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(57) Abstract: Systems, devices, and methods are described herein for partial access support in SOBMFF containers for video-based
point cloud streams. A video encoding device may partition a 3D space into a first spatial region and a second spatial region, The video
encoding device may map the first spatial region to a first set of V-PCC tiles and the second spatial region to a second set of V-PCC tiles.
The video encoding device may determine a first track to carry first mapping information associated with the first spatial region that is
mapped to the first set of V-PCC tiles. The video encoding device may determine a second track to carry second mapping information
associated with the second spatial region that is mapped to the second set of V-PCC files. The video encoding device may send In a
timed-metadata V-PCC bitstream the first track and the second track,
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PARTIAL ACCESS SUPPORT IN ISOBMFF CONTAINERS
FOR VIDEC-BASED POINT CLOUD STREAMS

CROSS-REFERENCE TO RELATED APPLICATIONS

06011 This application claims the benefit of Provisional U.S, Palent Application No., 63/008,931, filed
April 14, 2020, Provisional U.S, Patent Application No. 83/042,892, filed June 23, 2020, Frovisional LS.
Fatent Application No. 63/062,983, filed August 7, 2020, and Frovisional U.S. Palent Appiication No.

63087425, filed October 5, 2020, the disclosurs of which i incorporated herein by reference in its entiraty,

BACKGROUND

106027 A point cloud may comprise a set of points represented in 30 space using coordinates indicaling
the iocalion and afiributes of each point. Reconsiructing objecis and scenes based on point douds may
raquive processing millions of points. Efficient compression may be assential for storing and transmitling
point cloud data,

[0003] Video-based point doud comprassion {V-PCC) bilstreams may comprise a sequence of V-PCC
units, Each V-PCC unit may include a V-PCC header and a V-PCC pavioad. The V-PCC header may
desoribe the V-PCC unit type while the V-PCC payload may provide the data associated with the V-PCC
unit type. The sequence of V-PCC unils may be signaled in the V-PCC bilstream to a video decoder,
Current V-PCC signaling may not be adequats for cartain types of accass {e.q., partial accsss) of 2 V-PCC

sequence.

SUMMARY

[00G04] Systems, devices, and methods are described hersin for partial access support in International
Crganization for Standardization Base Media File Format (ISOBMFF) containers for video-based point
cloud streams. File format structures may enable flaxible, partial access to different parts of a coded point
cloud sequence {e.g., encapsulated in an ISOBMFF container).

[0008] A video encoding device may partition a 30 space into a first spatial region and a second spatial
region. The video encoding device may map the Tirst spatial region 1o a first set of video-bassd point cloud
compression {V-PCC) tiles and the second spatial region to a second set of V-PCC dilss. Each of the first
set of V-PCC tiles and the sacond set of V-PCC tilss may be associated with an atlas frame. Each of the

-
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first set of V-PCC tiles and the second set of V-PCC iilss may be independently decodable. Mapping sach
of the first epatial region to the firgt cet of V-PCC tiles and the sscond spatial region to the second saf of V-
PCC tiles may be based on tile identifications andior frack identifications. The first set of V-PCC tiles may
be associated with & first sel of paiches and the second set of V-PCC tiles may be associated with &
second set of patches, The video encoding device may delermine a firsf track o carry first mapping
information associated with the first spatial region that is mapped to the first set of V-PCC tiles. The video
encoding device may determine a second track io carry second mapping information associated with the
second spatial region that is mapped 10 the second set of V-PCC tiles, The video encoding device may
send in a fimsd-metadata V-PCC bitstream the first track and the second track. The first rack and the
sacond frack may be sent in a media container file.

60081 Ths video encoding device may determing an update dimensions flag. The update dimensions flag
may indicate an updale ic one or mors dimensions of the first spatial region or an update o one or more
dimensions of the second spatial region. The video encoding devics may send the updale dimensions flag
in the time-metadala V-PCC bitstream.

00071 The first spatial region may be associated with a first object. The second spatial region may be
assoclaled with a second objecl. The vidso encoding device may deteriming one or more obisct flags. The
vidao encading device may send the object fiag(s) in the timed-meatadata V-PCC bitstream. The vidso
encoding device may determine an objsct dependency flag indicating the first object associated with the
first spalig region is depsndent on the second object associatad with the second spatial region and may
send the object dependency fiag in the timed-matadata V-PCC bitstream. The video encoding device may
determine an update object flag indicating an update 1o the first obiect asscoiated with the first spatial
region or an updais 1o the sacond object associated the second spatial region and may send the update

object flag in the timed-metadata V-PCC bitstream,

BRIEF DESCRIPTION OF THE DRAWINGS

[0G08] FIG. 1A s a system diagram Hllusirating an exampls communications system in which onhe or more
disclosed embodimante may be implemanted.

[G008] FIG. 18 is a systam diagram illustrating an sxampls wirsless fransmitreceive unit (WTRU) that
may be used within the communications system illusirated in FIG. 1A according to an embodimsnt,

[G318] HIG. 10 is a system diagram ilustrating an example radio access network {(RAN) and an examgple
core network {CN) that may be used within the communications system illustrated in FIG. 1A according to
an embodiment,

[0614] FIG. 1D is a system diagram illustrating a further example RAN and a further example CN that may
be used within the communications system illustrated in FIG. 1A according to an embodiment,

Is)
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[0012] FIG. 2 is adiagram showing an exampie of a block-based video sncoder,

[0613] FIG. 3is a diagram showing an example of a video decoder.

[0014] FIG. 4is adiagram showing an exampie of a system in which various aspecis and examples may
be implamentad,

[0015] FIG. 5 is adiagram showing an example interface between a server and a client,

[ae18] FG. 6 iz adiagram showing an example inferface hetween a gerver and a client,

106171 FIG. 7 is a diagram showing an example of requesting content by a clisnt (e.q., a head-motinted
display (HMD}).

[0618] FIG. 8is a diagram showing an example of a vides-based point cloud compression (V-PCC)
hitstream structure as a sequence of V-PCC uniis.

106481 FIG. 9is adiagram showing an example of tils and tile group partitioning of an atlas frame.

f0020] FI

'

. 10 is a diagram showing an example structure of a multi-track ISOBMFF V-PCC container.

E/\

3. 14 shows an exarmple of tile mapping of an allas frame assodiated with & thres dimensional

1

=

19021]

(3D} space,
DETAILED DESCRIPTION

00221 A datailed description of ilustrative embodiments will now be described with reference {o the
various Figures. Although this description provides a detailad example of possible implementations, it
shiould be noled that the delalis are Intended o be exemplary and in no way limil the scope of the
application,

[G0623] FIG. 1A is a diagram illustrating an example communications systern 100 in which one or mors
disclosed embodiments may be implemented, The communications system 100 may be a multiple access
svstem that provides content, such ag vaics, data, video, messaging, broadcast, efc., to multiple wirgless
usars, The communications systam 100 may enable muitiple wirsless users to access such content
through the sharing of system rescurcss, including wireless bandwidth, For example, the communications
gystems 100 may employ one or mare channal accsss methods, such as code divicion muitiple accass
(COMA), time division multinle access (TDMA), frequancy division multiple accass {(FDMA), orthogonal
FOMA {OCFDMA), single-carrier FDMA {SC-FDMA), zero-tail unique-word DFT-Spread OFDM (ZT UW
DTS-5 GFDM), unique word OFDM (UW-OFBM), rasource block-filtered OFDM, filter bank muiticarrier
(FBMC), and the like,

[0024] As shown in FIG. 1A, the communications syslem 100 may include wirelsss fransmit/receive unite
(WTRUsg) 102a, 102b, 1020, 102d, a RAN 104/113, 2 CN 106/115, a public switched telephone network

(PSTN} 108, the internst 110, and other networks 112, though it will be apprediated that the disclossd
23
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embodiments contermplate any number of WTRUs, base slations, networks, andior natwork slemsnts,

Each of the WTRUe 102a, 102k, 102¢, 102d may be any type of device configured io operale andlor
commiaicate in & wireless environment, By way of example, the WTRUs 102g, 102b, 102¢, 1024, any of
which may be referred {o as g “station” andfor a “STA”, may be configured to transmit and/or receive
wirsless signals and may inglude a user aquipment (UE), a mobile stafion, a fixed or mobile subseribar unit,
a subscription-basad unit, a pager, a cellular telephone, a persona digital assistant (PDA), a smartphone, a
laptop, a netbook, & personal computer, a wirsless sensor, a hotspot or Mi-Fi devics, an infernet of Things
{loT) device, a waich or other wearable, a head-mounted display {HMD), a vehicls, a drone, a medical
davice and applications {8.¢., remote surgery), an industrial device and applications {e.q., a robot andfor
octher wireless devices operating in an industrial andfor an automated processing chain contexis), a
consumer electronics device, a device operating on commercial andior industrial wireless networks, and
the like, Any of the WTRUs 1023, 102b, 102¢ and 1024 may be interchangeably referred o as a UE.
[0025] The communioalions systems 100 may also include a base station 114a andior a base station
114b. Each of the base slations 114a, 114b may be any type of device configured o wirslessly interface
with at least one of the WTRUs 1023, 1020, 102¢, 102d to facilitate access fo one of maors communication
networks, such as the CN 1067115, the Infernet 110, andfor the other networks 112, By way of exampie,
the base stations 114a, 114b may be a bass transceiver sfation (BTS), a Node-B, an eNode B, a Home
Nods B, a Home eNode B, a gNE, a NR NodeB, a slie controller; an accass point (AP), a wirdless router,
and ths like. While the base stations 1144, 114b ars each depicled as a single slement, il will be
appreciated that the base stations 114a, 114b may include any number of inlergonnected base clations
andior network slaments.

[0028] The bass station 114a may be part of the RAN 104/113, which may also include other bage
stations andfor network elements (not shown), such as a base station coniroller (BSC), a radio network
controller (RNC), relay nodes, efe, The base station 114a and/or the base station 114b may be configurad
fo fransmit and/or receive wireless signals on one or more carrier frequencies, which may be referred 1o as
a cell {not shown). These frequencies may be in licensed spactrum, unlicensed specirum, of &
combination of ficenssd and unlicenssd spectrum. A cell may provids coverage for a wirsless service (o a
specific gecgraphical arsa that may be relatively fixed or that may changs over time, The cell may Turther
be divided into call sectors. For axample, the cell associated with the base station 114a may be divided into
threa sectors. Thus, in ons embadiment, the base station 114a may include three transceivers, 1.e,, one for
each sector of the cell. in an embodiment, the bass station 114a may employ multipls-input multiple output
{MIMQ} fachnology and may utilize multiple fransceivers for sach secior of the csll. For exampls,

baamicrming may be used to transmit and/cr receive signas in dasired spatial diractions.
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00271 The base stations 1148, 114b may communicate with ons or more of the WTRUs 1023, 102h,
102¢, 102d over an air interface 115, which may be any suitable wirelsss communication link {e.q.,, radio
frequency (RE}, microwave, centimeter wave, micrometler wavs, infrared (iR), uliraviclet (UV), visible light,
sfc.}. The &lr interface 116 may be established using any suitable radio access technology (RAT).

[60628]  Mors spacifically, as noted above, the communications system 100 may be a multiple access
system and may employ one of more channe! access schemes, such as COMA, TDMA, FDMA, OFDMA,
SC-FDMA, and the like. For example, the base slalion 114a in the RAN 104/113 and the WTRUs 102z,
1020, 102¢ may implsment a radio technclogy such as Universal Mobile Telscommunications System
(UMTS) Terresirial Radio Access (UTRA), which may establish the air interface 1151187117 using
wideband COMA (WCDMA). WCDMA may include communicalion protocols sush as High-Speed Packs!
Acoess (HSPA) andfor Evolved HIPA (HEPA+). HSPA may include High-Spesad Downlink (DL) Packet
Access (HSDPA) and/or High-Spaed UL Packet Accass (HSUPAL

[0028] Inan embodiment, the base siation 114a and the WTRUs 1023, 102b, 1020 may implement a
radio technology such as Evolved UMTS Terrestrial Radio Accass (E-UTRA), which may establish the air
interface 118 using Long Term Evolution (LTE} andfor LTE-Advanced (LTE-A) andfor LTE-Advanced Pro
{LTE-A Pro).

[G033]  In an embodimant, the base station 114a and the WTRUs 1622, 162b, 102¢ may implement a
radio ischnology such as NR Radio Access, which may esiablish the alr interface 116 using New Radio
(NRJ.

00431} in an embodirment, the bass station 114a and the WTRUs 1023, 102b, 1020 may implement
multiple radio access tachnologies. For example, the base siafion 114a and the WTRUs 1023, 102b, 102¢
may implement LTE radio access and NR radio access togather, for instancs using dual connectivity (DC)
principles. Thus, the air interface utilized by WTRUs 102a, 102b, 102c may be characterized by multiple
fypes of radio acosss lechnologies andfor transmissions sent to/from muliiple types of bage stations {e.q,, 8
eNB and a gNB).

106327 inother smbodiments, the base station 114a and the WTRUs 1023, 1020, 1026 may implerent
radio technologies such as IEEE 80211 {i.e., Wireless Fidslity (WiFl), IEEE 80216 {i.e., Worldwide
Interoparability for Microwave Access (WiMAX)), COMAZ000, CDMAZGN0 1X, CDMAZO00 EV-D0O, Interim
Standard 2000 (1S-2000), interim Standard 85 §5-95), Interim Standard 856 {1S-858), Global System for
Mobils communications {GSM), Enhanced Data rates for GSM Evoiution (EDGE), GSM EDGE (GERAN),
and the like,

[00G33] The base station 114k in FIG. 1A may be a wireless router, Home Node B, Home eNode B, or
access poini, for example, and may ulilize any suitable RAT for fagilitating wirsless connectivity in g

lacalizad area, such as a place of business, a home, a vehicle, a campus, an industrial faciiity, an air
.5
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corridor {.¢., for use by drones), & roadway, and the ke, In one embodiment, the base station 114b and
the WTRUse 102¢, 102d may implement a radio technology such as 1EEE 802.11 to establish a wirslass
lccal area network (WLAN). in an embodiment, the base station 114b and the WTRUs 102¢, 102d may
implement a radio fechnology such as [EEE 802,15 io esiablish a wireless personal area natwork (WPAN),
In yet another smbuodiment, the base station 114b and the WTRUs 102¢, 102d may utilize a cellular-basad
RAT {e.q.,, WCDMA, COMAZ000, GSM, LTE, LTE-A LTE-APro, NR etc)) to establish a picocell or
farntocell, As shown in FIG. 1A, the base stalion 114b may have a direct conngclion o the internst 110
Thug, the bags station 114b may not be required 1o accass the Internet 110 via the CN 1067115,

06341 The RAN 104/113 may be in communication with the CN 106/115, which may be any type of
network configured to provide voice, dala, applications, and/for voice over inlernest prolocol (VoiP) services
fo one or more of the WTRUs 102a, 102b, 102¢, 104¢. The data may have varying quality of sarvice (GoS)
reguirements, such as differing throughput requirements, latency requirements, errer folerance
reguirements, reliability requirements, data throughput requirements, mobility requiremenis, and the fikes.
The CN 106/115 may provide call control, billing servicss, mobile location-basad services, pre-paid caliing,
Internat connectivity, video distribution, sfe., andfor perform high-level sscurity functions, such as user
authenilication. Although not shown in FIG. 1A, It will be appreciated thai the RAN 104/113 and/or the CN
106/115 may be in direct or indirest communication with othar RANg that employ the came RAT as the
RAN 104/113 or a different RAT. For axampls, in addition to heing connscted io the RAN 104/113, which
may be utilizing a NR radio technology, the CN 106/115 may aleo be in communication with another RAN
{not shown) employing a GSM, UMTS, COMA 2000, WiMAX, E-UTRA, or Wik radio technology.

[0035] The CN 106/115 may also serve as a gateway for the WTRUs 102a, 102b, 102¢, 102d to ancess
the PSTN 108, the Inlereat 110, andfor the ofher networks 112, The PSTN 108 may include circuit-
swiiched telephone natworks that provide plain old telephons service (POTS). Ths Internst 110 may
include a glebal syster of interconnected computer networks and devices that use common
communication protocols, such as the transmission control protoco! {TCPY, user datagram protocol (UDP)
andfor the infernet protocol {IP) in the TCPAP internet protocol suiis. The neltworks 112 may includs wirsd
andfor wirsless communications natworks owned and/or operated hy other service providers. For example,
the networks 112 may include anothsr CN conneciad to one or more RANs, which may employ the same
RAT as the RAN 104/113 or a different RAT.

[0638] Some or all of the WTRUs 102g, 102k, 102¢, 102d in the communications system 100 may
include mulii-mode capabilitiss {8.g., the WTRUs 1023, 102h, 102¢, 102d may include multipls transceivers
for communicating with different wirelass nelworks over different wirelass links), For example, the WTRU

102¢ shown in FIG. 1A may be configurad to communicate with the base station 114a, which may employ a

-6-
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callular-based radio fechnology, and with the base station 114b, which may employ an [EEE 802 radio
fechnology.
3037 FIG 1B is & system diagram ilustrating an example WTRU 102, As shown in FIG. 18, the WTRU
102 may includs a processor 118, g transeeiver 120, a iransmitireceive slement 122, a
speaksr/microphone 124, akeypad 126, a display/touchpad 128, non-removabls memory 130, removable
memary 132, a power source 134, a global positicning system (GPS) chipset 138, andfor other peripherals
138, among cthers. it will be appredialed that the WTRU 102 may include any sub-combination of the
foregoing elemants while remaining consistent with an embodimsant,
[0G38] The processor 118 may be a general purpose processor, a special purpose processor, &
gonventional processor, a digital signal procsssar {(DSP), a plurality of microprocsssors, one or more
ricroprocessars in association with a DSP core, a controller, a microcontrolier, Application Specifi
Entegrated Cirouits (ASICs), Fisld Programmable Gate Arrays (FPGAS) circuits, any other typs of integrated
rauit (1C), a slale machine, and the like. The processor 118 may perform signal coding, data processing,
powsr coniral, inputioutput processing, and/or any other funclicnality that enables the WTRU 102 1o
operate in a wireless environment, The processor 118 may be coupled to the transceiver 120, which may
be coupled to the transmilireceive element 122, While FIG. 18 depicis the processor 118 and the
fransceiver 120 as saparate componeants, it will be appreciated that the procsssor 118 and the transceiver
120 may be integrated together in an slectronic package or chip.
06391 The transmitfreceive slement 122 may b configured to traneimif signals to, or receive dignals
from, a base station (8.9, the base station 114a} over the air interface 116, For exampls, in one
smbodiment, the iransmitfreceive elernent 122 may be an antenna configured io transmit and/or receive
RF signals. in an smbaodiment, the transmitireceive element 122 may be an emitleridsiactor configured {o
transmit andfor receive IR, UV, or visible light signals, for example. In yet another ambadiment, the
transmitfrecaive slement 122 may be configured to fransmit andfor receive both RF and light signals, It will
be appreciated that the transmilireceive element 122 may be configured fo ransmit andfor receive any
gombination of wireless signals,
[0040]  Although the transmilfreceive element 122 is depicted in FIG. 1B as a single element, the WTR
102 may include any numbsr of transmitireceive slements 122, More specifically, the WTRU 102 may
smploy MIMO technology. Thus, in ons embadiment, the WTRU 102 may includs two or mors
fransmitreceive slements 122 (e.q., muiliple antennas) for ransmitting and receiving wireless signals over
the air interfacs 116,
[0641] Ths transcelver 120 may bs configured to modulats the signals that ars to be transmitted by the
fransmilirecsive slement 122 and o demaodulale the signals that ars received by the transmitfreceive

elament 122. As noled above, the WTRU 102 may have multi-mode capabilities. Thus, the ranscsiver 120
ST
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may include muitiple transceivers for enabling the WTRU 102 o communicate via multipls RATs, such as
NR and IEEE 802,11, for example.
100421 The processor 118 of the WTRU 102 may be coupled to, and may receive user input data from,
the speakerfmicrophone 124, the keypad 126, andfor the displayftouchpad 128 {8.g., a liguid crystal display
{(LCD) display unit or organic light-emitting dicds {OLED) display unit). The processor 118 may also outptd
user deta io the speaker/microphons 124, the keypad 126, and/or the displayftouchpad 128. In addition,
the processor 118 may acoess information from, and siore data in, any typs of suitable memory, such as
the non-removable memory 130 andior the removable memory 132, The non-removable memory 130 may
includs random-accass memary (RAM), read-only memary (ROM), a hard disk, or any other type of
mamory storage device, The removable memory 132 may includs g subsoriber identity module (8IM) card,
a memory stick, a sacurs digital (5D) memory card, and the like. In other embaodiments, the processor 118
may access information from, and store datain, memory that is not physically focated on the WTRU 102,
such as on a seiver of a home compuier (not shown),
[00343] The processor 118 may recaive power from the power sourcs 134, and may be configurad to
distribute and/or control the powsr to the other components in the WTRU 102, The power source 134 may
be any suitable device for powsting the WTRU 102, For example, the power source 134 may include ons
or more dry cell batieries (e.q., nicksl-cadmium {NICd}, nickel-zinc (NiZn), nickel metai hydride (NiMH},
lithium-ion {Li-lon), etc.), solar cells, fuel calis, and the like,
00441 The processor 118 may also be coupled to the GPS chipset 136, which may be configured to
provide location information {8.q., longituds and [atitude) regarding the currant focation of the WTRU 102,
In addition to, or in lisu of, the information from the GPS chipsat 136, the WTRU 102 may receive location
information over the alr interface 116 from a base station (8.q., base stations 114, 114} andior determine
its location based on the timing of the signals being received from two or more nearby base stations. 1t will
be appreciated that the WTRU 102 may acquirs location information by way of any suitable location-
determination method while remaining consislent with an embodiment,
[G0345] The processor 118 may further ba couplad to other peripherals 138, which may include one or
more software and/or hardware modules that provide additional features, functionality andfor wired or
wirsless connectivity, For exampile, the peripherals 138 may include an acceleromsier, an e-compass, a
satellite transcaiver, a digital camara {for photographs andior video), a universal sarial bus (USE) port, a
vibration device, a telavision transceiver, a hands free headssi, a Bluslooth® module, a frequency
modulated (FM) radio unit, a digital music player, a madia plaver, a video gams plaver module, an internet
browser, a Virtual Reality andfor Augmentsd Raality (VR/IAR) devics, an aclivity tracker, and the like. The
peripherals 138 may include one of more sensars, the senscrs may be one or more of a gyroscops, an
accelerometer, a hall effsct sensor, a magnatometer, an orlentation sensor, a proximity sensor, a

-
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fermnperaiure sensor, a iime sensor; a geclocalion sensor; an allimeter, a lighi sensor, a louch sensor, a
magnatometer, a barometer, a gesiurs sensor, a bicmetric sensor, andfor a humidity sensor,

100487 The WTRU 102 may include a full duplex radic for which transmission and reception of some or sl
of the signais (s.q., associated with particular subframes for both the UL {s.g., Tor transmission) and
downlink (e.q., for regeption} may be concurrent andfor simultansous. The full duplex radic may include an
interfarence management unit fo reduce and or substantially eliminate selfinierference via sither hardware
{2.g., a choke) or signal processing via a processor {8.q., a separale processor (not shown) or via
procsssor 118}, in an emboediment, the WRTU 102 may include a half-duplex radic for which transmission
and reception of some or all of the signals {8.g., associated with particular subframes for sither the UL
{e.q., for transmission) or the downdink {e.q., for reception)).

106471 FIG. 1C is a system diagram iffustrating the RAN 104 and the CN 108 according to an
smbodiment. As noled above, the RAN 104 may amploy an E-UTRA radio technology ic communicate with
the WTRUs 1024, 102, 102c over the air inlerface 116, The RAN 104 may also be in communication with
the CN 1086.

[0048] The RAN 104 may inciude eNods-Bs 1604, 160b, 160¢, though it will be appreciated thal the RAN
104 may includs any number of eNade-Bs while remaining consistent with an smbodimeant. The eNode-Bs
1603, 160b, 160¢ may sach include ons or more transcaivars for communicating with the WTRUs 1023,
102b, 102c over the air interface 116, In one embodiment, the eNode-Bs 160a, 160b, 160¢ may implement
MIMC technology. Thus, the eNade-B 160a, for example, may use muliiple antennas to franemit wirelsss
signals to, and/or receive wirelsss signals from, the WTRU 102a.

[0048] Each of the eNode-Bs 1604, 160b, 160c may be associaied with a parlicular esll {not shown) and
may be configured to handle radio resource managament decisions, handover dacisions, scheduling of
users in the UL andior DL, and the like. As shown in FIG, 1C, the eNods-Bs 160a, 160, 160¢ may
communicate with one ancther over an X2 interface.

[0650] Tha ON 106 shown in FIG. 1C may induds a mebility management entity (MME) 162, a serving
gateway (SGW) 1984, and a packet data network (PDN) gateway (or PGW) 166, Whils each of the
foregoing elements are dapicted as part of the ON 106, it will be appreciated that any of these elements
may be owned and/or operated by an eniity other than the CN operator,

106517 The MME 162 may be connacted to 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 rasponsible for
authenticating users of the WTRUs 1023, 102b, 10Z¢, bearer activation/deactivation, sslecling a particular
serving gateway during an iniliel attach of the WTRUs 1023, 102b, 102¢, and the like. The MME 182 may
provide a control plane function for switching betwesn the RAN 104 and other RANs {not shown) that

smploy other radio lechnologies, such as GEM and/or WCDMA,
G
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00521 The SGW 164 may be connecled fo each of the aNode Be 160g, 180, 160c in the RAN 104 via
the §1 interface. The SGW 164 may generally route and forward user data packetis {ofirom the WTRUs
102a, 102b, 10Zc. The SGW 164 may perform ather functions, such as anchoring user planas during infer-
sNode B handovers, triggering paging when DL data is available for the WTRUs 1024, 102b, 102,
managing and storing contexts of the WTRUs 102a, 102b, 104¢, and the like.
00531 The SGW 184 may be connected to the PGW 1686, which may provide the WTRUs 1023, 102b,
1020 with access o packsi-switched networks, such as the Inisrnet 110, to facilitats communications
betwaen the WiRUs 1043, 102b, 102¢ and iP-senabled devicss.
03541 The CN 106 may facilitate communications with other netwaorks. For example, the CN 108 may
nrovide the WTRUs 102a, 1020, 1020 with access to circuit-switched networks, such as the PSTN 108, {o
facilitate communications betwesn the WTRUs 102a, 102k, 102¢ and traditional land-line communications
devices. For example, the CN 106 may include, or may comimiunicate with, an 1P galeway {s.g., an iP
multimadia subsystem (IMS) server) that serves as an interface betwsen the CN 106 and the PSTN 108, In
addition, the CN 106 may provide the WTRUs 102a, 102b, 102¢ with acoess 1o the other networks 112,
which may include other wired and/or wirsless networks that are cwned andfor operated by other service
providers,
[0055] Although the WTRU is desaribed in FIGS. 1A-1D as a wirsless terminal, it is contemplatad thatin
cartain represenigive embodiments that such a terminal may uss {(8.q., temporarily or permanentiy} wired
gommunication interfaces with the communication nebwork,
[0058] in representative embodiments, the other network 112 may be a WLAN,
00577 A WLAN in Infrastructure Basic Service Set (BSS) mode may have an Access Point {AP) for the
S8 and one of mors stations (STAS) associated with the AP. The AP may have an access or an interface
to a Distribution System (DS) or another typs of wirediwireless network thet carries iraffic in to andfor cut of
the BSS, Traffic to STAg that originates from ouiside the BSS may arrive through the AR and may be
delivered to the STAs. Traffic originating from STAg fo dastinations outsids the BSS may be sent fo the AP
{0 be delivered fo respective destinations. Traffic between STAS within the B5S may be sent through the
AR, for example, where the source STA may send raffic to the AF and the AP may deliver the trafficfo the
dastination STA. The fraffic between STAg within 2 BSS may he considered andfor refarred {0 as pesr-io-
peer iraffic. The pesr-to-peer traffic may be sent between (8.¢., directly betweesn) the source and
destination STAs with a direct link setup {DLS). In ceriain representative embodiments, the DLS may use
an 802.11e DLS or an 802,11z tunneled DLS (TRLS). A WLAN using an Independent BSS (IBSS) mods
may not have an AR, and the 5TAs (8.g., &l of the STAs) within or using ths IBSS may communicate
directly with each other. The IBSS mode of communicaiion may sometimes be referraed (o herein as an “ad-

hoe" mods of communication.
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[0058] When using the 802.11ac infrastructure mode of opsration or a similar mods of operations, the AF
may fransmit a beacon on a fixed channel, such as a primary channsl. The primary channgl may bs a fixed
width {e.q., 20 MHz wide bandwidth) or a dynamically set widih via signaling. The primary channel may be
the operaling channsl of the BSS and may be used by the STAs to aestablish a connection with the AR In
cartain representative embodiments, Carrier Sense Mulliple Access with Collision Avoidancs (COMAICA)
may be implsmented, for exampls in in 802,11 systems. For COSMA/CA, the STAs {e.g., svary STA),
including the AP, may sense the primary channel, if the primary channel is sensedidstecisd andior
detarmined to ba busy by a particular STA, the particular STA may back off, One STA {e.q,, only one
station) may franemit at any given tims in a given BSS,
00591 High Throughput (HT) STAs may use a 40 MHz wide channel for communication, for exampls, via
a combination of the primary 20 MHz channel with an adjacent or nonadiacent 20 MHz channel to form a
40 MHz wide channel.
(00801 Very High Throughput (VHT) STAs may support 20MHz, 40 MHz, 80 MHz, andfor 180 MHz wids
channsis. The 40 MHz, andfor 80 MHz, channsls may bs formed by combining contiguous 20 MHz
channeis, A 150 MHz channel may be formsd by combining 8 contiguous 20 MHz channels, or by
combining two non-contiguous 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 that
may divide the data into two streams. Inverse Fast Fourier Transform (IFFT} processing, and time domain
processing, may be done on each siream separately. The streams may be mapped on o the iwo 80 MHz
channeis, and the data may bs fransmitted by a tranemitting STA. At the recsiver of the racaiving STA, the
above described operation for the 80+80 configuration may be reversaed, and the combined data may be
sent o the Medium Aceess Control (MAC),
[G03614] Sub 1 GHz modss of operation are supporiad by 802.11af and 832.11ah. Tha channel operating
bandwidths, and carriers, are reduced in 802.11af and 802.11ah relative to those used in 802.11n, and
802. 11ac. 802 11af supports & MHz, 10 MHz and 20 MHz bandwidths in the TV White Space (TVWS)
spactrum, and 802.11ah supports 1 MHz, 2 MHz, 4 MHz, 8 MHz, and 16 MHz bandwidths using non-
TVWS specirum. According o a representative smbodiment, 802.11ah may support Meter Type
ControliMachine-Type Communications, such as MTC dsvices in a macro coverage area. MTC devices
may have certain capabiliies, for exampls, limited capabilities including support for {8.g., only support for)
certain andfor limited bandwidths. The MTC devices may include a battery with a baltery life above a
threshold {&.g., fo maintain a very long battery lifs}.
00621 WLAN systems, which may suppart multiple channsls, and channel bandwidths, such as 802.11n,
80Z. 11ac, 802 114f, and 802.11ah, include a channel which may be designated as the primary channs!,
The primary channel may have a bandwidth equal to the largest common opsrating bandwidth supported
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by &l STAs in the BSS. The bandwidth of the primary channsl may be ssi andfor limited by & 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 typs devicas) that
support (e.q., only support) a 1 MHz mode, even if the AP, and other STAs in the BSS support 2 MHz, 4
MHz, 8 MHz, 18 MHz, andfor other channel bandwidih operating modes. Carrier sensing and/or Network
Allocation Vector (NAV) settings may depend on the status of the primary channel, If the primary channel is
busy, for exampie, due to a STA (which supports only a 1 MHz operaling maode), transmiiting o the AP, the
entire available frequency bands may be considered busy even though a majority of the frequancy bands
remains idls and may be available,
[0083] inihe Unilsd Siates, the availabls frequency bands, which may be used by 802, 11ah, are from 802
MHz to 928 MHz. In Korea, the available frequency bands ars from 817.5 MHz {0 823.5 MHz. in Japan, the
availabie frequency bands are from 916.5 MHz to 927.5 MHz. The fotal bandwidth avaiiable for 802.11eh is
6 MHz 1o 26 MHz depanding on the country cods.
[00684] FIG. 1D is a system diagram illustrating the RAN 113 and the CN 115 according to an
embodiment. As noted abave, the RAN 113 may employ an NR radio technology fo communicate with the
WTRUs 1023, 102h, 102c over the air inferfacs 116, The RAN 113 may also bs in commiuniscalion with the
CN 115,
00851 The RAN 113 may include gNBs 180s, 180b, 180c¢, though il will be appreciaied that the RAN 113
may include any number of gNBs while remaining consisfant with an embodimant. The gNBs 18Ca, 18Ch,
180¢ may each include one or mors transcelvers for communicating with the WTRUs 102a, 102b, 1020
over the alr interface 118, In one embodiment, the gNBs 180e, 180k, 180c may implement MIMO
tachnology. For axample, gNBe 180a, 108b may utilize beamiorming to transmit signals to andfor recelv
signals from tha gNBs 1803, 180b, 18{0c. Thus, the gNB 180a, for example, may use muitiple antennas to
transmit wireless signals to, andfor receive wirsless signals from, the WTRU 10Za. In an embodiment, the
gNBs 180a, 180b, 180c may Implement carrier aggragation tashnology. For example, the ghB 180a may
fransmit muitiple componsent carriers o the WTRU 102a (not shown), A subset of these component carriers
may be on unlicensed spectrum while the remaining compeonent carriers may be on licensed spedirum. in
an embodimant, the gNBs 1803, 180b, 180c may implement Coordinated Multi-Point (CoMP) technology.
For exampls, WTRU 1022 may recsive coordinated fransmissions from gNE 180a and ghNB 180b {and/or
ghB 180c).
60881 The WTRUs 102a, 104b, 102¢ may communicate with gNBEg 180a, 180b, 180¢ using transmissichs
associated with a scalable numerclogy. For exampls, the OFDM symbol spacing andior OFDM subcarrier
spacing may vary for different transmissions, different cslis, andfor different portions of the wireless
transmission spectrum. The WTRUs 102a, 102b, 102¢ may communicate with gNBs 1803, 180b, 180¢
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using subframe or transmission ime intervals (TTls) of various or scalable lengths {g.g., containing varying
number of OFDM symbols andior lasting varying lengths of absolute time).
106871 The ghBs 18Ca, 180k, 180c may be configured o communicats with the WTRUs 1023, 102b, 1020
in a siandalone configuralion and/or a non-standalone configuration. in the standalone configuration,
WTRUs 1024, 102b, 102c may communicats with gNBs 1803, 180b, 180¢ without aiso accessing other
RANs (e.g., such as eNede-Bs 160g, 160L, 160c¢). In the standalone configuration, WTRUs 102a, 1026,
1020 may utilize ons or mare of gNBs 180a, 1800, 180¢ as a mobility anchor poini. In the standalone
gonfiguration, WTRUs 102a, 102b, 102¢ may communicate with gNBs 1803, 180b, 180c using signalsin an
unficensed band. In a non-standalona configuration WTRUs 102g, 102k, 102¢ may communicate
with/connect io gNBs 18043, 180, 180c while also communicating with/connecting 1o ancther RAN such as
eNode-Bs 1604, 160b, 160¢. For example, WTRUs 1023, 102b, 102¢ may implemant DC principles to
comminicate with one or more gNBs 180g, 180k, 180c and one or more aNods-Bs 160a, 160k, 160¢
substantially simultanecusly. In the non-siandalone configuration, eNode-Bs 160a, 160k, 180¢ may serve
as a mobility anchor for WTRUs 1023, 102b, 102¢ and gNBs 1804, 180b, 180¢ may provide additional
goverage andior throughput for servicing WTRUs 102a, 102h, 1020,

[0088] Each of the gNBe 180a, 18Cb, 180¢ may be associated with a particular cell {not shown) and may
he configured {0 handie radio resource management decisions, handover decisions, scheduling of usersin
the UL andfor DL, support of network slicing, dual connsclivity, interworking between NR and E-UTRA,
routing of user plane daia lowards User Plane Function (UPF) 184a, 184b, routing of conirol plane
information fowards Access and Mobility Management Function (AMF) 1823, 182b and the like. As shown
in FIG. 10, the ghiBs 1803, 180b, 180c may cornmunicate with one another over an Xn interface.

00881 The CN 115 chown in FIG. 10 may include at least one AMF 1823, 182h, al least one UPF
1842,184h, at least ona Session Managsment Function (SMF} 183a, 183b, and possibly a Data Natwork
(DN} 185a, 185k, While each of the foregoing slements are depicied as part of the CN 115, itwill be
appracialed that any of these elements may be owned andfor operated by an sntily other than the CN
aperator,

00701 The AMF 18245, 182b may be connected to one or more of the gNBs 180a, 180b, 180c in the RAN
113 via an N2 inlerface and may seive as a contral nods, For example, the AMF 182a, 182b may be
respongsible for authenticating users of the WTRUs 102a, 102b, 102¢, support for network dlicing {e.g.,
handling of different PDU sessions with different requirerments), selscting a parficular SMF 183a, 183b,
management of the registration arsa, larmination of NAS signaling, mobilily managsmenti, and the liks,
Network slicing may bs used by the AMF 1822, 182b in order 1o customize CN support for WTRUg 1023,
102b, 10Z¢ based on the types of services being utifized WTRUs 102a, 1020, 1026, For example, different
network slices may be established for different use cases such as services relying on ultra-refiable low
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latency (URLLC) access, services relying on enhanced massive mobile broadband (eMBB) access,
garvices for machine typs communication (MTC) access, andfor the like. The AMF 162 may provide 2
conirol plane function for switching betweern the RAN 113 and other RANs {not shown) that employ other
radio ischnologiss, such as LTE, LTE-A, LTE-A Pro, andfor non-3GPP access technologies such as Wikl
[G671] The SMF 1833, 183b may ba connacted to an AMF 1822, 182k in the CN 110 via an N1
interface. The SMF 183, 183k may alsc bs connscled fo a UPF 184g, 184binthe CN 115 via an N4
interface. The SMF 183, 183b may sslect and control the UPF 1844, 184h and configure the routing of
traffic through the UPF 1844, 184b. The SMF 183a, 183b may perform other functions, such as managing
and aliocating Uk 1P address, managing PDU sessions, controlling policy enforcament and QoS, providing
downlink data nolifications, and the like. A PDU session type may be 1P-based, non-P based, Ethernet-
based, and the like

106721 The UFF 1843, 184b may be connected to one or more of the gNBs 18Ca, 18Cb, 180c in the RAN
113 via an N3 interfacs, which may provide the WTRUs 1023, 102b, 102¢ with access to packsi-switched
networks, such as the Internst 110, to facilifale communications betwesn the WTRUs 102a, 102b, 102¢c
and IP-enabled devices. The UPF 184, 184b may perform other functions, such as routing and forwarding
packets, enforcing ussr plane policies, supporting multi-homed PDU sessions, handling user plane QoS,
huffering downiink packsts, providing mability anchoring, and the liks

{00731 The CN 115 may facilifate communications with other networks, For example, the CN 115 may
include, or may communicate with, an IP galeway {8.q., an IP multimedia subsystem {IMS) server) that
serves as an interfacs betwsen the CN 115 and the FETN 108, In addition, the CN 115 may provide the
WTRUs 102a, 102k, 102¢ with access to the other networks 112, which may includs other wirad andfor
wireless networks that are owned andior operaisd by other servics providers. in one embaodiment, the
WTRUs 1024, 102b, 1020 may be connected to alocal Data Network (DN) 1853, 185b through the UPF
1843, 184b via the N3 interface to the UPF 1844, 184b and an N§ interface betwsen the UPF 1843, 184b
and the DN 1854, 185b

[0074] Inview of Figures 1A-1D, and the corresponding description of Figures 1A-1D, one or mare, or all,
of the funclions described herein with regard fo one or more of, WTRU 102a-d, Base Station 114a-b,
eNode-B 160a-c, MME 162, SGW 164, PGW 188, gNE 180a-c, AMF 182a-b, UPF 184a-b, SMF 183a-b,
DN 185a-b, andfor any other device{s) described herein, may be performad by ong or more emulation
devices (not shown}. The emulation devices may be one or more devices configured 1o smiudale one or
more, or all, of the functions described hersin. For example, the emulation devices may be used {o test
othar davices andfor to simulate network andfor WTRU functions.

[0075] The smulalion devices may be designed to implement one or more issis of other devicesin alab

envircniment andior in an operator natwork environment, For example, the one or mors smulation devices
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may parform the one or more, or all, functions while being fully or partially iImplemented andior deployed as
part of a wired andior wirgless communication network in order to test other devices within the
comminication network., The one or more emulation devices may perform the one or more, or all,
funclions while being lemporarlly implementedideplioved as part of a wired andfor wireless communication
network. The emulation davics may be directly coupled o another device for purposes of testing andior
may performing festing using over-the-air wireless communications.

[0G76] The one or mors emulation devices may perform the one or mors, including all, functions while nol
helng implemented/deployed as part of a wirad andfor wirsless communication network, For example, the
smulation devices may be utllized in a testing scenaric in a testing laboratery andior a non-deployed {e.g.,
fesling) wired andfor wirgless comsmunication nefwork in order to implement testing of ons or more
components. The one or mors smulation devices may be test equipment. Diract RF coupling andfor
wirgless communications via RF dirouitry {e.g., which may include one or more antennas) may be used by
the emulation devices o transmit andfor receive data,

06771 This application describes a varisty of agpects, including tocls, faatures, examples or
smbuodiments, models, approachss, efc. Many of these aspscts ars describad with specificity and, at least
fo show the individual characteristics, are often desoribed in a manner that may sound limiting. However,
thig is for purposes of clarity in description, and does not limii the application or scope of those aspects,
Indsed, all of the different aspects may be combined and interchanged to provide further aspects.
Morsover, the aspecis may be combined and inferchanged with aspects described in eariier filings as well,
[0678] The aspscts describad and contemplated in this application may be implemanted in many different
forms. FIGS, 1-10 describad herein may provide some emboediments, but other smbodiments are
contemplated. The discussion of FIGS. 1-10 does notlimil the breadth of the implemeniations. Al lsast
one of the aspects generally relates to vidso encoding and decoding, and at lsast one other agpect
generally relatas fo transmitting a bitsiraam ganerated or encoded. These and other aspedis may be
implemented as a method, an apparaius, a computer readable storage medium having stored thereon
instructions for ensoding or decoding video data according o any of the methods described, andfor a
gomputer readable storage medium having stored theraon a bitstream generated according to any of the
methods described.

00781 inihe present application, the terms "reconstructed” and "decoded” may be used interchangeably,
the terms “pixal’ and "sample” may be used interchangsably, the terms “image,” “pictire” and “frame” may
be usad interchangeably.

[0084] Various methods are described herein, and sach of the methods comprises one or mors steps or
actions for achieving the described method. Unlsss a specific order of steps or actions is required for

nroper operation of the method, the order andfor use of specific steps andlor actions may be modified or
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combined. Additionally, terms such as “first”, "sscond”, sfc. may be used in various embodimenis o modity
an element, component, step, operation, ete., suich as, for example, a *first deceding” and a “second
decoding”. Use of such terms does not imply an ordering to the modified operations unless specifically
reguired. So, in this example, the first decoding need not be performed before the second decading, and
may ocour, for exampls, befors, during, or in an overlapping time period with the second decoding.

[0681] Various methods and other aspects described in this application may be used o modify modules,
for example, of a video encoder 200 and decoder 300 as shown in FIG. 2 and FIG. 3. Morsover, the
subject matter disclosed herein presents aspects that are not limited to VWG or HEVC, and may be applisd,
for example, o any type, format or version of video coding, whether described in a standard or a
recommendation, whethsr pre-existing o fulure-developed, and extensions of any such standards and
recommendations {g.¢., including WC and HEVC), Unless indicatad otherwiss, or tachnically precludsd,
the aspects described in this application may be used individually or in combination.

00821 Various numeric values are used in examples described the present applicalion, such as a count of
the remaining bytes as 13, a nal_unil_type value in the ranges 0-5 and 10-21, elc. Thase and other
spedific valuss are for purposes of describing examples and the aspects dascribed ars not limited o these
specific values.

06831 FIG. 2is adiagram showing an exampile video encoder, Variations of example encoder 200 are
sontemplated, but the encadar 200 is dascribed below for purposes of clarity without describing all
expected variations.

[0084] Before bsing encoded, the video sequence may go through pre-encoding processing (201), for
example, applying a color fransform to the input color picture {8.g., conversion from RGB 4.4:4 10 YCLCr
4.2:0), or performing a remapping of the input picture components in order to get a signal distribution more
resilient to compression (for instance using a histogram squalization of one of the color components),
Metadata may be associated with the pre-procsssing, and attachsd {0 the bitstream,

10685 in the encoder 20C, a picturs is encoded by the enceder slements as describad below. The piciure
fo be sncoded is parliioned (202} and processed in units of, for example, coding units (CUs). Each unitis
encoded using, for example, either an infra or inter mode. When a unitis encoded in an infra mode, it
performs intra pradiction (260). in an inter mode, motion estimation {278} and compensation (270) are
performed. The encoder dacides (205} which ons of ths infra maode or infer mode to use for encoding the
unit, and indicates the infrafinter dedision by, for example, a prediction mode flag. Prediction residuals are
calculated, for example, by sublracting (210} the predicied block from the original image block.

[0088] Ths prediclion residuals are then transformed (225) and quantized (230). The quantized transform
coefficients, as well as motion vectors and other syniax slements, are entropy coded (245) to oufput a

bitstrean. The encoder can skip the transform and apply quantization dirsclly 1o the non-transformed

Ao
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residual signal. The encoder can bypass both transform and quantization, i.e., the residual is codsd
directly without the application of the fransform or quantization processss,

003871 The enceder decodss an encoded block o provide a reference for further pradictions, The
guantized transform coefficlents are de~quantized (240} and inverse transformed (250) to decode pradiction
residuals. Combining (255) the decoded pradiction reciduals and the predicted block, an image block is
reconstructed, in-ioop filters (265} are applied to the reconstrucied picture to perform, for exampls,
deblocking/SAD (Sample Adaptive Ofisat) fillering fo reduce encoding ariifacts. The filisred image is
siored at a referencs picture buffer {280),

[00388] HIG. 3is adiagram showing an exampls of a video dacodsr. In example decoder 300, a bitstream
is decoded by the decoder elements as described below. Video decoder 300 generally performs
decoding pass raciprocal 10 the encoding pass as described in FIG. 2. Ths encoder 200 also gensrally
nerforms video decoding as part of encoding video data,

00881 inpariicular, the input of the decoder includes a video bilstream, which may be generaled by video
encoder 200, The bitstream ie first entropy decoded {330} to obtain fransform coefficients, maotion veciors,
and other coded information. The picture partition information indicates how the picturs is partiioned. The
decodsr may thersefore divide {335) the plcture according to the decoded picture partitioning information.
The transform coefficiants are de-quantized (340} and invarse francformed (350} to decods the pradiction

ey

residuials. Combining (355) the decoded pradiction residuals and the predicted block, an image block is
reconstructed. The pradicted block may be obtainad (370} from intra prediction (360) or motion-
compensated prediciion (e, inter prediction} (375). In-loop fillers (365) are appiied to the reconsiructed
image. The filtered imags is slored at a reference picture buffer (380}

00801 The deccded picture can further go through post-decoding procassing (385}, for example, an
inverse color ransform (8.9, conversion from YCbCr 4:2:0 to RGE 4:4:4) or an inverse remapping
nerforming the inverse of the remapping process performed in the pre-encoding processing (201). The
nost-decoding processing can use metadeata derived in the pre-enceding processing and signaled in the
hitelream.

[0091] FIG. 4is adiagram showing an example of a system in which various aspects and embodiments
desoribed hersin may be implemented. System 400 may be embodied as a device including the various
components described below and is configured to parform one or more of the aspeots desaribed in thig
document. Examplas of such devices, include, but are not limited to, various slecironic devices such as
nersonal computers, laptop computers, smartphones, tablet computers, digital mulimedia sst top boxes,
digital television receivers, personal video recording systems, connscted home appliancss, and servers,
Elements of sysfem 400, singly or in combination, may be embodied in a single infegrated cireuit (IC),

multipis ICs, and/or discrate components, For example, in at least one example, the processing and
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encodar/decoder slements of systern 400 are distribuled across muitiple 1Cs andlor discrels components,
In various embodiments, the system 400 is communicatively coupled to one or more other systems, or
cther elecironic devices, via, for example, a communications bus or through dedicated input andfor output
ports. in varicus embodiments, the sysiem 400 is configured i implement one of more of the aspeols
describad in this document,

[0692] The system 400 includas at least one processor 410 configured fo exscuts instructions fnaded
tharein for implementing, for sxampls, the various agpects described in this document. Processor 410 can
include embedded mamaory, input cutput interface, and various other circuitries as known inthe arl. The
system 400 includss at least one memory 420 {e.q., a volatils memory devics, andfor a non-volatils
memory devics). System 400 includes a storage davice 440, which can include non-volatile memory
andfor volatile memory, including, but not Himited 1o, Electrically Erasable Programmabie Read-Only
Mamory (EEFROM), Read-Only Memory (ROM}, Frogrammable Read-Only Memory (PROM), Random
Access Memory (RAM), Dynamic Random Access Memory (DRAM), Static Random Access Memory
{SRAM), flash, magnstic disk drive, andfor optical disk drive. The slorage davice 440 can inciude an
internal storags device, an attached storage device {inciuding detachable and non-detachabls storage
devices), andfor a network accessible storags devics, as non-limiting examples.

{00831 Svetem 400 includes an encodar/decodsr module 430 configured, for exampls, o process data fo
nrovide an encoded video or decaded video, and the encader/decoder module 430 can includs its own
orocessor and memory.  The encoder/decodsr module 430 represents module(s) that may beincluded ina
device to perform the encading andior dacoding funclions. As is known, a devios can include one or both
of the encading and decoding modules. Additionally, encoder/decoder module 430 may be implemented
as a separate slement of systerm 400 or may be incorperated within processor 410 as a combination of
hardware and software as known to those skilied in the art.

[0084] Frogram code 1o be loaded onto processor 418 or encoder/decodar 430 to perform the various
aspects described in this docurnent may be stored in storage device 44C and subsequently lcaded onlo
mamory 420 for execution by procsssor 410, In accordance with various embodiments, one or mors of
processor 410, memary 420, storage device 440, and engoderidecoder module 430 can store ons or more
of various lems during the performance of the processes described in this document. Such siored llems
can inciuds, but are not limited 1o, the input video, the decoded video or portions of the decodsd video, the
bilstream, matrices, variablag, and intermediate or final resuits from the processing of squations, formulas,
opsrations, and operational logic.

[0085] in some embodiments, memory inside of the processor 410 andfor the encoderfdecoder module
430 is used o store instructions and o provide working memory for prooessing that is nesded during

encading or decading. In othar embodiments, however, a memory exisrnal io the processing device (for
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example, the processing device may be either the processor 410 or the encodsr/decoder module 430} is
used for one or more of these functions. The external memory may be the memory 420 andfor the storage
device 440, for example, a dynamic volatile memory andfor a non-volatile flash memory. In several
smbcdiments, an external non-volatile flash memory is used to stors the opsraling sysiem of, for sxampls,
alelevigion. In at least one embodiment, a fast external dynamic volatile memory such as a RAM is used
as working memory for video coding and decoding opsrations, such as, for exampls, MFEG-2 (MPEG
refers fo the Moving Piciure Experte Group, MPEG-2 is also referred 1o as ISOAEC 13818, and 138181 s
also known as H.222, and 13818-2 is aleo known as H.262), HEVC (HEVC refere to High Efficiency Video
Cading, also known as H.265 and MPEG-H Part 2), or VWC (Versalils Video Coding, a new standard being
developed by JVET,

i

the Joini Vidso Experls Team).

[0098] The input to the slements of systam 400 may be provided through various input devices as
indicated in block 445, Such input davices includs, but are not limited to, (1) a radio frequency (RF) portion
that receives an RF signal transmitisd, for example, over the air by a broadoaster, (i) a Component
{COMP) input terminal {or a et of COMP input terminale), {il} a Universal Serial Bus {USE) input ferminal,
andfor (iv) a High Dafinition Mulimedia Interface (HDMI) input terminal. Other examples, not shown in FIG.
4, include cormnposite viden.

[00871 invarious embodimants, the input devices of biock 445 have associated respective input
procsssing elemsnts as known inths art. For exampls, the RF portion may be associated with elaments
suitable for {) selecting a desired fraquency (alsc referred io as salecting a signal, or band-limiting a signal
fo a band of frequencias), (il) downeconverting the selected signal, (il band-limiting again to a narrower
band of frequancies to select {for exampls) a signal frequenacy band which may be referred to as a channel
in certain embodiments, {iv) demodulating the downconveried and band-limited signal, {v) parforming srror
correction, and (v} demulliplexing to select the desired stream of dala packets. The RF poriion of various
smbpodiments includes ons or more elsments to perform these funclions, for example, frequency seleciors,
signal selectors, band-limiters, channe! selsctors, filters, downconverters, demodulators, arror correciors,
and demuitiplexers, The RF portion can include a tuner that performs various of these functions, including,
for example, downconveriing the raceivad dignal to alower frequency (for exampls, an intermediate
frequency or a near-baseband frequency) or fo bassband. in one set-icp box embaodiment, the RF portion
and its associated inpui processing slement receives an RF signal fransmitted over a wired (for exampie,
cable} medium, and parforms frequancy selection by filtering, downconverting, and fillering againifo a
desired frequency band. Varlous embodiments rearrangs the order of the above-desaribed (and other)
elsments, remove some of these slements, andfor add olher slements performing similar or different

fungtions. Adding slements can include inserting slsmenis in between existing elemeants, such ag, for
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example, inserting ampiifiers and an analog-fo-digital converter. In various embodiments, the RF portion
includes an antanna.

[0098] Additionally, the USB andior HOM! terminals can include respeciive interface processors for
connecting system 400 to other elsctronic devices across USE andior HDMI connections. tistobe
understood that various aspecis of input processing, for example, Reed-Solomon errar correction, may be
implemanted, for example, within a ssparate input processing IC or within processor 416 as necessary.
Similarly, aspects of USB or HDMi interface processing may be implemented within separats interface ICs
or within processor 410 as necsssary, The demodulaied, error corrected, and demuttiplexad stream is
provided o various processing elements, including, for axampls, processor 410, and encoder/decoder 430
cperating in combination with the memory and storage elements to process the datasiream as necessary
for prasentation on an outpuf devics.

106991 Various elaments of systern 400 may bs provided within an integrated housing, Within the
integraled housing, the varicus slemsnts may be interconnsctad and transmit data therebetween using
suitable connection arrangement 425, for axample, an infernal bus as known in the art, including the Inter-
IC {12C) bus, wiring, and printed aircuit boards,

131001 The systern 400 includes communication interface 450 that snables communication with other
devices via communication channal 460. The communication intarface 4580 can includs, but is not fimitad
to, a transceiver configured to transmit and to raceive data over communication channsi 460, The
cormmunication interface 450 can include, but is not limited to, a modem or network card and the
communication channel 460 may be implamentad, for example, within a wired andior a wireless madium.
[101] Data is streamed, or otherwise provided, o the system 400, in various smbodiments, using a
wireless network such as a Wi-Fi network, for exampis IEEE 802,11 (| EEE refers ic the instituts of
Electrical and Elechronics Engineers). The Wi-Fi signal of these examples is received over the
gormmunications channel 460 and the communications interface 450 which are adapted for Wi-Fi
communications. The communications channal 460 of these embodiments is typically connected io an
aceess point or router that provides acosss (o extemnal networks including the infernet for allowing
sireaming applications and othar over-the-top communications. Other smbodiments provide streamed data
to the system 400 using a sei-fop box that delivers the data over the HDMI connsclion of the input block
445, Siill other embodiments provide streamed dala (o the system 400 using the RF connection of the
input block 445, Ag indicated above, varicus embadiments provide data in a non-streaming manner,
Additionally, varicus smbodiments use wireless natworks cther than Wi-Fi, for example a celiular nstwork
or a Blustooth network.

101021 Ths system 400 can provids an oufput signal to various output devicss, including a display 475,

speakers 485, and other paripheral devices 495, The display 475 of varicus embodiments includss one or
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more of, Tor example, & ouchsoreen digplay, an organic light-emiiting diode (OLED) display, a curved
display, andfor afoldabie display. Ths dieplay 475 may be for atelavision, a tablet, alaptop, a cell phone
{mobile phone}, or other device. The display 475 can also be integrated with other components (for
sxampls, as in a smart phone), or separate for sxampls, an exlernal monitor for a lapiop). The other
neriphsral devicas 495 include, in various examples of smbodiments, one or mare of a stand-alons digital
vidao disc (or digital versatile diso) (DVR, for both terms), a disk player, a steren systern, and/or a lighting
system. Various embodiments use one or more peripheral devices 455 that provide a function based on
the oufput of the sysiem 400, For exampls, a disk player performs the function of playing the output of the
system 400

[3403] invarious embodiments, control signals are comimunicaisd beiwaen the systerm 400 and the
digplay 475, speakers 485, or other peripheral devices 485 using signaling such as AV Link, Consumer
Elsctronios Control (CECY), or other communications protocols that enable device-{o-davice control with or
without user inlsrvention. The oulput devices may be comimunicatively coupled to sysiem 400 via
dadicated connections through respeciive interfaces 470, 480, and 480, Alisrnatively, the oulput devicas
may be connected o system 400 using the communications channsl 460 via the communications interface
450, The display 475 and speakers 485 may be integrated in a single unit with the other components of
svstem 400 in an electronic device such as, for example, a tslevision. In various embodimants, the display
interface 470 includes a display driver, such as, for example, a timing contraller (T Con) chip,

101041 The display 475 and speakers 485 can alternatively be separaie from one or mere of the cther
componsents, for exampie, if the RF porion of input 445 is pari of a separaie set-lop box. invarious
embodiments in which the display 475 and spaakers 485 are external components, the output signal may
be provided via dedicated output connections, including, for exampls, HDMI ports, USE ports, or COMF
ouipuis,

[0105] The embodiments may be carred out by computer software implemented by the processaor 410 or
by hardwars, or by a combination of hardware and software. As a non-limiting example, the embodiments
may be implemeanted by one or more inlegrated circuits, The memory 420 may be of any type appropriate
fo the technical envireniment and may be implemented using any appropriate data storage technology,
such as optical memory devices, magnetic memory devices, semiconductor-based memary devices, fixed
mamaory, and removable memory, as non-imiting examples. The processor 410 may be of any lype
appropriate to the technical envirgnment, and can encompass one or more of microprocessars, gensral
nurpose computers, special purpose computers, and precessars based on a multi-cors architecturs, as
non-imiling examples.

104081 Various implemantations involve decoding. “Dacoding’, as used in this application, can

encompass g or part of the processss performed, for exampls, on a received encoded sequance in order
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fo produce a final oulput suitable for display. In various embodiments, such processes includs one or more
of the processes typically performad by a decoder, for example, entropy decoding, inverse quantization,
inverss transformation, and differential decoding. In various smbodiments, such processes also, or
alternatively, include processes performed by a decoder of various implementations described in this
application, for example, decoding a portion of a coded point cloud sequence (.., sncapsulated in an
ISOBMFF container using one or more fils format structures, for example, as disclosed herein) to provide
sartial access 1o the coded point dloud sequence {8.¢., encapsulated in the ISCBMEFF container), efe.
104071 Asfurther embaodiments, in one example “desading” refers only 1o entropy decoding, in another
embodiment “decoding” refers only to differential dacoding, and in another embodiment “decoding” refers o
a combination of enlropy decoding and differential decoding. Whether the phrase "decoding process’ is
intended to refer specifically to a subset of operations or generally {o the broader decoding process will be
clear basad on the context of the gpedific descriptions and is believed to bs well undsrstood by thoss
skilied in the art.

01081 Various implemsntations involve encoding. In an analogous way to the above discussion about
‘deceding’, "encoding” as used in this application can encompass all or part of the processes performed,
for example, on an input video saguence In order to produce an encodsd bitstream. In various
smbodiments, such processes includs ona or more of the processes typically performad by an encoder, Tor
sxampls, partitioning, differential encoding, transformation, guantization, and enfropy snceding. In various
smbodiments, such processes alseo, or alternatively, include processes performed by an enceder of various
implsmenialions desoribsd in this application, for example, encoding a video-based point cloud bitstream
comprising one or mare file format structures (e.q., as disclosed herein) to provide partial acesss support to
[3108] Asfurther examples, in one embodiment "encoding” refers only 1o enfropy encoding, in ancther
smbodiment “encoding” refars only o differential encoding, and in another embodimsnt “encading” refers to
a combination of differential encading and entropy encoding. Whether the phrase "encoding process” is
intendsd {o refer specifically 1o g subsst of operations or generally to the broader encoding process will be
claar bagsed on the context of the spedific descriptions and is believed o be well understood by those
skifted in the art.

[3110] Note that synlax slemenis as used hersin, for example, allas_lile_group_layer_rbsp{},
VPCCTHaGroupSamplekntry, VolumetricSamplekniry, TrackGroupTypaBox, SpalialRegionGroupBox,
TrackGroupTypeBox, DynamicVolumetricMetadataSamplebntry, 3DSpatialRegionStrust,
VPECCVolumetricMetadataSample, VPCCAlasSamplakniry, ete., are descriplive ferms. As such, they do

not preciude the use of other syntax elament names.
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01111 When afiqure iz presented as a flow diagram, it should be underslood that It also provides & block
diagram of a corresponding apparatus. Similarly, when a figure ie presented as a block diagram, it should
be undersiood that it alse provides a flow diagram of a serresponding methodfprocess.

[0112] The implsmenialions and aspecis described herein may be implemented in, for example, a method
Or a process, an apparaius, a software program, a data stream, or a signal. Even if only discussed in the
gontext of a single form of implemantation {for example, discuissed only as a method}, the implementation
of features discussed can also be implemenied in other forms (for example, an apparatus or program). An
apparatus may be implemented in, for example, appropriate hardware, software, and firmware. The
methods may be implementad in, for example, a processor, which rafers (o procassing devices in general,
including, for example, a computer, a microprocessor, an inlsgraied circuit, or a programmable logic
devics., Processors also include communication devicas, such ag, for example, computars, cell phonesg,
nortable/personal digital assistants PDAS"), and other davices that facilitate communication of information
between end-users.

101131 Reference to “one embodiment,” "an embodiment,” "an example,” “ong implementation” or "an
implementation,” as weali as othar variations thereof, means that a particuiar feature, structure,
characteristic, and so forth described in connection with the embodiment is included in at least one
asmbuodiment. Thus, the appearances of the phrase *in one embodiment,” “in an embodiment,” “in an
axampls,” “in one implamentation,” or “in an implemantation”, as well any other variations, appearing in
varicus places throughout this application are not necessarily all referring to the same embodiment or
example.

[0114] Additionally, this application may refer to “dstermining” various pleces of information, Determining
the information can include one or more of, for example, sstimating the information, calculating the
information, predicling the information, or relrieving the information from memaory. Obtaining may include
recelving, retrieving, constructing, genarating, andior detarmining.

10115] Further, this application may refer {o "accessing” various pieces of information. Accessing the
information can includs one or more of, for example, receiving the information, relrisving 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.

[0118] Additionally, this application may refer 10 "receiving” various pleces of information. Recelving is, as
with “accessing’, intended to be a broad term. Recaiving the information can include ans or more of, for
example, accsssing the information, or retrisving the information (for example, from memory). Further,
‘receiving” is typically involved, In one way or another, during operations such as, for exampls, storing the

information, processing the information, transmitting the information, moving the information, copying the
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information, srasing the information, calculating the information, deisrmining the information, predicling the
information, or estimating the information.

B

(01171 iisio be appreciated that the use of any of the following *7", “andfor’, and “at least one of, for

i

sxampls, in the cases of “A/B", "A andior B” and “at least ons of A and B, is intended 1o encompass the
selaction of the first listed option (A} only, or the selaction of the second listed option (B) only, or the
selaction of both opticns (A and B}, As afurther example, in the cases of “A, B, andfor C" and “at least ong
of A, B, and C7, such phrasing is infended to encompass the sslection of the first lisled oplion {A) only, or
the selection of the second listed option (B) only, or the sslection of the third lisied option (C) only, or the
selection of the first and the second listed options (A and B) only, or the sslection of the first and third listed
options (A and C) only, or the selection of the second and third listed options (B and C) only, or the
selaction of all thres options (A and B and C). This may be extended, as is clear to one of ordinary skill in
this and related arts, for as many items as are listed.

[0118] Also, as used herein, the word “signal” refers to, among other things, indicating something to a
corresponding decoder. In some embaodiments, the encoder may signal (e.q., in an encodad bitetraam
andfor in an encapsulating file, such as an ISORMFF container), for example, a V-PCC paramster set, SEI
messages, metadata, an edit list, post decnder requirements, signals that enable flexible pertial access to
different parts of the coded point cloud sequence encapsulated in an ISOBMFF container, a dependency
list for each signaled obisct, a2 mapping to a spatial region, 30 bounding box information, efc. in this way,
in an embodiment the sams parameter s used at both the encoder side and the decoder side. Thus, for
example, an encodsr can transmii {explicit signaling) a particular parameter to the decoder o that the
dacader can use the sames particular paramster. Conversely, if the decodsr aiready has the perticular
parameler as well as others, then signaiing may be used without iransmitting fimpliclt signaling) o simply
allow the decoder to know and select the parlicular parameter. By avoiding transmission of any actual
functions, a bit savings is realized in various embodiments. It is ic be appreciated that signaling may be
accornptished in a variety of ways. For example, one of mors syntax slemants, flags, and so forth are used
to signal information 1o a corresponding decoder in various embodiments. While the preceding relates io
the verb form of the word “signal’, the word "signal” can also be usad herein ag a noun,

101181 As will be svident fo one of ordinary skill in the art, implemeniations may produce a varisty of
signals formatted to canry information thal may be, for example, slored or transmilted. The information can
include, for example, instructions for parforming a mathod, or data produced by one of the described
implemantations. For example, a signal may be formatied fo carry the bitstream of a described
embodiment. Such a signal may be formatied, for example, as an electromagnetic wave {for example,
using a radio frequency portion of epestrum) or as a baseband signal. The formaiting may include, for

example, encoding a data stream and modulating a carrier with the encodsd data stream. The information
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that the signal carries may be, for example, analog or digital information. The signal may be fransmitted
over a varisty of different wired or wirelases links, as is known. The signal may be stored on a processor-
readable medium.
4201 Capturing and rendering three-dimensional (3D} images {e.g,, using 3D point clouds} may have
many applications {e.q., tele-presencs, virtual reality, and largs-scale dynamic 30 maps). 30 point clouds
may be used to represent immersive media. A 30 paint cloud may includs a set of points represented in 3D
space. A {e.g., each) point may include coordinates andfor one or mors aitributes. Coordinates may
indicate the location of a (8.q., each) point. Altributes may indlude, for example, ons or more of the
following: a color asscolated with each point, fransparency, time of acquisition, refleciance of laser or
material property, slc. Point clouds may be captured or deployed in a number of ways. A point cloud may
ba capturad or deployed, for example, using multiple cameras and depth sensaors, Light Delaction and
Ranging (LIDAR] laser scanners, and so on (8., lo sample 30 space). A point (8.g., represenied by
coordinates andfor allributes) may be generated, for example, by sampling of an objsct in 3D space. Point
glouds may comprise a plurality of points, sach of which may he reprassnted by a set of coordinates (e.g.,
%, ¥, z coordinates) that map 1o 30 space. In an example, a 30 cbiect or scene may be represanted or
reconsiructed wiih a point cloud comprising millions or billions of sampied poinis. 3D point douds may
rapresent static andfor dynamic {moving) 30 scenas.
10121] Foint cloud data may be represented andfor compressed {8.q., point cloud compression (PCCY,
for example, 1o {8.9., efficienily) stors andfor fransmil point cloud dala. Geomelry-hased comprassion may
bs utifized 1o encoda and decode static point clouds and video-based comprassion may he utilized fo
encode and decode dynamic point clouds, for example, o support eificlent and interoperabie slorage and
transmission of 3D point clouds. Point cloud sampling, repressntation, comprassion, andfor rendering may
suppaort lossy andior losslass coding (2.g., encoding or decoding) of a point cloud’s geometric coordinaies
andfor aitributes.
[0122] FIG. 5is adiagram showing a syslem interface 500 for a server 502 and a client 510, The seiver
502 may be a point cloud sarver connscled to the internet 504 and other networks 506, A cliant 510 is also
connected to the internet 504 and other networks 508, enabling communication betwesn the nodes {(a.g,,
server 502 and clieni 510). Each node comprises a processor, & non-transilory computer readabie
memory storage medium, and executable instructions gontainad within the storage medium that are
executable by the processor to carry out methods or portions of metheds disciosed hersin. Gne or more
nodes may further include one or more sensors. The dlisnt 510 may (8.4, may also) include a graphics
nrocassor 512 for rendering 30 video for a display, such ag a head-mounied display (HMD} 5038, Any or &ll
of the nodes may comprise a WTRU and communicate over the nebworks, as desoribed above with respent
fo FIGS. 1A-1D.
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[0423] FIG. 6 is adiagram showing a systemn interface 600 Tor a server 602 and & olient 604, The server
602 may be a point cloud conient server 602 and may include a database of point cloud content, logic for
processing the level of detall, and a server management funclion. in some examples, the processing for
detail may reduca the resolution for transmission to a client 604 (s.q., viewing client 604), such as due to
bandwidth limitations or as permitfad bacause the viewing distance is sufficient to permit a reduction. The
noint cloud content sarver 5862 may bs in communication with the client 604, and point dloud data andior
point cloud metadata may be exchanged. For some examples, point cloud dala rendered for a viswer may
undergo a process of data construction o reduce andfor increase the lavsl of detall, such as from point
cloud data andfor point cloud metadata {e.q., streamed from the paint cloud server 602 1o the viewing
clieni 604). The poinl cloud server 602 may slream the paint cloud data in the resolution that the spatial
capturing has provided, or, for some embodiments, down-sampled in order to comply with, 2.¢., bandwidth
gonstraints or viewing distance lolerances. The point cloud server 502 may dynamically reducs the level of
detall. in some examples, the point cloud server 602 may (8.g., may also) segment the point cloud dala
and identify objacts within the point cloud. In some examples, points within point cloud data corresponding
to a selected object may be replaced with fower resolution data,

[0124] Adlieni 5604 {s.q., a client 604 with an HMD) may request portions and/or tles of & poini cloud from
the point cloud content server 602 via a bit straam, Tor example, a video-based point cloud compression (V-
PCC) coded bitstream. For exampls, portions andfor tilss of a point cloud may be retrieved based on a
location andior an orientation of the HMD.

425] FiG. 7 is adiagram showing an example 700 of requesting content by a client {8.g., an HMD). tis
understood that HMD and client are used inferchangeably, such that one or more sieps described as baing
performed by an HMD may be periommed by the dlient {8.g., on behall of the HMD). AL702, & location of
the HMD may be defermined. AL 702, an orientation of the HMD may be dstarmined. A viewport from the
recelved viewporis may be seiected. At 704, a timed-metadata track indicating one or more 6DoF viewports
may be received by the HMD and/for the clisnt from a point cloud server, AL 708, one or more tile group
fracks may be requested from the point cloud server of FIG. S or FIG, 8. At 708, the requested tile group
tracks may be received (e.g., at ths HMD}. The recaivad sat of tile group tracks may carry information for
rendering spalial regions or obiscts within a peint cloud scens, for example, as described hersin. Syslems

based on FIG. 1A through FIG. € may be implemented basad upon the disclosure herein,

[0128] FIG. 8is a diagram showing an example of a videc-based point cloud compression (V-PCC)

bilstrear struciure as a seguence of V-PCC units. A V-FCC bitstream may comprise a ssquence of V-PCC
unite {8.q., as shown by example in FIG. 8), A V-PCC unit (e.g., each V-PCC unit) may have a V-PCC unit
header and/or & V-FCC unit payload, AV-PCC unit header may desaribe & V-PCC unit type. Table 1
shows examples of V-PCC unil types. An attribute video data V-PCC unif header may spedify one or more
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attribute types andfor indices, which may allow multipls instances of the same atiribule type to be
supporiad. Tabla 2 shows examples of V-PCC attribute types. Cecupancy, geometry, andfor atiributs vidso

ata unit payloads {s.q., as shown by example in FIG. 8} may correspond to videe data units {8.q., network
ahstraction laver (NAL) units) that may be dscoded by a video decoder. A video decoder corresponding fo
a video-coded component sub-bitsiream (e.q., sach videg-coded componant sub-bitstraam such as an

~

acoupancy, geomelry, andfor attribuie sub-stream) may bs signaled in a V-PCC parameter set,

Table 1 ~ Examples of V-PCC unit types

vuh_unit_type | identifisr V-PCC Unit Type Description
0 VPCC VPSS | VPCC paramster set | V-PCC level parameters
VPCC AD Allas data Allas information
2 VPCC_OVD | Geeupancy Vidse Data | Ceeupancy information
3 VPCC_GVD | Geomelry Video Data | Geomelry information
4 VPCC AVD | Altribute Vidso Dala Altribute information
5.3 VPCC RSVD | Reserved -

Table 2 - Examples of V-PCC attribute types

al_attribute_typs_idij 1] Identifier Altribute type
0 ATTR_TEXTURE Texturs
1 ATTR_MATERIAL_ID Material ID
2 ATTR_TRANSPARENCY | Transparency
3 ATTR_REFLECTANCE Reflectance
4 ATTR_NORMAL Normals

5.14 ATTR_RESERVED Reserved

15 ATTR_UNSPECIFIED Unspecified

4271 AVPOC bifstream high-lavel syntax {HL.S) may support, for example, tile groups (s.g., ssfs of
tilas) in one or more allas frames. An atlas frams may be partiticned into tilss andfor tile groups (e.g., seis
Z07 -
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of tiles). An atlas frame may be divided, for example, into ong or more iile rows and/or ong of more e
columnsg. A tile may bs, for example, a rectangular region of an aflas frame. A tile group (e.q., a sai of tileg)
may includa one ar more tiles of an atlas frame. Tile(s) in a tile group (8.9, & set of tiles)may be
indepandently deccdable. The number of tiles in tile groups may vary.
[0128] HIG. is adiagram showing an exampis of tile and tile group peartitioning of an atias frame (s.g.,
into 24 tiles and nina tils groups). FIG. & is shown with alternating shading fo distinguish nins tils groups. In
examples, rectanguiar tile group pariitioning {e.q., only reciangular tile group partitioning) may be
supported. A fils group may include a number of tiles of an atlas frams that collsctively form, for exampls,
rectangular region of the atlas frame (e.g.) two of four tiles per tile group as shown by exampla in FIG, 9). A
file group may include a set of V-PCC liles associated with an alias frams.
101291 Supplemental anhancement information (SEI) messages may be signaled in a V-PCC bitstream,
for example, io associgle patches andfor volumetric shapes {e.g., reciangies) within an allas frame with
objecis within a scene representad by a point cloud. SEI messages may shable andfor support annotating,
labeling, andfor adding properiiss to the one or mare objects. Objects may correspond to real objscls (8.9,
chysical objects within a scens) and/or concepiual objedts {e.g., obiects that may relate to physical or cther
properties). An obisct may be associated with paramelsrs and/or propertiss {(6.g., different paramsisers
andfor properties), which may, for example, correspond fo information (e.q., information provided) during
craghion andfor editing {8.g., creation and/or editing processies)) of a point cloud or scene graph.
Depsndency relationships may be dsfined between different objects. For example, an obiect may be part of
one of more other cbiects.
101307 Obiscts within a point cloud may be persistent in time or may be updated {8.g., at any time and/or
frame). Associated information {8.q., information associated with an obisct) may persiel, for example, until
baing updated or replaced {e.g., by updats/association signaling), or until the end of a bitstrsam. Ons or
more patches and/or 2D volumetric reciangies may be associaled with ons or more objects. A 2D
volumetric rectangle may include one or more patches, for sxample, as illusirated in FIG. 11 herein,
[1131] Time-bassd media may be stored in one or more file formats, such as an iS50 Base Madia Fils
Format (ISOBMFF). Afils in a media file format {8.q., ISCEMFF) may include sfructural andfor media dala
information, for example, for fimsd preseniations of madia data, such as audic, video, slc. A file formal
{e.g., ISOBMFF} may support un-timed data for example, meta-data at different levels within a file
siruciure. A logical siructure of a file may bs, for example, a movie thal includes a sst of time-
paraiisl fracks. A time struciure of a file may be, for example, tracks that include saquengas of samplesin
time. Sequances may be mappad into the timeline of the movie (8.g., overdii movie}. ISOBMFF may be, for
example, based on box-structursd files. A box-structured file may include a series of boxes (8.g., atoms),
which may have a size and a fype. Atype (8.9, among mulliple types) may be, for example, a 32-bit value,
S8 -
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Atype may be sslecisd or chosen, for example, 10 be four printable characters, which may be referred to
as a four-character code {4CC). Un-timed data may be included, for axample, in amstadatabox (e.g., al a
fiia level, or aitached 1o a movie box of a stream of timed data, which may be referred to as tracks, within
the movie),

[0132] An ISOBMFF containar may comprise mulliple top-level boxes. For exampile, a MovieBox {moov)
may be a top-level box within an ISCGBMFF container. A MovisBox 'moov') may includs metadata for
continuous media streams that may be present in a fils. Meiadala may be signaled within the hisrarchy of
hoxes in the Movie box, e.g., within a TrackBox {trak"). A track may represant a media siream (8.9, 2
continuous madia stream that is present in a file}l. A media stream may cormprise a sequence of samples
{e.g., audio and/or video ascess unifs of an elementary media stream). Samples may be enclosed within a
MediaDataBox {'mdat’, which may be present at the top-level of a container. Metadata for a frack {e.q.,
sach track) may include, for example, a list of sarnple description entries. A sample description entry (s.g.,
sach sample description entry) may provids, for exampls, a coding andfor encapsulation format that may
be used in a track andfor may provide inifialization data for processing the ceding andior encapsidation

format. A sample {e.g., each sample) may be associated with one or more sample description entries of a

frack. An explicit timeline map may be defined for & track {8.9., each track), which may be referred {0 as an
editlict An sdit list may be signailed, for example, using an EdiflistBox, which may have the following
syntax. A sample dsscription entry entry (e.q., sach sample description entry) may define part of a track

tim

iing, for exampls, by mapping part of a composition timeline, and/or by indicating ‘smpty’ time {8.g.,

nortions of a presentation timeline that map to no media, resulting in an ‘emptly’ adit).

01331 Anexampie syntax for EditListBox may be provided as foliows:

itListBox extends FullBoz{'elst', wversion, flags) {
try count;

t,_ iDLJV, 1++)

11
H

ne 1 SGLL uddeLvT,
int {(64) media time;
else { // version==0

unsigned int (32} edit duration;
int {37Z) media time;
nt{i6) media rate int
int{16) ﬂed‘a rate f

H
o]
~

01341 ISOBMFF may supportimposition of one of more actions on g player andfor arenderar. In
axamples (8.g., for avidso stream), a restrictad video scheme track may be used to Imposs ane or more
actions. For example, post-decoder requirements may be signaled on a video track that is a restricted

video scheme frack. A track may be transformed into a resiricted video scheme track, for example, by
209
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setling the track’s sample entry cods to a four-characier cods (4CC) (8.g., tesv') and by adding
RagsirictedSchemsinfoBox to the track’s sample desaription {e.q., without modifying other boxes). An
criginal sampie entry typs, which may be based on the vidac codac used o encode a sireamn, may be
stored within an GriginaiFormatBox within the ReslrictedSchemelnioBox. A RestrictedSchemelnfoBox may
inciude one or more boxes {8.¢., three boxas such as OriginalFormatBox, SchemaTypeBox, and
SchameinformationBox}. An OriginalFormatBox may stors an original sample entry type, which may be
based on the video codec used (o encode a component stream. The nalure of g restriclion may be defined
in the SchemeTypeBox.
10135] FIG. 10 is a diagram showing an axample struciure of a multi-track ISOBMFF V-PCC container. In
examples, a multi-track V-PCC container may include, for exampls, one or more of the Toliowing. A mulil-
frack V-PCC container may includs, for example, a V-PCC track 10002 that includss a V-PCC parameter
set andior ailas sub-bitsiream paramedter sets {e.q., In the sample entry} andfor samples that may carry
atlas sub-bitstream NAL units, V-PCC and VPCC are used interchangeably herein. A track may includs
track references 1o other tracks that may, for example, carry pavicads of video comprassed V-PCC units
{e.g., unit typas VPCC_OVD, VPCC_GVD, andior VPCC_AVD), A multi-track V-FCC container may
include, Tor example, & restricisd video scheme Irack, where samplses may include access unils of a video-
codad elementary stream for occupancy map dala (e.q., payloads of V-PCC units of type VRCC_OVD) A
multi-track V-RPCC container may include, for example, one or more restricted video schems tracks, where
samplas may include aocess units of video-coded elementary streams for geomelry data e.q., payloads of
V-PCC unite of type VPCC_GVDY A multi-track V-PCC container may inciude, for example, zero or mors
restricted video schems fracks, whers samples may include access units of video-coded slamentary
sireams for altribute data (8.q., payloads of V-PCC units of type VPCC_AVD),
[0138] There is an increasing interest in new maedia {8.g., VR andlor immersive 30 graphics). 3D point
clouds may represent immarsive media, immersive medial may eneble new forms of interaction and
communication with virtual worlds, 3D point clouds may be represenisd by large volumes of information.
Efficient coding {e.q., efficient coding algorithms} may reduce storage andfor fransmission resources and
time involved in storing and transmitting 3D paint cloud data (e.qg., dynamic 3D point cloud data),
104377 Apoint cloud sequence may represent a scene with mulliple objscts. In examples, individual
objecis {&.g., reprassnted in a point cloud sequence} may be accessed (8.q., streamed andior renderad),
for example, without decoding other parts of a scens. Similarly, one or more parts of an object (8.¢., a
single object) reprasented by a point doud may be accessed without decoding the eniire point cloud,
[0438] SE messages may annotats, labsl, and/or add propertiss, e.g., to paiches andior volumetric
ractangles. One or more SEI messages may, for example, enable partial access and rendering of a V-PCC
saquence. Allas sub-bitstream data may be carried in a track (8.9, a single track). Carrying sub-bitstream
230 -
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data in a single track may, for exampls, lead slreaming applications to downioad and decods excess atlag
information {e.g., all atlas information), even whan a user may be interesiad (8.g., interesied only) in certain
ragionsfobjects in V-PCC conteni, or & subse! of the allases in the V-PCC content, which may, for exampls,
lsad to excessive consumption of time and computing resources and degrade user expsenience. A track
{e.g., and associated signaling) may impose restrictions {&.q., undue restrictions) on a signaling of
viewports and/or may not be alignaed with camera parameters and/or viswport position SEi messagss.
01381 File format struciures may enable flexible, parlial access to different parts of a coded point cloud
sequence (8.4, encapsulated in an ISOBMFF container).

01401 V-PCC Atlas tile group tracks may be provided. A tile group {8.g., each set of tiles), or a group of
tile groups, may be sncapsulated in a separate track {(e.q., callad an allas tile group track), for axampls, if
an atlas sub-siream of a V-PCC bitsiream includes multipls tile groups. An allas tile group track may carry
NAL units with atlas_tile_group_layer_rbsp() payioads for one or more atlas tile groups, for example, io
enable access o the lile groups {8.¢., direct access to the tile groups).
10141 PFatches in an atias frame that may correspond to spatial regions andfor obiscts within a point
cloud scene may be mapped o alias tile groups, for example, fo support partial accsss in ISOBMFF
containers for V-PCC coded sfreams, Tile groups may be carried in separate atlas tile group fracksin a
container. Players, streaming clisnts, efc. may be anabled o identify and ratrieve tile group tracks (e.g.,
only the sei of e group tracks) carrying information Tor rendsring selected spatial regions or objecis within
a poini cloud scene, for example, i file groups are carried in separafs atias tile group fracks in a container,
01421 AV-PCC track 10002 may be linked to one or mors atias tile group tracks, for example, basedon a
track reference with a track refersnce type defined using & four-characier code (4CC) (s.g., ‘peel’). Track
references of the dafined track refarance type may be used, for exampls, to link a V-PCC track 10002 fo
ong of more atlas tils group tracks {e.q., to each atlas tile group track). An atlas tile group track {e.g., sach
atlas tile group track) may be groupsd with one or more other video-coded V-PCC componsnt tracks that
may be carrving component information for the tils groun(s) {s.q., ssi(s) of tiles) in the atlas tile group track
{2.9., using an ISO/NEC 1449612 track group). A track group definition may include, for example,
addrasses of tile groups thal may be assodialed with tracks in the track group.

101431 AV-PCC lile group frack may he identified, for exampls, by a sample description (8.q.,
VPCCTHeGroupSampleEntry). A sampls eniry type for a V-FCC alias tile group track may be, for example,

wplt" A definilion of VPCCTileGroupSampleEntry may be, for example, as follows:
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Sample Entry Tyvpe: plt!

Containsr Sample Description Box {slsdh

Mandatory: No

Quantity: Zero ar more sample entries may ba prasent

class VPCCTileGroupSampieEntryv () extends VolumetricSampleEntry
{("vpti®)

7 B

VPCCTileGroupConfigqurationBox configi{}; // optional

b

s VPCCTileGrouplonfigurationkReceord |
{8) configuratior i

[0144] A sampls eniry may describe media samples of a V-PCC tile group track. In examples, a
VRCCTilaGroupSamplekbntry may not includs a VPCCConfigurationBox.  VIFCCConfigurationBox may be
included in a sample description for the main V-PCC track 10002, Other boxes (8.q., other oplional boxes)
may be included,

{0145}  The semantics of fields in VPCCTieGroupSamplekntry may be, for example, as foliows,
Parameter compressomame (8.9, in the base class VeolumetricSamplaEntry) may indicals the
name of a compressor used {e.¢., tha value "013VPCC Ceding™). A first byte may indicals a count
of remaining bytes, which may be reprasanted, for axample, by 013 {(e.g., octal 13, which is
decimal 11) as the number of bytes in the rest of a siring.

[0146] Samples in an atlas Hils group track may have, for example, a sample format {e.g., the same
sampie format) defined for samples of & V-PCC {rack 10002 (s.¢., as provided in ISOAEC 23080-10 ). The
NAL units carried in aflas tile group track samples may havs, for sxample, a nal_unit_type valus within
multinle rangas {e.q., an inclusive range of 0 to 5, and an inclusive rangs of 1010 21}
01471 inan {e.g., additional or alternative) embodiment, the number andior fayout of tile groups {e.g., set
of tiles) in atias framas may be fixed {e.q., for the entire duration of a coded point cloud sequence), for
example, to avold an increase {8.0., an explesion] in the numbsr of fracks in & container file.
[3148] inan (2.9, addilional or alternative) embodiment, an ailas tile group track may include a frack
reference to a V-PCC track 10002 for an allas to which an atias tils group {e.q., carried by the atlas tile
group track) belongs. The track reference may enabie a parser to identify a V-PCC track 10002 asscalated
with an atlas {ile group track. For example, the parser may identify a V-PCC track 10002 associated with an
atlas tils group track based on a track identification (ID} for the atlas tile group frack.
101481 Allas tile group tracks and component fracks may be grouped. V-PCC compenent tracks (a.g.,
fracks that may carry video-coded cecupancy 10004, gsometry 10006, andior attribute information 10008}
-39
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associated with an allas file group track may be groupsd {ogsether with the track, for example, using the
frack group with a 'vplg' TrackGroupTypeBox as follows, for example:;

s VPCCTileGroupBox extends TrackGroupTyvpeBox{'vptg')
(8) num tile group:

ed int (16} tile group id;

[0150] Semantics of the field(s) of VPCCTileGroupBox may be, for example;
num_tile_groups_minus plus 1 may indicate the number of V-PCC tile groups or sets of V-PCC
tiles associated with the track group; and
fils_group_id may indicate an ID for the V-PCC tile group or a set of tiles and may be identical to
atgh_address (8.9, In ISOAEC 23080-5),
[0151] inan (8.9, additional or dlismative) ermbodiment, the SpatialRegionGroupBox may be used io
group an atlas file group track and corresponding component tracks, for exampie, bassd on an update to
syntax of SpatialRegionGroupBox io include & list of assodiated tile group identifiers {s.g., similar to

smbcdiments desoribed herein).

[0152] inan (8.q., additional or allsrnative) embodimant, a single track reference from a V-G track

b

1

10002 that may use a track_group_id for a VPCCTileGroupBox may be used to referance {8.g., collectivaly
reference) one or more fracks {8.g., all tracks) thal may be associated with a V-PCC tile group (e.g., a V-
FCC set of tiles) or a sat of V-FCC tile groups. In examples, the TrackReferencaTypeBox for the frack
reference may have an entry in its track_iDs array with a track_group_id for a track group of the V-PCC tile
group or set of V-PCC tile groups. A bit (e.g., Bit G or lsast significant bit) of flag(s) of the
TrackGroupTypaBox may be used, for example, to indicate the uniqueness of the track_group_id.
Semantios of the flag may be defined, for exampls, as follows: bit G of the flag(s) {e.g., with bt O being &
lsast significant bit) of the TrackGroupTypeBox may be used, for sxampls, to indicals the unigueness of
track_group_id. In examplss, (flage & 1) squal o 1 in a TrackGroupTypeBox of a particular
frack_group_type may indicate that track_group_id in that TrackGroupTypsBox is not equal to atrack 1D
value and is not equal to irack_group_id of a TrackGroupTypeBox with a different track_group_iype. {flags
& 1) may be squal to 1in (e.q., &l TrackGroupTypeBoxes of the (e.g., same) valuss of track_group_typs
and track_group_id, respectively, for example, If (flags & 1) is equal to 1in a TrackGroupTypaBox with
parlicular valuss of rack_group_type and track_group _id.

[0453] inan (8.9, additional or gliemative} embodiment, a VPCCTieGroupRox may include a track 1D for
an atlas frack to which a tile group track belongs. The VPCCTileGroupBex, for axample, may exiend &

TrackGroupTypeBox 'vplg' as follows:
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aligned (8}
aligned (8}

unsigned 1
unsigned i
for {(i=0;

unsigned int (1l

ipBox extends TrackGroupTypeBox ('vptg')

[0154] in this case, various fisld(s) {e.g., semantics of the figld(s}) of VPCCTileGroupBox may inciuds:
atls_track 1D, which may be a frack 1D for an atlas track to which a tile group representsd by the
VRCCTileGroupBox belongs.
nuin_tile_groups_minust plus 1, which may be the number of V-PCC tile groups or sats of V-PCC
tiles associaied with the track group.
tile_group_id, which may be an iD for the V-PCC tile group {a.¢., additionally provided as
afgh_address in ISOAEC 2308C-5).

0155 VPCCTileGroupBox may use an allas iD, for example, as an gllemative to using a frack iD.

VPCCTileGroupBox may uss an atlas iD for the atlas sub-bitetream to which the tile group represented by

tha VPCCTileGroupBox belongs. In this cass, a VPCCTileGroupBox, for example, may exisnd a

TrackGroupTypeBox 'vplg' as follows:

.

aligned (8} class VPCCTileGroupBox extends TrackGroupTypeBox ('vptg')
unsigned int {6} atlas id;
(23 erved = 0

bit {2} r=
unsigned i
for {i=0; i<

num tile groups minusl;
tile groups

unsigned int{l6} tile group id;

1015681 inthis cass, various field(s) {8.g., semantics of the field(s)} of VPCCTileGroupBox may include:
atlas_id, which may be equail to the atlas ID for the atias o which the tile group represented by the
VPCCTileGroupBox belongs. The atlas_id may be equal to, for example, one of the vps_ailas_id
values that may be signalad in the V-PCC parameter set (VPS),
nu_tile_groups_minust plus 1, which may be the number of V-PCC tile groups or sets of V-FCC
filse associated with the track group.
fila_group_id, which may be an ID for the V-PCC tile group {&.g., additionally provided ag
atgh_address in iISOAEC 23080-5),

04577 Avolumetric metadata frack may be a fimed-metadata track, which may carry information about

one of more obiects {8.g., one or more different objects) within a point cloud scene andfor a 3D epatial

partitioning. Chiect information may be carried in the sampies of a frack. A imed-meladata track may have
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a defined sample enlry {8.¢., DynamicVolumetiicMetadataSampieEniry) with a 4CC 'dyvm’ that may exiend
MetadataSampiekniry, for example, as follows:

DynamicVelumetricMetadataSampleEntry extends
Entry { "dyvm'} |

s RAR

I

SpatialRegionsBox () ;

where MetadataSampleEntry may be defined, for example, as follows:

class
MetalataSampleEntry{codingname) aextends Sampliefntrv (codingname)
s p4 : hy J e}

}

and whers VPCCSpatlalRagionsBox may be defined, for example, as

LY

vpsr'

Bex Types:

Container: VPCCSampleEntry ('vpcl
Mandatory: No

Quantity: Zero or ons

5

or ‘vpcg')

SpatialRegiconsBox extends FullBox{'vpsc',0,0} |

unsigned int {16} num regions;

for {(i=0; i < ions: 1++) |

LalRegion3Struct (1)

unsig int (B} num track groups;

for (3=0; 1 < num_ ck groups; G4+ |
unsigned int{32) track group id;
unsigned int{16) nal group id;

T G o -
3D8pa

ot

01581 The volumelric meladata track may include, for example, a 'cdsc’ track reference to the V-PCC
track 10002,

[0158] One or more samples of a volumetric metadata track may include, for example, a table that may
map object identifiers to one or more frack groups carrying the V-PCC tile groups {e.q., the V-PCC seis of
tiles) mapped fo one or mare corresponding objects. The one or more samples may include a dependenoy
list for a signaled object {a.g., each signaled object), which may include the identifiers of other obiects that

the signalad obiect dapends on. Samples of the volumeiric meladata track may be defined, for example, as

follows:

tass VPCCVolumetricMetadataSample ()

.

on updates fiag:;

iect updates fliag:
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Gion:

alRegionStruct{dimensions

if {obiject updates flag} |
unsigned int{f) num obj

for {(i=0; i<num obi ups

1signed 1 ok} Index
1sigried i i indexn | :
1) obj can “la
ob] (i
it{7) reserved =
}oelse |
bit {4)
bit{1) i1
bit {1y » 1
bit{l) | box ;
1f {cbi bounding Loz p ] {
SbSpatialRegionstruct( ' needed if mapping each

ject to tile
num track {
~rack groupsii]

i

unsigned int{8)} num cb] dependencies[ii:

for {(3=0; 37 <« num obj depedendencies[ii; j++) {
unsigned int{8) obj dep index length[j]i[i];
unsigned int{cbh] dep index lengthi{i][i] * &)

whare 3DSpatiaiRegionStruct may be defined, for example, as follows:

unsigned int (16
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unsigned int (16} z;

1
J

gned (8} class CubolidRegionst {

unsigned int {16} cuboi
ungigned int (16} cuboid .
unsigned int (16} cuboid dz;

]

aligned(8) class 3DSpatialRegionStructidimensions included flag) |
ungigned int (16} 3d region id;
3DPeoint anchox;
if {(dimensi Ltuded flag) |

CuboidReglonStructk);
} ]

[0180] Semantics of fisids in VPCCVolumalricMetadataSample may inciuds, for exampls, one or mors of
the following:
region_updates flag may indicals, for example, whether a sampie includes updales to 30
spatial regions;
obiect_updates_flag may indicate, for example, whether a sample includes updates fo point
cloud soane objects;
num_obi_updates may indicate, for example, a number of point cloud scene objacts updated in
a sample;
obi_index_lengthf]] may indicats, for example, a length of the objsct index (e.g., in number of
bytas) for the i-th object in an object updats list of a sample;
ohisct_index[l] may indicals, for example, an index of the i-th object in an object updals list of a
sampls;
ohi_cancel_flagi may indicate, for example, whether the i-th object in an object updaie list of a
sampls is cancelied;
ohi_spatial_region_mapping_flagll] may indicate, for example, whether a mapping o & spatial
region may be signaled for the i-ih object in an object update list of a sample;
obj_dspdendencies_present flaglil may indicals, for exampie, whether object dependency

information may be available for the i-th chiect in an object update list of & sample (e

o)

whers Valus 0 may indicale that the object doses nol depand on other objects, and Value 1

may indicate that the object depends on ona or more objects within a point cloud scenel;
obi_bounding_box_pressent_flaglil may indicats, for example, whether 3D bounding boxing

information may be available for the i-th object in an object update st of a sampls {e.g.,

where Value 0 may indicals that ne bounding box information is given, and Value 1 may
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indicals that thai 30 bounding box information for the i-ih object may be dighaled in the
sample);

num_spatial_regions{il may indicats, for exampie, a number of 3D spatial regions that the i+th
object in an object update list of a sample may be associated with;

region_id{illi] may indicats, for sxample, an identifier of the j-th spatial region that the [-th object
in ar: chisot updats list of a sample may be associated with;

nuiv_track_groupsfi] may indicate, for example, a number of frack groups that the i-th object in
an objact update list of a sample may be associated with;

frack_group_id[il[il may indicate, for exampls, an identifier of the j-ih track group {e.g., the h
set of tiles) that the i-th object in an object update list of a sample may bs associated with,

num_obj_depsdenciesfii may indicals, for example, a number of objecis that the i-th objec

an objact update list of a sample may depend on;
obi_dep_index_length[illi] may indicale, for example, a length, in numbser of bytes, of an indax
of the j-th object that the i-th object in an objsct update list of a sample may depend on; or
obi_indsx[}ii] may indicate, for example, an indax of the j-th object that the i-th objsct in an object

update list of a sample may depend on

101811 in{e.q., an additional or aliemative) embodimant, updated objects in samplas of a volumetic

metadata track may be mappsd {8.q., directly mapped) to V-PCC tils groups {e.g., V-PCC sats of tiles)
including, for example, patches associaled with ong or mors objects. A corresponding sample format
syntax {e.g., for this embodiment) may be, for example, as follows:

VPCCVolu

cMetadataSamplie ()

< num_
ns included flagj;

if (cbject updates flag) |
unsigned int{
for {i=0; i<num obj 1puat

8) num obji updates;
,L+T} {
lengthiil;

o

ad int (8) oo; index

nsign
unsigned int(objmi‘i@xwlength{i} * 8} object id{il;
pit{l) okbj cancel flagiil]:
if {(obj cancel flaglil}
bit{7) reserved = (0;
Poelse |
bit{4) reserved = (;
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bit{l) obj =patial region mapping
bit{1l) obj dependencies present
bit{1l) obj koutitno»ooxwprose*
it {ob3 b)HTd;bb»bQF»

VprdL alRegiond if mapping each
obiect to 3D region
i {
L 1
:ij,
E R
3
Poelse |
// mapping object
unsigned int{8;
for {(3=0; 7 < num ti‘
snsigned int {16)
1
if encies present flaglii) |
num obj 4 wdencies [1];
for {(3=0; 37 < num obj dﬂp@dcrdﬂnrl s (11 G+ |
unsigned int{8) obj dep index len:th[j}[i};
unsigned int{ocbj d@“ index lengthiil[i]l * 8)

[0162] Semantics for fields in a sample format syntax may be similar, for example, to semantics for fields

in a sample format in an embodiment dasaribed herein, e.g., with the exception of one or more of the
following fields, for example:

Dev

num_tile_groupsiil may indicate, for axampls, the number of V-PCC tile groups or sets of V-PCC
tiles that the i-th object in an objact update list of a sample may be associated with; or
file_group_id[[ii] may indicate, for example, an identifier of the j-th V-FCC ile group {e.g., Hh V-
FCC et of tiles) that the i-th abjsct in an object updats list of a sampls may ba associated
with, For example, the identifier may be identical to a value of atgh_address in allas tile
group header for the V-PCC tile group (8.9, where algh_address may specily a tile group
addrass of a tie group; the value of atgh_address may be inferred fo be equal to Q, for
example, if not present),
[0183] A sampis {8.g., any sampls) in a volumstric mefadata track may be marked as a syne sample.
For a sampls in the volumelric metadata track, if at Isast one of the media samples in referenced Visual

Volumetric Video-based Coding {V3C) rack(s) and the V3C and atias tile fracks the media sample
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refersnces, having the same decoding time is a sync sample, the sample may be marked as a syno
sampie. A sample that does not have the same decoding time as a syne sample may {8.q., or may not) be
markad as a sync sample. Sync samples in a imad-metadata track may carry information on spatial
regions andfor objects avallabis {e.q., all spalial regions andfor object available) at a fimesiamp of the syne
sample. Non syne samples in a timed-meta data track may carry updates (e.q., only updates) to spatial
region andfor 30 object information relative to previous samples up to and including a first preceding syne
sample.

10184 in examples, updated objects in samplas of a volumetric metadata frack may bs mapped to track
IDs assooiated with allas tile group tracks carrying information related to the updated cbisct{(s}, for
example, if track grouping is not used to group tracks belonging to the sams allas tile group and the allas
fils group track is linked 1o assogiated component tracks {e.g., using frack references). V-PCC component
tracks associated with a tile group irack may be identified, for example, by following track references from
an atlas tile group track.

[0465] inan (8.q., additional or allsrnative) embodimant, samples of volumetric metadata track may carry
volumetric annotation SE! messages.

468] inan (8., additional or aliernative) embodimeant, the volumelric metadata track may replace {8.g,,
or may be used in conjunction with) dynamic spatial regions timed-metadata track (e.q., as spacified in
ISONEC CD 23080-103, for example, as a generic track that may carry metadata for 3D spatial regions
andfor objects within the point cloud scene.

[0167] V-PCC allas racks may be provided. An allas sub-blistream {e.g., sach ailas sub-bitsirsam) may
be carried in & separate frack called an ailas track, for exampls, if a V-PCC bitstream has more than one
atlas sub-bitslream, An atlas track may carry (8.g., carry only) atias NAL units that belong to an atlas sub-
hitstream associated with a frack. NAL units assoaiated with one or more tile groups {e.g., one or more ssis
of tiles) may be carried in a separate atlas tile group frack, for sxample, if an atlas sub-bilstream associated
with an atlas frack includes muitiple aflas tils groups (8.g., multiple atlas sets of tiles),

10188] Allas sub-bitsirsams of 2 VPCC bitsiream may be carried in separate atias tracks. A V-PCC track
10002 may include track referances (8.9, of a ceriain type, defined using a 4CC) to each allas track, which
may link a main track o the atias tracks,

10188] AV-PCC atlas track may be identified, for example, by a VPCCAtlasSampleEntry sample
dascription. A sample entry type for a V-PCC aflas track may be, for example, 'vpal’ or 'vpag.' A definition

of a VPCCAllasSamplebntry may be, for exampls, as follows:
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Sample Entry Tyvpe: vpal', 'vpag'

Containsr Sample Description Box {slsdh

Mandatory: A'vpal' or 'pag' sample entry is mandatory
Quantity: One or more sample entries may be present

ClasSampleEntr

VPCCAtlasConfigur

Y oy AN B BN
class VFC {("vEpal iR

o~

class VPCCAtlasConfigurationBox extends Box {'vpalC') {

VPCCAtlasConiigurationkecord{} vpccAtliasConfigs

aligned (8} class VPCCAtlasC urationRecord {
unsigned int(8) arsion
unsigned int{2) nusone;
kit{6} reserved =

SetupUnitArrays;

for {(4=0; 7 < numOfSetupUnitiArrays: j++) |

bit{l) array coupleteness;
it {l) re:s ved = 0;
unsigned int(6) NAL unit type;

unsigned int{f) numNALUnits;
for {i=0; 1 < numNALUnits; i++) |
uns i i (16} SetupUnitlength;
nal unit{SetupUnitlength)
ISQO/IEC 2309(0-5)

3
i

}

[0470] Asample eniry (8.0, as shown by examples herein) may describe media samples of a V-FCC
atlas frack. In examples, a VPCCAtlasSamplebntry may not includs a VPCCConfigurationBox. For
example, the VPCCCaonfigurationBeox may be included in a main V-PCC track’'s sample description. Other
boxes {(8.¢., other optional boxss) may be included.
[0174] Semantics of the fisids in VPCCAHasSamplelniry may inciuds, for sxampls, one of mors of the
following:
gomprassomame {e.g., in the hase clase VolumetricSamplekntry) may indicats, for exampls,
the name of a compressor usad with avalue (8.g., "\B13VPCC Coding™), where, for exampls,
a first byte may be a count of remaining bytes {e.g., represented by 013, where 13 {e.qg.,
octal 13} ie 11 {&.g., decimal 11}and the number of bytes in the rest of the string);
langthSizeMinusOne plus 1 may indicate, for example, a length (8.g., In bytss) of the
NALUnitLength field in a sampls in an atlas stream {o which a configuration record applies

{e.q., a size of one byte may be indicated with avalue of 0}, whars the value of the fisld may
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be equal to senh_unil_size_precision_bytes_minus1 in sample_siream_nal_header{} for the
atlas subsiream;

numOiSetupUnithrrays may indicate, for exampile, the number of arrays of atlas NAL units of
indicaled iypels);

array_compisteness may indicate, for example, (e.q., if equal to 1) that atlas NAL units {e.g., all
atlas NAL units) of a given type may be in a following array and none are in a siream, or
{a.q., if equal to 0) may indicate that additional atlas NAL unite of an indicated type may be
in the stream {8.q., where defaull and permitiad values may be consiralned by a sample
entry name};

NAL_unit_type may indicate, for example, a type of atlas NAL unite in a following array {a.g.,
which may have an indicated type}, where an NAL_unit_type may have a valus (s.g., as
defined in ISOAEC 23090-5), andfor where an NAL_unif_tvpe may be reslricted to one or
more values indicating, for example, a NAL_ASPS, NAL_AFPS, NAL_PREFIX_SEL, andfor
NAL_SUFFIX_SE! atlas NAL unit;

numNALUniis may indicals, for example, the number of atlas NAL units of an indicated fype that
may ba included in a configuration record for a sfream to which a configuration record may
apply, where the SEi array may indlude {8.g., only include} SE! messages of a declarative
naiure (8.q., SE messages that provide information about the siream as a whole, such as
a user-data SEl;

SetupUnitength may indicate the size {8.g., in bytes) of & sstuplUnit fisld, where a length field
may includs, Tor example, the size of a NAL unit header and/or a NAL unit payload, and may
not inglude, for example, the langth fleld; or

satupUnit may contain an NAL unit of type NAL_ASPS, NAL_AFPS, NAL PREFIX_SEL or
NAL_SUFFIX_SEl {s.g., as defined in ISOAEC 23090-5), where . NAL_PREFIX_SEl or
NAL_SUFFDXCSEl {8.g., if present in setupUnit) may contain SEl massages of a

‘declarative’ nature.

10172] Tracks for an atlas (e.g., the same allas) may be grouped. In exampies, racks (e.g., all tracks)
that carry information that belong to an allas sub-bitsiream (8., the same allas sub-bilstream) may be
grouped togethar, for example, using frack grouping (8.g., as described in ISOAEC 14496-12) andlor a
defined frack group type. A track group for an atias may include, for example, an atlas track and allas tile

group tfracks and V-PCC component fracks that may be associaled with the alias. The track group type
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may be defined, for example, using a 'vpsg' TrackGroupTypeBox, for example, as foliows {8.9., where

TrackGroupTypaBox may have a frack_group_id fisld definad in ISOAEC 14496-12)

aligned (8} class VPCCAtlasGroupBox extends TrackGroupTypeBox{'vpsg') |
unsigned int (6) atlas id;
bit (2} reserved = 0;

[0173] Semantics of the field(s) of a VPCCAlasGroupBox may includs, for example:

atllas_id may indicate, for example, an index of an atias that iracks in a track group may be

associated with, where, for exampls, the value of the index may be in the inclusive range

of 010 63,
[0174] Static spatial regions may be signaled. Static 30 spatial regions may be defined for V-PCC
content. Atlas Hle groups may be carried in separate tracks. A VPCCSpatialRegionsBox {8.q., as provided
in ISOAEC 23020-10) may be extended o indicate (s.g., using a flag, such as
all_tilss_in_single_track_flag) whather the tile groups {8.q., &l the sats of tiles) are carried in a single allas
track or each of the tile groups {8.q., each of the sets of tiles) is carried separately in atias lile groups
tracks. As provided in the sxample syntax herein, 2 VPCCSpatialRegionsBox based on a flag may
assodciate a track group iD for a track group of various tracks (8., all tracks) corresponding to an atlas lile
group track with a 3D spaiial region {e.g., @ 3D spatial region signaled in the VPCCSpatialRegionsBox).

[01758] Anexampie syntax for VPCCSpatialRegionsBox may be provided as follows:

aligned (8} Vo lRegionsBoz extends FullBox{ivpsr',0,0) |
S (L tiles in single track flag;
(7} reserved = 0;

unsigned int (16} num regions:

for {(i=0:; 1 < num regions; i++}
3DSpatialRegionStruct{l);
ungigned int{8) num track groups;

for {(3=0; 7 < num track groups; {
tiles in single track G Ly |
int{32) component track group id: // for track

nal greup id; // for atlas track with

[0476] Various fields for the VPCCSpatialRegionsBox may include:

for a corresponding atlas or whether the iiles (8.q., all the tiles) are carried separately in silas tile
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iracks. Avalue of 1 may indicate, for example, that the liles (8.9., all the tiles) are carried in the
V3G track. A valus of O may indicate, for example, that the tiles ars carried in separale atlas tiles;
component_track _group_id, which may identify a track group for tracks that carry V3C components for
an associated 30 spatial region; or
fils_track_group_id, which may identify a track group for atias tile tracks of an assqciated 3D spatial

region.

047771 inexamples, frack 1Ds (8.q., only track iDs} of atlas tils group tracks associated with a 3D spafial
ragion may be signaled and componsnt tracks for the atlas tile track may bs identified (e.g., by following

track references from the atlas tile group track o the component tracks), for example, if track grouping is
not used to group tracks belonging to an atlas tle group {(s.q., the same alias tile group) and the atlas tils
group track is linked 1o associated component tracks using frack references.

[0178] The axample synlax for VPCCSpatialRegionsBox may be as follows:

ylig i(8}) class V3CSpatialRegionsBox extends FullBox{‘wvpsr',0,0) {
tiles in single track flag:
0;

resarved

unsigned int (8§)

for {i=0; J < num track groups; J++) {
if {all tiles in i

gle track flag == 1} |

component track group id:; // for track

nal group id; // for atlas track with all

tile track id:

(01791 inexamples, tia_frack_id may represent a track |D for an atlas tile group track associated with a
3D spalial region,

(188 Systems, methods, andfor instrumentalities of signaling viswport information may be implementad.
In examples, one of More camera paramsters may be signaled. A six degrees-of-freedom (6DoF) viswport
may be defined by two types of camera paramsisrs, for example: extringic camera parameters and intrinsic
gamera paramsters. Exdringic camera parameters may be signaled (e.q., using ExtCameralnfoSiruct data
structure.

[0181] Anexample syntax for a extcamerainfostruct data structire may be as follows,
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rainfoltruct{} |
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[0182] Semantics for the fields defined in ExtcameraInfostruct may be as follows.

nes X, pos_y, and pos_z may indicate the x, v and z coordinates, respactively, of the position ¢f a
viswport (8.9, in melters) in the giobal reference coordinate system. Values of the coordinales may
be in units of 216 meters,
quat_x, guat_y, and quatl_z, may indicate the x, y, and z components, respeciively, of a rofation of a
vigwporl region using qualernion representation. Vaiuss of the coordinates may be a floaling-poini
value in the inglusive range of -1 1o 1. The valuss may specily the x, v and z components, namsly
aX, qY and gZ, for rotations that are applisd to convert the global coordinate axes to local coordinate
axss of a camera using the quaisrnion representation. The fourth component of a quaterion W
may ba calculated as follows:
aW = sgrt(1 - { gX? +g¥2 + /2 })
The point (w, X, v, Z) may represent a rotation around the axis directed by the vector (X, v, Z) by an
angle 2%cos A-THw)=2¢in A1 Hsart (M2 M 21+2820)

[0483] infrinsic camera parametlers may be signaled, Tor example, using an intCameraInfostruct

data structurs.
[0184] Viewport information {8.¢., using a viewportinfostruct dala structure), for exampls, based on
axtringie and intrinsic camera paramsisrs, may be signaisd,

[0185] Anexampie syntax for a viewportInfostruct dala structure may be as follows.

7

aligned(8) class ViewpcecrtInfoStruct{ext camera flag, int camera flag)

{

if {ext camera flag == 1) {
bit{l) centexr view flag:
bit{6) reserved = 0;
if {center view flag == 0} /|
bit (i) left view flag;
else {
bit{l} reserxved = 0;
ExtCameralnfoStruct extCamiInfol{)}:;
if {int camera flag == 1)
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IntCameralnfolStruct intCamInfoi};

[0188] Semantics for the fields defined in viewportInfostruct may be as foliows.

center view flag may be aflag indicating whether the signaled viewport position cormesponds to a
center of a viewport andfor to one of two sterec pasitions of the viewport, Value 1 may indicats that
the signaled viewport position corresponds fo the center of the viewport, Value 0 may indicate that
the signaled viewport position corresponds o one of two stereo positions of the viewport,

left view flag may be aflag indicating whether signaied viewport information corresponds to a
left sferso pasition or a right stereo pogition of a viswport, Value 1 may indicate that the signaled
vigwport information corresponds o the left stereo position of the viewport. Value 0 may indicats
that the viewport information signaled corresponds to the right sterac positions of the viewport,

extCaminfc may be an instance of gxtcamerainfostruct defining extrinsic camsra paramelers for a
viswport,

intCamlnfo may be an instance of tntcamerainfostruct defining intringic camera parameters

for a viewport,

101871 A viswport timed-metadata track may be implemeniad. In examples, a generic timed-metadala

track for indicating 600k viewporis may include a viewportInfoSampleEntry ina

sampleDescriptioanBox. A purpose for the timed metadata track may be indicated by a rack sample

antry fypa, Anexample viewportinfosampleEat ry data structure may includs a
ViewportlonfigurationBox data structurs (eg‘ MNB ViewportConfigurationBox daia structur&).

igurationBoz data siructurs may be as follows.

[0188] Anexampie syntax for the viewpertCor

class ViewpoertConfigurationBox
FulliBox{'évpc', version=0, 0) |
dynamic int camera flag:
dynamic ext camera flag;
reserved = 0;

vhamic int cam

if (iv*hu¢c ryt canm

aligned (8} class ViewportlInioSamplieEntrvitype)
extends MetadataSampleEntry {(type} |
nfigurationBox{}; // mandatory

Box[] other boxes; // optional

ot
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01891 Semantics for the fielde defined in the viewnortconfigurationBox dala siructure may be as

follows.

all samples referring fo a sample entry. if dynamic sut camera flagisequalto
dynamic int camera flag May bs QQUE\Q iod

dynemic ext camers flagequalfoQ may indicate thal extrinsic camera paramelers are fixed for

all samples refarring io a sample entry.

[190] A sample format of a viewport metadata track {e.g., all viewport metadata tracks) may start with a
common part and may be followad by an extension part that may be specific to a sample entry of the
viewport metadata irack. The sample format for the viewport metadata track may be implemented,
[3191] Anexampie syntax for a viewportInfosample daia structurs may be as follows.

ass ViewportInfoSample () |
i (£) num viewports;

nt |
for {i=1; 1 <= num viewports; i++}

i Viewpo
viewport canc

bit {1}
bit {1}
bit {6}

int camera £l

1
13

101921 Semantics for the fislds defined in viewportInfosample may be as follows,
asum_viewports may indicate the number of viewports signaled in a sample.
viewport id[i] may be an identifier number that may be used {o identily the i-th viswporl.
viewport cancel flagli] equals 1may indicate that the viewport with the id viewport idii]

may have besn cancellsd. Indicates that viewport information for the i-th viswport follows {e.g.,

which may be conditicned on the flag valus being ).

int cemera flagii] equalio 1may indicate that the intrinsic camera paramesters are present in
the i-th viewport camera parameter set for a current sample. int camers Elag{i] may be
GQJEE! to C’; e.4d., if dynamic_int camera flag equais C. MO?@OVST; int_camera flag[i]

may baselasl, e.q, if ext camera flagequalsiol.
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ext camera flagii] equalic 1may indicate thal the extiinsic camera paramelers are presentin
the i-th viewport camera parameter set for a current sample. ext camers Flagii] may be

¥

equal to 0, e.g., f dynamic camers flagii] equals{.

10193 if a viewpor! imad metadaia track is present, exirinsic camera parameters expressed by

ExtCamerainfoStruct {} may be preseni, for example, at a sample entry or a sample level, The
following may be prohibited from concurrently happening: dynamic ext camera flagequalsfor

di samples and ext_cam flaglil equals Ofor all samples.

10184]  If a timed-metadata track is linkad to one or more media tracks with a " cds o' track referance,
the timed-metadata track may dasciibe the one or more media tracks (s.g., each media frack] individually.
[0195] Arecommended viewport may be implemenied. A recommended viewport metadata frack may
include a re commandedViewportSampleEntry data structure. The
RecommendedViewportSampleEntry dala slructure may exiand a vi ewportinfoSsmpleintry
data siructure and may include an addilional RecommendedviewportInforox that may identify the type
of recornmended viewports signaled in the recommended viewport metadata track,

[0198] Anexampie syniax for the RecommendedviewportSamplefntry data siruciure may be as

foliows,

aligned (8} ss RecommendedViewpor

InfoBox
extends Box ('6rvi', version=( 0y |
unsigned {7} viewpert type:

bit{l} reserved = 0;

string viewport description;

class RecommendedViewpcertSampleBEntry{} extends
ViewportIinfoSamplel yvi{'ervp') |

RecommendedViewportinfobox () : // mandatory

101971 Semantics for ths fields defined in RecommendedviewportInfoBox May be as follows.
viewport type May specify a type of aviewporl, as fisted in TABLE 3, for all samples referring ic a
sample eniry Enciuding the RecommendedViewportInfoBox,
viewport description may be anuilterminated UTF-8 slring that provides a texiual descripiion of

5 viewport type.

(01981 TARLE 3 shows examples of viewport typss.

Table 3 - Viewport types
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Valus Description

0 A racommended viswport per the director's cut, e.g., a
viewport suggested according 1o the craative intent of
ths content author or content provider

1 A recommended viswport selected basad on
measurements of viewing statistics

2 A racommendad viewport based on ths selecled
viewport of another user

3419 Resarved

(A acified (for uss fcations of externa

111,127 Unspacified {for use by applications or external

spedifications)

01981 Samplesin a viewport meladata rack may have the same formal as viewpeortInfosamplie,
102007 Aninitial viewport may be implermented. In examples, metadata may indicate the initial viewport
that should be used, for example, If playing associaled media fracks.

[0201) i playing a file (8.g., and when ths file includes an initial viewport metadata track), players may be
expected to parse the initial viewport metadata track associated with a media track and obey the initial
viewport metadala track when rendering the media track.

[0202) Adala struclure, ViewportInfoSampleFEntry, May be implemented, for example, with a
sample entry type 'Binv' which may bs used for an initial viswport metadata track,

[0203] Samples of the initial viewport track may be implemented.

[0204] Anexample syntax forthe rnitialviewportsSample data structurs may have the following

format.

aligned (8} class InitialViewpocrtSample() extends ViewportinfeSamplel)
unsigned int{l) refresh flag;
hit (7} reserved = (;

}

[0205] Semantics for the fields defined in Tnitialviewportsample may De as follows.
refresh flagequal to 0 may specify that signaled viewport(s) shouid be used, for example, if
starting a playback from a time-paraliel sample in an asscoiated media frack. refresh flag
squal to 1 may specify that signalled viewport(s} shouid always be usad |, for axampls, if rendering
a time-parallsl sample of each associated media frack, e.g., both in continuous playback and when
starting the plavback from the time-paratiel sampile.

[0208] Spatial scalability may be supported. In examples, palchss (8.9, In V3C) may suppori a fealurs

that enables subsampling a pateh acrose different dimansions befors coding the pateh's associated
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information. The feature may be referrad o as alevel of detail (LoD) patch mode. Atlas tiles may permit
partitioning an atlas into independenily decodabile rectangular ragions. In an example, the paichesin the
indepandently deccdable rectangular regions may not be allowed o use information from patches in other
indepandently dscodable rectangular regions. Combining atias tiles and a patch LoD mode may enable &
variety of scalability features for use in different appiications.

02671 LoDs {levels of delall} of static spatial ragions may be signaled. To signal the LoDs of static spatial
regions, syntax of a V3CSpatialRegionsBox may be exiended by introducing an additional
spatial_scalability_snabled_flag. The spatial_scaiability_snabled_flag may signal whether multiple LoDs
are supported for carried V3C content. |f the flag is set, a 30 spatial region (8.q., each 30 spatial region)
signaled in the V3CSpatialRegionsBox may includs an additional num_lods fisid that indicates the number
of LoDs available for the 30 spatial region. For each LoD associated with a gpatial region, the
characteristics of the LoD may be signaled. In an example, a mapping fo the coresponding tile 1Ds for the
tiles containing the patches for the LoD may be signaled.

[6208] An example syntax for V3CSpatialRegionsBox data structure {8.q., extensions to support multiple

LoDs) may have the following format,

aligned(8) class LoDInfoStruct() {
ungigned int (16} lod sc¢
unsigned int {16} ]OGM”"”
unsgigned int (16} lod
unsigned int (16} lod scale | maz ¥

1
J

tiles in single track flag)
ullcb in gingle track leg)

ur**g:eo int (8) _um;trahk groups

for 1=0; 3 < num track groqvg, j++} {

ot nt{32) component track group id;
risig {8} num t'les,
or {(k=0; k < num_ 18y KA+ {
unsigned int{(l6] tile id;

piectTileMappingStruct () |
unsigned i}L;obj ddx length * 8) sol object idx;
unsigned int/{

-850 -
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for {k=0; k < ob
T

unsigned in

}
aligned(8) class V3CSpatialRegionsBox extends FullBRex{'vpsc', C ,0) {
bit (1) all tiles in single track flag:
bit (1} spatial scalabllity enabl
kit {6} reserved = 0;
unsigned int (16} num regions;
for {(i=0; 1 < num regiocns; i++} {
DEpat
f _scalability enabled flag} |
int (8) num lod;
< num_lod; J++)
ingigned int {8} lod id:
LoDInfcStruct{};
3DRegiconTileMappingStruct{all tiles in single track flagj:
else
3DRegionTileMappingStruct (all tiles in single track flag):
i
ungigned int (8) num objects:
15 i ) obl ddx length;
£ {1=0; 7 < num objects; j++]
ChiectTiieMappingStruct();
} }

[0209]

[0210)

Sermnantios for the fields defined above may be as follows:

lod scale min zand lod scale min_y may indicate a minimum LoD scaling factor for
alocal x and y coordinate of one ar more patchas in one or more tiles assediated with a LoD {s.g.,
value, respectively, across the patches {e.g., all the patches) in the LoD}

lod scale max zand lod scale max_y may indicate a maximum LoD soaling factor for
alocal x and y coordinate of one or more patchas in the one of more tiles asscaialed with a LoD
{6.9., Amaximum pdu lod scale ¥ minusl value and a maximum

pdu_lod scale y idcvalue, respectively, across the patches (e.g., all the patches) in the

LoD).

LoDs of dynamic spatial regions may be signaled. To signal the LaoDs of dynamic spatial regions,

a sampls format for one or more samples of a volumetric metadata frack may support signaling the LoDs

for a spatial region {e.g., each spatial region) listed in the sample{s). A mapping hetwsen the LoDs and the

atias tiles containing patches for a LoD {e.g., each Lol}) may be signaled.
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[0211] An example syntax for a VPCCVolumetricMetadataSample data struciure may have the following

format,

1
L

j ,‘CIUI'(LM l’fE‘:g’i ocns g

ns inciuded flag);

if {spatisl scalsbhility
unsigned int {8} num

for FHE) o
1d;
3DRegio 1"“_leM pping3truct{all tiles in single track flag):

[y

}
if (cbject updates flag} {

02121  Inexamples, an object_updates flag may be assooiated with one or more of ohiacts added,
andfor oblects remaoved,

[0213] Player behavior may be implemented basaed on adaptive LoD, In examples, a player may identify
the prasence of dynamic volumetric metadata, for example, if parsing a file and finding a timed-metadata
track with a DynamicVolumelricMetadataSamplebntry and 2 ‘odsc’ track refarence to a V3C track, For
example, Hf no dynamic volumstric metadata frack is assooiated with a main track for V3C content and a
V3CSpatialRegionsBox is present in the main track, a et of static 30 spatial regions may be assoolated
with the V3C content. At a point in tims (e.g., any point in time} during playback, the player may identify a
set of target 3D spatial regions basad on a current viewpert and characteristios of one or more spatig
regions signaled in a V3CSpalialRegionsBox (.., in the cass of sialic spatial regions), or in the samples
of the dynamic volumetric metadata track {8.q., in the cage of dynamic spatial regions). For example, i

'

scalability is enabled for the 3D spatial regions andior objects signaled in the V3CSpatialRegionsBox or the
samplss in the dynamic volumslric metadata track, the player may decids on a desired LoD for sach of the

-52.



WO 2021/211665 PCT/US2021/027206

target spatial regions based on one or mors constraints {e.g., current viewport andior available nefwork
bandwidih), For each target LoD of each target spatial region, the player may identify the tile iDs for tiles
assooiated with the LoD based on a mapping in the V3CSpatislRagionsBox or the samples of the dynamic
volumetric metadata frack. A player may ideniify the allas tile tracks thal carry the liles associated with the
targat Lolis (8.¢., by checking the tile IDg in the sample entty of the atlas tile tragks). Corresponding
gomponent tracks may be identified by following track references from selected atlas tile tracks to the
component tracks,

[0214] LoD information may be signaled in atias tile tracks. To facilitats efficlent access to the LoDs, tiles
carried by an atias tile track may be restricted to tiles associated with the same LoD, in the case of
sireaming applications, this may enable a player and/or slreaming client fo download data from the tile
fracks that provide the targat LoD,

102157 Anexampie syntax for AltasTileSampleEntry may enable signaling Lol information for the tiles
carried by the allas tile irack.

asTileSampiebEntry () extends

eBntry ('v3ti') |

unsigned int(8) configurationVersion = 1;
(Z2) lengthSizeMinusOne;
tial sca ility enabled flag;
rved =

1 scalability enabled flag) |

£ (8) lod id;

EC A S

R 4

unsigned int (16) num tiles;
for{i=0; i < num tilesg; i++){

unsigned int (16} tile id;

ot

[0218] Semantics for the fisids defined above may be as follows:

spatial scalability enabled flag mayindicate whether LoD mode is enabled for
an atias file track.

lod idmay be an identifier for an Lol

LoDInfoStruct {) may be aninstance of LoDinfoStruct, which carries information on an
Lab.

In examplas, an atias tile may include tile tracks associated with different LaDs,

An example syntax for AltlasTileSamplaEntry may be provided, for exampls, fo support the two

use cases (8.9, single LoD for atias lile track and multiple LoDg per tile in the atlas lile track), as follows.

e
._.O\ -
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5 AtlasTileSampleEntry{) extends
plelntr {
configu

(P31t
tionVersion = 1;

zeMinusQOne;

r

flags;
{
1

11

flag && singlile lod flag) |

unsigned int (16) num tiles;
for{i=0; i < num tiles; i++)]

unsigned int (16} til id;
if i g &8 lsingle {

02181 Semantics for the fiag disclosed above may be as {ollows,
single_lod_flag may indicate whether all tiles carried by an afias tile track belong fo the same LoD
or not, Value 1 may indicate that aif the tiles belong to the sama LoD, Ctherwise, each tile may be
associated with a different LoD
[g220] HG. 11 shows an example of tile mapping of an atlas frame associated with a 30 gpacs. The 3D
space may be partitioned into one or more spalial reglons, shown in FIG. 11 as V0, V1, V2, V3, and V4,
Each of the spatial regions may be mapped to a set of V-PCC tiles (2.g., a V-PCC iils group) associsied
with an aflas frame. VO, V1, V2, V3, and V4 may be mapped to file groups 0, 1, 2, 3, and 4, regpeciively.
Mapping each of the spatial regions 1o the set of tiles may be basead on tile identifications (e.q.,

tile group_ id}, s desoribed with respect to FIG. 10,

02211 Mepping information associated with the mapping of each spatial region 1o a set of tiles may be
carried In multiple tracks. For example, mapping information associated with mapping spalial region VG fo
tile group 0 may be carried in frack 0, while mapping information asscciated with mapping spatial region V1
to tile group 1 may be carried in track 1. Track identifications (8.9, track group id), as described
with respect fo FIG. 10, may be used to coordinate the mapping information. The fracking identifications
andfor tile identifications may be signaled in a imaed-metadata V-PCC bitstream. In such a cass, track(s)
associated with the signaled tracking identification may be decoded and may present mapping infcrmation

to an associated sst of flgs,
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02221 Anobject 11000 may be associated with one of more spatial regions. The object may be an area
andfor item that a user may be interested in. One or more flags (8.g.,

obi spatial region mapping flagli]} may be used loindicate that the cbjsct is associated
with cne or more spatial region, as described with respect to FIG. 10. The flags may be signaled in a timed-
metadata V-FCC bitstream.

02231 One or more flags may be used fo indicate a change (e.¢, an update) associated with spatial

region(s) (8.q., reqgi on updates flag) and/or object(s) (8.g., obiec t updates flag),as
described in FIG. 10. The flagls) may be carried in the tracks associaled with the sets of tiles. A track that
includes a flag may be dscoded and mapping information may be used to access the sl of tiles assosiated
with the spatial region that has been updated, e.qg., while the fracks without a flag do not nesd to be
decoded.

02241 One or maore patches may be assoclated with a sef of iles, In examplas, the paich{es) may be
mappsd o the seis of tles (s.g., the lile groups). As shown as an example in FIG. 11, Tile Group 0 may
include patches PO, P1, P2, P3, and P4, Tile Group 1 may include patehes PO and P1. Tile Group 2 may
include patches PO, P1, and P2; and Tile Group 3 may include paich PO, Tile Group 4 may includs patches
1, P2, and P3. The patches may indicats orisntations associated with an object representad by the spatial
region(s).

[0225] Systems, devices, and methods are described hersin for partial access support in international
Crganization for Standardization Base Media File Format (SOBMFF) contalners for video-based point
cloud streams. File format struciures may enable flexibls, partial access to different parts of a coded point
cloud sequence {a.¢., encapsulated iy an ISOBMFF container).

[0228] Avideo sncoding device may partition a 3D space into a first spatial region and a secend spatial
region. The video encoding device may map the Tirst spatial region (o a first sel of V-PCC Hlles and the
second spatial region to a second sat of V-PCC tiles. Each of the first set of V-PCC tiles and the sscond
set of V-PCC tiles may be asseoiated with an atlas frame. Each of the first set of V-PCC tiles and the
sacond set of V-PCC tiles may be independently decodable. Mapping sach of the first spatial region o the
first set of V-PCO ties and the second spatial ragion 1o the second set of V-PCC Hiles may be hased on tils
identifications andior irack identifications. The first set of V-PCC tiles may bs associated with a first sef of
saiches and the second set of V-PCC tiles may be associated with a second set of patches, The video
encoding device may determing a first track o carry first mapping information associated with the first
spatial ragion thal is mapped o the first set of V-PCC tiles, The video encoding device may determine
second frack o carry second mapping information associaled with the second spatial region that is mapped

to the second set of V-PCC tiles. The video encoding devics may send in a timed-metadata V-PCC

s

n

(62}
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hitslream the first irack and the second frack. The first irack and the second frack may be sent iy a media
container file.

02271 The video enceding device may determine an update dimensions flag. The update dimensions flag
may indicate an updale o one or mors dimensions of the first spatial region o an updale io one or more
dirnansions of the second spatial region. The video encoding device may send the update dimansions flag
in the ime-metadata V-PCC bilstream.

[0228] The first spatial region may be associated with a first object. The second spatial region may be
associated with a sscond abject. The video enceding device may dstarmine one or more object flags
indicating the first spatial region is associated with the first obiect and the sscond spatial region is
assoclated with the second object. The vidso encading device may send the object flag(s) in the timed-
matadata V-PCC bitstream. Ths videc encading device may delerming an object depsndancy flag
indicating the first object associated with the first spalial region is dependent on the second object
associated with the second spatial region and may send the object dependency flag in the timed-meiadala
V-FCC bitstream. The video encoding device may determine an update objsot flag indicating an update fo
the first objent associated with the first spatial region or an update to the second object assoniated the
second spatial region and may send the updale objsct flag in the timed-metadata V-PCC biistraam,

02291  Although features and slements are described above in particuiar combinations, one of ordinary
skill in the art will appreciate that each feaiure of elemeant can be used alene or in any combination with the
nther features and elemenis. in addition, the methods described herain may be implemenied in a
gomputer program, softwars, or firmwars incorporated in a computer-readable medium for execution by a
computer or processor. Examples of computer-readable media include electronic signals (fransmitied over
wired or wireless connactions) and computer-readable storage media.  Examples of computer-readable
storage media include, but are not limited to, a read only memary (ROM), a random access memaory
{(RAM), a register, cache memaory, semiconducior memory devices, magnetic madia such as intemal hard
disks and removabile disks, magnelo-oplical media, and optical media such ag CD-ROM disks, and digital
versatile disks {DVDs). A processor in association with software may be used to implemsnt a radio

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

s
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CLAIMS

We claim;

1.

A video sncoding device comprising:
a processor configured 1o

partiion a three-dimensional (30) space into a first spatial region and a second spatial
region;

map the first spatial region fo a first sst of video point cloud coding (V-PCC) tiles and the
second spatial region 1o a second set of V-PCC tiles, whersin each of the first set of V-PCC tiles
and the second set of V-PCC tiles are associated with an atlas frame;

detarmine a first frack to canry first mapping information associated with the first spatial
region that is mapped 1o ths first set of V-PCC tilas;

determing a second irack o carry second mapping information associated with the second
spaiial region thal is mapped o the second sel of V-PCC tiles; and

Pal

send in a limad-metadata V-PCC bitstream the first rack and the second frack.

The video encoding device of slaim 1, wherein the processor is further configured to;

determine an updats dimensions flag indicating an updale to one or mors dimensions of the first

spatial ragion or an update 1o one or mare dimensiongs of the second spatial ragion; and

3

send the updale dimensions flag in the fimed-metadata V-PCC bitsiream.

The video sncoding devics of daim 1, whersin mapping each of the first spatial region to the first

set of V-PCC tiles and the sscond spatial region to the second ssi of V-PCC tiles s based on tile

identifications or frack identifications,

4

The video encoding device of claim 1, whereln the first spatial region is associated with a first

object and the second spatial region is assosiated with a second objsct.

o

a

The video encoding device of claim 4, whersin the processar is further configured to;
determing an object flag indicating whether a mapping o one or more spatial regions is signaled;

nd

sand the object flag in the timed-metadata V-PCC bitstream,

The video sncoding device of olaim 4, whersin the processar is further configured to;
S57-
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delermine an object dependency flag indicating the first obiect associated with the first spatial
ragion is dependent on the second object ageociated with the second spatial region; and

sand the object dependency flag in the timed-mstadata V-PCC bitstream.

7 The video encoding device of claim 4, whersin the processor is further configured to;
determine an update object flag indicating an update 1o the first object associated with the first
spatial region or an update to the second object associated the second spatial region; and

gend tha update ohject flag in the timed-mstadata V-PCC bitstream

& The video snhcoding devics of claim 1, wherein the first spatial region and the second spatial region

are associated with one obiect.

9. The video encoding device of slaim 8, wherein the processor is further configured to;
determine an object flag indicating ths first spatial region and the second spatial region are
associated with ons oblect; and

sand the object flag in the timed-metadata V-PCC bitstream

1G. The video sncoding device of olaim 1, wherain the first set of V-PCC tiles is associated with a first

¥ I)f\f'\ t

set of patches and the second set of V4 s is associated with a second set of patches.

11 The vidao encaoding device of claim 1, whereln sach of the first set of V-PCC tiles and the sscond

set of V-PCC tiles is indepeandently deccdabls,

12. The video sncoding device of olaim 1, whersin the first track and the second track are sentin a

meadia container fils.

1

[

A method, comprising:

partiioning a three-dimensional (3D) space intg a first spatial region and a second gpatial
region;

mapping the first spatial region 1o a first sst of video point cloud coding (V-PCC) tiles and
the second spatial region to a second set of V-PCC tiles, whersin each of the firsl set of V-PC
filos and the second sat of V-PCC tiles are associated with an atias frame;

determining a first track to carry first mapping information asscoiated with the first spatial

region that is mapped fo the first set of V-PCC tiles;

-58-
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determining a second rack fo carry second mapping information associated with the
sacond spatial region that ie mapped to the second sst of V-PCC tiles; and

sending in a timed-metadata V-PCC bitstream the first track and the second track,

14, The method of claim 13, further comprising:
determining an update dimensiong flag indicating an update ic one or mors dimensions of the first
spatial region or an update to one or more dimensions of the second spatial region; and

sending the updats dimensions flag in the timed-metadata V-PCC bitstream,

18, The method of claim 13, wherein mapping each of the first spalial region to the first set of V-FCC
tiles and the sscond spatial region to the second est of V-PCC tiles is based on tile identifications or frack

identifications.

18. Tha mathod of claim 13, wherein the first spatial region is associated with a firet object and the

second spatial region is associated with a second object,

17. The method of claim 16, further comprising:

determine an object flag indicating whether a mapping to ons or more spatial regions is signaled;

and
send the objsct flag in the timed-meladata V-PCC biistream,
18, The method of claim 18, further comprising:

determining an object depsndency flag indicating the first obiscl associated with the first spatial
region is dependent on the sscand object associated with the second spatial region; and

sending the objact dependency flag in the imed-metadata V-PCC bitstraam.

14, The msthod of claim 18, further comprising:
determining an update chiect fiag indicating an update to the first object asscooiated with the first
spatial region or an update lo the second object associaled the second spalial ragion; and

Pal

sending the update object flag in the timad-metadata V-PCC bitetream.

I

20. The method of claim 13, wherain the first epatial region and the second spatial region are

associated with ons object.
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A. CLASSIFICATION OF SUBJECT MATTER
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According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
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Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

carriage of PC data",

1S0/1EC JTC1/SC29/WG11),
no. nls4ld

Retrieved from the Internet:

data - redline -v2.docx
[retrieved on 2019-05-07]
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X "Technologies under consideration on

126. MPEG MEETING; 20190325 - 20190329;
GENEVA; (MOTION PICTURE EXPERT GROUP OR
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_user/documents/126 Geneva/wgll/wl8414-v2-
wl8414.zip N18414 - Technologies under

consideration for carriage of point cloud
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Further documents are listed in the continuation of Box C.

See patent family annex.
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"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed
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considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
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AHMED HAMZA (INTERDIGITAL) ET AL:
"Supporting V-PCC Tile Groups and Spatial
Random Access in MPEG-I Part 10",

127. MPEG MEETING; 20190708 - 20190712;
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[retrieved on 2019-07-04]

the whole document

XIN WANG ET AL: "[V-PCC] On Track
Derivation Approach to Storage of Tiled
V-PCC Content in ISOBMFF",
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no. md7355
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Tiled V-PCC Content in ISOBMFF.docx
[retrieved on 2019-03-20]

Sections 1, 2
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