presented.

The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited
to the aspects shown herein, but is to be accorded the full scope consistent with the
language claims, wherein reference to an element in the singular is not intended to mean
“one and only one” unless specifically so stated, but rather “one or more.” Unless
specifically stated otherwise, the term “some” refers to one or more. All structural and
functional equivalents to the elements of the various aspects described throughout this

disclosure that are known or later come to be known to those of ordinary skill in the art
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are expressly incorporated herein by reference and are intended to be encompassed by
the claims. Moreover, nothing disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in the claims. No claim
element is to be construed under the provisions of 35 U.S.C. §112, sixth paragraph,
unless the element is expressly recited using the phrase “means for” or, in the case of a
method claim, the element is recited using the phrase “step for.”

WHAT IS CLAIMED IS:
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CLAIMS

L. A method of sending content, comprising:

generating a plurality of descriptions related to the content that are different
from one another but related to one another;

transmitting a first one of the plurality of descriptions utilizing an uplink; and

sharing a second one of the plurality of descriptions with a first helper node
capable of transmitting the second one of the plurality of descriptions on a second

uplink.

2. The method of claim 1, wherein each of the plurality of descriptions is
configured such that reception of that description alone enables a version of the content

to be decoded as a whole.

3. The method of claim 2, wherein the content comprises an image, and
wherein the generating of the plurality of descriptions comprises:

encoding a first portion of the image to a first quality;

encoding a second portion of the image to a second quality, lesser than the first
quality; and

combining the first portion encoded to the first quality and the second portion

encoded to the second quality to provide the first one of the plurality of descriptions.

4. The method of claim 3, wherein the first portion comprises a first half of
the image, and the second portion comprises a second half complementary to the first

half of the image.

5. The method of claim 4, wherein the generating of the plurality of
descriptions further comprises:

encoding the second portion of the image to the first quality;

encoding the first portion of the image to the second quality, lesser than the first
quality; and

combining the first portion encoded to the second quality and the second portion

encoded to the first quality to provide the second one of the plurality of descriptions.

6. The method of claim 3, wherein the generating of the plurality of

descriptions further comprises:
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partitioning the image into the first portion, the second portion, and at least a
third portion;

encoding the third portion to the first quality;

encoding at least the first portion and the second portion of the image to the
second quality, lesser than the first quality; and

combining the third portion encoded to the first quality, and at least the first
portion and the second portion encoded to the second quality to provide a third one of

the plurality of descriptions.

7. The method of claim 2, wherein the generating of the plurality of
descriptions comprises:

downsampling the content into a plurality of lesser quality versions of the
content,

wherein the first one of the plurality of descriptions comprises a first one of the
lesser quality versions of the content and the second one of the plurality of descriptions

comprises a second one of the lesser quality versions of the content.

8. The method of claim 7, wherein the downsampling comprises at least

one of spatially-based, temporally-based, or region of interest-based downsampling,

9. The method of claim 7, wherein the plurality of lesser quality versions of
the content comprises n versions, and wherein the downsampling comprises:
dividing the content into n parts that are substantially distributed about the

content.

10. The method of claim 9, wherein the n parts of the content are adapted
such that interpolation between respective ones of the n parts results in the lesser quality

versions of the content.

11. The method of claim 1, further comprising:
selecting at least one helper node, including the first helper node, to establish the

second uplink for transmit diversity and to help in the sending of the content.

12. The method of claim 11, further comprising sending a request to the at

least one helper node to help in the sending of the content.
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13. The method of claim 11, wherein the sharing of the second one of the
plurality of descriptions comprises transmitting the second one of the plurality of

descriptions to the first helper node over an out-of-band link.

14. The method of claim 13, wherein the out-of-band link comprises a
WLAN air interface.
15. The method of claim 14, wherein the WLAN air interface comprises an

IEEE 802.11 air interface.

16. The method of claim 13, wherein the out-of-band link comprises a
WPAN air interface.
17. The method of claim 11, wherein the selecting of the at least one helper

node comprises:
determining a proximity of the at least one helper node suitable for utilization of

an out-of-band link.

18. The method of claim 17, wherein the determining of the proximity of the
at least one helper node comprises at least one of: determining a relationship between an
IP address of the helper node and a local IP address; determining a relationship between
a user profile of the helper node and a local user profile; or determining a relationship

between a P2P network setup for the helper node and a local P2P network setup.

19.  An apparatus for wireless communication, comprising:

a processor, and a memory coupled to the processor;

an encoder coupled to the processor, for encoding content to generate a plurality
of descriptions related to the content that are different from one another but related to
one another;

a first transmitter coupled to the processor, for transmitting a first one of the
plurality of descriptions utilizing an uplink; and

a second transmitter coupled to the processor, for transmitting a second one of
the plurality of descriptions to a first helper node capable of transmitting the second one

of the plurality of descriptions on a second uplink.
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20. The apparatus of claim 19, wherein each of the plurality of descriptions
is configured such that reception of that description alone enables a version of the

content to be decoded as a whole.

21. The apparatus of claim 20, wherein the content comprises an image, and
wherein the encoder is configured to encode a first portion of the image to a first
quality, to encode a second portion of the image to a second quality, lesser than the first
quality, and to combine the first portion encoded to the first quality and the second
portion encoded to the second quality to provide the first one of the plurality of

descriptions.

22. The apparatus of claim 21, wherein the first portion comprises a first half
of the image, and the second portion comprises a second half complementary to the first

half of the image.

23.  The apparatus of claim 22, wherein the encoder is further configured to
encode the second portion of the image to the first quality, to encode the first portion of
the image to the second quality, lesser than the first quality, and to combine the first
portion encoded to the second quality and the second portion encoded to the first quality

to provide the second one of the plurality of descriptions.

24.  The apparatus of claim 21, wherein the encoder is further configured to
partition the image into the first portion, the second portion, and at least a third portion;
to encode the third portion to the first quality; to encode at least the first portion and the
second portion of the image to the second quality, lesser than the first quality; and to
combine the third portion encoded to the first quality, and at least the first portion and
the second portion encoded to the second quality to provide a third one of the plurality

of descriptions.

25.  The apparatus of claim 20, wherein the encoder is configured to
downsample the content into a plurality of lesser quality versions of the content,

wherein the first one of the plurality of descriptions comprises a first one of the
lesser quality versions of the content and the second one of the plurality of descriptions

comprises a second one of the lesser quality versions of the content.
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26. The apparatus of claim 25, wherein the plurality of lesser quality
versions of the content comprises n versions, and wherein the encoder is further
configured to divide the content into n parts that are substantially distributed about the

content.

27. The apparatus of claim 25, wherein the downsampling comprises at least

one of spatially-based, temporally-based, or region of interest-based downsampling,

28. The apparatus of claim 26, wherein the n parts of the content are adapted
such that interpolation between respective ones of the n parts results in the lesser quality

versions of the content.

29.  The apparatus of claim 19, wherein the processor is configured to utilize
the second transmitter to select at least one helper node, including the first helper node,
to establish the second uplink for transmit diversity and to help in the sending of the

content.

30.  The apparatus of claim 29, wherein the processor is further configured to
utilize the second transmitter to send a request to the at least one helper node to help in

the sending of the content.

31.  The apparatus of claim 29, wherein the processor is further configured to
utilize the second transmitter to transmit the second one of the plurality of descriptions

to the first helper node over an out-of-band link.

32. The apparatus of claim 31, wherein the out-of-band link comprises a
WLAN air interface.
33. The apparatus of claim 32, wherein the WLAN air interface comprises an

IEEE 802.11 air interface.

34, The apparatus of claim 31, wherein the out-of-band link comprises a
WPAN air interface.
35.  The apparatus of claim 29, wherein the processor is further configured to

determine a proximity of the at least one helper node suitable for utilization of an out-

of-band link.
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36. The apparatus of claim 35, wherein the processor, in determining the
proximity of the at least one helper node, is further configured to do at least one of:
determine a relationship between an IP address of the helper node and a local IP
address; determine a relationship between a user profile of the helper node and a local
user profile; or determine a relationship between a P2P network setup for the helper

node and a local P2P network setup.

37. A method of wireless communication, comprising:

receiving a request from a content server to help the server send content to a
client node;

receiving, over a first interface, one of a plurality of descriptions of the content
from the content server; and

transmitting, over a second interface, the one of the plurality of descriptions of

the content to the client node.

38.  The method of claim 37, wherein the one of the plurality of descriptions
is configured such that reception of that description alone enables a version of the

content to be decoded as a whole.

39. The method of claim 37, wherein the first interface comprises at least one

of a WLAN or a WPAN air interface.

40.  The method of claim 37, wherein the second interface comprises a

WWAN air interface.

41. The method of claim 37, wherein the first interface comprises a WWAN
air interface and the second interface comprises at least one of a WLAN or a WPAN air

interface.

42, A method of wireless communication, comprising:

receiving a first description of content from a content server;

receiving a second description of the content from a helper node proximate to
the content server; and

selectively combining at least a portion of the first description with at least a
portion of the second description to obtain the content having a higher quality, as a

whole, than either the first description or the second description taken alone.
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43. The method of claim 42, wherein the at least a portion of the first
description comprises a first partition of the content, and the at least a portion of the

second description comprises a second partition of the content.

44. The method of claim 42, wherein the at least a portion of the first

description comprises a downsampled version of the content.

45. The method of claim 44, wherein the downsampled version comprises at
least one of spatially-based, temporally-based, or region of interest-based downsampled

version of the content.

46. A computer program product, comprising:

a computer-readable medium comprising code for:

generating a plurality of descriptions related to the content that are different
from one another but related to one another;

transmitting a first one of the plurality of descriptions utilizing an uplink; and

sharing a second one of the plurality of descriptions with a first helper node
capable of transmitting the second one of the plurality of descriptions on a second

uplink.

47. The computer program product of claim 46, wherein each of the plurality
of descriptions is configured such that reception of that description alone enables a

version of the content to be decoded as a whole.

48. The computer program product of claim 47, wherein the content
comprises an image, and wherein the code for generating the plurality of descriptions
comprises code for:

encoding a first portion of the image to a first quality;

encoding a second portion of the image to a second quality, lesser than the first
quality; and

combining the first portion encoded to the first quality and the second portion

encoded to the second quality to provide the first one of the plurality of descriptions.

49. The computer program product of claim 48, wherein the first portion
comprises a first half of the image, and the second portion comprises a second half

complementary to the first half of the image.
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50. The computer program product of claim 49, wherein the code for
generating the plurality of descriptions further comprises code for:

encoding the second portion of the image to the first quality;

encoding the first portion of the image to the second quality, lesser than the first
quality; and

combining the first portion encoded to the second quality and the second portion

encoded to the first quality to provide the second one of the plurality of descriptions.

51. The computer program product of claim 48, wherein the code for
generating the plurality of descriptions further comprises code for:

partitioning the image into the first portion, the second portion, and at least a
third portion;

encoding the third portion to the first quality;

encoding at least the first portion and the second portion of the image to the
second quality, lesser than the first quality; and

combining the third portion encoded to the first quality, and at least the first
portion and the second portion encoded to the second quality to provide a third one of

the plurality of descriptions.

52. The computer program product of claim 47, wherein the code for
generating the plurality of descriptions comprises code for:

downsampling the content into a plurality of lesser quality versions of the
content,

wherein the first one of the plurality of descriptions comprises a first one of the
lesser quality versions of the content and the second one of the plurality of descriptions

comprises a second one of the lesser quality versions of the content.

53. The computer product of claim 52, wherein the downsampling comprises
at least one of spatially-based, temporally-based, or region of interest-based

downsampling.

54. The computer program product of claim 52, wherein the plurality of
lesser quality versions of the content comprises n versions, and wherein the code for

downsampling comprises code for:
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dividing the content into n parts that are substantially distributed about the

content.

55. The computer program product of claim 54, wherein the n parts of the
content are adapted such that interpolation between respective ones of the n parts results

in the lesser quality versions of the content.

56. The computer program product of claim 46, further comprising code for:
selecting at least one helper node, including the first helper node, to establish the

second uplink for transmit diversity and to help in the sending of the content.

57. The computer program product of claim 56, further comprising code for

sending a request to the at least one helper node to help in the sending of the content.

58. The computer program product of claim 56, wherein the code for sharing
the second one of the plurality of descriptions comprises code for transmitting the
second one of the plurality of descriptions to the first helper node over an out-of-band
link.

59. The computer program product of claim 58, wherein the out-of-band link

comprises a WLAN air interface.

60. The computer program product of claim 59, wherein the WLAN air

interface comprises an IEEE 802.11 air interface.

61. The computer program product of claim 58, wherein the out-of-band link

comprises a WPAN air interface.

62.  The computer program product of claim 56, wherein the code for
selecting the at least one helper node comprises code for:
determining a proximity of the at least one helper node suitable for utilization of

an out-of-band link.

63. The computer program product of claim 62, wherein the code for
determining the proximity of the at least one helper node comprises code for at least one
of: determining a relationship between an IP address of the helper node and a local IP

address; determining a relationship between a user profile of the helper node and a local
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user profile; or determining a relationship between a P2P network setup for the helper

node and a local P2P network setup.

64. A computer program product, comprising:

a computer-readable medium comprising code for:

receiving a request from a content server to help the server send content to a
client node;

receiving, over a first interface, one of a plurality of descriptions of the content
from the content server; and

transmitting, over a second interface, the one of the plurality of descriptions of

the content to the client node.

65. A computer program product, comprising:

a computer-readable medium comprising code for:

receiving a first description of content from a content server;

receiving a second description of the content from a helper node proximate to
the content server; and

selectively combining at least a portion of the first description with at least a
portion of the second description to obtain the content having a higher quality, as a

whole, than either the first description or the second description taken alone.

66.  An apparatus for wireless communication, comprising:

means for generating a plurality of descriptions related to the content that are
different from one another but related to one another;

means for transmitting a first one of the plurality of descriptions utilizing an
uplink; and

means for sharing a second one of the plurality of descriptions with a first helper
node capable of transmitting the second one of the plurality of descriptions on a second

uplink.

67. The apparatus of claim 66, wherein each of the plurality of descriptions
is configured such that reception of that description alone enables a version of the

content to be decoded as a whole.

68. The apparatus of claim 67, wherein the content comprises an image, and

wherein the means for generating the plurality of descriptions comprises:
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means for encoding a first portion of the image to a first quality;

means for encoding a second portion of the image to a second quality, lesser
than the first quality; and

means for combining the first portion encoded to the first quality and the second
portion encoded to the second quality to provide the first one of the plurality of

descriptions.

69. The apparatus of claim 68, wherein the first portion comprises a first half
of the image, and the second portion comprises a second half complementary to the first

half of the image.

70. The apparatus of claim 69, wherein the means for generating the plurality
of descriptions further comprises:

means for encoding the second portion of the image to the first quality;

means for encoding the first portion of the image to the second quality, lesser
than the first quality; and

means for combining the first portion encoded to the second quality and the
second portion encoded to the first quality to provide the second one of the plurality of

descriptions.

71. The apparatus of claim 68, wherein the means for generating the plurality
of descriptions further comprises:

means for partitioning the image into the first portion, the second portion, and at
least a third portion;

means for encoding the third portion to the first quality;

means for encoding at least the first portion and the second portion of the image
to the second quality, lesser than the first quality; and

means for combining the third portion encoded to the first quality, and at least
the first portion and the second portion encoded to the second quality to provide a third

one of the plurality of descriptions.

72. The apparatus of claim 67, wherein the means for generating the plurality
of descriptions comprises:
means for downsampling the content into a plurality of lesser quality versions of

the content,
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wherein the first one of the plurality of descriptions comprises a first one of the
lesser quality versions of the content and the second one of the plurality of descriptions

comprises a second one of the lesser quality versions of the content.

73. The apparatus of claim 72, wherein the means for downsampling
comprises at least one of means for spatially-based downsampling , means for

temporally-based downsampling, or means for region of interest-based downsampling.

74. The apparatus of claim 72, wherein the plurality of lesser quality
versions of the content comprises n versions, and wherein the means for downsampling
comprises:

means for dividing the content into n parts that are substantially distributed

about the content.

75. The apparatus of claim 74, wherein the n parts of the content are adapted
such that interpolation between respective ones of the n parts results in the lesser quality

versions of the content.

76. The apparatus of claim 66, further comprising:
means for selecting at least one helper node, including the first helper node, to
establish the second uplink for transmit diversity and to help in the sending of the

content.

77. The apparatus of claim 76, further comprising means for sending a

request to the at least one helper node to help in the sending of the content.

78. The apparatus of claim 76, wherein the means for sharing the second one
of the plurality of descriptions comprises means for transmitting the second one of the

plurality of descriptions to the first helper node over an out-of-band link.

79. The apparatus of claim 78, wherein the out-of-band link comprises a
WLAN air interface.
30. The apparatus of claim 79, wherein the WLAN air interface comprises an

IEEE 802.11 air interface.
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8l1. The apparatus of claim 78, wherein the out-of-band link comprises a
WPAN air interface.
32. The apparatus of claim 76, wherein the means for selecting the at least

one helper node comprises:
means for determining a proximity of the at least one helper node suitable for

utilization of an out-of-band link.

33. The apparatus of claim 82, wherein the means for determining the
proximity of the at least one helper node comprises at least one of: means for
determining a relationship between an IP address of the helper node and a local IP
address; means for determining a relationship between a user profile of the helper node
and a local user profile; or means for determining a relationship between a P2P network

setup for the helper node and a local P2P network setup.

84.  An apparatus for wireless communication, comprising:

means for receiving a request from a content server to help the server send
content to a client node;

means for receiving, over a first interface, one of a plurality of descriptions of
the content from the content server; and

means for transmitting, over a second interface, the one of the plurality of

descriptions of the content to the client node.

85.  An apparatus for wireless communication, comprising:

means for receiving a first description of content from a content server;

means for receiving a second description of the content from a helper node
proximate to the content server; and

means for selectively combining at least a portion of the first description with at
least a portion of the second description to obtain the content having a higher quality, as

a whole, than either the first description or the second description taken alone.

86.  An apparatus for wireless communication, comprising:
a processor; and
a memory coupled to the processor,

wherein the processor is configured to:
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receive a request from a content server to help the server send content to a client
node;

receive, over a first interface, one of a plurality of descriptions of the content
from the content server; and

transmit over a second interface, the one of the plurality of descriptions of the

content to the client node.

87.  An apparatus for wireless communication, comprising:

a processor; and

a memory coupled to the processor,

wherein the processor is configured to:

receive a first description of content from a content server;

receive a second description of the content from a helper node proximate to the
content server; and

selectively combine at least a portion of the first description with at least a
portion of the second description to obtain the content having a higher quality, as a

whole, than either the first description or the second description taken alone.
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