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DYNAMIC ADAPTATION OF VOLUMETRIC CONTENT COMPONENT SUB-BITSTREAMS IN
STREAMING SERVICES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Appilication No. 62/858,705, filed on July
2, 2019, and entitted "Dynamic Adaptation of Foint Cloud Component Substreams in Foint Cloud

Streaming Services,” the entirely of which is incorporaled by reference as if fully sef forth herein,

BACKGROURND

[0002] Video coding systems may he used to compress digital video signals, for example, to reduce the
storage and/or fransmission bandwidth needed for such signals. Video coding systerns may include, for
axample, wavelei-based sysiems, objeci-based systems, andior block-based systems, such as a biock-

based hybrid video coding system,

SUMMARY

[0003]  Systerns, methods, and instrumentaliies are disclosed for dynamic adapltation of visual
volumetric content, such as point cloud component sub-bitstreams in point cloud streaming services.
Dynamic adaptation of visual volumetric content may be based on one or more messages andfor
parameter sets, which may indicate one or more changes in visual volumetric content. Changes may
include, for exampie, changes in active attributes and/or codecs. For example, a bifrate adaptation process
in a streaming session may {for example, basad on an operating environment, such as resource
availability, bandwidih attribute, client coding capabililies, and/or client rendering capabilities) add/drop one
or more attributes for a video component and/or changs a representation of a video componeni to a
representation encoded with a different codec. One or more messages and/or parameter sets may be
generated and sent to a decoder, for example, to indicate visual voiumetric content processing information,
which may include changs indications. A decoder may perform decoding, such as determining which
attribute sub-bitstream andfor codec to use for decoding, based on one or more messages andfor

parameter sels.
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f0004]  The one or more messages andfor parameter sels may include, for example, a component codec
change {CCC) message, an active attributes {AA) message, a component change parameter set (CCPS),
andlor a parameter set activation (P3A) message. For example, visua volumetric content bitstream
supplemental enhancement information {SEl) messages andfor parameter sets may support adaptive
streaming of visual volumetric confent. A message (for example, a CCC SEl message) may inform a
decoder {for example, a visual volumetric content decader) of codac changas to one or mare visual
volumelric conient componeants, enabling a decoder to determine which video codecs to use for referenced
components. A message (for example, an AA SEI message) may inform a decoder (for example, a visual
volumstric content decoder) about attribute changes to one or more visual volumetric content components,
snabling a decoder to determine which active attributes to use and inactive attributes to ignore for
referenced components. A parameter set {for example, a CCPS) may include information about changes
{for example, attributes or codecs) made to one or more visual volumetric content components with respect
to a parameter set {for example, a sequence parameler set (SPS)}, enabling a decoder to determine which
video codecs and active atiributes to use for referanced components. A message {for example, a PSA SEi
message) may indicate which parameter sets ars active for the visual volumetric content components,
snabling a decoder to determine which video codecs and active sitributes o use for referenced
componenis, A decoder may defermine, for example, based on a message andior parameter sef, which
attribute sub-bitstream of a plurality of attribute sub-bitstreams indicated in a paramster set associated with
visual volumetric content is aclive and decode the visual volumetric content using an active altribute sub-
bitstream.

[0008]  In examples, a message may indicate the set of atiribute sub-bitstreams that are active for use in
the decoding process for the visual volumetric content bitstream {for example, afier the message is
receivad). One or more messages andlor parameter sets may signal the activation of a subset of attribute
component sub-streams in a visual volumetric content bitstream. Ong or more messages and/or parameter
sets may signal codec changes for visual volumelric content component sub-streams. A visual volumetric
content decoder may be configured, for example, to parform one or more of the following: obtain an
indication that indicates whather at ieast one attribute signaled in a referanced parameter setis inactive;

oblain an active atfribule indication (for example, the number of active atlributes and their respeciive

¢

attribute indices), for exam the indication indicates at least one attribute in the referenced parameter

set is inactive; identify inactive attributas, for example, based on the active altribute indication; or skip the
inactive aitributes in the refersnced parameter set during decoding.

[0008]  In exampies, a method may be implemented io perform dynamic adaptation of point cloud

component sub-bitstreams in point cloud streaming services. The method may comprise determining to

-9.
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deactivate an atiribute sub-bitstream of a plurality of attribute sub-bitstreams indicaled in a parameter set
associated with visual volumetric content and generating a message as described herein, for example, to
indicate the deactivation of the attribute sub-bitstream. The method may be implemented, for example, by
an apparatus, such as a visual media content processing or coding apparatus. The visual media content
processing or coding apparatus may inciude a DASH client or a streaming client, for example, a video-
based point cloud compression (VPCC) client.

[0007] A method for decoding visual media content may comprise, for example, determining which
attribute sub-bitstream to use for decoding visual volumetric contant based on a message that indicates
which atiribute sub-bitstream of a plurality of attribute sub-bitstreams indicated in a parameter set
associated with visual volumetric content is active; and decoding the visual volumeiric content using an
active attribute sub-bitsiream based on the message. The atfribule indicated in the paramster set may
characterize the visual media content.

[0008] A method for prosessing visual media content may comprise, for example, determining fo
deactivate an attribute sub-bitstream of a plurality of atiribute sub-bitstreams indicated in a parameter set
associated with visua! volumetric content; and generating a message indicating the deactivation of the
attribute sub-bitstream,

f0008] A method for decoding visual media content may comprise, for example, obtaining a parameter
set associated with visual volumetric content; receiving a messags that indicates which aitribute sub-
bitstream of a plurality of attribute sub-bitstreams indicated in the parameter set s active; determining an
active altribute sub-bitstream and an inactive atiribute sub-bitstream based on the message; and decoding
the visual volumetric content using the active attribule sub-bilstream and skipping the inactive attribute sub-
bitstream.

f0010] The message may be signaled in a bitstrearn. The message may comprise a supplemental
anhancement information (SEI} message. The message may have a persistence scope that persists unfil
an end of a bitstream, The message may have a persistence scope that persists until another message
that is different from the massage is received. The message may comprise an indicator that indicates a
nurmber of active attribute sub-bitstreams of the plurality of aftribute sub-bitsfreams indicated in the
parameter sef associated with visual volumetric content.

[0011]  The parameter set may comprise a visual volumetric parameter set that comprises atiribute
information. The message may refer {o a piece of the attribute information for the aclive atiribute sub-
bitstream. The parameter set may indicate a plurality of attributes. The message may comprise an

indicator that the plurality of attribute sub-bitstreams indicated in the paramster set ars active.
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[0012] The parameter set may indicate map information associated with a respective aitribute sub-
bitstream of the plurality of attributes. The message may indicate which map information is active, for
example, by indicating which attribute sub-bitstream of the plurality of aftribute sub-bitstreams indicated in
the parameter set is active. The visual volumetric content may be decoded using active map information,
for example, map information associated with the active atiribuie sub-bilstream.

[0013]  The pluralily of atlribute sub-bitstreams may indicats, for example, texturs information, material
information, ransparency information, andfor reflectance information associated with the visual volumedric
content. An inactive altribute sub-bitstream may be determined based on the massage. The inactive
attribute sub-bitstream may be skipped for the dscoding of the visual volumetric content. An atiribute sub-
bitstream that is indicated in the parameter set but not indicated in the massage may be delermined to be
an inactive attribute sub-bitsiream. The inactive attribute sub-bitstream may be skipped for the decoding of
the visual volumetric content,

[0014] Deactivation of an attribute sub-bitstream may be indicaied by a messags, for example, by not
referring to an indicator associated with the atfribute sub-bitstream indicated in the paramster set.
Daactivation of an altribute sub-bitstream may be determined, for example, based on bifrate adaptation.
[0015]  Cne or more methods herein may be implemented by an apparatus comprising one or more
processors configured to exscute computer execulable instructions, which may be stored on a computer
readable medium or a computer program product, that, when exscuted by the one or more processors,
performs the one or more methods. The apparatus may, thus, comprise one or more processors
configured to perform the one or more methods. The computer raadable medium or the computer program
product may comprise instructions that cause one or more processors to perform the one or more methods
by executing the instructions. A computer readable medium may contain data content gensraied according
to the one or more methods. A signal may comprise a message according to the one or more methods. A
device may comprise an apparatus, such as a visual media content processing or coding apparatus. A
device may comprise a television, a celiular phone, a tablet or a set-top box. A device may comprise at
ieast one of (i} an antenna configured o receive a signal, the signat including data representative of an
image, (i) a band limiter configurad to limit the received signal to a band of frequencies that includes the

data repressntative of the image, or

a display configured to display the image.

f0018] Each feature disclosed anywhere herein is described, and may be implermented,
separatelyfindividually and in any combination with any other feature disclosed herein andfor with any
feature(s) disclosed elsewhere that may be impliedly or expressly referenced herein or may otherwise fall

within the scope of the subject matter disclosed herein,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1Ais a system diagram illustrating an example communications system in which ong or
more disclosed embodiments may be implemented.

[6018] FIG. 1B is a system diagram illustrating an example wireless transmitireceive unit (WTRU) that
may be used within the communications system illusirated in FIG, 1A according to an embodiment.

[0019] FIG. 1C is a system diagram iilusirating an example radio access nefwork (RAN) and an example
core network {CN) that may be used within the communications system illustrated in FIG. 1A according to
an embodiment.

[06020] FIG. 1D is a system diagram illusirating a further exampie RAN and a further example CN that
may be used within the communications system illustrated in FiG. 1A according to an embodiment.

[0021] FIG. 2is g diagram showing an example video encoder.

[0022] FIG. 3is a diagram showing an example of a video decoder.

[0023] FIG. 4is a diagram showing an example of a system in which various aspects and examples may
be implemented.

[0024] FIG. Sillustrates an exampls of a bitstream structure for a video-based point cloud compression
(V-PCC).

[0025] FIG. 6illustrates an example Media Presentation Description (MPD) hierarchical data modsl.
[0028] FIG. 7 illustrates an example of a method for processing visual volumetric content based on
messaging (for exampie, a message shown in Table 5},

00271 FIG. 8illustrates an example of a method for processing visual volumetric content based on

maessaging (for example, & message shown in Table 5).
DETAILED DESCRIPTION

[0028] A detailed description of illusirative embodiments will now be described with reference fo the
various Figures, Although this description provides a detailed example of possible implementations, i
should be noted that the details ars intended fo be exemplary and in no way limit the scope of the
application.

[0029] FIG. 1Ais adiagram illustrating an example communications system 100 in which one or more
disclosed embodiments may be implemented. The communications system 100 may be a multiple access
system that provides conlent, such as voice, data, video, messaging, broadceast, slc., to multiple wireless
users. The communications system 100 may enable muitiple wirsless users io access such content

through the sharing of system resources, induding wireless bandwidth., For example, the communications
S5
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systerns 100 may employ one or more channel acocess methods, such as code division mulliple access
(CDMA), time division multiple access {TDMA}, frequency division muliiple access (FDMA), orthogonal
FDMA {(OFDMA), single-carrier FDMA (GC-FDMA)}, zero-tail unigue-word BFT-Spread OFDM (ZT UW
DTS-s GFDM), unique word OFDM (UW-OFDM), resource block-filiered OFDM, filter bank multicarrier
(FBMC), and the like.

[0030]  Asshown in FIG. 1A, the communications system 100 may include wirsless transmitireceive
units {WTRUs) 102a, 102b, 102¢, 102d, a RAN 104/113, a CN 106/115, & public switched telephone
network {PSTN} 108, the Internet 110, and other networks 112, though it will be appreciated that the
disclosed embodiments contemplate any number of WTRUs, base stations, networks, andfor network
alements. Each of the WTRUs 102a, 102b, 1020, 102d may be any type of device configured io operale
andior communicate in a wirsless environment. By way of example, the WTRUs 102a, 102b, 102¢, 1024,
any of which may be referred to as a "station’ andfor a "STA”, may be configured o transmit and/or receive
wirsless signals and may include a user equipment (UE), amobile siation, a fixed or mobile subscriber unit,
a subscription-basad unit, a pager, a cellular telephone, a personal digital assistant (PDA}, a smariphone, a
laptop, a netbook, a personal computer, a wireless sensor, a hotspot or Mi-Fi device, an Internet of Things
{loT) device, a waich or other wearable, a head-mounted display (HMD), a vehicle, a drone, a medical
device and applications (8.9., remote surgery), an industiial device and applications {e.g., a robot and/or
other wirelsss devices operaling in an industrial andfor an automated processing chain contexis), a
consumer electronics device, a device operating on commercial andfor indusirial wireless networks, and
the like. Any of the WTRUs 102a, 1020, 102¢ and 102d may be interchangeably referred to as a UE,
[0031]  The communications systems 100 may aiso include a base station 114a and/or a base station
114b, Each of the base stations 114a, 114b may be any type of device configured to wirslessly interface
with at least one of the WTRUs 102a, 102h, 102¢, 102d to facilitate access to one of more communication
networks, such as the CN 106/115, the Internst 110, and/or the other networks 112. By way of example,
the hase stations 114g, 114b may be a base transceiver station (BTS), a Node-B, an eNode B, a Home
Node B, a Home eNode B, a ghB, a NR NodeE, a site controller, an access point {AP), a wirsless router,
and the like. While the base stations 114a, 114b are esach depicted as a single slement, it will be
appreciated that the base stations 114a, 114b may include any number of inferconnected base sisiions
andior network elements.

[0032] The base slation 114a may be pari of the RAN 104/113, which may also include other base
stations andfor network elements {pot shown), such as a bass sfation coniroller {BSC), a radio network
controller (RNC}, ralay nodes, etc. The base station 114a and/or the base station 114b may be configured

to transmit andfor receive wirsless signals on one or more carrier frequencies, which may be referred to as

SB-
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a cell (not shown). These frequencies may be in licensed spectrum, unlicensed specirum, or &
combination of licensed and unlicensed spectium. A cell may provide coverage for a wireless seivice to a
specific geographical area that may be relatively fixed or that may change over time. The cell may further
be divided into cell sectors. For example, the cell associated with the base siation 114a may be divided
into three sectors. Thus, in one embodiment, the base station 114a may include three iransceivers, i.e.,
one for sach sector of the cell. In an smbodiment, the base station 114a may empioy multiple-input
multinle output (MIMO) technology and may utilize multiple transceivers for each sector of the cell. For
example, beamforming may be used fo fransmit andfor receive signals in desired spatial directions.
f0033] The base stations 114a, 114b may communicate with one or more of the WTRUs 1023, 102b,
102¢, 102d over an air interface 116, which may be any suilable wireless communication link (&.g., radio
frequency (RF), microwave, centimster wave, micrometer wave, infrared (IR}, ultraviolet (UV), visible light,
elo.). The air interface 116 may be established using any suitable radio access technology (RAT).

[0034]  More specifically, as noted above, the communications system 100 may be a muliiple access
system and may employ one or more channel access schemes, such as CDMA, TDMA, FDMA, CFDMA,
SC-FOMA, and the like. For example, the base station 114a in the RAN 104/113 and the WTRUs 1023,
1020, 102¢ may implement a radio technology such as Universal Mobile Telecommunications Sysiem
(UMTS) Terrestrial Radio Access (UTRA), which may establish the air interface 115/116/117 using
widsband COMA (WCDMA]}., WCDMA may inciude communication protocols such as High-Speed Facket
Access (HSPA) andior Evolved H3PA (HSPA+), HSPA may include High-Speed Downlink (DL) Packet
Access (HEDPA) andfor High-Speed UL Packet Accass (HSUPA).

00351  Inanembodiment, the base station 114a and the WTRUs 102s, 102b, 102¢c may implement a
radio technology such as Evolved UMTS Terrestrial Radio Accass (E-UTRA), which may establish the air
interface 116 using Long Term Evolution (LTE) andfor LTE-Advanced (LTE-A) andfor LTE-Advanced Pro
(LTE-A Pro).

[0036]  In an embodiment, the base station 114a and the WTRUs 102a, 102b, 102c may implement a
radio technology such as NR Radio Accsss , which may establish the air interface 116 using New Radic
{NR}.

{00377  In an embodimant, the base station 114a and the WTRUs 102a, 102b, 102¢ may implament
multiple radio access technologies. For example, the base station 114a and the WTRUs 102a, 1026, 102c
may implement LTE radio access and NR radio access together, for instance using dual connectivity (DC)
principles. Thus, the air inferface ulilized by WTRUs 102z, 102b, 102c may be characterized by multiple
types of radic access technologies andfor transmissions sent toffrom multiple types of base staticns (s.g.,
an eNB and a ghB).
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[0038] In other embodimenis, the base sfation 114a and the WTRUs 102a, 102b, 102c may implement
radio technologies such as [EEE 802.11 (i.e., Wirelass Fidelity (WiFi), IEEE 80216 (i.e., Worldwide
Interoperability for Microwave Access (WiMAX}), CDMAZ000, CDMAZ000 1X, CDMAZ00C EV-DO, Interim
Standard 2000 (1S-2000), Interim Standard 95 (1S-95), inferim Standard 856 (1S-856), Global System for
Mobile communications {(GSM), Enhanced Data rates for GSM Evoiution (EDGE), GSM EDGE (GERAN),
and the like.

[0039]  The base station 114b in FIG. 1A may be a wireless roufer, Home Node B, Home eNode B, or
access point, for example, and may utilize any suitable RAT for facilitating wireless connectivity in a
localized area, such as a place of business, a home, a vehicle, a campus, an industria facility, an air
corridor {e.9., for use by drones), a roadway, and the like. in one embodiment, the base station 114b and
the WTRUsg 102¢, 102d may implement a radio technology such as [EEE 802,11 to establish a wireless
local area network (WLAN). In an embodiment, the bass station 114b and the WTRUs 102c, 102d may
implement a radio fechnology such as IEEE 802,15 fo establish a wireless personal area network (WPAN).
In yet ancther smbodiment, the base station 114b and the WTRUs 102¢, 102d may utilize a cellular-based
RAT {e.g., WCDMA, COMA2000, GSM, LTE, LTE-A LTE-A Pro, NR sto.) to establish a picocell or
femtocell. As shown in FIG. 1A, the base station 114b may have a diract connection {o the Intemet 110,
Thus, the base station 114b may not be required o access the Internet 110 via the CN 1067115,

[0040] The RAN 104/113 may be in communication with the CN 106/115, which may be any type of
network configured fo provide voice, data, applications, andfor voice over internet protocol (VolP) services
to one or more of the WTRUs 102a, 102b, 102¢, 102d. The data may have varying quality of service (Qo5}
requiremants, such as differing throughput requirements, latency requirements, error tolerance
reguirements, reliability requirements, data throughput requirements, mobility requirements, and the like.
The CN 106/115 may provide call contro, billing services, mobile location-based services, pre-paid calling,
Internat connectivily, video distribution, etc., andfor perform high-level security functions, such as user
authentication. Although not showr in FIG. 1A, it will be appreciated that the RAN 104/113 andior the CN
106/1 15 may be in direct or indirect communication with other RANs that employ the same RAT as the
RAN 104/113 or a different RAT. For example, in addition io being connected to the RAN 104/113, which
may be ulilizing a NR radio technology, the CN 106/115 may also be in communication with another RAN
(not shown) empioying a GSM, UMTS, CDMA 2000, WiMAX, E-UTRA, or WiFi radio technology.

[0041]  The CN 106/115 may also serve as a galeway for the WTRUs 102a, 102b, 102¢, 102d to access
the PSTN 108, the Iniernet 110, andior the other networks 112. The PSTN 108 may include circuit-
switched telephone networks that provide piain old telephone servics (POTS). The internet 110 may

include a global system of interconnected computer networks and devices that use common
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comrunication protocols, such as the transmission control protocol {TCP), user datagram protocol {UDP)
andior the infernet protocol (1P} in the TCPAP internet protocol suite. The networks 112 may include wired
andlor wirgless communications networks owned andfor operated by other service providers. For example,
the networks 112 may include another CN connected to one or more RANs, which may employ the same
RAT as the RAN 104/113 or a different RAT.

[0042] Some or all of the WTRUs 1023, 102b, 102¢, 102d in the communications system 100 may
include mulii-mode capabilities {e.g., the WTRUs 102a, 102, 102¢c, 102d may include multiple transceivers
for communicating with different wireless networks over different wirelass links). For example, the WTRU
102¢ shown in FIG. 1A may be configured to communicate with the base station 114a, which may employ a
cellular-basad radio iechnology, and with the base station 114b, which may employ an IEEE 802 radio
technology.

f0043] FiG. 1B is a systemn diagram illustrating an example WTRU 102, As shown in FIG. 1B, the
WTRU 102 may include a processor 118, a transceiver 120, a transmitireceive element 122, a
speaker/microphone 124, a keypad 126, a display/touchpad 128, non-removable memory 130, ramovable
memaory 132, a power source 134, a global positioning system (GPS) chipset 136, and/or other peripherals
138, among cihers. It will be appreciated that the WTRU 102 may include any sub-combination of the
foregoing elemants while remaining consistent with an embodiment.

[0044]  The processor 118 may be a general purpose processor, @ special pUrpose processor, a
conventional processor, a digital signal processor (DSP), & plurality of microprocessors, one of more
ricroprocessors in association with a DSP core, a controller, a microcontralier, Application Spegific
Integrated Circuits (ASICs), Field Programmable Gale Arrays (FPGAs) dircuits, any other type of integrated
circuit {IC), a slale maching, and the like. The processor 118 may perform signal coding, data processing,
power control, inputioutput processing, andfor any other functionality that enables the WTRU 102 to
operate in a wireless environment, The processor 118 may be coupled to the franscaiver 120, which may
be coupled to the transmilireceive element 122, While FIG. 1B depicts the processor 118 and the
transceiver 120 as separate components, it will be appreciated that the procsssor 118 and the transceiver
120 may be integrated together in an electronic package or chip.

[0045] The transmit/receive element 122 may be configured fo iransmit signais fo, or receive signals
from, a base station (.., the base station 114a} over the air interface 116. For exampile, in one
ambodiment, the fransmitireceive slement 122 may be an anfenna configured io transmit and/or receive
RF signais. In an embodiment, the transmitiraceive element 122 may be an emitter/detector configured to
transmit andfor receive IR, UV, or visible light signals, for example. In yet ancther embodiment, the

transmit/receive elemeni 122 may be configured to transmit andior receive both RF and light signals. It wil
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be appreciated that the iransmit/receive slement 122 may be configured to transmit andior receive any

7

combination of wireless signals.
f0048]  Although the transmilfreceive element 122 is depicted in FIG. 1B as a single element, the WTRU
102 may include any number of transmilfreceive elements 122, More spedifically, the WTRU 102 may
employ MIMO technology. Thus, in one embodiment, the WTRU 102 may include two or more
transmit/receive elements 122 (a.g., mulliple antennas) for transmitting and recelving wireless signals over
the air interface 116.

[0047] The fransceiver 120 may be configured to moduiate the signals that are to be transmitted by the
transmit/receive element 122 and fo demodulate the signals that are received by the fransmilfreceive
slement 122, As noted above, the WTRU 102 may have muiti-mode capabiliies. Thus, the transcsiver
120 may include multiple transceivers for enabling the WTRU 102 to communicate via multiple RATS, such
as NR and IEEE 802.11, for exampls.

[0048] The processor 118 of the WTRU 102 may be coupled to, and may receive user input data from,
the speakerimicrophone 124, the keypad 126, andior the display/touchpad 128 {e.g., a liquid crystal display
(LCD) display unit or organic light-emitting diode (OLED) display unit). The processor 118 may also oufput
user data to the speaker/microphone 124, the keypad 126, andfor the display/touchpad 128, In addition,
the processor 118 may access information from, and siore data in, any iype of suitable mamory, such as
the non-removable memory 130 and/or the removabie memory 132. The non-removable memory 130 may
include random-accass memory (RAM), read-only memory (ROM), a hard disk, or any other type of
mamory storage device. The remavable mamory 132 may include a subscriber identity module (SIM) card,
a memory stick, a secure digital (8D) memory card, and the like. In other embodiments, the processor 118
may access information from, and store data in, memory that is nof physically located on the WTRU 102,
such as on a server of a home computer (not shown).

[0049]  The processor 118 may receive power from the power source 134, and may be configured o
distribute and/or control the power o the other components in the WTRU 102, The power source 134 may
be any suitabie device for powering the WTRU 102, For example, the power source 134 may inciude one
or more dry cell baiteries (e.g., nickel-cadmium (NICd)}, nickel-zinc (NiZn), nickel metal hydride (NiMH),
{ithium-ion (Li-ion), etc.}, solar ceils, fuel celis, and the like.

f0050]  The processor 118 may also be coupled to the GPS chipset 136, which may be configured to
provide location information (8.g., longitude and lafitude) regarding the current location of the WTRU 102,
In addition {0, or in fisu of, the information from the GPS chipset 136, the WTRU 102 may receive location
information over the air interface 116 from a base sfation (e.g., base stations 114a, 114b) andfor determine

its location based on the timing of the signals being received from fwo or more nearby base stations, it will
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be appreciated that the WTRU 102 may acquire location information by way of any suilable location-
determination method while remaining consistent with an embodiment.

f0051]  The processor 118 may further be coupled to other peripherals 138, which may include one or
more sofiware and/or hardware modules that provide additional features, functionality and/or wired or
wireless connectivity, For example, the paripherals 138 may include an accelarometer, an e-compass, a
sateilite transceiver, a digitai camera {for photographs andfor video), a universal serial bus (USB) port, a
vibration device, a television transcelver, a hands free headset, a Blustooth® maoduls, a frequency
modulated (FM) radio unit, a digital music piayer, a media player, a video game player module, an Internat
browser, a Virtual Reality andfor Augmented Reality (VR/IAR) device, an activity tracker, and the liks. The
peripherals 138 may include one oF more sensors, the sensors may be one or more of a gyroscope, an
accelerometer, a hall effect sensor, a magnetometer, an orientation sensor, a proximity sensor, a
temperature sensor, a time sensor; a gaclocation senser; an altimeter, a light sensor, a touch sensor, a
magnetomeier, a barometer, a gesture sensor, g biomeiric sensor, andfor a humidity sensor.

[0052] The WTRU 102 may include a full dupiex radio for which transmission and reception of some or
all of the signals (s.g., associated with particular subframes for both the UL (e.g., for ransmission) and
downlink {e.g., for reception} may be concurrent andior simultanecus. The full duplex radio may include an
interference management unit to reduce and or substantially sliminate self-interference via either hardware
(e.g., a choke) or signal processing via a processor (e.g., a separate processar {not shown) or via
processor 118). in an embodiment, the WRTU 102 may include a half-duplex radio for which transmission
and reception of some or ali of the signals (s.¢., associated with particudar subframes for either the UL

{&.g., for transmission) or the downiink {e.g., for reception}).

[0083] FIG. 1C is a system diagram illustrating the RAN 104 and the CN 1086 according to an
embodiment. As noted above, the RAN 104 may employ an E-UTRA radic technology to communicate
with the WTRUs 102a, 102b, 102¢ over the air interface 116, The RAN 104 may also be in communication
with the CN 106.

[0054]  The RAN 104 may include eNode-Bs 160a, 160b, 160c, though it will be appreciated that the
RAN 104 may include any number of eNode-Bs while remaining consistent with an embodiment. The
aNode-Bs 160a, 160b, 160c may each include one or more fransceivers for communicating with the
WTRUs 102g, 102b, 102¢ over the air interface 116. In one smbodiment, the eNode-Bs 1603, 160b, 160c
may implement MIMO technology. Thus, the eNode-B 1603, for example, may use multiple antennas to
transmit wirelsss signals to, andior receive wirsless signals from, the WTRU 102a,

{00557  Each of the eNods-Bs 1680a, 160b, 160¢ may be associated with a particuler cell {nct shown)
and may be configured to handle radio resource management decisions, handover decisions, scheduling of
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users in the UL andfor DL, and the like. As shown in FIG, 1C, the eNode-Bs 160a, 160b, 160c may
communicate with one another over an X2 interface.

f00568]  The CN 106 shown in FIG. 1C may include a mobility managemsnt entity (MME) 162, a serving
gaieway {SGW) 164, and a packel data network (PDN) gateway {or PGW) 166. While each of the
foragoing elements is depicted as part of the CN 106, it will be appreciated that any of these elements may
be owned andior operated by an entity other than the CN operalor.

[0057]  The MME 162 may be connecled o sach of the eNode-Bs 1623, 162b, 162¢ in the RAN 104 via
an 51 interface and may serve as a control node. For example, the MME 162 may be responsible for
authenticating users of the WTRUs 1023, 102b, 102c, bearer activation/deactivation, selecting a particular
serving gateway during an initial aftach of the WTRUs 1022, 102b, 102¢, and the like, The MME 162 may
provide a control plane function for switching between the RAN 104 and other RANs {not shown) that
employ other radio technologies, such as GSM and/or WCDMA.

[0058] The SGW 164 may be connecied to each of the eNode Bs 160a, 160b, 160¢ in the RAN 104 via
the 51 interface. The SGW 164 may generally route and forward user data packsts toffrom the WTRUs
102a, 102b, 102¢. The SGW 164 may perform other functions, such as anchering user planes during inter-
elode B handovers, triggering paging when DL dafa is available for the WTRUs 1022, 102b, 102¢,
managing and storing contexts of the WTRUs 1023, 102b, 10Zc, and the like.

f0059]  The SGW 164 may be connected to the PGW 166, which may provide the WTRUs 102a, 102b,
102¢ with access to packet-switched networks, such as the Internst 110, to fagilitate communications
between the WTRUs 102a, 102h, 102c and iF-enabled devices,

[0080]  The CN 106 may facilitate communications with other nefworks. For example, the CN 106 may
provide the WTRUs 102a, 102b, 102¢ with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102¢ and traditional land-line communications
devicss. For example, the CN 106 may include, or may communicate with, an IP gateway (e.g., an IP
multimedia subsystem (IMS) server) that serves as an interface between the CN 106 and the PSTN 108,
In addition, the CN 106 may provide the WTRUs 1023, 102b, 102¢ with access o the other networks 112,
which may include other wired andior wireless networks that are owned and/or operated by other service
providers.

[0081]  Although the WTRU is described in FIGS. 1A-1D as a wireless lerminal, it is contemplated that in
certain representative embodiments that such a terminal may use (e.g., temporarily or parmanently) wired

comminication interfaces with the communication network.

f0082]  In representaiive embodimens, the other network 112 may be a WLAN.
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f0063] A WLAN in Infrastructure Basic Service Set {BSS) mode may have an Access Point (AP} for the
BSS and one or more stations (STAs) associated with the AP. The AP may have an accass or an interface
to a Distribution Systemn {BS) or another type of wiredfwireless network that carries fraffic in to andfor out of
the BSS. Traffic to STAs that originates from outside the BSS may arrive through the AP and may be
delivered to the STAs, Traffic originating from STAs fo destinations outside the BSS may be sent io the AP
to be delivered to respective destinations. Traffic betwaen STAs within the BSS may be sent through the
AP, for example, where the source STA may send traffic to the AP and the AP may deliver the iraffic to the
destination STA, The fraffic between STAs within a BSS may be considered and/or referred to as peer-fo-
peer fraffic. The peer-to-peer traffic may be sent betwesn (e.g., directly between) the source and
destination STAs with a direct link setup {DLS). In certain representative embodiments, the DLS may use
an 802.11e DLS or an 802,11z tunneled DLS (TDLS). AWLAN using an Independent BSS (1BSS) mode
may not have an AP, and the STAs (.., al of the STAs) within or using the IBSS may communicate
direcily with egch other. The IBSS mode of communication may sometimes be referred to herein as an
“ad-hoc” mode of communication.

f0084] When using the 802.11ac infrastruciure mode of operation or a similar mode of operations, the
AP may transmit a beacon on a fixed channed, such as a primary channel. The primary channel may be a
fixed width (e.g., 20 MHz wide bandwidth) or a dynamically set width via signaling. The primary channg
may be the operating channel of the BSS and may bes usead by the STAs {c establish a connection with the
AP. in ceriain representative embodiments, Carrier Sense Multiple Access with Collision Avoidance
(CSMAJCA) may be implemented, for example in in 802,11 systems. For CSMAICA, the STAs {e.q., every
STA), including the AP, may sense the primary channel. If the primary channel is sensed/detectad and/for
determined to be busy by a particular STA, the particular STA may back off. One STA {(e.g., only one
station) may fransmit at any given tims in a given BSS.

f00685]  High Throughput (HT) STAs may use a 40 MHz wide channs! for communication, for exampls,
via a combination of the primary 20 MHz channel with an adjacent or nonadjacent 20 MHz channel to form
a 40 MHz wide channel.

f0088]  Very High Throughput (VHT) STAs may support 20MHz, 40 MHz, 80 MHz, andfor 160 MHz wide
channels. The 40 MHz, andfor 80 MHz, channels may be formed by combining configuous 20 MHz
channels. A 160 MHz channel may be formed by combining 8 contiguous 20 MHz channels, or by
combining two non-contigucus 80 MHz channels, which may be referred to as an 80+80 configuration. For
the 80+80 configuration, the data, after channel encoding, may be passed through a segment parser thai
may divide the data into two streams. Inverse Fast Fourier Transform (IFFT) processing, and time domain

processing, may be done on each stream separately. The streams may be mapped on to the two 80 MHz
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channels, and the data may be transmitted by a transmillting STA. At the recsiver of the receiving STA, the
ahove described operation for the 80-+80 configuration may be reversed, and the combined data may be
sent o the Medium Access Control (MAC).

f0067] Sub 1 GHz modes of operalion are supported by 802.11af and 802.11ah. The channel operating
bandwidths, and carriers, are reduced in 802.11af and 802.11ah relative to those used in 802.11n, and
802.11ac. 802 114f supports 5 MHz, 10 MHz and 20 MHz bandwidths in the TV White Space (TVWS)
spectrum, and 802, 11ah supports 1 MHz, 2 MHz, 4 MHz, 8 MHz, and 16 MHz bandwidihs using non-
TVWS spectrum. According to a representative embodiment, 802.11ah may support Meter Type
Control/Machine-Type Communications, such as MTC devices in a macro coverage area. MTC dsvices
may have ceriain capabilities, for example, limited capabilities including support for {8.g., only support for)
certain andfor limited handwidths. The MTC devices may include a battery with a battery life above a
threshold {e.g., o maintain a very long battery fife).

[0088] WLAN systems, which may support multiple channeis, and channel bandwidths, susch as
802.11n, 802.11a¢, 802.11af, and 802.11ah, include a channel which may be designated as the primary
channel. The primary channel may have a bandwidth equal {o the largest common operating bandwidth
supported by all STAg in the BSS. The bandwidth of the primary channel may be sef andfor limited by a
STA, from among all STAs in operating in a BSS, which supports the smallest bandwidth operating mods
In the example of 802.11ah, the primary channel may be 1 MHz wide for STAs {e.g., MTC iype devices)
that support {e.g., only supporl) a 1 MHz mods, even if the AP, and other STAs in the BSS support 2 MHz,
4 MHz, 8 MHz, 16 MHz, andlor other channel bandwidth operating modes. Carrier sensing and/or Network
Allocation Vecior (NAV) setlings may depend on the status of the primary channel. If the primary chennel
is busy, for example, due to a STA (which supports only a 1 MHz operating mode), fransimilling to the AP,
the entire available frequency bands may be considerad busy even though a majority of the frequency
bands remains idle and may be available

{00891  In the United States, the available frequency bands, which may be used by 802.11ah, are from
902 MHz t0 928 MHz. In Korea, the available frequency bands ars from 817.5 MHz to 923.5 MHz, In
Japan, the available frequency bands are from 916.5 MHz to 927.5 MHz, The total bandwidth availabie for
802.11ah is 8 MHz to 26 MHz depending on the country code.

f0070] FIG. 1D is a system diagram illustrating the RAN 113 and the CN 115 according to an
ambodiment. As noted above, the RAN 113 may employ an NR radio technology to communicate with the
WTRUs 102a, 102k, 102¢ over the air interface 116, The RAN 113 may also be in communication with the
CN 115,
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[0071]  The RAN 113 may include gNBs 180a, 180b, 180c, though it will be appreciated that the RAN
113 may includs any number of gNEs whils remaining consistent with an emboediment. The gNBs 180Gz,
180b, 180¢c may each include one or more transceivers for communicating with the WTRUs 102a, 102b,
1020 over the alr interface 116. In one embodiment, the gNBs 180a, 180b, 180c may implement MIMO
technology. For example, gNBs 180a, 108b may utilize beamforming to transmit signals to andfor receive
signals from the gNBs 180a, 180b, 180c. Thus, the gNB 1803, for example, may use multiple antennas fo
transmit wireless signais fo, andior receive wireless signals from, the WTRU 102a. In an embodiment, the
ghBs 180a, 180b, 180c may implemeant carrier aggregation technology. For example, the gNB 180a may
transmit multiple component carriers to the WTRU 102a {not shown). A subsst of these componant
carriers may be on unlicensad specirum while the remaining component carriers may be on licensed
spectrum. In an embodiment, the gNBs 180a, 180b, 180c may implement Coordinated Mulii-Point (CoMP}
technology. For example, WTRU 102a may receive coordinated fransmissions from gNB 180a and gNB
180n {andfor gNB 180¢).

[0072] Ths WTRUs 102a, 102b, 102¢c may communicate with gNBs 180a, 180b, 180c using
transmissions associated with a scalable numerology. For example, the OFDM symbol spacing andfor
OFDM subcarrier spacing may vary for different transmissions, different cells, andfor different portions of

the wirelass transmission spectrum. The WTRUs 1023, 102b, 102¢ may communicate with gNBs 1803,

180b, 180c using subframe or fransmission time intervals {TT1s) of various or scalable lengths (e.g.,
containing varying number of OFDM symbols and/or lasiing varying lengths of absolute time),

[0073] The ghBs 180z, 180b, 180c may be configured fo communicate with the WTRUs 102a, 102k,
10Zc in a standalons configuration andfor a non-standalone configuration. In the standalone configuration,
WTRUs 1023, 102b, 102¢ may communicate with gNBs 180a, 180b, 180¢ without alse accessing other
RANs (e.g., such as eNode-Bs 1603, 160k, 160c). In the standalone configuration, WTRUs 1023, 102b,
1G2¢ may utilize ong or more of gNBs 1803, 180b, 180c¢ as a mobility anchor point. In the standalone
configuration, WTRUs 1023, 102b, 102c may communicate with gNBs 180a, 180b, 180c using signals in an
unficensed band. In a non-standalone configuration WTRUs 102a, 102k, 102c may communicate
with/connedt to gNBs 180a, 180b, 180c while also communicating with/connacting to another RAN such as
eNode-Bs 160a, 160b, 160c. For example, WTRUs 102a, 102b, 102¢ may implement DC principles to
communicate with one or more gNBs 180a, 180b, 180¢ and one or more eNode-Bs 1603, 160b, 160¢
substantiaily simultaneously. In the non-standaleone configuration, eNode-Bs 160a, 160b, 160¢ may serve
as a mobility anchor for WTRUs 1023, 102b, 102c and gNBs 180a, 180b, 180¢ may provide additional

coverage and/or throughput for servicing WTRUs 102a, 102b, 102c.
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f0074]  Each of the gNBs 180g, 180b, 180c¢ may be associated with a particular cell (not shown) and
may be configured to handle radio resource management decisions, handover decisions, scheduling of
users in the UL and/or DL, support of network slicing, dual connectivity, interworking betwesn NR and k-
UTRA, routing of user plane data towards User Plane Function (UPF) 1844, 184b, routing of control plane
information towards Access and Mobility Management Function (AMF) 1823, 182b and the like. As shown
in FIG. 1B, the ghBs 1803, 180b, 180c may communicate with one another over an Xn interface.

[0075]  The CN 115 shown in FIG. 1D may include at least one AMF 1823, 182b, &i lsast one UPF
184a,184b, at lsast one Session Management Function (SMF) 183a, 183b, and possibly a Data Network
(DN) 1853, 185b. While each of the foregoing elemanis are depicted as part of the CN 115, it will be
appreciated thal any of these elements may be owned andfor operated by an entity other than the CN
operator.

f0076] The AMF 1823, 182b may be connscted to one or more of the gNBs 1803, 180b, 180c in the
RAN 113 via an N2 interface and may serve as a control node. For example, the AMF 1823, 182b may be
rasponsible for authenticating users of the WTRUs 102a, 102b, 102¢, support for network slicing (e.g.,
handling of different PDU sessions with different requirements), selecling a particular SMF 1833, 183b,
management of the regisiration arsa, termination of NAS signaling, mobility management, and the like,
Network slicing may be used by the AMF 182a, 182b in order to customize CN support for WTRUs 1023,
1025, 102¢ bassd on the types of services being utifized WTRUs 1023, 102b, 102c. For example, different
network slices may bs established for different use cases such as services relying on ultra-reliable low
latency (URLLC) access, services relying on enhanced massive mobile broadband (eMBE) access,
senvices for machine type cormmunication (MTC) access, and/or the fike. The AMF 162 may provide a
conirol plane function for switching between the RAN 113 and other RANs {not shown) that employ other
radio technoiogiss, such as LTE, LTE-A, LTE-A Pro, andior non-3GPP access technologies such as Wik
[0077]  The SMF 1833, 183b may be connected to an AMF 1823, 182b in the CN 115 via an N11
interface. The SMF 1833, 183b may also be connecled to a UPF 1844, 184b in the CN 115 via an N4
interface. The SMF 1833, 183b may select and control the UPF 184a, 184b and configure the routing of
traffic through the UPF 1843, 184b. The SMF 1833, 183b may perform other functions, such as managing
and affocating UE [P address, managing PDU sessions, controlling policy enforcement and QoS, providing
downlink data nofifications, and the like. A PDU session type may be P-basead, non-IP based, Ethernat-
based, and the like.

[0078] The UPF 1843, 184b may bs connacted fo one or more of the gNBs 180a, 180b, 18C0cin the
RAN 113 via an N3 interface, which may provide the WTRUs 102a, 102b, 102c with access io packet-

swiiched networks, such as the internet 110, to faciiitate communications between the WTRUs 102a, 102b,
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102¢ and IP-enabled devices. The UPF 184, 184k may perform other functions, such as routing and
forwarding packets, enforcing user plane policies, supporiing multi-homed PDU sessions, handling user
plane QoS, buffering downlink packests, providing mobility anchoring, and the like.

f0079]  The CN 115 may facilitate communications with other nefworks. For example, the CN 115 may
include, or may communicate with, an IP gateway {e.q., an iP multimedia subsystem (IMS) server) that
serves as an interface betwesn the CN 115 and the PSTN 108, in addition, the CN 115 may provide the
WTRUs 1023, 102b, 1020 with access io the other networks 112, which may include other wired andfor
wirsless networks that are ownad and/or operated by other service providers. In one embodiment, the
WTRUs 102g, 102b, 102c may be connected to a local Data Network (DN) 185a, 185b through the UPF
1843, 184b via the N3 interface to the UPF 184a, 184b, and an NG interface between the UPF 184a, 184b
and the DN 1853, 185b.

f0080] Inview of Figures 1A-1D, and the corresponding description of Figures 1A-10, one or mars, or
all, of the funclions described hersin with regard to one or more oft WTRU 102a-d, Base Station 114a-b,
eNode-B 160a-c, MME 162, SGW 164, PGW 166, gNB 180a-c, AMF 182a-b, UPF 184a-b, SMF 183a-b,
DN 185a-b, andfor any other device{s) described herein, may be performed by one or more emulation
devices {not shown}. The emulalion devices may be one or more devices configured to emulate one or
more, or all, of the functions described herein. For example, the emulation devices may be used fo test
other devices andfor to simulate network andfor WTRU functions.

[0681]  The emulation devices may be designed {o implement one or more fesis of other devices in alab
anvironment andfor in an operator network environment. For example, the ona or more emulation devicas
may perform the one or more, of all, functions while being fully or partially implemented and/or deployed as
part of a wired andfor wirsless communication network in order o test other devices within the
communication network. The one or more emulation devices may perform the one or more, or all,
functions while being temporarily implementedideployed as part of a wired and/or wirsless communication
network, The emulation davice may be directly coupled to anciher devics for purposss of festing and/or
may performing testing using over-the-air wireless communications,

[0082] The onse or more emulation devices may perform the one or more, including all, functions while
not being implementedideployed as part of a wired andfor wireless communication network. For example,
the emulation devices may be utilized in a festing scenario in a testing laboratory andfor a non-deployed
(e.q., testing) wired andfor wireless communication network in order to implement testing of one or more
componants. The one or more emulation devices may be test equipment. Diract RF coupling and/or
wireless communications via RF cirouitry {e.g., which may include ons or more antennas) may be used by

the emulation devices o transmit andfor receive data.
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f0083]  This application describes a variety of aspects, including tocls, features, examples or
embodiments, models, approaches, sfc. Many of these aspects are described with specificity and, at least
to show the individuat characteristics, are often described in a manner that may sound limiting. However,
this is for purposes of clarity in description, and does not limit the application or scope of those aspects.
Indeed, all of the different aspecis may be combined and interchangad to provide further aspecis.
Morsover, the aspects may be combined and intarchanged with aspects described in sartisr filings as well,
[0084] The aspecls described and contemplated in this application may be implemented in many
different forms. FIGS. 5-8 described herain may provide some embodiments, but other smbodiments are
contemplated. The discussion of FIGS. 5-8 does not limit the breadth of the implementations. Atleast ong
of the aspects generally relates o video encading and decoding, and &t least one other aspect generally
relates to fransmitting & bilstream generated or encoded. These and other aspects may be implemented
as a method, an apparatus, a computer readable storage medium having stored thergon instructions for
ancoding or decoding video data according to any of the methods described, andfor a computer readable
storage medium having stored thereon a bitstraam generated according to any of the methods described.
[0085]  In the present appilication, the terms “reconstructed” and “decodad” may be used
interchangeably, the terms “pixel” and “sample” may be used interchangeably, the terms “imags,” "picture”
and "frame” may be used interchangeably.

f0086] Various methods are described herein, and each of the methods comprises ong or more steps or
actions for achieving the describad method. Unless a specific order of steps or actions is required for
proper operation of the methed, the order andfor use of specific steps andior actions may bs modified or
combined. Additionally, terms such as "first’, "sscond”, afc. may be used in various embodiments to modify
an element, component, step, operation, efc., such as, for example, & “first decoding” and a “second
decoding”. Use of such terms does not imply an ordering to the modified operations unless specifically
requirad. So, in this example, the first deceding need not be performed before the second decoding, and
may ocour, for example, before, during, or in an overlapping time period with the second decoding.

[0087] Various methods and other aspects described in this application may (for example, be used o)
modify modules, for example, intra prediction and entropy coding andfor decoding modulas (260, 380, 245,
330}, of a video encoder 200 and decoder 300 as shown in FIG. 2 and FIG. 3. Moreover, the subject
matter disclosed herein presents aspects that are not limited to VWC or HEVC, and may be applied, for
axample, to any type, format or version of video coding, whether described in a standard or a
recommendation, whether pre-existing or future-developed, and extensions of any such standards and
recommendations {e.q., including VWC and HEVC). Unless indicated otherwise, or technically preciuded,

the aspects described in this application may be used individually or in combination.
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[0088] Various numeric values are used in examples described the present application, such as bit
value logic (for example, logic for valus of 0 or 1), numeric value ranges (for example, 0 o 255), a
payloadType value for the CCC SEl message is 12, a payloadType value for the AA SEl message is 13,
efc. These and other specific values are for purposes of desaribing exarmples and the aspects desoribed
are not limited {o these specific values.
[0089] FIG. 2 is a diagram showing an example video encoder. Variations of example encader 200 are
contemplated, but the encoder 200 is described below for purposes of diarity without describing all
expected variations,
[0090] Before being sncoded, the video sequance may go through pre-encoding processing (201}, for
example, applying & color fransform to the input color picture (8.g., conversion from RGB 4:4:4 to YChCr
4:2:0), or performing a remapping of the input picture componenis in order to get & signal disfribution more
resilient to compression (for instance using a histogram squalization of one of the calor components).
Metadata may be assodialed with the pre-processing, and atlached to the bilstraam.
[0091] Inthe enceder 200, a picture is encoded by the encoder slements as describad below. The
picture to be encoded is partitioned {202) and processed in units of, for example, coding units {CUs}. kach
unit is encoded using, for example, either an intra or inter mode. When a unitis encoded in an inira mode,
it performs intra prediction (260). In an inter mode, motion estimation (275} and compensation (270} are
performed. The encoder decides (205} which one of the intra mode or inter mode to use for encoding the
unit, and indicates the intrafinter decision by, for example, a prediction mode flag. Prediction residuais are
calculated, for exampls, by subtracting (210) the pradictad black from the original image block,
[0092] The prediction residuals are then transformed (225} and quantized (230}, The guantized
transform coefficients, as well as motion vectors and other syntax elements, are sntropy coded (245) to
outpui a bitstream. The encoder can skip the transform and apply quantization direcily io the non-
transformed residual signal. The encoder can bypass both fransform and quantization, i.e., the residual is
coded directly without the application of the transform or quantization processes.
[0093] The encoder decodes an encoded block to provide a raference for further predictions. The
quantized transform coefficients are de-quantized (240) and inverse transformad (250) to decode prediction
residuals. Combining (255) the deccded prediction residuals and the pradicted block, an image block is
reconstrucled. In-loop filters (265) are applied to the reconstructed picture to perform, for example,
deblocking/SAC (Sample Adaptive Offset) filtering to reduce encoding artifacts. The filtered image is
stored at a reference picture buifer 280).
[0094] FIG. 3is g diagram showing an example of a video decoder. In example decoder 300, a
bitstream is decoded by the decoder elements as described below. Video decoder 300 generally performs
a decoding pass reciprocal to the encoding pass as described in FIG. 2. The encoder 200 may also
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generally parform video decoding as part of encoding video data. For example, the encoder 200 may
perform one or more of the video decoding steps presented herein. The encoder reconstructs the decods
images, for example, to maintain synchronization with the decoder with respect to one or more of the
following: reference pictures, entropy coding contexis, and other decoder-relevant stale variables.
{00951  In particular, the input of the decoder includes a video bilstream, which may be generated by
vidao encoder 200. Tha bitstream is first entropy decoded {330) to obtain fransform coefficients, motion
veclors, and other coded information. The piclure partition information indicales how the picture is
partitioned. The decoder may therefore divide {335) the picture according fo the decoded picture
partitioning information. The transform coefficients are de-quantized (340) and inverse transformed (350}
to decode the prediction residuals. Combining (355) the decoded prediction residuals and the predicted
block, an image block is reconstrucied. The predicted biock may be obtained (370) from infra prediction
(360) or motion-compensated prediction (.., inter prediction) {375). In-oop fiters (365) are applied to the
reconsiructed image. The filiered image is slored at a reference picture buffer {(380).
[0088] The decoded piciure can further go through post-deceding processing (385}, for example, an
inverse color fransform (8.9, conversion from YCbOr 4:2:0 to RGE 4:4:4) or an inverse remapping
performing the inverss of the remapping process performed in the pre-encoding procsssing (201). The
post-decoding processing can use metadata derived in the pre-encoding processing and signaled in the
bitstream.
[0057] FIG. 4 is a diagram showing an example of a system in which various aspects and embodiments
described hersin may be implemented. System 400 may be embodied as a device including the various
components dascribed below and is configurad to perform one or more of the aspests described in this
document. Examples of such devices include, but are not limited to, various elsctronic devices such as
personal computers, laptop computers, smariphones, tablet compulers, digifal multimedia sel top boxes,
digital television raceivers, personal video recording systems, connected home appliances, and servers.
Elements of system 409, singly or in combination, may be embaodied in a single integrated circuit (IC),
multiple ICs, andfor discrate components, For example, in af least one example, the processing and
encoder/decoder slements of system 400 are distributed across muitiple 1Cs andior discrate components.
In various smbodiments, the system 400 is communicatively coupled fc one or more other systems, or
other electronic devices, via, for example, a communications bus or through dedicated input andfor output
ports. In various embodiments, the system 400 is configured {o implement one or more of the aspects
described in this document.
[0098]  The systern 400 includes at least one processor 410 configured to execufe instructions loaded
therein for implemanting, for example, the various aspects described in this document. Processor 410 can
include embedded memeory, input output interface, and various other circuitries as known in the art. The
290 -
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systern 400 includes al least one memory 420 (e.g., & volatile memory device, and/or a non-volalile

memory device). System 400 includes a sforage device 440, which can include non-volatile memory

andlor volatile memory, including, but not limited to, Electrically Erasable Programmable Read-Only
Memory (EEPROM), Read-Only Memory (ROM), Programmable Read-Only Memory (FROM), Random
Access Memory (RAM), Dynamic Random Accsss Memory {(DRAM), Static Random Access Memory
(SRAM), flash, magnetic disk drive, and/or optical disk drive. The storage device 440 can includs an
internal storage device, an atfached storage device {including detachable and non-detachable storage
davices), andfor a network accessible storage device, as non-limiting examples.
[0099] System 400 includes an encoder/dacoder module 430 configurad, for example, to process data
to provide an encoded video or decoded video, and the encoder/decader module 430 can indlude its own
processor and memory. The encoderfdecoder module 430 represents module(s) thal may be inciudedin a
device to perform the encading and/or decoding functions. Asis known, a device can incltide ons or both
of ihe encoding and decoding modules. Additionally, encoder/decoder module 430 may be implemenied
as a separate slement of system 400 or may be incorporated within processor 410 as a combination of
hardware and software as known to those skilled in the art.
{04001  Program code to be loaded onio processor 410 or encoderidecoder 430 to perform the various
aspects described in this document may be stored in slorage device 440 and subsequently loaded onto
mamory 420 for execution by processor 410, In accordance with various embodiments, ong or more of
processor 410, memory 420, storages device 440, and encoder/decoder module 430 can store one or more
of vartous ftems during the performance of the processes described in this document. Such stored items
can include, but are not limited to, the input video, the decoded vidso or portions of the decoded video, the
bitstrear, matrices, variables, and intermadiate or final results from the processing of equations, formulas,
operations, and operafional logic.
{01011  In some embodiments, mamory insids of the processor 410 andior the encoder/decoder module
430 is used io store instructions and to provide working memory for processing that is needed during
encoding or decoding. In other embodiments, however, a memory external to the processing device (for
example, the processing device may be sither the processor 410 or the encoder/decoder module 430} is
used for one or more of these functions. The exiernal memory may be the memory 420 andfor the storage
device 440, for example, a dynamic volatile memory and/or a non-volatile flash memory. In several
embodiments, an external non-volatile flash memory is used to store the operating system of, for example,
a television. In al least one embodiment, a fast exiernal dynamic volatile memory such as a RAM is used
as working memory for video coding and decoding operations, such as, for example, MPEG-2 (MPEG
refars to the Moving Picture Experts Group, MPEG-2 is also referred to as ISOAEC 13818, and 13818-11s
also known as H.222, and 13818-2 is also known as H.262), HEVC (HEVC refers to High
S99

Efficiency Video



WO 2021/003371 PCT/US2020/040667

Coding, also known as H.265 and MPEG-H Part 2), or WO (Versalile Video Coding, a new standard being
developed by JVET, the Joint Video Experts Team).
[0102] The input fo the elements of system 400 may be provided through various input devices as
indicated in block 445, Such inpul devices include, but are not limited o, {i} a radio frequency {RF) portion
that receives an RF signal fransmitted, for example, over the air by a broadcaster, (i} a Component
(COMP) input terminal (or a set of COMP input terminals), (i} a Universal Sarial Bus (USR) input terminal,
andfor (iv) a High Definition Multimedia Interface (HDM!) input terminal. Other examples, not shown in FIG.
4, include compostte video.
[M03]  Invarious embodiments, the input devices of block 445 have associated respective input
processing elements as known in the art. For example, the RF portion may be associaied with elements
suitable for (i) seleciing a desired frequency (also referred to as selecting a signal, or band-limiting a signal
to a band of fraquencies), (i} downgonverting the selected signal, (iil} band-limiting again 1o a narrower
hand of frequencies lo select (for example) a signal frequency band which may be referred o as a channel
in certain embodiments, (iv) demcedulating the downgconverted and band-limited signal, (v) parforming error
correction, and (vi} demultiplexing to select the desired streany of data packets. The RF portion of various
embodiments includes one or more elements {o perform these functions, for example, frequency selectors,
signal selectors, band-limiters, channe! selactors, fillers, downconverters, demodulators, error correctors,
and demuitipiexers. The RF portion can include a tuner that performs various of these functions, including,
for example, downconverting the received signal to a lower frequency (for examgple, an intermediate
frequency or a near-baseband frequency) or to bassband. In one set-top box smbodiment, the RF portion
and its associated input procassing element receives an RF signal fransmitted over a wired (for example,
cable} medium, and performs frequency selection by filtering, downconverting, and filtering again fo a
desired frequency band. Various embodiments rearrange the order of the above-described (and other)
slemesnts, remove some of these elements, and/or add other elements performing similar or different
functions. Adding elements can includs inserting elemeants in betwaen existing elements, such as, for
example, inserting amplifiers and an analog-to-digital converter. In varicus emboediments, the RF portion
includes an antenna.
[0104] Additionally, the USB andfor HDM! terminals can include respective interface processors for
connecting system 400 to other electronic devices across LSB andfor HDMI connections. ltistobe
understood that various aspects of input processing, for example, Reed-Solomon error correction, may be
implemented, for exampie, within a separale input processing IC or within processor 410 as necessary.
Similarly, aspsots of USB or HDM! interface processing may be implemented within separate inferface ICs
or within processor 410 as necessary. The demodulated, arror corrected, and demultiplexed stream is
provided to various processing elements, including, for example, processor 410, and encoder/decoder 430
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operating in combination with the memory and storage elements to process the dalastream as necessary
for presentation on an oufput device,
[M05] Various elements of system 400 may be provided within an integrated housing. Within the
integrated housing, the various elemenis may be interconnected and transmit data therebetween using
suitable connection arrangament 425, for example, an internal bus as known in the art, including the Inter-
IC (12C) bus, wiring, and printad circuit boards.
f0108]  The systern 400 includes communication interface 450 that enables communication with other
davices via communication channef 460. The communication interface 450 can include, but is not limited
to, a transceiver configured to transmit and to receive data over communication channel 450, The
communication interface 450 can include, but is not limited to, a modem or network card and the
communication channel 460 may be implemenied, for example, within a wired andfor a wireless medium,
[0107] Datais streamed, or otherwise provided, to the system 400, in varicus embodiments, using a
wireless network such as a Wi-Fi network, for example IEEE 80211 {IEEE refers to the instilule of
Electrical and Electronics Engingers). The Wi-Fi signal of thess examplas is received over the
communications channe! 4560 and the communications interface 450 which are adapted for Wi-FH
communications. The communications channel 460 of these embodiments is typically connected to an
access poini or router that provides access to external networks including the Internet for gliowing
streaming applications and other over-the-top communications. Other embodiments provide streamed data
to the systern 400 using a sat-top box that delivers the data over the HDMI connection of the input block
445, Still other embodiments provide streamed data fo the systern 400 using the RF connection of the
input block 445. As indicated above, various embodiments provide data in a non-streaming manner.
Additionally, varicuis embediments use wireless networks other than Wi-Fi, for example a csllular network
or a Blusicoth network.
f0108] The system 400 can provide an output signal to various output devices, including a display 475,
spaakers 485, and other peripheral devices 495, The display 475 of various embodiments includes ons or
more of, for example, a touchscreen display, an organic light-emilting diode (OLED) display, a curved
display, andior a foldable display. The display 475 may be for a telavision, a tablet, a faptop, a cell phone
{mobile phone}, or other device. The display 475 can alsc be integrated with other components {for
example, as in a smarl phone), or separate {for example, an exiemal monitor for a laptop). The other
peripheral devices 499 include, in various exampies of embodiments, one or more of a stand-alone digital
vidao disc {or digital versatile disc) (DVR, for both terms), a disk player, a stereo system, and/or a lighting
system. Various embodiments use one or more peripheral devices 495 that provide a function based on
the output of the system 400, For exampis, a disk player performs the function of playing the cutput of the
system 400,
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[0109]  In various embodiments, control signals are communicated between the systemn 400 and the
display 475, speakers 485, or other peripheral devices 495 using signaling such as AV.Link, Consumer
Electronics Control {CEC), or other communications protocols that enable device-to-device control with or
without user intervention. The outpul devices may be communicatively coupled to system 400 via
dedicaied connections through respective interfaces 470, 480, and 480, Alternatively, the cutput devices
may be connected to system 400 using the communications channel 480 via the communications interface
450, The display 475 and speakers 485 may be integrated in a single unit with the other components of
system 400 in an electronic device such as, for example, a television. In various embodiments, the display
interface 470 includss a display driver, such as, for example, a timing controller {T Con) chip,

[0110]  The display 475 and speakers 485 can alternatively be separate from one or more of the other
components, for example, if the RF portion of input 445 is part of a separate set-top box, In various
ambodiments in which the display 475 and speakers 485 are external components, the output signal may
be provided via dedicated cutput conneclions, including, for example, HDMI ports, USB ports, or COMP
ouiputs.

[0111] The embodiments may be carried cut by computer software implemented by the processor 410
or by hardware, or by a combination of hardware and software. As a non-limiting example, the
asmbodiments may be implemented by one or more iniegrated circuits, The memory 420 may be of any
type appropriate to the technical environment and may be implemsanied using any appropriate data storage
technology, such as opticel memary devices, magnetic memary devices, semiconductor-based mernory

davices, fixed memory, and removabls mamory, as non-limiting examples. The processor 410 may be of

any type appropriate to the technical environment, and can encompass cne of more of microprocessors,
general purpose computers, special purpose computers, and processors based on a multi-core
architecture, as non-limiting examples.

f0112] Various implementations involve decoding. “Decoding’, as used in this application, can
sncompass ail or part of the processes performed, for example, on a received encoded sequence in order
to produce a final output suitable for display. In varicus embodiments, such processes include one of more
of the processes typically performed by a decoder, for example, entropy decoding, inverse quantization,
inverse transformation, and differential decoding. In varicus embediments, such processes also, or
alternatively, include processes performad by a decoder of various implementations described in this
application, for example, determining which attribute sub-bitstream to use for decoding visual volumetric
confent based on a message that indicales which attribute sub-bifstream indicaled in a parameter set
assosciated with the visual volumstric content is active; decoding the visual volumetric content using an
active attribute sub-bitstream; obtaining a paramster set comprising attribute information for attributes that

characterize visual volumetric conlent; receiving a message that indicates thal indicales which attribute
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sub-bitstream of a plurality of aftribute sub-bitsireams indicated in a parameter set associated with the
visual volumetric content is aclive; determining an active attribute sub-bitstream and an inactive attribute
sub-bitstream based on the message; receiving the active aitribute sub-bitstrsam; decoding the visual
volumetric content using the active altribute sub-bitstream and skip the inactive aftribute sub-bitstraam;
determining an inactive atfribute sub-bitstream based on a message; deiermining that an atiribute sub-
bitstream indicated in the parameter set but not indicated in the message is an inactive attribute sub-
hitslrear; skipping the inactive atiribule sub-bilstream for the decoding of the visual volumetric content;
slc,

[0413]  Asfurther embodiments, in one example “decoding” refers only to entropy decading, in another
sembodiment “decoding” refers only fo differential decoding, and in ancther embodiment “decoding” refers fo
a combination of entropy decoding and differential decoding. Whether the phrase “decoding process’ is
intended fo refer spegifically to a subset of oparations or generally to the broader decoding process wili be
clear based on the context of the specific descriplions and is believed fo be well understood by those
skilted in the arl.

[0114] Various implementations involve encoding. In an analogous way to the above discussion about

W

“decoding”, “encoding” as used in this application can encompass all or part of the processes performed,

for example, on an input video sequence in order to produce an encoded bistream. In various
ambodiments, such processes include ona or more of the processes typically performad by an encoder, for
axample, partitioning, diffsrential encoding, transformation, quantization, and eniropy encoding. In various
embodiments, such processes alsg, or alternatively, include processes performed by an encoder of various
implementations described in this application, for example, determining to deactivate an altribute sub-
bitstream of a plurality of attribute sub-bitstreams indicated in a parameter set associated with visual
volumetric content; delermining to deactivale an atiribule sub-bitstream of a plurality of attribute sub-
bitstreams indicated in a paramster set associated with the visual volumstric content based on bitrate
adaplation; generating and sending a messags indicating the deactivation of the atiribute sub-bitstream;
ste,

[0115]  Asfurther examples, in one embodiment "encoding’ refers only to entropy encoding, in ancther

embediment “encoeding” refers only to differential enceding, and in another smbodiment “encoding” refers fo

a combination of differential encoding and entropy encoding. Whether the phrase “encoding process” is
intended fo refer specifically to a subset of operations or generally to the broader encoding process will be
ciear based on the context of the specific descriptions and is believed to be well understood by thoss

ckilled in the arl.
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[0118] Note that syniax elements as used herein, such as syniax elements indicated in Tables 1-7 and
otherwise in discussion or figures presented herein, are descriptive terms. As such, they do not preciude
the use of other syniax element names.

{01171 When & figure is presented as a flow diagram, it should be understood that it also provides a
block diagram of a corresponding apparatus, Similarly, when a figure is presented as a block diagram, it
should be understood that it also provides a flow diagram of a corresponding method/process.

[0118]  During the encoding process, the balance or frade-off between the rate and distortion is usually
considered, often given the constraints of computational complexity. The rate distortion optimization is
usually formulated as minimizing a rate distortion function, which is a weighted sum of the rate and of the
distortion. There are different approaches fo sclve the rate distortion opiimization problem. For example,
the approaches may be based on an extensive tesiing of all encoding opfions, including all considered
modss or coding parameters vaiues, with a complete evaluation of their coding cost and related distortion
of the reconstructed signal afier coding and decoding. Faster approaches may also be used, to save
enceding complexity, in particular with computation of an approximated distortion based on the pradiction
or the prediction residual signal, not the reconstructed one. Mix of these two approaches can also be used,
such as by using an approximated distortion for only some of the possible encoding options, and a
complete distortion for other encoding options. Other approaches only evaluate a subsei of the possible
ancoding options. More generally, many approaches employ any of a variety of techniques to perform the
oplimization, but the optimization is not necessarily a complete evaluation of both the coding cost and
related distortion.

[0119]  The implementations and aspects described herein may be implemented in, for example, a
method or a process, an apparatus, a software program, a data stream, or a signal. Even if only discussed
in the context of a single form of implementation {for example, discussed only as a method), the
implementation of features discussed can also be implemeanted in other forms (for exampie, an apparatus
or program). An apparalts may be implemented in, for example, appropriate hardware, software, and
firmware. The methods may be implemented in, for example, a procassor, which refers io processing
davices in general, including, for example, a computer, a microprocessor, an integrated circuit, or a
programmable logic device. Procsssors aiso incltde communication devices, such as, for example,
computers, cell phones, portable/personal digital assistants ("PDAs"), and other devices that facililale
communication of information between end-users.

"ok

[0120] Reference to “one embodiment,” “an embodiment,” “an example,” “ong implementation” or "an

implementation,” as well as other variations thereof, means that a particular feature, structure,

characteristic, and so forth described in connection with the embodiment is included in at least ons

emhodiment. Thus, the appearances of the phrase “in one embodiment,” “in an embodiment,” “in an
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axample,” "in one implementation,” or “in an implementation’, as well any other variations, appearing in
various places throughout this application are not necsssarily all referring to the same embodiment or
example.

[0121]  Additionally, this application may refer to "determining” various pieces of information.
Determining the information can include one or more of, Tor example, estimating the information, calculating
the information, predicting the information, or retrieving the information from memary. Obtaining may
include receiving, retrieving, constructing, generating, andfor determining.

[0122] Further, this application may refer to “accessing” various pieces of information. Accessing the
information can include one or more of, for example, receiving the information, retrieving the information
{for example, from memory), storing the information, moving the information, copying the information,
caloulating the information, determining the information, predicting the information, or estimating the
information.

[0123] Additionally, this application may refer to “receiving” various pieces of information. Receiving is,
as with "accessing’, intended to be a broad term. Recelving the information can include cne or more of, for
example, accsssing the information, or retrisving the information (for example, from mamory}. Further,
“receiving” is typically involved, in one way or ancther, during operations such as, for example, storing the
information, processing the information, fransmiiting the information, moving the information, copying the
information, erasing the information, calculating the information, determining the information, predicting the
information, or estimating the information.

[0124] ltisio be appreciated that the uss of any of the following °7", “andfor’, and “at least one of | for
example, in the cases of “A/B", "A andior B and "at lsast one of A and B, is intended to encompass the
selection of the first listad option (A} only, or the selection of the second listed option (B) only, or the

selection of both aplions (A and B). As a further example, in the cases of “A, B, and/or C” and “at least one

isted option (A) only, or

\

of A, B, and C’, such phrasing is intended to sncompass the selection of the first
the selection of the second listed option (B} only, or the selection of the third listed option (C) only, or the
selection of the first and the second listed options (A and B) only, or the selection of the first and third listed
options (A and C) only, or the salection of the second and third listed options (8 and C} only, or the
selection of &ll three options (A and B and C). This may be exiended, as is clear to one of ordinary skill in
this and related arts, for as many ifems as are lisled.
[0125] Also, as used herein, the word “signal” refers to, among other things, indicating something fo a
corresponding decoder. For example, in some embodiments the encoder signals (e.g., 1o a decoder)
changes to video component sub-bitstreams for decoding, video component codec changes or
activefinactive codecs for decoding, video component atiribute changes or activefinactive attributes for
dscoding, video component atfribute set changes or activefinactive parameter ssis for decoding, ste. In
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this way, in an embodiment the same parameter is used at both the encoder side and the decoder side.
Thus, for example, an encoder can transmif {explicit signaling) a particular parameter to the decoder so
that the decoder can use the same particular parameter. Converssly, if the decoder already has the
particular parameter as well as others, then signaling may be used without transmitling (implicit signaling)
to simply allow the decoder o know and select the particular parameter. By avoiding transmission of any
actual functions, a bit savings is realized in various embodiments. 1t is to be appraciated that signaling may
be accomplichad in a varisty of ways. For example, one or more syntax elements, flags, and so forih are
used to signal information to a comresponding decoder in varicus embodiments. While the praceding

ln

relates to the verb form of the word “signal’, the word “signal” can also be used herain as a noun.

04261  Aswill be evident to one of ordinary skill in the art, implementations may produce a variely of
signals formatted to carry information that may be, for example, stored or transmiited. The information can
include, for example, instructions for parforming a method, or data produced by one of the desaribed
implementations. For example, a signal may be formatied to carry the bilstream of a described
embodiment. Such a signal may be formatied, for example, as an electromagnstic wave {for example,
using a radio frequency portion of spectrums} of as a baseband signal. The formatling may include, for
example, encoding a data stream and modulating a carrier with the encoded data stream. The information
that the signal carries may be, for example, analog or digital information. The signal may be transmitie
over a variety of different wired or wireless links, as is known. The signal may be storad on a processor-
readable medium.

[0127] The examples described herein may be applicable to 3D content. The examples describe
herein may ba applicable to visual volumetric content. Visual volumetric content may be captured in point
clouds. Visual volumetric content may be caplured in immersive video content. The examples describad
herein may be applicable {o video-based point cloud comprassion (V-PCC) or visual volumetric video-
based coding (V3C}. For example, although certain examples may be described in terms of V-PCC, the
examples may be squally applicable to V3C. Thus, in a sense these terms may be inferchangeably used,
and examples described in terms of V-PCC may be equally appiicable to V3C.

f0128] 3D poini clouds may be used to represent 3D content (for example, immersive media). A point
cloud may include a set of points represented in three dimensional (3D) space. A {for example, sach) paini
may be associated with coordinates that indicate the location of the point andfor one or more atiributes {for
axample, point color, ransparency, ime of acquisition, reflactance of laser or malerial property, efc.). Point
clouds may be caplured or deployed, for example, using one or more cameras, depth sensors, andfor light
deiection and ranging (LIDAR) laser scanners. Point clouds may comprise a plurality of points, A (for

example, each) point may be represented by a set of coordinates {for exampls, x, v, z coordinates) that
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map in three-dimensional (3D) space. A point may be generated based on the sampling of an object. In

examples, the number of points within a point cloud may be on the order of millions or billions. A point
cloud may be used to reconstruct ong or more objects and/or scenas.

[0129] V3C including decoding and encoding may be used to process the 3D content. Volumelric
content may be represented and/or compressed, for example, to be efficiently stored and fransmitted.
Volumetric content may include visual volumetric content, Visual volumetric content may be processed
based on visual voiumetric video-based coding (V3C) andfor video-basead point cloud comprassion {V-
PCC). Visual volumetric content may include V3C content or V-PCC content.

[0130] V30 may be based on point cloud compression. Point cloud compression may support logsy
andior lossless coding {for example, encoding or decoding) of a point cloud’s geomatric coordinates andfor
attributes. Point clouds may be deployed to support various applications (for exampls, tele-presence,
virtual reality (VR), and large-scale dynamic 3D maps).

3] FIG Sillustrates an example of a bitstream sfructure for video-based point cloud compression {V/-
PCC). Asllusirated in FIG. 5, a video bitstream{s) may be generated. A V-PCC bitstream may be
generated, for example, by multiplexing generated video bitstream(s) and respeciive metadata together.
[0132] A V-PCC bitstream may include a set of V-PCC units, for example, as iflustrated in FIG. 5, Table
1 shows an exampls of syntax for a V-PCC unit, which may include a V-PCC unit header and a V-PCC unit
payload. Table 2 shows an example of syntax for a V-PCC unit header. Table 3 shows an exampie of
syntax for a V-PCC unit payload. A V-PCC unit header may include an indication of a V-PCC unit type {for
example, as illustrated in Table 2). In examples, V-PCC units with unit types VPCC_OVD, VPCC_GVD, or
VPCC_AVD, may include, for example, occupancy, geomstry, andfor attribute daia units. The three
components, ccoupancy, geometry, andfor attribute data units, may be used to reconstrust a visual
volumetric content (for example, represented by a point cloud). AV-PCC attribute unit header may indicate
an atlribute type and an index that may be associated with the atiribule type. There may be multiple
instances of an attribute type.

f0133] A payload comprising occupancy, geometry, and attribute V-PCC units may correspond fo video
data units {for example, network abstraction layer {(NAL) units) that may be decoded by a video coder {for
example, a decoder), which may be specified in a corresponding oocupancy, geometry, and attribute

parameter set V-PCC unit.

259



WO 2021/003371 PCT/US2020/040667

TABLE 1 - example of syniax for a V-PCC unit

vpoc_unit{ ) { Descriptor
vpoo_unit_header{ )
vpes_unit_payload{ )

]
TABLE 2 - sxample of syntax for a V-PCC unit headsr
vpco_unit_header{ ) { Descriptor
vpee_unit_type u(s)

i vpoo_unit_type == VPCC_AVD || vpoc_unit_type == VPCC_GVD {|
vpec_unit_type == VPCC_OVD || vpoc_unit_type == VPCC _PDG)

vpeo_sequence_parameter_set id u(4)
if{ vpoo_unit_type == VPCC_AVD } {
vpee_aftribute_index u(?)
vpeo_atiribute_dimension_index u(?}
if{ sps_multiple_layer_streams_pressnt_flag ) {
vpoo_layer_index u(4)

pom_separate_video_data( 4}

@
o
<D

pom_separate_video_data( 8 )

}else if( vpee_unit_type == VPCC_GVD } {

if{ sps_multiple_laver_streams_present_fiag ) {

vpeo_layer_indax u(4)

pom_separate_video_data( 18)

:
i

else

pom_separate_video_data( 22 )

vpeo_reserved zero_23bits u{23)

}else

vpoe_reserved_zero 27hits {27}

t

(48]

(o]
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TABLE 3 — example of syniax for g V-PCC unit payload

vpeo_unit_payload( ) { Descriptor
if{ vooe_unif_type == VPCC_SPS)
sequence_parameter_sel({ )
alse if{ vpce_unil_type == VPCC_PDG)
patch_data_group{)
else iff vpee_unit_type == VPCC_OVD ||
vpoo_unit_type == VPCC_GVD ||
vpoe_unit_type == VPCC_AVD)
vidao_data_unit( )

[0134] One or more messages (for example, supplemental enhancement information messages) may be
used fo assist one or more processes related to coding {for example, encoding or decoding),
reconstruction, display, ele., of media condent.

[0135] Changes in network delivery conditions may be dynamically adapted. For example, MPEG
dynamic adaptive streaming over HT TR (MPEG-DASH) is a delivery format that may dynamicaily adapt to
changes in network delivery conditions, for example, o provide end users experience.

[0136] Dynamic HTTP streaming may deliver muitimedia content at one or more bitrates that may be
available at a server. Multimedia content may include of a plurality of media components (for exampls,
audio, video, texi). Different media components may have different characteristics. Characteristics of
media components may be described, for exampls, by a media presentation description (MPD).

04371 FIG. 6 illustrates an example MPD hierarchical data model. As iliustrated in FIG. 6, the MPD
may describe a sequence of periods {for example, iime intervals). For example, a set of encoded versions
of media content components may not change during a period. A period may be associated with a start
tire and a duration. A period may be comprised of one or more adaptation sets (for example, an
AdaptationSet, such as Adaptation Set | illustrated in FIG. 8). A DASH streaming clisnt may be a WTRU,
for exampile, as described herein with respact to FIGS. 1A-D.

[0138]  An adaptation sei may represent a set of encoded versions of one or mors {for example, several)
media content components sharing one or more {for example, identical) properties, such as one or more of
{anguage, media type, picture aspect ratio, role, accessibility, viewpoint, rating property, andfor the like). In
axamples, an AdaplationSet may include different bitrates for a visual component of a multimedia content.
An AdaptationSef may include different bitrates for an audic component {for example, lower quality stereo
andfor higher quality surround sound) of (for example, the same) multimedia content. An AdaptationSet

may include muitiple Representations,

.
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[0139] A Representation may describe a deliverable encoded version of one or more (for example,
several) media components. A Represeniation may vary from other representations, for example, by
bitrate, resclution, number of channels, and/or other characteristics. A Representation may includs one or
more segments. Atiributes of a Represeniation element (for example, @id, @bandwidth,
@aqualityRanking, and @dependencyld) may (for exampie, be used o) specily one or more properties of
the Reprasentation.

[0140] A Segment may be retrieved with a request (for example, an HTTP request). A {for example,
zach} segment may have a URL {for example, an addressable location on a server. A segment may be
downloaded, for example, using HTTP GET or HTTP GET with byte rangss.

{01411 A DASH client may parge an MPD XML documant., A DASH client may sslect a collection of
AdaptationSets (for example, suitable for its environment), for example, based on the AdaptationSet's
slements. A client may select a {for example, ons) Representation for an (for example, within each)
AdaptationSei. The client may select the Representation, for example, based on the value of @bandwidth
attribute, client coding capabilities, andfor client rendering capabilities. A client may download an
initiglization segment of a selected Representation. A client may access content {for example, by
requesting entire segments or byte ranges of segmenis). A client may continue consuming media confent,
for example, after a presentation has started or during a prassntation. A client may request (for example,
continuously request) media segments and/or parts of media segments during a presentation. A client may
play content according to a media pressntation timeline. A client may switch from a first Representation o
a second Representation, for example, based on updated information from the client's environment. A
client may play the content continuously, for example, across two or more Periods. A media presentation
{for example, being consumed by a client in segments) may be ferminated, a period may be sfarted, and/or
an MPD may be re-fefched, for example, towards the end of announced media in a Representation.

f0142] Changss in volumetric content component sub-streams (for example, changes in active attributes
andfor codec) may be signaied fo a decoder. Changes may be caused, for example, by a bilrate
adaptation process in a streaming session.

[0143]  Multimedia applications, such as virtual reality (VR) and immersive 3D graphics, may be
implemented with or represenied by 3D point clouds, which may enable updated forms of inferaction andfor
cormmunication with a virtual worid, Dynamic volumetric content {for example, repressnted by point clouds)
may generate a large volume of information. Efficient coding algorithms may be used to compress
volumstric content, for axample, to reduce storags and/or fransmission resource utilization by volumetric
content. For example, a bitstream of compressed dynamic volumetric content may utilize fewer

transmission resources than a bifstream of uncompressed information.

[£5]
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[0144] DASH may be used o carry (for example, stream) volumelric confent information/data, DASH
signaling may support DASH volumetric content data streaming. Volumelric content bifstreams may
comprise a multiple component sub-streams, which may increase the number of dimensions for bitrate
adaptation. A computing device {for example, a DASH dlient, such as & smartphone) may have mulliple
video codec instancss per codec. The DASH client (for example, a WTRU) may {for example, dynamically)
selact among coded media versions of volumstric contant components, for example, based onor fo
manage media processing capadity or capabilities. The DASH client may be a WTRU,

[0145] Dynamic selection of a coded madia version for a volumetric content component may be based
on, for example, the number of instances, resoclution, andfor codec type supported by a client. Support for
dynamic selection may be implemented, for example, in high-level syniax. For example, a V-PCC track
may comprisg a V-PCC sequence parameter set (SPS), such as a VPCC_SPS, which may include codec
identifiers (IDs) for video coded component sub-streams.  Switching between different codecs may be
implemented, for exampile, by using muitiple VPCC_SPS units with different codec ID combinations for
component sub-streams. Content creators may or may not generate differant V-PCC tracks that include
different combinations of codecs and rasolutions.

[0146] Certain aflribute components may not be used in the reconsiruction of volumetric content. Bitrate
adaptation {for example, available to a straaming clisnt) may include or may be implemanted by, for
axampls, dropping (for example, not downloading or deactivating) atiribute sub-bitstreams that may not be
used to reconstruct a volumetric content (e.g., point cloud). The number of atiributes used for
reconstruction of a volumetric content and their respsctive indices may be stored in a VPCC_SPS unit. A
volumeatric content decoder may {for example, be configured to) handle changes in the number of attributes
without re-initialization with a new SPS, for example, based on supplemental enhancement information
(SE! messages, such as a componsant codec change {CCC) SEl message.

[0147] A visual media content processing device (for example, an encoder or a decoder) may drop an
attribute, which may include, for example, not downloading an attribute or information pertaining fo or
associated with an atiribute. A decodar may skip or ignore inactive atfributes, which may include, for
axample, not decoding, not assigning a decoder, not expecling or receiving not updating data, not using,
inactive atfributes or information partaining to or associated with inactive attributes in a video bitstream (for
example, inactive attribute sub-bistreams), andlor the like.

[0148] Subsiream, sub-slream and sub-hitstream may be used interchangeably to refer fo a portion of a
bitstream. A substream may be associated with an atiribute and refer to an atlribute sub-bitstream,

{01481  An aitribute {for sxample, indicated in a parameter sef) may characterize volumetric content. An
attribute may comprise, for example, a scalar or vector property that may be associated with a {for
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axample, each) point in a volumetric frame, such as a color, transparency, reflectance, lexture, surface
normal, time stamps, material 1D, et

[0150] Attribute information may include information about an attribute, such as a number of attributes,
atiribute index, attribule type, altribute 1D, codec 1D, atiribute persistence, number of aitribute dimensions
or channeis, atiribute partitions, efc.

[0151] A parameter set may include attribute information for attributes that characterize volumstric
content. A parameter sef may include ons or more parameters, such as a V-PCC component (for exampls,
a V-PCC unit, such as occupancy, geometry, or attribute data units), codecs (for exampile, for occupancy,
geometry, or attribules), geomstry (for example, coordinates for a point in a point cloud), an attribute (for
sxample, with a status, such as changed, active, inactive), aftribute information, efc. A paramster set may
be any type or format, such as a sequence parameter sst (SPS), a2 component change parameter set
(CCPS), a video-basad point cloud compression parameter set (VIPS), etc.

[0152] SEl messages may support adaptive streaming of volumetric content. For example, a
component codec changs (CCC) SE! message may inform a volumetric content decoder of codec changes
to one or more visual volumetric content componenis. CCC SEl messages may reference a volumelric
content seguence parameier set. Codec 1D changss signaled in a CCC SEl message may be in relation to
{for example, may pertain to) corresponding components that may be signaled in the referenced SPS unit.
A volumetric conient decoder may instantiate video coders (for example, new video decoders) for the
respective componenis and codec 1Ds signaled in a received CCC SEl message. Table 4 shows an
axample of syntax for a CCC SEI message.

[0153] A message (for example, a CCC SEI message) may include a prefix SEi message andfior may be
carried in a patch data group (PDG) unit of the PDG_PREFIX_SEl type. For example, a payloadType
value for a CCC SE! message may be set to avalue of 12. The persistence scope for a CCC SEl message
may include the remainder of a bilstream. For exarmple, codec changes for signaled components may
persist until the end of a stream or until a different CCC SEI message is encounterad.

f0154] Bitrale adaptation may include a decision to switch (for example, change or update) the
representation of a volumetric content component fo ancther representation. A volumelric content
streaming client may make a decision to switch a representation of a visual volumetric content component
to another representation. A representation available for a switch may be coded using a different codac.
For example, afirst representaiion may be encoded using AVC and a second reprasentation may be
ancoded using HEVC, A volumetric content streaming client may {for example, based on a switch
indication fo ancther available representation) insert a VPCC_PDG unit that includes a CCC SEI message

that comprises codec {Ds for the codec(s) of the indicated, selected, or chosen representations. The
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VPCC_PDG unit may be inserted, for example, before the volumetric content bitstream that will be seni o
the coding davice (for example, the decoder). For example, a streaming client may decide to changs or
update the representation of a volumetric content component to a representation that was encoded using a
different codec than the representation specified in the SPS {for example, V-PCC SPS). As described
hierein, changes or updates 1o the representation of a volumetric content component may be performed, for
axampls, in response {o limited network bandwidth during a streaming session. The reprasentation of a
volumelric conient componeani may be changed or updated to a representation with lower bitrale, which
may be coded using a different codes, for example, if the bandwidth available during a sfreaming session is

fow {for example, below a threshoid).

TABLE 4 — example of syntax for a CCC SEl message

componeni_codec_change{ payloadSize ) { Descriplor
sps_id u{4)
occupancy_codec_change_flag u(h)
geomelry_codec_change_flag u{t)
atfributes_codecs_change_flag u{h
if (oceupancy_codec_change_flag ) {
occupancy_codec_id u{8)
1
if { geometry_codec_change_flag } {
geomebry_codec_id u(8}
}
if { sps_pem_separate_video_present_flag) {
pom_geomelry codec_change_flag u{h)
if { pom_geomeiry_codac_change_flag ) {
pem_geometry_codec_id u{8)
}
}
if { attributes_codecs_change_flag ) {
atiribute_count_minus1 u{?;
for {i=0; i <= atiribute_count_minust; i++){
attribute_idxi] u{7}
atiribute_codec_change_flagl] u{t
if ( attribute_codec_change_flagli] ) {
attribute_codec_id[i] u(&)
}
if ( sps_pom_separate_video_present_flag ) {
pem_attribute_codec_change_fagli] u{hH

(€3]

5 -



WO 2021/003371 PCT/US2020/040667

if (pom_attribute_codec_changs_flagfi] ) {
pom_attribute _codec_id]i] u(8;

o

o

[0155] The semantics of fislds of CCC SE! message syntax (such as the example CCC SEl message
synitax shown in Table 4) may include, for example, one or more of the following.

[0158] A variable, such as sps_id, may indicate the 1D of a visual volumeatric content sequence
parameter set (for example, V-PCC sequence parameter set) that a CCC SEl message relates fo.

f0157] Avariable, such as occupancy_codsc_change_fiag, may indicate whether a codec for an
occupancy component has changed. For example, an occupancy _codec_change_flag value of 1 may
indicate that the codec has changed.

[0158] Avariable, such as geomstry_codec_change_flag, may indicate whether a codec for a geomelry
component has changed. For example, a geomelry_codec_change_fiag value of 1 may indicate that the
codec has changed.

[0159] Avariable, such as allributes_codscs_change_flag, may indicate whether a codec for one or
more attribute componenis has changed. For example, an attribules_codecs_change_flag valus of 1 may
indicate that a codec for at least one of the ailributes has changed while an altributes_codecs_change_flag
value of 0 may indicate that no codac changes have occurred for any of the attributes.

[0180] A varigble, such as ocoupancy_codec_id, may indicale the identifier of & new or updaied codsc
for occupancy map information. For example, cccupancy_codec_id may be set to a value within the range
of 0 o 255, inclusive.

[0181] A variable, such as geometry_codec_id, may indicate the identifier of a new or updated codec for
geometry information. For example, geometry_codec_id may be set to a value within the range of 0 to 255,
inclusive.

[0182] Avariable, such as pom_geomeiry_codec_change_flag, may indicate whether a codec for
geomstry data for PCM coded points has changed. For example, a geomstry_codsc_change_flag value of
1 may indicate that the codec has changed. PCM may stand for pulse code modulation. in some
axamples, PCM may stand for point cloud map.

[0163] Avariable, such as pomn_geomstry_codsc_id, for example, if present, may indicate the identifier

of a new codec for geomelry data for PCM coded peints (for exampile, if PCM coded points are encoded in
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a separaie strearm). For example, values of pom_geometry_codec_id may be within the range of 0 to 255,
inclusive.

[0164] A variable, such as aitribute_count_minus1, plus 1 may indicate the number of attributes for
which codec changes are signaled in the CCC SEl message.

{0185] Avariable, such as attribute_idx{i], may indicate an attribute index in the volumetric content
sequence parameter set {for example, V-PCC sequence parameter sat) for the i-th atfribute of the
associated SEl message.

[0168] A variable, such as aitribute_codec_change_flagiil, may indicate whether a codec for the i-th
atiribute in the SE! message has changed. For example, an atiribuie_codec_change_flagli] value of 1 may
indicate that the codec has changed.

[0167] Avariable, such as altribute_codec_id{il, may indicate an identifier of a new codec for attribute
video data with index i in an SEl message. For example, atiribute_codec_id i } may be within the range of
0 to 255, inclusive.

[0188] A varigble, such as pem_attiibute_codec_change_flaglil, may indicate whether a codec for
atfribute video data for PCM coded points for atiributs i in an SE! message has changed. For example, a
pom_attribute_codec_change_flaglii value of 1 may indicate that the codec has changed.

01691  Avariable, such as pem_attribute_codec_idlil may, for example, If present, indicate an identifier
of a new codac for attribute data for PCM coded points of attribute i in an SEi message (for examplg, if
PCM ceded points are enceded in a separate sirsam). For example, the value of pom_atiribute_codec_id[
i ] may be within the range of 0 to 255, inclusive.

[0470]  An actlive attributes (AA) SEI Message may inform (for example, indicate 10} a visual volumetric
content decoder, for example, that one or more attributes signaled (for example, in a V-PCC of a codec)
have changed for one or mors of the visual volumelric confent components. An AA SEl message may
reference a spacific visual volumetric content sequence parameter sel. An AA SEl message may include
attribute indices for attributes that are active, for exampie, if (for example, only) a sub-set of the attributes
should be active. A sequence parameter set decoder may ignore {for example, deam inactive) other
attributes in a referenced SPS (for example, atiributes that ars not listed in the AA SEl massage). Table 5
shows an example of syniax for an AA SEl message.

[M71]  An AA SEl message may be a prefix SEl message. An AA SEl message may be carried in the
patch data group unit of type PDG_PREFIX_SEL A payloadType value for an AA SEi message may be,
for example, 13. A persistence scope for an AA SEl message may includs, for example, the remainder of a
bitstream. For example, the signaled active atiributes may persist until the end of a stream or untif a

subsequent AA SEl message is received.

t
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[0172] Bitrale adaptation may indlude (for example, may be implemented by) a volumeiric condent
streaming client deciding to drop one or more of the atiributes of volumetric content. A volumetric content
streaming client may decide {0 drop one or more of the altributes of volumetric content, for example, dus to
limited network bandwidth, The volumetric content streaming may insert a VPCC_PDG unit containing an
A& SEl message with a list of active ailributes, for example, if a bitraie adaptation process in a vV-PCC
streaming client decides to drop one or mare atiributes of V-PCC content. The volumetric contant
slreaming may inseri a VPCC_PDG unit conlaining an AA SEI message with a list of aclive atliibutes, for
example, before volumetric content bitstream is sent to the decoder. A decader {for example, that receives
the VPCC_PDG unit) may skip the inactive atfributes and/or may not expect volumetric content units in the
bilstream associated with the inactive atiributes.

[0173] A message may sommunicate information, for example, to assist with coding, reconsfruction,
display, andior the like for a volumelric content. The information may include one or more of attributes,
aftribute information, an indication which atiribute sub-bitstream indicated in a parameter set associgied
with the volumetric conient is active or inactive, an indication which atiribute associated with aitribute
information in the parameter set is active, an indication of message persistence (for example, until the end
of a bitstream or unlil another message is recsived, an indication of the number of active atiribuies
identified in the parameter set, an indication that the plurality of attributes in a parameter set are active,
andfor an indication that an atiribute is deactivated if 2 message does not refer to the ailribute indicated in
the paramster set. A message may be any type or formal, such as an SEl message {for example, ¢
component codec change (CCC) messags, an active attributes (AA} message, a parameler set activation
(PSA) message, efc.). Amessage may refer to, pertain to, or be associated with a parameter sat {for

axample, V3C sequence parameter set). The message may be included in a bitstream.

TABLE & example of syntax for an AA SEl message

active_atlributes( pavioadSize ) { Descriptor
sps_id u{4)
all_attributes_active_flag uf1)
if (1ali_attributes_active_flag_flag ) {
attribute_count_minust u{?)

for (i =0; i <= attribute_oount_minus1; j++) {

attribute_idx(i] u{?)

[

t
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[0174]  The semantios of fislds of AA SEI message syntax (such as the example AA SEi message
syntax shown in Table 5) may include, for example, one or more of the following.

[0175]  Anindication, such as sps_id, may indicate the 1D of visual volumetric content (for example, V-
PCC) sequence parameler set that an AA SEI message relates {o.

[0176] Anindication, such as all_atiributes_active_fiag, may indicate whether attributes signaled in a
referenced SPS are active. For example, an all_attributes_active_flag valus of 1 may indicate that all
atfributes are active. An all_atfribules_active_flag value of O may indicate that a subset of the atfribules are
active.

[0177]  Avarisble, such as ailribute_couni_minust, plus 1 may indicate the number of selive atlribufes
signaled in an AA SEl message.

[0178] Avariable, such as aftribute_idx[i], may indicate an attribute index in a V-PCC SFS for an active
attribute at index /in the associated AA SEl message.

[0179] Ths semantics of figlds of AA SEI message syntax in Table 6 are meant o be examples only. A
maessage (for example, the AA SEl message) may include less information. For example, the message
may not include the indication sps_id. A message {for example, the AA SEl message} may include more
information (for example, active layer or map information that is indicated in the paramster set}.

{01801 A component change parameter set (CCPS) may include information about changes made
component sub-streams, for example, with respect to a volumelric sequence parameter set (for exampie,

V-FCC SPS). A CCPS may include information about codec changes andfor active attributes. A CCPS

H
7

. in a {for example, certain type of) V-PCC unit. Table 6 shows an example of

\

may be carried, for examy

syntax for a COPS,

TABLE € ~ example of syniax for a CCPS

component_change_parameter_set() { Descriptor
ceps_component_changs_parameter_sel _id u{B)
ceps_sps_id u{4)
cops_component_codec_change_flag u{t)

if { ceps_component_codec_change flag ) {
codec_change_information()
}
ceps_active_attributes_change_flag u(h)
if { cops_active_attributes_change flag ) {
active_attributes_information( }

t
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byte_alignment( )
}
codac_change_information{ ) {
cops_occupancy codec_change flag u{h)
seps_geometry_codec_changes_flag u(hH)
ccps_atiributes_codecs_change_flag u(h)
if { ceps_occupancy_codec_changs_flag ) {
ceps_occupancy_codec_id u(8)
}
if (cops_geometry_codec_change_flag ) {
cops_geometry_codec_id u{8)
!
it { sps_pom_separate_video_present_flag) {
cops_pem_geometry_codec_change_flag u{h
if ( cops_pom_geometry_codec_changs_flag ) {
ceps_pom_geomsiry_codec_id u{8)
;
}
if (cops_atiributes_codscs_change_flag ) {
ceps_codec_change_attribute_count_minusi u{?)
for (=0, 1 <= cops_codec_change_atiribute_count_minust; i++ 3} {
ceps_codec_change_attribute idx(i] u{?}
ceps_aftribute_codec_changs_flagli] u(h
if { cops_attribute_codec_changs_flagll] ) {
ccps_atiribute_codec_id|i] u{8)
}
if { sps_pom_separate_video_present_flag ) {
ceps_pom_atiribute_codec_change_flagli] u(t)
if { cops_pem_attribute_codec_change_flagfi] ) {
cops_pom_attribute _codec_id[]] &)
}
i
}
!
'
active_afiributes_information( ) {
ceps_all_attributes_active_flag u(h)
if feops_all_aftributes_active_flag_flag
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cops_active_atiribute_count_minusi u{7)

for {i=0; 1 <= cops_aclive_atiribute_count_minugt; i++){
cops_active_attribute idx[i] u{?)

[

[0181] The semantics of fields of CCPS syntax {such as the exampls of CCPS message syntax shown
in Table 8) may include, for example, one or more of the following.

[0182] Avariable, such as cops_component_change_parameter_set_id, may provide an ideniifier for a

CCPS for reference by other syntax elements. For example, the value of
cops_component_change_parameter_set_id may be in the range of 0 to 255, inclusive.

[0183] Avariable, such as cops_sps_id, may indicate an ID of a volumetric content (for example, V-
PCC) sequence parameter set that a COPS relatss fo.

[0184]  Avariable, such as cops_component_codec_change_flag, may indicate whether a codec change
has oceurred for one or more of volumetric content (for example, V-PCC) componants. For example, a
cops_component_codec_change_flag value of 1 may indicate a codec change has oocurred.

[0185] Avariable, such as cops_active_atfribuies_change_flag, may indicate whether a set of active
attributes has changed. For example, a cops_active_attributes_change _flag value of 1 may indicate a
change in the set of aclive attributss has ocourred,

[0186] A variable, such as ceps_oocupancy_codec_change_flag, may indicate whether a codac for an
occupancy component has changed. For example, a cops_occupancy_codec_change_flag value of 1 may
indicate that the codec has changed.

[0187] Avariable, such as ccps_geometry_codec change_fiag, may indicate whether a codec for a
geometry component has changed. For example, a cops_geomeiry_codec_change_fiag value of 1 may
indicate that the codec has changed.

[0188] A variable, such as cops_altributes_codecs_change_fiag, may indicate whether a codec for one
or more atfribule components has changed. For example, a cops_attributes_codecs_change_flag value of
1 may indicate that the codec of af least one of the atfributes has changed. A
cops_attributes_codecs_change_flag vaiue of 0 may indicate that no codec changes have occurred for any

b A

of the &itributes.
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[0189] Avariable, such as ceps_occupancy _codec_id, may indicate an idenfifier of & new codec for

occupancy map information. For example, the value of occupancy_sodec_id, may be within the range of G
[0190] Avariable, such as ceps_geomelry_codec_id, may indicate an ideniifier of a new codac for
geometry information. For example, the value of geometry_codec_id may be within the rangs of 0 to 255,
inclusive,

[0191] Avariable, such as cops_pom_geometry_codec_change_flag, may indicate whether a codec for
geomstry video data for PCM coded points changed. For exampls, a
ceps_pom_geometry_codec_change_flag vaiue of 1 may indicale that the codac has changed.

[0192]  Avariable, such as ceps_pom_geomelry_codec_id, for example, if present, may indicate an
identifier for a new codec for geomelry video data for PCM coded points, for example, if PCM coded points
are encoded in a separafe video stream. For example, the values of pem_gsomelry _codec_id, may be
within the range of 0 to 255, inclusive.

[0193] A variable, such as cops_codec_change_atiribute_count_minust, plus 1 may indicats the
nurmber of attributes for which codec changes are signaled in a CCPS.

[0194] A variable, such as cops_codec_change_attribute_idx{i], may indicate an attribute index in a V-
PCC SPS {or an altribute at index i in the codec_change _information() struct of the CCPS.

[0195] A variable, such as cops_atlribute_codec_change_flagli], may indicate whether a codec for an i-
th attribute in a codec_change_information(} struct of & CCFS has changed. For example, a
ceps_altribute_codec_change_flag[i] valus of 1 may indicate that a codec for the i-ih attribute has changed.
[0196] A variable, such as cops_atiribute_codec_id[i], may indicate an identifier of a new codes for an
attribute data with index i in a codec_change_information{), struct of a COPS. For example, the values of
aftribute_codec_id[ i ] may be within the rangs of ( to 255, inclusive,

[0197] Avariable, such as cops_pom_attribute_codec_changs_flagli], may indicate whether a codec for
aftribute video data for PCM coded points for attribute i in the codec_change_information() struct of a
CCPS has changed. For example, a cops_pom_atiribute_codes_change_flag[i] valus of 1 may indicate
that a codec has changed.

[0198]  Avariable, such as cops_pom_attribute_codec_id[l], for example, if present, may indicate an
identifier of a new codec for attribute data for PCM coded points of attribute i in a
codec_change_information() struct of a CCPS, for example, if PCM coded points are encoded in a
separale stream. For example, the values of pem_attribute_codec_id[ 1 ] may be within the range of 0 to

255, inclusive,
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[0199] Avarisble, such as ceps_all_attiibutes_active_flag, may indicale whether atiributes signaledin a
referenced SPS are active. For example, a cops_all_attributes_active_flag vaiue of 1 may indicate that all
attributes are active. A cops_all_atiributes_active_flag value of 0 may indicate that a sub-set of the
aftributes are active,

[0200] A variable, such as cops_active_attribute_count_minust, plus 1 may indicate the number of
active atlributes signaled in the CCPS,

[0201]  Avariable, such as cecps_active_aitribute_idx{i], may indicate an aftribute index in a volumetric
content {for example, V-PCC) SPS for an active attribute at index | in an active_attribute_information(),
struct of a CCPS.

[0202] A parameter set activation (PSA} SEI Message may indicate which paramster sets are active for
volumeatric content {for exampls, V-PCC) units that may foliow the PSA SEl message. Table 7 shows an

example of syntax for a PSA SEl message.

TABLE 7 - example of syntax for a PSA SE! message

parameter_sel_activation { payloadSize ) { Descriptor
active_sequence_parameter_set _id u(4)
component_change_flag u{1)
if { component_change_flag ) {
active_component_change_parameter_sef_id u(8)
}
}

pTa)

f0203] The semantics of fislds of PSA SEl message syniax {such as the example PSA SEI message
synitax shown in Table 7) may include, for example, one or more of the following.
[0204] Avariable, such as active_sequence_parameter_set_id, may indicate andfor may be equal o the
value of the sps_sequence_paramsier_sel_id of the active volumetric content SPS {for example, the V-
PCC SPS that should be activated). For example, the value of active_sequence_parameter_set_id may be
within the rangs of 0 to 15, inclusive.
[0205] Avariable, such as component_change_flag, may indicate whether a component change
parameter set is to be activated. For example, a component_changs_flag value of 1 may indicate that a
component change parameter set should be activated.
[0208] A variable, such as active_componeni_change_parameter_set_id, may indicate andior may be
equal to the valus of the cops_component_change_parameter_set_id of the CCPS that is to be activated.
The value of active_component_change_parameter_set_id may be within the range of 0 to 255, inclusive.
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02071 A PSA SEl message (for example, as showr in Table 7, which may be generaled by example
encoder 200 and received by example decoder 300) may indicate which parameter seis associated with
volumeatric content (for example, V-PCC) are active for V-PCC components. A CCOC SE! message {for
example, generated by example encoder 200 and received by example decoder 300) may indicate which
codec should be used (o decode volumetric content components (for example, V-PCC units shown in FIG
5, Tables 1, 2 and 3) in volumetric content (for exampls, a V-PCC bitstream shown in FiG. 5),

[0208] FIG. 7 illustrates an example of a method for processing visual volumsiric conlent based on cne
or more messages. The mathod as described in FIG. 7 may ba performed by an example encodsr or an
example client device. Examples disclosad hersin and other examples may operate in accordance with
axample mathod 700 shown in FIG. 7. Method 700 comprises 702 and 704, In 702, a determination may
be mads to deactivals an attribute sub-bitstream of one or more altribute sub-bitstreams indicated in a
parameter set associated with visual volumetric content. In 704, a message indicating the deactivation of
the atiribule sub-bilstream may be generated and sent. Example method 700 may be implemented, for
axample, by an encoder, such as example encoder 200. Example method 700 may be implsmented, for
axample, by & streaming client, such as a visual volumetric content streaming client. Example mathod 700
may be implemented, for example, in accordance with example syntax and semantics described herein for
vistial volumetric bitsiream SE! messages and/or parameter sets, including, for example, a CCC message,
an AA message, a COPS, andlor a PSA message.

[0209] FIG. 8illustrates an example of a method for processing visual volumetric content basad on one
or more messages. The method as described in FIG. 8 may be applied in the decoder. Examples
disclosed herein and other examples may operate in accordance with example method 800 shown in FIG
8, Method 800 comprises 802 and 804, in 802, a defermination may be made about which attribute sub-
bitstream to use for decoding visual volumetric content based on a message that indicates which attribute
sub-bitstream of one or more attribute sub-bitsireams indicated in a parameater sel associated with the
visual volumetric is active. In 804, the visual volumetric content may be decoded using an active aftribute
sub-bitstream {for example, the active atiribute sub-bitstream determined in 802} based on the massage.
Example method 800 may be implemented, for axample, by a decoder, such as example dacoder 300
Example method 800 may be implemented, for example, by & media confent decoder, such as a visual
volumetric content decoder. Example method 800 may be implementad, for example, in accordance with
axample syntax and semantics described herein for visual volumetric bitstream SEl messages andfor
parameter sets, including, for example, a CCC message, an AA message, a CCPS, andfor a PSA

message.
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[0210]  Many embodiments are desoribed herein, Features of embodiments may be provided alone of in
any combination, across various claim categories and types. Further, smbodiments may include one or
more of the fealures, devices, or aspects described herein, alone or in any combination, across various
claim categories and types, such as, for example, any of the following.

[0211] A dscoder may decode media content based on one or more messages, which may indicate
which attribute sub-bitstream of one or more atiribute sub-bitstraams indicated in a paramater sel is active.
The media content may comprise, for example, visual volumetric content. The parameter set may be
associated with the visual volumstric content. For example, the parameter set may comprise a visual
volumetric video-based parameter set. A decoder may perform decoding, such as determining which
atiribute sub-bitstream to use for decoding the visual volumetric content, based on the one or more
maessages. A media content decoder, such as example decoder 300 operating in accordance with the
example method shown in FIG. 8, may determine which attribute sub-bitstream to use for decoding the
visual volumetric confent based on a message that indicales which atfribute sub-bitstream among one or
more attribute sub-bitstreams indicated in a parameter set associated with the media content is active. A
madia content decoder, such as example decoder 300 operating in accordance with the example method
shown in FIG. 8, may decode the visual volumetric content using an active atfribule sub-bistream based on
the message.

{0212 The atlribute sub-bitstreams indicated in the parameter set(s) may indicate information about the
vistial volumetric content. An atiribute sub-bitstream may comprise a sub-bitstream associated with an
attribute that characlerizes a visual volumetric content. The attribute sub-bitstream may comprise
attributes characierizing the media content, such as a color, transparency, reflectance, texiure, efc.

[0213] The message may compriss, for example, a visual volumetric SE! message, such as an AA SEi
message (for example as shown in Table 5), which may reference a visual volumstric SPS and may
indicate an attribute index(es} for the active atiribute(s}. The message indicating a list of active atiribule
sub-bitstreams may be received by the decoder. The message may be generated and sent {0 a decoder,
for exampile, to indicate the deactivation of the ong or more attribute sub-bitstreams. The decoder may
deiermine an inaciive altribute sub-bitstream based on the message. The decoder may decode the visual
volumstric content using an atiribute sub-bitstream indicated to be active in a message {for example, an AA
Skl message). The decoder may skip an atiribute sub-bitstrean indicated {o be inactive in the message
for decoding the visual volumetric content.

[0214] Decoding tocls and techniquas including one or more of entropy decoding, inverss quantization,
inverse transformation, and diffsrential decoding may be used to enable the method as described in FIG. 8

in the decoder. Thess decoding tools and technigues may be used {o enable one or more of recelving
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madia content, such as visual volumetric confent, according fo the method described in FIG. 8 or otherwise
described herein, decoding media conient according to the method as described in FIG. 8 or otherwise
described herain; determining which attribute sub-bitstream fo use 1o decode media content, such as visual
volumetric content, according to the method as described in FIG, 8 or otherwise described herein; recsiving
and parsing messages, for example, an SEI message, such as AA SEl messages, CCC Skl messages and
PSA SEl messagss, according to the method as described in FIG. 8 or otherwise described herein;
recelving and parsing parameter sets, such as SPS and CCPS, which may indicale map information
associated with attribute sub-bitstreams, the active map information being indicaied by the indicated active
attribute sub-bitstream(s), according to the method as described in FIG. 8 or otherwise described herein;
decoding visual volumstric content using an active attribute sub-bitstream or active map information
associated with the active atiribuie sub-bilstream determined based on a message andfor a parameter set,
according to the method as described in FIG. 8 or otherwise described herain; determining a persistence of
a message, such as uniil the end of a bitslream or unlil another message arrives, according to the method
as described in FIG. 8 or otherwise desoribed herein; determining the number of active attribute sub-
bitstreams in one or mors atiribute sub-bitstreams indicated in a parameter set, such as a parameter set
comprising VPS with altribute information referred o by @ message fo indicale an active sitribute sub-
bilstream, asscciated with visual volumetric content, according fo the method as described in FIC. 8 or
otherwise described herein; dstermining based on an indicator in a message that ong or more attribute
sub-bitstreams in a parameter sel associated with visual volumetric content are active, according to the
maethod as described in FIG. 8 or otherwise desoribed herein; determining that an attribute sub-bitstream is
inactive {for example, based on the attribute sub-bitstream being indicated in a parameter set but not in the
message or, for example, based on the message not referring to the atiribute sub-bitstream or an indicator
of the altribute sub-bitslream or, for example, based on bitrate adaptation) and skipping the inactive
attribute sub-bitstream for the decoding of visual volumedtric content, according to the method as described
in FIG. 8 or otherwise described herein; and other decoder behaviors that are related to any of the above.
[0245] Anencoder {for example, an encoder as described herein) may encods media content, for
axample, to generate visual volumstric content that may be fransmitted as a bitstream in sireaming

services. An encoder or a dlient device {for example, an application) may generate and send one or more

messages, which may indicate which attribute sub-bitstraam of cne or more attribute sub-bitstreams
indicated in a parameter sel is active, The parameter set may be associated with visual volumetric content,
For example, the parameter set may comprise a visual volumelric video-basad parameter set (VPS).
[0218]  An encoder or a client device (for example, an application) may determine which atiribuie sub-

bitstream of one or more attribute sub-bitstreams indicated in a parameter set is active or inactive, for
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axample, based on an evaluaiion of the relevance of the altribute sub-bitsiream, an operaling environment,
resourcs availability, bandwidth atiribute, client coding capabilities, and/or client rendering capabilities. In
an example, an encoder or a client device may determine which attribute sub-bitstream of one or more
aftribute sub-bitstreams indicated in a parameter sel is to be deactivated based on bitrale adaptationin a
streaming session. The encoder or client device may indicate the deactivation of one or more atiributes
based on the determination on which atiribute sub-bitstream of ane or more alfribute sub-bitstreams
indicated in a parameter sat is to be deactivated. A media content processor (for example, an encoder
such as example encoder 200), operating in accordance with the example mathod shown in FIG. 7, may
determine to deactivate an atiribute sub-bitstream of one or more atiribute sub-bitstreams indicated in a
parameter sef associated with visual volumeltric content. The media conlent processor may include the
streaming client device as described herein,

[0217] The media content processor (for example, an encodar, such as example encoder 2003,
operating in accordance with the example method shown in FIG. 7, may generate and send a message
indicating a deactivation of one or more atiribute sub-bitstreams, for example, 1o a decoder. The message
may comprise, for example, a visual volumetric SEI messags, such as an AA SEl messags (for example as
shown in Table 5), which may reference a VPS and may indicale an attiibute index(es) for the aclive
attribute(s). The message with one or more inactive and/or active attribute sub-bitstreams may be sent by
the encoder to the decoder.

[0218] Encoding fools and techniques including one or more of quantization, entropy coding, inverse
quantization, inverse fransformation, and differential coding may be used to enable the method as
described in FICG. 7 in the encoder. These encoding tools and techniques may be used io enable ons or
more of generaling or sending media content, such as visual volumetric content, according o the method
described in FIG. 7 or otherwise described hersin, encoding media content according fo the method as
described in FIG. 7 or otherwise described herein; delermining which atiribuie sub-bitstream fo use fo
ancode media content, such as visual volumetric content, according to the method as described in FIG. 7
or otherwise described herein; generating and sending messages, for example, an Skl message, such as
AA SEl messages, CCC SEl messages and FSA SE! messages, according to the method as described in
FIG. 7 or otherwise described herein; generating and sending parameter sets, such as SPS and CCPS,
which may indicate map information associated with attribute sub-bitstreams, the active map information
being indicated by the indicated active attribute sub-bitsiraam(s), according to the method as described in
FIG. 7 or otherwise described herein; encoding visual volumetric conient using an active atiribute sub-
bitstream or active map information associated with the active atfribuie, according to the method as

described in FIG. 7 or otherwise described herein; indicating a persistence of a message, such as until the
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and of a bitstream or untif another message arrives, according fo the method as described in FIG. 7 or
otherwise described herein; indicating the number of active atfribute sub-bitsireams in one or more atiribute
sub-bitstreams indicated in a parameter set (such as a paramater set comprising VPS with aftribute
information referred to by a message lo indicate an aclive atfribufe sub-bilstream) assodiated with visual
volumetric content, according to the method as described in FIG, 7 or otherwise described herein;
indicating in a message that one or more attribute sub-bitstreams in a parameler set associated with visual
volumelric confent are aclive, according to the method as described in FIG, 7 or otherwise described
herein; indicating that an atiribute sub-bitstream is inactive {for example, based on the atiribuls sub-
bitstream being indicated in a paramster set but not in the message or, for example, based on the message
not referring fo the atfribuie sub-biistream or an indicator of the atfribuie sub-bitstream or, for example,
based on bitrale adaptation} and dropping or skipping the inactive aitribute sub-bitsiream for the encoding
of visual volumstric content, according to the methad as described in FIG. 7 or otherwise desaribed herain;
and other encoder behaviors that are refaled to any of the above,

[0218] A syntax elemani(s), such as syntax elemants shown in Tables 1-7, may be insertad in the
signaling, for example, o enable the decoder to identify an indication of active aftribute sub-bitsirsams
andfor codecs to perform the decoding method as described in FIG. 8. For example, the syntax element
may include an indication of one or more of an aftribute sub-bitstream, an attribute sub-bitstream ID, a
parameter sel, an atlribute sub-bitsiream change indication, an attribute codec change indication, an
attribute codec ID, an atiribule active indication, an attribute sub-bitstream inactive indication, an active
attribute count indication, an active parameter set indication, an active parameter set 1D, an active
parameter set change indication, for example, to indicate to the decoder whether one or more of them are
active or inactive for use in decoding. As an example, the syntax element may include an indication of one
or more of an atfribule indsx, an aitribute stats, such as active, inactive or changs flag, andfor an aitribute
count as described hersin, andfor an indication of a parameter that the decoder uses to parform one or
more examples hersin,

[0220] The method as described in FIG. 8 may be selected andior applied, for sxample, based on the
syntax element(s) to apply at the decoder. For example, the decoder may receive an indication (for
example, in a message or a parameter sel) that indicates a change in the aclivefinactive status of an
attribute sub-bitsiream andfor a codec to be used to decode visual volumedtric content. Based on the
indication, the decoder may select an altribute sub-bitstream and/or a codec as described in FIG. 8 for use

in decoding a visual volumetric component,
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f0221] A bitsiream or signal may include one or more of the dascribed syniax elemenis, or variations
therecf. For example, a bitsiream or signal may indude a syntax element(s) that indicates an indication of
active attribute sub-bitstreams andfor codecs to parform the decoding method as described in FIG. 8.
[0222] A bitslream or signal may include syniax conveying information generated according to one or
more examples herein. For example, information or data may be generated in performing the examples as
shown in FIG. 7 and 8, including any examples described herein within the scope of examples shown in
FIGS. 7 and 8. The generated information or data may be conveyed in synfax included in the bitstream or
signal.

[0223] Syntax elements that enable the decoder to use active atfribule sub-bilstream(s) and codec(s) to
decode a visual volumetric component in a manner corresponding to that used by an encoder may be
inserted in a signal. For example, ons or more messages and/or parameter sets indicating atiribute sub-
hitstream({s} and codec(s) to use for decoding may be generated using one or more examples herein.
[0224] Amethod, process, apparatus, medium storing instructions, medium sioring data, or signal for
creating andfor transmitting and/or receiving andfor decoding & bitstream or signal that includes one or
maore of the described syntax elements, or variations thereof,

[0225] A msthod, process, apparatus, medium storing instructions, medium storing data, or signal for
creating andfor transmitting and/or receiving andfor decoding according to any of the examples described.
[0228] Amethod, process, apparatus, medium storing instructions, medium storing data, or signal
according to, but not limited to ong or more of the following in any number or combination: process, dacode
or decode media content, perform dynamic adaptation of point dloud component sub-bitstreams in point
cloud streaming services; oblain an indication that indicales whether at least one atiribute signaledin a
refarenced parameter set is inactive; determine to deactivate an atiribute sub-bitstream of one or more
attribute sub-bitstreams indicaled in a parameter sel associated with visual volumetric content; gensrate
and send a message indicating the deactivation of the attribute sub-bitstream; cbtain an active attribte
indication (for example, the number of active attributes and their respective attribute indices}, for example,
if the indication indicates at least one atfribute in the referenced parameter set is inactive, identify inactive

attributes, for example, basad on the active attribute indication; skip the inactive attributes in the referenced

b recelve a

parameter set during decoding; obtain a parameter set associated with visual volumatric conte
message that indicates which attribute sub-bitstream of one or more attribute sub-bitstreams indicated in
the parameter set is aclive; determine an active atlribute sub-biistream and an inactive attribute sub-
bitstream based on the message; determine which attribute sub-bitstream to uss for decoding visual
volumetric content based on a message that indicates which atiribute sub-bitstream of one or more

attribute sub-bitstreams indicated in a paramster set associated with visual volumetric content is active;
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decode the visual volumetric content using an active altribute sub-bitsiream based on the message;
decode the visual volumetric content using the active atiribute sub-bitstream and skip the inactive aitribute
sub-bitstrearn; signaling or receiving a message, such as an Skl message, in a bitstream; signaling or
receiving a message with a persistence scope that persists uniil an end of a bilstream or until another
message that is different from the message is recsived; signaling or receiving a message with an indicator
that indicates a number of active atiribute sub-bitstreams of the plurality of attribute sub-bitstreams
indicated in the parameter sel associated with visuial volumetric content; signaling or receiving a parameter

set comprising a VPS comprising attribute information; signaling or receiving a message thai refersfo a

piscs of the atiribute information in a VPS for the active attribute sub-bitstream; signaling or receiving a
massage comprising an indicator that the plurality of attribute sub-bitstreams indicated in the parameter set
are active; signaling or receiving a parameter set indicating map information associated with a regpective
attribute sub-bitstream of the plurality of attributes; signaling or receiving a message indicating which map
information is active, for example, by indicating which altribute sub-bitstream of the plurality of atiribule
sub-bitstreams indicated in the parameter satis active; decoding visual volumstric content using active
map information associated with the active atiribute sub-bitstream; signaling and/or receiving ona or more
aftribute sub-bitstreams thai indicats, for example, texture information, material information, transparency
information, and/or reflectance information associated with or characterizing the visual volumstric content;
determining an inactive atfribute sub-bitstream based on a message; determining as an inactive sub-
bitstream an atlribute sub-bitstream that is indicated in the parameter set but not indicated in the message;
skipping an inactive atfribule sub-bilstream for the deceding of the visual volumetric content; indicating or
recelving an indication of the deactivation of an attribute sub-bitstream in a2 message; determining that an
altribute sub-bitsiream is deactivated if the altribute sub-bitstream or an indicator of the attribute sub-
bitstream is not referred io in a message; andfor determining that an atlribute sub-bitstream is deactivaled
based on bitrate adaptation.
{02271 ATV, sef-top box, cell

of visual volumetric content, such as visual volumetric component sub-bitstreams in visual volumetric

hone, tablet, or other slectronic devics that performs dynamic adaptation

streaming services, according to any of the examples described herein.
[0228] ATV, sel-top box, cell

of visual volumetric content, such as visual volumetric component sub-bitstreams in visual volumetric

none, tablet, or other electionic device thal performs dynamic adaptation

streaming services, according to any of the examples describad hersin, and that displays (ior exampls,
using a monitor, screen, or other type of display) a resulting visual representation.
f0229] ATV, sst-top box, cell phone, tabiet, or other electronic devics that selects {for example, using a

tuner} a channe! fo receive a signal including an encoded volumelric frame, and performs dynamic
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adaptation of visual volumetric content, such as visual volumetric component sub-bitstreams in visual
volumstric streaming services, according to any of the examples described herain,

[0230] ATV, set-top box, cell phone, tablet, or other electronic device that receives (for example, using
an antenna) a signat over the air that indludes an encoded volumelric frame, and performs dynamic
adaptation of visual volumetric content, such as visual volumatric component sub-bitstreams in visual
volumeatric streaming services, according to any of the examples described herein,

[0231]  Although feaiures and elements are described above in particular combinations, one of ordinary
siill in the art will appreciate that each feature of glement can be used alone of in any combination with the
other features and elements. in addition, the methods described herein may be implemented in a
computer program, software, or firmware incorporated in a computer-readable medium for execution by a
computer or processor. Examples of computer-readable media include electronic signals (transmitted ovar
wirad or wireless connections) and computer-readable siorage media. Examples of computer-readable
storage media include, but are not fimiied fo, a read only memory (ROM}, a random access memory
(RAM), a ragister, cache memory, semiconductor memory devices, magnetic media such as internal hard
disks and removable disks, magneto-optical media, and optical madia such as CD-ROM disks, and digita
versafile disks (DVDs). A processor in association with software may be used {o implement a radio

frequency fransceiver for use in a WTRU, UE, terminal, base station, RNC, or any host computer,



CLAIMS
What is Claimed:

1. An apparatus for decoding media content, comprising one or more processors, wherein the one
or more processors are configured to:

obtain a parameter set associated with visual volumetric content;

receive a supplemental enhancement information (SEI) message that indicates which
subset of a plurality of attribute sub-bitstreams indicated in the parameter set is active;

determine an active attribute sub-bitstream and an inactive attribute sub-bitstream
based on the SEI message; and

decode the visual volumetric content using the active attribute sub-bitstream and skip

the inactive attribute sub-bitstream.

2. An apparatus for encoding media content, comprising one or more processors, wherein the one
or more processors are configured to:

determine that a subset of a plurality of attributes associated with visual volumetric content is
active;

encode an attribute sub-bitstream associated with an attribute of the subset of the plurality of
attributes;

include, in a bitstream, the attribute sub-bitstream associated with the attribute of the subset of
the plurality of attributes; and

generate a message indicating that the subset of the plurality of attributes is active.

3 The apparatus of claim 2, wherein the message comprises a supplemental enhancement

information (SEI) message.

4. The apparatus of claim 1, wherein the one or more processors are further configured to receive
a bitstream that comprises the SEI message.

5. The apparatus of claim 1 or the apparatus of claim 3, wherein the SEI message has a

persistence scope that persists until an end of a bitstream.
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6. The apparatus of claim 1 or the apparatus of claim 3, wherein the SEI message has a
persistence scope that persists until another SEI message that is different from the SEI message is

received.

7. The apparatus of claim 1 or the apparatus of claim 3, wherein the SEI message comprises an
indicator that indicates a number of active attribute sub-bitstreams in the subset of the plurality of

attribute sub-bitstreams indicated in the parameter set associated with the visual volumetric content.

8. The apparatus of claim 1 or the apparatus of claim 3, wherein the parameter set comprises a
visual volumetric video-based parameter set (VPS) that comprises attribute information for the plurality
of attribute sub-bitstreams, wherein the SEI message refers to attribute information associated with the

subset of the plurality of attribute sub-bitstreams.

9. A method for decoding media content, comprising:

obtaining a parameter set associated with visual volumetric content;

receiving a supplemental enhancement information (SEI) message that indicates which
subset of a plurality of attribute sub-bitstreams indicated in the parameter set is active;

determining an active attribute sub-bitstream and an inactive attribute sub-bitstream based
on the SEI message; and

decoding the visual volumetric content using the active attribute sub-bitstream and skipping

the inactive attribute sub-bitstream.

10. A method for encoding media content, comprising:

determining that a subset of a plurality of attributes associated with visual volumetric content is
active;

encoding an attribute sub-bitstream associated with an attribute of the subset of the plurality of
attributes;

including, in a bitstream, the attribute sub-bitstream associated with the attribute of the subset
of the plurality of attributes; and

generating a message indicating that the subset of the plurality of attributes is active.

1. The method of claim 10, wherein the message comprises a supplemental enhancement

information (SEI) message.
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12. The method of claim 9, wherein the method further comprises receiving a bitstream that

comprises the SEI message.
13. The method of claim 9 or the method of claim 11, wherein the SEI message has a persistence
scope that persists until an end of a bitstream, or the SEI message has a persistence scope that

persists until another SEI message that is different from the SEI message is received.

14. A computer readable medium including instructions for causing one or more processors to

perform the method of any one of claims 9-13.

15 A signal comprising the SEI message according to the method of any one of claims 9 and 11-
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