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Scheduling Multiple-Laver Video Segments

BACKGROUND

{0001} Media content such as video content may be streamed over a comnunication
network {e.g., a HU'TP-based network}. Many of the solutions deploved today, e g.. Microsoft’s
Smooth Streaming, Adobe’s dvnamic HUTP streaming, and/or Apple’s HTTP Live Streanung
(HLS), use non-scalable coding or simulcast to generate different bitstreams (e.g., with different
bitrates and/or different resolutions) to accommodate varying bandwidth capacities and/or
displav sizes. HTTP adaptive streaming (HAS) may be deploved to provide flexability in terms
of adapting the video content to different client capabilitics and network conditions. However,
current HAS implementations suffer from several shortcomings. For example, compared 1o
storing a single copy of high quality video content on a server {e.g., a streaming server), having
multiple versions of the same content at different bitrates may ncrease the storage overhcads on
the server. Moreover, additional bandwidth may be needed at the server to transport the multiple
versions. When different chients request different versions of the video content, depending on
the clients’ respective network conditions, caching nodes may quickly become overloaded and
meftective from having to store numerous versions of the same content, or to store a very high
quality version and generate lower quality versions by transcoding. The former option may be
mefficient in terms of cache server storage, whereas the latter option may put high computing
demand on the cache servers. Another problem with the current HAS systems may be their lack
of ability to efficiently handle sudden drops in bandwidth. One reason for this problem may be
that once a client decides to request a video segment of a certain guality, the chent may be
unable to modify that decision based on changes in network conditions. Hven when it is possible
to change the decision, the chient may have to issue a new request and as a result, one or more

{(e.g., all) partially downloaded video segments may be wasted.
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SUMMARY

{0002} Systems, methods, and mstromentalities are described herein for providing and/or
streaming video content. The video content may comprse multiple video segments each
encoded into one or more representations of different qualitics {(¢.g., a base layer representation
with a low bitrate and/or an enhancement laver representation with a lugh bitrate}. A video
segment may be assigned an artistic mierest {¢.g., during content preparation} that indicates the
artistic value of the video segment. A streaming device {¢.g., such as a wireless transmit/receive
unit described herein, a home gateway, ¢tc.) may receive a description of the video content. The
description may be 1 the form of a media presentation description (MPD) file. The description
may comprise respective indications of the artistic interest associated with one or more video
segments. The streaming device may maintain a buffer area for storing the video content that the
device downloads from a streaming server. The buffer area may reside on the streaming devige,
or the buffer area may be located physically away from the streaming device. The streaming
device may schedule the download based on a set of rules {e.g., in accordance with a buffer
adaptation technique and/or inter-layer dependencics). The streaming device may decide, based
on the set of rules, that a representation of a first video segment {¢.g., an enhancement layver
representation of the first video segment) should be requested next. The streaming device may
compare the artistic interest associated with the first video segment with the artistic interest
associated with a second video segment, and decide that the artistic interest associated with the
second video segment is greater than the artistic interest associated with the first video segment,
Upon making such a deiermination, the streaming device may request a representation of the
second video segment (¢.g., a high quality representation of the second video segment) from the
streaming server prior (o requesting a representation of the first video segment so that higher
artistic interest content may be downloaded sooner and/or at a higher quality.

{0003] The description of the video content {¢.g., the MPD file) may include the starting
time and duration of a video segment. The description may mclude a uniform resource locator
{UJRL) from which the video segment may be downloaded. The artistic interest associated with
the video segment may be represented by numeric vahues within a certain range {e.g., 1-5 with 3
representing the highest artistic interest).

{00041 Ag described herein, a video segment may be encoded using scalable coding
technigques into a base layer representation at a base bitrate and an enhancement layer
representation at an enhanced bitrate that is higher than the base bitrate. The enhancement layer
representation may depend on the base layer representation for decoding {¢.g., the base layer

-
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may need to be downloaded first before the enhancement layer may be downloaded). A video
segment with a high artistic interest value may be encoded using simulcast coding techniques.
For example, a bigh artistic interest video segment may be encoded into one high-quality
representation, and as such, the downloading of the high artistic interest segment may comprise
downloading the high-quality representation without having to download a base layer
representation first.

[0005] The buffer arca managed by the streaming device {e.g., whether the buffer arca is
located on the streaming device or away from the streaming device) may be divided into a base
buffer arca for storing the base layer representations of the video segments and an enhancement
buffer arca for storing the enhancement layer representations of video segments {(e.g., including
the high-quality representations of hugh artistic interest scgments}). The base buffer arca and/or
the enhancement buffer area may be assigned an underflow threshold and a backfilling threshold.
The backfilling threshold may be higher than the underflow threshold. The streaming device
may be configured to maintain the fullness of the base buffer arca and/or the enhancement buffer
area between the underflow threshold and the backfilling threshold, The streaming device may
be configured to request an enhancement layer representation of a video segment when {e.3,
only when) the fullness of the base buffer arca reaches or exceeds the backfilling threshold.
0006} The streaming device may cstimate the available network bandwidth n order to
decide which representation of which video segment should be downloaded next. The streaming
device may take multiple measurements of the network throughput at different times and derive
the available network bandwidth based on a weighted average of the measurements. The
streaning device may be configured to give more weight to a more recent measurement of the
network throughput than to an carlier measurement of the network throughput when estimating
the available network bandwidth. Upon obtaining an estimate of the available bandwidth, the
streaming device may caleulate the respective minimum bandwidths required to download the
remaining video segments. The calculation may take mto consideration the respective sizes,
durations, and/or playback times associated with the video segments. The streaming device may
compare the available network bandwidth with the respective nunimum bandwidths and request

the video segment that may be accommodated by the available network bandwidth.

BRIEF DESCRIPTION OF THE DRAWINGS
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{0007} A more detaded understanding of the embodiments disclosed herein may be had

from the following description, given by way of example in conjunction with the accompanying

drawings.

{0008} FIG. 1 shows an example HTTP-based video streaming system.

{00091 FIG. 2 shows an example HTTP-based adaptive video streaming process.
{0010} FIG. 3 shows an example decoder architecture for the scalable video coding

extension of HEVC (SHVC).

{0011} FIG. 4 shows an example scheduling process for adaptive streaming.

{0012} FIG. 5 shows an example SHVC streanuing device architecture.

{0013} FIG. 6 shows an exaraple layered video segment re-multiplexing (ReMux)
Process.

10014} FIG. 7 shows an example order in which malti-layered video segments may be
downloaded.

[0015] FIG. § shows an cxample three-layer buffer model using two butter thresholds for

scheduling determination.

{0016} FIG. 9 shows an example of segment downloading and/or decoding.
{0017} FIG. 10 shows an example scenario where enhancement layer downloads are

terminated due to abrupt bandwidth drop during sequential downloading,
{0018} FIG. 11 shows an example scenario where enhancement laver downloads are

termunated due to abrupt bandwidth drop during parallel downloading.

{0019] FIG. 12 shows a flowchart for an example of buffer adaptation scheduling.
{00201 FIG. 13 shows an example of segment backfilling.
{0021} FIG. 14 shows an example of content preparation using mixed simulcast and

scalable coding.

10022} FIG. 15 shows an example Dynamic Adaptive Streanung for HTTP (DASH) high
level data model.

{0023} FIG. 16A depicts a diagram of an example communications system 10 which one
or mare disclosed embodiments may be implemented.

[0024] FIG. 16B depicts a system diagram of an example wireless transmit/receive unit
{(WTRU)} that may be used within the communications system illustrated 1in FIG. 16A.

{0025} FIG. 16C depicts a system diagram of an example radio access network and an
example core network that may be used within the communications svstem iflustrated in FIG.

I6A.
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{0026} FIG. 16D depicts a system diagram of ancther example radio access network and
an example core network that may be used within the communications system thustrated in FIG.
154,

10027} FIG. 16E depicts a systemn diagram of another example radio access network and
an example core network that may be used within the commumications system dhustrated in FIG,

16A.

DETAILED DESCRIPTION

{0028} A detailed description of tllustrative embodiments will now be described with
reterence to the various Figures. Although this description provides a detalled example of
possible mmplementations, it should be noted that the details are intended to be exemplary and in
no way himit the scope of the application.

[0029] Fig. | illustrates an example HTTP-based video streaming systern 100, The
syatem 100 may mclude a media collection device 102 who may be configured to capture media
{e.g., video, photograph, audio, etc.}. The media collection device 102 may include a video
camcorder, a camera, a voice recorder, a smart phone, a tablet, or any other device that has media
collecting and/or capturing abihities. The media captured from the media collection device 102
may be transferred to a media preparation device 104 configured to prepare the media. The
media collection device 102 and the media preparation device 104 may be independent devices.
The media collection device 102 may include the capability to collect media as well as the ability
to prepare the media. The media collection device 102 may serve as the media preparation
device 104. The media preparation device 104 may compress and chop media into small
segments {e.g., with scgment periods between 2 and 10 seconds). The segments may be stored in
an HTTP streaming server and distributed via a content delivery network {CDN) and/or edge
server networks. The segments may be cached i one or more HTTP cache servers, which can
be used by other users {¢.g., to provide streaming service on a large scale}. Once prepared (8.,
by the media preparation device 104), the media may be transferred to a wireless transfer/roceive
unit (WTRU) {e.g., shown as 110a, 110b, and/or 110c in Fig. 1, which are collectively referred to
as 110 hereafter}. The media may be transferred to the WTRU 110 from a media HTTP origin
server 106, One or more HTTP cache devices 108 may be used to store previously transferred
media to facilitate the delivery of the media from the HTTP origin server 106 to the WTRU 110
{00301 The video streaming system 100 may employ HAS techniques. For example,
when a streaming device requests particular video content {¢.g., which may comprise a plurality
ot video segments cach associated with a time position in the video content), the HTTP origin

-5
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server 106 may send a media presentation deseription {MPD} manifest file to the streaming
device. The MPD may include mformation about the video content (e.g.. one or more {e.g.. all)
available bitrates of the requested video content, URLs from which the video mav be
downloaded, etc.). The streaming device may start by requesting a segment of the video content
at a relatively low rate. Based on the time it takes to recetve the segment, the streaniing device
may assess the network conditions (e.g., based on the streaming device’s own assessment of the
network conditions or an mndication of the network conditions received from a network clement).
The streaming device may choose a next video segment adaptively, for example i accordance
with the MPD and/or one or more other factors such as quality requirements, network bandwidth,
device capabilitics, etc. Such an adaptive approach may mmprove video quality, reduce latency,
shorten start-up and/or buffering time, and/or bring other benefits.

{0031} Fig. 2 shows an example HTTP-based adaptive streaming system 200 m which
video content may be coded at different bitrates and/or different resohutions to generate
representations of the content with different qualitics. A streaming device in the adaptive
streanuing system 200 may select (e.g., request to download} different video segments based on
one or more factors {e.g., network conditions and/or the streaming device’s own capabilities).
As Fig. 2 dlustrates, high resolution or bigh bitrate segments (e g., represented by the large boxes
m the top row) may be requested and/or transmitted {¢.g., from a streammg server) when
network bandwidth ts abundant. Lower resolution or lower bitrate segments {e.g., represented by
the smaller boxes in the middle and bottom rows) may be requested and transmitted when
network bandwidth is low.

{0032} The video content in the adaptive streaming system 200 may be coded using
iternational video coding standards such as the MPEG1/2/4 Part 2, H.264/MPEG-4 Part 16
AVC, V-1, and/or the latest H.265/HEVC (High Efficiency Video Coding) standard {e.g.,
which could potentially save 50% bandwidth compared to H.264 at the same visual quality).
HEVC and 1ts extensions may support efficient coding of a wide variety of video formats. The
scalable video coding extension of HEV (SHYC) may support scalable coding of multiple
lavers, cach of which may correspond to a differcnt representation of the original video content.
For example, the layers may cach have a different spatial resolution, different tomporal frame
rate, different quality, and/or different color space. FIG. 3 shows an example decoder
architecture for SHYC. Asshown, SHVC may use an inter-layer reference picture to predict an
enhancement laver (EL). The coding tools in SHVC may be used for changes at the shce level
and/or above, making it possible to re-use at least some of the exasting single laver HEVC

implementations. fnter-layer processing may include a resarpling process {e.g., for spatial
-6 -
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and/or bit depth scalability) and/or a color mapping process {¢.g., for color gamat scalability
(CGS)).

{0033} Table 1 shows the performances of SHYC and simulcast (¢.g.. in terms of spatial
and signal-to-noise ratio (SNR) scalability) when two layers are coded independently. For
random access, which is a coding configuration used in certain video entertainment applications,
SHYC may achieve an overall rate reduction of 16 3% to 27% at the same peak signal-to-noise
ratio (PSNR) when both base layer and enhancement layer bit rates are considered.

Table 1. SHVC Performance vs. Simulcast Performance

Configuration Anchor 2x (%) | 1.5x (%) | SNR (%)
Random access | SHVC versus simulcast 165 27.0 20.9
SHVC EL versus single-layer EL. | 26.0 476 314
Low delay SHVC versus simulcast 103 21.5 12.3
SHVC EL versus single-layer EL. {1 16.8 393 19.5

{0034] Scalable video coding may enable layered services to support the transmission

and decoding of a partial bitstream. Different representations of the same content may be
delivered to different devices based on their capabilities and reception conditions. Further,
scalable streams may reduce the overall cost of storing a catalog {e.g., an entire catalog) in
multiple bitrates, and/or the amount of upstream traffic generated from keeping CDN and edge
caching content up to date.

{00351 Video content may be divided into a plurality of segments, ¢.g., along the timeling
of the video content. Using scalable video coding, one or more of the video segments may be
encoded into a mumber of layers of different qualities (e.g., different resolutions). The layers
may include, for example, a base laver (BL) and/or one or more enhancement layers (EL). The
enhancement layers of a video segment may have a higher quality than the base layer of the
video segment, and one enbancement laver {e.g., EL2} may have a higher quality than another
enhancement laver {¢.g., EL1). The layers may correspond fo respective entries in a manitest file
(c.g., the MPD file described herein}. A higher layer {e.g., a high quality enhancement layer)
may depend on one or more lower layers (¢.g., a medium quality enhancement laver and/or a
base laver) for decoding. The size of a higher layer may be larger than that of a lower layer {e.g.,

with the base laver having the smallest size). As such, a streamung device may first download

-7 -
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the smaller BL segments, and request the larger EL segments when extra bandwidth becomes
available {e.g ., to incrementally improve the quality of the decoded video).

{0036} Using the technigues described herein, a streaming device may avoid having to
guess which representation {(e.g., which laver) of a particular video segment should be requested
in a given situation, since a video segment’s quality may be adjusted e g, by requesting a
different layer of the video segment) before its playback time. A variety of techniques may be
used to schedule the download of a video scgment. For example, 1n the face of sudden
bandwidth decrease, the real bandwidth mav be lower than an estimated bandwidth., With
stmtleast, the streaming device mav have to abandon the download of a high quality
representation of the video segment, and request a low quality representation. Such an approach
may cause bandwidth waste and/or buffer underflow at the streaming device, leading to extra re-
buffering time, for example. With scalable video coding and streaming, the streaming device
may abandon the download of the high quality representation in similar situations, and request a
lower quahty representation of the video segment. As result, the chance of buffer underflow
and/or re-buffering may be reduced.

{0037} The MPEG Dvnamic Adaptive Streaming for HTTP {DASH) standard includes
svntax supporting scalable video streaming. The svotax may facilitate the identification of the
different representations/layvers of video content and the dependencics among them 1n a mamfest
file, also known as media presentation descriptor (MPD). FIG. 4 shows an example scheduling
method for adaptive streaming. A streaming device may estimate the current network bandwidth
and request an appropriate layver of a particular video segment {e. 2., a low quality layer—- BL, a
medium quality layer — EL 1, or a high quality laver ~ EL 2), based on the following condition,
for example:

YL BR; > BW,g = Y1 BR, (1)

i

where BWes may be the estimated network bandwidth and BRj may be the bitrate of a i-th layer
ot the particular video scgment. Based on Equation (1), the streaming device may estunate the
available network bandwidth BWey, determine that the available network bandwidth BWes 1s
greater than the sum of the bitrates of the j-th layer and the lavers on which it is dependent, but
less than the sum of the bitrates of the {7+ /7 3-th laver and the lavers on which it 1s dependent, and
request the j-th laver and the layers on which the j-th layer is dependent.

{00381 The manifest file may specify the accumulated bitrate for an enhancement layver

and/or the identifier {e.g., dependencyld) of one or more lower lavers associated with the

-8 -
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enhancement layer {g.g., on which the enhancement layer may be dependent}, When the
streaming device requests a particular enhancement layer of a video segment, an adaptive
streaming scheduler may download the corresponding base layer of the video segment plus any
fower laver that the requested enhancement layer depends on before downloading the
enhancement laver. For example, the dashed line 1n FIG. 4 shows the downloading order of one
or more layers/segments based on their dependencies. Using this example method, the streaming
device may select an appropriate quality representation of the video content to download based
on estimated available network bandwidth. Without fing-grained segment selection, however,
user experience may be affected {e. g, when video quality changes from the highest layer to the
base layer).

{00391 The streamung device may fetch an enhancement laver segment based on
segments of a previously received base layer and/or dependent laver. FIG. 5 shows an example
SHVC streaming device architecture 400. The streaming device 400 may mchide one or more of
the following components: a bandwidth cstimator 402, a scgment downloader module 404, a
buffer adaptation module 406, a scalable video multiplexer/decoder 408, a rendering module
410, and a display 412, as shown 1 FIG. 5. The one or more components 402-412 of the
streaming device may or may not reside on the same physical platform. For example, the buffer
adaptation module 406 may include buffer space for storing the segments of downloaded video
content. The buffer space may reside on the same platform as one or more of the components
402-412, or be located away from some of the components {e.g., the buffer space may reside on
a separate platform and be managed by the buffer adaptation module). The buffer space may
comprise separate areas cach designated to storing a particular laver of the segments. For
example, there may be a BL arca for storing the base laver segments, an EL1T area for storing the
enhancement layer of a first quality, an EL2 arca for storing the cnhancement layer of a sccond
quality, and/or an EL3 area for storing the enhancement layer of a third quality. 1t should be
appreciated that the architecture shown in FIG. 5 13 provided as an example. The streaming
device may include more or fow components than shown in FEG. 5. For example, the streaming
device may he a WTRU, a home gateway, a CDN edge server, and/or the like.

{0040} The streaming device 400 may request and download one or more multi-layer
segments based a buffer adaptation decision and/or previcusly downloaded segments, which may
be stored in the muldti-layer segment buffer 406. The one or more multi-layer segments may cach
be associated with an mdex. At decoding time, the multi-laver video segments with the same
mndex may be passed to the scalable video multiplexer/decoder 408 (e g, from the multi-layer

segment buffer 4066). The elementary streams of cach frame within the multi-laver video
-0
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segments may be extracted from thetr respective containers (e.g., mpeg files). The network
abstraction layver {NAL} units of the different layers may be re-muxed to form the access unit
(AU) of a single frame. FIG. 6 shows an example lavered video segment re-multiplexing
{(ReMux) process. A coded picture butfer (CPB) may hold the coded AUs in a first-in first-out
(FIFQ) order. The operation and/or configuration of the CPB (e.g., such as its size and/or the
AU arrival and removal times) may be specified by a HEVC or SHYC hypothetical reference
decoder (HRD). The decoded pictures may be stored in a decoded picture bufter (DPB) and
subsequently retrieved by a rendering device for display.

{0041} The efficiency and quality of adaptive scheduling may be affected by the accuracy
of bandwidth estimation. A streaming device may take measurements {¢.g., using the bandwidth
estimator 402) of the network throughput at various points {¢.g., regularly or at selected points in
time}, and estimate the network bandwidth currently available to the chient based on those
measurements. For example, the streaming device may measure the network throughput BWr at
time t {c.g., based on packets downloaded during a particular download task). The client may
keep track of {e.g., record) each such measurement, and estimate the network bandwidth
currently available to the streaming device by calculating a weighted average of the
measurements. Greater weights may be given fo more recent measurements, and smaller weights

may be given to older measurements, as shown in Equation (2), for example.

Go* BWig+ @y BWy+ aox BW g+ .+ qp BW iy,

BWlj] = @

agt gt @et ..+ ay
Based on Equation (2}, the streaming device may estimate the network bandwidth, BW/j/. for
downloading video segment 7. The streaming device may take one or more measurements of the
network throughput while downloading the video segment j {(e.2., BWw may be the latest
throughput measurement, W may be the throaghput measurement taken before B, and so
on}. The streaming device may determine a weight, ok, that may be given to the k-th throughput
measurement 8. Greater weights may be given to more recent measurements (€.2., oo > o1 >
o2 > - > on). Based on the estimated throughput BW///, the streaming device may decide {e.g.,
via the buffer adaptation module 406} which layer/segment to download and push that
laver/segment to the download queue.

{0042} As described herein, a streaming device may determine {e. 2., schedule) which
segment to download next. The determination may be made, for example by the buffer
adaptation module 406, FIG. 7 shows an example order v which multi-lavered {e.g, 0 ~ N)
video segments may be downloaded. In the example, S{i, ;) may represent the j-th segment of
the i-th laver, with the {i+1}-th laver depending on the i-th layer, the 1-th layer depending on the

- 10 -
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(1-1)-th laver, and so on. Accordingly, to decode segment S, 1) of the 1-th layer, it may be
recquuired that the j-th segments from the i-th layer’s dependent layers be decoded first.

{0043} The streaming device {¢.g., via the buffer adaption scheduler 406) may prioritize
segment downloading based on a number of considerations including, for example, laver prionity
and time priority. With respect to layer priority, a lower laver may be given higher priority than
a higher layer, e g, P{S(, 1} > P{S(++1, )}, assuming the higher layer depends on the lower
layer for decoding. As a result, segment 8(3, j) {c.g., the ith layer of the jth segment) may be
downloaded before segment S(G+1, 1} (8.g., the (i+1)th laver of the jth segment). With respect to
time priority, a segment with a smaller index (e.g., representing a segment with play time closer
1o the current time} may be given higher priority than a segment with a larger index (e g.,
representing a segment with play time farther away from the carrent time), e.g., P{SGL, Pt >
P{5{. +1}3}. Assuch, segment 50, ) may be downloaded before segment 8¢, +1) under the
congtraints described herein

{0044} In addition to or in hieu of sequential downloads in which segments S(i+1, jj or
SG, i+1) may be requested after the download of segment S(, §) is completed, a parallel
download approach may be employved. With the parallel approach, multiple segments may be
requested and downloaded simultancously. Scheduling may be adapted {¢.g., updated
dynamically) based on laver dependency such that bandwidth waste may be avoided during the
download of an enhancement laver segment when the download of a corresponding lower layer
{c.g., which the enbancement layer may depend on) fails, for example.

{0045} In certain situations, a detcrmination may be made with respect to which one of
segments S{i+1, 1) and SQ, 7+1) should be downloaded first (e.g., as shown by the dark straight
arrows 1n FIG. 7). More generally, the buffer adaptation scheduler described herein may
determine which layer/segment should be downloaded next so that the highest quality layver can
be presented to the end user. Such a determination may be made based on one or more critena
meluding, for example, the available network bandwidth, the bitrate that would maximize the
quality under existing bandwidth constraints, the fullness of the buffer space {¢.g., to avoid
buffer underflow and/or overflow, which may be gauged bv a low threshold of fullness and/or a
high threshold of fullness, respectively), and/or the guality fluctuations under time varving
conditions {¢.g., such as network bandwidth).

{0046} The multi-laver segment buffer described herein may be used to store requested
video segments. The buffer may have a himited capacity and mayv accommodate a certain
number of logical segments referred to herein as multi-layer video segments. A {e.g., cach)

multi-layer vides segment may be associated with a number of lavers {¢.g., representations of the
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corresponding segment encoded into different qualities), the durations of which may be the same
or may vary from one to the next. The lavers mayv have the same segment index, but different
qualitics {¢c.g., different resolutions). The buffer space may comprise arcas cach allocated to
store a particular layer of the video segments. For example, an area may be allocated to store the
1-th laver of one or more video segments {¢.g., of all the video segments). The capacity of the 1-
th layer buffer area may be denoted as Bii}, and the fullness of the i-th layer buffer arca may be
denoted as F1]. The buffer fullness Fli} may be measured in various wayvs mcluding, for
example, a unit of time (e g., seconds) or the number of segments i the buffer area. For
itfustration purposes, the disclosure herein uses the nomber of segments in a buffer area to
measure the buffer fullness.

{00471 The estimated buffer fullness, Feudi], of the i-th layer buffer area aficr one
segment time {T) may be calculated using the following equation:

Feall] = Fli] + (T » BWest/ 5{i]) — di] 3)

As shown by HEguation (3), the streaming device may estimate the buffer fullness after time
peried T based on the current buffer fullness, Fii}, (c.g.. as measured by the number of segments
0 the buffer), and the changes that may occur to the current buffer fullness afier downloading a
next segment. The streaming device may determine the duration of the next segment, T, and an
cstimated download bandwidth, BWes. The streaming device mav multiply the duration of the
next segment and the estimated download bandwidth, and divide the result by the average size,
Sii}, of the segmenis stored in the i-th layer buffer arca (e. 2., measured in number of bits or
bytes). The outcome of the foregong operations mayv represent an estimated number of
segments that may be added to the buffer area within the time period T. The streaming device
may subtract from the aforementioned outcome the number of segments, dfi}, that may be pulled
from the buffer area (e.g., for decoding) during the time period T to derive the changes that may
occur to the current buffer fullness. The estimated changes may then be applied to the current
buffer fullness Fli] to arnive at Feufi].

{0048} One or more thresholds may be configured to facilitate the management of a
buffer arca. For example, an underflow threshold, UF{i], and/or a backfilling threshold, BF{i].
may be defined for the buffer area of the i-th laver. The underflow threshold, UF{i], may define
the munimum buffer fullness level to prevent buffer underflow. The underflow threshold may be
defined for an independent layer {¢.g., a layer that can be decoded correctly without relying on
any other layer) and/or an enhancement laver {¢.g., a layer that depends on one or more lower

layers for decoding}. The base layer may be an independent layer. Other non-base layers may
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also be independent lavers (¢.g., in a multi-laver scalable bitstream). Boffer underflow s a
critical and undesirable event for an independent layer {¢. 2., because video playback may stop
when underflow bappens). Butter underflow for an enhancement layer (e.g., a non-independent
layer) may be acceptable since the streaming device may be able 1o play back video segments
from a lower layer’s buffer area that is not anderflow, all the way down to the buffer area of the
base layer. Accordingly, the UF{i] of an enhancement layer may be set to zero, while the UF[i]
ot an independent faver may be set to a value greater than zero.

{00491 The backfitling threshold, BF[i}, may represent the buffer fullness level at which
sufficient segments are considered to be available in the i-th laver’s buffer area such that the
streaming device (e.g., via the buffer adaptation module 406) may fetch a higher laver(c.g.. a
layer equal to or igher than the (3-+1)-th layer) of an earlier segment. For example, the last
segment § in the 1-th layer buffer may be denoted as S(1, ). When BF[i] is reached, the streaming
device may start fotching segments 5(, k}, for which 1 > ¢, and k <=3 As such, the backfiliing
threshold may be a threshold for determining when conditions (2. g., available network
bandwidth} may allow the streaming device to backfill a buffer area with higher quality (e.g.,
from a higher layer) segments from an earlier time period.

{0050} FIG. 8 shows an example three-layer buffer model using two buffer thresholds for
scheduling determunation. As shown, layer 2 may depend on layer 1, and laver I may depend on
layer 0. Layers 1 and 2 may be enhancement layers. The underflow thresholds of layer 1 and
layer 2, UF|1} and UF|[2}], may be set to zero. The buffer fullness of each layer may be
determined by the total number of multi-laver segments avatablc in the buffer.

{0051} Referring back to FIG. 5, the buffer adaptation modeale 406 mayv be coupled to the
segment downloader 404 and/or bandwidth estimator 402, As such, the buffer adaptation
module 406 may have access to the segment downloader 404 and/or bandwidth estimator 402
At a given decision point, the streaming device {¢.g., via the buffer adaptation module 406) may
request a segment (2.2, a BL segment or an EL segment} from the streaning server, for example
based on the current buffer status and/or the most up-to-date bandwidth estimate. Buffer
underflow may occur in a buffer arca when a video decoder has fetched so much data from the
buffer arca for decoding that the remaining data in the butfer area falls below the threshold
UF:]. As described herein, UF[i] may be greater than zero for a base laver buffer or the baffer
of an independent non-base laver. For simplification purposes and without loss of generality, the
disclosure herein denotes UF[i] as UF. The buffer adaptation module 406 may maintain the
number of segments in a buffer arca above UF (2.g., to minimize the risk of mterrupted

playback). For example, when the number of segments in the base-layer buffer area falls below
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UF, the buffer adaptation module 406 may download one or more base layer segments (e.g.,
regardless of the available network bandwidth} in order to fill the base layer buffer as soon as
possible. After the base-layer buffer arca is filled to a level above the underflow threshold, the
streaming device may continue to download base laver segments until the number of buffered
segments reaches the backfilling threshold BF{0] of the base layer buffer area. At that point, the
buffer adaptation module 406 may decide to download one or more carlier segments {e.g.,
segraents with carlier playback tine} from a higher quality laver. The buffer adaptation module
406 may decide to download base layer segments with future playback times. The decision may
be made based on various factors discussed herein including, for example. an estimated available
network bandwidth.

{00521 The value of the backfilling threshold may be adjusted, for example to balance
between consistent video guality and fast adaptation to bandwidth vanations. For instance, with
a high backfilling threshold, the streaming device mayv obtain consistent video playback guality
when bandwidth changes, but may not be able to switch to higher quality video quickly when
more bandwidth becomes available. On the other hand, with a low backfilling threshold, the
streaming device may be able to switch to high quality video more quickly when bandwidth
increases, but may suffer from inconsistent service quality when bandwidth fluctuates. The
backfilling threshold of a lugher laver may be set to a value equal 1o or less than the backfilling
threshold of a lower layer on which the higher laver depends {e.g., BFj+1] <= BF[i]).

{0053] A consideration for download scheduling may be the initial fullness level of the
buffer space (e.g., the number of scgments buffered before playback may start at the beginning
of the streaming process). The level may be configured differently for different applications.
For example, a high initial buffer level may result in extra delay for the playback, while a low
nttial buffer level may not be sufficient to prevent buffer underflow. In some examples (e.g., the
video streaming device shown m FIG. 5}, the initzal buffer level may be set for the base layer
buffer only, and playback may start when a number of base layer segments {e.g., M} have been
downloaded into the base layer buffer. The value of M may be equal to or greater than UF[0],
but lcss than or cqual to BF[0], for example. The streaming device may download M base layer
segmenis nto the bufter before starting other operations of the streaming device {¢.g., the SHVC
Mux and decoder 408 and/or the rendering module 410, as shown m FIG. 3},

{0054} To reduce quality vanation during playback, the j-th segment of the i-th laver, 5(,
1}, may be downloaded 1t the estimated available bandwidth is sufficiently large {e.g., higher than
the bitrate of 5(:,1)) and the backfilling threshold of one or more lower layers has been reached.

As such, the quality of buffered segments may be incrementally enhanced by making sure that a
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sufficient number of segments from the i-th laver are downloaded before downloading a segment
from the (i-+1)-th layer. For example, when the buffer fullness of the i-th layer is less than the
backfilling threshold BF{il, the streaming device may request to download a segment from the 1-
th layer mstead of a segment from a higher laver (e.g., a k-th layer, where k > 1).
{0035] When the buffer fullness Fli-1] of the (i-1}-th layer reaches the backfilling
threshold BF}i-11, the streaming device {e.g., via the buffer adaptation modole 406} may perform
buffer backfilling (c.g., to select an appropriate segment from a bigher layer such as the i-th
laver} based on one or more considerations. These may tnclude, for example, the size of the
segment {¢.z., 5[4, 1], which may be measured in terms of bits or bytes), the duration of the
segment (114, 1), the decoding time of the segment {B{1, 1), and/or the estimated network
bandwidth (BWij]). A segment may be selected such that it may be downloaded completely
before being extracted from the buffer for decoding and display. The following formulas and/or
figures may itlustrate the selection process descubed herein. For simplicity purposes, the
scheduling of segments from the i-th layer are provided herein and the index *07 is omitted from
the description.
{0056} FIG. 9 shows an example of segment downloading and/or decoding. For
ithustration purposes, each segment is assumed o have the same duration (1), but may have a
same or different segment size (S{j]). The display time D{j] of a scgment § may depend on the
frame rate at which the corresponding video content 1s captured. As shown in Equation (4}, the
display time of the (j+1)-th segment may be estimated based on the display time Djj] of the j-th
segrent and the duration of the j-th scgment:

D+ 1l=Dlji+T 4
Given a current time £, the mimmum bandwidth minBW/{j} for downloading the j-th segment
may be derived by dividing the segment size 5{i] by the time between the current time t and the

digplay time D{j] of the j-th segment, as shown 1n Equation {5) below:

mingw(j] = S[j1/(0}f] — O )

The maximum download time {Dwij]) for the j-th scgment may be determined as the difference
between the display time D{j] and the current time t {e.g., as D[] — t). The maximum download
time for the {j+1}-th segment may be determined as the difference between the display time for
the (j+1-th segment, D{j+1}, and the current time t{c.g., as D{j+1} 1}, and further as shown
below in Equation (6} (¢.g., by substituting D{ij+7T for Dlj+1})

Dwli+ =D+ 1l -t=Dl+T ¢ {6)
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Accordingly, the munimuom bandwidth required to download the (j+1)-th segment, mmBW{[j+1],
may be determined by dividing the segment size of the {j+1)-th segment by the maximum

download tuae of the (j+1)-th segment, as shown in Equation (7).

. . Sj+1] Sli+1]
minBW il = — = 7
U+1] pwij+il  BUj+T-t (7)
10037} Assuming each segment in the given example has approximately the same size §

(S[1] = Sfj+1] = 8), the minimum bandwidth for downloading the (§+1)-th segment candidate
may be less than the mmimum bandwidth for downloading the j-th segment candidate, which
may be true at least as the segment index increases. Based on the estimated bandwidth, the
streaming device {2.g., via a segment scheduler) may decide to skip one or more segments until
the streaming device finds the k-th segment to download, where k is the smallest segment index
for which the k-th segment may be downloaded completely before its display time D{k]. More
specifically, the minimum bandwidth, minBWIk], for downloading the k-th segment should be
less than a recently estimated available network bandwidth BWes (e.g, the latest estimation of
the available network bandwidth), as shown in the following formula:

BW . = minBwlk] {8}
[0058] If one or more segments of the i-th layer do not satisfy Equation (8), the streaming
device (e.g., via a segment scheduler) may request future segments from a lower layer {e.g.,
starting from the (i-1)-th layer) unti the lower laver buffer 1s il After the i+th laver buffer
fullness reaches the backfilling threshold BF|i], the streanung device may proceed to request
segments in the next higher laver, e. g, the (1+1)-th layer. If the download of an enhancement
layer segment has been scheduled but is not completely received before its display time {e.g., due
to bandwidth fluctuation), the streaming device may ternunate the download of that enhancement
laver segment and take a different action. For example, the streaming device may keep the
partially downloaded segment (as some access units (AUs) from the segment may still be used)
or discard it.
{0059} FIG. 10 shows an example scenario where enhancement iayver downloads are
terminated due to abrupt bandwidth drop during sequential downloading. In the example, an EL
segment was not delivered mm time and the base laver buffer level fell below the underflow
threshold {(e.g., F{0] < UF}. In response, the streaming device may terminate the downloading of
the EL segment and request a new BL segment {e.g , as soon as possible). A re-muxing module

{e.g.. the SHYC Mux and decoder 408 shown in FIG. 3) may extract avatlable AUs from the
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partially downloaded EL segment, if possible, or may discard the partially downloaded EL
segment.

{0060} FIG. 11 shows an example scenario where enhancement iayver downloads are
terminated due to an abrupt bandwidth drop during parallel downloading. In such a situation,
since multiple segments may be requested simultanecusly, layer dependency may be considered.
For example, the base laver scgment may not be downloaded completely, and as a result,
simultancously downloaded enhancement layer segments may not be decoded correctly and the
bandwidth used to download the enhancement layer segments may be wasted. Accordingly, the
scheduler may continue to download segments from the current layer and may not switch to
higher laver download until, for example, sufficient number of segments of the current layer
have been buffered.

0061} FIG. 12 shows a flowchart for an example of buffer adaptation scheduling. Using
the example technique shown i FIG. 12, a streaming device may decide the index of the next
segrent to download, and may request/download the segment accordingly. The index of a laver
may be denoted as 1 {e.g., 1 =0 may mdicate that the layer is a base Iayer and 1 > 0 may indicate
that the layer is an enhancement laver). The segment indices of the i-th laver may be denoted as
mdexji]. The buffer space may be witialized first (e.g., starting with a base layer buffer arca or 1
=0}. The fullness of the buffer arca, 1], may be compared with a backfilling threshold BF{i}
associated with the buffer area. If the backfilling threshold has been reached, processing may
move 1o a high laver buffer arca (e.g., 1 =1 + 1} provided that the highest laver buffer area has
not been completed vet. §f the highest laver buffer arca has been completed, processing may
restart from the base layer (e g, by setting 1 = (). If the backfilling threshold BF{i] has not been
reached, the streaming device may determine the index of the next segment to request for layer &
The segment, S{1, mdex|i}], may be requested/downloaded. During the segment download, the
fullness of the corresponding buffer arca may be examined when a socket {e.g., each socket) of
the segment is received. If the buffer area is underflow (e g, fli] <minBli}]), the streaming
device may terminate the segment download (e.g., by submitting 3 STOP request to the server),
and begin to download a base layer segment (c.g., by setting 1 = 0). If the buffer arca is not in an
underflow state (¢.g.. ffi] >= minB[i]}, the streaming device may continue to download the
segment, S[i, indexii]], until completion. At that point, the streaming device may again check
the fullness of the buffer area, and may repeat the process described herein. The streaming
device may examine the fullness of the base layer buffer area periodically (e.g., even while a

segment is being downloaded).
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{0062} FIG. 13 shows an example of segment backfilling. The dashed line shows an
example segment request/download order. For simplicity, it is assumed here that the backfilling
threshold for cach layer ts identical (¢ g., BF{i} may be simply referred to as BF). As shown in
the example, a scheduler may first request base laver segments until the BL buffer, Bufter-0,
reaches its backfilling threshold {e.g., F{0} > BF}. The streaming device may request one or
more segments from a first enhancement layer for which a corresponding base layer segment has
already been downloaded. The enhancement laver segments may improve the guality of
previously downloaded content (e g, the four base layver segments in Buffer-0) since the
streaming device may now be able 1o play back the higher-quality segments instead of the base
laver segments. When the first enhancement laver buffer {e.g., Buffer-1) reaches its backfilling
threshold {e.g., F{1] > BF), the scheduler may select segments from a second enhancement layer
with an even higher quality. For example, the schedule may select the second segment of the
second enhancement layer to download based on Equation (7). Using the example technigues
described herein, continuous playback mayv be accomplished when there is enough bandwidth to
accommodate base layer bitrates. When extra bandwidth becomes available, it may be utilized to
download enhancement laver segments. As such, re-buffering caused by inaccurate bandwidth
cstumation may be reduced.

{00631 As described herein, the buffer adaptation scheduler may select the j-th segment
of the i-th layer based on one or more factors including, for example, estimated network
bandwidth, layer dependency, the size and/or display time of a segment, ete. Different video
scgroents, however, may contain different contents, some of which may be more important or
artistically micresting than others. For example, in a 2-hour movie, the last 20 minutes may
include a chimactic scene, and thus be more intergsting to the consumer. A ranking {e.g., a high
artistic interest value) may be given 1o a video segment associated with the last 20 minutes of the
movie indicating the segment’s importance to a streaming device. Such a ranking {e.g., an
artistic interest indicator) may be added to the high level data model of DASH. For example, the
artistic inderest indicator may be added as an additional parameter to the MPD file described
herein. A content producer may have control over how to set the value of this artistic interest
indicator for one or more video segments {¢.g., for each video segment), for example when the
video content is created on the server for streaming. A user interface may be provided {eg.,on a
content preparation server} via which the content producer may assign artistic interest valugs to
one or more video segments.

{00641 The artistic interest indicators may have different levels of granularity. For

example, content producer A may use binary values for the artistic interest indicators {e.g., with
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( mdicating normal interest and 1 indicating high interest}. Content producer B may use a 0-5 or
(-10 scale for the artistic interest indicators, with higher values indicating higher artistic interest.
{0065} Dunng scheduling, the streaming device may give higher priority to those
segmenis with higher artistic interest values. More specifically, the streaming device may take
nto account the artistic interest associated with each video segment, and request those segments
with higher artistic interest values ahead of the segments with lower artistic interest values. For
example, if a sufficient number of base layer segments have already been downloaded into the
base laver buffer {¢.g., such that the fullness of the buffer reaches or exceeds the backfilling
threshold of the buffer), the scheduler may, under the buffer adaption techniques and layer
dependency considerations described herein, determine that the i-th layer of a j-th segment
should be downloaded next. The scheduler may recognize {(e.g., based on information in the
MPD file) that a different segment (e.g., which may include a climactic scene) has been given a
higher artistic interest value than the j-th segment. Accordingly, the scheduler may attempt to
download the scgment with the higher artistic interest value (e.g., a segment from the climactic
scene) next nstead of the 1-th layer of the j-th segment. The high artistic interest segment may
have been encoded into multiple layers with varyving qualities (¢.g.. a base layer and one or more
enhancement layers, as described herein), or into a single high-quality layer. The streaming
device may give priority {o one of the layvers of the high artistic miterest segment, or to all of the
layers of the high artistic interest segment, over a low/regular artistic interest segment. After the
high artistic interest segments have been downloaded, the streaming device may revert to
downloading other video segments, for example, in accordance with the butfer adaptation
scheduling techniques described herein.

{0066} The clignt may priorttize future segments based on an indicated artistic interest
value {¢.g., regardless of how far in the future those segments cocur). For example, ifthe
segmenis corresponding to the last 20 minutes of a movie are indicated to be of high artistic
mterest value, the client may prioritize the advanced caching of high quality versions of those
segments {¢.g.. regardiess of the current streaming and playback position of the client within the
movic). Such a client may begin streaming the movie and may mitially dedicate the available
bandwidth to requesting and buffenng base layver segments {¢.g., from the beginning of the
movie to the point where the underflow threshold of the base buffer area ts satisfied}. Once the
underflow threshold is satisfied and playback has begun, the client may continue o maintain the
buffer above the underflow threshold by requesting additional base laver segments for the
content near the current plavback position, while using excess bandwidth to begin requesting the

high qualitv segments {e.g., multiple lavers or a single simulcast laver} of the last 20 minutes of
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the movie in order to cache these high quality segments in advance. When the content marked
with high artistic interest indications has been cached at high quality in advance, the client may
revert to the normal scheduling algorithm {e.g., based on both underflow and backfilling
thresholds).

{00671 The client may prioritize future segments of high artistic imnterest values based on
an artistic interest priority window size. Such a window may indicate how far in advance of the
current playback time or playvback buffering horizon segments corresponding to content with a
high artistic mterest should be prioritized for advanced caching. For example, the client may
have an artistic interest priority window size of 130 seconds. Such a client may look into the
future 180 seconds bevond the current playback time or bevond the latest time for which content
18 available in a near<term playback cache, and may priontize for advance caching high quality
content {¢.g., which has a high artistic interest indication) within that window. I the segments
corresponding to the last 20 nunutes of a movie are indicated to be of high artistic interest, the
client may use a normal scheduling algorithm (e.g., based on underflow and backfilling
thresholds, as disclosed herein} from the beginning of the movie until it reaches the point of
plaving back and/or buffering content 23 minutes before the end of the movie (i.e., 180 seconds
betore the start of the content indicated to be of high artistic intent). At this point, the client may
deternune that there is high artistic interest content within an artistic interest priority window
{e.g., which may be a sliding window} that spans 180 seconds into the future. In response, the
client may prioritize the advanced caching of high quality versions of the high artistic mterest
scgraents that fall within the artistic imterest priority window. The client may continug to
maintain the playback buffer above the underflow threshold by requesting additional base layer
segments for the content near the current playback position, while using excess bandwidth to
request the high quality segments (c.g., multiple layers or a single simulcast layer) for the hugh
artistic interest content {(e.g., in order to cache these high guality segments in advance). When
the high artistic interest content within the shding artistic interest priority window has been
cached, the client may revert to the normal scheduling algorithm (e g, based on both underflow
and backfilling thresholds). The value for artistic mterest priority window size may be set by a
content producer (e.g., it may be transnutied to the chient as a parameter in a media description
such as an MPD filey. The value for artistic interest prionity window size may be determined by
aclient {e.g., a client may use a fixed value such as 60 seconds, 180 seconds, ten minutes, etc ).
{0068} Lavered segments with high artistic interest values may be stored on the
streaming device (e.g., in the buffer space described herein). The streaming device may decide

how much high artistic interest conient to pre-fetch and/or store based on vanous considerations
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including, for example, the streaming deviee’s storage capacity. The streaming device may set a
threshold for the amount of data {¢.g., in units of megabytes) to pre-fetch and/or store. The
threshold may be a function of the artistic interest values assigned to various parts of the video
content {¢.g., the higher the artistic interest value, the more data to pre-fetch and/or store).

{00691 Scalable coding may reduce server storage requirements (e.g., in a HAS streaming
system), for example since 1t may not be necessary to store snltiple representations of the same
content with varying qualitics. When a streammng device 15 configured to receive higher quality
representations in addition to a base layer representation, bandwidth usage may increase in the
downlink because receiving two or more layers may consume more bandwidth than receiving a
stngle laver. For a video segment tagged with a high artistic interest value, the streaming device
may desire a higher quality representation than the base layer representation. More bandwidth
may thus be consumed to download both the base layer representation and the higher guality
representation {¢.g., an enhancement laver representation) for high artistic imterest content.
[0070] A hybrid coding scheme may be used to prepare video content. For example,
scalable coding may be applied to video segments with normal (e.g., low) artistic interest vakues
s that those segments may be coded mto multi-layered segments with layer dependencies.
HEVC simulcast coding may be applied to video segments with high artistic mterest values so
that those segments may be coded into single-layer, high quality segments, and a streaming
device may directly request the single-laver segments,

{0071} Mixed use of simulcast and scalable coding may achieve a tradecff between
server storage reduction and downlink traffic increase. FIG. 14 shows an example of content
preparation using mixed simulcast and scalable coding. The n-th segment in the example may
have high artistic interest, and the other segments may have normal artistic interest. A single-
laver {c.g., a medium or high quality laver) or multi-laver {e.g., low guality, medium quality, and
high quality layers) representation of the n-th segment may be created via simulcast codinbg
{e.g., without layer dependency and/or tnter laver prediction). The other segments may be coded
via scalable coding with layer dependency (e. g, the high quality faver may be dependent on the
medum quality layer, and the medium quality layer mav be dependent on the low quality layer).
Although the example in FIG. 14 shows that the scgments arc coded into three representations
{e.g.. low quality, medium geality, and high guality), any number of representations may be
created for the segments in real practice. For example, the n-th segment, which has a high
artistic interest, may be coded only in medium and high representations, and not m low

representation.

-21 -



WO 2017/100769 PCT/US2016/066171

{0072} The DASH standard may be adapted to support the hybrid scalable and simulcast
content preparation scheme described herein. For example, along the timeline of the video
content, layer dependency information may be signaled for the scgments at different time
positions. For the example depicted in FIG . 14, the DASH MPD file may indicate that layer
dependency exists for all N segments except the n-th segment. For the n-th segment, the DASH
MPD file may mdicate that there is no laver dependency among the layers representing low,
medium, and bigh quality. When the streaming device s ready to feich the n-th segment, it may
request the lighest guality representation, without requesting the two lower representations first,
{0073} The hybrid scalable and simulcast content preparation scheme may be supported
on the server side. For cxample, a streaming device may not know that there 1s no layer
dependency for a particular segment {¢.g., a high artistic interest segment). When fetching the n-
th segment, the streaming device may request all three layers in order to receive the highest
quality video. Onthe server side, an itelligent server may be aware of the fact that the n-th
scgraent has been encoded via simulcast coding, and therefore send onlv the highest layer to the
streaming device (e.g., without sending the lower layers requested by the streaming device). In
such situations, even though the streaming device may receive only the highest laver, the
streaming device may still be able to decode and display the n-th segment because the decoding
of a higher laver coded with simulcast technigues mayv not depend on the decoding of fower
layers. It should be noted that the artistic interest indication scheme described herein may be
apphed m conventional HAS segment scheduling and streaming systems {e.g.. one that does not
use scalable video codec).

{0074] The artistic interest indication may be implemented within a DASHMPD e.g  at
the representation, segment and/or sub-segment levels, to indicate various values of artistic
mterest. On the representation level, the following example syntax element may be signaled to
set interest values for a number of time periods within the video content. “0” may indicate that

an element or attribute s optional:

Element or Attribute Name | Use Description

Artisticinfo O Specifies a set of video segments with respective
assigned arfistic mierest values

{0075} The semantics of the elements and atinbutes within the Artisticinfo element may
be as shown in Table 2, where 07 may indicate that an element or atiribute 1s optional:

Table 2. Example syntax for mndicating artistic interest values
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Flement or Affribute Name | Use Description
Interestinterval 1. N Specifies an interval or segment along the

timeline of the video content

winterestValue O Specifics the artistic interest value associated
with the interval or segment defined by
(winterestStart and @interestDuration.

I not present, the value is 0

@timescale O Specifies the timescale (e.g.. in units per
seconds} that may be used to derive real-time
duration values

H not present, the value of the @timescale
attribute of the containing Representation may
be used.

If not present at any level, the value is set to L.

woanterstStart O Spectfies the start time of the interval or
segment
winterestDuration O Specifies the duration of the interval or segment

The value of the duration in seconds may be
derived by dividing the value of this attribute by
the value of (@timescale

[0076] An example DASH mmplementation may include the following. Timescale may
be ticks per second. A first interval/segment may start from the 30th second of a movie to the
90th sccond of the movie, with an wterest value of “37 {c.g., using a 0-5 scale with O
representing normal interest and 3 representing highest intercst). A second interval/segment may
start from the 100th second of the movie to the 140th second of the movie, with an interest value
of 2.7

<Artisticinfo>

<{nterestlnterval interestValue="3" timescale="90000" intcrestStart="2700000"
interestDuration="3400000" />

<InterestRegion interestValue="2" imescale="90000" interestStart="9000000"
interestDuration="36000007 />

</Artisticlnfo>
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{0077} On the segment or sub-segment level, the following attribute may be added to the
SegmentURL svitax element within Segmentlist. The attribute may be used to set an artistic
mterest value for a particular scgment or sub-segment, where “O7 may indicate that the atintbute

18 optional:

Flement or Attribute Name | Use Description
(anterestValue O Specifies the artistic interest value for the
segment.

It not present, the value is 0

{0078} Example svntax may be shown 1n the following SegmentList clement, which may
be within a Representation element in the MPD. In the example, an artistic interest of “57 is
assigned to the second segment:
<Secgmentiist duration="10">

<SegmentURL media="seg-01 mp4"/>

<SegmentURL interestValue="5" media="seg-02 mp4"/>

<SegmentURL media="seg-03 . mp4"/>

</SegmentList>

{00791 Although not shown in the examples provided herein, other elements and
attributes may be included in the MPD gyntax. For example, the bitrates at which one or more
video segments have been encoded may be indicated m the MPD file so that the streaming
device may determine whether an estimated available network bandwidih s sutticient for
downloading those video segments.
{0080} FIG. 16A depicts a diagram of an example commumnications svstem 500 in which
one or more disclosed embodiments may be implemented and/or may be used. The
communications svstem 500 may be a multiple access system that provides content, such as
voice, data, video, messaging, broadcast, etc., to multiple wireless users. The communications
system 300 may enable multiple wireless users to access such content through the sharing of
svstem resources, including wireless bandwidth. For example, the communications systems 500
may employ one or more channel access methods, such as code division multiple access
{(CDMA), time division multiple access {TDMA), frequency division multiple access (FBMA),
orthogonal FDMA (OFDMA), single~carrier FDMA (SC-FDMA), and the like.
{0081} Ag shown in FIG. 16A, the communications system 500 may include wircless

transmit/receive vnits (WTRUs) 502a, 502b, 502¢, and/or 5024 {which generally or collectively
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may be referred to as WTRU 502), a radio access network (RAN} 503/504/505, a core network
networks 512, though it will be appreciated that the disclosed embodiments contemplate any
mamber of WTRUs, base stations, networks, and/or network clements. Each of the WTRUs
302a, 5020, 502¢, and/or 5024 may be any tvpe of device configured 1o operate and/or
communicate in a wireless environment. By way of example, the WTRUs 502a, 502b, 302¢,
and/or 502d may be configured to transmit and/or reccive wireless signals and may include user
equipment (UE), a mobile station, a fixed or mobile subscriber unit, a pager, a celhular telephone,
a personal digital assistant {PDA), a smartphone, a laptop. a netbook, a personal computer, a
wircless sensor, consumer electronics, and the fike.

{00821 The communications systems 300 may also include a base station 5144 and a base
station 514b. Each of the base stations 514a, 514b may be any tvpe of device configured to
wirelessly interface with at least one of the WTRUs 5023, 502b, 502¢, and/or 5024 to facilitate
access to one or more communication networks, such as the core network 506/507/509, the
Internet 510, and/or the networks 312, By way of example, the base stations 514a and/or 514b
may be a base transceiver station (BTS), a Node-B, an eNode B, a Home Neode B, a Home eNode
B, a site controller, an access point (AP), a wircless router, and the like. While the base stations
514da, 514b are cach depicted as a single clement, it will be appreciated that the base stations
51da, 514b may mchude any number of mterconnected base stations and/or network clements.
[0083] The base station 514a may be part of the RAN 503/504/505, which may also
mnclude other base stations and/or network clements (not shown), such as a base station controlier
(BSC), a radio network controller (RNC), relay nodes, ete. The base station 514a and/or the base
station 514b may be configured to transmit and/or receive wireless signals within a particuiar
geographic region, which mayv be referred to as a cell (not shown)}. The cell may further be
divided into cell sectors. For exampie, the cell associated with the base station 514a may be
divided into three sectors. Thas, in one embodiment, the base station 514a may nclude three
transceivers, i.¢., ong for each sector of the cell. In another embodiment, the base station 514a
may cmploy multiple-mput nwltiple output (MIMO) technology and, therefore, may utilize
multiple transceivers for each sector of the cell.

{0084} The base stations 514a and/or 514b may communicate with ong or more of the
WTRUs 502a, 502b, 502¢, and/or 5024 over an air interface 515/516/517, which may be any
suitable wireless communication link (e.g., radio frequency (RF}, microwave, infrared (IR),
altraviclet {UV), visible light, etc.}. The air interface 515/516/517 may be established using any

suitable radio access techaclogy (RAT).
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{0085} More specifically, as noted above, the communications system 500 may be a
muitiple access sysiem and may emplov one or more channel access schemes, such as CBMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station 514a in the
RAN 503/504/505 and the WTRUs 502a, 302b, and/or 502¢ may implement a radio technology
such as Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access
(UTRA), which may cstablish the air interface 515/516/517 using wideband CDMA (WCDMA).
WCDMA may include communication protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA+). HSPA may meclude High-Speed Downlink Packet Access
{(HSDPA)} and/or High-Speed Uplink Packet Access (HSUPA).

{0086} In another embodiment, the base station 514a and the WTRUs 502a, 502b, and/or
502¢ may implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E-
UTRA)}, which may cstablish the air interface 515/516/517 using Long Term Evolution (L'TE)
and/or LTE-Advanced (LTE-A).

{0087} in other embodiments, the base station 314a and the WTRUs 5023, 502b, and/or
302¢ may implement radio technologies such as IEEE 802.16 (.., Worldwide Interoperability
for Microwave Access (WiIMAXS), CDMAZ000, CDMA2000 1X, CDMAZ2000 EV-DO, Interim
Standard 2000 (1S-2000), Interim Standard 95 (I5-93), Interim Standard 856 (15-856), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Evolution (EDGE},
GSM EDGE (GERAN), and the like.

[008E] The base station 514b 1in FIG. 16A may be a wireless router, Home Node B,
Home eMode B, or access point, for example, and may ufilize any suitable RAT for facilitating
wireless connectivity in a localized area, such as a place of business, a home, a vehicle, a
campus, and the like. In one embodiment, the base station 514b and the WTRUs 302¢, 5024
may implement a radio technology such as IHEE 802.11 to cstablish a wircless local arca
network (WLAN). In another embodiment, the base station 514b and the WTRUs 502¢, 502d
may implement a radio technology such as IEEE 802.15 to cstablish a wircless personal area
network (WPAN). In yvet another embodiment, the base station 514b and the WTRUs 502¢,
502d may utilize a cellular-based RAT (e.g., WCDMA, CDMAZ2000, GSM, LTE, LTE-A, ctc.)
to establish a picoccll or femtocell. As shown in FIG. 16A, the base station $14b may have a
direct connection io the Internet 510, Thus, the base station 514b may not be required to access
the Internet 510 via the core network 306/507/509.

{00891 The RAN 503/504/505 may be in communication with the core network
506/507/509, which may be any type of network configared to provide voice, data, applications,

and/or voice over intemet protocol (VolP) services to one or more of the WTRUs 5023, 5025,
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302¢, and/or 502d. For example, the core network 506/507/509 may provide call control, billing
services, mobile location-based services, pre-paid calling, Internet connectivity, video
distribution, ¢tc., and/or perform high-level security functions, such as user authentication.
Although not shown in FIG. 164, 1t will be appreciated that the RAN 303/304/5303 and/or the
core network 306/307/509 may be in direct or indireet communication with other RANs that
employ the same RAT as the RAN 503/504/505 or a different RAT. For example, in addition to
being connected to the RAN 503/504/505, which may be utilizing an E-UTRA radio technology,
the core network 506/507/509 may also be in communication with another RAN {not shown)
emploving a GSM radio technology.

{0090} The core network 506/507/509 may also serve as a gateway for the WTRUs 502a,
502b, 302¢, and/or 302d to access the PSTN 508, the Internet 510, and/or other networks 512,
The PSTN 50& may include circunt-switched telephone networks that provide plain old telephone
service {POTS). The Intemet 510 may nclude a global system of interconnected computer
networks and devices that use common communication protocols, such as the transmission
control protocol (TCP}, user datagram protocol (UDP) and the intemet protocol (IP) in the
TCP/IP internet protocol suite. The networks 312 may include wired or wireless
communications networks owned and/or operated by other service providers. For example, the
networks 312 may mclude another core network connected to one or more RANs, which may
employ the same RAT as the RAN 503/504/505 or a different RAT.

{0091} Some or all of the WTRUs 502a, 502b, 502¢, and/or 5024 i the communications
systera 500 may include multi-mode capabilitics, 1.¢., the WTRUs 502a, 502b, 502¢, and/or 562d
may include multiple transeetvers for communicating with different wireless networks over
different wircless links. For example, the WTRU 302¢ shown in FI(. 16A may be configured to
communicate with the base station 514a, which may employ a cellular-based radio technology,
and with the base station 514b, which may employ an IEEE 802 radio technology.

{0092 FIG. 16B depicts a system diagram of an example WTRU 302, Ag shown in FIG.
168, the WTRU 502 may include a processor 518, a transceiver 520, a transmit/receive element
522, a speaker/microphone 524, a keypad 526, a displav/touchpad 528, non-removable menmory
530, removable memory 532, a power source 334, a global positioning system (GPS) chipset
336, and other peripherals 138, It will be appreciated that the WTRU 502 may mclude any sub-
combination of the foregoing elements while remaining consistent with an embodiment.  Also,
embodiments contemplate that the base stations 514a and S14b, and/or the nodes that base
stations 514a and 514b may represent, such as but not limited to transceiver station (BTS), a

Mode-B, a site controller, an access point {AP), a home node-B, an evolved home node-B
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{eNodeB}, a home evolved node-B (HeNB), a home evolved node-B gateway, and proxy nodes,
among others, may include some or all of the clements depicted 1n FIG. 16B and described
herein.

{00931 The processor 518 may be a general purpose processor, a special purpose
processor, a conventional processor, a digital signal processor (ISP), a plurality of
WUCTOPrOCessOrs, ONe OF MOTe MICIOPTocessors in association with a DSP core, a controler, a
nicrocontrolier, Application Specific Imtegrated Circutts {ASICs), Field Programamable Gate
Array (FPGAs) circuits, any other tvpe of integrated circuit (IC), a state machine, and the hke.
The processor 518 may perform signal coding, data processing, power control, inpuat/output
processing, and/or any other functionality that cnables the WTRU 502 to operate i a wircless
environment. The processor 518 may be coupled to the transceiver 520, which may be coupled
to the tramsmit/receive element 522, While FIG. 16B depicts the processor 518 and the
transceiver 520 as separate components, it may be appreciated that the processor 518 and the
transceiver 520 may be integrated together in an electronic package or chip.

{0094} The transmit/receive element 322 may be configured to transmut signals to, or
recetve signals from, a base station {¢.g., the base station 514a) over the air interface
515/516/517. For example, in one embodiment, the transmit/receive element 522 may be an
antenna contigured to transmit and/or receive RF signals. In another embodiment, the
transmit/receive clement 522 may be an emitter/detector configured to transmit and/or receive
IR, UV, or visible light signals, for example. In yet another cnbodiment, the transmit/receive
clement 522 may be configured to transmit and receive both RF and hight signals. It will be
appreciated that the transmit/receive element 522 may be configared to transmit and/or receive
any combination of wircless signalg,

[0095] In addition, although the transmit/receive element 522 is depicted in Fi(. 16B as
a single clement, the WTRU 3502 may include any number of transmit/receive elements 522,
More specifically, the WTRU 502 may employ MIMQ technology. Thas, in one embodiment,
the WTRU 502 may include two or more transmit/receive ¢lements 522 {e.g., multiple antennas)
for transmitting and receiving wircless signals over the air interface 515/516/517.

{0096} The transceiver 520 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 522 and to demodulate the signals that are received
by the transmit/receive element 522. As noted above, the WTRU 502 may have nmulti-mode
capabilities. Thus, the transceiver 320 may mclude multiple transceivers for enabling the WTRU

302 to communicate via multiple RATs, such as UTRA and IEEE 802 11, for example.
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{0097} The processor 518 of the WTRU 502 may be coupled to, and may receive user
input data from, the speaker/microphone 524, the keypad 526, and/or the displav/touchpad 528
(c.g., a liquid crystal display (LCD) display unit or organic light-cmitting diode (OLED) display
umit). The processor 518 may also output user data to the speaker/microphone 324, the keypad
526, and/or the display/touchpad 528. In addition, the processor 518 may access information
from, and store data in, any type of sutable memory, such as the non-removable memory 530
and/or the removable memory 532, The non-removable memory 530 may include random-
access memory {RAM), read-only memory (ROM), a hard disk, or any other type of memory
storage device. The removable memory 332 may inchide a subscriber identity module (SIM)
card, a memory stick, a secure digital (5) memorv card, and the like. In other embodiments,
the processor 518 may access information from, and store data in, memory that is not physically
located on the WTRU 502, such as on a server or a home computer {not shown).

{0098] The processor 518 may receive power from the power source 534, and may be
configured to distribute and/or control the power to the other components o the WTRU 502,
The power source 534 may be any suitable device for powering the WTRU 502, For example,
the power source 534 may mchude one or more dry cell batteries {e.g., nickel-cadnmuum (Ni(d},
nickel-zinc (NiZn), nickel metal hydride (NiMH), hithium-ion (Li-ion), cic.), solar cells, fuel
cells, and the like.

{00991 The processor 518 may also be coupled to the GPS chipset 536, which may be
configured to provide location mformation {e.g., longitude and latitude) regarding the current
location of the WTRU 502, In addition to, or in licu of, the mformation from the GPS chipset
336, the WTRU 502 may receive location mformation over the air interface 515/516/517 from a
base station {¢.g.. base stations 514a, 514b) and/or determine #ts location based on the timing of
the signals being received from two or more nearby base stations. It will be appreciated that the
WTRU 502 may acquire location mformation by way of any suitable location-determination
method while remaining consistent with an embodiment.

[0100] The processor 518 may further be coupled to other peripherals 338, which may
include one or more software and/or hardware modules that provide additional features,
functionahity and/or wired or wireless connectivity. For example, the penpherals 138 may
include an accelerometer, an e-compass, a sateliite transcetver, a digital camera (for photographs
or video), a anrversal sertal bus (USB) port, a vibration device, a television transceiver, 3 hands
free headset, a Bluetooth® module, a frequency modulated (FM) radio unit, a digital music

player, a media player, a video game player module, an Internet browser, and the like.
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{0101} FIG. 16C depicts a system diagram of the RAN 503 and the core network 506
according to an embodiment. As noted above, the RAN 503 may employ a UTRA radic
technology to communicate with the WTRUs 502a, 502b, and/or 502¢ over the air intertace 515,
The RAN 503 may also be in communication with the core network 506, As shown m FIG. 16C,
the RAN 303 may inchide Node-Bs 540a, 540b, and/or 540¢, which may cach include ong or
more transceivers for communicating with the WTRUs 302a, 302b, and/or 502¢ over the air
wnterface 515, The Node-Bs 540a, 540b, and/or 540¢ may cach be associated with a particular
cell (not shown) within the RAN 503. The RAN 503 may also inclode RNCs 5422 and/or 542b.
it will be appreciated that the RAN 503 may include any number of Node-Bs and RNCs while
remaining consistent with an embodiment.

{0102} Ag shown in FIG. 16C, the Node-Bs 540a and/or 540b may be in communication
with the RNC 542a. Additionally, the Node-B 540c¢ may be m communication with the
RNC542b. The Node-Bs 540a, 540b, and/or 540¢ may communicate with the respective RNCg
542a, 542b via an lub interface. The RNCs 542a, 542b may be in communication with one
another via an Yor interface. Hach of the RNCs 3424, 542b may be configured to control the
respective Node-Bs 540a, 540b, and/or 540¢ to which it is connected. In addition, cach ofthe
RNCs 54Za, 542b mayv be configured to carry out or support other functionality, such as outer
foop power control, load control, admission control, packet scheduling, handover control,
macrodiversity, security functions, data encryption, and the hike.

10103} The core network 506 shown 1 FEG. 16C may include a media gateway (MGW)
544, a mobile switching center {(MSC) 346, a serving GPRS support node (SGSN) 348, and/or a
gateway GPRS support node (GGSN) 550, While cach of the foregoing clements are depicted as
part of the core network 506, 1t will be appreciated that any one of these elements may be owned
and/or operated by an entity other than the core network operator.

{0104} The RNC 542a in the RAN 303 may be connected to the MSC 546 n the core
network 506 via an JuCS mterface. The MSC 546 may be connected to the MGW 544, The
MSL 5346 and the MGW 544 may provide the WTRUs 502a, 502b, and/or 502¢ with access to
circuit-switched networks, such as the PSTN 508, to facilitate communications between the
WTRUs 502a, 502b, and/or 502¢ and traditional land-hine communications devices.

{0105} The RNC 5422 in the RAN 503 may also be connected to the SGSN 548 in the
core network 506 via an 1uPS interface. The SGSN 348 may be connected to the GGSN 350,
The SGSEN 348 and the GGSN 350 may provide the WTRUs 502a, 502b, and/or 502¢ with
access 1o packet-switched networks, such as the Internet 310, 1o facilitate communications

between and the WTRUs 5023, 502b, and/or 502¢ and 1P-enabled devices.
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{0106} As noted above, the core network 506 may also be connected to the networks 512,
which may include other wired or wireless networks that are owned and/or operated by other
service providers.

{0107} FIG. 16D depicts a system diagram of the RAN 504 and the core network 507
according to an embodiment. As noted above, the RAN 504 may employ an E-UTRA radic
technology to communicate with the WTRUs 502a, 502b, and/or 502¢ over the air interface 516,
The RAN 504 may also be in communication with the core network 507,

{0108} The RAN 304 may include eNode-Bs 560a, 560b, and/or 560c, though 1t will b
appreciated that the RAN 504 may include anv number of eMNode-Bs while remaining consistent
with an embodiment. The eMNode-Bs 560a, 560b, and/or 560¢ may cach include one or more
transceivers for communicating with the WIRUs 502a, 502b, and/or 5302¢ over the air interface
316. In one embodiment, the eNode-Bs 560a, 560b, and/or 560¢ may mplement MIMO
technology. Thus, the eNode-B 560a, for example, may use multiple antennas to transmit
wireless signals to, and receive wircless signals from, the WTRU 502a.

{0109} Each of the eNode-Bs 560a, 560b, and/or 560¢ may be associated with a
particular cell {not shown} and may be configured to handle radic rescurce management
decistons, handover decisions, scheduling of users in the uplink and/or downlink, and the like.
As shown in FIG. 16D, the eNode-Bs 560a, 360b, and/or 560c¢ may comnunicate with one
another over an X2 interface.

{0110} The core network 507 shown in FIG. 16D may include a mobility management
gateway (MME) 362, a serving gateway 564, and a packet data network (PDN) gateway 566
While cach of the foregoing clements are depicted as part of the core network 507, 1t will be
appreciated that any one of these elements may be owned and/or operated by an entity other than
the core network operator.

{01111 The MME 562 may be connected to each of the eNode-Bs 560a, 560b, and/or
360¢ in the RAN 504 via an S1 mterface and may serve as a control node. For example, the
MME 562 may be responsible for authenticating users of the WTRUs 502a, 502b, and/or 502¢,
bearer activation/deactivation, selecting a particular serving gateway during an mitial attach of
the WTRUs 302a, 302b, and/or 502¢, and the like. The MME 562 may also provide a control
plane function for switching between the RAN 504 and other RANSs (not shown} that employ
other radio technologies, such as GSM or WCDMA.

{0112} The serving gateway 364 may be connected to each of the eNode-Bs 560a, 560b,
and/or 560¢ in the RAN 504 via the S1 interface. The serving gateway 564 may generally route

and forward user data packets tofrom the WTRUs 502a, 502b, and/or 502¢. The serving
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gateway 364 may also perform other functions, such as anchoring user planes doring inter-cNode
B handovers, triggering paging when downlink data is available for the WTRUs 5023, 502b,
and/or 502¢, managing and storing contexts of the WTRUs 502a, 502b, and/or 502¢, and the like,
{0113} The serving gateway 364 may also be connected to the PDN gateway 366, which
may provide the WTRUs 502a, 502b, and/or 502¢ with access to packet-switched networks, such
as the Internet 510, to facilitate communications between the WTRUs 502a, 502b, and/or 302¢
and 1P-enabled devices.

{0114] The core network 507 may facilitate communications with other networks. For
example, the core network 507 mayv provide the WTRUs 502a, 502b, and/or 502¢ with access to
circuit-switched networks, such as the PSTN 508, to facilitate communications between the
WTRUs 502a. 502b, and/or 502¢ and traditional land-line commumnications devices. For
example, the core network 507 may include, or may communicate with, an IP gateway {e.g., an
IP multimedia subsystem {IMS) server) that serves as an interface between the core network 507
and the PSTN 508, In addition, the core network 507 may provide the WTRUs 502a, 502b,
and/or 302¢ with access to the networks 512, which may include other wired or wireless
networks that are owned and/or operated by other service providers.

{0115} FIG. 16K depicts a system diagram of the RAN 5035 and the core network 509
according to an embodiment. The RAN 505 may be an access service network {ASN) that
cemploys IEEE 802.16 radio technology to communicate with the WTRUs 502a, 502b, and/or
502¢ over the air interface 317, As will be further discussed below, the communication links
between the different functional entities of the WTRUs 502a, 502b, and/or 502¢, the RAN 505,
and the core network 509 may be defined as reference points.

{0116} As shown in FIG. 16E, the RAN 505 may include base stations 5803, 580b,
and/or 580c, and an ASN gateway 382, though it will be appreciated that the RAN 503 may
mclude any nmumber of base stations and ASN gateways while remainimg consistent with an
embodiment. The base stations 580a, 580b, and/or 580¢ may each be associated with a particular
cell (not shown) in the RAN 305 and may each melude one or more transceivers for
communicating with the WTRUs 502a, 502b, and/or 502¢ over the air interface 517, In one
embodiment, the base stations 580a, 580b, and/or 580¢ may implement MIMO technology.
Thuis, the base station 380a, for example, may use multiple antennas to transmit wireless signals
to, and receive wireless signals from, the WTRU 502a. The base stations 580a, 580b, and/or
580c may also provide mobility management functions, such as handoff tnggering, tunnel
catablishment, radio resource management, traffic classification, quality of service (QoS) policy

enforcement, and the like. The ASN gateway 582 may serve as a traffic aggregation point and
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may be responsible for paging, caching of subsceriber profiles, routing to the core network 509,
and the like.

{0117} The air interface 517 between the WTRUs 502a, 502b, and/or 502¢ and the RAN
505 may be detined as an R reference pomt that mmplements the IEEE 802.16 specification. In
addition, each of the WTRUs 502a, 502b, and/or 502¢ may establish a logical mterface (not
shown} with the core network 509, The logical interface between the WTRUs 502a, 502b,
and/or 502¢ and the core network 509 may be defined as an R2 reference point, which may be
used for authentication, authorization, IP host configuration management, and/or mobility
management.

{0118} The communication link between each of the base stations 580a, 580b, and/or
580c may be defined as an R8 reference point that includes protocols for facilitating WTRU
handovers and the transfer of data between base stations. The communication hink between the
base stations 580a, 580b, and/or 580c and the ASN gateway 582 may be defined as an R6
reference point. The R6 reference point may include protocols for facilitating mobility
management based on mobility events associated with cach of the WTRUs 502a, 502b, and/or
302¢.

{0119} As shown in FIG. 16E, the RAN 505 may be connected to the core network 509,
The communication Iink between the RAN 505 and the core network 509 may defined as an R3
reference point that includes protocols for facilitating data transter and mobdity management
capabilitics, for example. The core network 309 may include a mobile IP home agent (MIP-HA)
584, an authentication, authorization, accounting (AAA) server 586, and a gateway 588, While
each of the foregoing elements are depicted as part of the core network 309, 1t will be
appreciated that any one of these elements may be owned and/or operated by an entity other than
the core network operator.

{01201 The MIP-HA may be responsible for IP address management, and may enable the
WTRUs 502a, 302b, and/or 502¢ to roam between different ASNs and/or different core
networks. The MIP-HA 584 may provide the WTRUs 502a, 5302b. and/or 502¢ with access to
packet-switched networks, such as the Intemet 510, to facilitate communications between the
WTRUs 502a, 502b, and/or 502¢ and TP-enabled devices. The AAA server 586 may be
responsible for user authentication and for supporting user services. The gateway 588 may
facilitate interworking with other networks. For example, the gateway 388 may provide the
WTRUs 502a. 502b, and/or 502¢ with access to circutt~switched networks, such as the PSTN
508, o facilitate commumications between the WIRUs 3024, 3025, and/or 502¢ and traditional

land-line communications devices. In addition, the gateway 588 may provide the WTRUs 502a,
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502b, and/or S02¢ with access to the networks 512, which may include other wired or wireless
networks that are owned and/or operated by other service providers.

{0121} Although not shown in FIG. 16E, i should, may, and/or will be appreciated that
the RAN 505 may be connected to other ASNs and the core network 309 may be connected to
other core networks. The communication link between the RAN 5035 the other ASNs may be
defined as an R4 reference point, which may include protocols for coordinating the mobility of
the WTRUs 502a, 502b, and/or 502¢ between the RAN 505 and the other ASNs. The
communication link between the core network 509 and the other core networks may be defined
as an R3 reference, which may include protocols for facilitating interworking between home core
networks and vistted core networks.

{0122} Although features and elements are described above in particular combinations,
one of ordinary skill in the art will appreciate that cach feature or element can be used alone or in
any combination with the other features and clements. In addition, the methods descrbed herein
may be implemented in a computer program, sofiware, or firmware incorporated in a computer-
readable medium for execution by a computer or processor. Examples of computer-readable
media include electronic gignals (transmitted over wired or wireless connections) and computer-
readable storage media.  Examples of computer-readable storage media include, but are not
fimited to, a read only memory (ROM]), a random access memory (RAM), a register, cache
memory, semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CI-ROM disks. and digital
versatile disks (DVI1s). A processor in association with software may be used to implement a
radio frequency transceiver for use in 3 WTRU, UE, terminal, base station, RNC, or any host

computer.
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What is Claimed:
I A method for streaming video content, the method comprising:

receiving a description of the video content, wherein the video content comprises a first
video segment and a second video segment and the description comprises respective indications
of artistic interest associated with the first and second video segments;

determining, based on a set of rules, that the first video segment should be requested
ahead of the second video scgment;

comparing the artistic interest associated with the first video segment with the artistic
interest agsociated with the second video segment; and

on a condition that the artistic interest associated with the sccond video segment is greater
than the artistic mnterest associated with the first video segment,

requesting the second video segment from a server ahead of the first video scgment.

2. The method of claim 1, wherein the description of the video content is received in a

media presentation description (MPD) file.

3. The method of claim 1, wherein the description of the video content further compriscs
respective starting times and durations associated with the first video segment and the second

video segment.

4 The method of claim 1, wherein the description of the video content further comprises
respective umiform resource locators (URLs) associated with the first video segment and the

second video segment.

3. The method of clamm 1, wherein the indications of artistic interest associated with the fivst

and second video segments each comprise a numeric value that falls within a range.

6. The method of claim 1, wherein the first video segment comprises a base layer
representation encoded at a base bitrate and an enhancement laver representation encoded at an
enhanced bitrate that is higher than the base bitrate, wherein the enhancement layer
representation depends oo the base layer representation for decoding, and wherein determining,
base on the set of rules, that the first video segment should be requested comprises:
determining that the base laver representation of the first video segment has been

downloaded; and
-3
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determining that the enhancement layer representation of the first video segment should

be requested.

7. The method of claim 6, further comprising allocating buffer epace for storing the video
content, wherein the buffer space comprises a base buffer area for storing at least the base layer
representation of the first video segment and an enhancement buffer area for storing at least the

enhancement laver representation of the first video segment.

g. The method of claim 7, wherein the base buffer area is associated with an underflow
threshold and a backfilling threshold, wherein the backfilling threshold is higher than the
underflow threshold, and wherein, according to the set of rules, a fullness of the base buffer area

1s to be maintained between the underflow threshold and the backfilling threshold.

9. The method of claim 8, wherein, according to the set of rules, the enhancement laver
representation of the first video segment 1s to be requested only when the fullness of the base

buffer arca reaches or exceeds the backfilling threshold.

10.  The method of claim 1, wherein the second video segment compnises a single-layer
representation, and wherein requesting the second video segment from the server comprises

requesting the single-layer representation of the second video segment from the server.

11, The method of claim 1, further comprising estimating an available network bandwidth for
downloading the video content by taking multiple measurements of a network throughput at
different times and deriving the available network bandwidth based on a weighted average of the

measurements.

12, 'The method of claim 11, whercin more weight is given to a more recent measurement of
the network throughput than to an carlier measurement of the network throughput when

estimating the available network bandwidth.

13, Fhe method of claim 1, wherein the video content further comprises a third video
segment and a four video segment each encoded info a base laver representation at a base bitrate
and an enhancement layer representation at an enhanced bitrate, and wherein the method of

claim 1 further comprises:
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determining that the base layer representations of the third and fourth segments have begn
downloaded;

cstunating an available network bandwidth;

calculating respective minimum bandwidths required to download the enhancement laver
representations of the third and fourth video segments based on the size, duration, and playback
time of cach of the enhancement layer representations;

comparing the available network bandwidth with the respective mintmunm bandwidths
required to download the enhancement layer representations of the third and fourth video
segments; and

hased on a determination that the available network bandwidth is equal to or greater than
the munimum bandwidth required to download the enhancement layer representation of the
fourth video segment and less than the minimam bandwidth required to download the
enhancement layer reprosentation of the third video segment, requesting the enhancement layer
representation of the fourth video segment ahead of the enbancernent layer representation of the

third video segment.

14. A device for streaming video content, comprising;

a processor configured to:

receive a description of the video content, wherein the video content comprises a first
video segment and a second video segment and the description comprises respective indications
of artistic interest associated with the first and second video segments;

determine, based on a set of rules, that the first video segment should be requested ahead
of the second video segment;

compare the artistic interest associated with the first video segment with the artistic
interest associated with the second video segment; and

on a condition that the artistic interest associated with the second video segment is greater
than the artistic interest associated with the first video segment,

request the second video segment from a server ahead of the first video segment.

15, Fhe device of claim 14, wherein the processor i1s configured to receive the description of

the video content in a media presentation description (MPD) file,
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16,  Fhe device of claim 14, wherein the description of the video content further comprises
respective starting times and durations associated with the first video segment and the second

video segment.

17, The device of claim 14, wherein the deseription of the video content further comprises
respective uniform resource locators (URLs) associated with the first video segment and the

second video segment.

18. The device of claim 14, wheremn the indications of artistic mterest associated with the

first and second video segments cach comprise a numeric value that falls within a range.

19, The device of claim 14, wherein the first video segment comprises a base laver
representation encoded at a base bitrate and an enhancement layer representation encoded at an
enhanced bitrate that is higher than the base bitrate, wherein the enhancement laver
representation depends on the base layver representation for decoding, and wherein the processor
being configured to determine, base on the set of rules, that the first video segment should be
requested comprises the processor being configured to:

determine that the base layer representation of the first video segment has been
downloaded; and

determine that the enhancement layver representation of the first video segment should be

requested.

20, The device of claim 19, wherein the processor 1s further configured to aliocate buffer
space for storing the video content, wherein the buffer space comprses a base buffer arca for
storing at least the base layer representation of the first vide segment and an enhancement buffer

area for storing at least the enhancement layer representation of the first video segment.

21, The device of claim 20, wherein the base buffer area is associated with an underflow
threshold and a backfilling threshold, wherein the backfilling threshold is higher than the
underflow threshold, and wherein, according to the set of rules, the processor is configured to
maintain a fullness of the base buffer area between the underflow threshold and the backfilling

threshold.
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22, The device of claim 21, wheremn, according to the set of rules, the processor is configured
to request the enhancement layer representation of the first video segment only when the fullness

of the base buffer arca reaches or exceeds the backfilling threshold.

23, The device of claim 14, wherein the second video segment comprises a single-layer
representation, and wherein the processor being configured to request the second video segment
from the server comprises the processor being configured to request the single-layer

representation of the sccond video segment from the server.

24, The device of claim 14, wherein processor is further contigured to estimate an available
network bandwidth for downloading the video content by taking multiple measurements of a
network throvghput at different times and deriving the available network bandwidth based on a

weighted average of the measurements.

25, The device of claim 24, wheremn the processor is configured to give more weight to a
more recent measurement of the network throughput than 1o an carlier measurement of the

network throughput when estimating the available network bandwidth.

26, The device of claim 14, wherein the video content further comprises a third video
segment and a four video segment cach encoded into a base layer representation at a base bitrate
and an cohancement layer representation at an enhanced bitrate, and wherein the processor s
further configured to;

determine that the base layer representations of the third and fourth segments have been
downloaded;

cstimate an available network bandwidih;

calculate respective minimum bandwidths required to download the eshancement layer
representations of the third and fourth video segments based on the size, duration, and playback
time of cach of the enhancement layer representations;

compare the available network bandwidth with the respective minimum bandwidths
required to download the enhancement layer representations of the third and fourth video
segments; and

based on a determination that the available network bandwidih is equal to or greater than
the minimum bandwidth required to download the enhancement layer representation of the

fourth video segment and Icss than the minimom bandwidth required to download the
-39 -
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enhancement layer representation of the third video segment, request the enhancement layer
representation of the fourth video segment ahead of the enhancement layer representation of the

third video segment.

)
3

A method for streaming video content, the method comprising:
receiving a description of the video content, wherein the video content comprises a first
video segment associated with a first time period of the video content and a second video
segment associated with a second time period of the video content, the first time period is earlier
than the second time period, and the descrniption comprises respective indications of artistic
interest associated with the first and second video segments;

comparing the artistic interest associated with the first video segment with the artistic
mnterest associated with the second video segment; and

based on a determination that the artistic interest associated with the second video
scgroent is greater than the artistic interest associated with the first video segment,

requesting the second video segment from a server ahead of the first video segment.

28.  The method of claim 27, wherein the first video scgment 15 encoded 1to a base layer
representation at a base bitrate and an enhancement laver representation at an enhanced bitrate,
the base bitrate is lower than the enhanced bitrate, and requesting the second video segment from
a server ahead of the first video segment comprises requesting a representation of the second
video segment from the server ahead of either the base layer representation or the enhancement

laver representation of the first video segment.

29.  The method of claim 28, wherein the representation of the second video segment

requested from the server has a higher bitrate than the base hitrate.
30, The method of claim 28, further comprises downloading the base layer representation of

the first video segment into a base buffer arca, wherein the second video segment is requested

only when the fullness of the base buffer arca is equal to or above a threshold.
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