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INTRA SUB-PARTITIONS IN VIDED CODING

CROSS-REFERENCE TO RELATED CASES

[0001]  The present applicaiion claims the benefit of U.S. Provisional Patent Application No. 62/816,548,
filed March 11, 2019, and U.3. Provisional Patent Application No. 62/860,122, filad Juns 11, 2019, the

contents of which are hereby incorporated by reference in their entireties.

BACKGROUND

00021  Video coding systems may be used to compress digital vidso signals, e.g., 1o reducs the storage

wavelet-based, andfor object-based systams. The systems may employ video coding lechnigues, for

example, certain prediclion fschniques.

SUMMARY

[0003]  Intra sub-pariitions {1SP) may be an intra coding tool, Systems, methods, and instrumentaliies
may be provided, in which the sub-partition prediction may be partially or wholly indepandent of
reconstruction of a previous neighboring sub-partition. A sub-partition may be predicted using pradiction
samples from a neighboring sub-partition. A sub-partition may be predicted using predicted samples and
reconstructed samples from a previous neighboring sub-partition,

[0004] Multiple sub-partition based prediction may be used where intra-predictions of two and mors sub-
pariitions may be conducted simultanecusly from the ralated vidso block {8.g., & coding unit (CU)
neighboring reference samples. A prediction unit (PU) including multiple sub-partitions may be predicted
using refarence samplas naighboring the PU,

[0005] ISP may be enabled for a current block, for exarmple, based on an ISP indication. A sub-partition
width may be determined for the current block. The sub-partition width may be used for sub-partifioning the
current block for intra prediction. A sub-partition may belong to a PU. A FU corresponding to the sub-
partition may be determined based on the sub-partition width and a minimum prediction block width. In

examples, the minimum prediction block width may be four samples. Prediction may be performed based
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on PUs, For example, reference samples may be delsrmined, and a PU may be predicled using the
reference samples. The reference samples may neighbor the PU.

1000387 A minimum prediction block width may be used in connection with the predictions of sub-
partitions. One PU may compriss two or more sub-partitions that are vertically split or horizontally split. A
prediction block width may be a sub-partition width or a multiple of & sub-partition width, The sub-partition
width and a minimum prediction block width may be used to determine a prediction block. For example, a
prediciion block having multiple sub-partitions may be used for prediction whan the sub-partition width is
less then the minimum prediction block width. For exampls, when the minimum pradiction block width is 4
samples, a prediction block having width of 4 samples may be used for prediction when the sub-partition
width is less than 4 samples.

00077 A PU may include multiple transform block sub-partitions. For axample, for CUs having sizes of
4x8, 4xN (e.g., N=8), and 8xN, a PU in the respective ClUs may include multiple transform block sub-
partitions.

100081  The PU of 2 CU may be predicted using CU neighboring samples and/cr samples from
reconstructed sub-partitions. For exariple, for CUs having sizes of 4x8 and 4xN, a video decodsr or
encoder may predict the PU using CU nsighboring samples. For CUs having size of 8xN, the video
decoder or encoder may predict the PU using CU neighboring samples and samples from reconstrucied
sub-partitions in the CU.

00091 A method may include determining that ISP is enabled for a currant blogk. The method may
include determining a sub-partition width for the current block. The method may include determining a
corregponding prediciion block basad on the sub-partition width and a minimum prediction block widih for a
sub-partition in the current block. The mathod may include determining reference samples. The methad
rnay include predicting the prediction block using the reference samples. The method hereln may be
parformed by a decoder. in some examples, the method herain or a corresponding method may be
parformed by an encoder.

100187 A computer-readable medium may indlude instructions for causing one or more processors o
parform the method(s) described herein,

100117 A computer program product including instructions which, when the program is executed by one

Of MOre Processors, may cause the one or more processors o cany out the method(s) describsd hersin,

BRIEF DESCRIPTION OF THE DRAWINGS

00121 FIG. 1A s a system diagram illustrating an example communications system in which one or
rore disclosed embodiments may be implemeanied.
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[0013] FIG. 1Bis a system diagram illusirating an example wireless ransmit/receive unit (WTRU) that
may be used within the communications system illustrated in FIG. 1A according to an embodiment.

10014] FIG. 1C is a system diagram Hustrating an example radio access network (RAN) and an example
core network {CN) that may be used within the communications system illustraled in FIG. 1A according o
an smbodiment.

100157 FIG. 1D s a system diagram iustrating 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.

100181 FIG. 2is a diagram of an example block-based videc encoder.

100471  FIG. 3is adiagram of an example video decoder.

100181 FIG. 4 illustrates a block diagram of an example of a system in which varicus aspects and
examples are implementsd.

(00191  FIG. Sillustrates an exampls of partitioning or CU-split that may be allowed for CUs {e.q., 2 4x8
pixels CU or an 8x4 pixels CUJ,

[0020] FIG. 6 ilustrates an example of partitioning that may be aliowed for CUs {g.g., CUs greater than
4x8 pixels or 8x4 pixals),

[0021]  FIG. 7 lustrates diagrams (a), (b), and (¢} of example prediction in Intra sub-partitions (ISP},
00221 FIG. 8is an example flow chart for most probable made (MPM} list construction for reference line
zero infra prediction,

[0023] FIG. 9is an example flow chari for MPM list construgtion for multiple reference ling intra
nrediction.

00241  FIG. 10a-10c lllustrales an example flow chart for MPM list construction for ISP,

00251 FIG. 11 is an exampile flow chart for unified MPM list construction,

[0028] FIG. 12illustrates diagrams (&) and (b) of example CU-based prediction, where boftom rows of
sub-partiions A, B, and C are predicted using above and left reference lines adjoining a CU.

100277 FIG. 13 illustrates diagrams (@) and (b) of example sub-partition-based prediction, wherein {3}
bottom row of predicted sub-pariition Ais used in predicting B, and (b} bottom row of sub-partition B is used
in predicting sub-partition C.

o

10028] FIG. 14{a) is a diagram of an example of pipsline stages for ISP,
00291 FIG. 14(b) is a diagram of an example of pipsline stages for ISP using sub-partition-based

oradiction
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[0030] FIG. 14{c) is adiagram of an example of pipaline stages for ISP using multiple sub-partition
based prediction or multi-sub-partition based prediction.

100317  FIG. 15is a diagram of an example of hybrid prediction, where a sub-partition may be predicted
using reconstructed samples or prediction samples from a neighboring sub-partition.

00321 FIG. 16 ilustrates diagrams {a} and {b) of example hybrid prediction.

(00331 FIG. 17 illustrates an example of muiliple sub-pariition based prediction or multi-sub-partition
based infra-prediction.

100341 FIG. 18 illusirates varicus examples of ISP sub-partition of horizontal spiit CUs and vertical split
Cls.

100351  FIG. 19A lllusirates an example where the 1xN (N=18) and 2xN {(N=8) sub-partitions as
illustrated in FIG. 18 may be removed and replaced with 4xN sub-partitions.

00381 FIG. 198 illustrates an examplse where Nx2 (N=8} sub-partitions as illustrated in FIG. 18 may be
removed and replaced with Nx4 sub-partitions,

(00377 FIG. 19C ilustrates an example where PU may include 32 samples.

100387 FIG. 19D illustrates an example where the examples illustrated in FIG. 19A, 19B, and 19C may
be applied simultansously.

00391 FIG. 20 ilustrates an example of a unified MPM list generation/construction
DETAILED DESCRIPTION

[0040] A detailed descripiion of ilustrative embodiments will now be described wiih reference to the
various Figures. Although this description providas a detailed axample of possible implementations, it
should be noted that the detalls are intended to be sxemplary and in no way limit the scope of the
application,

100417 FIG. 1A s adiagram illustrating an example communications systern 500 in which one or mors
disclosed embodiments may be implemenied. The communications system 500 may be a muliiple access
system that provides content, such as voice, data, video, messaging, broadeast, ete., to multiple wirelsss
users. The communications system 500 may enable mulliple wireless users tc access such content
through the sharing of system resources, including wireless bandwidih. For example, the communications
systems 500 may employ one or more channel access methods, such as cods division multiple access
(CDMA), time division multiple access (TDMA), frequency division multiple access (FDMA), orthogonal
FOMA (OFDMA), single-carrier FDMA (SC-FDMA), zero-tall unigue-word DFT-Spread OFDM (ZT UW
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DTS-¢ OFDM;3, unigue word OFDM (UW-OFDM), resource biock-filtered OFDM, filter bank multicarrier
(FBMC), and the tike.

100427  Asshown in FIG. 1A, the communications system 500 may include wireless fransmitireceive
units {WTRUs) 5023, 502b, 502¢, 502d, a RAN 5047513, a CN 506/515, a public switched telephons
natwork (PSTN} 508, the internet 510, and other networks 512, though it will be appreciated that the
disclosed embediments contemplate any number of WTRUs, base stations, networks, andfor network
elements, Each of the WTRUs 502a, 502b, 502¢, 502d may be any type of device configured {o operate
andfor communicate in a wireless environmant, By way of exampls, the WTRUs 5023, 502b, 502¢, 5024,
any of which may be referred o as a "station” and/or a “STA’, may be configured to transmit andfor receive
wiraless signals and may include a user equipment {UE), a mobile station, a fixed or mobile subscriber unit,
a subscription-based unit, a pager, a celiular telephone, a personal digital assistant (PDA), a smartphons, a
laptop, a netbook, a personal computer, a wireless sensor, a hotspet or Mi-Fi devics, an Internet of Things
{loT} devics, awatch or other wearable, a head-mounted display (HMD), a vehicle, a drone, a medical
device and appiications {e.q., remate surgery), an industrial devices and applications {e.g., arobot andior
other wirsless devices operating in an industrial and/or an automated processing chain contexts), a
consumer electronics devics, a device operating on commercial and/or industrial wirsless networks, and
the like. Any of the WTRUSs 5023, 502b, 502¢ and 502d may be interchangeably referred 1o as a UE.
100437  The communications systems 500 may also include a base station 514a and/or a base station
514b. Each of the base stations 514a, 514b may be any iype of device configured to wirelessly inferface
with at least one of the WTRUs 5023, 502b, 502¢, 5024 to faciliiale access o one or more comminication
networks, such as the CN 506/515, the Internet 510, andfor the other networks 512, By way of example,
the bass sfations 514a, 514b may be a base transoeiver station (BTS), a Node-B, an eNode B, a Home
Node B, 2 Home eNode B, a gNB, a NR NodsB, a site controllar, an access point (AP), a wireless router,
and the like. While the base stations 5143, 514b are each depicted as a single element, it will be
appreciated thal the base stations 5144, 514b may include any number of interconnecied base stations
andfor network elemants.

[0044] The base station 514a may be part of the RAN 504/513, which may also include other base
stations andfor network slements (ot shown), such as a base station controller {BSC), a radio network
confroller (RNC), relay nodas, efe. The base station 514a and/or the bass station 514b may be configured
to transmit and/or recsive wirsless signals on one or more carrier frequencies, which may be referred o as
a cell (ot shown). These frequencies may be in licensed specirum, unlicensed spectrum, or a
combination of licensed and unlicansed spectrum. A cell may provide coverags for a wireless servics fo 2

spacific gecgraphical area that may be relativaly fixed or that may change over time. The cell may further
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bs divided inlo cell seciors. For example, the cell asscoiaisd with the base siation 514a may bs divided inio
three sectors. Thus, in one embodiment, the base station 514a may include three transceivers, i.e., one for
each sector of the cell. In an embodiment, the base station 514a may smploy multiple-input multiple outpedt
{MIMO) technology and may utilize multiple transcsivers for each sector of the cell. For exaripls,
beamforming may be used fo transmit andfor recaive signals in desired spatial directions.

100451  The base stations 5143, 514b may communicate with one or more of the WTRUs 502g, 5025,
502¢, 502d over an air interface 516, which may be any suitable wireless communication link {e.g., radic
frequency (RF}, microwave, centimeter wave, micromsater wave, infrared (IR}, ultraviolet (UV), visible light,
gtc.). The air interface 516 may be established using any suitable radio access technology (RAT).

[0046]  More spedifically, as noted above, the communications system 500 may be a multiple access
systemn and may employ ons or more channel access schemes, such as CDMA, TDMA, FOMA, GFDMA,
SC-FDMA, and the like. For example, the base station 514a in the RAN 504/513 and the WTRUs 5025,
502b, 502¢ may implement a radio technaology such as Universal Mobile Telecommunications System
(UMTS) Terrestrial Radio Accass (UTRA), which may establish the air interface 515/516/517 using
wideband COMA (WCDMA), WCDMA may include communication protocols such as High-Spesd Packst
Access (HSPA) andfor Evolved HSPA (HSPA-). HSPA may include High-Speed Downlink {DL) Packet
Access (HEDPA)} andfor High-Spesd UL Packet Access (HSUPA}L

(00471  Inan embodiment, the base station 5144 and the WTRUs 502a, 502b, 502¢ may implement a
radio ischnalogy such as Evolved UMTS Terrestrial Radio Access (E-UTRA), which may esiablish the air
intarface 516 using Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A} andfor LTE-Advanced Pro
(LTE-A Pro).

f0048]  In an embodiment, the base station 514a and the WTRUs 50243, 502b, 502¢ may implament a
redio technolegy such as NR Redio Access, which may establish the air interface 516 using New Radic
(NR}.

f0049]  In an embodiment, the bass station 514a and the WTRUs 5023, 502b, 502¢ may implemesnt
rultinle radio access technologies. For example, the base station 514a and the WTRUs 502, 502k, 502¢
may implement LTE radio access and NR radic aceess together, for instance using dual connectivity (DC)
principles. Thus, the air interfacs utitized by WTRUs 5023, 502b, 502¢ may be characterized by multipls
types of radio access technologies and/cr transmissions sent toffrom multiple types of base slations (e.g., a
eNB and a giNB).

100501 In other embodiments, the base station 514z and the WTRUs 502z, 502k, 502¢ may implement
radio ischnologies such as IEEE 802,11 (i.e., Wirsless Fidelity (WiFi), IEEE 802.16 (.., Worldwide
Interoperability for Microwave Access (WiMAX)), COMAZGO0, CDMAZ000 1X, COMAZ000 EV-DO, Interim

-B-
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Standard 2000 (15-2000}, Interim Standard 85 (1S-95), interim Standard 856 {15-856), Global System for
Mobite communications {GSM), Enhanced Data rates for GEM Evolution (EDGE), GSM EDGE (GERAN),
and the like.

[0051]  The bass station 514b in FIG. 1A may be & wireless router, Home Node B, Homs eNods B, or
access point, for axample, and may utilize any suitable RAT for facilitating wireless connactivity in a
lonalized area, such as a place of business, a homs, a vehide, a campus, an industrial faciiity, an air
corridor {8.g., for use by drones), a roadway, and the like. In one embodiment, the base station 514b and
the WTRUs 502¢, 502d may implement a radio technology such as IEEE 802.11 to sstablish a wireless
local arsa network {(WLAN). In an embodiment, the base siation 514b and the WTRUs 502¢, 502d may
implement a radic technology such as IEEE 802.15 to establish & wirsless personal area network (WPAN),
In yet another embodiment, the base station 514b and the WTRUs 502¢, 502d may utilize a cellular-based
RAT {e.g., WCDMA, COMAZ00C, GSM, LTE, LTE-A, LTE-APro, NR elc.} to estabiish a picocell or
femiocell. As shown in FIG, 1A, the base station 514b may have a direct connsction to the Internet 510,
Thus, the base station 514b may not be required to access the Internat 510 via the CN 506/515,

100821  The RAN 504/513 may be in communication with the CN 506/515, which may be any type of
network configured {o provide voice, data, applicalions, andfor voice over internat protocol (VolP) services
to one or more of the WTRUs 5023, 5020, 502¢, 5024, The data may have varying quality of service (Qo5)
requirements, such as differing throughput requirements, latency requirements, srror tolerance
requiremeants, reliability requiremenis, data throughput requirements, mobility requirements, and the like.
Tha CN 506/515 may provids call control, billing services, mabile location-based services, pre-peid calling,
Internet connectivity, video distribution, efc., andfor perform high-leve! security functions, such as user
authentication. Although not shown in FIG. 1A, it will be apprecialed that the RAN 504/513 andior the CN
5067515 may bs in dirsct or indirect communication with other RANs that employ the same RAT as the
RAN 504/513 cr a different RAT. For example, in addition to being connected o the RAN S04/513, which
may be ulilizing & NR radio lechnology, the CN 506/515 may also be in communication with another RAN
{not shown) employing a GSM, UMTS, CDMA 2000, WIMAX, E-UTRA, or WiFi radio technology.

[0053]  The CN 506/515 may aiso serve as a gateway for the WTRUs 502a, 502b, 502¢, 502d fo acosss
the PSTN 508, the Internet 510, andfor the other nefworks 512. The PSTN 508 may include circuit-
switched telephone networks that provide plain old telephone service (POTS). The Internet 510 may
include a global system of interconnected computer networks and devices that use cormmon
communication protocols, such as the iransmission control protocol {TCP), user datagram protocol (UDP)
andfor the internst protocol (IP) in the TCPAP internat protocot suite. The networks 512 may inglude wired

andfor wireless communications networks owned and/or operated by other service providers. For exampls,

-
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the nefworks 512 may include another CN connectad 1o one or more RANS, which may smploy the same
RAT as the RAN 504/513 or a differeni RAT,

100547  Some or all of the WTRUs 8024, S02b, 502¢, 5024 in the communications systern 500 may
include multi-mode capabilities {8.g., the WTRUs 5024, 502b, 502¢, 502d may includs multiple transceivers
for communicating with diffarent wirsless networks over different wireless links). For exampls, the WTRU
507Z¢ shown in FIG, 1A may be configured to communicate with the base station 5143, which may employ a
celiular-based radio technology, and with the base station 514b, which may smploy an IEEE 802 radio
technology.

f0055]  FiG. 1B is & system diagram iHlustrating an example WTRU 502. As shown in FIG. 1B, the
WTRU 502 may include a processor 518, a iransceiver 520, a transmit/receive elemesnt 522, a
spaakerimicrophone 524, a keypad 526, a display/touchpad 528, non-removable memory 530, removable
ramory 532, a powar source 534, a global pesitioning system (GFS) chipsst 536, and/or other peripherals
538, among others, It will be appreciated that the WTRU 502 may include any sub-combination of the
foragoing elaments while remaining consgistant with an ambodiment,

[0058]  The processor 518 may be a general purpose processor, a special purpose processor, a
conventiona processor, a digital signal processor {DSP), a plurality of microprocessors, one of more
microprocessors in association with a DSP core, a controller, a microcentroller, Application Spadific
Integrated Circuits (ASICs), Fisld Programmable Gate Arrays (FPGAS) ciruits, any other iype of integrated
cirouit {IC), a state machine, and the liks. The processor 518 may perform signal coding, data processing,
nower control, inputfoutput processing, and/or any other functionality that enables the WTRU 502 to
operate in a wirsless environment, The processor 518 may be coupled io the transceiver 520, which may
be coupled io the fransmitireceive element 522, While FIG. 1B depicts the processor 518 and the
transceiver 520 as separate components, it will be appreciatad that the processor 518 and the transceiver
520 may be integrated togather in an slactronic package or chip.

(00571  The tranamitirecelve slemant 522 may be configured to fransmit signais to, or receive signals
from, a base station (e.g., the base station 514a) over the air interface 516. For example, incne
embodiment, the transmit/receive element 522 may be an antenna configured to transmit andfor receive
RF signais. in an embodiment, the transmit/receive element 522 may be an emiiter/detestor configured to
transmit andfor recelve IR, UV, or visible light signals, for example. In yat another embodiment, the
transmit/receive slement 522 may be configured o transmit andfor receive both RF and light signals. It will
be appreciated that the iransmitireceive slement 522 may be configured to transmit andfor receive any

combination of wirslass signals.
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[0058]  Although the lransmit/receive element 522 is depicted in FIG. 1B as a single element, the WTRU
502 may include any number of transmit/receive elements 522, More specifically, the WTRU 502 may
employ MIMC technology. Thus, in one embodiment, the WTRU 502 may include two or more
transmitireceive slemenis 522 (2.9., multiple antennas) for transmitling and recsiving wirsless signals over
the air interface 516.

100881  The transceiver 520 may be configured to modulate the signals that are o be transmitied by the
transmitireceive slement 522 and fo demodulate the signals that are received by the transmitfreceive
elemant 522. As noted above, the WTRU 502 may have multi-mods capabiliies. Thus, the transceiver 520
ray include muttiple transceivers for enabling the WTRU 502 to communicate via multiple RATs, such as
NR and IEEE 802,11, for example.

f0080]  The progessor 518 of the WTRU 502 may be coupled to, and may receive user input data from,
tha speaker/microphone 524, the Keypad 526, and/or the displayfiouchpad £28 (s.9., & liquid crystd display
(LCD) display unit or organic light-emitting dicde (OLED) display unit). The processor 518 may also output
user data to the speaker/microphone 524, the keypad 576, and/or the digplay/touchpad 578. In addition,
the processor 518 may access information from, and store data in, any type of suitable memory, such as
the non-removable memory 530 and/or the remaovable memory 532. The non-removable memory 530 may
include random-accass memory (RAM), read-only memary (ROM), a hard disk, or any othar type of
rmamory storage device, The removable memary 532 may include a subscriber identity module (SHV) card,
a memory stick, a sscurs digital (SD} memory card, and the like. In other embodiments, the processor 518
may accass information from, and store data in, memory that is not physically located on the WTRU 502,
such as on a server of a home computer (not shown),

[0061]  The processor 518 may receive power from the power source 534, and may be configured io
distribute and/or control the power 1o the other components in the WTRU 802, The powar sourcs 534 may
be any suitable device for powering the WTRU 502, For example, the power source 534 may include one
or more dry cell batteries {e.g., nickel-cadmium (NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH),
lithium-ion (Li-ion), ete.), solar cells, fuel calis, and the liks.

[0062]  The processor 518 may also be couplsd to the GPS chipset 536, which may be configured to
provide location information {(e.g., longitude and lafitude) regarding the current location of the WTRU 502,

In addition to, or in lisu of, the information from the GPS chipset 536, the WTRU 502 may recsive location

information over the air interface 516 from a base station {8.g., base stations 5144, 514b) and/or determine
its location based on the timing of the signals being received from two or more nearby hage stations, 1t will
ba appreciated that the WTRU 502 may acquirs location information by way of any suitable ocation-

determination method while remaining consistent with an smbodiment,
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[0063]  The processor 518 may further be coupled o olher periphsrals 538, which may include one or
more sofiware andfor hardware modules that provide additional features, functionality and/or wired or
wirelass connectivity. For example, the peripherals 538 may includs an accslerometer, an e-compass, a
satsllite transceiver, a digital camera {for photographs andfor video), a universal serial bus (USB) por, a
vibration devics, a television ranscelver, a hands free headset, a Bluetooth® moduls, a frequency
rodulated (FM) radio unit, a digital music player, a media player, a vidso game playar module, an Infernat
browser, a Yirlual Reality and/or Augmented Reality (VR/AR) devics, an aclivity tracker, and the like. The
paripherals 538 may include one or more sensors, the sensors may be one or more of a gyroscope, an
acceleromester, a hall effect sensor, a magnetometer, an orisntation sensor, a proximity sensor, a
temperature sensor, a ime sensor; a geclocation sensor; an allimetler, a light sensor, a touch sensor, a
magnetomeier, a baromster, a gesture sensor, & biomeiric sensor, and/or a humidity sensor,

100841  The WTRU 502 may include a full duplex radio for which fransmission and reception of some or
all of the signals (8.¢., associated with particular subframes for both the UL (s.g., for transmission) and
downlink {g.g., for raception) may be concurrent and/or simultanesus. The full duplex radio may include an
intarference management unit to reduce and or substantially sliminate self-intarference via either hardware
{e.g., a choks) or signal processing via & processor {8.¢., a separate processor {not shown) or via
processor 518). In an embodiment, the WRTU 5802 may inciude a half-dupiex radio for which transmission
and recaption of some or dll of the signals {8.g., associated with particular subframes for either the UL
{e.g., for fransmission) or the downiink {e.g., for reception)).

006851 FIG. 1C is a system diagram ilustrating the RAN 504 and the CN 506 according to an
embodiment. As noted above, the RAN 504 may employ an E-UTRA radio tschnology o communicate with
the WTRUs 5024, 502b, 502¢ over the air interface 516, The RAN 504 may aiso be in communication with
tha CN 508.

1008817  The RAN 504 may include eNode-Bs 56043, 5600, 560¢, though it will be appreciated that the
RAN 504 may include any number of eNode-Bs while remaining consistent with an embediment. The
eNode-Bs 560a, 560b, 560¢ may each include one or mors transcelvers for communicating with the
WTRUs 5028, 5020, 502¢ over the air interface 516. In one embodiment, the eNode-Bs 5503, 550b, 550¢
may implement MIMO fachnology. Thus, the eNode-B 5803, for example, may use multiple antennas ¢
transmit wirelass signals to, andfor recsive wirsless signats from, the WTRU 502a.

[0067]  Each of the eNode-Bs 5603, 560b, 560¢ may be associated with & particular cell (not shown)
and may be configured to handle radio resource management decisions, handover decisions, scheduling of
users in the UL andfor BL, and the like. As shown in FIG, 1C, the eNode-Bs 56802, 560b, 560c may

communicate with one ancther over an X2 inferface.
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[00688]  The CN 506 shown in FIG. 1C may include a mobility management entity (MME) 562, a ssiving
gateway {SGW) 564, and a packet data network (PDIN) gateway {or PGW) 566, While each of the
foragoing elaments are depicted as part of the CN 506, it will be appreciated that any of these elements
may be owned and/or operated by an entily other than the CN operalor.

00691  The MME 562 may be connected {0 each of the eNode-Bs 5623, 562b, 562¢ in the RAN 504 via
an 51 interface and may sarve as a conirol node, For example, the MME 562 may be responsible for
authenticating users of the WTRUs 5024, 502b, 502¢, bearsr activation/deactivation, selecting & particular
serving gateway during an initial attach of the WTRUs 5022, 502b, 502¢, and the liks, The MME 562 may
orovide a confrol plane function for switching between the RAN 504 and other RANs {not shown) that
employ other radio iechnologies, such as GSM and/or WCDMA.

00701  The SGW 564 may he connected to each of the eNode Bs 5604, 560b, 560¢ in the RAN 504 via
the 51interface. The SGW 564 may generally route and forward user data packets toffrom the WTRUs
5023, 502b, 502¢. The SGW 564 may perform other funciions, such as anchoring user planes during inter-
eNode B handovers, triggering paging when DL data is available for the WTRUs 5023, 502b, 50Z¢,
managing and storing contexts of the WTRUs 5023, 502b, 502c, and the like.

[0071]  The SGW 5584 may be connected to the PGW 566, which may provide the WTRUs 8023, 502b,
507¢ with access to packet-switched networks, such as the Internet 510, to faciitate communications
between the WTRUs 502a, 502b, 502¢ and {P-enabled devices.

00721  The CN 506 may facilitate communications with other natwarks. For exampls, the CN 506 may
provide the WTRUs 502a, 502b, 502¢ with access to circuit-switched networks, such as the PSTN 508, to
facilitate communications between the WTRUs 5024, 502b, 502¢ and {raditional land-line communications
devicas. For example, the CN 506 may include, or may communicate with, an IP gateway (s.g., an IP
rmultimedia subsystem {IMS) server) that serves as an interface between the CN 506 and the PSTN 508, in
addition, the CN 506 may provide the WTRUs 5023, 502b, 50Zc with access to the other networks 512,
which may includs other wired and/or wirsless networks that are owned and/or operated by other service
providers.

[0073]  Although the WTRU is described in FiGs. 1A-10 as a wireless terminal, it is contemplated that in
certain representative embodiments that such a terminal may use (8.g., temporarily or permanently} wired
communication interfaces with the communication network.

[0074]  Inrepresentative embodiments, the other network 512 may be a WLAN,

100757 A WLAN in Infrastructure Basic Service Set {(ESS) mode may have an Access Point {AP) for the
BSS and one or more stations (STAs) associated with the AP. The AF may have an access or an inleiface

to a Distribution System (DS) or another type of wirediwirelsss network that carries traffic in to andfor out of
L
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the BSS. Traffic io STAs that originates from cutside the BSS may arrive through the AP and may be
delivered fo the STAs. Traffic originating from STAs fo dastinations outside the BSS may be sent {o the AP
to be delivered to respactive dastinations, Traffic betwesan STAs within the BSS may be sant through the
AP, for example, whers the source STA may send traffic o the AP and the AP may deliver the traffic to the
destination STA. The traffic betwesn STAs within a BSS may be considered andfor referred fo as pesr-to-
neer fraffic. The peer-to-paer fraffic may be sant between (e.q., diractly between} the source and
destination STAs with a direct link setup (DLS). In certain reprasentative embodiments, the DLS may use
an 802.11e DLS or an §02.11z unneled DLS (TDLS). A WLAN using an independant BSS (IBSS) mode
may not have an AP, and the STAs {e.q., all of the STAs) within of using the IBSS may communicate
directly with each other. The IBSS mods of communication may sometimes be referred to hersin as an "ad-
hoc” mode of communication.

100761 When using the 802.11a¢ infrastructure mods of operation or & similar mode of cperations, the
AP may iransmit a beacon on a fixed channel, such as a primary channel. The primary channel may bs a
fixed width (2.q., 20 MHz wide bandwidth} or a dynamically set width via signaling. The primary channel
may be the operating channal of the BSS and may be used by the STAs 1o sstablish a connection with the
AP, in certain representative embodiments, Carrier Senge Multiple Access with Collision Avoidance
(CSMAJCA) may be implemeanted, for example in in 802.11 sysiems. For CEMA/CA, the STAs (8.¢., every
STA), including the AP, may sense the primary channel. If the primary channe! is sensed/detacted andior
determined {o be busy by a particular STA, the pariicular STA may back off. One STA {6.g., only one
station) may fransmit at any given time in a given BSS.

100771 High Throughput (HT) STAs may use a 40 MHz wids channe! for communication, for example,
via a combination of the primary 20 MHz channsl with an adjacent or nonadjacent 20 MHz channel to form
a 40 MHz wide channal.

100781 Very High Throughput (VHT) STAs may support 20MHz, 40 MHz, 80 MHz, andfor 160 MHz wide
channels. The 40 MHz, andior 80 MHz, channels may he formed by combining contiguous 20 MHz
channels. A 160 MHz channel may be formed by combining 8 contiguous 20 MHz channals, or by
combining two non-contiguous 80 MHz channsls, which may be referred fo as an 80-+80 configuration. For
the 80-+80 configuration, the data, afier channei encoding, may be passed through a segment parser that
may divide the data into two streams, inverss Fast Fourier Transform (IFFT) processing, and time domain
processing, may be done on each stream separately. The streams may be mapped on to the two 80 MHz
channels, and the data may be transmiited by a transmitling STA. At the receiver of the receiving STA, the
above described operation for the 80+80 configuration may be raversed, and the combined data may be

sent to the Medium Accass Control (MAC).
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[0079]  Sub 1 GHz modes of opsration are supported by 802.11af and 802.11ah. The channel operating
bandwidths, and carriers, are reduced in 802.11af and 802.11ah relalive to those used in 802.11n, and
802.11ac. 802.11af supports 5 MHz, 10 MHz and 20 MHz bandwidths in the TV White Space (TVWS)
spectrum, and 802, 11ah supports 1 MHz, 2 MHz, 4 MHz, 8 MHz, and 16 MHz bandwidths using non-
TVWS spectrum. According to a representative embodiment, 802.11ah may support Meier Type
ControliMachine-Type Communications, such as MTC devices in a macro coverags arsa. MTC devicss
may have ceriain capabilities, for example, limited capabilities including support for {8.q., only support for)
certain andfor limited bandwidths. The MTC deavices may include a battery with a battery life above a
thrashold (e.g., fo maintain a very long battery life).
[0080] WLAN syslems, which may support multiple channels, and channel bandwidths, such as
802.11n, 802.11ag, 802.114f, and 802.11ah, include a channel which may be designated as the primary
channel. The primary channel may have a bandwidth equal to the largest common operating bandwidth

supported by all STAs in the BSS. The bandwidih of the primary channel may be set andfor limited by a
STA, from among all STAs in opsrating 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 type devices)
that support (e.g., only suppori) a 1 MHz mode, even if the AP, and other STAs in the BSS support 2 MHz,
4 MHz, 8 MHz, 16 MHz, andior other channel bandwidth operating maodes. Carrier sensing andior Network
Allocation Vecior (NAV) setlings may depend on the status of the primary channel. if the primary channel is
busy, for example, due io a STA {which supports only a 1 MHz operaling mode), iransmitting to the AP, the
entire available frequency bands may be considered busy aven though a majority of the frequency bands
remains idle and may be available.

[0081]  In the United States, the available frequency bands, which may be used by 802.11ah, are from
902 MHz to 928 MHz. In Korsa, the available frequency bands are from 917.5 MHz 10 923.5 MHz. In
Japan, the available frequency bands are from 9168.5 MHz to 927.5 MHz. The total bandwidth available for
802.11ah is 6 MHz {0 26 MHz depending on the country code.

00821 FIG. 1D is a system diagram illustrating the RAN 513 and the CN 515 according to an
embodiment. As noled above, the RAN 513 may employ an NR radio technology to communicate with the
WTRUs 5023, 502b, 502¢ over the air interface 516, The RAN 513 may aleo be in communication with the
CN 518,

[0083] The RAN 513 may include gNBs 5804, 580b, 580¢, though it will be appreciated thal the RAN
513 may includs any number of gNBs while remaining consistent with an embodiment. The gBs 5804,
5800, 580c may sach include ons or more transceivers for communicating with the WTRUs 5023, 502b,

502c over the air interface 51€. In one embodiment, the gNBs 580a, 580b, 580¢ may implement MIMO
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techniclogy. For example, gNBs 5804, 508b may ulilize beamforming to transmit signals to andfor recsive
signals from the gNBs 5804, 580b, 580¢. Thus, the gNB 5803, for example, may use muitiple antennas fo
transmit wirelass signals to, andfor receive wirsless signals from, the WTRU 502a. In an embodiment, the
gNBs 5804, 580b, 580¢ may implsment carrier aggraegation technology. For example, the gNB 580a may
transmit multiple componeant carrisrs o the WTRU 502a (not shown). A subset of these component carriers
rnay be on uniicensed spectrum while the remaining component carriers may be on licensed spectrum, in
an embodiment, the gNBs 5803, 580b, 580¢ may implement Coordinated Multi-Foint (CoMP} technology.
For exampie, WTRU 502a may receive coordinated transmissions from gNB 580a and gNE 580b {and/for
ghNB 580c).
[0084] The WTRUs 5024, 502b, 502¢ may communicals with gNBs 580a, 580b, 580c using
transmissions associated with a scalabie numeroclogy. For example, the OFDM symbol spacing andfor
OFDM subcarrier spacing may vary for different transmissions, different cells, and/or different portions of
the wireless transmission spectrum. The WTRUs 5023, 502b, 502¢ may communicate with gNBs 580,
580, 580c¢ using subframe or transmission tima intervals (TT1s) of various or scalabls lengths (8.q.,
containing varying number of OFDM symbeis andfor lasting varying lengths of absolute time).

[0085] The gNBs 5804, 580b, 580¢ may be configured to communicate with the WTRUs 5022, 502b,
502¢ in a standalone configuration andfor a non-standalone configuration, In the standalone configuration,
WTRUs 502a, 502k, 502¢ may communicate with gNBs 5804, 580k, 580¢ without also accessing other
RANs {8.g., such as eNode-Bs 5603, 560b, 560¢). In the standalone configuration, WTRUs 5023, 502b,
502¢ may utilize one or mars of gNBs 580a, 580b, 580c as a mobility anchor paint, In the standalone
configuration, WTRUs 502z, 502b, 502¢ may communicaie with gNBs 580e, 580b, 580¢ using signals in an
unficensed band. In a non-standalons configuration WTRUs 502a, 502b, 502¢ may communicate
with/connect to gNBs 5802, 580b, 580c while also communicating with/connecting to ancther RAN such as
eNode-Bs 560z, 560b, 560¢. For example, WTRUs 5023, 502b, 502¢ may implement DC principles to
communicate with one or more ghBs 580a, 580b, 580¢ and one or more eNode-Bs 5603, 560b, 560c
substantially simultansously. In the non-standalone configuration, eNode-Bs 560a, 560b, 560c may serve
as a mobility anchor for WTRUs 5023, 502b, 502¢ and gNBs 58Ca, 580k, 580¢ may provide additional
covarage andfor throughput for servicing WTRUs 5023, 502b, 502¢.

00861  Each of the gNBs 580a, 580b, 580c may be associated with a particular cell {not shown) and
may be configured {o handle radio resource management decisions, handover dedisions, scheduling of
users in the UL andior DL, support of network dlicing, dual connectivity, interworking between NR and E-

UTRA, routing of user plane data towards User Plana Function (UPF) 5844, 584b, routing of control plans
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information towards Access and Mobility Management Function (AMF) 5823, 582b and the like. As shown
in FIG. 1D, the gNBs 580a, 580b, 580¢ may communicaie with one another over an Xn interfacs.

100877 The CN 515 shown in FIG. 1D may include at least one AMF 5823, 5820, at least cne UPF
584a,584b, al lsast one Session Managsment Funclion (SMF) 583a, 583b, and possibly a Data Network
(DN} 5852, 585b. While each of the foregoing slements are depicted as part of the CN 515, it will be
appreciated that any of these slements may be owned andfor operated by an entity other than the CN
operator.

00881  The AMF 5824, 582b may be connected to one or mare of the gNBs 580a, 580b, 580¢ in the
RAN 513 via an N2 interface and may serve as a control node. For example, the AMF 582a, 582b may be
regponsible for authenticaling users of the WTRUs 502a, 502b, 502¢, support for network glicing {(&.g.,
handiing of different PDU sassions with different requirements), selecting a particular SMF 583a, 583b,
rnanagement of the registration area, lermination of NAS signaling, mobility management, and the like.
Network slicing may be used by the AMF 582z, 582b in order fo customize CN suppori for WTRUs 5023,
5020, 502¢ based on the types of services being utilized WTRUs 502a, 502b, 502¢. For example, different
network slices may be established for different use cases such as services ralying on ultra-reliable low
laiency {(URLLC) access, services relying on enhanced massive mobiie broadband {(eMBB) access,
services for machine type communication (MTC) accsss, andfor the like, The AMF 562 may provide a
control plane function for switching betwesen the RAN 513 and othar RANg (not shown) that employ other
radio technologies, such as LTE, LTE-A, LTE-A Pro, and/or non-3GPP access technologies such as Wik
00891 The SMF 5833, 583h may ba connected 1o an AMF 5823, 582b in the CN 515 via an N11
interface. The SMF 583a, 583b may also be connscted to & UPF 5843, 584b in the CN 515 via an N4
interface. The SMF 583a, 583b may sslect and control the UPF 584a, 584b and configure the routing of
traffic through the UPF 584a, 584b. The SMF 5833, 583b may perform other funclions, such as managing
and allocating UE 1P address, managing PDU sassions, controlling policy enforcerment and QoS, providing
downlink data notifications, and the tike. A PDU sassion iype may be 1P-based, non-IP based, Ethemst-
based, and the ke,

(00801  The UPF 5844, 584b may be connected to one or more of the gNBs 580a, 580b, 580c¢ in the
RAN 513 via an N3 interfacs, which may provide the WTRUs 502a, 502b, 502¢ with access io packet-
switched networks, such as the internet 510, to faciiitate communications betwesn the WTRUs 5023, 502b,
502¢ and IP-snabled devices. The UPF 584, 584b may periorm other functions, such as routing and
forwarding packets, enforcing user plane policies, supporting multi-homesd PDU sessions, handling user

plane QoS, buffaring downlink packsts, providing mobility anchoring, and the like.
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[0081]  The CN 515 may facilitate communications with other nefworks. For example, the CN 515 may
include, or may communicate with, an IP gateway {e.q., an P multimedia subsystem (IMS) server) that
serves as an interface betwean the CN 515 and the PSTN 508, In addition, the CN 515 may provide the
WTRUs 502a, 502b, 502¢ with access o the other nelworks 512, which may include other wired andfor
wireless networks that are ownad andior operated by other service providers. in one embodiment, the
WTRUs 5022, 502b, 502¢ may be connacled 1o a local Data Network (DN) 585z, 585b through the UPF
584a, 584b via the N3 interface to the UPF 584a, 584b and an N6 interface betwaen the UPF 5844, 584b
and the DN 5853, 585h.

100821  Inview of FIGs. 1A-1D, and the corresponding description of FiGs, 1A-1D, one or more, or all, of
the functions described herein with regard {o one or more of WTRU 502a-d, Bass Siation 514a-b, eNode-
B 560a-c, MME 562, SGW 564, PGW 566, gNB 580a-c, AMF 582a-b, UPF 584a-b, SMF 583a-b, DN 585a-
b, andfor any other devics(s) described hersin, may be performed by one or mors smulation devices {not
shown). The emulation devices may be ons or mars devices configured {o emulais one or mors, or gl of
the functions describad harein, For example, the emulation devices may be used {o test other devices
andfor to simulate network andfor WTRU functions.

[0083]  The emulation devices may be designed to implemant one or more tests of other devices in a iab
environmant andior in an operator network environment, For example, the ons or more emulation devicas
rnay perform the one or more, or all, functions while being fully or partially implemented andfor deployed as
part of a wired andfor wirgless communication network it order 10 test olher devices within the
communication natwork. The one or more emulation devicss may perform the ons or more, or all,
functions while being temporarily implermentedideployed as part of a wired and/or wirsless communication
network, The emulation device may be directly coupled fo another device for purposss of tasting andior
rnay performing testing using over-the-air wireless communications.

100841  The one cr more emulation devices may perform the one or mors, including all, functions while
not being implemenied/deployed as part of a wired andfor wirsless communication network, For example,
the emulation davices may be utilized in a testing scenario in a testing laboratory andfor a non-deployed
{e.g., testing) wired and/or wirsless communication network in order to implement testing of one or more
components. The one or more emulation devices may be test equipment. Biract RF coupling andior
wirelass communications via RF circuitry {e.¢., which may include one or more antennas) may be used by
the emulation devices fo transmit andfor receive data.

[0085]  This application describes a variety of agpacts, including tools, features, examples, modsls,
approachas, etc. Many of these aspacis are described with specificity and, at least 1o show the individual

chargoteristics, are offen described in a manner thal may sound limiting. However, this is for purposes of
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clarity in description, and does not limit the application or scope of thoss aspects. indesd, &l of the
different aspects can be combined and interchanged o provide further aspects. Moreovar, the aspacts can
ba combinad and interchanged with aspects described in earlier filings as wall.

[0098] The aspecls described and contemplated in this application can be implemented in many
different forms. FiGs, 1-20 describad harein may provide some examples, but other axamplas are
conternplated and the discussion of FIGs. 1-20 doss not limit the breadth of the implementations. Atlsast
one of the aspects generally relaiss to video encoding and decoding, and & least one other aspsct
generally relates {o transmitting a bitstream generated or encoded. Thasse and other aspects can be
implemented as a method, an apparaius, a computsr readable storage medium having stored therson
instructions for encoding or decoding video data according o any of the methods desoribed, and/ior a
computer readable storage medium having stored thereon a bitsiream generated according to any of the
methods described.

[0087]  In the present application, the {erms “reconstructed” and “decoded” may be used
interchangeably, the terms “pixel’ and “sample” may be used interchangeably, the terms “imags,” “picture”
and “frame’ may be used interchangeably. Usually, but not necessarily, “decoded” is used at the decoder
side. The term “reconstructed” is used at the encoder side andior at the decoder side.

100981  Various metheds are described herein, and sach of the methods comprises one or more sleps or
actions for achisving the described method. Unless a specific order of steps or actions is required for
proper operation of the method, the order andior use of gpecific steps andfor actions may be modified or
combinad. Additionally, terms such as "firsl”, “second”, etc. may be used in various examples to modify an
element, component, slep, operation, sic., such as, for example, a *first decoding” and a "sscond
decoding”. Use of such terme does not imply an ordering to the modified operations unless specifically
required. So, in this example, the first decading need not ba performad before the second decoding, and
may occur, for example, before, during, or in an overlapping time period with the second decoding.

00891 Various methods and other aspects describad in this application can be used to modify modules,
for example, decoding modules, of & video enceder 100 and decoder 200 as shown in FIG. 2 and FIG. 3.
Morsover, the present aspecis are not limited to VWC or HEVC, and can be applied, for example, to other
standards and recommeandations, whather pre-existing or future-developed, and exiensions of any such
standards and recommendations {including VVC and HEVC). Unless indicated otherwise, or technically
precluded, the aspects desaribed in this application can be used individually or in combination,

01001  Various numeric valuss are used in the presant application, for example, CU sizes of 4x8, 4XN,

8x4 and 8xN, the minimum prediction block width being four samples, a PU indluding 32 or mors samples,

—
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eto. The specific values are for example purposes and the aspecis described are nol limited to thess
spegific values,

101017 Block-based video coding systems, such as WG, may include a block-based hybrid video coding
framework. FIG. 2 illustrates a block diagram of an example block-basad hybrid video encoding system
200. Variations of this encodar 200 are contemplated, but the ancoder 200 is describad below for
purposes of dlarity without describing all expacted variations. The input video signal 202 may be pronessed
block by block (8.¢., coding unit {CUY)). A CU may include CU sizes of up {0 1284128 pixsls. A coding tree
unit (CTU} may be split info ClUs to adapt fo varying local characteristics based on guadibinaryfternary-tree,
A CU may be used as the basic unit for prediction and transform without further partitions. In a multi-type
tree structurs, a CTU may be partitionsd by a quad-ires structure, A quad-tree leaf node {8.9., each quad
tres lead node) may be further partitioned by a binary and ternary trae structure.

1010217  Referring to FIG. 2, for an input video block {8.g., a macroblock (MB} or CU}, spatial prediction
260 or motion prediction 262 may be performsad. Spatial prediction {e.q., or intra prediction) may use pixels
from already coded neighboring blocks in the same video picture andfor slics to pradict a current vidso
block. Spatial prediction may reduce spatial redundancy inherent in the video signal. Temnpord prediction
{e.q., referred to as inter prediction or motion compensated prediction} may use pixels from already coded
vidao picturas to predict a current video block. Temporal prediction may reduce temporal redundancy
inherent in the video signal. Temporal prediction signal for a CU may be signaled by one or moere motion
vectors (MVe) that may indicate the amount and the direction of mation between the current CU and iis
temporal reference. If muitiple reference pictures are supported, a referencs picture index may be signaled
to a decoder, The reference index may be used io identify from which reference picturs in a reference
picture sfore 264 the temporal prediction signal may come.

[0103]  After spatial andior tamparal prediction, a mods decision 280 in the encodsr may sslect a
prediction mode, for example based on arate-distertion optimization mechanism. The prediction block may
be subtracted from the current video block at 216. Prediction residuals may be de-correlated using a
transform module 204 and a quantization module 206 to achisve a targst bit-rate. Ths quantized residual
cosfficients may be inverse quaniized at 210 and inverse transformed at 212 to form reconstructed
regiduais. The reconsiructed residuals may be added back to the prediction block at 226 {0 form a
reconstructed vidso block, Aryin-loop filter such as a de-blocking filter andior an adaptivs loop filter may bs
appiied to the reconstructed vidso block at 266 before it is put in the reference piciure sfore 264,

Reference piciuras in the reference picturs store 264 may be used o code futurs video blocks. An oulput

vidao bit-stream 220 may be formed. Coding mods {e.q., inter or intra), prediction mode information,
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motion information, and/or guantized residual cosfficients may be sent to an entropy coding unit 208 {o be
compressed and packed io form the bit-stream 220,

101041  FIG. 3 illustrates a general block diagram of an example block-based video decoder 300, A
video bit-siream 302 may be received, unpacked, andfor entropy decoded at an entropy decoding unit 308,
Coding mede and/or prediction information may be sent to a spatial prediction unit 360 (e.g., if infra coded)
andfor to a temporal prediction unit 362 (e.g., if inter coded) to form a prediction block. Residual transform
coefficients may be sent to an inverse quantization unit 310 and an inverse transform unit 312 to
reconstruct a rasidual block. The prediction block and residual hlock may bs added at 326. The
reconstructed block may go through in-loop filtering 366 and may be stored in a reference picture store
354, Reconstrucled videos in the reference picturs store 364 may be used o drive a display devics andfor
to predict future video blocks. In an exampis, a decoder 300 may determine that {SP is enabled for a
current block after recsiving, unpacking andfor eniropy decoding the videc bit-stream 302. The coding
mode information (.., intra coding mode} may be sent to a spatial prediction unit 360 to form a prediciion
block. The decodar 300 may determing s sub-partition width for the current block basad on the unpacked
andfor entropy decoded video bit-stream 302, For a sub-partition in the current block, the decoder may
deiermine a corresponding prediction block based on the sub-pariition width and a minimurn prediction
block width. The minimum prediction block width may be a predstermined value of a prediction bloo

width, The decoder 300 may determine referance samples at the spalial prediction unit 360, The decoder
300 may predict the prediction block using the reference samples.

101051 FIG. 4illustrates a block diagram of an example of a system in which various aspscts and
examples are implemanted. System 1000 can be embodiad as a device including the various components
described beiow and is configured to perform one or more of the aspecis described in this document,
Examples of such devicss, includs, but are not limited to, verious electronic devicas such as personal
computers, leptop computars, smartphones, tablet computers, digital mulimedia set top boxes, digital
telavision receivers, personal video recording systems, connected home appliances, and servers.
Elements of system 1000, singly or in combination, can he embodied in a single integrated circuit (IC),
multiple ICs, andfor discrete components. For examiple, in at least one example, the processing and
encoder/decodsr elements of system 1000 ars distributed across multiple 1Cs andfor discrete companents.
In various examples, the systern 1000 is communicatively coupled to one or more other systems, or other
electronic devices, via, for example, a communications bus or through dedicated input and/or output ports.
In various examples, the sysiem 1000 is configured to implement one or more of the aspects described in

this doctiment.
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[0108]  The systern 1000 includes at least one processor 1010 configured to executs instructions loaded
therein for implementing, for example, the various aspects described in this document. Processor 1010
can include embedded mamory, input output interface, and various othsr circuitries as known in the art,
The gystern 1000 includes at least one memory 1020 {e.g., a volatile memory devics, andfor a non-volalile

mamory devics). System 1000 includes a siorage device 1040, which can include non-volatiie memary

s

andfor volatile memaory, including, but not limitad to, Electrically Erasable Programmable Read-Only
Memory (EEPROM), Read-Only Memory (ROM), Programmable Read-Only Memory (PROM), Random
Acoess Memory (RAM), Dynamic Random Access Memory (DRAM), Static Random Accass Memaory
{SRAM), flash, magnstic disk drive, andfor optical disk drive. The storage davice 1040 can includs an
internal storage device, an attached siorage devics {including delachable and non-detachable slorage
devices), andfor a neiwork accessible siorage davics, as non-limiting examples. In an exampis, an
apparatus comprising one or more processars may be configured o perform datermining that 1SP is
enabled for a current block. The one or more processors may be configured fo perform defermining a sub-
partition width for the current block., The one or more processors may be configured to parform
datarmining a corresponding prediction block based on the sub-partition width and a minimum prediction

block width for a sub-partition in the current block. The ons or more processors may be configured io
perform determining reference sampies. The one or more processors may be configurad to perform
nredicting the prediction block using the reference samples. The apparatus comprising the one of mors
nrocessors may be a decoder or an encoder,
(01077 Asignal may be seni to enable the apparatus to perform one or more steps herein. For sxample,
an apparatus may include an access unit configurad to accass data that enables the apparatus to perform
one of more steps herein and a transmitter configured to transmit the data. A method may include
accessing daia that enables an apparalus to perform one or more steps hersin and frangmitting the data,
A computer-readable medium may include data that enables an epparatus to perform one or mors steps
herein,
[0108] System 1000 includes an encoder/deccder module 1030 configured, for axample, 1o process

ata to provide an encoded video or decoded video, and the encoder/decoder module 1030 can include its
own processor and memory. The encoderidecodsr module 1030 represents module(s) that can be
included in a device to perform the encoding and/or decoding functions. As is known, a davice can include
one of both of the enceding and decoding modules. Additionally, sncoder/decoder module 1030 can be
implemented as a separate slemeni of systern 1000 or can be incorporated within processor 1010 as a

combination of hardware and software as known to those skilled in the art,
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[0109]  Program code to be loaded onto processor 1010 or encodsi/decoder 1030 to perform ths various
aspacts described in this document can be stored in storage device 1040 and subsequently loaded onto
mermaory 1020 for execution by procassor 1010, In accordance with various examplas, one or more of
processor 1010, memory 1020, storags device 1040, and encoder/decoder moduls 1030 can store one or
more of various items during the performance of the procssses described in this document. Such sfored
ftems can include, but are not limited to, the input video, the decoded vidao or porticns of the decoded
video, the bilstrear, matrices, variables, and intermediate or final results from the processing of squations,
formulas, gperations, and operational logic.

101181  In some examples, memory insids of the processor 1010 andior the encoder/decodsr module
1030 is used to store instructions and to provide working memory for processing that is needed during
encoding or decoding. In othar examples, however, a memory external {0 the processing davice (for
example, the processing device can be sither the processor 1010 or the encoder/decoder module 1030) is
used for one or more of these functions. The external memory can be the memory 1020 andfor the storage
devica 1040, for example, a dynamic volatile memory and/or a non-volatile flash memory, In sevaral
examples, an sexternal non-volatile flash memory is used 1o store the operating system of, for exampls, a
telavision. In &l lsast one example, a fast external dynamic volatile memory such as a RAM is used as
working memory for video coding and decoding operations, such as for MPEG-2 (MPEG refers io the
Moving Picture Experts Group, MPEG-2 is alse referred o as I1SONEC 13818, and 13818-1 s also known
as H.222, and 13818-2 i5 also known as H.262), HEVC {(HEVC refers to High Efficiency Vidso Coding, dlso
known as H.265 and MPEG-H Part 2}, or VWG {Versatile Video Coding, a new standard being deveioped
by JVET, the Joint Vidao Experts Team).

[0111]  The input to the elemenis of system 1000 can be provided through varicus input devices as
indicated in block 1130, Such input devicas include, but are not limited to, (i} a radio frequency (RF)
portion that receives an RF signal fransmitied, for example, over the air by a broadeaster, (i} a Component
{COMPY) input terminal (or a set of COMP input terminals), (it} a Universal Serial Bus {USE) input terminal,
andfor {iv} a High Dafinition Multimedia Interface (HDMD) input terminal. Cther examples, not shown in FIG.
4, include composite video.

[0412]  Invarious examples, the input devices of block 1130 have associated respestive input processing
elements as known in the art. For example, the RF portion can be associated with elaments suitable for (i)
selecling a desired frequency {also referred to as selecling a signal, or band-limiting a signal to a band of
frequencias), (i) downconverting the seleciad signal, (i) band-limiting again to a narrowsr band of
frequencies to select (for example) a signal frequency band which can be referrad o as a channel in

certain examples, (iv) demoduilating the downconverted and band-iimited signal, {v) performing error
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correction, and {vi) demuitiplexing lo selsct the desired stream of data packels. The RF portion of various
examples includas one or more elements to parform these functions, for example, frequency seleclors,
signal selsctors, band-limiters, channel selectors, filters, downconverters, demodulators, error correctors,
and dermuitiplexers. The RF portion can include a funer that parforms various of these functions, including,
for example, downconverting the received signal to a lower fraquency {for example, an intermediate
frequency or a near-baseband fraquency) or to baseband. In ons set-iop box example, the RF portion and
its associated input processing slement recsives an RF signal transmitied over a wired {for example, cable)
medium, and performs frequency selection by filtering, downconverting, and fittering again to a desired
frequency band, Various examples rearrangs the order of the abova-described (and other) slements,
remove some of these elements, andfor add other elemsnts performing similar or different functions.
Adding elemants can include inserting elsmenis in beiween exisiing elements, such as, for exampls,
insarting amplifiers and an analog-to-digital convertar. In various examples, the RF portion ingludes an
antenna. In an example, a device may comprise an apparalus herein and at lsast one of (i) an antenna
configured fo receive a signal including data representative of an image, (i} a band limiter configured to
limit the received signal to a band of frequencies that includes the data representative of the imags, or (i) a
display configured to display the image. A device configured to perform as the apparatus hersin may
include a TV, a cell phone, a tablat, or a set-lop box (5TB).
101131 Additionally, the USB and/or HDMI terminals can include respective interface processors for
connecting system 1000 {o other slectronic devices across USB andfor HDMI connections. tisto bs
understood that various aspects of input processing, for example, Reed-Sclomon arror correction, can be
implemanted, for example, within a separate input processing 1C or within progessor 1010 as necessary,
Similarly, aspscts of USB or HDMI interface processing can bs implemented within separats inferface ICs
or within processor 1010 as necessary. The demodulated, error corrected, and demultiplexed stream s
provided to various processing elements, including, for example, processer 1010, and encodar/dscoder
1030 operating in combination with the memory and storage slements to process the datastream as
necessary for preseniation on an ouiput device.

101141 Various slements of system 1000 can be provided within an integrated housing, Within the
infegrated housing, the various slements can be inferconnected and transmit data therebetween using
suitable connection arrangement 1140, for example, an internal bus as known in the art, including the Inter-
IC (12C) bus, wiring, and printed cirouit boards,

[0115]  The system 1000 includes communication interface 1050 that enables communication with other
devices via communication channsl 1060, The communication interface 1050 can inciude, butis not

limited fo, a ranscaiver configured to fransmit and fo receive data over communication channal 1060, The
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comrunication interface 1050 can include, bul is not limited to, a modem or network card and the
communication channel 1060 can be implemeanted, for example, within a wired and/or a wireless medium.
101181 Datais streamed, or ctherwise provided, to the systermn 1000, in various examples, using a
wiralsss network such as a Wi-Fi network, for example IEEE 802.11 (IEEE refers to the Institute of
Electrical and Elsctronics Enginsers). The Wi-Hi signal of thase examplas is received over the
communications channe! 1060 and the communications interface 1050 which are adapted for Wi-Fi
comminications. The communications channel 1060 of these examples is iypically connecled to an
access point or routsr that provides access to extarnal networks including the internet for afiowing
streaming applications and cther over-the-top communications. Other examples provide streamed data to
the systern 1000 using a set-top box that delivers the data over the HDMI connaction of the input block
1130, Still other examples provide streamed daia to the system 1000 using the RF connection of the input
block 1130, Asindicated abovs, various examples provide data in a nen-streaming manner. Additionally,
various examples use wireless networks other than Wi-Fi, for example a cellular network or a Blustocth
network.

101171 The system 1000 can provide an output signal to various output devices, including a display
1100, speakers 1110, and other peripheral devices 1120, The display 1100 of various examples includses
one or more of, for example, a touchscreen display, an organic light-emitting dicds (OLED) display, a
curved display, andfor a foldable display. The display 1100 can be for a telovision, & tablet, alaptop, acsll
phone {mobile phone), or other device. The display 1100 can also be integrated with other componeants
{for example, as in a smart phone}, or separate (for example, an external monitor for alaptop). The other
peripheral devices 1120 include, in various examples of examplas, one or more of a stand-alone digital
vidao disc {or digital versatile disc) {(DVR, for both terms), a disk player, a stereg system, andior a lighting
systern. Various examplas use one or more peripheral devices 1120 that provide a function hased on the
oulput of the system 1000. For example, a disk player performs the function of playing the cutput of the
systern 1000.

01181  In various examples, control signals are communicated between the system 1000 and the display
1100, speakers 1110, or other peripheral devices 1120 using signaling such as AV.Link, Consumer
Electronics Control {CEC), or other communications protocols that enable device-to-device control with or
without user infervention. The output devices can be communicatively coupled fo system 1000 via
dedicated connections through respective interfaces 1070, 1080, and 1090, Allernalively, the output
devices can be connecied to system 1000 using the communications channel 1060 via the communications
intarface 1050. The display 1100 and speakers 1110 can be integrated in a single unit with the other

components of syster 1000 in an electronic device such as, for exampls, a television. invaricus
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examples, the display interface 1070 includes a display driver, such as, for sxampls, a timing controller (T
Con) chip,

101181  The display 1100 and speaker 1110 can alternatively be separate from one or more of the other
components, for example, if the RF portion of input 1130 is part of & separate sel-top box. Invarious
examples in which the display 1100 and speakars 1110 are external components, the ouiput signal can be
provided via dedicated output conneciions, including, for example, HDMI ports, USB ports, or COMP
ouipuis.

(01201  The examples can be carried out by computer softwars implemented by the procsssor 1010 or by
hardware, of by a combination of hardware and software. As a non-limiting example, the examples can bs
implemanted by one or more intsgrated circuite. The memory 1020 can be of any type appropriate o the
technical environmant and can be implamentad using any appropriate data storage technology, such as
optical memory devices, magnetic memory devices, semiconductor-based memory devices, fixed memory,
and removable memory, as non-imiting examplas. The processor 1010 can be of any type appropriate fo
the technical snvironment, and can encompass one or more of microprocessors, general purpose
computers, spacial purpose computers, and processors based on & mulli-core architecturs, as non-limiting
axamples.

101211 Various implementations involve decoding. “Decoding’, as used in this application, can
encompass &l or part of the procssses performed, for example, on a received encoded sequencs in order
to produce a final output suitable for display. in various exampias, such processes include one or more of
the processes typically performed by a decodsr, for example, entropy decoding, inverse quantization,
inverse transformation, and differential decoding. In various examples, such procssses also, or
alternatively, include processes performed by a decoder of various implementations described in this
application, for example, determining a corresponding prediction block based on a sub-partition width and a
minimum pradiction block width for a sub-partition in the current block.

01221 Asfurther examples, in one example “decoding’ refers only to entropy decoding, in another
example “decoding” refers only to differential decoding, and in ancther example "decoding” refersto a
combination of entropy decoding and differential decoding. Whether the phrase "decoding process” is
intended to refer specifically to a subset of operations or generally 1o the broader decoding process will be
clear basad on the context of the specific descriptions and is believed to be well undarstood by thoss
skilled in the arl.

01231 Vearious implementations invalve encoding. In an analogous way to the above discussion about
“decoding’, "encoding” as used in this application can encompass all of part of the processes performead,
for exampie, on an input video saquence in order to produce an encoded bitstream. In varicus examples,
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sich processss include one of more of the processes typically performed by an encoder, for example,
partitioning, differential encoding, fransformation, guantization, and entropy snceding. In various examples,
such processss also, or alternativaly, include processes performed by an encoder of various
implemsntations described in this application, for example, determining a corresponding prediction block
based on a sub-partition width and a minimum prediction block width for 2 sub-partition in the current blogk,
101241  Asfurther examples, in one example "sncoding’ refers only to entropy encoding, in another
example “encoding” refers only fo differsntial encoding, and in another example "encoding” refersto a
combinaticn of differential encoding and entropy enceding. Whather the phrase "ancoding process’ is
intended to refer specifically to a subsst of operations or generally to the broader encoding process will be
clear based on the context of the specific descriptions and i belisved io be well understood by those
skilled in the arl.

101257 Note that the syntax elements as used herein are descriptive terms. As such, they do not
precliude the use of other syntax element names.

101267 ‘When a figure is presented as a flow diagram, it should be understood that it also provides a
hlock diagram of a corresponding apparatus. Similarly, when a figurs is presented as a block diagram, i
should be understood that it also provides a flow diagram of a corresponding methodiprocess.

101277 Various examples refer to rate distortion optimization. In particular, during the enceding process,
the balance or frade-off between the rate and disiortion is usually considsrad, often given the constraints of
computational complexity. The rate distortion optimization is usually formulated as minimizing arate
distortion function, which s a weighted sum of the rale and of the distortion. Thers are different
approaches (o solve the rate distortion oplimization problem. For example, the approaches may be based
on an extensive testing of all encoding options, including all considerad modes or coding parameters
values, with a complete evaluation of their coding cost and related dislortion of the reconstructed signal
after coding and decoding. Faster approaches may also be used, o save encoding complexity, in
particular with computation of an approximated distortion based on the predistion or the prediction residual
signal, not the reconstructsd one. Mix of thess two approaches can also be used, such as by using an
approximated distortion for only some of the possible encoding oplions, and a complete distoriion for other
encoding options, Other approaches only evaluale a subsat of the possible encoding options. More
generally, many approaches employ any of a varisty of techniques to perform: the optimization, but the
oplimization is not necessarily a complete evaluation of both the coding cost and related distortion

01287 Ths implemantations and aspacts describad herein can be implementad in, for example, a
rathod or a process, an apparatus, a software program, a data stream, or a signal. Even if only discussed
in the context of a single form of implementation {(for example, discussed only as a method), the
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implementaiion of features discussed can also be implemenied in other forms (for example, an apparatus
or program). An apparatus can be implemenied in, for example, appropriate hardwars, software, and
firmware, The methods can be implamentad in, for example, a processor, which refers to processing
devices in general, including, for example, a computer, a microprocessor, an integrated ciroult, or a
programmable logic device. Processors also include communication devices, such as, for example,
computers, cell phonss, portable/personal digital assistants ("PDAs"), and other devicas that facilitate
communication of information between end-users,

01291 Reference to “one example” or “an example” or “one implementation” or “an implementation”; as
well as cther variations thersof, means that a particular featurs, structurs, characteristic, and so forth
desoribed in connection with the example is included in &t lsast one example. Thus, the appearances of
the phrass “in one example” or *in an example” or “in one implementation” or “in an implemeniation”, as
well any other variations, appearing in various places throughout this application are not necessarily all
refarring o the same example.

101301  Additionally, this application may refer to "determining” various pisces of information
Datermining the information can include one or mora of, for example, estimating the information, calculating
the information, predicting the information, or refrieving the information from memory. Obiaining may
include receiving, detarmining, identifying andior retrieving.

(31311 Further, this application may refer fo “accessing” various pieces of information. Accessing the
information can include one or mare of, for example, receiving the information, retrieving the information
(for example, from memory}, storing the information, moving the information, copying the information,
calculating the information, determining the information, prediciing the information, or estimating the
information,

1013217  Additionally, this application may refer to “receiving” various pieces of information. Receiving is,
as with “accessing’, intended to be a broad term. Recelving the information can include one or mors of, for
example, accassing the information, or retriaving the information (for example, from mamory). Further,
“receiving” is typically involved, in one way or ancther, during operations such as, for example, storing the
information, processing the information, transmitting the information, moving the information, copying the
information, erasing the information, calculating the information, determining the information, predicting the
information, or estimating the information

[0133] listo be appreciaied that the use of any of the following *7", "and/or’, and "at least one oF, for
exampls, in the cases of “A/B’, "A and/or B' and “at least ona of A and B, is intended 1o sncompass the
selaction of the first listed option (A} only, or the selsction of the second listed option (B) only, or the
selection of boih options (A and B). As a further example, in the casss of A, B, andior €7 and "at least one

- 76 -



WO 2020/185910 PCT/US2020/022121

of A, B, and C7, such phrasing is intended to encompass the selection of the first lisisd oplion {A) only, or
the selection of the second listed option (B) only, or the selection of the third listed option {C) only, or the
selection of the first and the second listed options (A and B) only, or the selection of the first and third listed
options (A and C) only, or the selection of the second and third listed options (B and C) only, or the
selsction of &l three gptions (A and B and C). This may be exignded, as is clsar o one of ordinary skill in
this and related arts, for as many items as are listed.

[0134]  Also, as used herein, the word “signal” refers {o, among other things, indicating something to a
corresponding decoder, For example, in certain examples the encoder signals a particular index indicating
tha choice of samples to be used for predicting a sub-partition. In this way, in an example the same
parameter is used at boih the encoder side and the dacader sids. Thus, for example, an encodsr can
transmit {(explicit signaling) a parficular parameter to the decoder so ihat the decoder can use the sams
particuler parameter. Conversely, If the decoder already has the particular parameter as well as cthars,
then signaling can be used without transmitiing {implicit signaling) to simply allow the decoder to know and
selact the particular paramstar. By avoiding transmission of any actual functions, a bit savings is realized
in various examples. [tis to be appreciated that signaling can be accomplished in & varisty of ways. For
example, one or more syniax elements, flags, and so forth are used o signal information to a
corresponding decoder in various examples. While the preceding relates to the verb form of the word
“signal’, the word “signal’ can also be used hersin as a noun.

[0135]  Aswill be evident to one of ordinary skill in the art, implementations can producs a variety of
signals formatted to carry information that can be, for example, stored or transmitted. The information can
include, for example, instructions for performing a method, or data produced by ons of the described
implemantations. For example, a signal can be formatied (o carry the bitsiream of a described exampile,
Such a signal can bs formatted, for axample, as an slectromagnetic wave {for exampls, using aradic
frequency portion of spectrum) or as a bassband signal. The formatiing can includs, for example, encoding
a data stream and modulating a carrier with the encoded data siream. The information that the signal
carries can be, for example, analog or digital information. The signal ¢an be transmitted over a variety of
different wired or wireless links, as is known. The signal can be stored on a processor-readable medium,
[0138] Woe describe a number of examples. Fealures of ihese examples can be provided alone or in
any combination, across various claim categories and typss. Further, examples can include one or more of
the foliowing fealures, devices, or aspacts, alone or in any combination, across various claim categories
and types

101371  Although features and elementis are described above in particuiar combinations, one of ordinary

skill in the art will appreciate that each fealure or element can be used alone or in any combination with the
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other features and elements. in addition, the methods described herein may be implemented in a
computer program, sofiware, or firmware incorporated in a computer-readabie medium for exscution by a
computer or procassor, Examples of computer-readable madia include electronic signals (fransmitied over
wired or wireless connections) and computer-readable storage media. Examplss of compuler-readable
storage media include, but are not limited to, aread only memory (ROM), a random access memory
(RAM), a register, cache mamory, semiconductor memory devices, magnetic media such as internal hard
disks and removabie digks, magnsto-optical media, and optical media such as CD-ROM disks, and digital
versalile disks {DVDs). A processor in associgtion with software may be used to implement a radio
frequency transcaiver for use in a WTRU, Uk, terminal, base station, RNC, or any host computer.

[0138]  Aninira coding oo, for example, an intra sub-pariitions {1SP) tool may be used. The ISP iool
may applicable to aluma channel. The ISP tool may partition a CU into multiple sub-partitions {e.g., two or
four sub-partitions). A sub-partition may comprise multiple {8.g., at least 16} samples. Partitioning may be
performsd in a hotizontal dirsction andior a vertical direction. CU-gplit may be performed in a horizontal
direction andfor a vertical direction.  FIG. 5 illustrates an example of partitioning or CU-spiit that may be
allowed for CUs (8.0., a 4x8 pixels CU or an 8x4 pixels CU). As iliustrated in FIG. 5 18P tool may spiit a CU
into two sub-partitions. The ISP spiit type may be vertical or horizontal. FIG. € lllusirates an example of
partitioning that may be aliowed for CUs (e.q., CUs greater than 4x8 pixels or 8x4 pixels). As iiustrated in
FIG, 8, for relatively larger CUs {e.q., CUs greater than 4x8 pixels or 8x4 pixels), the 1SF tool may split a
CU inic four sub-partitions. An intra prediction mode may be used for the sub-partitions. For exampls, a
same infra prediction mode may be used for the sub-partiions in a CU.

101381 An MPM flag may be set (8.9, set to one), for axampls, when the infra mods used for ISP is 3
member of a most probable mode (MPM) list.  Intra reference sample smoothing filter andior position
dependent intra prediction combination (PDPC) may be disabled for ISP, Referencs line zarc may be used
for ISF. Multiple reference line intra prediction may be disabled.

[0140] For a horizontal eplit, the sub-partitions may be processed from {op fo bottorm. For a vertical split,
the sub-partitions may be processed from left to right. A sub-partition may be predicted; and a rasidual
may be added to the predicted sub-partition, for example, io generate a reconsiructed sub-partition. The
samples from the reconstructed sub-partition may be used to pradict the next sub-partition. FIG. 7 show
diagrams of example prediction in Intra sub-partitions (ISP}, In FIG. 7{a)-{c), sub-partitions that are split
horizontally may be processed. FIG. 7(a) illustrates a CU comprising four sub-partitions A, B, C, and D.
FIG. 7(b} illustrates sub-partition A may be predicted and reconstructed, and one or more samples in the
hottom row of reconstructed sub-partition A may be used to predict sub-partition B, FIG. 7(z) illustrates sub-

nartition B may be predicted and reconstructad, and one or more samples in the bottom row of
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reconstructed sub-partition B may be usad io predict sub-partition C, As illustraied in FIG. 7{b), sub-
partition A {e.g., the top-most sub-partition) may be predicted using the above and left reference samples of
the CU. Sub-partition A may be reconstrusted by adding a residual obiained after one or mare of entropy
decoding, inverse guantization, and inverse transform. One or more samples in the botiom row of
reconstructed sub-partition A may be used to predict sub-partition B, followed by the reconstruction of sub-
nartition B. The prediction and tha reconstruction may be rapeated for subsaquent sub-partitions.

(01411  Arespsctive MPM list (e.g., a separate MPM list of size six) may be maintained for refersncs line
zero infra prediction, multiple reference line intra prediction, and ISP, Tha MPM list may bs maintained fo
indicate (2.g., signal) the intra mode 1o be used. The MPM list construction utilized for the reference line
Zero infra prediction, multiple referance line intra prediction, and ISP may be distingt, for example, as
fllustrated in FIG. 8, FIG. 9, and FIG. 10a-10c. FIG. 8 is an exampie flow chart for MPM list construction for
refarence line zero intra prediction. FIG. 9 is an example fiow chart for MPM list construction for multiple
refarencs line intra pradiclion. FIG. 10a-10c¢ illusirate an example fiow chart for MPM list construction for
ISP, The MPM list construction (8.g., as llustrated in FIG. 8, FIG. 9, and FIG. 10a-10¢) may consider the
intra mode of neighboring left CU {denoted as ‘A7), and/or the intra mode of the above CU {denoted as 'B')
during the list construction. Muitiple conditions {g.g., four conditiong) may be examined, for example, using
intra modes A" and ‘B’ An MPM list may be generated if a condition is satisfied. For example, each
satistying condition may result in a separate MPM list, Table 1 Hllustrates an exampls of four conditions that
may be used in the MPM list construction {8.9., the three MPM list construction as indicaled in FIG. 8, FIG.

9 and FIG. 10a-10c), and their corresponding logical conditions {in terms of the intra modes A and B),

# Condition Equivalent iogical condition
1 Both A and B are sufficiently similar, and both are {A=B) && (A>1)
anguler modes
o] i 03 ara At + N i
Z | Aeand B are different, and both are angular modes (A#B) && (A and B)>1
3 | Aand B are different, and either is an angular mode (A#B) && (A or Bj>1

4 | Default {(nons of the above conditions are safisfied)

Tabie 1 - Example condilions used in MPM list construction illustrated in FIG. & FIG. 9, and FIG. 10a-10c

101421  Asillustrated in FIG. & HG. 9, and/or FIG. 10a-10¢g, an MPM list may comprise indices (8.¢.,
from zero o five) and their asscclaled infra modes. An index closer to zero may be closer to the top of the
MPM list. For example, as lliustrated in FIG. 8, the default condition may vield an MPM list comprising infra

mods ‘A as its zeroth slement. The minimum and maximum of ‘A’ and ‘B’ are denoted as minAB and
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maxAB, respectively, and ‘%’ dencles the modulus operator. As illustrated in FIG. 10a-10¢, in ISP for
example, the type of split {8.g., horizontal spiit or vertical splif) may be considered in the MPM construction.
101431  FIG. 11 is an example flow chart for unified MPM list construction. FIG. 11 llusirates a unified
MPM list construction for multiple intra coding tools {8.g., the referencs line zero intra prediction, multipls
refarence line intra prediction, and I5P). Unified MPM list may be modifiad for muitiple reference line infra
prediction and ISP, In case of multiple reference line intra prediction, DC mode and planar mode may be
skipped from the unified MPM list, for example, since DC and planar modes are not used for multiple
reference line intra prediction. In case of ISP, the DC made may be skipped from the unified MPM list or
replaced by an angular mods in the unified MPM list, for example, since DC mods is not be usad for ISP,
[0144]  In ISP, sub-partitions may be predicted {s.¢., successively predicted) and reconstructed from fop-
to-bottom or left-to-right based on an ISP split typs. For example, sub-partitions may be predicted and
reconstructed from top-to-bottom when a herizontal split is used. Sub-partitions may be predicted and
reconstructed from left-fo-right when a verfical splitis used. A sub-partition (8.q., a subseguent sub-
partition) may be pradicted, for example, when the pravious sub-partition has been reconstruciad. In some
examples, sub-partition prediction may be independent ¢f the reconstruction of a neighboring or a previous
sub-partition. Latency may be reduced.

101451  An MPM list construction process(es) may corraspond to reference fine zero intra prediction,
mulli reference line infra pradiction, and ISP, In examples, respactive MPM list construction procasses for
different infra coding fools (e.q., reference line zero intra prediction, mulli reference line intra prediction, and
[SP) may be unified. A unified MPM list may be based on multiple conditions. An MPM list may changs
upon mseting a respective condition. For example, each condition may yield a different MPM list. The
unified MPM iist may be constructed.

1014687 Systems, metheds, and instrumentalities are disclosed for implementing the 1SF, for example, by
reducing the latency in ISP andfor simplifying the MPM list construction proosss. In soms examples, a
subsequent sub-partiion may be pradicted using pradiction samplas from pravicus neighboring sub-
partition. In some examples, a subsequent sub-partition may be predicted using predicted samples or
reconstructed samples from previous neighboring sub-partition. One or mors examples herein with respec
to horizontal partitioning may also be applicable to vertical partitioning. in vertical partitioning, the relevant
rows may be replaced by columns, and the relevant bottom row may be replaced with right column. One or
rmore axamples hersin may reduce latency.

01471 Previous sub-partition prediction samples may be used as reference samples for pradiction. ISP
rnay perform prediction and reconstruction of sub-partitions successivaly. In some examples, prediction of

sub-partitions may not depend on the reconstructed sampigs from ite neighboring sub-partition. A first sub-
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partition may be predicted using the above reference row and lsft reference column adjoining aCU. The
first sub-partition may be the top-most sub-partition for horizontal split. The first sub-partition may be the
left-most sub-partition for vartical split. Prediction may be performed for the remaining sub-partitions.
[0148] CU-based prediction may be performed, for example, {o predici sub-partitions, transform units
{TUs), or prediction units (PUs). For example, if N denotes the number of sub-partitions in a CU, in CU-
basaed prediction, the prediction may be performed as follows. A bottom row {a.g., for horizontal split) or &
right column {8.g., for vertical spiit) for sach of the first N-1 sub-partitions may be predicied. FIG. 12
including {a) and (b} illustrates an example ClU-based prediction, whers bottom rows of sub-partitions A, B,
and C may be predicted using samples in the above and left reference lines adjoining a CU. As illustrated
in FIG. 12, a CU may be horizontally spiit info four sub-partitions A, B, C and D. The botlom row of each of
the first three sub-partitions A, B, and C may be predicted, for example, as iliustrated in FIG. 12 (&) and (b).
Thase rows {or columns in case of vertical split) may be predicted using the above reference row and left
refarence column adjoining a CU. These rows {(or columns in case of vertical split) may be predicied with
the prediction mode same as the infra moda of the CU. The predisted rows {or columns) may be used to
oredict the neighboring sub-partitions. For exampls, as illustrated in FIG. 12 (b), the predictad bottom row
samples of sub-partition B may be used to predict sub-partition C. Each of the sub-partitions of aCU (8.¢.,
N-1 sub-partitions) may be prediciad.

101481  The reconstruction may be performed on a sub-partition basis or on an entire CU, for example,
once the prediction is completed. If the reconstruction is performed on a sub-partition basis, the residuals
may be genaratad by applying inverss quantization and inverse tfransform on a sub-partition-basis. If the
reconstruction process is performed on a CU {e.g., an entire CU), the residuals may be generated for the
entire CU., CU-based pradiction may reduce latency, for example, for [SP.

(01801  Sub-pariition-based prediction may be performed. Tha prediction of sub-partiions may bs
performed suncessively using, for example, the prediction samples from previcus sub-partitions. FIG. 13
illustrates an example of a sub-partition-based prediction. As ilustrated in FIG. 13, 2 CU may be
horizontally split into four sub-partitions A, B, C and D. As illustrated in FIG. 13, the first sub-partition may
bs predicled using the ahove referencs row and left reference column adjoining a CU. In an example, a first
sub-partition may be the top-most sub-partiion A, As illustrated in FIG. 13 {a) the prediction samples from
the botiom row of A, with the left reference columin, may be used to pradict the sub-partition B, Referring o
FIG. 13{(b}, the boltom row prediction samples of sub-partition B (8.q., togsther with the left reference

~ T
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columny may be used to predict sub-partition C. The process may be repeated uniil the last sub-partition is
nredicted. Sub-partition-based prediction as illustrated in FIG. 13 may be performad on sub-partitions that

are split vertically.
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[0151]  The reconstiuction may be performed on a sub-pariition basis or on an entire CU, for exampls,
once the prediction is completed. If the reconstruction is performed on a sub-partition basis, the residuals
may be genaratad by applying inverss quantization and inverse fransform on a sub-partition-basis. If the
reconstruction process is performed on a CU {8.g., an entire CU), the residuals may be generaled for the
entire CU., CU-based pradiction may reduce latency, for example, for [SP.

101821  FIG. 14{a)-{c) are diagrams of an example of pipeline stages for {a) ISF, (b} ISP using sub-
pariition-based pradiction, and (g} ISP using multiple sub-partition based prediciion or multi-sub-partition
hased prediction. FIG. 14{a) and FIG, 14(b) illustrate a pipeline for ISP, and a pipeling for ISP that may
utilize sub-partiion-based prediction, when considering a CU with sub-partitions A and B. FIG. 14{a) and
FIG. 14{b} lllustraie the stages of the pipsling: prediction; inverse quantization and inverse transform; and
reconstruction. FIG. 14{c) illustrates the pipsiine stage of multi-sub-partition intra-prediction based ISP
{8.g., versus original 1SP). The prediction of sub-partition B may not depend upon the reconstruction of sub-
pariition A. Latency reduction may be achieved, for example, as iliusirated in FIG. 14{a}-(c).

[0183]  Hybrid prediction may be performed, for axampls, to predict sub-partitions, TUs, or PUs. A sub-
partition may be predicted utilizing predicted samples from a neighboring sub-partition or reconstructed
samples from a neighboring sub-partition. For predicted samples, CU-based prediction or sub-partition-
hased prediction may be ulilized. FIG. 16 illustrates an exampls of hybrid prediction, where a sub-partition
may be predicted using reconstructed samplas or prediction samples from a neighboring sub-partition. As
fllustrated in FiG. 15, the bottom row of sub-partition A may be predictsd, for example, using CU-bassd
prediction as dascribed herein. Rasiduals of sub-partitions A, B, C, and D may be determined, for axampls,
by utilizing inverse quantization and inverse transform operations. Sub-partitions A and B may be
predicied, for example, afier the residuais are obiained. Sub-pariition A may be predicied using the above
reference row and lsft reference column adioining a CU. Sub-partition B may be predicted using the bottom
oradicted row of sub-partition A and the left reference column of the CUL Sub-partition A and sub-partition B
may be reconstructed. Boltom reconstructed row of sub-partition B and the left reference colurmn may be
used to predict sub-partition C. Bottom pradicted row of sub-partition C and the Isft reference column may
bs usad to predict sub-partition D, for axampls, using sub-partition-based prediction as described herein.
[0184] The last sub-partition may be predicted from reconstructed samples from an adjoining sub-
partition, for example, as described hereln. For example, the last sub-partition may be farthest away from
one of the reference lines. In the horizontal split, the bottorn sub-partition may be farthest away from the
above reference row. Accuracy of prediction of the last sub-partition may be improved.

[0155] A hybrid prediction may be used for predicting a CU. For example, some sub-partition{s) of a CU

may be predicted based on reconstrucied samples of another sub-partiion(s), and some sub-partition{(s) of
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the CU may be predicied based on prediction samples of other sub-pariition{s). FIG. 16 illusirates
examples of hybrid prediction. In FIG. 16, sub-partition D may be predicied from botiom row reconsiructed
samples of sub-partition C. A sub-partition-based prediction and/or CU-based pradiction may be used. As
illustrated in FIG. 16(a), sub-partition C may be predicted from bottomn row prediction samples of sub-
partition B by utilizing sub-partition-based prediction. As illustrated in FIG, 16{b), sub-partition C may be
nredicted from bottom row predistion samples of sub-partition B by utilizing CU-basad prediction.

(01561 A prediciion type {e.g., Cl-based prediclion, sub-partition-based prediction, or hybrid prediction)
ray be salectad basad on the CU size. For example, for larger CUs {e.g., CUs of size greater than 16%16
nixals), hybrid prediction may be used. For smaller CUs {8.g., CUs of size up o 16x16 pixels), the sub-
partition-based prediction may be ussd.

01871 A prediction type may be selected based on the infra mods. For intra angular modss, the sub-
nartition-based prediction may be used, while for non-angular modes, the CU-based prediction may be
used.

101887  One or more of the prediction types described herein may be used with regular ISP prediction
whars prediction and reconstruction of sub-partiions are performed successively (e.g., from fop fo boltom
or from leff to right). Sub-partition-based prediciion as described herein may be applied {o relatively small
CUs, for axample, CUs of size 8%4 pixels or 4x8 pixels, and reguiar ISP may be used for larger CUs {e.g,,
CUs of size greater than 824 pixels or 428 pixsls). In some cases, sub-partition-based prediction may be
appiied to the different CU sizes {8.¢., small CUs and large CUs). In an example, regular ISP may be
disabled for relatively small CUs, for example, CUs of size 8x4 pixels and 4x8 pixels, while ISP may be
applied to larger CUs {e.g., CUs of size grealer than 8x4 pixels and 428 pixels),

01891  In an example, samplas used for predicting a sub-partition may bs adaptively chosen, For
example, the chosen samples may be reconstructed samples, predicted samples from CU-based
pradiction, predicted samples from sub-partition-based prediction. An index may be signaled io a video
decoding device in a bitstream. The index may be signaled per CU. The index may indicate the choice of
samples used by the video encoding device. Table 2 illustrates an example of choines available in an
adaptive scheme, for example, when considering a CU with four sub-partitions. As illustrated in Table 2,
index two uses CU-based prediction for sub-partition B, sub-pariition-based prediction for sub-partition C,
and recensiruction samples-based prediction (s.g., I5P) for sub-partition D. As llustrated in Table 2, the
adaptive scheme may restrict sub-pariition A to use ISP, and sub-partition B to use CU-basged prediction.
As further illustraied in Table 2, the number of choices in the adaptive scheme may be reslricted to a

subset of choices listed. Ths signaling overhead for an index may be reduced. For example, the number of
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choices may be restricted to four choices corresponding fo indices Q, 1, 2, and 4 as shown in Table 2,

Prediction acouracy for the last sub-partition D may improve with thess resiricted choices,

index | Sub-partition B Sub-partition C Sub-partition D
g Cu recon recon
1 Cu Cy recon
2 Ccu sub-part recon
3 Ccu recon Cy
4 cyU recon sub-part
5 cyU CuU stb-part
& CcuU sub-part Ccu
7 CcuU sub-part sub-part
8 Cu Cy Cy

Table 2. Adaptive scheme listing different choices for sub-partition prediction. Sub-partition A may use ISP,
Following notations are used in Table 2: CU: CU-based prediction; sub-part; sub-partition-based prediction;
and recon; prediction from reconstructed samples.

[0180]  Intra-predictions of sub-partitions may be based on reference sampiss thai neighbor a current
block, for example, CU neighboring refarence samplas. FIG, 17 llustrates an example of multipls sub-
partition based prediction or multi-sub-partition based intra-prediction. Intra-predictions of two and more
sub-partilions may be performed in paraliel. As illusirated in FIG. 17, infra-predictions of two and more sub-
partitions may be performed simultaneously (2.q., all at once) from the CU neighboring reference samples
associated with the respective sub-partitions. The reconstruction latency of each of the ISP sub-partitions
may be reduced. The reconstruction of the conseculive mulliple ISP sub-partitions may be performed in
narallel. FIG, 14{(c) llustratas the pipeiine stage of multi-sub-partition intra-prediction based ISP {e.q.,
versus original 15P),

[0181] A PU o be intra predicied may comprise a transform unit (TU). The PU and the TU may be of the
same size. In some examples, one PU may comprise two or more TUs, A TU may comprise a sub-partition.
By merging multiple TUs into alarger sized PU (8.9, larger than an individual TU), the PU infra pradiction
for the multiple TUs may be performed simultaneously. Decoding/reconstruction of the TUs may be
parformed in parallel. The decoding andfor processing latency for TUs may be reduced.

[0162]  Adsvice may perform one or more of ClU-based infra-prediction, sub-partition-based infra-
prediction, multiple sub-partition-based intra-pradiction. FIG. 18 lllustrates various examples of ISP sub-

or

partition of horizontal spiit CUs and vertical split CUs. As illustrated in FIG. 18, ISP may be applied tc ClUs
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of various sizes. FIG. 18 provides examples of various verlical-split CUs and horizontal-spiit CUs, for
example, 4x8, 4XN, 8x4 and 8xN. A device may receive an indication whether the sub-partition type (8.9,
a type of 15P) is horizontal or vertical split. The davice may parform pradiction based on the vertical-split or
the horizontal split, for example, according to one or more of the examples herein. Based on the indication
that sub-partition type i¢ horizontal splii, the device may perform sub-partitions in the horizontal direction.
Basad on the indication that sub-partition type is vertical split, the device may perform sub-partitions in the
vertical direction. In an example, the device may predict & prediction block based on the type of ISP,

f0183] PUs for a coding block may have a prediction block width. A prediction block width may rafer to
tha number of samples measured from one side of the PU to the other side of the PU. A minimum
pradiction block width may be used in connaclion with the predictions of sub-partitions. One PU may
comprise two or more sub-partitions (e.9., TU sub-partitions) that are vertically eplit or horizontally splif, as
illustrated in FIG. 19C and 19D, A prediction block width may be a sub-partition width or a multiple of a sub-
pariition width, for example, as illustrated in FIGs. 19C and 180, The sub-partition width and a minimum
nrediction block width may be used to datarmine a prediction block for prediction. For example, when an
sub-partitioning type is a vertical split, a prediction block having multiple sub-partitions may be used for
pradiction when the sub-partition width is less than the minimum prediction block width, As illustrated in
F1Gs. 19C and 19D, the minimum prediction biock width may be 4 samples. The prediction block width may
bs 4 samples when the sub-partition width is less than 4 samples. Whan the sub-partition width is equal io
or greater than the minimum prediclion block width, a prediction block having a sub-partition may be use
for prediction. The prediction block width may be the sub-partition widih,

101641  FIG. 19A lllusirates an example where the 1xN (N=18) and 2xN (N=8) sub-partitions as
fllustrated in FIG. 18 may be removed and repiaced with 4xN {e.g., N>8) sub-parfitions. A 1xN sub-partition
rnay represent a cne-sampls wids and N-sample high sub-partition. A 2xN sub-partition may represent a
two-sample wide and N-sample high sub-partition. A 4xN sub-partition may represent a four-sample wide
and N-sample high sub-partition,

[0185] Ths sub-partition width for a 4xN sub-partition is four samples. The sub-partition height for a 4xN
sub-partiiion is N samples. The sub-partiion width andfor the sub-partition height may be used for sub-
partitioning the current block for intra-prediction. The sub-partition width for the current block may be
datarmined based at least in part on whethar the ISP type for the current block is a vartical spiit or
horizontal splif, as shown in FIG. 18

[0168]  The minimum pradiction block width may be four samples. As described herein, a PU may
comprise ong or more horizontally or vertically spiit sub-partitions. A PU may comprise one or more 4xN

sub-partitions, for example, since the 1xN (N216) and 2xN {N=8) sub-parlitions are replaced with 4xN sub-
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partitions. An ISP using multiple sub-partitions based intra-prediction may be performed in connection with
the example shown in FIG. 18A. The minimum prediction biock width may be used to determine a PU
corresponding to a respective sub-partition,

[0167]  The prediction of a pradiction biogk may be based on CU nsighboring samples andfor
reconstructed sub-partitions. As illustrated in FIG. 19A, replacing 1xN (N=18) and 2xN (N28) sub-partitions
with XN sub-partitions may result in no vertical split [8P for 4x8, 4xN {N216) CUs. A prediction of the sub-
pariitions may be based on a prediction unit that is no less than 4 samples wide. The prediction of a
nrediction block in such 4x8 or 4xN (N=216) CU may be based on CU neighboring samples and not hased
on, for example, reconstructed sub-partitions. Replacing 1xN {N=16) and 24N (N=8) sub-partitions with
4xN sub-partitions may resull in two 4xN vertical split sub-partitions for 8xN (N=8) CU, as highlighisd by
boldfaced and underlined font. The prediction of a prediction block i such 8xN {Nz8) CU may be based on
CU neighboring samples and reconstructed sub-partitions.

[0168] A PU may include multiple TU sub-partitions for certain CU sizes. A 4x8 CU may represant a
four-sample wide and eight-sample high CU or coding block. A 4xN CU may represent a four-sample wide
and N-sample high CU or coding block, A PU may includs muitiple TU sub-partitions, for example, for C
sizes of 48, 4XN, 8x4 and 8xN.

101681  In one or more examples herein, CU and coding block may be used interchengeably, PU and
prediciion block may be used inferchangeably, and TU and fransform block may be used interchangeably.
(01701  In an example, a device may determing that ISP is enabled for a current block, The davice may
determine a sub-partition width for the current block. For a sub-partition in the current block, the device may
deteriming & corresponding prediction block based on the sub-partifion width and a minimum prediciion
block width. The device may predict the prediction block using reference samples that neighbor the
oradiction block, For example, the reference samples may include CU neighboring reference samples
andfor samples from reconstructed sub-partitions.

01711 References samples may neighbor a CU, PU, or TU. For example, references samplas that
neighbor a PU may include references samples that are adjacent to or spatially separale from the PU.
Referances samples that neighbor a PU may inciuds references samples that are in a neighboring sub-
partition. References samples that neighbor a PU may include references samplesthat ara in a
neighboring CU, PU, or TU. A nsighboring sub-partition may be adjacent to or spatially separate from the
PL

101721 Nx2 {N=8) sub-partitions may be removed and replaced with Nx4 sub-partitions, FIG. 198
illustrates an example where Nx2 (N2=8) sub-pariitions as illustrated in FIG. 18 may be removed and
replaced with Nx4 sub-partitions, for exampls, in addition to repiacing 1xN (N218) and 2xN {N=8) sub-
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partitions with 4xN sub-partitions as Hllustrated in FIG. 19A. Asillustraled in FIG. 198, no horizontal split
ISP may be applied to 8x4 CUs, for example, in addition to no vertical split ISP for 4x8, 44N (N=18) CUs.
Two Nx4 horizontal split sub-partitions may be applied for Nx8 (N=8) CUs, as highlighted by boldfaced and
underlined font. An ISP using mulliple sub-partitions based inira-prediction may be performsd in connection
with the example shown in FIG. 19B.

101731 APU may include 32 or more samples. FIG. 19C ilustrates an example where PU may include
32 samples, for example, in addition o replacing 1xN (N218) and 2xN {N28) sub-partitions with 4xN sub-
nartitions as illustrated in FIG. 19A. This change from 16 samples per PU 1o 32 samplas par PU may be
achieved, for example, by enforcing minimum PU sizes of intra-prediction. In examples, the minimum PU
sizes may include 4x8 or 8x4 PU sizes, as highlighied by boldfaced and underlined font in FIG. 18C. As
shown in FIG. 19C, a minimum size PU {s.¢., 4x8 PU or 8x4 PU) may involve one sams-PU-sized TU sub-
partition, or two half-PU-sized {e.g., 4x4) TU sub-partitions, An ISP using mulliple sub-partitions based
infra-pradiction may be performed in conneciion with the exampls shown in FIG. 19C. Multi-sub-partition
nrediction as describad herein may be performed, for example, when a PU may include 32 or more
samples.

[0174] FIG. 18D illustrates an example where the exampies iliusirated in FIG. 194, 198, and 19C may
be applied simultaneously. In an example, 1xN, 2xN, Nx2 sub-partition removal may be applied
simuitanecusly with the 4x8 or 8x4 minimum FPU size enforcement, for axample, together with [SP worst
case throughput of 32 samples per PU cycle. An iSP using multiple sub-partitions based intra-prediction
may be performed in connsction with the example shown in FIG. 19D,

[0175]  Syslems, methods, and instrumentaiities may be provided for the MPM list construction. FIG. 20
illustrates an example of a unified MPM list generationfconstruction. In the unified MPM list construction
example, a plurality of conditions (e.q., four conditions listed in Table 1) may be examined o determing a
combined MPM list. For example, conditions 1 and 3 ag listed in Table 1 may be combined as a single
condition. Table 3 lllustrates an example of conditions for unified MPM list construction. As #ustrated in
Tabls 3, a single condition, for example, condition (o) may be utilized fo check whethar intra moda A or

intra mods B is an angular mode.

# Condition Equivalent logical Equivalent condition
condition number in Table 1
ia\ 0 Hiniar ictinet o r ; Lo
(a) |A a@d B are sufficiently distinct angular (A£B) 8& (A and B) >1 2
modes
{b) | Either A or Bis an angular mode {AorBi>1 N/A
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{¢} | Dsfault (none of the above conditions are - 4

satisfied)

Table 3. Example conditions for unified MPM list consfruction

(31761  In an example, the MPM list generated upon meeting a condition as listed in Table 3 {e.q.,
condition (b}) may be the same as the MPM list gensrated upon meeting a condition as listed in Tabls 1
{e.g., Conditicn 3}, as illusirated in FIG. 11, An sxample unified MPM list construction is illustrated in FIG,

20.
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CLAIMS

What is Claimed:

1. An apparatus for video decoding, comprising:

a processor configured to:

determine that intra sub-partitions (ISP) is enabled for a current block;

determine a sub-partition width for a sub-partition obtained via ISP;

determine a prediction block width based on the sub-partition width and a
minimum prediction block width, wherein, on a condition that the sub-partition width is
less than the minimum prediction block width, the prediction block width is equal to the
minimum prediction block width, and on a condition that the sub-partition width is
greater than or equal to the minimum prediction block width, the prediction block width
is equal to the sub-partition width;

and

predict the current block based on a prediction block having the prediction
block width.

2. A method for video decoding, comprising:

determining that intra sub-partitions (ISP) is enabled for a current block;

determining a sub-partition width for a sub-partition obtained via ISP;

determining a prediction block width based on the sub-partition width and a minimum
prediction block width, wherein, on a condition that the sub-partition width is less than the
minimum prediction block width, the prediction block width is equal to the minimum prediction
block width, and on a condition that the sub-partition width is greater than or equal to the
minimum prediction block width, the prediction block width is equal to the sub-partition width;

and

predicting the current block based on a prediction block having the prediction block
width.

3. The apparatus of claim 1 or the method of claim 2, wherein the minimum prediction

block width is 4 samples.
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4, The apparatus of claim 1 or the method of claim 2, wherein the prediction block
comprises a plurality of transform block sub-partitions when a current block width is 4 samples
and a current block height is 8 samples or greater, or when the current block width is 8 samples

and the current block height is 8 samples or greater.

d. The apparatus of claim 1 or the method of claim 2, wherein the sub-partition is
predicted using neighboring samples of the current block and samples from a reconstructed

sub-partition in the current block.

6. The apparatus of claim 1 or the method of claim 2, wherein the sub-partition is
predicted using neighboring samples of the current block and samples from a reconstructed
sub-partition in the current block when a current block width is 8 samples and a current block

height is 8 samples or greater.

7. The apparatus of claim 1 or the method of claim 2, wherein the sub-partition width for
the current block is determined based at least in part on whether a type of the ISP for the

current block is a vertical split type or horizontal split type.

8. An apparatus for video encoding, comprising:
a processor configured to:
determine that intra sub-partitions (ISP) is enabled for a current block;
determine a sub-partition width for a sub-partition obtained via ISP;
determine a prediction block width based on the sub-partition width and a
minimum prediction block width, wherein, on a condition that the sub-partition width is
less than the minimum prediction block width, the prediction block width is equal to the
minimum prediction block width, and on a condition that the sub-partition width is
greater than or equal to the minimum prediction block width, the prediction block width
is equal to the sub-partition width;
predict the current block based on a prediction block having the prediction
block width; and

include a residual associated with the predicted current block in video data.

9.A method for video encoding, comprising:
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determining that intra sub-partitions (ISP) is enabled for a current block;

determining a sub-partition width for a sub-partition obtained via ISP;

determining a prediction block width based on the sub-partition width and a minimum
prediction block width, wherein, on a condition that the sub-partition width is less than the
minimum prediction block width, the prediction block width is equal to the minimum prediction
block width, and on a condition that the sub-partition width is greater than or equal to the
minimum prediction block width, the prediction block width is equal to the sub-partition width;

predicting the current block based on a prediction block having the prediction block
width; and

including a residual associated with the predicted current block in video data.

10. The apparatus of claim 1 or claim 8 or the method of claim 2 or claim 9, wherein the
prediction block comprises two or more sub-partitions of the current block, and the two or more

sub-partitions are predicted in parallel.

11. The apparatus of claim 8 or the method of claim 9, wherein the sub-partition is predicted
using neighboring samples of the current block and samples from a reconstructed sub-partition

in the current block.

12. The apparatus of claim 8 or the method of claim 9, wherein the sub-partition is predicted
using neighboring samples of the current block and samples from a reconstructed sub-partition
in the current block when a current block width is 8 samples and a current block height is 8

samples or greater.
13. The apparatus of claim 8 or the method of claim 9, wherein the sub-partition width for the

current block is determined based at least in part on whether a type of the ISP for the current

block is a vertical split type or horizontal split type.

-4 -



