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Embodiments of the present disclosure describe devices, methods, computer-readable media and systems configurations for
sighaling stereoscopic three-dimensional video content capabillities of a device In a communications network. Other embodiments

may be described and claimed.
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(57) Abstract: Embodiments of the present disclosure describe devices, methods, computer-readable media and systems configura-
tions for signaling stereoscopic three-dimensional video content capabilities of a device in a communications network. Other embod -
iments may be described and claimed.
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SIGNALING THREER BDIMENSIONAL VIDEO INFORMATION IN
COMMUNICATION NETWORKS
Field

Embodiments of the present mmvention relate generally to the hield of commumications, and
more particularly, to signaling three-dimensional video miormation i commminication
networks,

Backeround

Three-dumensional (3-13) video olfers a high-quality and immersive
multimedia experience, which has only recently become {easible on consumer electronics and
mobile platforms through advances 1 display technology, signal processing, transnussion
technology, and circuit design. 1t 18 carrently being mtroduced to the home through various
channels, including by Blu-ray Disc™, cable and satellite transmission, ctc., as well as 1o
mobiie networks through 3-13 enabled smartphones, etc. Concepts related to delivery of such
conient through wireless networks are being developed.

Brief Descoription of the Drawines

Embodiments will be readily undersiood by the tollowing detailed description
m comunction with the accompanying drawings. To {acilifate this description, hike relerence
numerals designate hke structural elements. Embodiments are illustrated by way of exampie
and not by way of limitation mn the figures of the accompanying drawings.,

Figure 1 schematically tHhustrates a wireless commumication network 1o
accordance with various embodiments.

Figures Za-b illustraie adaptation of streamed content and/or associated
session description and metadata files m accordance with various embodiments.

Figure 3 dlustrates a setup of a streaming session m accordance with an
embodiment.

Figure 4 sllusiraies {rame compatible packing formats m accordance with
various ernbodiments.

Figure 5 illustrates a method of signaling 3-D video device capabilitics in
accordance with various embodiments.

Figure 6 diustrates a method of signaling 3-D video content in accordance
with various embodiments.

Figure 7 schermatically depicts an example system in accordance with various

cmbodmments.

PCT/US2013/035839
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Pretailed Deseription

Hiustrative embodiments of the present disclosure mclude, but are not limuted
to, methods, systems, computer-readable media, and apparatuses for signahing stercoscopic
three-dimensional video content capabilifies of a chient device 1n a compuimcation network.
Some embodiments of this mvention n this context could be on methods, systems, computer-
readable media, and apparatuses for signaling stereoscopic three-dimensional video content
capabilities of a mobile device i a wireless communicaiions network.

Vartous aspects of the ilustrative embodiments will be described asing terms
commonly employved by those skilled m the art to convey the substance of their work o
others skilled m the art. However, it will be apparent to those skilied m the art that alternate
embodiments may be practiced with only some of the described aspects. For purposes of
explanation, specific numbers, materials, and configurations are set forth i order to provide a
thorough understanding of the itliustrative emabodiments. However, it will be apparent to one
skilled mn the art that alternate embodiments may be practiced without the specific details. In
other mstances, well-known features are omitted or simplified in order not {6 obscure the
thustrative embodiments.

Further, various operations will be described as multiple discrete operations, i
torn, 1 a manner that 15 most helpful m understanding the lustrative embodiments; however,
the order of description should not be consirued as to imply that these operations are
necessartly order dependent. fn particudar, these operations need not be performed o the
order of presentation.

The phrase “m sore embodiments” 1s ased repeatedly. The phrase generally
does not refer to the same embodiments; however, 1t may. The termas “comprising,” “having,”
and “mcluding” are synonymous, unless the context dictates otherwise. The phrase “A
and/or B” means (A}, (B}, or (A and B). The phrases “A/B” and “A or B” mean (A}, (B), or
(A and B), stmilar to the phrase “A and/or B”. The phrase “at least one of A, B and 7 means

AL (B CL {(Aand B)Y, (A and O), (B and O or {A, B and ). The phrase “{A)} B” means
7 2NN 2\ 7 : A 7 ‘k .
{B)or {A and B), that 15, A 13 optional.

Although specific embodimments have been illustrated and described herein, 1t
will be appreciated by those of ordinary skill i the art that a wide variety of altemate and/or
=YV $17ey § ot > sy 4 e34y ~ - N Y A EERRL =Y A en VLT T SN | " RO PPN , ‘ ¢
cquivalent implerpentations may be substituied for the specific ernbodiments shown and
described, without departing [rom the scope of the embodiments of the present disclosure.
This application 1s miended {0 cover any adaptations or vanations of the emboduments

discussed herein. Therefore, 1t s mamiestly intended that the emboduments of the present

e
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disclosure be hmited only by the claims and the equivalents thereof.

As used herein, the term “module”™ may refer 1o, be part of, or include an
Application Specific Integrated Cucunt (ASIC), an clectronic circuit, 2 processor (shared,
dedicated, or group) and/or memory (shared, dedicated, or group) that execute one or more
software or firmware programs, a combinational logic circurt, and/or other suitable
components that provide the described functionality
Stgmficant yimprovernents 1 video compression capability have been
demonstrated with the mtroduction of the H.264/MPEG-4 advanced video coding (AV()
standard. Since developing the standard, the joint video team of the ITU-T Video Coding
Experts Group {VCEG) and the Intemational Organization for Standardization
(1SOy/International Electrotechmical Commussion (IEC) Moving Picture Experts Group
(MPE) has also standardized an extension of AV that 1s referred (o as muliiview video
coding (MVC) MV provides a compact representation for multiple views of the video
scene, such as multiple synchronized video cameras.

In stereoscopic 3-D video apphcations, two views are displayed. One for the
lelt eve and one for the right eye. There are various ways of formatiing the views of
stereoscopic 3-D video content. In one embodiment, the encoding of sterco-pawred 3-0D video
may be a special case of MV, where left and right eye views are produced via MV, Other
encoding formats of producing 3-D video content are also possible. Various devices may
have difierent capabilitics with respect to decodmg and rendermng these different formats.
Embodiments described herem provide [or various parameiers of a device capability
exchange that may facibitate debivery and viewing of the 3-I video content 1n a
comnunication network such as a wireless network, ¢.g., an evolved umiversal terrestrial
radio access network (EUTRAN].

Figure 1 schematically illustrates a network environment 100 in accordance
with various embodiments. The network environment 100 imnchudes a user equipment (UE)
104, which may also be referred 1o as a client ternunal or mobile device, wirelessly coupled
with a radio access network {(RAN} 108, The RAN 108 may mclude an enhanced node base
station (eNB} 112 configured to comumunicate with the UE 104 via an over-the-air (OTA)
miteriace. The RAN 102 may be part of a third generation partnershup project (3GPP) tong-
term evolution (L TE) advanced network and may be referred to as an EUTRAN. in other
embpodiments, other radio access network technologies may be utilized.

The UE 104 may conmmunicate with a remote media server 116 through the

RAN 108, While the eNB 112 1s shown communicating divectly with the media server, it will

-3
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be understood that the communications may flow through a mumber of inlermediale
networking components, ©.g., switches, routers, gateways, ¢ic., 1n various embodiments. For
cxampie, 1in some embodiments, the RAN 108 may be coupled with a core services network
(SN} that communicatively couples the RAN 108 with a larger network, ¢.g., a wide area
network, of which the media server 116 may be considered a part.

Winle Figure 1 describes the network environment as a wireless
comrmunication network, other emboduments may be used i other types of networks, e.g.,
wire-hine networks, It may be understood that other network environments m which
cmbodiments of the present invention may be employed may mclude additional, fewer, or
different components than those explicitly shown in the example depicted m Figure 1. For
example, embodiments of the present mvention employed m a wire-hine network, may have
the media server 116 and the UE 104 communicating with one another without the RAN 108,

The UE 104 and media server 116 may have a number of components that are
conligured 1o {aciiitate access, storage, ransnussion, and display of 3-D video content. For
example, the UE 104 may mclude a content management module 120, a media plaver 124
having a streaming application 126, and a display 128, The streaming application 126 may
have sufficient functionality to receive 3-D video content and associated miormation; decode,
unpack, and otherwise re-assemble the 3-D video; and render the 3-D video on the display
i2&. In various entbodiments, the streaming application 126 may be referred to i the context
of the streaming technology employed. For example, in embodiments i which the content is
streamed by a packet-switched streaming service (PS5), the streaming application 126 may
be referred 1o as a PSS application. The content management module 120 may negotiate or
otherwise communicale streanung parameters including, ¢.g., device capabilily parameters, to
enable receipt of the data m manner that facilitates operation of the media player [24.

The media server 116 may ichide content delivery module 132 having a
streamning application 134, a content management moduie 136, and a content storage 140,
The content dehvery module 132 may encode, pack, or otherwise assemble 3-1) video
content, stored i the content storage 140, for transmission to one or more UEs, ¢.g., UE 104,
The content management module 136 may negotiate or otherwise conununicate streaming
parameters including, ¢.g., device capability parameters, and control the content delivery
module 132 1 a manner to faciitate debivery of the 3-D content.

In some embodiments, one or more of the components that are shown as being
part of the media server 116 may be disposed separately from the media server 116 and

comrmunicatively coupled with the media server over a communication hink. For example, n

-4 .
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some embodiments, content storage 140 may be disposed remotely from the content delivery
module 132 and the content management moduic 136,

in some embodiments, the content delivery module 132 may deliver, through
eNB 112 mn one example, the 3-D video conient {0 the Ub 104 1 accordance with a 3GPP
streaming standard. For example, the 3-D video content may be transmuitied in accordance
with a PSS standard, e.g., 3GPP TS 26,234 V11.0.0 (March 16, 2012}, a dynamic adaptive
strearnmng over HTTP (DASH) standard, e.g., 3GPP TH 26.247 V.11.0.0 (March 16, 2012}, a
multimedia broadeast and muallicast service (MBMS) standard, e.g., T5 26.346 V11.1.0 (June
29, 2012}, and/or an IMS-based PSS and MBMS services (IMS PSS MBMS) standard, e.g.,
TS 26,237 V.11.0.0 (hune 29, 2012). The streaming application 126 may be conligured 1o
receive the 3-D video content over any of a namber of transport protocols, ¢.g., real-time
transport protocol (RTP), hypertext transport protocol (HTTP), etc.

(Capability exchange enables media streanung scrvers, such as media server
116, 1o provide a wide range of devices with video content switable for the particular device
i question. To {acilitate server-side content negotiation for streamng, the media server 116
may determune the specific capabiiities of the UE 104,

The content management module 120 and the content management module
136 may negotiate or otherwise communicate parameters of a 3-D video content streaming
session, This negotiation may take place through session-level signaling via the RAN 108, In
some embodiments, the session-level signaling may include transmissions related to device
capabibity information that imcludes stereoscopic 3-1 video decoding and rendering
capabihities of the media plaver 124, In various embodiments, the device capability
miormation may further mclude pre-decoder bulfer size, wutial buffering., decoder capabiiity,
display properties (screen size, resolution, bit depth, ete.), streaming method (real-time
streaming protocol {(RTSPY, HTTP, ete.) adaptation support, guality of experience (Qokb)

upport, extended real-time transport protocol (RTCP) reporting support, {ast content

switching supportt, supported RTP profiles, session description protocol (SUP) attributes, etc.

During the setup of the streaming session, the content management module
136 may use the device capabihity mformation to control the content dehivery module 132 in a
manner 1o provide the UE 104 with the proper type of muuitimedia content. For example, the
media server 116 may determane which vanants of multiple avaiable varants of a video
stream are desired based on the actual capabilitics of the UE 104 to deternmine the best-suited
strears for that termunal. This may aliow for improved delivery of 3-I video content and
associated session description and metadata files, {or example SDP §ile or a media

- 5.



10

2(

25

30

CA 02868038 2014-09-19

WO 2013/155110 PCT/US2013/035839

presentation description {MPD) file, to the UE 104,

The content delivery module 132 may access the content in the content siorage
140 and adapt the content and/or associated session description and metadata files, e.g.,
SDP/MPD files, according to the negotiated session paramelers prior to dehvery of the
content/associated files. The content, when delivered to the UE 104, may be decoded by the
media player 124 and rendered on the display 12§,

Adaptation of content and/or associated session description and metadata fles
i3 shown 1n accordance with some speciiic examples with reference (o Figures Za-b, while
setup of streaming session 1s shown mn accordance with a specitic example with reference to
Figure 3.

Figure 2a tlhustrates a DASH-based streaming embodimnent with adaptation of
3-1 video formats i accordance with some embodiments. In particular, Figure 2a lhustrates
an HTTP server 2064 10 comumunication with a DASH chent 208 and uvoplementing a pull-
based streamung embodiment, 1o which the streanung control 18 mamtaimed by the chient
rather than the server, where the client downloads content from the server through a series of
HTTP-based request-response transactions after the mspection of the MPD. In DASH-based
streapung, the MPD metadata {ile provides information on the structure and different
versions of the media content representations stored 1n the HTITP server 204 (mchuiding
different bitrates, frame rates, resolutions, codec types, etc.). Based on this MPD metadata
information that describes the relation of the segments and how they form a media
presentation, DASH chient 202 may request the media segments using HTTP GET or partial

GET methods, The HTTP server 204 and DASH client 208 may be similar (o and

substanfially mterchangeable with media scrver 116 and UE 104, respectively.

in DASH, the set of 3-D video formats and corresponding content imnformation
may be signaled to the DASH chent 208 m the MPD. Depending on the capabihily profile of
the DASH chient 208 and s supported 3-D formats, the HTTP server 204 may ofter different
formatied content, ¢.g., the HTTP server 204 may exclude the 3-13 formats that are not
supported by the DASH chent 208 m the MPD and only mchide those that are supported by
the DASH chient 208, In this context, the HTTP server 204 may provide the content
optinuzed for different 3-D video formats to the DASH client 208, in doing this, the HTTP
server 204 may use the device capability exchange signalmg from the DASH chent 208
describing the vanous supported 3-D video {ormats. The DASH chent 208 may then reguest
the corresponding versions of the 3-1¥ video content supported by the DASH chent 208,
Morgover, when retrieving an MPD with HTTP, the DASH chent 208 may include 3-D video

-8 -



10

2(

25

30

WO 2013/155110

CA 02868038 2014-09-19

codee and format mformation in a GET request, mcluding any temporary adjustments to the
3-1 video formats based on profile difierence {(ProiDitt). In an exampic, the difference may
be configured to temporaridy modify one or more MPD parameters for a content presentation
session. For example, the difference may be configured to modify the MPD unti the content
presentation session ends or a subseguent difierence (corresponding {o the first
communicated difference) 1s conmmunicated to the HT TP server 204, This way the HTTP
server 204 may debiver an optimized MPD to the DASH chent 208,

Figure 2b ilhustrates an RTSP-based streaming embodiment with adaptation of

3-13 video formats 1o accordance with some embodiments. In particular, Figure Zb illustrates

a server 212 and a chient 216 mmplementing a push-based streaming method, i which the
streaming and session conirol are maintamed by the server 212 rather than the chent 216. The
server 212 and client 216 may be smmilar to and substantially mterchangeable with media
server 116 and UE 104, respectively.

Examples of push-based streamung mcelude PSS and IMS PSS MEBMAS
services based on the RTSP and session mitiation protocol {SIP), respectively. In this context,
the server 212 receives the set of supported 3-D video codecs and formats from the chient 216
and adapts the content based on this mformation, ¢.g., the server 212 selects the most suited
content version among stored content versions or dynamically transcodes the content based
on the supported 3-D video formats and streams the content to the chient 216, The session-
related metadata carried in the SPP may carry the 3-D video format miformation for the
streamed conlent.

Figure 3 shhustrates a service discovery with subscribe/motity for
IMS PSS MBMS service i accordance with some embodiments. In particular, Figure 3

thustrates miteractions between a UE 304, an IP Multimedia (IM)} Core Network (CN)

subsystem 308, and a service discovery funclion (5DF)} 312, The UE 304 may be stmilar to

and substantially interchangeable with UE 104, The IM CN subsystent 308 and the SDF 3172
may be part of a core network domain that interfaces with the aceess network domain, ¢.g.,
the RAN 103,

in the IMS PSS MBMS service, the UE 304 can send device capability
miormation, ¢.g., supportied 3-1 video codecs and formats, 1n a SIP SUBSCRIBE message 1o

the IM CN Subsystem 303 durmg service discovery. The IM CN subsystem 308 may then

forward the message (o the SDF 312. The SDE 312 determines the proper service discovery
information, ¢.g. according to the capabilities of the UE 304 as described m the user's profile
{Personahized Service Discovery). The SDF 312 may then send a SIP 200 OK message 1o the

-7 -
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IM CON subsystem 308, which is relayed (o the UE 304 to confirm the session mitialization
based on the sent device capability nformation that also mchides the supported 3-D video
codecs and formats. Afterward, the SDF 312 may send a SIP NOTIFY message, with service
discovery miormation, to the IM ON subsystem 308, which relays the SIP NOTIEFY message
back to the UE 304. The UE 304 may then respond by sending a SIP 200 OK message to the
IM CN subsystem 308, which is then relayed to the SDEF 312,

Such a framework enables optimized service discovery utilizing the supporied
3-D video formats m IMS-based PSS and MBMS user services. Laler during the IMS session,
the UE 304 may also use SIP signaling to mdicate updates including any temporary
adjustments to the set of supported 3-1 video codecs and formats based on Profiiii{(e.g., 1f
the current device orientation is different from the default device ortentation}. This may be

4-" v

done by refreshing the subscription through further SIP SUBSCRIBE messages mchiding

information on the updates to the 3-) video format information.

Referring agam to Figure 1, m some emboduments, the media server 116 may
be coupled with a device profile server 144 thatl has profile miormation of the UE 104, The
profiie information may mclude some or all of the device capability mformation. In such
embodiments, the media server 116 may receive wdentification miormation from the UE 104
and then retricve the profile information from the device profile server 144, This may be done
as part of the session-level signaling.

In some embodiments, the UE 104 may suppiement the profile information
retrieved from the device profile server 144 with extra attributes or overnides {for attributes
already defined inits device capabihity profile, based on Profbnil signaling. In one example,
such a temporary adjustment may be triggered by user preferences, for example if the user for

a particular session only would hike to recerve two-dunensional (2-13) video even though the

terminal 1s capable of rendering 3-D video.

The streaming application 134 may cacoede the 3-D video content for
transmuission i the network environment 100 in accordance with a number of different
stream types, with each stream type having associated {rame types. Frame types could
mchude frame packing, simulcast, or 2-D plus auxiliary frame types.

Frame packing may include frame-compatible packing formats and {ull-
resohution per view {(FRPV) packing format. In frame-compatible packet formats, the
streammng application 134 may spatially pack constituent {rames of a stereo pair into a simgle

frame and encode the smgle frame. Output frames produced by the streaming apphication 126

contain constituent frames of a stereo pair. The spatial resolution of the origmal frames of

- g .
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cach view and the packaged singie {frame may be the same. In this case, the streaming
application 134 may down-sampie the two constituent frames before the packing operation.
The frame-compatible packing formats may usc a verfical mterlcaving, horizontal
miterieaving, side-by-side, top-bottom, or checkerboard {ormat as tilustrated m Figuresda-¢,
respectively, and the down sampling may be performed accordmgly.
In some embodiments, the streaming application 134 may indicate the frame-

i
LA
X

packing format that was used by mcluding one or more {rame packing arrangement
supplemental enbhancement miormation (SEI messages as specified m the H264/AV
standard mio the bitstream. The sircanung application 126 may decode the frame, unpack the
two constitucnt frames from the output frames of the decoder, up samplie the frames o rovert

the encoder side down samphing process, and render the constituent frames on the display

128,

P-'-"

A FRPVY packmg format may mciude temporal intericaving. In temporal
imtericaving, the 3-1 video may be encoded at double the frame rate of the orgmnal video
with each parent and subseguent pictures constituting a sterco pair {left and nght view). The
rendering of the time nterleaved stereoscopic video may tvpically be performed at a high
frarpe rate, where active (shutter) glasses are used to biend the incorrect view 1 each eye.
This may rely on accurate synchronization between the glasses and the screen.

In embodiments using srmulcast frame types, the left and the right views may
be transmitted in separate, stmulcast streams. The separately fransmitted streams may be

o

combined by the streanmung application 126 and jomtly decoded.

In embodiments using 2-D plus auxiliary {rame types, 2-B video content may
be sent by the sfreanung apphcation 134 m conjunction with auxihary information that may
be used by the streamning apphication 126 to render 3-D video on the display 128, This
auxihiary miformation may be, e.g., a depth/paraliax map that 1s a 2-D map with each pixel

Y video irame,

defining a depth/parallax of one or more pixels in an assoctated 2-
In some embodiments, other frame types may be used. For exarople, i some
cmbodiments the streaming application 134 may be capable of encoding siereoscopic views
ito a base view stream and a non-base view stream, which may be transmitted 1 the same or
diffcrent streams. In some embodiments, this may be referred to as MV C-based for
stercoscopic video. The non-base view stream may mclude mler-view prediction frames that
provide spatial/temporal predictive mformation. The base view stream may be sufficient {or a
single-view, ¢.g., 2-13, decoder to render the base view as 2-1) video, while the non-base view

SITCarn ynay provide 3-13 decoders, e.g., streanung application 126, with sufficien
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information to render 3-D video. H the media server 11618 aware of UEs’ capabilities, it can
omit sending the non-base view siream to a device that does not support 3-D video or does
not have sutficient bitrate to support 3-13 video.

in vanous emnbodiments, the device capability miormation, transmitied from
content management module 120 and/or device profile server 144 1o content management
module 136, may mclude a 3-1 format attribute that mchudes a hist of one or more {ormats
relevant for streaming of stereoscopic 3-D video over relevant transmission protocol, e.4.,
RTP or HTTP, supported by the streaming apphcation 126, In some embodiments, the 3-D
format altribute may be a streaming {rame packing format for RTP or HTTP having an

e N D9
3

miteger value 17 for vertical micricavimg, 27 for honzontal mterleaving, for side-by-

side, “4” for top-bottom, “0” {or checkerboard, or 37 {or temporal 1nlerleaving. In some
embodiments, the same 3-D format attributes may be used to mdicate frame packing formats
supported in a specific file or contamer format. In some emboduments, the 3-13 format
attribute may mclude a more generahized value, e.g., “FP” lor rame packing.

In some embodiments, the 3-0 format attribute may be another streaming
format having a vahie “SC for simulcast or “2DA™ for 2-1 video plus auxaliary miormation,

in embodiments i which the UE 104 supports more than one format type, i
may {urther indicate one or more preferred [ormat types. This could be done by listing the
format types in an order of preference, associating a prefcrence indicator with select format
ypes, etc.

In some embodiments, m addition to providing a {rame tyvpe atinbute, the
content management moduole 120 and/or the device profile server 144 may provide one or
more component type atiributes. The component type attributes may provide additional
details about specific types of video components, which are constituent elements of the
stercoscopic 3-D video, supported and/or preferred by the sireaming application 126.

The component type atirtbutes may have a value “C” for indicating a center-
view stream, “CH” {or indicating a center-view stream and a depth map, “CP” {or indicating
a center-view stream and a paraliax map, “1Y {or mdicating a depth map, “P” {or indicating a

29 .

paraliax map, “L” for indicating a left-view stream, “LD7 for indicating a lefi-view stream
and a depth map, “L1L” for mdicating video frames that mchude alternating scan lines from
the left and night views, “LP” for indicating a lefi-view stream and a parallax map, “R” {or
mdicating a right-view stream, “deq” to mdicate frame sequential {e.g., video stream that

inchudes alternating frames from the lefi and night streams — additional signaling, ¢.g., AV{

SEf messages, may be needed to signal which frames contain left and night views), “Sb8” for

- 10 -
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mdicating stde-by-side, and “TaB” {or indicating top and botiom.

Fach format type attribute may be associaled with a respective set of
component type atinibutes. For example, i the format type 1s S, the associated component
type yoay be L or R 1o indicate left and right views, respectively.

The device capability exchange signahing capability in the PSS specification
3GPP TS 24.234 enables servers to provide a wide range of devices with content suttable for
the particular device in gquestion. In order to improve delivery of stereoscopic 3-D video
content to the chient terminal, the present disclosure describes a new set of atirtbutes that may
be mcluded m the PSS vocabulary {or device capability exchange signaling. These proposed
attributes may describe the 3-D video decoding and rendermg capabilities of the chent
terminal, nclading whiach 3-D video frame packing formats the chient supports. This may for
example allow the server and network to provide an optimized RTSP SDP or DASH MPD to
the chent terminal, as well as to perform the appropriate franscoding and 3-1 format
conversions m order 1o match the transmmitted 3-D video content to the capabihities of the
chient device.

The device capability exchange signaling of supported 3-D video codecs and
formats may be enabled m 3GPP TS 26.234 with the melusion of three new attributes 1 the
P8S vocabulary: {1 {or Streaming component, two atirtbutes mdicating the list of supported
frame packing {ormats relevant for streaming of stereoscopic 3-D video over RTP and HTTP,
respectively, and (2) for ThreeGPFueFormat component, one atiribute mndicating the hist of

supported rame packing formats relevant for stereoscopic 3-1 video that can be mcluded m a
3GPP hie format (3GP) file, which 1s a multimedia contamner {format commonly used {or
3GPP-based multimedia services. The details of the attribute delinttions are presenied below
m accordance with some embodiments.

Attributie name: StreamingiramePackingFormatsRTY

Attribute defmmtion:  List of supported frame packing {ormats relevant for

streaming of stereoscopic 3-D3 video over RTP supported by the PSS application. The frame

packing formats within scope for stereoscopic 3-D video mclhude:
Frame Compatible Packing Formais: 1 = Vertical mierieaving, 2 = Horizontal
mterfcaving. 3 = Side-by-Side, 4 = Top-Bottom, O = Checkerboard

Full-Resolution per View Packing Formats: 5 = Temporal Interleaving

Component: Streamimng
Type: f.iteral {Bag)
Legal vahues: Last of miteger values corresponding to the supported
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frame packing formats.

Resolution rule: Append
EXAMPLE: <StreanunghbramePackmgbormatsRTP>
<rdi:Bag>
O <rdf1i>3</rdf >

<rd{i4<yrdih>
</rdf:Bag>

</StreamngbramePackingbormatsRTP>

Attributfe name: streamingiramePackinelNormatsH TP
10 Attribute defimition:  List of supported frame packing {ormats relevant for

streaming of stercoscopic 3-D video over HTTP supported by the PSS apphication. The frame

packing formats within scope for stereoscopic 3-D video mciude:

Frame Compatible Packing Formats: 1 = Vertical interlecaving, 2 = Horizontal

interleaving. 3 = Swde-by-5Side, 4 = Top-Bottom, 0 = Checkerboard

15 Full-Resgolution per View Packing Formats: § = Temporal Inlerleavine
. & Pt
{omponent: Streammg
Type: Lateral (Bag)
FLegal values: Last of integer values corresponding (o the supported

%

frame packing {ormats.

20 Resolution rule: Append
EXAMPLE: <StreaminghlramePackmgFormatsHTTP>
<rdf:Bag>

25 </rd{*Bag>
</StreanungbramePackingFormats HTTP>

Attribute name: ThreeGPkramePackinelormats

—.
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Attribuate definition:  List of supported frame packing formals relevant for

stereoscopic 3-D video that can be mcluded in a 3P file and handled by the PSS applhication.

30 Component:  ThreeGPFileFormat
Type: Lateral (Bag)

PFegal values: Last of mteger values correspondimng to the supported frame
packing formats. {nteger values shall be either 3 or 4 corresponding fo the Side-by-Side and
Top-and-Bottom frame packing {ormats respectively.

10 .
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Resolution rule: Append
EXAMPLE: <ThreeGPFramePackingbormats™>

<rdf:Bag>
<rdfh>3<rdf >
<rdtd4</rdi i
</rdiiBag>
</ ThreeGPFramePackingFormais>

In some embodiments, a media presentation, as described m MPD, for
exampie, may include attributes and clements common {0 Adaptation Set, Representation,
and SubKRepresentation. One such common element may be a FramePacking clement. A
FramePackimg ¢lement may specily frame packing arrangement information of the video
media component type. When no FramePacking element is provided for a video component,
frame-packing may not be used for the video media component.

The FramePacking element may mnclude an @schemeldUn attribute that
mchides a uniform resource mdicator {URY) to identify the frame packing configuration
scheme employed. In some embodiments, the FramePacking element may {urther mchide an
(value attribute to provide a value for the descnptor element.

In some embodiments, multiple FramePacking elements may be present. I so,
cach element may contain suificiont information to select or reject the described
representation.

H the scheme or the value of all FramePacking elemenis are not recognized,
the chient may ignore the described Representations. A client may reject the Adaptation Set
on the basis of observing a FramePacking clement.

For Adaptation Sets or Kepresentations that contamn a video component that
conforms to ISG/AEC Information technology — Coding of audio-visual objects — Part 10:
Advanced Video Coding (ISO/IEC 14496-16:2012), a umiform resource number for
FramePackin@schemeldUn may be
urmempege:dash:14496: 10:frame packing arrangement type:20411, that may be defined to
mdicate the frame-packing arrangement as defined by Table D-&8 of the ISO/EC 14496-
10:2012 ("Detlintion of frame packing arrangement tvpe’) 1o be contained in the
FramePacking element. The @value may be the “Value™ column as specilied m Table D-8 of
the ISO/IEC 14496-10:2012 and may be mterpreted according to the ‘Interpretation’ column
in the same table.

Figure 3 sHustrates a method 500 of signaling 3-D video device capabilitics i
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accordance with some embodiments. Method 300 may be periormed by components of a UE,
c.g., UE 104, In some ecnibodiments, the UE may include and/or have access {0 oneg or more
computcr-readable media having instructions stored thercon, that, when exccuied, cause the
UL, or components thereof, (o perform the method 500,

At 504, the UE may determine device capability information. As described
above, the device capability information may inchude information as to the decoding and
‘endenng capabilities of a media player. In some embodiments, 4 content management
module, located on the UE or elsewhere, may determine thas information by running one or
more scripis on the UE to directly test the capabiiities. In other embodiments, the content
management module may access one or more stored files that contain the relevant
miormation.

At 508, the UE may provide device capability information to the media server
116 or device profiie server 144, mchuding stereoscopic 3-I3 video decoding and rendering
capabilities of the media player at the UE. As described above, the device capabihity
information may include one or more format type attributes that represent a list of frame
types supported by a streaming application of the UE. In some embodimenis, the device
capability miormation may be provided prior (o or after the request at 5172,

In some embodiments, some or all of the device capability information may be
provided o the media server by another entity, ¢.g., a device profile server.

At 3172, the UE may reguest 3-1 video content. in some embodiments, the
request may be i accordance with appropriate streamng/transport protocols, e.g., HTTP,

RTP, RT5P, DASH, MBMS, P55, IM5 PSS MBMS, etc. The request may be direcied to the

media server and may include a unidform resource locator (URL) or some other indicator of
the requested content or portions thereol. In some embodiments, the teroporary adjustment to
device capability mformation {¢.g., via Profinif signaling) may also be provided along with
the request at 508, Accordingly, the UE may supplement the profile miormation retrieved

4%

irom the device profile server with extra atiribuies or overrides for attributes already defined

A

i 1ts device capabihity profile, based on ProfDhfl signaling. In one example, such a temporary

e’

e

adjustment may be triggered by user prelerences, {or example if the user for a particular
session only would fike fo receive two-dimensional (2-13) video even though the terminal 18

capable of rendering 3-1J video.

At 316, the UE may receive the requested 3-D video content and render the
conient on a display of the UE. The rendering of the content may mclude a varety of
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processes such as, but not linited to, decoding, upconverting, unpacking, sequencing, etc.
Figure & iustrates a method 600 of signaling 3-D video content i accordance
with some embodiments. Method 600 may be performed by components of a media server,
2.g., media server 116, In some embodiments, the media server may include and/or have
access 1o one or more computer-readable media having nstructions stored thereon, that, when
cxecuted, cause the media server, or components thereof, to perform the method 600,

At 604, the media server may determine device capability information. In
some embpodirnents, the media server may determmne the device capability information by
receiving, €.2., as part of sessiwon-level signaling, the miormation {rom the UE or a device
profile server.

At 608, the media server may receive a request for 3-D video content. In some
embodiments, the request may be in accordance with appropriate streaming/transport
protocols, e.g., HTTP, RTP, RTSP, DASH, MBMS, PSS, IMS PSS MBMS, ctc. The request
may be romn the UE and yay include a universal resource locator (URL) or some other
mdicator of the requested content or portions thereof. In some embodiments, the reguest
received at 608 may occur simultaneously with determunation of the device capability
miormation 604, before the determunation, or after the determination. o some embodiments,
the temporary adjustment {o device capability information {¢.g., via ProfDnif signaling) may
also be received along with the reguest at 608, Accordingly, the media server may be
supplemented with the profile miormation retrieved from the device profile server with extra

£

attributes or overrides for attnibutes already delined v ifs device capability profile, based on

ProfDiil signahng.

At 612, the media server may generate session description and/or metadata
files to establish a streamng session, for example SDP file or a media presentation
description { MPD) based on the device capability mformation accounting for the stercoscopic
3-13 video decoding and rendering capabilities of the media player at the UE.

At 616, the media server may encode the 3-1 video content 1w a format type

indicated as being supported by the UE m the device capability mformation. The 3-D video
conitent may then be streamed to the mobile device.

The components described berein, ¢.g., UE 104, media server 116, and/or
device profile server 144, may be implemented 1nio a system usmyg any suitable hardware
and/or software to configure as deswwed. Pigure 7 illustrates, tor one embodiment, an example
system 700 comprising one or more processor(s) 704, svstem control logic 702 coupled with
at least one of the processor(s) 704, system memory 7172 coupled with system control logic
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703, non-volatile memory (NVMY/storage 716 coupled with system control logic 708, a
network mterface 720 coupled with system conirol logic 708, and input/output (1/0) devices
7372 coupled with system control logic 708,

The processor{s} 704 may mclude one or more single-core or multi-core
processors. The processor{s) 704 may include any combination of general-purpose
processors and dedicated processors {€.2., graphics processors, application processors,
baseband processors, ¢ic. ).

Systemn control logic 708 {or one embodiment may mchide any suitable
mterface controlicrs to provide for any suitable miteriace to at least one of the processor{s)
784 and/or to any suitable device or component 1 communication with system control logic
708,

System control logic 708 for one embodiment may include one or niore
memory controller(s) to provide an mterface to system memory 712, System memory 712
may be used to load and store data and/or mstructions, .4, logic 724, System memory 7
for one embodiment may mchude any suitable volatile memory, such as suitable dynamic
random access memory { DRAM), for example.

NVM/storage 716 may mclude one or more tangible, non-transitory computer-
readable media used to store data and/or mstructions, e.g., logic 724. NVM/storage 716 may
include any suitable non-volatile memory, such as flash memory, for example, and/or may
include any suitable non-volatile storage device(s), such as one or more hard disk drive{s)

(HDD(s)), one or more compact disk (CD) drive(s), and/or one or more digital versatile disk

{DVD) drivefs), {or exampie.

The NVM/storage 716 may mciude a storage resource physically part of a
device on which the system 700 18 mstalled or it may be accessible by, but not necessarily a
part of, the device. For exampie, the NVM/storage 716 may be accessed over a network via
the network mterface 720 and/or over Input/Cutput {I/0) devices 732,

The logic 724, when executed by at least one of the processors 704 may cause
the system to perform the operations described herem with respect (o the UE 104, media
server 116, and/or device profile server 144, The logic 724 may be disposed
additionally/alternatively in other components of the system, ¢.£., in system control fogic
708, and may mwclude any combmation of hardware, software, or firmware components.

e

Network mterface 720 may have a transceiver 722 to provide a radio mterfac

>-1-

ystem 700 to communicate over one or more network{s}) and/or with any other suitable
device. In varous embodiments, the transceiver 722 may be miegrated with other
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components of system 700, For example, the transceiver 722 may mclude a processor of the

H .
{
{

o e e 2t

processor(s} 704, menmory of the system memory 712, and NVM/Storage of NVM/Storage
716. Network mtertace 720 may mnclude any suitable hardware and/or firmware. Network
miterface 720 may mchide a plurabity of antennas to provide a multiple imput, multiple output
radio interface. Network interface 720 for one embodiment may include, for example, a
wired network adapter, a wireless network adapter, a telephone modem, and/or a wireless
modern.

For one embodiment, al least one of the processor{s) 704 may be packaged
together with logic {for one or more controller(s) of system conirol logic 708, For one

cmbodiment, at least one of the processor{s} 704 may be packaged together with logic for one

or more controllers of system control logic 708 to form a System i Package (5iP). For ong
embodiment, at least one of the processor{s) 704 may be mtegrated on the same dig with
fogic for one or more controlier(s) of system control logic 708, For one embodiment, at least
one of the processor(s) 704 may be miegrated on the same die with logic for one or more
coniroler{s) of system control logic 708 to form a System on Chip {(SoC).

in various embodments, the VO devices 732 may include user mierfaces
designed (o enable user mieraction with the system 700, penpheral component mterfaces
designed 10 enable peripheral component mieraction with the sysiem 700, and/or sensors
designed o determine environmental conditions and/or location miormation related to the
system 700,

In various embodunents, the user mierfaces could mciude, but gare not houted
to, a display for rendering 3-D video {e.g., a hquid crystal display, a touch screen display, an
auto-stercoscopic display, eic.}, a speaker, a pucrophone, one or more cameras {¢.g., a st
camera and/or a video camera), a flashhght (e.g., a light enutting diode flash), and a
keyboard.

In various embodiments, the peripheral component interfaces may inciude, but
are not inuted (o, a non-volatiie memory port, a universal serial bus (USE) port, an audio
jack, and a power supply mteriace.

in various embodiments, the sensors may include, but are not hmited 1o, a
gyro Sensor, an accelerometer, a proximity sensor, an ambient hight sensor, and a positioning
unit. The positioning st may also be part of, or mteract with, the network mterlace 720 o
communicaie with components of a positioning network, e.g., a global positioning system
(GPS) satellite,

In varous emboduments, the system 700 may be a mobile computing device
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such as, but not himited to, a laptop computing device, a lablel computing device, a netbook, a
smartphone, etc. In various embodiments, system 700 may have more or less components,
and/or different architectures.

Although certain embodiments have been 1llustrated and described herem for
purposes of description, a wide variety of alternaic and/or cguivalent embodiments or
implementations calculated to achieve the same purposes may be substituted for the
cmboduments shown and described without departing from the scope of the present
disclosure. This apphication 1s mtended (o cover any adaptations or variations ot the
cmbodiments discussed herem. Thereiore, 1t 1s manifesily intended that embodiments

P

described herein be imited only by the claims and the equivalents thereof,
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{Claims
What s claimed 1s:
i. {Une or more computer-readable media having mstructions that, when executed, cause
a device to:
obiain, from a network entity, a streaming frame packing format atiribute that includes a hist
of frame packing formats, supported by a chient terminal of a wireless communication
network, refevant for streanung of stereoscopic 3-D video over a transport protocol supporied

.

by a packet-switched streaming service (P55} application on the chent termimal, wheremn the
transport protocold s a real-time transport protocol (RTP) or a hypertext transfer protocol
(HTTP);

adapl content based on the streaming {rame packing {ormat attribute;

generate a session description or metadata file {o establish a streaming session based on the
streaming frame packing format attribute; and

transmit the adapied content and the generated session description or metadata file to the
chient terminal,

2. The one or more computer-readable media of clamm 1, wherein the list of frame
packimg formats mcludes an mdication of a vertical interleaving frame compatible packing
format, a horizontal interieaving frame compatible packing format, a side-by-side frame
compatible packing format, a top-bottom frame compatible packimg format, a checkerboard

4%

frame compatible packmg format, or a temporal mitericaving full-resolufion per view packing

format.
3. The one or more computer-readable media of either ¢lanm 1 or 2, wherein the st

comprises a fist of one or more micger values that respectively correspond {0 one or more
supported frame packing formats.
4. The one or more computer-readable media of claim 3, wherein the hist of one or more

%

integer values includes a 1 to correspond {0 a vertical interieaving frame compatible packing

correspond to a side-by-side rame compatible packing format, a 4 to correspond {0 a top-
bottom {rame compatible packing format, a & to correspond to a checkerboard frame
compatible packing format, or a 5 to correspond to a temporal mtericaving full-resolution per
view packing format.

3. The one or more computer-readable media of either claim [ or 2, wherein the

transport protocol comprises an RTP.
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5. The one or more computer-readable media of either claym 1 or 2, wherein the

transport protocol comprises an HTTP.

7. The one or more computer-readable media of either claim 1 or 2, wheren the session
description or metadata file 18 a real-time streaming protocol (RTSP) sesston description
protocol {SDP) file or a dynanuc adaptive streaming over hypertext fransport protocol
{(IDASH) media presentation description (MPD) file.

8. The one or more computer-readable media of either ¢lamm 1 or 2, wherein conient 15
3-03 video content and the nstractions, when executed, turther cause the device to:

transcode the 3-D video content or convert a format of the 3-D video content based on the
streanung frame packing format attribute.

3. The one or more computer-readable media of either clamm | or 2, wherein the network

entity 18 a device profile server or a user equipment that comprises the client terminal.

*-J

103 (e or more computcr-readable media having mstructions that, when executed, cause
4 device 10:

obtain, {rom a network enlity, a frame packing format attribute that mclhudes a list of one or
more frame packing formats, supported by a user equipment, relevant {or stereoscopic 3-D
video that can be included m a 3vd Generation Parinership Project file format (3GP) file and
handied by a packet-switched streaming service (PS5} application on the user equipment; and
transmit content to the user cquipment based on the frame packing format attribute.

il.  The one or more computer-readable media of claim 10, wherein the hist of frame
packing formats mncludes an mdication of a side-by-side frame packing {ormat or a top-
bottom {rame packing {ormat.

i2.  The one or more computer-readable media of either clamm 10 or 11, wherein the hst
comprises a bist of one or more mieger values that respectively correspond (o one or more
frame packing formats.

i3.  The one or more computer-readable media of claim 12, wherein the list of one or
more wnteger values meludes a 3 1o correspond to side-by-side frame packing format or a 4 1o
correspond to a top-botiom frame packing formal,

id. Anapparatus comprising:

a media player to decode and render stercoscopic three-dimensional (3-13) video content,
wirelessly recerved by a mobile device, on a display of the mobile device; and

a content management module to:

deternune device capability miormation including 3-1 video codecs and formats supported

by the media player;
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fransiit one or more messages (o a media server or a device profile server, the one or more
messages mchiding the device capability information;

transmit at lcast one message to a media server, the at feast one message mchuding a request

for stercoscopic 3-D video content and any temporary adjustrnents on the device capability

information.

15.  The apparatus of claim 14, wherem the device capability information has a 3-D
format atiribute that inchudes a format type supported by the media player circuatry.,

16, The apparatus of claim 15, wheremn the [ormat type 18 a [rame-packing [ormat type
that corresponds to a frame compatible packing format or a full-resolution per view packing
format, a stmuldcast format type, or a two-dumnensional plus auxiliary format type.

Y 3
‘B
A S

The apparatus of claim 16, wherein the format type 1s a frame-packing format type
that 1s a frame compatible packing format with a value to indicate vertical interlcaving,
hornzontal mierieaving, side-by-side, top-bottom, or checkerboard.

18, The apparatus of any of clayms 14-17, wherem the 3-D video content 1s wirelessly
recerved by the mobile device via a packet-switched streaming service.

19.  The apparatus of any of ¢claims 14-17, wherein the content managenment module 18 10
transmit device capabibity information m a session mtiation protocol (SIP) SUBSCRIBE
message (o an Internel Protocel Multimedia Core Network subsystem during service
discovery.

20, The apparatus of claim 19, wherein, subsequent o service discovery, the content

management modide 18 1o use SIP signahing (o update set of supported 3-13 video codecs and

p;

formats.

21, The apparatus of any of claims 14-17, wherein the media player 1s further configured
to:

receive a stream inchiding the requested stereoscopic 3-D video content, wherein the media
plaver 1s further configured to receive the stream according to a dynamic adapiive streaming
over hypertext transport portocol {I3ASH) protocol; a packet-switched streaming (PSS)

protocol; or an Internet protoco! multimedia subsystermn (IMS)-based PSS and mullimedia

broadcast/multicast (MBMS) services protocol.

22.  The apparatus of clawm 21, wheremn the media player s further conligured 1o receive a

sess1on description protocol (5DP) file or a media presentation description (MPD) metadata

-
n

file associated with the stream

=
!
- 4 <

23. A mobile device comprising the apparatus of any of claims 14-1

-1 .
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24,  The mobile device of claim 23, {urther comprising:

an auio-stercoscopic display to render the 3-D video content under control of the media
player.

23. Une or more computer-readable media having msinictions that, when execuled, cause
a device to:

obtain a request for 3-1) capabihity information related to a user equipment; and

provide a streaming frame packing {ormat atiribute that includes a hist of frame packing

p;

formats, supported by the user equipment, relevant for streaming of stereoscopic 3-D video
over a transport protocol supported by a packet-switched streaming service {PSS) application
on the user eguipment, wherein the transport protocol 1s a real-time fransport protocol (RTP)
or a hypertext transfer protocol {HTTP).

26.  The one or more computer-readable media of claim 25, whereimn the hist of frame
packing formats mcludes an mdication of a vertical mtericaving frame compatible packing
format, a honzontal mterieavimg frame compatible packing format, a side-by-side frame
compatible packing format, a top-boitom frame compalible packing format, a checkerboard
frame compatible packing format, or a temporal mtericaving full-resolution per view packing
format,

27.  The one or more computer-readable media of claim 25, wherem the transport protocol
comprises an KTP.

22.  The one or more compuier-readable media of claim 23, wherem the transport profocot
comprises an HTTP.

29.  The one or more computer-readable media of any of clanms 25-28, wherein the hist
comprises a fist of one or more micger values that respectively correspond {0 one or more
supported frame packing formats.

30, The one or more computer-readable media of claim 29, wheremn the hist of one or
more nteger values mehides a 1 to correspond to a vertical intericaving frame compatible

packing format, a 2 to correspond to a horizontal interleaving frame compatibic packing

p;

format, a 3 to correspond to a side-by-side frame compatible packing tormat, a 4 to
correspond to a top-botiom frame compatibie packing format, a 0 to correspond to a
checkerboard frame compatible packing format, or a 5 to correspond to a temporal

miterleaving full-resolution per view packing {ormat,

- 99
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